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ABSTRACT 

An eve r - i nc reas ing  number o f  homes i n   n o r t h e r n  Canada r e l y  on 

wood s toves   f o r   hea t ing ,   a lone   o r   i n   comb ina t ion  with o i l   f u r n a c e s  or 
e l e c t r i c   h e a t i n g .  However, w i n t e r t i m e   a i r   c o n d i t i o n s   i n   t h e   n o r t h   a r e  

p a r t i c u l a r l y   s t a b l e  and  conducive t o   a i r   p o l l u t i o n .  The Environmental 

P r o t e c t i o n   S e r v i c e ,  Yukon Branch,  has  responded t o   i n q u i r i e s  from the  

p u b l i c  by m o n i t o r i n g   a i r   c o n d i t i o n s   i n  a neighbourhood  of  Whitehorse. 
Th is   repo r t   i nc ludes   da ta   f rom  two   w in te rs '   mon i to r i ng  o f  t o t a l  

suspended p a r t i c u l a t e   m a t t e r   f r o m   R i v e r d a l e .  On those days  which  had 
low  temperatures i n  combina t ion   w i th   ca lm  o r   low  w ind   cond i t ions ,  

l e v e l s   o f  suspended p a r t i c u l a t e   m a t t e r   e x c e e d e d   n a t i o n a l   g u i d e l i n e s .  
A1 so, measured l e v e l s   o f   p o l y c y c l i c   a r o m a t i c   h y d r o c a r b o n s  or PAH i n  

t h a t   p a r t i c u l a t e   m a t t e r  a t  t imes  exceeded  those  reported  f rom  monitor-  

i ng  surveys  conducted i n  i n d u s t r i  a1 c i  t ies .   S ince   severa l   o f   these 

compounds a re  known t o  have ca rc inogen ic   p roper t i es ,   t hese   l eve l s   a re  

o f   i n t e r e s t   f r o m  an env i ronmen ta l   hea l th   s tandpo in t .   Th i s   repo r t  

recommends a c t i o n  by government t o   i n f o r m   t h e   p u b l i c   a b o u t   p o s s i b l e  

h e a l t h   r i s k s   a s s o c i a t e d   w i t h  air p o l l u t i o n   f r o m  wood combustion,  and 

p r e v e n t a t i v e   t e c h n i q u e s   a v a i l a b l e   t o   r e d u c e   t h i s   a i r   p o l l u t i o n .  

Y 



R E / S U M ~  

Dans un nombre sans cesse croissant  d'habitations des re/gions 
septentrionales du Canada on a recourt au chauffage au bois, soit seul , 
soit combing avec le chauffage au mazout ou a' l'glectricite'. Or, les 
conditions atmosph6riques hivernales q u i  sont propres a' ces &ions on t  
pour effet de faire stagner les masses d 'a i r ,   e t  par  voie de conse" 
quence  d'augmenter les  risques de po l lu t ion .  De's enqugtes ayant &e' 
r&lame/es par le p u b l i c ,  le  Service de l a  protection de l'environnement 
a procgde' aux environs de Whitehorse a' des analyses des  masses d'air. 
Le rapport comprend les donnges fournies par 1 'analyse 'fai t e  deux 
hivers de suite de toutes  les  particules en suspension dans 1 ' a i r  e t  
provenant de Riverdale. Durant ces journe'es 0; les tempe/ratures 
gtaient basses e t  o;, en mgme temps, i l  y a v a i t  peu ou pas de vent, on 
a constat< que l a  proport ion de particules en suspension dans l ' a i r  
dgpassait  les niveaux  recommand& a 1'e:helon na t iona l .  En outre, on a 
constat; que les proportions d'hydrocarbures aromatiques polycycl iques 
prgsents dans ces particules de>assaient que1 quefoi s cel les rel6vees au 
cours d'analyses  faies dans les  villes  industrielles. Etant  donne/ que 
plusiers de ces compos& sont consideres comme cance/rige\nces,  ces 
proportions sont inquigtants,  si 1 'on consid&e 1 'effet  qu 'a  1 'environ- 
nement sur l 'g ta t  de sand. Le rapport recommande  que des mesures 
soient  prises par le gouvernement  pour informer l e  p u b l i c  des  dangers 
pour l a  santg que  comporte la p o l l u t i o n  de l ' a i r  cause'e  par le 
chauffage au bois,  ainsi que  des techniques prgventives destine/es a' 
r&uire ce  type de pol lu t ion .  
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CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

I 

II 

Regional and local climate  factors and the increasing use of 
domestic wood heating are  contributing t o  the development of an a i r  
qual i ty  problem i n  Whitehorse, Yukon Territory.  Specific conclusions 
of  this study can be  summarized: 

1. 

2.  

3. 

4 .  

5 .  

6. 

Total suspended particulate matter i n  Whitehorse and i t s  
suburb Riverdale during the study periods varied between 
3 and 222 micrograms  per cubic metre (ug/m3). 
Concentrations of benzo ( a )  pyrene, a carcinogenic poly- 
cycl ic  aromatic  hydrocarbon,  averaged 7780 nanograms per 
1000 cubic metres (ng /100h3)  as analyzed from 12 
f i l t e rs  hav ing  over 50 mg/m3 of particulate ' matter, 
while concentrations of other PAH compounds  were several 
times higher. 
Domestic wood use presently averages 5.5 cords (1052 
kg/cord) per wood-using home, and a t  present nearly 700 
o f  the 1200 homes i n  Riverdale burn wood. The  number of 
wood-using  homes i s  increasing. 
The necessary atmospheric conditions conducive t o  severe 
p o l l u t i o n  - intense ground level  inversion, s t i l l  a i r  and 
extreme col d - d i d  not occur together on days sampled, 
thus  these results may not  have included a 'worst  case' . 
Values of PAH measured on the f i l t e rs  may be understated 
due t o  oxida t ion  and volatile  losses. 
There i s  insufficient d a t a  t o  evaluate  the  significance t o  
human health of the reported PAH 1 eve1 s. 
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RECOMMENDATIONS 

1. The pub l i c   mus t  be educated i n  ways to   reduce  a i r  p o l l u t i o n  

th rough   p roper   l oad ing  and f i r i n g   o f   a i r t i g h t  wood stoves. 

2. C o n s i d e r a t i o n s   o f   t e r r a i n ,   c l i m a t e  and densi ty  of   wood-burning 

appl iances  shoul   d be inc luded  in   apply ing  government   programs 

which  encourage  the  use  of  cordwood  as a s u b s t i t u t e  for o i l  as 
a domest ic   fue l .  

3. M o n i t o r i n g   o f   R i v e r d a l e  a i r  q u a l i t y   s h o u l   d   c o n t i n u e   i n c l   u d i  ng 

sampling  of  carbon  monoxide, i n   c o n j u n c t i o n   w i t h   l o c a l  

me teo ro log i ca l   obse rva t i ons .  

4 .  The f e a s i b i l i t y   o f   i m p l e m e n t i n g   a n   a i r   q u a l  i ty  indexing  system 

fo r   Wh i teho rse   shou ld  be i n v e s t i g a t e d .  
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P 1 INTRODUCTION 

Whitehorse i s  a small c i t y   i n   t h e   s o u t h - c e n t r a l   p a r t  of t he  

Yukon T e r r i t o r y   ( l a t .  60" 43'N. 135" 03'W - See F i g u r e   1 ) .  The c i t y  has 

a p o p u l a t i o n   o f  14,800 by the  1981  census.  Riverdale i s  a suburb on t h e  

e a s t   s i d e   o f   t h e   c i t y   c o n t a i n i n g  1200 s i n g l e - f a m i l y  homes and  an e s t i -  
ma ted   popu la t i on   o f  3300. The c i t y  has  no  heavy i n d u s t r y  and emissions 

o f   a i r   p o l l u t a n t s   m u s t  be cons ide red   t o  be f rom  mobi le  and domestic 

sources  on ly .  The c l imate   o f   Whi tehorse  i s  descr ibed as c o n t i n e n t a l  

s u b a r c t i c  and  comparable t o   Y e l l o w k n i f e ,   N o r t h w e s t   T e r r i t o r i e s  and 

Fairbanks,  Alaska. However Whitehorse i s   o n l y   1 5 0  km from  the  waters o f  

the   Gu l f   o f   A laska  to   the   sou thwest ,  so baromet r i c   h ighs   assoc ia ted   w i th  

a r c t i c   a i r  masses i n   w i n t e r   a r e   l e s s   s t a b l e .   A l s o ,   t h e   t e r r a i n   a r o u n d  

Whitehorse i s  mounta inous   and  w ind   pa t te rns   a re   there fore   loca l  and 
v a r i  ab1  e. 

