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RESUME 

Cette etude de l'oxygkne dissous pr6sent sous la surface de glace 

hivernale a et6 faite dans le cadre de recherches sur le bassin de la 

rivi'ere Yukon en 1982-83. Whitfield et McNaughton (1983) ont examin6 les 

depressions de l a  concentration d'oxyggne dissous present sous la surface 

de glace hivernale, ainsi que les facteurs qui les influencent. Aux fins 

de l'gtude, des echantillons d'eau ont et6 recueillis 5 tous les mois, 

d'aoGt 1982 'a mai 1983, 'a des stations situ6es sur les rivi'eres Takhini 

et Nordenskiold, deux tributaires de la rivi&re Yukon. Comme le travail 

sur le terrain devait $ire fait pendant l'hiver, des tempkratures aussi 

basses que -6OOC (Service d l'environnement atmospherique, 19821, des 

prkautions sp6ciales ont 6t6 nkcessaires pour assurer le bon 

fonctionnement de l'equipement. L'echantillonnage de l'eau se fait de 

facon quelque peu differente qu'en 6te. Des instruments spkiaux etaient 

nkessaires pour percer la glace, et 1 equipement scientif ique devait 

etre prot6g6 du froid. Ce rapport a pour objet de presenter l'kquipement 

special utilis6 pour le programme de surveillance continue et pour la 

cueillette d'6chantillons d'eau sous la glace. 
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INTRODUCTION 

A study o f  d i sso l ved  oxyg 

extensive work conducted 

n under w i n t e r  i c e  cover was p a r t  o f  t h e  

on t h e  Yukon R i v e r  bas in  i n  1982-83. 

W h i t f i e l d  and McNaughton (1984)  examined t h e  occurrence o f  d i sso l ved  

oxygen (DO) depressions under w i n t e r  i c e  and i n v e s t i g a t e d  t h e  

processes invo lved.  To meet o b j e c t i v e s  o f  t h a t  study, water samples 

were c o l l e c t e d  each month from August 1982 t o  May 1983 a t  s t a t i o n s  

l o c a t e d  on t h e  Takh in i  and Nordenskiold R ivers .  Since t h e  f i e l d  work 

was scheduled du r ing  t h e  w in te r  season when temperatures as low as 

-6OOC have been recorded, (Atmospheric Environment Service,  1982) 

s p e c i a l  p repara t ions  were needed t o  ensure proper f u n c t i o n i n g  o f  t h e  

equipment. The sampling of  water i n  w i n t e r  c o n d i t i o n s  r e q u i r e s  a 

d i f f e r e n t  approach than does summer sampling. A d d i t i o n a l  equipment 

was r e q u i r e d  t o  d r i l l  o r  c u t  through t h e  i c e  and t o  p r o t e c t  

s c i e n t i f i c  equipment from sub-zero degree temperatures. This r e p o r t  

descr ibes t h e  s p e c i a l  equipment and sampling methods requ i red  f o r  t h e  

continuous mon i to r i ng  program and f o r  t h e  under i c e  c o l l e c t i o n  o f  

water samples. 

I 



- 2 -  I -  

I 
I .- 

I 
I 
1 
D 
I 
I 
I 
I 
I 
D 

METHODS 

I. CONTINUOUS MONITORING 

F i e l d  Equipment 

A Hydrolab sys t em 8000 was used  f o r  c o n t i n u o u s  m o n i t o r i n g  o f  

t e m p e r a t u r e ,  d i s s o l v e d  oxygen, c o n d u c t i v i t y ,  pH, r edox  p o t e n t i a l  and 

d e p t h .  A d e t a i l e d  a c c o u n t  o f  the  o p e r a t i o n  o f  the  Hydrolab s y s t e m  

f o r  water q u a l i t y  data  c o l l e c t i o n  is p r o v i d e d  by W h i t f i e l d  (1984). 

