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During  summer  1985,  a  receiving  environment  monitoring  study  was 
undertaken by Environmental  Protection  in  the  streams  potentially  influenced 
by  the  mining  and  milling  operations  of  United Keno  Hill  Mines  in  the 
Elsa/Keno  area of Yukon. 

Some  parameters  exceeded  the  water  quality  guidelines  for  drinking 
water and aquatic  life at  specific  station  locations.  Zinc  and  manganese 
levels  were  noted to  be  excessively  high  relative  to  the guidelines at 
several  station  locations. The inputs  of  metals  from  mine  adit  water  flow 
and  tailings  pond  effluent  can  be  detected  in  the  South  McQuesten River, 
Stations 4 and 9 .  

Sediment  chemistry  data  at  specific  stations  reflect  metals  input 
from  tailings  pond  input  and  a  tailings  dam  break  in  1978. As well, 
elevated  metals  levels  were  detected  at  locations  (Stations  2,7)  which 
suggest  an  influence  from  mine  adit  water  flows  or  from  undocumented 
historical  tailings  releases  in  previously  mined  areas.  Elevated  sediment 
metal  levels  were  detected  in  the  South  McQuesten  River  at  Stations 4 and 9. 

Benthic  invertebrates  were  sampled  and  identified.  Generally  the 
populations  show  good  abundance  and  diversity  of  species  although one 

location  (Station 9 )  showed a major  dominance by one group  (Simulium sp.). 
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La Direction  generale  de  la  protection  de  l'environnement  a 
entrepris,  au  cours  de 1'Cte 1985, une  etude  sur  le  contr6le  des  milieux 
recepteurs  dans  les  cours d'eau  susceptibles  d'etre influences par  les 
operations d'extraction  et de preparation de  la  United Keno  Hill  Mines  dans 
la  region de ElsaIKeno  au  Yukon. 

A certains  endroits  bien  precis,  certains  parametres  etaient  plus 
eleves  que  les  limites  prevues  dans  les  lignes  directrices pour  l'eau 
potable  et  la  vie  aquatique.  Les  concentrations  de  zinc  et de manganese 
etaient  excessivement  elevees a plusieurs  endroits,  comparativement  aux 
limites  prevues  dans  les  lignes  directrices.  Les  metaux  provenant  des  eaux 
s'ecoulant  des galeries a flanc  de  coteau  et  des  effluents  des  bassins a 

residus  peuvent  etre  d6celCs  aux  stations 4 et 9 sur  la  riviere  South 
McQuesten. 

Les  donnees  sur  la  chimie  des  sediments a diffkrentes  stations 
refletent  les  rejets  metalliques  provenant  des  bassins A residus  et  de  la 
rupture,  en 1978, d'un barrage  retenant  les  eaux  d'un  bassin a residus.  De 
plus,  on  a  decele  des  concentrations  &levees  d'especes  metalliques a divers 
endroits  (stations 2 et 7) ,  ce  qui  traduit  peut-etre  l'effet  des  eaux 
s'ecoulant des  galeries a flanc de coteau ou l'effet  d'anciens  rejets  non 
documentes a partir de  zones  exlpoitees  anterieurement.  On  a  decale  des 
concentrations  &levees  de  metaux  dans  les  sediments  aux  stations 4 et 9 sur 
la  riviere  South  McQuesten. 

On  a  prkleve  et  identifik  des  echantillons  d'invertebres 
benthiques.  En general, l'abondance de  ces  populations  sinsi  que  la 
diversite  des  especes  etaient  bonnes,  mais  un  groupe  (Simulium  sp.)  etait 
nettement  dominant a un  endroit  (station 9). 
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On  July 17,  1986 a  follow-up  water  quality  survey  was  conducted  at 
selected  locations  in  the  study  area to determine the origin  of  elevated 
metals  found  in  Flat  Creek  in 1985 which did not  appear  to  originate  from 
the  tailings  pond  decent  (Station 5). The  sites  sampled  included  Station 5, 

Station 6, Station 7 and several  small  drainages  found  between  these 
stations. 

Among  those  locations  sampled  a  diversion  channel  which  diverts 
ground  water  around  the  tailings  dam  from  the  base of the  valley  wall  on 
which  the  mill  and  town are  located,  was  found to  have  higher  levels of 
certain  metals  than  the  stations  sampled. This  seepage  was  not  sampled  in 
1985. 

The following  table  displays  levels  (mg/L  ext.) of selected  metals 
found  at Station 5, Station 6, Station 7, the  seepage  channel  and  Galena 
Creek  during  the  follow-up  survey. 

STATION Ag  Cd Fe Zn 
5 0.0009 <O. 003 0.507 0.153 

6 <O. 0005 (0.002 0.080 0.004 

7 <O. 0005 0.003 0.208 0.228 

seepage 0.0020 0.006 1.600 0.476 

Galena Cr. <0.0005 <o. 002 0.840 0.122 

Of  the  metals shown,  Zn and  Cd were the  only  metals  at  Station 7 to 
be  in excess  of the  decant  although  the  seepage  showed  the  highest  values 
overall  for  Ag  and  Fe. 

The data  clearly  shows  the  seepage, and  to a  lesser degree,  Galena 
Creek,  contribute to  the  elevated Zn at  Station 7. Other  minor  ground  water 
seepages in the area  were  sampled  but  none  showed  elevated  levels  of  the 
above  metals. 
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1.0 INTRODUCTION 

I 

An  investigation  of  water  quality,  stream  sediments  and  aquatic 
invertebrate  populations  was  carried  out by  the Environmental  Protection 
Service  July 9-10 and  August 21-22, 1985  in  the  South  McQuesten  River 
watershed  in  the  vicinity  of  United  Keno  Hill  Mine  at  Elsa,  Yukon. 

The purpose  of  the  investigation  was  to  determine if any  significant 
impact  from  the  mining  and  milling  operations  was  detectable  in  the  receiving 
waters,  namely  Flat  Creek,  Christal  Creek  and  the  South  McQuesten  River. 

The information  collected by  this  survey  is  compared  with 
information  from  two  previous  surveys  conducted by  the  Environmental 
Protection  Service in 1974 - 1975  (Regional  Program  Report  78-14)  and  in 
1980  (Regional  Program  Report 81-23).  Further comparisons  are  made  with 
water  quality  information  available  through  the  Northern  Affairs  Program, 
(1985),  in Whitehorse,  Yukon. 

The parameters found, by  the  present study, to  exceed  recommended 
levels  for  drinking  water  or  which  are  known to  be  toxic  to  freshwater 
invertebrates  and  fish  are  identified  and  discussed.  Pollution  trends  which 
can  be  attributed  to  mine activities  are  also  identified. 
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2.0 STUDY AREA 

United  Keno  Hill  Mine  is  located  at  the  town of Elsa, Yukon (63O 

55' N, 135O 30' W) approximately 450 kilometres by  road north  of  Whitehorse 
via  the Klondike and  the  Silver Trail  Highways  (see  Figure 1). 

Prospectors  first  took  interest  in  this  area  in 1906 when silver, 
lead  and zinc  ore  deposits  were  discovered  on  Galena  Hill  where  the  town  of 
Elsa  is  now  situated. A "stampede"  resulted  when  major  silver  deposits  were 
discovered  in 1919. Ore  deposits  were  high-graded  for  more  than 20 years 
until 1942 when  World  War I1 brought  most  mining  activity  in  the  area to a 
halt  (Sinclair  et al, 1976). 

In 1946 the  United Keno  Hill  Mine  Ltd.  began  mining  and  milling 
operations  and  have  operated  almost  continuously  for  the  past 40 years.  Ore 
from  several  nearby  adits is transported  to  a  crusher  and  flotation/  recovery 
mill  located  at  Elsa  where  lead, zinc and silver  concentrates  are  extracted. 
The mill is currently  operating  at 300 tons  per  day  with  mineral  recovery  per 
ton  estimated  at 20 02 .  silver, 1.4% zinc and 3% lead. Ore  concentrates  are 
eventually  shipped to smelters  in  southern  Canada  for  complete  recovery 
(Northern  Affairs Program, 1985).  

Mill  tailings  and  mine  water are discharged  and  contained  within  a 
series  of  three  dam  structures  immediately  below  the  Elsa  townsite. The mill 
discharges  approximately 280 tons  of  water  and  waste ore (2  to 1 ratio)  per 
day  which  is  then  treated  with  hydrated  lime  to  precipitate  heavy  metals. In 
1984,  39,200 kilograms  of  lime  were  added to  the  tailings  (Northern  Affairs 
Program, 1985). Treated  effluent  is  eventually  released  into  Flat  Creek 
which  in  turn  joins  the  South  McQuesten  River  approximately 10 kilometres 
downstream  from  the  tailings  pond  decant.  Christal Creek, which  originates 
at Christal  Lake 10 kilometres  east  of  Elsa,  flows  into  the  South  McQuesten 
River  approximately 12 kilometres  upstream  of  the  Flat  Creek  confluence. 
Although  this  tributary  is  not  directly  associated  with  the  receiving  waters 
it is  affected  by drainage  from  several  mine  adits  on  the  north  slope  of 
Galena  Hill and  the south  slope  of  Keno  Hill. 

Ict 

L 
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3.0 HETHODS 

A total  of 11 sampling  stations  were  established  in  the  study  area, 
some  of  which  coincide  with  those  established  in  the  two  previous 
investigations,  (Environmental  Protection  Service 1978, Bethel and Soroka, 
1981). Table 1 provides  station  descriptions  and  Figure 2 identifies  station 
locations.  All  stations  were  accessed by  road  except  for Stations 2, 3 and 4 

which  were  accessed by helicopter. 