T h i s   r e p o r t   i n c l u d e s   t h e   r e s u l t s   o f   6 4   h i g h - v o l u m e  f i l  t e r  

samples c o l l e c t e d   i n   R i v e r d a l e  i n  January and February,  1981 , and i n  

November to   February ,  1982.  Analyses o f  PAH compounds  on 41  o f  these 

samples  are  reported i n  T a b l e   6 .   S t u d y   r e s u l t s   a r e   p r e s e n t e d   i n   r e 1   a -  
t i o n   t o   t h e   c o n t i n u o u s   m o n i t o r i n g   o f   a i r   q u a l  i ty i n  downtown Whitehorse 

done  by the   Env i ronmenta l   Pro tec t ion   Serv ice  as p a r t   o f   t h e   N a t i o n a l  Air 

P o l l u t i o n   S u r v e i l   l a n c e   p r o g r a m  (NAPS) , and  8 y e a r s   o f   r e c o r d s   a r e   a v a i l -  

ab le.  The Atmospher ic  Environment  Service  maintains a c l a s s  one (WO 1) 
w e a t h e r   o f f i c e   a t   t h e   W h i t e h o r s e   a i r p o r t ,   w h i c h   i s   o n l y  3.3 km from the  

R ive rda l  e  sample s i t e .   T h i s   r e p o r t  will t h e r e f o r e  make a p r e l  imi nary 

s y n t h e s i s   o f   t h i s   d a t a   i n   a s s e s s i n g   t h e   e n v i r o n m e n t a l   s i g n i f i c a n c e   o f   a i r  

p o l l u t i o n   i n   t h e   W h i t e h o r s e  

To e v a l   u a t e   r e s u l t s   g i v e n  

t o  the  Ambient Air Qual i ty 

Act,  i n  wh ich   t he   f o l l ow ing  

Pol 1 u t a n t  

1 

area. 

a t e r   i n   t h i s   r e p o r t  , the  reader  i s   r e f e r r e d  

Ob jec t i ves   i ssued   pe rsuan t   t o   t he   C lean  Air 

o b j e c t i v e s   a r e   s t a t e d :  

Des i   rab l  e Acceptable To1 e r a b l  e 

Carbon  Monoxide 0-6 ( 8  h r )  6-15 ( 8   h r )  15-20 ( 8   h r )  
( mg/m3 0-15 (1 h r )  15-35 ( 1   h r )  

Suspended P a r t i c u l a t e  0-60  (year)  60-70  (year)  120-400 ( 2 4   h r )  
M a t t e r  (ug/m3) 0-120 ( 2 4  h r )  
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2 SAMPL I NG PROCEDURE AND ANALYSIS 

Late i n  1980, the  Envi ronmenta l   Protect ion  Serv ice,  Yukon 
Branch,  began r e c e i v i n g   i n q u i r i e s  and compla in ts   about   po l   lu t ion  f rom 

wood smoke i n  Ri verdal  e. EPS personne l   then  ins ta l   led  two high-vol  ume 
p a r t i c u l a t e   s a m p l e r s   a t   d i f f e r e n t   l o c a t i o n s   i n   R i v e r d a l e   d u r i n g   J a n u a r y  

and  February, 1981, and operated them simultaneously  on a four  day 

cyc le   us ing  a 24 hour  sampling  period.  Pre-weighed f i l t e r s  were 

supp l ied  by t h e  Air Pol 1 u t i o n   C o n t r o l   D i r e c t o r a t e   i n  Ottawa, and the 
same agency f u r n i s h e d   p a r t i c u l a t e   w e i g h t s  and c o n c e n t r a t i o n s   a f t e r  

sample  exposure. When these   resu l t s  were  received, i t  became apparent 
that   the  sampl ing  schedule had n o t  been f requent  enough t o   i n c l u d e  some , 

apparen t   po l l u t i on   even ts ,  and the  sampling  months  proved  to be unusu- 
a l l y  warm and windy, so it was decided  to  repeat  the  exper iment  dur ing 

t h e   w i n t e r   o f  1981/82. 

S t a r t i n g   i n   l a t e  November,  1981, two machines  were i n s t a l l e d  

t e m p o r a r i l y   a t   t h e  same r e s i d e n t i a l   l o c a t i o n   i n   R i v e r d a l e  used f o r  one 

machine e a r l i e r   i n   t h e   y e a r .   T h i s   l o c a t i o n   i s  shown on the   p lan  of 
Whi tehorse   o f   F igure  2, and i n   l a r g e r   s c a l e   i n   F i g u r e  3. Samples were 

taken  every  three days  commencing on November 24, 1981  using one 
machine  whi le  the second was used occasional ly   for   shor t - term  sampl ing 

o f  a few hours  duration, and f o r  standby i n  case o f   f a i l u r e   o f   t h e  
f i rst .   Since  the  regular  s ix-day  sampl ing  regime  wi th  the NAPS machine 
i n  downtown Whitehorse  continued,  there was simultaneous  sampling  of 
p a r t i c u l a t e   m a t t e r   e v e r y  6 days. I n   a d d i t i o n ,   t h e  NAPS s t a t i o n  

recorded  carbon  monoxide and n i t r o g e n   o x i d e s   i n  downtown Whitehorse on 
a cont inuous   bas is   th roughout   the   w in te r  months.  Machine opera t ion  and 

sample  handling  were  performed  by  experienced  personnel  using  standard 
methods  and precaut ions.  

2.1 H i  qh Vol ume Sam1 i nq 

The th ree   h igh-vo l  ume a i r  samplers  used  were  manufactured by 

General  Metal Works of  Cleves , Ohio, and con fo rm  to   i n te rna t i ona l  
standards. The P o l l u t i o n  Measurement D i v i s i o n   o f   t h e  Air P o l l u t i o n  

Cont ro l   D i rec to ra te   supp l ied   p re-we ighed  g lass   F ib re   F i l te rs  and the 
same agency subsequent ly   de termined  par t i cu la te   load ings  and f l o w  
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ra tes .   In   February  1982, a f te r   d i scuss ion   w i th   t he   Labora to ry   Se rv i ce  
Div is ion,  i t  was r e a l i z e d   t h a t   t h e  exposed f i l t e r s   c o u l d  be l o s i n g  some 

v o l a t i l e   c o n s t i t u t e n t s   o f   t h e   p a r t i c u l a t e   m a t t e r   d u r i n g   t i m e s  when 
s t o r e d   a t  room temperature, so f i l t e r s   t a k e n   d u r i n g   t h a t  month  were 

sandwiched i n  aluminum f o i l   p r i o r   t o   m a i l i n g .   D e t e r m i n a t i o n   o f   t o t a l  
suspended p a r t i c u l a t e   m a t t e r   i s  a s t ra igh t fo rward   g rav ime t r i c   ana lys i s  
o f  loaded f i l t e rs   re tu rned   t o   t he   p re -we igh   amb ien t   cond i t i ons .  