P r i o r  e v a l u a t i o n  o f  Hydrolab i n s t r u m e n t s  by t h e  Water Q u a l i t y  Branch 

( A t l a n t i c  R e g i o n ) ,  i n d i c a t e d  a problem i n  c o l d  weather (-20°C a i r  

t e m p e r a t u r e )  w i t h  i ce  forming o v e r  t h e  e l e c t r o d e s .  Consequen t ly  a 

p r o t e c t i v e  i n s u l a t e d  box was needed t o  e n s u r e  c o n t i n u o u s  o p e r a t i o n  o f  

the  i n s t r u m e n t s  ( P l a t e  1, F i g u r e  1). 

T h i s  i n s u l a t e d  box was d e s i g n e d  t o  i n c o r p o r a t e  t h e  f o l l o w i n g :  

1. A h e a t  s o u r c e  t o  m a i n t a i n  a t e m p e r a t u r e  o f  + loo  t o  
20oc. 

2. I n s u l a t i n g  material for  heat r e t e n t i o n .  

3 .  A c c e s s i b i l i t y  t o  the i n s t r u m e n t s  and v i s u a l  
o b s e r v a t i o n s .  

4. A t t achmen t s  f o r  moving the box i n  the f i e l d .  

5 .  P r e c a u t i o n a r y  measures  t o  p r o t e c t  a g a i n s t  
vanda l i sm.  

To m a i n t a i n  a c o n s t a n t  t e m p e r a t u r e  w i t h i n  t h e  box, a t h e r m o s t a t i c a l l y -  

c o n t r o l l e d  p ropane  heater was selected. T h i s  u n i t  had a s p e c i f i e d  
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. ..A. A,.. , . ... . , . . , ., . __ '  

Plate 1 Insulated f i e l d  box constructed for the Hydrolab 8000. 
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F i g u r e  1 S p e c i f i c a t i o n s  o f  the  i n s u l a t e d  f i e l d  box f o r  c o n t i n u o u s  
mon i to r ing .  
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f u e l  consumption o f  0.056 k g  per  hr. The s a f e t y  fea tures  i nc luded  

e l e c t r o n i c  i g n i t i o n  and automatic s a f e t y  shu t -o f f  systems. 

A d d i t i o n a l  equipment requ i red  t o  operate t h e  heater  were a propane 

tank, r e g u l a t o r  and 12 v o l t  b a t t e r y  t o  operate t h e  ven t ing  and s a f e t y  

shu t -o f f  systems. S p e c i f i c a t i o n s  o f  t h e  heater  along wi th t h e  

cont inuous mon i to r i ng  equipment a r e  l i s t e d  i n  Table 1. 

Panels o f  styrofoam i n s u l a t i o n  were at tached t o  t h e  i n s i d e  o f  t h e  

box. Th is  t ype  o f  i n s u l a t i n g  m a t e r i a l  was se lec ted  f o r  i t s  low 

thermal conductance, l i g h t  weight and a v a i l a b i l i t y .  Styrofoam SM 

(ex t ruded po lys ty rene)  was used f o r  t h e  ou te r  l a y e r  o f  i n s u l a t i o n  

(5 cm width, R va lue  = 10) and styrospan (expanded po lys ty rene) ,  a 

l i t t l e  l e s s  c o s t l y ,  f o r  t h e  i n n e r  l a y e r  (5  cm width,  R va lue  = 7 ) .  

The box had a s i d e  door t o  p rov ide  adequate access t o  t h e  

instruments.  Dur ing  severe weather c o n d i t i o n s  or  when a v i s u a l  

readout was needed, access cou ld  be gained from two c i r c u l a r  openings 

on t h e  f r o n t .  Th i s  access was covered by two swinging ou te r  p l a t e s  

and i n s u l a t e d  with removable styrofoam. A window cons t ruc ted  wi th 

double panes o f  p l e x i g l a s s  was l o c a t e d  above t h e  access holes.  

The box was designed so t h a t  t h e  he igh t  would a l l o w  t h e  da ta  

t r a n s m i t t e r  and accessor ies t o  be s to red  v e r t i c a l l y .  This a l s o  

al lowed t h e  t r a n s m i t t e r  t o  he lowered through the  bottom opening t o  

t h e  sampling ho le .  The box w id th  accommodates t h e  heater  and 
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i n s u l a t i o n .  The volume of t h e  box was enough t o  c o n t a i n  a l l  

equipment i n c l u d i n g  t h e  propane tank  du r ing  extreme weather 

cond i t ions .  Another f a c t o r  taken i n t o  cons ide ra t i on  i n  de termin ing  

t h e  s i z e  was t h e  capac i t y  o f  t h e  heater  and t h e  p o s s i b l e  damage t o  

t h e  ins t ruments  from d i r e c t  heat. 