STATION 

1 

2 

3 
4 

5 

6 

7 

8 
9 
10 

11 

TABLE 1 STATION  DESCRIPTION 

DESCRIPTION 

Christal  Creek, 5 meters d / s  of culvert  at  Keno  City  Road 
crossing. 
Christal Creek, 15 meters u/s of  confluence  with  South 
McQuesten  River. 
South  McQuesten River, 50 meters u/s of  Christal  Creek  confluence. 
South  McQuesten River, 50 meters  d/s of Christal  Creek  confluence. 
Tailings pond  decant. 
Flat Creek, u/s of MayoIElsa  Highway. 
Flat  Creek, 600 meters u/s of confluence  with  South  McQuesten  River. 
South  McQuesten River, 50 meters u/s of  Flat  Creek  confluence. 
South  McQuesten River, 50 meters  d/s  of  Flat  Creek  confluence. 
South  McQuesten River,  approximately 6 kilometers d / s  of Flat  Creek. 
South  McQuesten  River  at  Bridge  downstream of Haggart  Creek. 
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During the July 9-10 sampling  period,  flow  was  not  observed at  the 
traditional  tailings  pond  decant  but  water  samples  were  collected  from  a 
pond  immediately  below  the  decant  culvert.  It was later  determined  that  the 
tailing  pond  discharge  was  diverted  to  a  second  decant  location,  unknown to 
the  field  staff  at  the  time  of  sampling. 

During the  August 21-22 sample  period  water  samples  were  collected 
at  the  second  decant  location. 

3.1 Water  Quality and Quantity 

In situ  water  quality  measurements  included  temperature, 
conductivity, pH  and  dissolved  oxygen.  Temperature  and  conductivity  were 
measured  with  a  YSI  Model 33 Temperature-Conductivity-Salinity  Field  Meter, 
pH was  measured  using a Fisher  Scientific  Model 640 Field  Meter  or  Horiba 
Water  Quality  Checker  and  dissolved  oxygen  was  measured  with  a  YSI  Model 57 
Dissolved  Oxygen  Field  Meter. The latter  was  calibrated  using  the  water 
saturated  air  method  as  described  in  the  YSI  Manual.  Readings  were  corrected 
for  temperature,  elevation  and  salinity.  Percent  saturation  was  calculated 
from  oxygen  saturation  tables  derived  from  APHA  et a1 (1981). A full 
description of field  equipment  and  measurements  is  given  in  Appendix I, 
Table 1. 

Water  quality  samples,  collected  in  triplicate  at  each  station, 
included  a 2 litre  sample  for  nutrients  analysis  and  a 100 ml  sample  for 
extractable  metals  analysis.  Sample  collection,  preservation  and  analysis 
methods are  shown in  Appendix I, Table 1. The mean  and  standard  deviation 
were  calculated  for  each  set of three  samples  collected.  During  sample 
collection  in  August, an attempt  was  made to characterize the channel  cross 
section at stations  on  the  South  McQuesten  River.  One of each  triplicate 
set  was  collected  along  the  left bank, at mid stream  and  along  the  right 
bank  of  the  river.  Water  quality data  for  each  triplicate  set  in  Appendix 
11, Table 2 is  shown  in  this  sequence  (left  bank, mid stream, right  bank). 



- 7 -  

The parameters  analysed  in  each  nutrient  sample are  as follows: 

PH  total  phosphates 
conductivity  nitrites 
colour  nitrates 
turbidity  ammonia 
nonfilterable  residue  sulfate 
total  alkalinity  chloride 
total  hardness 

The following  parameters  were  analysed  in  each  extractable  metals  sample: 

aluminum  (Al) 
antimony (Sb) 
arsenic (As) 
boron (B) 
barium  (Ba) 
beryllium  (Be) 
cadmium  (Cd) 
calcium  (Ca) 
chromium  (Cr) 

cobalt  (Co) 
copper  (Cu) 
iron  (Fe) 
lead  (Pb) 
magnesium  (Mg) 
manganese  (Mn) 
molybdenum  (Mo) 
nickel (Ni) 
selenium  (Se) 

silicon (Si) 
silver (Ag) 
sodium  (Na) 
strontium  (Sr) 
tin  (Sn) 
titanium  (Ti) 
vanadium (V) 
zinc (Zn) 

The analyses  were  completed  at  the  En-ironmental  Protection 
Service  Laboratory, 4195 Marine Drive, West  Vancouver,  B.C. 

Stream  flow  was  measured  at  selected  stations  using a Marsh 
McBirney  Electromagnetic  Flow  Meter.  Ten  velocity  readings,  in  centimeters 
per second,  were taken  across  the  width  of  each  South  McQuesten  River 
Station.  On  the  narrower  Christal  and  Flat  Creek  Stations  usually  four 
readings  were  taken.  Stream  flows  were  calculated  by  dividing  the  width  of 
the stream  into  equal  blocks,  according to  the  number  of  readings  taken, 
then  the  area  of  each  block  was  determined  (water  depth X block width). 
This  area  was  then  multiplied by the  stream  velocity  for  each  block  giving a 
cubic  meter  per  second  value  (m3Isec). All  block  flows  were  added  together 
to arrive at a measured  stream  flow. 
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In  some  cases  where  excessive  stream  depth  and  velocity  made it 
hazardous  for  field  staff  to  effectively  measure  stream flow,  discharge  was 
calculated  as  described  below: 

July  9-10,  1986 

Station 4 = Station 2 + Station 3 

Station 8 = Station 9 - Station 7 

August 21-22, 1986 

Station 3 = Station 4 - Station 2 

Station 9 = Station 7 + Station 8 

Discharge  could  not  be  accurately  determined  at  Stations 5 and 6 in 
July  and  at  Stations 1, 5 and 6 in  August  because  stream  velocities 
encountered  were  less  than  the  minimum  velocity  required  by  the 
instrumentation  used. 

3.2 

Sediment  samples  were  collected  in  triplicate  at  each  station, 
except  for  Stations 5 and 6, on  both  visits  to  the  study  area. A stainless 
steel  sediment  corer  device  was  used to reduce  the  loss  of  very  fine 
sediments  from  samples  collected  in  fast  flowing  water. In calm  or  slow 
moving  waters  an  aluminum  scoop  shovel  was  used  to  collect a sample.  The 
samples  were  placed  in  paper  geochemical  sampling  bags,  packaged  in  plastic 
bags  and  then  frozen  within 48 hours  of  collection. A description  of  the 
corer  sampler,  sediment  collection,  preparation  and  analysis  methods  is 
given in Appendix I, Table 2. 
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Each  sample  was  analysed  for  particle  size  composition  and  the 
following  leachable metals: 

aluminum  (Al) 
arsenic  (As) 
barium  (Ba) 
beryllium  (Be) 
cadmium  (Cd) 
calcium  (Ca) 
chromium  (Cr) 
cobalt  (Co) 
copper  (Cu) 

iron  (Fe) 
lead  (Pb) 
magnesium  (Mg) 
manganese  (Mn) 
mercury  (Hg) 
molybdenum  (Mo) 
nickel (Ni) 
potassium (K) 
selenium  (Se) 

silicon (Si) 
silver  (Ag) 
sodium  (Na) 
strontium  (Sr) 
tin  (Sn) 
titanium  (Ti) 
vanadium (V) 
zinc (Zn) 

Particle  size  analysis  was  carried out  only  on  samples  from 
Stations 7-11 inclusive. The sediment  samples  were  analysed  at  the 
Environmental  Protection  Service  Laboratory,  4195  Marine  Drive, West 
Vancouver, B.C. 

3 .3  Bottom Fauna 

Benthic  invertebrate  samples  were  collected  at  all  stations  except 
Stations 5 and 6 .  At each  station  sampled, 3 artificial  substrate  samplers 
were  placed  on  the  stream  bed  on  July 9-10, 1985. The samplers used  were 
cylindrical  wire  baskets  (maximum  volume = 0.0057 cubic  meters)  filled  with 
local  hand  cleaned  substrate  material  ranging  from 2 cm  to 6 cm  in  size. 
The samplers  were placed  in  the  stream  where  in situ  measurements,  water and 
sediment  samples  were  collected. The samplers  were  left  to  be  colonized  for 
a period of 43 days.  On  August 21-22, 1985 the  baskets  were  retrieved  and 
immediately  placed  into a Wildco  wash  bucket  with 0.5 mm mesh  bottom. The 
bucket  was  held  downstream  during  retrieval  of  the  sampler  in  order to 
capture  any  escaping  organisms.  Large  rock  and  wood  debris  was  hand 
scrubbed  in  the  wash  bucket  to  remove  invertebrates  and  then  discarded. 
Invertebrates  and  fine  debris  from  each  basket  were  combined  into  a 
composite  sample  for  each  station. A 10%  formalin  solution  was  used to 
preserve  the  samples  until  sorting  could  be  carried  out. 
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The  invertebrate  samplers  placed  at  Station 10 were  vandalized 
during  the  sample  period  and so the  data  presented  for  this  station is a 
result  of  three  samples  collected  August 21-22 using a  Surber  Sampler (0.09 

m2). 

Invertebrate  identification  and  enumeration  was  carried  out by  Dr. 
C. Low,  a  consulting  Invertebrate  Biologist in Nanaimo, B.C. 

Sorted  invertebrate  samples  were  later  preserved  with  methanol  and 
placed  in  storage  at  the  Environmental  Protection  Service  warehouse  facility 
in  Whitehorse. 