2.2 PAH Determinat ion 

Af ter   weighing and de te rm ina t ion   o f   t o ta l  suspended 
p a r t i c u l a t e   m a t t e r ,   t h e   f i l t e r s  were a v a i l a b l e   f o r  PAH determinat ion.  

The  gas chromatography - f l ame  i on i za t i on   de tec t i on  (GC-FID) method 
used has  been described by Daniel Wang o f  t h e   P o l l u t i o n  Measurement 

D i v i s i o n   o f   t h e  Air P o l l u t i o n   C o n t r o l   D i r e c t o r a t e   i n  Ottawa: 
One h a l f   o f   t h e  exposed f i l t e r  was s o x h l e t   e x t r a c t e d   i n  
500 m l  benzene f o r  24 hours .   A f te r   the   ex t rac t ion ,   the  
benzene s o l u t i o n  was f i l t e r e d   t h r o u g h  anhydrous Na2S04 t o  
remove s o l i d   p a r t i c l e s  and water .   Th is   ext ract  was then 
concentrated  to   approx imate ly  2 m l  by ro tatory   evaporat ion.  
The water  bath  temperature was maintained  between 35 t o  38°C. 
The e x t r a c t  was cleaned up to   separate PAH from a complex 
m ix tu re   o f   o the r   o rgan ic  compounds. 

Twenty mil 1 il i tres  o f   cyc lohexane were added t o   t h e  benzene 
e x t r a c t .  The e x t r a c t  was shaken w i t h  20 m l  o f  DMSO (Me2SO) 
i n  a separatory  funnel. The l a y e r s  were a1 lowed to   separate 
and  the DMSO l a y e r  was t rans fer red   to   another   separa tory  
funnel .  The cyclohexane phase was ext racted  again wi th 
another 20 m l  o f  DMSO and  the DMSO pahses  were  combined. By 
adding  120 m l  o f   d i s t i l l e d   w a t e r  and 40 m l  o f  cyclohexane, 
t h e  PAHs were back-ext racted  in to   the  cyc lohexane.  The 
e x t r a c t i o n   o f  PAH was repeated once w i t h  40 m l  o f  cyc lo-  
hexane. The cyclohexane  extracts were  combined, washed w i t h  
150 m l  o f  water, and d r i e d   w i t h  sodium  sulphate. 

The cyclohexane  extract  was concentrated  to  about  10 rnl by 
ro ta to ry   evapora t ion .  The e x t r a c t  was chromatographed w i t h  
t h e   a c t i v a t e d   s i l i c a   g e l  column  (20 cm x 1 cm i d ) .  The 
column was f i r s t   e l u t e d   w i t h  150 m l  o f  hexane and the   e luent  
was discarded;  the  column was then  e lu ted   w i th   150 m l  o f  
benzene. The benzene e l   u e n t  was evaporated t o  1 m l  by 
ro ta to ry   evapora t ion .   Fur ther   concent ra t ion  was performed i n  
a c a l i b r a t e d   c e n t r i f u g e   t u b e   a t  20°C by d i r e c t i n g  a gent le  
s t ream  of  UHP n i t rogen  on to   the  1 iqu id   sur face ,   reduc ing   the  

m 
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f i n a l  volume t o  0.5 m l .  The ana lys is  was c a r r i e d  out on a 
Perkin  Elmer Sigma 36 gas  chromotograph w i t h  DB-5, 30 meter 
f u s e d   s i l i c a   c a p i l l a r y  column  and  flame i o n i z a t i o n  
detector .1  

In   add i t i on ,   o the r   ana lyses  on R i v e r d a l e   F i l t e r  samples  were performed 
under   cont ract  by Fa r r i ng ton  Lockwood Co. L td.   us ing gas chromatography 

- mass spectroscopy (GC/MS). Laboratory  Services  Div is ion  checked 
th ree  GC-FID r e s u l t s   w i t h  GC/MS and  found  close  agreement. 

Analyses  resul ts  gave weights   o f  up t o  14 s p e c i f i c  PAH com- 
pounds i n  micrograms  per f i l t e r ,  which when c a l c u l a t e d   w i t h   t h e   t o t a l  
w e i g h t   o f   p a r t i c u l a t e   m a t t e r   p e r   f i l t e r ,  and the   concent ra t ion  of 
par t i cu la te   per   cub ic   met re ,   y ie lded PAH i n  micrograms  per gram o f  
p a r t i c u l a t e ,  and  nanograms per 1000 cubic  metres o f  a i r  sampled. 

Resul t s  appear i n  Table 6. A1 1 numbers are   rounded  to   four   s ign i f i can t  
f i gu res .  

2.3 Carbon  Monoxi de Moni t o r i  na 

The Whitehorse NAPS o f f i c e   m a i n t a i n s  a Bendix Model  8501-5BA 

i n f r a r e d  gas analyzer  for   carbon monoxide. This  machine  operates con- 

t inuously   f rom  October   to   Apr i l ,  and records CO on a paper   char t   w i th  a 
50 ppm f u l l   s c a l e  range. The i n t a k e   i s   t h r e e   m e t r e s  above a  downtown 
Whitehorse  street,  and c l o s e   t o  a l o c a t i o n  where v e h i c u l a r   t r a f f i c   i s  
concentrated.  Since  the  stat ion does not  operate  year  round, CO l e v e l s  
f o r  Whitehorse  are  not   included i n  'Annual Summary: National Air Po l l u -  
t i o n   S u r v e i l l a n c e '  pub1 ished by the Air P o l l u t i o n   C o n t r o l   D i r e c t o r a t e .  
The only   publ ished summary of  Whitehorse CO l e v e l s  appears i n  a paper 
by La f l eu r ,  Wituschek and Emslie i n  1976.2 Th is   repo r t   g i ves   da i l y  

Whitehorse maximum and mean CO l e v e l s   f o r   t h e   p e r i o d s   o f   p a r t i c u l a t e  
sampling i n   R i v e r d a l e ,  supplemented f o r   i l l u s t r a t i v e  purposes  by an 

a n a l y s i s   o f  CO r e s u l t s  compared to   weather   cond i t ions   fo r  December 
1980, a month when l e v e l s  were extremely  high. 
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3 DOMESTIC FUEL WOOD CONSUMPTION 

Whitehorse i s   s i t u a t e d   i n  a f o r e s t e d   p a r t   o f   t h e  Yukon 
T e r r i t o r y  and i t  i s   n a t u r a l   t h a t   i t s   r e s i d e n t s   s h o u l d  make good use o f  

f i r e - k i l l e d  stands  of   p ine  adjacent  to  the  c i ty.   Whi le  most homes burn 
wood as a supplement to  other  heat  sources, an inc reas ing  number r e l y  

a l m o s t   e n t i r e l y  on wood furnaces. It was f e l t   t h a t  an attempt  should 
be made to   determine wood use i n  the  area  of   the  exper iment as  an a i d  

t o   i n t e r p r e t i n g   t h e   r e s u l t s   o f   s a m p l i n g ,  and to  est imate  emissions of 
po l lu tants .   There i s  a growing body o f   l i t e r a t u r e  on the   sub jec t  of 

wood smoke p o l l u t i o n ,  and emissions  factors  are becoming b e t t e r  
understood. 