The box was equipped wi th handles and t o  reduce t h e  p o s s i b i l i t y  o f  

vandalism i t  was pa in ted  wh i te  f o r  low c o n t r a s t  aga ins t  t he  snow. 

The purpose o f  t h e  equipment was i d e n t i f i e d  on t h e  ou ts ide  o f  t h e  box 

and s i d e  entrance locked. 

Sampling Methods 

P r i o r  t o  each f i e l d  t r i p  t h e  Hydrolab system was c a l i b r a t e d ,  

b a t t e r i e s  charged, and the  propane tank f i l l e d .  A t  t he  sampling 

s t a t i o n  t h e  sur face  snow was removed and a h o l e  d r i l l e d  through t h e  

i c e  with a power auger ( P l a t e  2).  The auger used was a Model 4309 

S t i h l  gear box i c e  d r i l l  wi th Model 08s S t i h l  power head. When t h e  

i c e  th ickness  exceeded 1.5 m an ex tens ion  was at tached t o  t h e  d r i l l .  

The bottom opening o f  t h e  i n s u l a t e d  box was pos i t i oned  over t h e  

sampling ho le  and surface snow packed around t h e  box. The propane 

tank  and b a t t e r y  were then connected t o  t h e  heater.  A f t e r  t he  heater  

began opera t ing ,  t h e  Hydrolab equipment was i n s t a l l e d  and connected. 

A 3.6 kg  weight was at tached t o  t h e  bottom o f  t h e  t r a n s m i t t e r  c a r r i e r  

and lowered down t h e  sampling h o l e  t o  a depth approximately one metre 
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Plate 2 Drilling through river ice. 
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below t h e  undersurface of  t h e  i c e .  A s e r i e s  o f  measurements fo r  each 

v a r i a b l e  were manually d isp layed and recorded every minute u n t i l  t h e  

readings s t a b i l i z e d  t o  ensure t h e  equipment was func t i on ing  ( P l a t  e 

3). The da ta  c o n t r o l  u n i t  was s e t  on automat ic and measurements were 

logged every 15 minutes. To ensure the  un i t  was logging,  data were 

recorded from the  d i g i t a l  d i sp lay  observed through the  v iewing 

chamber f o r  t h ree  i n t e r v a l s  ( 4 5  minutes).  D a i l y  checks were 

completed on t h e  equipment and t h e  b a t t e r y  f o r  t he  heater  was changed 

on a l t e r n a t e  days. 

Comments 

The on ly  problem experienced with t h e  hea t ing  system was wi th t h e  

b u i l t - i n  sa fe ty  system. The system has an automat ic shu t -o f f  i n  case 

o f  a b locked vent,  gas o r  e l e c t r i c a l  i n t e r r u p t i o n ,  incomplete 

combustion o r  low b a t t e r y .  When the  ou ts ide  temperature s t a r t e d  t o  

drop below -15OC t h e  b a t t e r y  would l a s t  approximately 48 hours. 

Although the  heater  p u t  on ly  a s l i g h t  d r a i n  ( l e s s  than 1/3 amp) on 

t h e  b a t t e r y ,  i t  does r e q u i r e  f u l l  vo l tage (12 v o l t s )  a t  a l l  t imes. 