3.4  Laboratory  Quality  Control 

Systematic  error  and  sample  contamination  during  analysis  at  the 
EPS Laboratory  are  minimized  through  duplicate  analysis,  procedural  blanks 
and  the  use  of  standard  reference  materials.  Internal  lab  quality  control 
is  carried  out  routinely  in  all  water  and  sediment  analysis  before  results 
are  released. 
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4.0 RESULTS AND DISCUSSION 

4.1 Water  Quality - Physical and Chemical  Parameters 

In situ  measurement,  nutrients  and  extractable  metals  results  for 
both sample  periods  are  presented  in  Appendix 11,  Tables 1 and  2. Criteria 
recommended  for  drinking  water  and  aquatic life are presented  in  Appendix 1, 
Table 4. 

4.1.1 Temperature. In situ  temperatures  reflect  seasonal  changes. 
The South  McQuesten  River  averaged  15OC  on  July 9-10 and 9OC on  August 
21-22. The tributaries  surveyed  were  slightly  cooler  ranging  from  7.5O  C to 
12.5OC  in July and 4.OoC to  7.5OC  in  August. 

4.1.2 - Flow. Flow  measurements  were  taken  when  possible  during  each 
visit  to  the  study area  except  at  Stations 4 ,  5, 6 and 8 on  July 9-10 and 
Stations 3 ,  5, 6, 9 and 10 on  August  21-22. 

No discharge  data  was  obtained  for  Station  5  on  July 4-10 sampling 
period. 

On  August  21-22  a  steady  discharge  from  the  tailings  pond  decant 
culvert  was  observed  and  was  estimated  by  field  staff  at  approximately 0.02 
m /sec.  Accurate  measurements  could  not  be  obtained  because of the  shallow 
nature  and  slow  velocity of the  decant. 

3 

No flows  were  obtained  at  Station 6 ,  Flat Creek, because  the 
irregular  stream  bed  and  low  level of water  made it impossible to  accurately 
measure  with  the  instrumentation  available. 

Flows  measured  at  stations  on  the  South  McQuesten  River  on  July 9-10 
were  considerably  higher  than  flows  measured  during  the  August  21-22  sample 
period.  In  July  they  ranged  from  5.9 m /sec  at  Station 3 ,  the  furthest 
upstream station, to  9.7 m /sec.  at  Station 11 which  is  located  furthest 

3 

3 
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downstream. A similar  degree of  increase  in  flow  in  the  South  McQuesten 
River  was  also  measured  on  August 21-22, ranging  from 3.4 m /sec at Station 3 

" 

4 to 6.7 m3/sec  at  Station 11 although  total  flow  was  much  lower  in  August. 

The flow at Station 7, Flat Creek, ranged  from 0.07 m /sec in  July 
3 

3 

to 0.06 m /sec  in  August. 

Flows  measured  at  Station 2, Christal  Creek,  showed  no  change 
between  the  sample  periods. 

4.1.3 Dissolved Oxygen. Percent  dissolved  oxygen  saturation (%DO) 
was  slightly  higher  on  August 21-22 than  on July 9-10. The South  McQuesten 
River 
ranged 

ranged  from 82% to 97% during the  July  sample  period. In August, %DO 
from 95% to 104%. 

%DO at Stations 1 and 2, Christal  Creek and  at Stations 6 and 7, 

Flat Creek, ranged  from 80% to 99% over  the  two  sample  periods. 

The high %DO at  Station 5 on  August 21-22 (119%) is  a  result  of 
aeration  occurring  where the  decant  water  discharges  from  the  decant  culvert 
into  a  small  pool  before  flowing  into  Flat  Creek. 

4.1.4 - PH The slightly  alkaline pH  of waters  in  the  study  area  are 
characteristic of  this area  (Environmental  Protection  Service, 1978). The 
South  McQuesten  River  had  a  mean pH  value  of 8.15 (+/-0.16)  in July and 7.89 

(+/-0.18)  in  August. No significant  change  could  be  detected  at  Stations 4 

and 9 immediately  downstream  of  Christal  Creek  Flat  Creek  respectively. The 
lowest  field pH recorded (7.65) on  the  South  McQuesten  River was at Station 
9 on  August 21-22 but  this  is  not  considered  to  be representative,  as  shown 
by  the  upstream pH of 7.90 at Station 8 and  at  Station 7, Flat  Creek. 

4.1.5 Conductivity. Conductivity  measurements  varied  considerably 
throughout  the  study  area.  As  Figure 3 demonstrates,  conductivity in  the 
receiving  waters  was  elevated by  decant  from  the  tailing  pond  (Station 5). 