I 

3.1 Resu l t s   o f   Ques t ionna i re  and  Ground  Survey 

E a r l y   i n  December, 1981,  each o f   t h e  1200 detached homes i n  

Riverdale  received a mai led  quest ionnai re.  The ques t ionna i re  was 
sponsored by the  Environmental   Protect ion  Service i n   c o n j u n c t i o n   w i t h  

the  Government o f  Yukon  and the  federa l   depar tments  o f   Ind ian and 
N o r t h e r n   A f f a i r s ,  and o f  Energy  Mines and Resources,  since a1 1 of these 

agencies had an i n t e r e s t   i n   t h e   r e p l i e s .  The quest ionnai re  inc luded 

quest ions on the  method o f   hea t ing   t he  home,  wood use per  year,  stove 
type  and so on. It i s  reproduced i n  Appendix I toge the r   w i th   t he  
method  used t o   c a l c u l a t e   t o t a l  wood use i n  Riverdale.  The p u b l i c  
response to   t he   ques t i onna i re  was a generous one;  337 r e p l i e s  were 
rece ived  ou t   o f  1200 mailed. Even i f  one a l l o w s   f o r   t h e   l i k e l i h o o d  of 

no  two homeowners agreeing as t o  what consi   tu tues a 'cord '   o f  wood, 
e s p e c i a l l y  depending  upon  whether  they c u t  i t  themselves  or  purchased 

it from a dealer, i t  i s   s t i l l   p o s s i b l e   t o   e s t i m a t e   R i v e r d a l e  wood 
consumption  with a f a i r  degree of   conf idence. 

A d iscuss ion   o f   t he   ques t i onna i re   resu l t s   requ i res   re fe rence  

t o   F i g u r e  2 showing the   rep l y  zones i n  Ri verdal e and to   Table 1 , which 
g i v e s   t h e   r e s u l t s  by  zone. The h igh volume  sampler was l o c a t e d   i n  Zone 
D, which i s  an area  of   h igh wood use. The same i s   t r u e   o f  Zone F. 
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While zone loca t i ons  were a r b i t r a r y ,   t h e y   r e p r e s e n t   d i f f e r e n t  ages of 
homes w i t h   t h o s e   i n  Zone A da t ing   f rom  the   l a te  1950s and those i n  Zone 

F being  the  most  recent, some being  less  than  f ive  years  o ld.   Rather 
t h a n   r e l y  on the  response  to a mai led  quest ionnai re,  i t  was agreed t o  

make  a house-by-house  check i n  two  zones, 0 and F. These r e s u l t s  
warranted an adjustment  to an o therw ise   s t ra igh t fo rward   ex t rapo la t ion  

o f   the   ques t ionna i re   resu l ts .  The assumption was  made t h a t  a  homeowner 
who used wood was more 1 i k e l y   t o   r e t u r n   h i s   q u e s t i o n n a i r e   t h a n  one who 

d id   no t .  The r a t i o n a l e  and method o f   c a l c u l a t i o n   i s   e x p l a i n e d   i n  
Appendix I .  Tota l  wood use i n  Riverdale i s   t h e r e f o r e   e s t i m a t e d   a t  3500 
cords  per   year ,   w i th  wood use being  concentrated i n   t h e  most modern 
homes, e s p e c i a l l y   i n   t h o s e   t h e r m a l l y - e f f i c i e n t  houses  having e l e c t r i c a l  

space heating. I f  each wood user 's   est imate has an e r r o r   o f  + 0.5 

cords ,   the   to ta l  will vary t 350 cords   o r  10 percent .  

The reader will note  that   the  percentage  'bothered by smoke' 

seems t o  be i nve rse l y   p ropor t i ona l   t o  wood use i n  a g iven zone, which 

i s  a cur ious  but  perhaps  not  unexpected  resul t .  

3.2 Est imated  Emissions  of   Pol  1 u tan ts  

In p lann ing   t h i s   s tudy  it was hoped t h a t  a determinat ion of 

R iverda le  smoke emissions and the  appl icat ion  o f   a tmospher ic   factors  
such  as mix ing  and inve rs ion   s t reng th   cou ld   l ead   t o  an est imate of 

pa r t i cu la te   l oad ings .  Such  an est imate  could have  been  compared t o  
a c t u a l   r e s u l t s   t o  guage whether  or   not  a 'worst   case'   event had been 
sampled. It now  seems t h a t   t h i s  would  have  been a d i f f i c u l t  i f  no t  
impossib le   exerc ise as will be e x p l a i n e d   i n   S e c t i o n  5. The ca lcu la -  

t ions  o f   emiss ions  which  fo l low  are  therefore  presented  to  compare w i t h  
n a t i o n a l   t o t a l s  and t o  show the   w ide   va r ia t i on   w i th in   t he   R ive rda le  

subd iv is ion .  

The est imat ion  of   emissions  f rom wood stoves and o the r   app l i -  
ances  has  several  severe limi tat ions- the   s tove   type ,   the   ra te  of 

f i r i n g ,   t h e   r e g u l a t i o n   o f   a i r   s u p p l y  and the   na ture   o f   the   fue l .  
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The United  States  Environmental   Protect ion Agency publ ished a study  of 
the  problem  through  the Monsanto  Research Corporat ion by D.G. 

DeAngelis, D.S. R u f f i n  and R.E. Reznik.3  Since t o   d a t e   t h i s  work  has 

n o t  been  superceded, it will form  the  bas is   o f   emiss ions  ca lcu lat ions 

i n   t h i s   r e p o r t .  

Emiss ion   ra tes   f o r   a i r t i gh t   s toves  and appl iances  are  not   the 

same as those  for  excess a i r  appl i ances  such as open f i r e p l a c e s   o r  

Frank1 i n  s toves .   A i r t i gh ts  have grea ter   emiss ions   per   k i logram  o f  wood 
burned  o f   par t i cu la te   mat te r ,   carbon monoxide and polycyc l ic   aromat ic  
hydrocarbons (PAH) than do the   o ther   k ind ,  however  emissions o f   n i t r o -  
gen ox ides   a re   lower .   Second ly ,   the   ra te   o f   f i r ing   in   con junc t ion   w i th  

the  combustion a i r  supply has an impor tan t   e f fec t .  Each householder i s  
1 i k e l y   t o   f o l   l o w   h i s  own p a t t e r n   o f  1 oading and a i r  supply  depending on 

h is   heat ing   requ i rements .   F ina l l y   wh i le   there  i s  some v a r i a t i o n   i n  
emissions  depending on  wood type, v i r t u a l l y  a1 1 the  wood used i n  

R i v e r d a l e   i s   l i k e l y   t o  be drawn from  the same supply ,   s tands  o f   f i re-  

k i l l  ed  lodgepol e p i  ne to   the  west   o f   the  c i ty   o f   Whi tehorse,   wi th   on ly  

m ino r   quan t i   t i es   o f  seasoned  aspen  and spruce. 

Thus it was necessary ' t o  make  some assumptions  about  the 
manner  and r a t e   o f  wood consumption i n  order   to   est imate  emiss ions.  

These assumptions and t h e i r   a p p l i c a t i o n   a r e   d e s c r i b e d   i n  Appendix 11. 
F i r s t   i s   t h e   s e l e c t i o n   o f  a r a t i o  between a i r t i g h t  and excess a i r  
appl iances  according  to  the  quest ionnaire  response. Second i s  the 
s e l e c t i o n   o f  an a r b i t r a r y  seven k i l o g r a m   p e r   h o u r   f i r i n g   r a t e   f o r  a1 1 

appl  iances i n  a1 1 zones for  those  t imes when the  temperature i s  -25°C 
and co lder .  Use o f  a temperature-dependent f i r i n g   r a t e  was not  
attempted. 