I f  the  vo l tage drops below a minimum (10 v o l t s )  t he  heater  w i l l  

au tomat i ca l l y  shut  o f f .  When t h i s  happens t h e  temperature i n s i d e  the  

box would eventua l l y  decrease, a f f e c t i n g  the b a t t e r i e s  needed t o  

ma in ta in  data s torage i n  t h e  da ta  c o n t r o l  un i t .  The b a t t e r y  f o r  t he  

heater  was changed every 48 hours t o  avo id  t h i s  problem. 
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Plate 3 The Hydrolab 8000 shown inside insulated f i e l d  box. 
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Another problem was associated wi th t h e  recovery o f  t h e  logged da ta  

from t h e  memory u n i t .  When t h e  da ta  s torage capac i ty  was f u l l ,  t h e  

un i t  would have t o  be t ranspor ted  t o  Whitehorse. Only a f t e r  t h e  

memory was empty c o u l d  t h e  uni t  s t a r t  l ogg ing  data again. To be ab le  

t o  t r a n s f e r  t h e  da ta  t o  Vancouver our  f i e l d  schedule had t o  co inc ide  

w i th  the  use o f  a te rmina l .  On seve ra l  days when t h e  u n i t  cou ld  have 

been logg ing  data, t ime was spent w a i t i n g  t o  recover  p rev ious  

measurements. 
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11. WATER QUALITY SAMPLES 

F i e l d  Equipment 

When t h e  r i v e r  was covered wi th  i c e ,  water samples were obta ined wi th  

a p o r t a b l e  sampling pump operated i n s i d e  an i n s u l a t e d  f i e l d  box 

( P l a t e  4 ,  F igu re  2). The box was i n s u l a t e d  w i th  styrospan (expanded 

po lys ty rene)  f o r  t he  i n n e r  l a y e r  and Styrofoam SM (ext ruded 

po lys ty rene)  on t h e  ou te r  l a y e r  g i v i n g  a th ickness o f  10 cm o f  

i n s u l a t i o n  on a l l  s ides.  Two openings covered by two ou te r  p l a t e s  

were l oca ted  on t h e  f r o n t  panel. The t o p  o f  t h e  box had a double 

pane p l e x i g l a s s  window. The chamber and s ide  access al lowed easy 

pump opera t ion  f o r  t h e  c o l l e c t i o n  of samples ( P l a t e  5 ) .  The top  o f  

t he  box opened f o r  access t o  the  equipment, and t o  exchange water 

sample b o t t l e s .  The l i d  remained open du r ing  t r a n s i t  a l l ow ing  the  

heat i n  the  t r u c k  t o  enter .  The bottom opening of  the  box was 

approximately 1 4  cm i n  diameter. The sampling l i n e  was i n s e r t e d  

through t h i s  opening t o  the  sampling hole.  A po r tab le  Master f lex  

sampling pump (Hor izon Ecology Co., Model 7520-10) was used t o  

c o l l e c t  t he  samples. The s i z e  of  t he  un i t  was 34.5 x 23 x 22.5 cm 

( P l a t e  6 ) .  S i l i c o n e  tub ing  i n  t h e  pumphead was at tached t o  a tygon 

tub ing  l i n e .  The pump cou ld  operate with i n t e r n a l  b a t t e r i e s  f o r  

approximately 2.5 hours. The b a t t e r i e s  cou ld  be recharged wi th 

e i t h e r  a 12 v o l t  DC o r  AC source. An e x t e r n a l  12 v o l t  b a t t e r y  o r  a 

cab le  with an adaptor f o r  f i t t i n g  i n t o  a v e h i c l e  c i g a r e t t e  l i g h t e r  

was used f o r  extended f i e l d  use. 
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Plate 4 Insulated field box for collecting water quality samples. 
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Figure 2 Specif icat ions o f  the insulated f i e l d  box for  co l lec t ing  
water qual i ty  samples. 
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Plate 5 Water samples being collected using the sampling pump. 
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Plate 6 Field equipment inside insulated box for collecting water 
samples. 
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Sampling Methods 

I n  e a r l y  w i n t e r  and s p r i n g  sampling ho les  were d r i l l e d  on ly  once a t  

each s i t e .  On t h e  nex t  sampling day t h e  sur face  i c e  was removed with 

e i t h e r  an i c e  c h i s e l  o r  axe. I n  l a t e  November, w i th  sub-zero degree 

temperatures, sampling ho les  had t o  be d r i l l e d  d a i l y .  F l o a t i n g  s l u s h  

i c e  which accumulated i n  t h e  h o l e  a f t e r  d r i l l i n g ,  was removed and t h e  

water was al lowed t o  f l ow  f r e e l y  f o r  one t o  two minutes t o  avo id  

p o s s i b l e  contaminat ion o f  t h e  samples. A sampling l i n e  a t tached t o  a 