In  situ  values  at  Station 5 were 1190 umhos/cm on July 9-10 and 920 umhos/cm 

IC 

m 

II 



I 

I 

a 

1 

I 

I 

I 

- 13 - 

1300 

1200 - 
1100 - 
1000 - 
900 - 
800 - 

E 5 700 - 
0 s g 600 - 

~~~ 200 I O 0  0 I 

80 0 

700 

eo0 

500 

-1 2 400 
E 

300 

2 0 0  

I O 0  

0 

1 2 
3 4 5 

STATIONS 
6 7 

JULY 9-IO, 1- 

AUIUST SI-SS, 1988 

a 9 IO I1 

FIGURE 3 IN  SITU  CONDUCTIVITY 

J 

STATIONS 

"0  II 

3 
W W 

South YcOuemton R l m  
-a 

I 2 3 4 5 

R 

6 
STATIONS 

0 TOTAL ALKALINITY 
JULY @ -  I O ,  I905 

TOTAL ALKALINITY 

1 JULY #-IO, 1908 
TOTAL HARDNESS 

TOTAL HARDNESS 

7 a S 10 I I  

FIGURE 4 MEAN  ALKALINITY AND HARDNESS 



- 14 - 

on  August 21-22. This high  input  can  be  traced  downstream  at  Station 7 and 
to a lesser  extent  at  Station 9. The dilution  effect  of  the  South  McQuesten 
River  is  more  prevalent  in July, when  flows  were  higher,  than  in  August  as 
shown by  the difference in  conductivity  at  Station 9 from  the  two sampling 
periods.  Further  downstream  at  Station 10 and 11 conductivity  is  similar to 
background  levels  of 240 umhos/cm  found  at  Station 3. 

High  conductivity  was  also  detected  in  Christal  Creek  during  both 
sample  periods as shown by Figure 3, Stations 1 and 2. These elevated 
levels  are  suspected to  reflect  the influence  of  drainage  from  the  Galkeno 
900 adit  which  enters  upstream  of  Station 1 at Christal  Lake. 

Data  from  each  triplicate  sample  collected  in  August  at  Station 4 

and 9 show the  presence  of a plume  immediately  downstream of where  Christal 
Creek  and  Flat  Creek join the  South  McQuesten  River. At Station 4, lab 

I conductivity  across  the  river  decreased  from 310 umhos/cm  along  the  left 
bank  to 255 umhos/cm  along  the  right  bank.  Lab  conductivity  at  Station 3 

was 250 umhos/cm  across  the  full  width  of  the  river. A similar  plume  was 
detected  at  Station 9, where  lab  conductivity  decreased  from 680 umhos/cm 
along the  left  bank  to 310 umhos/cm  along  the  right  bank.  Lab  conductivity 
at Stations 8, 10 and 11 show  no  indications  of  lateral  gradient  in 
conductivity  and are  similar to  background  levels. 

Historically the Environmental  Protection  Service (1978) reported 
lower  conductivity  in  receiving  waters. In July, 1974 and June and  July  of .c 

1975 conductivity of decant  from  the  tailings  pond  was 380,  360 and 950 

umhos/cm,  respectively.  Conductivity  of  the  South  McQuesten  River  upstream I' 

of Christal  Creek  was  very  similar to  that  found  by  the  present  study. 
Bethel  and  Soroka (1981) reported  results  similar to  the  present  report 
except  at  Station 8 where  lab  conductivity  averaged 530 umhos/cm  over a 
three  day  period  in  August, 1980. 

- 

UE 
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4.1.6 Colour. During the  July  sample  period,  colour  measured 20 
Relative  Units  (RU)  at  most  stations  except  Stations  1  and 2 where it was 10 
RU. Values  during the  August  sample  period  were  slightly  lower  with most 
stations  averaging 10 RU  except  Stations  1  and  2  which  were 5 RU. The 
higher  values  in  July  at  most  stations  no  doubt  reflects  increased  organic 
loading  commonly  associated  with  peak  flow  periods,  as  observed. 

4.1.7 Turbidity. Turbidity  readings  at  Station 1, 5 ,  and 7 during 
the July  sample period  and  at  Station 7 during  the  August  sample  period  were 
slightly  elevated  relative to  background  turbidity  at Station 3. The 
highest  turbidity  reading  was 2.50 FTU  at  Station 7 July  9-10.  Turbidity  at 
Station 7 during both sample  periods  exceeded  that  found  at  Station 5 
suggesting the source is  other  than  the  tailings  pond  decant.  Background 
turbidity  at  Station 3 during  July  and  August  was 0.45 and 0.16 FTU, 
respectively. 

4.1.8 Non-filterable  Residue (NPR). NFR  values  were  low  or  below  the 
5mg/L  detection  limit  in  most  of  the  samples  collected  on  both  visits  to  the 
study  area. The highest  NFR  level  detected  was 14 mg/L at Station 1 during 
the  August  sample  period.  NFR  values  in  the 5 to 14 mg/L  range  were  also 
detected  at  Station 1 on  July 9-10 and  at  Stations 2, 4 ,  6,  7,  10 and 11 on 
August  21-22. 

4.1.9 Hardness  and  Alkalinity. Water  hardness  changed  little  between 
the  two sample  periods  but  exceeded  the 100 mg/L  level  recommended  for 
drinking  water at all  stations.  Elevated  levels,  ranging  from 238 to 671 

mg/L,  were  detected  at  Stations 1,  2, 5 ,  6 and 7. Background  levels  at 
Station 3 during  July  and  August, 132 and 136  mg/L  respectively,  reflect the 
geology  of the drainage  area. 

The elevated  hardness  found  in  Flat  Creek,  Station 7, can  be 
detected  at  Station 9 on the  South  McQuesten  River  but, as Figure 4 shows, 
it returns to near  background  levels  at  Station 10 and  11.  Water  samples 
collected  at  Station 9 on  August  21-22  show  elevated  hardness  along  the  left 
bank  indicating  the  presence  of  the  Flat  Creek  plume. 

m 
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Changes  in  water  hardness  also  show  a  direct  correlation  with  the 
changes  in  conductivity  recorded  during  both  sample  periods. 

Figure 4 also  shows  high  alkalinity  in  Flat  Creek  at  Station 6 
during both sample  periods  but it is  not  directly  related  to  the  increase  in 
hardness.  During  July  and  August  alkalinity  was 85.7 and 86.0 mg/L, 
respectively, at Station 3 and, as Figure 4 shows, it returns to  near 
background  levels  at  Station 10 and 11 after  only  a  slight  increase  at 
Station 9. Samples  collected  August 21-22 at  Station 9 confirm  the  presence 
of  the  Flat Creek  plume as shown by  the  higher alkalinity  along the  left 
bank  of  the  South  McQuesten  River. 

Results  from  Environmental  Protection  Service (1978) and  Bethel  and 
Soroka (1981) compared  with  results  from  the  present  study show  hardness  was 
similar  in  the  South  McQuesten  River  but  generally  lower  in  Flat  Creek  and 
Christal  Creek  in past years at corresponding  locations, as shown by Table 
2. 

TABLE 2 HISTORICAL COMPARISON OF ALKALINITY AND HARDNESS LEVELS(mg/L) 

EPS EPS EPS EPS EPS 
JULY 1974 JULY 1975 *AUG. 1980 JULY 1985 AUG.1985 

STATION ALK. HARD. ALK. HARD. ALK. HARD. ALK. HARD. ALK. HARD 

1 N/A 160 79.2 
2 N/A 190 10.4 
3 N/A 100 73.3 
4 N/A N/A N/A 
5 N/A 440 80.2 
6 N/A 820 N/A 
7 N/A 240 117.8 
8 N/A 110 78.2 
9 N/A 290 86.1 
10 N/A N/A N/A 
11 N/A N/A N/A 

260 N/A 
210 N/A 
100 N/A 
N/A N/A 
440 52.1 
N/A N/A 
220 130.0 
110 118.0 
120 85.0 
N/A N/A 
N/A N/A 

N/A 82.9 432 
N/A 110.7 313 
N/A 85.7 132 
N/A 86.2 141 
739 93.0 591 
N/A 168.3 238 
342 143.3 494 
255 89.7 140 
126 92.1 158 
N/A 93.0 148 
N/A 96.6 155 

103.3 468 
120.3  326 
86.0 136 
89.6  154 
92.6  671 
187.3  254 
163.0  509 
100.6  156 
119.7  260 
106.0 170 
108.7  168 

* Three day  mean. 
N/A - Not Available 
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In July, 1974 and July, 1975 hardness  ranged  from 160 to 260 mg/L 
at  Stations 1 and 2 while  in  the  present  study hardness  was  consistently 
higher,  averaging 313 and 468 mg/L  at  the same  locations.  Water  hardness 
similarly  has  increased  at  Stations 5 and 7 over  the  past 11 years.  Since 
1974 levels  have  increased  from 440 to 671 mg/L  at  Station 5 and  from 240 to 
509 mg/L  at  Station 7. Hardness at  Station 6 was  found  by  the  present  study 
to  be  lower  than  Stations 5 and 7 but  in July, 1974 it reached 820 mg/L 
(Environmental  Protection  Service, 1978). 

Historical  comparison  of  water  hardness at Station 3 shows  little 
change,  suggesting that  sustained  mining  activity  in  the  area  may  be 
associated  with  the  increases  observed  in  receiving  waters. 

Alkalinity  has  increased  slightly  at  all  comparable  stations  since 
1975. In July, 1975 it ranged  from 73.3 to 117.8 mg/L  while  in  August, 1985 

it ranged  from 86 to 187 mg/L. 

4.1.10 Sulfates. Sulfates  remained  well  below  the 500 mg/L  level 
recommended  for  drinking  water  at  all  stations  except  Station 5. In the 
present  study  sulfates  at  Station 5 averaged 497 mg/L  in July and 540 mg/L 
in  August.  Average  background  levels  found  at  Station 3 ranged  from 30 mg/L 
in July to 42 mg/L  in  August.  Bethel  and  Soroka (1981) reported  sulfates  at 
each  station  sampled  but  exceeded 500 mg/L  only  at  Station 5  (663 mg/L). 

4.1.11 Chlorides. Chlorides  were  elevated  at  Station 5 as  compared 
with  levels  found  at  other  stations  in  the  study  area.  They  averaged 18.9 

and 14.3 mg/L,  respectively,  during  the  July  and  August  sample  periods  but 