Table 2 shows annual  emissions o f   p o l l u t a n t s  from wood burn ing 
i n Ri verdal  e derived  from annual wood use per zone, the  DeAngel i s  emi s- 

s ions  factors ,  and a r a t i o   o f  1.89 co rds   bu rned   pe r   a i r t i gh t   pe r   co rd  
burned i n  excess a i r  appliances. A c o r d   i s   d e f i n e d  as 1052 k i lograms 

o f  wood. 
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TABLE 2 

ANNUAL EMISSIONS FROM  RIVERDALE YUKON WOODBURNING, k i lograms 
a - a i r t i g h t   s t o v e s  and furnaces  b-open  (excess a i r )   app l i cances  

Zone 
Wood Used 
kg/yrX105 

Par t i cu -  
l a t e  

Ma t te r  

2.56a 
1.35b 

2.93a 
1.56b 

4.33a 
2.29b 

4.31a 
2.28b 

4.29a 
2.27b 

5.68a 
3.00b 

768 
243 

879 
280 

1299 
412 

1293 
410 

1287 
409 

1704 
540 

9,524 

Condensable 
Organics 

1228 
797 

1406 
920 

2078 
1351 

2069 
1345 

2059 
1339 

27 26 
1770 

19,088 

Tota l  
Pa r t i cu -  
1 a tes  

1996 
1040 

228 5 
1200 

3377 
1763 

3362 
1755 

3346 
1748 

4430 
2310 

28,612 

77 94.7 53,760 
189 

9.0 6 , 300 420 
210 119  ,280 17 0 

6.8 4,767 3  18 
159 90,090 129 

6.8 4,788 319 
159 90 , 510 129 

6.9 4,809 321 
160 90,930 130 

4.7 3 , 276 2 18 
108 61,530 88 

4.1 2,835 

2,508 929 532,875 

Table 3 was der ived  i n  a d i f f e r e n t  manner. The t o t a l  number 
o f  wood appliances i n  each  zone was ex t rapo la ted   f rom  the   ques t ionna i re ,  
and an a r b i t r a r y   f i r i n g   r a t e   o f  seven ki lograms  per  appl   icance  deter-  
mined  hour ly wood consumption. Then the  DeAngel i s f a c t o r s  were app l ied  

t o   g i v e   f i r s t   h o u r l y ,   t h e n   d a i l y   e m i s s i o n s .  



Zone 

A 

B 

C 

D 

E 

F 
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TABLE 3 

RIVERDALE  CALCULATED EMISSIONS FOR 24 HOURS, Kilograms 

Tota l  
P a r t i c u l a t e s  

89 

103 

149 

202 

164 

232 

TOTALS 939 

- 

NOX 
- 

13 

15 

18 

23 

21 

28 

118 

- 

co 
- 

820 

850 

1890 

27 10 

1780 

3000 

11,050 

PAH 
- 
1.4 

1.4 

3.1 

4.8 

3.1 

5.0 

18.8 

- 

As a check on these  quant i   t ies  i t  i s   u s e f u l   t o   d i v i d e   t h e  
r e s u l t s   i n   T a b l e  2 by  those i n  Table 3. Th is   y ie lds   f rom 25 days' 

emiss ions  for  NOx t o  50 days'   emissions  for  PAH. Since  the two 
t a b l e s   o r i g i n a t e d   f r o m   q u i t e   d i f f e r e n t   a s s u m p t i o n s ,   t h i s   i s   o f f e r e d  as 

a check on orders  of  magnitude. The range  from 25 t o  50 days  repre- 
sents  the  approximate number o f  days i n  a Whitehorse  winter when  one 
can  expect  temperatures  colder  than -25°C. A more r igorous  est imate o f  
wood smoke emissions  cannot be made w i thou t  much more data on l o c a l  

wood use. All the  assumptions  used need c l o s e r   d e f i n i t i o n ,   i n c l u d i n g  
f a c t o r s   f o r  wood use per  degree-day  per house heated volume, fo r   s tove  

t y p e ,   f o r   f i r i n g   r a t e ,  and fo r   emiss ions   fac to rs  and compounds i d e n t i -  
f ied   fo r   the   dominant  wood type. 

R i v e r d a l e   a i r  will be receiv ing  contaminants  f rom  other 

sources as we l l  , from  domestic and i n s t i t u t i o n a l   o i l   h e a t i n g  and from 
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mobile  sources. The method  used t o   c a l c u l a t e   o t h e r   e m i s s i o n s   i s  shown 
i n  Appendix  11-mobile  sources and i n s t i t u t i o n a l   h e a t i n g  have no t  been 

attempted.  Domestic o i l  consumption may c o n t r i b u t e   t h e   f o l l o w i n g  
annual  emissions,  which  should be compared to   Tab le  2: p a r t i c u l a t e  

matter-899 kg, NOx-6670 kg, CO-1830 kg, and hydrocarbons-348  kg. The 
n i t rogen  ox ides   a re   subs tan t ia l  l y  higher  than  from wood heat ing,   but  

the   o ther   quant i t ies   a re   no t   s ign i f i can t .   Au tomobi le   sources  have not  
been est imated due t o   t h e   d i f f i c u l t y   o f   s e l e c t i n g  a  meaningful  emission 

ra te   pe r   veh ic le ,   bu t  it i s   l i k e l y   t h a t  even during  rush  hour,  the CO 

c o n t r i b u t i o n   o f   a u t o m o b i l e s   i s   l i k e l y   t o  be an order  of   magnitude  less 

t h a n   t h a t   o f  wood heating. 
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4 OVERVIEW OF THE CLIMATE OF WHITEHORSE 

Any p r e s e n t a t i o n  on  an a i r   p o l l u t i o n   p r o b l e m   m u s t   i n c l u d e  

c l i m a t i c   f a c t o r s ,  and the  most  important  of   these i s   t h e   s t a b i l i t y  of 

t h e   a i r  mass r e c e i v i n g   t h e   p o l l u t a n t s .  The c l imato logy   o f   Whi tehorse  

i s comparab le   to   tha t   o f   Fa i rbanks ,  A1 aska  where a i r   p o l l u t i o n  has  been 

s t u d i e d   f o r  many y e a r s .   I n   a d d i t i o n ,   t h e   c i t y   a i r p o r t  has  an 

Atmospher ic   Envi ronment   Serv ice  weather   s ta t ion (WO 1) with 40 y e a r s   o f  

records ,  i n c l   u d i  ng tw ice -da i  l y  radiosonde  measurements o f   u p p e r   a i r .  

Th is   da ta   i s   supp lemented by s p e c i f i c   s t u d i e s  done  by AES a long  the  

rou te   o f   the   p roposed  A laska Highway Gas P ipe1  ine .  However, t he   au tho r  

has  been  advised  that  one c a n n o t   p r e d i c t   w i t h  any c e r t a i n t y   t h a t  a 

s i g n i f i c a n t   p o l l u t i o n   e v e n t  will occur ,   g iven a se t   o f   a tmospher ic  

c o n d i t i o n s   u s u a l l y   f a v o u r a b l e   t o  it. T h e r e f o r e   t h i s   s e c t i o n   c a n   o n l y  

summarize  those  condit ions  which will enhance  any p o l l u t i o n .  

The m o s t   i m p o r t a n t   f e a t u r e   o f   W h i t e h o r s e   a i r   p o l l u t i o n   i s   i c e  

fog. A t  temperatures  bel ow -35"C, a i r   c o n t a i n s   v i r t u a l l y  no mi s tu re ,  

so emissions  f rom  automobi les and  domestic  heating  stacks, a1 1 o f   wh ich  

conta in   water ,  become v i s i b l e  as fog  plumes.  During  t imes  of  extreme 

c o l d ,   v i   s i b i  1 i ty i n  downtown Whitehorse  can be reduced  to  a few  tens  o f  

metres  s imply   f rom  ice  fog  f rom  automobi le   exhausts .  It i s  common dur- 

i ng c o l d   w i n t e r s   t o  have t h e   c i t y   b l a n k e t e d   w i t h  a l a y e r   o f   f o g   n e a r l y  
100 met res   th ick ,   w i th   con t r ibu t ions   f rom  au tomobi les ,   fu rnaces ,  and 

most   impor tant ly ,   f rom open water on t h e  Yukon R iver   be low  the  

W h i t e h o r s e   R a p i d s   h y d r o e l e c t r i c   i n s t a l l a t i o n .   W h i l e   t h e   i c e   f o g   i s   i n  

i t s e l  f a v i s i b l e   p o l  1 u tan t ,   most   impor tan t  i s   i t s   e f f e c t  on o t h e r  

p o l l u t a n t s  such as carbon  monoxide. 