240 gm weight was placed through t h e  bottom opening i n  t h e  i n s u l a t e d  

box and down t h e  hole.  The opening o f  t h e  box was p o s i t i o n e d  on t o p  

o f  t he  sampling h o l e  t o  prevent t h e  l i n e  from f reez ing .  Samples were 

pumped from underneath t h e  i c e  t o  t h e  approp r ia te  sample b o t t l e  

i n s i d e  t h e  box. Preserva t ion  of t h e  d i sso l ved  oxygen samples was 

completed immediately a f t e r  sampling us ing  t h e  az ide  m o d i f i c a t i o n  o f  

t h e  iodomet r ic  (Wink le r )  method. Th is  procedure i nvo l ved  adding 

s p e c i f i c  amounts o f  manganese s u l f a t e  and a l ka l i - i od ide -az ide  

s o l u t i o n  t o  t h e  samples (APHA, 1975) .  These reagents were s to red  i n  

t e f l o n  b o t t l e s  i n s i d e  a wooden box. Automatic p i p e t t e s  were used t o  

add t h e  s o l u t i o n s  t o  t h e  sample b o t t l e s .  A f t e r  t he  samples were 

preserved each was placed i n t o  a box which was placed i n s i d e  a 

sh ipp ing  con ta ine r  f o r  a d d i t i o n a l  p r o t e c t i o n  o f  t h e  g lass  b o t t l e s .  
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F i e l d  Measurements 

F i e l d  measurements- were determined f o r  temperature ( a i r  and water) ,  

pH, and c o n d u c t i v i t y  du r ing  the  sample c o l l e c t i o n .  The water depth 

and i c e  th ickness  a t  t h e  s i t e  were a l s o  recorded. Field-measured 

va r iab les  were analysed us ing  t h e  f o l l o w i n g  equipment: 

VARIABLE EQUIPMENT 

temperature ( O C >  E r t c o  Pocket Thermometer 

pH ( u n i t s )  Metrohm pH Meter 
(Model E4881 

c o n d u c t i v i t y  (w/cm) Beckman Conduc t i v i t y  Meter 
(Model RB3-338) 

water depth (cm) (es t imated  from tygon t u b i n g )  

i c e  th ickness  (cm) (est imated from i c e  auger depth) 

Instruments and appropr ia te  b u f f e r  s o l u t i o n s  were thoroughly checked 

be fo re  t h e  f i e l d  program s ta r ted .  The f i e l d  equipment were then 

s to red  i n  sh ipp ing  conta iners  (Techstar P l a s t i c s ,  Model 0402A, 

6 1  x 51 x 31 cm) p ro tec ted  on a l l  s i des  by Styrofoam. The con ta ine rs  

was t ranspor ted  by a i r  t o  Whitehorse where meters were checked and 

r e c a l i b r a t e d .  The meters remained i n  t h e  con ta ine r  du r ing  t r a n s p o r t  

t o  the  sampling l o c a t i o n  and du r ing  sampling. This p rov ided 

p r o t e c t i o n  from t r u c k  movement and extreme temperatures. 
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One sample was c o l l e c t e d  a t  each s i t e  i n  a 500 m l  po lye thy lene 

b o t t l e .  Th is  sample was taken t o  t h e  t ruck ,  shaken and decanted i n t o  

two wide mouth polypropy lene b o t t l e s .  The thermometer was r i n s e d  

wi th  a sma l l  q u a n t i t y  o f  t h e  sample a f t e r  which i t  was immersed i n t o  

the  f i r s t  sample and temperature recorded. The pH meter was 

c a l i b r a t e d  wi th s p e c i f i c  b u f f e r  so lu t i ons .  The e lec t rode  was r i n s e d  

with a smal l  p o r t i o n  o f  t he  sample, p u t  i n t o  the  sample b o t t l e ,  

a l lowed t o  s t a b i l i z e ,  and a reading was taken. The sample water was 

then discarded. The c o n d u c t i v i t y  meter was c a l i b r a t e d  us ing  two K C 1  

so lu t i ons .  The probe f o r  t h e  meter was r i n s e d  wi th  a sma l l  amount o f  

water from the  second sample b o t t l e  and then i n s e r t e d  i n t o  t h e  

sample. The conductance was recorded a f t e r  t h e  readings s t a b l i z e d .  