were  well  below  the 250 mg/L  level  recommended  for  drinking  water. It is 
believed  the  elevated  chlorides  at  Station 5 are residuals  of  the  calcium 
hypochlorite  reagent  used  in  a  cyanide  flotation  circuit  previously  used  at 
the  mill. Bethel  and  Soroka (1981) reported  similar  levels  at  Stations 5, 

7 ,  8 and 9. At Station 3 chloride  levels  averaged 0.7 and 0.2 mg/L  during 
the sample  periods. 
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4.1.12 Phosphates. Total  phosphate,  which  was  detected  at  several 
locations,  generally  is  not  considered to  be  toxic  to aquatic  organisms but 
levels  as  low as 0.002 mg/L  have  promoted  algae  growth  under  controlled 
conditions  (Bothewll, 1985). Although  mean  concentrations  found  during  both 
sample  periods  ranged  from  (0.002  to  0.016 mg/L, unusually  high  values  of 
0.049 and 0.059 mg/L  were  found  in  individual  samples  at  Station 8 and 
Station 9, respectively,  August  21/22.  Since  these  values  are  not 
comparable to other  samples  collected  at  the  same  time  and  locations, it is 
believed  they are  a result  of  sample  contamination  or  analytical  error. 

4.1.13 Nitrite and Nitrate. Nitrite  was  below  detection  limit (0.005 
mg/L)  in  the July  and  August  sample  periods  of  the  present  study. In 
comparison,  levels  ranging  from  0.014 to  0.075  mg/L  exceeded  the  0.001  mg/L 
criteria  recommended  for  drinking  water  in  August,  1980  at  Stations 5 ,  7 and 
8 (Bethel  and Soroka, 1981). 

Nitrate  ranged  from 0.003 to  0.16  mg/L  in  the  present  study. These 
levels are well below  the 10 mg/L  limit  recommended  for  drinking  water  and 
do  not  pose  a  threat to aquatic  life  from the  perspective  of  stimulating 
algal  growth. 

Bethel and Soroka (1981) reported  nitrate  at  Stations 5 ,  7 and 9 
within  the  range  found  in  the  present  study. 

4.1.14 Total Ammonia. Toxicity of ammonia  has  been  attributed 
primarily  to  the  unionized  portion  of  total  ammonia  present  (Thurston  et al, 
1974). Unionized  ammonia  concentrations  increase  with  increasing  pH, 
temperature  and  total  ammonia. 

Levels  of  total  ammonia  in  the  present  study  ranged  from (0.005 to 
0.13 mg/L  in  July  and (0.005 to 0.16 mg/L  in  August. The unionized  portion 
calculated  from  the  highest  total  ammonia  value  found (0.16 mg/L) was 0.0009 
mg/L,  well  below  the  criteria  recommended  for  drinking  water ( 0 . 5  mg/L)  and 
the  protection  of  aquatic  life  (0.02 mg/L). Bethel and Soroka (1981) 
reported  three  day  averages  of  1.45, 0.450, 0.040 and  0.007  mg/L  total 
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dissolved  ammonia  at  Stations 5, 7 ,  8 and 9, respectively. The unionized 
portion  of  that  found  by  Bethel  and  Soroka  (1981)  at Station 5 exceeded  the 
0.02  mg/L  limit  recommended  for  aquatic  life. 

4.2 Water  Quality - Extractable  Metals 

Results of  the extractable  metals  analysis  for  each  sample  is 
presented  in  Appendix 11, Tables 1 and  2.  Appendix I, Table 1 gives the 
detection  limits  for  each  parameter. 

The following  metals  were  below  detection  limits  at  all  stations 
sampled  July 9-10 and  August  21-22: 

July 9-10 
arsenic (As) 
beryllium  (Be) 
chromium  (Cr) 
antimony  (Sb) 
selenium (Se) 
tin  (Sn) 
titanium (Ti) 
vanadium (V) 

August  21-22 
arsenic  (As) 
beryllium  (Be) 
cobalt  (Co) 
chromium  (Cr) 
antimony  (Sb) 
selenium  (Se) 
titanium  (Ti) 
vanadium (V) 

Boron (B), barium  (Ba),  calcium  (Ca),  molybdenum  (Mo), nickel (Ni), 
phosphorous (P), silica (Si)  and  strontium  (Sr) were  detected  in  samples 
collected  in  July  and  August  but  were  below  the  recommended  levels  for 
drinking  water  and  aquatic  life. 

Magnesium  (Mg), although  not  considered  an  environmental  concern, 
was  detected  at all  stations  during both  of  the sample  periods  and 
graphically  traces  the  tailings  pond  decant  downstream  of  the  point  of 
discharge.  As  Figure 5 shows, the  elevated  levels  discharged  at  Station 5 
remain  elevated  at  Station 7 .  At Station 9 the levels  were  higher  during 
the  August  sample  period  because  the  South  McQuesten  River  had  less  of  a 
dilution  affect  than  in  July  when  flows  were  higher. 



- 20 - 

Chrirtal Crook 
Flat  Crook 

STATIONS 4 9 IO II - -3 \South  WOuorton Rlvor we - - - 
5 0  

I 

I 

2 3 4 5 0 

STATIONS 

I AUOUST 21 - 22, IS08 

T STANDARD 
DEVIATION 

I 

7 8 9 10 I I  

FIGURE 8 MEAN EXTRACTABLE Mg IN WATER 

PI 

c 

t 



- 2 1  - 

Plumes  from  Christal  Creek  and  Flat  Creek  in  the  South  McQuesten 
River  were  detected  at  Stations 4 and 9 respectively  during  the  August 
sample  period.  This  is  shown by  the  higher  levels  of  magnesium  found  along 
the  left  bank  than  what  was  found  at  midstream  and  near  the  right  bank  (see 
Appendix 11, Table 2). Magnesium  returned  to  near  background  levels 
downstream  of  Station 9. 

4.2.1 Silver (Ag) .  Silver  averaged 0.0024 mg/L  at  Station 5, on  July 
9-10. The  analysis  for  this  period  also  shows  levels  decreasing  from 0.0024 

mg/L  at Station 5, to 0.0007 mg/L at Station 7, to 0.0005 mg/L  along  the 
left  bank  at  Station 9. In August,  silver  was 0.0010 mg/L  at  Station 5 and 
below  detection  limit (0.0005 mg/L)  at stations  further  downstream. 

In all  cases,  silver was  below  the  criteria  of 0.05 mg/L 
recommended  for  drinking  water.  However,  all  levels  detected by  this  survey 
did  exceed  the  criteria of 0.0001 mg/L  recommended  for  the  protection  of 
aquatic  life. 

Environmental  Protection  Service  (1978)  reported  silver to  be  less 
than  the detection  levels of 0.01 mg/L  in June, 1975 and 0.03 mg/L  in July, 
1975 at all  stations  sampled. 

4.2.2 Cadmium (Cd). Table 3 compares  cadmium  levels  from  previous 
surveys  with  those  found  in  the  present  study. 

Cadmium  has  been  detected  at  the  present  Station 5 on  each  visit  shown 
except  in  August, 1980  where it was  below  the  detection  limit  of  0.01  mg/L. 

The results  of  the  present  study  show  cadmium  higher  in  Christal  and 
Flat  Creek  than  in  the  South  McQuesten  River. 

The elevated  levels  found  in  Christal  Creek  during  the  July  sample 
period  can  be  detected  at  Station 4 on  the  South  McQuesten  River.  DIAND 
reported  (pers.  comm.,  1985)  high  concentrations  of  heavy  metals  in  drainage 
from  an  inactive  adit,  Galkeno 900, which  flows  into  Christal  lake.  On  July 
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17, 1985 cadmium  was  0.012  mg/L  at  the  adit  and  0.003  mg/L  in  Christal  Creek 
near  Station  1.  This  clearly  identifies  one  source  of  cadmium  found  at 
Station  1  and 2 of  the  present  survey. 

TABLE 3 EISTORICAL COMPARISON OF CADMIUM LEVELS I N  WATER (mg/L) 

EPS EPS EPS *EPS EPS EPS 
JULY JUNE JULY AUGUST JULY 9-10 AUG. 21-22 
1974 1975 1975 1980 1985 1985 

STATION 

1 <o. 01 
2 <o. 01 
3 <0.01 
4 N/A 
5 0.06 
6 <0.01 
7 <0.01 
8 (0.01 
9 <0.01 

10 N/A 
11 N/A 

<o. 01 
N/A 
N/A 
N/A 
0.03 
N/A 
0.01 
N/A 

(0.01 
N/A 
N/A 

<o. 01 
<o. 01 
(0.01 
N/A 
0.05 
N/A 

<o. 01 
<o. 01 
<o. 01 
N/A 
N/A 

N/A 
N/A 
N/A 
N/A 

<o. 01 
N/A 

<o. 01 
(0.01 
<o. 01 
N/A 
N/A 

0.0032 
0.0030 
0.0014 
0.0018 
0.0024 
0.0017 
0.0043 
0.0019 
0.0018 
0.0019 
0.0015 

0.0016 
0.0020 
<0.0005 
<0.0005 
0.0023 
<O. 0005 
0.0018 

<0.0005 
*O. 0003 
<0.0005 
<0.0005 

* Three day  mean. 
N/A - Not  available 

Cadmium  was  elevated  at  Station 5  during  both  sample  periods  but 
Station 7 on  July 9-10 reflects  an  unusually  high  concentration  which  does 
not  appear  to  originate  from  the  tailings  pond  decant.  The  level  found  at 
Station 6 on  the same  day  is  lower  than  what  was  found  in  the  decant, 
therefore  this  rules  out  the  headwaters of Flat  Creek  as  a  potential  source. 
There  is  insufficient  information  to  determine  the  source  but  several  small 
intermittent  drainages  entering  Flat  Creek  between  Station 5 and 7 are 
suspected. 

Cadmium  levels  on  August  21-22  show a  well  defined  trend 
originating  at  the  decant.  Station 5 was  0.0023  mg/L,  Station 7, Flat 
Creek,  was  0.0018  mg/L  and  station 9, South  McQuesten River, was 0.0008 mg/L 
along  the  left  bank.  Samples  collected  at  midstream  and  along  the  right 
bank  at  Station 9 and  at  Station 10 and 11  were  below  the  detection  limit 
(0.0005  mg/L). 
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All  detectable  levels  of  cadmium  were  below  the  0.005  mg/L  criteria 
recommended  for  drinking  water  but  exceeded  the 0.0002 mg/L  criteria 
recommended  for  aquatic  life. 

4.2.3 Copper (Cu). Table 4 compares  copper  levels  reported by 