Car l  Benson  and  Kenneth  Rizzo  have  descr ibed  the  ef fects  of  

i c e   f o g  on p o l l u t a n t   c o n c e n t r a t i o n s   i n  fair bank^.^ A t  t h e s e   l a t i -  

t udes ,   w in te r   g round- leve l   i nve rs ions   a re   ve ry  common, b u t  when t h e   i c e  

f o g   b u i l d s  up, t he   base   o f   t he   i nve rs ion  moves t o   t h e  top o f   t h e   f o g  

1 aye r .   Th i s   d i s tu rbs   t he   no rma l   d i spe rs ion   p rocess   f o r   l ow   l eve l  

emiss ions  such as home chimneys and automobi les,  and t h e   p o l l u t a n t s  



- 16 - 

d i s t r i b u t e   e v e n l y   t h r o u g h o u t   t h e   f o g   l a y e r .   A n o t h e r   e f f e c t  can be t h e  
f o r m a t i o n   o f  a ' h e a t   i s l a n d ' ,   i n   w h i c h   i c e   f o g   p r e v e n t s   h e a t   l o s s e s   o f  

b u i l t - u p   a r e a s   f r o m   r a d i a t i n g   t o  space. The i c e   f o g  warms s l i g h t l y ,  

bu t   remains   t rapped  beneath   the   invers ion  and atmospher ic  mixing i s  

f u r the r   reduced .   I ce   f og   t hen   con f ines   t he   po l  1 u t i o n  and makes i t  

v i s i b l e .  

The second  most   impor tan t   fac to r   con t ro l l ing   Whi tehorse   a i r  

p o l l u t i o n  i s  the  f requency and in tens i t y   o f   g round-based   i nve rs ions .  

Whitehorse  upper a i r  measurements  have  been  reviewed by R.E. Munn, J . 
Tomlain  and R.L. T i t u s   i n  a  1970  paper.5  Wintert ime  inversions  are 

no   more   f requent   here   than  o ther   par ts   o f  Canada such as the  Mackenzie 

Val l e y   o r   t h e   c e n t r a l   s o u t h e r n   P r a i r i e s ,   b u t   t h e i r   i n t e n s i t y  and 

d u r a t i o n  makes them v e r y   s i g n i f i c a n t   f r o m  a p o l l u t i o n   s t a n d p o i n t .  
E l  sewhere i n  Canada, invers ions   tend  to   b reak  up t e m p e r a r i l y   d u r i n g   t h e  

day, a l l o w i n g   p o l l u t a n t s   t o   d i s p e r s e .  It i s   n o t  known i f  a s i m i l a r  

phenomenon occurs i n  Whitehorse  because  the 1 oca1 t imes   o f   re lease   o f  

the  rad iosondes i n   w i n t e r   a r e  0300 h r s  and  1500 h r s  , bu t   i nve rs ions   can  

p e r s i s t   a l l  day i n  Fairbanks,  Alaska, and l i k e l y  do i n  Whitehorse as 

we1 1 . 
It seems c lea r   f rom  A laska  work t h a t   t h e   l e v e l   o f   p o l l u t i o n  

experienced, a t   l e a s t   f o r   c a r b o n  monoxide, i s   d i r e c t l y   p r o p o r t i o n a l   t o  

i n t e n s i t y   o f   t h e   g r o u n d   l e v e l   i n v e r s i o n .  Benson r e p o r t s   i n v e r s i o n  

i n t e n s i t i e s   t o  21°C pe r  100 m e t r e s ;   t h a t  i s ,  the  ground  temperature i s  

21°C c o l d e r   t h a n   t h e   a i r   1 0 0   m e t r e s  above it. These a re  among the  

s t r o n g e s t   i n v e r s i o n s  measured.  Whitehorse may no t   exper ience  in ten-  

s i t i e s  o f  th is   magni tude,   s ince  month ly  mean winter   temperatures  are 

warmer than  Fa i rbanks .   Th is   s tudy   records  1982 i n v e r s i o n s   t o  8"C/100mY 

and  an  unpubl ished  repor t  by D.A. Faulkner,  R.R. McLaren  and S. N i k leva  

fo r   t he   A tmospher i c   Env i ronmen t   Se rv i ce   i n  1978 r e c o r d s   i n v e r s i o n s   t o  

6"/100m a t  Beaver  Creek, Y .T.6 Dur ing  such  t imes  winds  are  very  low 

t o  calm a t   t h e   g r o u n d   b u t  may show q u i t e   d i f f e r e n t  speeds  and d i   r e c -  

t i o n s  a  few  hundred  metres  above  the  surface.  Condi t ions  essent ia l  

f o r   t h e   m i x i n g   o f   p o l l u t a n t s   a r e   a b s e n t .  
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R . V .  P o r t e l l i  has wr i t t en   abou t   t he   po ten t i a l  for p o l l u t i o n   i n  
Canada on a regional   scale.7 He de f ined   t he   concep t   o f   ven t i l a t i on  
c o e f f i c i e n t ,  and r e l a t e d  it to   t he   ve r t i ca l   he igh t   o f   m ix ing   t imes   t he  

mean t ranspor t  wind, w i th   un i t s   i n   me t res2 /sec .   Fo r   Wh i teho rse   i n  
winter ,   the  average  mix ing  he ight  i s  250 metres and the  mean wind speed 

i s  4 metres  per second, both  f igures  be ing  less  than  those  for   o ther  
seasons. The W h i t e h o r s e   J a n u a r y   v e n t i l a t i o n   c o e f f i c i e n t   i s  

87  m2/sec,  which t rans la tes   t o   t en   t imes   t he   po l l u t i on   po ten t i a l  of 
sp r ing  and summer condi t ions.  He s ta ted   t ha t   va lues   o f   m ix ing  

c o e f f i c i e n t s   l e s s   t h a n  6000  m2/sec a r e   i n d i c a t i v e   o f   h i g h   p o l l u t i o n  
po ten t i a l   i n   t he   Un i ted   S ta tes .   Po r te1  1 i ' s work uses  averages  which 

may conceal   the  s ign i f icance  o f   ground  leve l   invers ion  condi t ions,  and 
1 ow to  absent  winds. 

Th is   sec t ion  will conclude  wi th some observations on deather 

condi t ions  in   Whi tehorse  dur ing  the  s tudy  per iods,   compi led  f rom 
monthly Yukon weather summaries publ ished by the   Whi tehorse   o f f i ce   o f  
the  Atmospheric  Environment  Service. The w i n t e r   o f  1980-81 was  a study 
o f   c o n t r a s t s .  December 1980 was colder  than  dverage,  with a mean o f  

-27.6"C compared t o   t h e   t y p i c a l  December o f  -15.3"C. Seven days  had 
minimums below -40°C.  Wind cond i t ions  were 11 km/hr w i t h  a p r e v a i l   i n g  

d i r e c t i o n   o f  NNW, cont ras ted   w i th   average  cond i t ions   o f  15.8 km/hr  from 
t h e  SSE. The s i g n i f i c a n c e   o f   t h i s  month will be  shown i n   t h e   d i s c u s -  

s ion  o f   carbon monoxide l e v e l s   t o   f o l l o w   i n   S e c t i o n  5. January  1981 
showed  a mean temperature  of  -4.O"C t o   t h e  normal  January  average o f  
-18.9"C,  and winds  of  22.5 km/hr  from  the  south compared t o   t h e  average 
o f  13.8 km/hr  from  the SSE. February  1981 was s i m i l a r l y  warmer than 

average, w i t h   s l  i ghtly  reduced  winds.  High volume  samples taken  dur ing 
January and February  1981  cannot  represent  typical   sampl ing  condi t ions 

du r ing  a Whitehorse  winter. 