The water depth and i c e  th ickness were e a s i l y  est imated by the  known 

l e n g t h  of  t h e  f i e l d  equipment be ing used. 

Dissolved Oxygen Analys is  

The d isso lved oxygen samples were taken t o  t h e  EPS labo ra to ry  i n  

Whitehorse f o r  ana lys is .  Determinat ion o f  t he  d isso lved oxygen 

content  was completed through t i t r i m e t r i c  procedures o u t l i n e d  i n  t h e  

APHA (1975) .  A po r tab le  f i e l d  box (P la te  7 )  contained a l l  t h e  

equipment requ i red  f o r  t i t r a t i o n .  Box dimensions were 

83.8 x 64.8 x 33.0 cm and const ructed from 2.0 cm plywood. The 

reagents f o r  t h e  p rese rva t i on  of  samples and t i t r a n t  were prepared i n  
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Vancouver and shipped t o  Whitehorse be fo re  each f i e l d  t r i p .  The 

sodium th iosu lpha te  s o l u t i o n  was s tandard ized be fore  t i t r a t i n g  t h e  DO 

samples. Th is  procedure was completed a f t e r  t h e  f i n a l  reagent 

H2S04 was added t o  the  samples. An automatic p i p e t t e  

( S c i e n t i f i c  Glass Apparatus Company, No. JP-6000) was used t o  remove 

100 m l  o f  sample from each b o t t l e .  A vacuum system was c rea ted  us ing  

a l a r g e  b o t t l e  and rubber b u l b  a s p i r a t o r  drawing the  sample i n t o  t h e  

p i p e t t e .  The sample was t r a n s f e r r e d  i n t o  a 250 m l  Erlenmeyer f l a s k  

and p u t  on t o p  o f  t h e  magnetic s t i r r e r  s i t u a t e d  under a 10 m l  

bu re t te .  Another vacuum system was used t o  f i l l  the  b u r e t t e  with 

e x a c t l y  10 m l  o f  t i t r a n t .  While t h e  sample i n  t h e  Erlenmeyer f l a s k  

was being t i t r a t e d ,  100 ml of s o l u t i o n  from another b o t t l e  cou ld  be 

t rans fe r red  w i th  t h e  automat ic p i p e t t e .  Th is  arrangement enabled two 

samples t o  be t i t r a t e d  i n  approximately f i v e  minutes. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- 21 - 

Plate 7 Portable f i e l d  box and equipment for  dissolved oxygen 
determination 
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RECOMMENDATIONS 

Both t h e  i n s u l a t e d  boxes descr ibed a re  considered prototypes,  

designed t o  ensure cont inuous opera t ion  o f  t he  mon i to r ing  equipment 

and t o  prevent  samples from f reez ing  i n  sub-zero degree weather. 

Dur ing the  f i e l d  program both  boxes were s a t i s f a c t o r y  b u t  some 

mod i f i ca t ions  would improve t h e  opera t ion  o f  these. To improve on 

the  i n i t i a l  design the  f o l l o w i n g  i s  suggested. 

CONTINUOUS MONITORING 

1. The s i z e  and weight o f  t h e  mon i to r ing  box should be reduced f o r  

more p o r t a b i l i t y  i n  the  f i e l d .  The he igh t  and w id th  a r e  

r e s t r i c t e d  as discussed e a r l i e r  by t h e  t r a n s m i t t e r  and heater ,  

however the  l e n g t h  of t he  box cou ld  be a l te red .  Th is  

measurement would depend on t h e  amount o f  space requ i red  f o r  t h e  

mon i to r ing  equipment. More v e r t i c a l  space cou ld  be u t i l i z e d  by 

i n s e r t i n g  shelves t o  reduce length .  A reduc t i on  i n  the  weight 

cou ld  be made by us ing  0.6 cm ins tead  o f  the  1.2 cm plywood. 