previous  studies  with  that  found by  the  present  study. 

TABLE 4 HISTORICAL,  COMPARISON OF COPPER  LEVELS I N  WATER (mg/L) 

EPS EPS EPS *EPS EPS EPS 
JULY JUNE JULY AUGUST JULY 9-10 AUG. 21-22. 
1974 1975 1975 1980 1985 1985 

STATION 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

<o. 01 
<o. 01 
<o. 01 
N/A 
0.60 

<o. 01 
<o. 01 
<o. 01 
<o. 01 
N/A 
N/A 

<o. 01 
N/A 
N/A 
N/A 
0.19 
N/A 
0.20 
N/A 

<o. 01 
N/A 
N/A 

<o. 01 
<o. 01 
<o. 01 
N/A 
0.22 
N/A 

<o. 01 
<o. 01 
<o. 01 
N/A 
N/A 

N/A 
N/A 
N/A 
N/A 
0.047 
N/A 

<o. 010 
(0.010 
<o. 010 

N/A 
N/A 

0.003 
0.002 
0.003 
0.003 
0.012 
0.004 
0.006 
0.003 
0.002 
0.002 
0.003 

<o. 001 
0.003 

<o. 001 
0.002 
0.012 

<o. 001 
0.005 
0.002 
0.001 

(0.001 
<o 001 

* Three day  mean. 
N/A - Not  available 

Environmental  Protection  Service  (1978)  and  Bethel  and  Soroka  (1981) 
both  reported  copper as less  than  the  detection  limit (0.01 mg/L)  at  most 
stations  sampled  except  at  Station 5, the  tailings  pond  decant. 

The  present  study  detected  copper  at  most  stations  during  each 
of  the  sample  periods  due  to  improved  detection  limits. The mean  levels 
ranged  from (0.001 to 0.012 mg/L. The  maximum  mean (0.012 mg/L)  was 
detected  at  Station 5 but  levels  decrease  downstream  at  Station 7 and  return 
to  near  background  levels  in  the  South  McQuesten  River  at  Stations 9, 10 and 
11. 
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All  detected  levels  were  below  the  criteria  recommended  for 
drinking  water (1.0 mg/L). Station  7  on  July 9-10 (0.006 mg/L) was the  only 
station  other  than  Station 5 where  copper  exceeded  the  criteria  recommended 
for  aquatic  life (0.005 mg/L). 

4.2.4 Iron (Pe) . The levels  of  iron  detected  by  the  present  survey 
were  similar to  those  reported  by Environmental  Protection  Service (1978) 
and  Bethel  and  Soroka (1981). They  exceeded  the  criteria of 0.3 mg/L 
recommended  for  drinking  water  in  the  current  study  at  Station 1 in  July 
(0.39  mg/L)  and  at Stations 5 and 7  during  both  sample  periods  (ranging  from 
0.30 to  0.52  mg/L). 

Iron  levels  found  in  samples  collected  at  Stations 4 and 9 on 
August  21-22  were  higher  along  the  left  bank  than  at  midstream and the  right 
bank  indicating  the  presence  of  plumes  from  Christal  and  Flat  Creek  in  the 
South  McQuesten  River. 

4.2.5. Manganese (h). Manganese  detected. by  the  present study  ranged 
between  0.001  and  2.10  mg/L  during  the  two sample periods. In July  levels 
exceeded  the 0.05 mg/L  criteria  recommended  for  aquatic  life  at  most 
stations  except  Stations 3 ,  4 and 6 .  In August,  levels decreased  slightly 
and  only  exceed  the 0.05 mg/L criteria at Stations 1, 2, 5 and  7. 

Although  elevated  levels  of  manganese  can  be  tolerated by some 
forms of freshwater  aquatic  life,  available  information  suggests  levels 
exceeding 0.1 mg/L may constitute  an  environmental  hazard  (Thurston et al, 
1979).  At Station 1, manganese  ranged  from 1.89 mg/L in July to  1.81  mg/L 
in  August. DIAND conducted an adit  survey  July 16, 1985 (personal  comm.), 
which  detected 13.2 mg/l  manganese  in  water  draining  from  the  Galkeno 900 
adit  upstream  of  Station 1. As well, elevated  levels  were  detected  at 
Station  7  in  July  (2.10  mg/L)  and  at  Station 5 in  August  (1.04  mg/L).  Since 
Station 5 was  not  sampled  properly  in July, it is  unclear  whether  or  not  the 
high  levels  found  at  Station  7  originate  from  the  tailings  pond  decant. 
Manganese  was  slightly  elevated  on  both  sample  dates  at  Station 9 but 
returned  to  near  background levels at Station 10 and 11. 
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Historically,  manganese  has  been  elevated  in  discharge  from  the 
mine  tailings. In July  of 1974 it was 16.0  mg/L  (Environmental  Protection 
Service, 1978)  while  in  August, 1980 it averaged  1.95  mg/L  over a three  day 
period  (Bethel  and  Soroka , 1981). The  1974 survey  also  reported  elevated 
levels  near  Station  1  (6.1 mg/L). 

4.2.6 Lead. During  the  July 9-10 sample  period,  lead  was  detected  at 
all  stations  with  means  ranging  from  0.018  mg/L to 0.026 mg/L. 
Nevertheless,  one  sample  collected  at  Station 10 contained  only 0.009 mg/L. 
These results  were  much  higher  than  those  found  on  August  21-22  and  because 
there  is  no  known  reasons  for  the  elevated  levels, it is  suspected  that 
sample  contamination  or  analytical  error  occurred.  There is  insufficient 
information  available to  suggest  the  levels  found  were  characteristic  of  the 
study  area  during  the  month of July.  Bethel  and  Soroka (1981), reported Pb 
levels  as  less  than 0.08 mg/L  in  July  1978.  However,  Pb  levels  of  up to 
0.84 mg/L  were  observed  at  the  decant  in June  1975  (EPS, 1978). All  mean 
levels  were  below  the 0.05 mg/L  criteria  recommended  for  drinking  but  above 
the  0.01  mg/L criteria  recommended  for  aquatic  life. 

On  August 21-22, lead  levels  were  at  or  below  the  detection  limit 
of 0.001 mg/L at  most  stations  except  Stations 5 and 7  where they  averaged 
0.003 mg/L. In all cases  in  August,  the  levels  present  were  well  below  the 
criteria  recommended  for  drinking  water  and  aquatic  life. 

4.2.7 - Zinc. Table  5 compares  results  reported by previous  surveys 
with  that  found  in  the  present  study. 

Zinc at Station 5 has  decreased  over  the  period  shown  in Table 5. 
In July  1974,  zinc was  reported  at  2.00 mg/L,  whereas  in  the  present survey, 
mean zinc  levels  were  0.22  mg/L  in  July  and 0.09 mg/L  in  August. 

Mean zinc exceeded  the 0.03 mg/L  criteria  recommended  for  aquatic 
life at Stations 1,  2, 5, 7 and 9 during the July  sample period  and  at 
Stations 1, 2, 4, 5, 7 and 9 during  the  August  sample  period. The highest 
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mean  levels  detected,  0.928  mg/L  in  July  and  0.825  mg/L  in  August  at  Station 
1, exceeded  the mine’s  water  licence  (Yukon  Territory  Water  Board,  1985) 
requirement of 0.5 mg/L. The high  zinc  levels  found  at  Station 1 originated 
at  the  Galkeno 900 adit  where,  on  July 17, 1985 it was  25.8  mg/L  (personal 
communication, 1985).  Background  mean  levels  at  Station 3 were 0.008 mg/L 
in  July  and  <0.002  mg/L  in  August. 

TABLE 5 HISTORICAL COMPARISON OF ZINC LEVELS I N  WATER (mg/L) 

EPS 
JULY 
1974 

STATION 
1 (0.17 
2 N/A 
3 0.01 
4 N/A 
5 2.00 
6 1.50 
7 0.73 
8 0.02 
9 0.59 
10 N/A 
11  N/A 

EPS 
JUNE 
1975 

0.28 
N/A 

N/A 
1.90 
N/ A 
0.77 

0.74 
N/A 
N/A 

EPS 
JULY 
1975 

0.22 
0.16 
0.01 
N/A 
1.60 
N/A 

0.60 
0.07 
0.09 
N/A 
N/A 

*EPS 
AUGUST 
1980 

N/A 
N/A 
N/A 
N/A 
0.349 
N/A 
0.349 
0.244 
0.052 
N/A 
N/A 

EPS 

1985 
JULY 9-10 

* Three  day  mean. 
** One  of  three  samples  contained  0.003  mg/L. 
N/A - Not  available 

0.928 
0.327 
0.008 
0.023 
0.219 
0.004 
0.231 
0.019 
0.029 
0.022 
0.016 

EPS 

1985 
AUG.  21-22. 

0.825 
0.433 

<o. 002 
0.047 
0.090 

**O. 003 
0.215 
0.028 
0.065 
0.027 
0.017 

Although  zinc  was  elevated  at  Station 5 during  both  sample  periods, 
levels  detected  at  Station 7 were  higher,  indicating,  as  have  other 
parameters,  that a  source  other  than  the  tailings  pond  decant  was 
influencing  Flat  Creek  at  the  time of sampling.  Levels  at  Station 6, 

upstream  of  Station 7, were  well  below  that  found  at  Stations 5 or  7. 

During  the  August  sample  period,  zinc  levels  were  higher  along  the 
left  bank  of  the  South  McQuesten  River  than  at mid stream  or  along  the  right 
bank  at  Stations 4 and 9. This  clearly  identifies  the  plumes  from  Christal 
Creek  and  Flat  Creek.  The  range  at  Station 4 was 0.084 t o  0.003  mg/L,  from 
left  to  right  bank,  while  at  Station 9, the  range  was 0.106 to 0.038  mg/L. 
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Stream  Sediments 

Particle  size d:stribution (%) and  leachable  metals  results  are 
presented  in  Appendix 111, Tables  1  through 4 .  Size  distribution  data  is 
available  only  for  Stations 7 through  11. Particle  size  analysis  was not 
carried  out  by  the  laboratory  on  samples  from  Station  1  through 4 due to 
misinterpreted  instructions.  Leachable  metals  analysis  results  are 
available  for  all  stations  sampled. 

4 . 3 . 1  Particle  Size  Distribution. Overall  the  South  McQuesten  River 
sediments  were  observed to  be  comprised  mainly of coarse  material  underlain 
with small  amounts  of  sand  and  silt  material.  The  particle  size  class  most 
abundant  in  samples  collected  July 9-10 and  August  21-22  was  in  the  gravel 