December 1981  had a mean temperature  wi th in  one degree o f  the  
normal and the  wind  pat tern and s t rength  were typ ica l .   January  1982 

came very   c lose   to   se t t ing   records   fo r   co ld   tempera tures .  Its mean o f  
-31.2"C was f a r  below  the  normal o f  -18.9OC, and while  average  wind 

speeds  were less  than  normal, t h e i r   d i r e c t i o n  was from  the  north, i n  
c o n t r a s t   t o   t h e   p r e v a i l i n g  SSE d i rect ion.   February was s i m i l a r l y  

Y 
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colder  than  normal,  by 5 O ,  and less  windy,  and i t s  winds were s i m i l a r l y  
f rom  the  north.   This  study has the re fo re   i n te rcep ted  a ve ry   co ld  

month, b u t  it i s   n o t   t y p i c a l   i n   t h a t  winds  were  from  the  north  rather , 
than  the  south,  and t h i s   c o u l d  be  shown t o  weaken  any conclusions  about 

pa r t i cu la te   ma t te r   concen t ra t i ons   i n   R ive rda le .  
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The r e s u l t s   o f   t h i s   s u r v e y  show that   the  Riverdale  suburb  o f  

Whitehorse can exper ience  s ign i f i can t  a i r  p o l l u t i o n  on those days when 
atmospher ic   condi t ions  conf ine  the  po l lu t ion  to   the  bas in  enc los ing  the 
subd iv is ion .   Concent ra t ions   o f   par t i cu la te   mat te r  can  exceed na t iona l  
gu ide l i nes   f o r   des i rab le   l eve l s .   Concen t ra t i ons   o f   ce r ta in   po l ycyc l i c  

aromat ic compounds  (PAH) can  exceed  those  measured i n  m a j o r   i n d u s t r i a l  
c i t i e s .  Similarly, carbon monoxide  can  accumulate i n  Whitehorse t o  

leve ls   wh ich  exceed maximum tolerable  standards.  The a i r   p o l l u t i o n   i s  
s t r o n g l y  dependent on weather  condit ions. To the  extent   that   those 

cond i t ions   a re   p red ic tab le ,  and assuming that   env i ronmenta l   heal th  
a u t h o r i t i e s   d e t e r m i n e   t h e   p o l l u t i o n   t o  be o f  concern,  then i t  seems 
d e s i r a b l e   t o  have some  means o f   a d v i s i n g   t h e   p u b l i c   o f   t h e   p o t e n t i a l   o f  
a i r  p o l l u t i o n .  

5.1 P a r t i c u l a t e   M a t t e r  

A t  the  outset   the  reader   should be caut ioned  tha t   th is   survey  

i s  based on 64  samples of   Riverdale air, supplemented  by a l i m i t e d  
amount of  other  data.  Conclusions drawn from these samples must be 

considered as t e n t a t i v e ;  however, t h e   p o l l u t i o n  measured i s   u n l i k e l y   t o  

overstate  condi t ions.   Table 4 i n c l u d e s   t h e   r e s u l t s   o f   p a r t i c u l a t e  

sampling  during  the two winters ,  compared w i t h   r e s u l t s   o f   t h e   N a t i o n a l  
Air P o l l u t i o n   S u r v e i l l a n c e   h i g h  volume sampling i n  downtown Whitehorse, 
l ess   t han  two k i lomet res  from the  Riverdale sample s i te .   R iverda le  
p a r t i c u l a t e   m a t t e r  averaged  only 24 micrograms  per  cubic  metre 

(ug/m3) i n  26 samples taken  during  January and February 1981. 
R e s u l t s   f o r   t h e  November 1981 to   Feb rua ry  1982 p e r i o d  showed an  average 

o f  70 u g h 3   i n  38  samples. The downtown Whitehorse NAPS samples 

averaged 23 u g h 3   i n  18 f i l t e r s   t a k e n   t h e  same t ime  as  the  Riverdale 

sampl i ng i n t e r v a l s .  These a r e   l i t t l e  more t h a n   i n d i c a t i o n s   o f  sus- 
pended p a r t i c u l a t e   m a t t e r ,  and a graphica l   d isp lay  can be he1 p f u l   i n  

unders tand ing   d i s t r i bu t i on .  

Y 



Date 

1980 Dec 5 
11 
17 
23 
29 

1981 Jan 16 
16 
20 
20 
22 
22 
27 
27 
29 
29 

Feb 03 
03  
05 
05 
10 
12 
12 
17 
19 
19 
21 
21 
24 
24 
26 
26 

Nov 24 
27 
29 
30 

R i  verdal e 
Part.  ug/m3 

10 
8 

31 
9 
9 

20 
36 
17 
22 
20 

7 
48 
62 
14 
36 
25 
39 
16 
31 
72 
31 
14 
13 
7 
6 

19 

26 
15 
95 
13 
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TABLE 4 
/ 

WHITEHORSE - RIVERDALE PARTICULATES 

NAPS 
Part .  ug/m3 

36 
26 
27 
26 
21 

14 

14 

13 

6 

16 

24 

Date 

1981 Dec 03 
06 
07 
09 
12 
15 
18 
21 
24 
29 
29 
30 
31 

1982 Jan 02 
04 
05 
06 
07 
11 
17 
18 
20 
21 
23 
26 
29 

Feb 01 
04 
07 
12 
16 
19 
22 
25 

R i  verdal e 
Par t .  ug/m3 

15 
116 

50 
23 
25 
73 
9 

101 
98 
65 
59 
66 
31 
60 
32 
28 
46 
38 

222 
196 

34 
69 

180 
66 
72 
17 
72 
31 
67 
87 

153 
134 

20 
138 

NAPS 
Par t .  ug/m3 

41 

34 

12 

19 

23 

30 
37 

32 

25 

25 

16 

26 
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FIGURE 4 

RIVERDALE  PAR.rICULATE CONCENTRATION FREQUENCY 
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P a r t i c u l a t e   i n  ug/m3 

The 1981/82  loadings exceeded those  of  1981  by more than a 
f a c t o r   o f  two. They inc lude a l l  samples w i th   pa r t i cu la te   concen t ra t i ons  

above 120 micrograms  per  cubic  metre,  which i s  the maximum acceptable 
limit under  national a i r  qua l i t y   ob jec t i ves .   Sec t i on  4 o f   t h i s   r e p o r t  

descr ibed  the   d i f fe rence  in   weather  between the two winters ,  and t h i s  
seems t o   e x p l a i n   t h e  two  averages. The recen t   w in te r  was colder,  

meaning more wood was burnt ,  and i t  had less   w ind   to   d isperse   po l l  u- 
tan ts .  A second fea tu re   o f   t he   pa r t i cu la te   concen t ra t i ons   du r ing  

1981/82 i s  the number o f   h e a v i l y - c h a r g e d   f i l t e r s  compared to 1981. The 
number o f  samples i s  small,  but  they  suggest a bimodal d i s t r i b u t i o n   o f  

pa r t i cu la te   concen t ra t i ons .   Add i t i ona l  sampl i ng may d i   sp rove   t h i s  
asser t ion .  The environmental   s igni f icance ' o f  samples w i th   l oad ings  

above na t iona l   gu ide l ines   o f  120 uq/m3 l i e s   i n   t h e i r  PAH loadings. 
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The procedures  used i n   h a n d l i n g   t h e   p a r t i c u l a t e  sample f i l t e r s  
may have l o s t  some PAH mate r ia l  , so t h e   t o t a l   p a r t i c u l a t e   r e s u l t s  may 

be  understated. Some of  these compounds a r e   q u i t e   v o l a t i l e   a t  room 
temperature, and they  can be ox id ized  by  ozone. Future  sampling  should 
keep the exposed f i l t e r s   i n  a1 uminum f o i l  and f r o z e n   u n t i l   a n a l y s i s .  
It i s   n o t   p o s s i b l e   t o   e s t i m a t e   t h e  amount o f   hydrocarbon  par t i cu la te  

m a t t e r   l o s t   i n   t h i s  way. A second point   concerns  the  operat ion o f  a 
high-volume f i l t e r  apparatus i n  extreme  cold.  Leaving  aside  the 
d i f f i c u l t i e s  and r i s k s   o f  bare-handed  work,  the  Riverdale  samplers were 
p lagued   w i th   t im ing   f au l t s   i n   wh ich   t he  machine  would  not  shut  off 
a f t e r  24 hours.  Another  problem was the   f reez ing   o f   i nk  on the   f low 
r a t e   c h a r t .  The manufacturer 's manual f o r   t h e  sampler  gives a minimum 
temperature o f  - 2 O O F  (-29°C) t o   i t s   o p e r a t i n g  range. Some mod i f i ca t i on  

t o   t h e  samplers  should be made t o  a1 l ow   fo r   t roub le - f ree   ope ra t i on   a t  
very 1 ow temperatures. 