Also, i n  des ign ing an i n s u l a t e d  box t h e  s i z e  r e s t r i c t i o n s  o f  

sh ipp ing  by a i r  and f i e l d  veh ic le  must be considered. 
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The bottom opening of the  heated box would be best  l e f t  open 

when over t h e  sampling hole.  Th is  should a l l o w  t h e  heat  from 

the  box t o  keep the  sampling ho le  from f reez ing  over. A 

c i r c u l a r  p iece  of  Styrofoam, a t  t h e  onset o f  t he  program, was 

i n s e r t e d  i n t o  the  opening t o  r e t a i n  the  heat du r ing  moni tor ing.  

Within a day t h e  sur face  water i n  t h e  sampling h o l e  was frozen. 

R e t r i e v a l  o f  t h e  t r a n s m i t t e r  would have been d i f f i c u l t  i f  l e f t  

f o r  seve ra l  days. 

3. A separate i n s u l a t e d  box over t h e  propane tank o r  even s t o r i n g  

i t  i n s i d e  the  box w i t h  t he  heater  may be advised i f  expected 

ou ts ide  temperatures a re  lower than -3OOC. 

4. I f  the  sampling s i t e  i s  a considerable d is tance from the  access 

road, s p e c i a l  attachments t o  t h e  box would be needed t o  make 

t r a n s p o r t a t i o n  eas ie r .  Convert ing o l d  cross-country /downhi l l  

s k i s ,  toboggan, or us ing  a snowmobile wi th  a t r a i l e r  or s l e d  

would be use fu l .  

5. A microcomputer would be u s e f u l  f o r  recovery o f  logged data i n  

the  f i e l d .  Th is  ins t rumenta t ion  would a l l ow  data r e t r i e v a l  from 

the  mon i to r ing  equipment a t  t he  sampling s i t e .  For our system, 

an Osborne 1 microcomputer was purchased capable o f  s t o r i n g  t h e  

da ta  on d i s k e t t e .  Equipped wi th  a modular-demodular (modem) 

device,  t he  Osborne cou ld  l a t e r  t ransmi t  the  data t o  our f i l e s  
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s to red  on the  mainframe computer a t  Simon Fraser U n i v e r s i t y  

(SFU). Wh t f i e l d  (1983) d e t a i l s  t h e  i n t e r f a c e s  needed t o  make 

the  data t r a n s f e r s  from t h e  Hydrolab t o  the  Osborne t o  SFU. 

6. Another type of  b a t t e r y  o r  heater  may be warranted depending on 

the  sampling i n t e r v a l  and remoteness o f  l o c a t i o n .  The sampling 

frequency of  t h e  d isso lved oxygen study enabled us t o  check t h e  

moni tor ing system and rep lace the  b a t t e r y  f o r  the heat ing un i t .  

The e f f e c t i v e  usable l i f e  o f  t h e  b a t t e r y  was 48 hours. A more 

powerfu l  b a t t e r y  or a d i f f e r e n t  type o f  heater would be 

necessary if t h e  requ i red  i n t e r v a l  is l onger  than 48 hours. 

WATER QUALITY SAMPLING 

I n  designing an i n s u l a t e d  box fo r  water q u a l i t y  sampling the  main 

concerns are the  weight and s i ze .  For improvement some suggestions 

are : 

1. The box should be constructed from 0.6 cm plywood ins tead  o f  

1.2 cm. Corner brackets o r  braces may be advisable t o  

strengthen the  box if 0.6 cm plywood i s  used. 