size and  larger (>2.0 mm) range. It was  observed  during  sample  collection 
that  this  range  included  material  up  to 40 mm in size, greatly  influencing 
the overall  weight  distribution  in  each  of  the  samples.  Larger  cobble 
material (>40mm) was  present  but  was  removed  during  sample  collection. 
Sand  material (<2.0 mm to >0.063 mm) represented  from  less  than  1%  to  16% of 

the composition of samples  collected. The percentage  of  silt  and  clays 
((0.063 mm) ranged  from  less  than 1% to 6%. 

Similar to  South  McQuesten  River  sediment samples, Flat  Creek 
sediments at Station 7 were  also  comprised  mainly  of  material  in  the >2.0 mm 
size  range  with  small  percentages of sand  between 0.25 mm and  1.0 mm in 
size. 

4 . 3 . 2  Sediment  Metal  Analysis. Significant  changes  in  certain 
sediment  metals  were  detected  between  the  two  tributaries sampled,  Christal 
Creek and  Flat Creek, and  the  South  McQuesten  River.  Figure 6 show mean Cd, 
Cu, Pb, Zn and  As concentrations to  be  much  higher  at Stations 2 and 7  as 
compared  with  Station 3. Changes  in  sediment  metals  downstream of the 
tributaries  was  also  detected  as  shown by  the  increase  of  the above  metals 
at  Station 4 ,  downstream of Christal  Creek, and  more so at Station 9, 
downstream  of  Flat  Creek.  This  can  be  explained,  in  part, by a  tailings  dam 
failure  in  August  of  1978  which  resulted  in  the  deposition  of  significant 
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amounts  of  tailings  material  into  Flat  Creek  and  the  South  McQuesten  River 
downstream  of  Flat  Creek.  (Environmental  Protection  Service - Environmental 
Emergencies  Significant  Events  Reports, 1978). However, the  reasons  for 
high  metal  concentrations  in  stream  sediments  at  Station 2, Christal  Creek, 
are unknown.  It  is  speculated  that  mining  activity  in  the  Keno  City  area 
prior  to  the  development of United  Keno  Hill  Mines  may  have  contributed  but 
this  cannot  be  substantiated. 

4.4 Stream Benthic Fauna 

Appendix IV, Table 1 shows the  taxonomic  classifications  and 
distribution  of  invertebrates  identified  from  samples  collected  in  the 
present  study. 

Most  invertebrates  were  keyed  to genus and species  where  possible, 
or  to genus  or  family  level  only, if full  identification  was  not  possible. 
Some  individuals  of  the  Orders  Acari,  Coleoptera,  Tricoptera,  Arachnida, 
Suborder  Cyclopoida  and  Phylum  Nematoda  were  not  possible to identify  beyond 
the  taxonomic  level  given.  Genera  or  species  shown  in  brackets  indicate 
that  the  identification  was  tentative. 

Resh  and  Rosenberg (1984) review the  ecology  of  aquatic  insects  and 
identify  the  difficulty  of  making  generalizations  about  the  relationship 
between  aquatic  invertebrates  and  substrate  composition  and  the  difficulty 
of generalizing  about  the  effects  of  heavy  metal  pollution  on  aquatic 
insects. 

4.4.1 Taxonomic Features. A total  of 4,098 individuals,  comprised  of 
67 different  taxa,  were  collected  from  nine  stations. The majority  of  the 
invertebrates  collected  were of the  Class  Insecta  although  several 
Nematodes,  Molluscs  and  Copepods  were  also  found. The artificial  substrate 
samplers placed  at Station 10 were  vandalized, so the  invertebrate 
information  presented  was  collected  August  21-22  using a Surber  sampler 

(0 .93 m2). No  samples  were  collected  at  Station 5, the  tailings  pond 
decant, or  at Station 6 on  Flat  Creek. 
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The greatest  number  of  individuals  were  found  at  Station 9 (1,492) 
on the  South  McQuesten  River. A total  of 25 different  taxa  were  identified 
of  which 21 were  keyed to  the genus  or  species  level. The most  abundant 
organism,  Simulium sp.  represented 91% of  the  total  number  of  individuals 
collected.  Genera  and  species  of  Orders  Plecoptera,  Tricoptera  and 
Ephemeroptera  were  also  found  but  in  low  numbers. 

Invertebrate  abundance at  other  stations  on  the  South  McQuesten 
River  varied  considerably,  ranging  from 140 to 683 in number, but were  much 
lower  than  Station 9. 

At Station  3  where 683 individuals  were  collected, 21 of  the  26 
different  taxa  identified  were  keyed  to  the  genus  or  species  level. The 
dominant  invertebrate  was a Simulium  sp.  larvae (51%)  and  pupae (25%), 

representing 76% of the sample  collected. The remaining  sample  included 
small  percentages  of  organisms  from  Orders  Ephemeroptera,  Plecoptera, 
Tricoptera and Gastropoda and  Phylum  Nematoda. 

At Station 4 ,  immediately  downstream  of  Christal Creek, 206 
individuals  were  collected. A total  of 27 different  taxa  were  identified, 
22 of  them  to  the genus  or  species  level.  The  dominant  invertebrates  were 
several  genera of  the  Order  Plecoptera  representing 65% of  the  sample 
collected.  They  included  Malenka sp. (18%), Acroneuria sp. (16%), Zapada 
sp. (11%), Alloperla  sp. (8%), Utaperla  sp. (6%), and Arcynopteryx sp. (2%). 
The remaining  sample  was  comprised of 2  genera of the  Order  Tricoptera (14%) 
and 5 genera  of the  Order  Ephemeroptera (10%). Simulium  sp.  larvae  and 
pupae,  which  were  predominant  at  other  South  McQuesten  River  stations 
(except  station l o ) ,  represented  only 5% of the  invertebrates  collected  at 
Station 4. 

The lowest  abundance  was  found  at  Station 8 where 140 individuals 
comprised  of 20 different  taxa  were  collected.  Eighteen  of  the  taxa  were 
identified  to  the genus  or  species  level.  Simulium  sp.  of  the  Order 
Diptera  was  the  most  abundant,  representing  31%  of  the  sample.  Members  of 
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the  Orders  Ephemeroptera, 
numbers  representing 16%, 

Plecoptera  and  Tricoptera  were  also  significant  in 
26%  and 23%, respectively,  of  the  sample. 

Since  a  different  sampling  method  was  required  at  Station 10 the 
results  will  not  be  compared  with  those  found  at  other  South  McQuesten  River 
stations. At Station 10, a total  of 237 individuals  were  collected  of  which 
16  of  the 24 different  taxa  identified  were  identified  to  the  genus  or 
species  level.  Density  was  calculated  at 850 individuals per square  metre. 
The dominant  invertebrate  was  of  the  Class  Oligochaeta  which  represented 70% 

of  the sample  collected. The composition  of  the  remaining  sample  was 
represented  by  invertebrates  from  the  Orders  Ephemeroptera,  Plecoptera, 
Tricoptera,  Diptera and  the  Phylum  Nematoda. 

At Station 11, Simulium  sp.  was  the  most  abundant  invertebrate 
found, making  up 65% of  the 500 individuals  collected. The composition  of 
the remaining  sample  was  comprised  of  invertebrates  from  the  Orders 
Plecoptera (23%), Ephemeroptera (5%) and Tricoptera ( 3 % ) .  

Invertebrate  abundance varied  considerably  between  the  two  stations 
on  Christal  Creek.  At  Station 1, 655 individuals  were  collected  whereas  at 
Station 2, only 90 were  collected.  The  reason  for  this  difference in 

abundance  is  suspected to  be  partly  because  of  the  finer substate  found  at 
Station 2 which  provided a  less  suitable  habitat  for  invertebrates  than  the 
larger  material  found  at  Station  1.  This  is  based  on  observations  of  the 
sediment  characteristics  made  during  the  first  visit to  the  study  area as 
there  is  no  sediment  particle  size  data  for  these  two  stations. At Station 
1, 31 different  taxa  were  identified,  23  to  the  species  or  genus  level.  The 
sample  was  dominated by several  genera of the  Order  Diptera. Those found 
included  Simulium  sp.  (36%), Cricotopus sp. (14%), Eukiefferiella sp. ( 6 % )  

and Diplocladius sp. (9%). Chironomidae  pupae  represented 5% of  the  sample. 
Individuals from  the Class  Oligochaeta  represented  12%  of  the  sample 
collected.  Similar  composition  was  found  at  Station 2 but,  as  previously 
stated, in  much  lower  numbers.  Only 18 different  taxa  were  identified,  11 
to  the species  or  genus  level.  The  sample  collected  was  dominated by 
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several  genera  of  the  Order  Diptera  including  Cricotopus  sp. (21%), 
Heterotrissocladius  sp. (ll%), Cardiocladius  sp. (2%),  Brillia  sp.  (17%)  and 
Chironomidae  pupae (10%). 

At Station 7, 95 individuals  were  collected  which  were  classified 
into 14 different  taxa.  Only 9 species  or  genera  were  identified.  The 
dominant  group  was  of  the  Order  Diptera,  representing  42%  of  the  sample. 
The  genera  found  included  Simulium  sp.  (14%),  Cricotopus  sp. (14%), 
Heterotrissocladius  sp. (5%), Procladius  sp. 1%)  and Tipula sp. (2%). 