2. The s i z e  o f  the box could be reduced. The he igh t  should remain 

the  same f o r  easy access and handl ing o f  t he  b o t t l e s  h u t  t he  

l eng th  o r  width could be decreased. The l e n g t h  and width depend 
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on t h e  amount o f  i n s u l a t i o n ,  sampling pump measurements and t h e  

number o f  sample b o t t l e s  r e q u i r e d  a t  each s i t e .  A t  seve ra l  o f  

our  sampling s i t e s  banks were eroded and r i v e r  depth low. TO 

r e t u r n  t h e  box t o  t h e  truck would sometimes r e q u i r e  l i f t i n g  i t  

one t o  two metres and r e s u l t  i n  t i p p e d  b o t t l e s .  To prevent  t h e  

b o t t l e s  from s p i l l i n g  over, t h e  s i d e  o f  t h e  shelves should have 

wooden dowels o r  e l a s t i c  cord. 

3. A d d i t i o n a l  cons idera t ions  i n c l u d e  t h e  diameter o f  t h e  bottom 

opening used t o  o b t a i n  water samples. The opening need be o n l y  

10-12cm, any l a r g e r  and t h e  b o t t l e s  may f a l l  ou t  d u r i n g  sampling 

or t r anspor t i ng .  I n  a d d i t i o n  t h e r e  cou ld  be unnecessary heat  

loss through t h e  opening o r  t h e  sampling l i n e  cou ld  be exposed, 

causing the  water i n s i d e  t o  f reeze i n s t a n t l y .  To prevent t h i s  

s i t u a t i o n ,  t h e  t u b i n g  o r  l i n e  cou ld  e i t h e r  be wound around t h e  

handle o r  suspended on a hook o r  o the r  device. If t h e  water i n  

t h e  tube d i d  freeze, i t  cou ld  be thawed i n  t h e  i n s u l a t e d  box by 

t h e  warmth o f  bare hands. The tube should be completely thawed 

before any samples a r e  taken, e s p e c i a l l y  f o r  d isso lved  oxygen. 

F r a z i l  i c e  i n  t h e  tygon sampling l i n e  would cause an i n t e r r u p t e d  

f low which en t ra ined  a i r  bubbles i n t o  t h e  sample. 

4 .  P t  each s i t e  23 samples were c o l l e c t e d ,  approximately e i g h t  

The t ime requ i red  t o  c o l l e c t  t he  samples u s i n g  

The heat i n s i d e  the  box d i s s i p a t e d  

l i t r e s  o f  water. 

t h e  pump was 20-25 minutes. 
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with each b o t t l e  o f  water c o l l e c t e d  causing condensation on t h e  

p l e x i g l a s s .  T h i s  i n  turn made i t  d i f f i c u l t  t o  view and f i l l  t h e  

b o t t l e s .  To reduce t h e  amount o f  condensation t h e  box was 

p laced near t h e  t r u c k ' s  heater  between sampling s i t e s .  When we 

reached t h e  nex t  sampling s i t e  t h e  necessary sample b o t t l e s  

would be p u t  i n t o  t h e  box and t h e  l i d  would be c losed t o  r e t a i n  

t h e  heat as l ong  as poss ib le .  Just i n  case, t h e  d i sso l ved  

oxygen b o t t l e s  were t h e  f i r s t  t o  be f i l l e d  i n  o rde r  t o  observe 

i f  any a i r  bubbles were contaminat ing t h e  sample. 

5. Waterproof gear i s  recommended t o  p revent  g e t t i n g  c l o t h e s  wet 

w h i l e  knee l i ng  i n  snow and i c e  t o  o b t a i n  samples. 

6. For  w i n t e r  sampling adequate sa fe ty  gear i s  essen t ia l .  A l i s t  

o f  equipment i s  p rov ided i n  Appendix 1. T h i s  l i s t  was comprised 

p a r t i a l l y  from our  i nven to ry  and t h a t  s p e c i f i e d  i n  "Northern 

S u r v i v a l "  Department o f  I n d i a n  and Nor thern  A f f a i r s  (1979) and 

"Down b u t  n o t  ou t "  by t h e  Royal  Canadian A i r  Force (1970). Each 

l i s t  w i l l  d i f f e r  depending on t h e  sampling l o c a t i o n ,  c l ima to log -  

i c a l  c o n d i t i o n s  and t ranspor ta t i on .  F i e l d  personnel  i nvo l ved  i n  

w i n t e r  f i e l d  work should be prov ided with w i n t e r  s u r v i v a l  

t r a i n i n g .  
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