Chironomidae  pupae (6%) were  also  found.  The  most  abundant genus, Podmosta 
sp.,  of  the  Order  Plecoptera  represented  34%  of  the  sample.  The  genus 
Arctopsyche  sp.  of  the  order  Tricoptera  represented 11% of  the  sample. 

The  above  results  describe  the  aquatic  invertebrate  populations  at 
the  respective  stations,  and  although  there  is a degree  of  similarity  among 
the stations, it is  not  possible  to  isolate  individual  parameters  as  causes 
for  population  variation.  Simulium  sp.  is  noted  as  being  present  and  very 
abundant  at  most  stations.  This  genus  is  characteristic  of  clear,  fast 
flowing  water  in  riffle  areas  where it is  successful  as a filterer.  The 
abundance  of  Simulium  sp.  at  the  various  stations is also  correlated  with 
higher  zinc  (Zn)  and  cadmium  (Cd)  levels so i t  may  be  showing a tolerance to 
Zn and  Cd  which  other  organisms  tolerate  less  readily.  Similar  tolerance  to 
heavy  metals  is  referred  to  by  Wiederholm  (1984). 

4.4.2 Percent  Similarity Index. The  benthic  invertebrate  communities 
found  at all  South  McQuesten  River  stations,  except  Station 10, were 
compared  using a Percent  Similarity  Index  (PSC)  formula  described  by  Brock 
(1977) : 

k 
Psc = 100 - 0.5 I a-b I 

where a and b are, for a given  genus,  percentages  of  the  total  samples A and 
B which  that  genus  represents. The absolute  value  of  their  difference  is 
summed  over  all  genera,  k.  The  PSC  Index  compares  the  percentage  of  genera 
present  at  two  different  locations  but  is  not a comparison  of  total 
invertebrate  abundance. 
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The  greatest  similarity was found between stations 9 and 11  where 
the index  was 71%. Similarity between Station 3 and Stations 4 ,  8 ,  9 and 11 
ranged from 28% to 44%. Similarity comparisons between all  other  stations 
never exceeded 48%. 

TABLE 6 INVERTEBRATE  POPULATION  PERCENT  SIMILARITY FOR 
SOUTH HcQUESTEN RIVER STATIONS 

(EXCEPT  STATION 10) 

STATION  11 9 8 4 

3  42 32 44 28 
4 35 15 48 
8 48 39 
9 71 
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The present  survey  shows  an  improvement  in  mine  effluent  water 
quality  at  Station 5 when  compared  with  historical  data  previously  reported 
by  the Environmental  Protection  Service.  Several  events,  such  as  changes  in 
ore  type,  mill  processes  and  improved  mill  tailings  treatment  have  taken 
place  in  the  past 12 years and  undoubtedly  have  influenced  effluent  quality 
but  the degree  of  influence  cannot  be  determined by  this  report. 

Results  of the  present  survey  have  shown  that  mine  drainage  from 
the Galkeno 900 adit  is  the  primary  source  of  high  metals  concentrations 
found  in Christal  Creek. The highest  extractable Zn concentration found  in 
the  study  area  on  the  dates  sampled  was  at  Station 1. This  combined  with 
other  elevated  metals  concentrations  exceed  the  standards  recommended  for 
drinking  water and, in some  cases, that  recommended  for  the  protection  of 
aquatic  life. 
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AF'PENDIX I11 TABLE 1 PERCENT SEDIMENT SIZE DISTRIBUTION FOR 
JULY 9-10, 1985 
NOTE:  No Particle Size Results for Stations 
1,  2, 3 and 4. 

STATION SAMPLE >2.0 2.0-1.0  01.0-0.5  0.5-0.25  0.25-0.15  0.15-0.063 <0.063 
NUMBER 

7  1  89.0  5.7  3.4  1.3  0.2  0.2  0.2 
2  78.7  8.1  7.6  4.4  0.4 0.3 0.5 
3 59.2  8.6  20.5 10.7  0.4 0.3 0.3 

- 
X 75.6 7.5 10.5 5.5 0.3 0.3 0.3 
S.D. 15.1 1.6 8 . 9  4.8  0.1 0.1 0.2 

8  4  67.6  13.6 11.5 5.2  0.9 0.5 0.7 
5  72.9  14.1 9.3 2.5 0.3 0.3 0.6 
6 78.9  11.2 6.9 1.9  0.3 0.4 0.4 

- 
X 73.1 13.0 9.2 3.2 0.5  0.4  0.6 
S.D. 5.7 1.6 2.3 1.8 0.3 0.1 0.2 

9 7 78.0  4.5 6.5 6.1 1.1  1.6  2.2 
8 78.9 1.1 1.9 5.7 2.0  3.2 7.2 
9  78.9 1.1 1.9 5.7 2.0 3.2  7.2 

- 
X 78.6 2.2 3.4 5.8  1.7 2.7 5.6 
S.D. 0.5 2.0 2.7 0.2 0.5 0.9  2.9 

10  10 79.6  14.4  5.2  0.4 0.0 0.1 0.3 
11 82.0  12.9  3.8 0.5 0.2  0.2  0.4 
12 84.4  6.8  5.9  2.0  0.2  0.2  0.5 

- 
X 82.0 11.4 5.0 1.0 0.1 0.2 0.4 
S.D. 2.4 4.0 1.1 0.9 0.1 0.1 0.1 

11 13  82.0  6.1 5.5 5.4  0.5  0.3  0.2 
14 67.9 8.6 1 3 . 1  0.9 1 .o 0.4 8.1 
15 77.8  6.8 8.4 5.1 1.0 0.5 0.4 

- 
X 75.9 7.2 9.0 3.8  0.8 0.4  2.9 
S.D. 7.2 1.3 3 . 8  2.5 0.3 0.1  4.5 

P 
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APPENDIX I11 TABLE 2 PERCENT SEDIMENT SIZE DISTRIBUTION FOR 
AUGUST 21-22, 1985 (continued) 
NOTE: No Particle Size Results FOK Stations 
1,  2,  3 and 4. 

SIZE RANGE (nun) 

STATION SAMPLE >2.0 2.0-1.0  01.0-0.5  0.5-0.25  0.25-0.15  0.15-0.063 <0.063 
NUMBER 

7 1  75.4  6.3  10.8  6.3  0.5  0.4  0.3 
2  55.8  6.7  20.5  14.6  1.0 0.6 
3  59.5 

0.8 
4.5  19.0  14.1  1.1  0.9  0.9 

- 
X 63.6 5.8  16.8 11.7 0.9 0.6 0.7 
S.D. 10.4 1.2  5.2 4.7 0.3 0.3 0.3 

8 4 83 .O 5.4 3.6 4.0  1.4 1.2 1.4 
5 78.2  4.4  3.5  2.8  2.4  4.3 4.4 
6 0.3 5.7  4.0  4.9  1.7  1.6  1.8 

81 

- 
X 80.5 5.2 3.7 3.9  1.8 2.4 1 . 5  
S.D. 2.4 0.7 0.3 1.1  0.5 1.7  1.6 

9 7 86.3 6.1 4.3  1.8 0.3 0.4  0.8 
8  85.0  5.6  5.2  3.1  0.4 0.4 0.3 
9  87.8  5.3  3.5  2.1  0.3  0.4  0.6 

- 
X 86.4 5.7 4.3 2.3 0.3 0.4 0.6 
S.D. 1.4 0.4 0.9  0.7 0.1 0.0 0.3 

10  10 74.9  15.7  7.6  0.9  0.2  0.2 0.5 
11 76.5  15.0  7.0 0.6 0.2  0.3 0.4 
12 3.9  18.3  6.7  0.5  0.1 0.2 0.3 

- 
X 75.1 16.3 7.1  0.7 0.2  0.2 0 . 4  
S.D. 1.3 1.7 0.5 0.2 0.1  0.1 0.1 

11 13  69.7  11.0  14.1  3.9 0.6 0.4 0.3 
14 69.1  14.1  9.9  4.9  0.7 0.6 0.7 
15 75.4  9.5 8.0 6.1 0.6 0.2 0.2 

- 
X 71.4 11.5 10.7 5.0 0.6 0.4 0 . 4  
S.D. 3.5 2.3 3.1 1.1  0.1 0.2 0.3 

kr 

(1m1 

Y 
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APPENDIX  IV  TABLE 1 TAXANOMIC  LIST  OF BOT" FAUNA 

NUMBER 

5 

Order: 

Class : 

Family: 

Order: 

Family : 

Order: 

Family : 

Order: 

Family: 

6 

Family: 

7 

8 

Family: 

Family: 

9 

10 

11 

12 

Family : 

13 

Order: 

Family: 

1 4  

15 

16 

17 

18 

19 

20 

Family: 

Family : 

INVERTEBRATE 

Acari 

Insecta 

Aphididae,  unid,  nymph 

Coleoptera,  unid.,  larva 

Haliplidae,  unid.,  adult 

Hymenoptera 

Formicidae 

Ephemeroptera 

Baetidae 

Baetis s p .  

Heptaqeniidao 

Rithroqena sp .  

Cinygmula sp .  

Leptophlebiidae 

Ephemerellidao 

Ephemerella s p .  un id . ,  damaged 

Ephemerella (drunolla) 

Ephemerella  doddsl 

Ephemerolla l n f  roquens 

Siphlonurldao 

Ameletus sp.  

Plecoptera 

Pteronarqs dorsata 

Pteronarqs callfornica 

Pteronarqs regularls 

Perlidae 

Acroneurla qp. 

Perlodldao 

Cultus s p .  

Arcynopteqvc 'cnqacta) 

Isoperla s p .  

I 

. 



a 

m 

rl 

I 

II) 

NUMBER 

21 

22 

23 

24 

25 

26 

21 

28 

29 

30 

31 

32 

33 

34 

35 

36 

31 

38 

39 

40 

Family: 

Family : 

Family : 

Order: 

Family : 

Family : 

Family : 

Family : 

Orde K : 

Family: 

Family : 

Family: 

Subfamily: 

INVERTEBRATE 

Chloroperlidae 

Alloperla  sp. 

Utaperla  sp. 

capniidae,  unid. 

Nemouridae 

Zapada  (oregonensis) 

Podmost&  sp. 

Malenka  sp. 

Trichoptera 

Trichoptera  pupa, mid. 

Hydropsychidae 

Arctopsyche  sp. 

Hydroptilidae 

Oxyethira  sp. 

Hydroptila  sp. 

Brachycentridae 

Brachycentrus  sp. 

Limnephilidae 

(Clostoeca)  sp. 

Onocosmoecus sp. 

Rhyaccophila  (acropedes 1 

Rhyaccophila  vaccua 

Diptera 

simulidae 

simulidae,  adult,  dam. 

Simulium  sp.  pupae 

Simulium  sp.  larvae 

Chironomidae,  adult 

Chironomidae  pupae 

Orthocladiinae 
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APPENDIX IV TABLE  1  TAXANOMIC  LIST  OF BOTTOM FAUNA 

NUMBER 

41 

42 

43 

44 

45 

46 

subfamily: 

INVERTEBRATE 

Cricotopus  sp. 

Heterotrissocladius  sp. 

Cardiocladius  sp. 

Eukiefferiella  sp. 

Diplocladius sp. 

Brillia  sp. 

Chironominae 

41  Micropsectra  sp. 

4a  Ffheotanytarsus  sp. 

49  Stenochironomus  sp. 

Subfamily: Diamesinae 

50 Diamesa  sp. 

51 Procladius  sp. 

Family : Tipulidae 

52  Tipulidae  pupae 

53  Tipula  sp. 

Fami  1 y : Psychodidae 

54  Psychoda  sp. 

Family:  Empididae 

55  Chelifera  sp. 

56  Phylum: Nematoda 

Phylum: Annelida 

Class:  Oligochaeta 

57  Family: Enchytraeidae 

sa Family: Tubificidae,  unid.,  uv. 

59 Tubifex  sp. 

Order: Lumbriculida 

Family: Lumbriculidae 

60 Kincaidiana  hexatheca 

c 



I 

II 

a 
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APPENDIX  IV TABLE 1 TAXANOMIC LIST OF BOTPOM FAUNA 

NUMBER INVERTEBRATE 

Phylum: 

Order: 

Family : 

61 

Family: 

62 

Family: 

63 

Phylum: 

Sub0 rde r : 

6 4  

65 Suborder: 

Order: 

Suborder: 

66 

67 Order: 

Mollusca 

Gastropoda 

Lymnaeidae 

stagnicola (kennicotti) 

Valvatidae 

Valvats  sincera 

Coelenterata 

" 

Hydra sp. 

Copepoda 

Calanoida 

Diaptomus sp. 

Cyclopoida 

Amphipoda 

Haustoridae 

Pontoporela sp. 

Arachnida 
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