5.2 Carbon  Monoxide 

Table 5 shows carbon monoxi de l e v e l  s a t   the  Whi tehorse NAPS 
monitor, 2 km nor thwest   o f   the   R iverda le   sampl ing   s i te .   E leva ted  

p a r t i c u l a t e   c o n c e n t r a t i o n s   i n   J a n u a r y  and February  of  1982 as compared 
t o   t h e  same months i n  1981 are   no t   para1   le led  by the CO resu l t s   ove r  
the  same periods. No C O  sampling was done i n   R i v e r d a l e  i t s e l  f , as the 
i n t e n t i o n  was t o   c o l l e c t  bag a i r  samples there  on ly   a t   those  t imes when 
C O  exceeded 6ppm a t   t h e  NAPS moni tor .   Th is  was such a rare  occurrence 
- as  compared t o  December 1980, f o r  example - t h a t   o n l y  one attempt was 
made, and suddenly-changi ng winds 1 owered the  sampled Riverdal  e CO 

concent ra t ion   to   be low  the   de tec t ion  limit. Future measurements  of 

po l lu t ion   ep isodes   shou ld   inc lude C O  sampling. 
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Carbon  monoxide l eve l s   f o r   January  and February 1982 do no t  

inc lude  the  ext remes  repor ted  for   Whi tehorse  dur ing December 1980. 
Even though  both December 1980  and January 1982  were  very  cold months 

by  Whitehorse  standards,  the CO averages were q u i t e   d i f f e r e n t ,   b e i n g  
2.2 ppm  mean and 22.4 ppm  maximum f o r   t h a t  December and  1.2  mean  and 
10.2  maximum f o r  January. These resu l t s   a re   qu i te   puzz l i ng ,   s ince  one 
would  expect  the CO l e v e l s   t o  be s i m i l a r .  The di f ference  suggests 

t h a t  December 1980  had  more p o t e n t i a l  of a i r   p o l l u t i o n   t h a n   J a n u a r y  
1982, o r   t h a t   t h e   p a r t i c u l a t e  sampl i ng done  and r e p o r t e d   i n   t h i s   s t u d y  

d i d   n o t   i n t e r c e p t  a worst  case, desp i te   January 's   record   co ld  tempera- 
tures.   Atmospher ic  mixing  therefore becomes more i m p o r t a n t   i n   e v a l u a t -  

i n g   t h e   p o t e n t i a l   f o r   a i r   p o l l u t i o n   t h a n   t h e   s o u r c e s   o r   e m i s s i o n s  of 
t h a t   p o l l u t i o n .  

M r .  Lance MacLeod of   the  Environmental   Protect ion  Service,  
P a c i f i c  Region, k ind l y   supp l i ed   t he   au tho r   w i th  a s t a t i s t i c a l   a n a l y s i s  
o f   the  December 1980 hour ly  carbon monoxide l e v e l s   i n   c o r r e l a t i o n   w i t h  

weather  condi t ions.  He used CO i n  ppm as the  dependent  term and 
computed co r re la t i ons   us ing  each of  six  independent  terms:  temperature, 

wind speed, w ind   d i rec t ion ,  December date,  hour  of day  and  day o f   t h e  
week. Analys is  was by  a Hewlett-Packard 9826 computer  wi th  graphical  

d isp lay .  The th ree   sec t i ons   o f   t he   ana lys i s  were CO versus each o f   t he  
independent  terms, CO versus  temperature  for   increasing  wind speeds, 

and CO versus  temperature  for  each w ind   d i rec t i on .  He showed the re  
were no s i g n i f i c a n t   c o r r e l a t i o n s ,  a r e s u l t   w h i c h   i s   f r u s t r a t i n g   t o   t h e  

development o f  any hypothesis  about  Whitehorse  cl imate and a i r   p o l l u -  
t i o n .  Comparison o f  three  years o f  Whitehorse CO data  wi th  weather 
cond i t ions   led   the   au thors   o f   another   s tudy   to   the  same conclusion, 
w i t h   t h e   q u a l i f i e r   t h a t   w h i l e  CO was elevated  during  low  temperatures, 

extreme  cold saw a r e d u c t i o n   i n   c o n c e n t r a t i o n  because  fewer  vehicles 
were being used.2 

5.3 PAH COmDOUndS 

Polynuclear  aromat ic  hydrocarbons  or PAH a re  known t o  have 

env i ronmenta l   heal th   s ign i f icance.  Some compounds are  carcinogenic and 
will induce  tumours i n   t e s t  animals.   Others  are  less  potent i n   t h e i r  

0 

I 

Y 
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e f f e c t s ,  have  no e f fec t ,   o r   a re   un tes ted .  It i s  an ac t i ve   a rea   o f  

r e s e a r c h ,   c l o s e l y   t i e d   t o  work on cancer i n  humans.  The Uni ted  States 
Environmental   Protect ion Agency i s  working  towards  national  standards 

f o r  PAH i n  the  environment and  has sponsored many studies  about  ambient 

concentrat ions.   Their   paper  t i t led  'Polynuclear  Aromat ic  Hydrocarbons: 
Ambient  Water Q u a l i t y   C r i t e r i a '   c o n t a i n s   t h e   f o l l o w i n g  (p.C-107): 

Convincing  evidence  from a i r  p o l l u t i o n   s t u d i e s   i n d i c a t e s  an 
excess of   lung  cancer   mor ta l  i ty among workers  exposed t o  
l a r g e  amounts of   PAH-containing  mater ia ls such  as coal gas, 
tars,   soot,  and coke-ovens  emissions.. .However, no d e f i n i t e  
p r o o f   e x i s t s   t h a t   t h e  PAH present  i n  these  mater ia ls  are 
responsible  for   the  cancers  observed.  Nevertheless,   our 
u n d e r s t a n d i n g   o f   t h e   c h a r a c t e r i s t i c s   o f  PAH-induced cancers 
i n  animals, and t h e i r   c l o s e  resemblance t o  human c a r c i  nomas 
o f   t h e  same t a r g e t  organs  strongly  suggests  that PAH pose a 
ca rc inogen ic   t h rea t   t o  man, r e g a r d l e s s   o f   t h e i r   r o u t e   o f  
exposure.8 

Benzo(a)Pyrene i s  a potent  cancer  agent: i t s  c o n c e n t r a t i o n   i n   t h e   a i r  

o f  many c i t i e s  has  been  measured f o r  decades. For  an  assessment o f  PAH 

1 eve1 s repor ted i n   t h i s   s t u d y ,   t h e   r e a d e r   i s   d i   r e c t e d   t o  a summary o f  
opinions  received from Heal th  and Welfare Canada, i n  Appendix 3 .  

Leve ls   o f  PAH measured  on Riverdale  h igh volume f i l t e r s   a r e  
r e p o r t e d   i n   T a b l e  6, and  d isp layed  graphica l ly  i n   F i g u r e  5 .  Because o f  
t h e  wide v a r i a t i o n   i n   p a r t i c u l a t e   l o a d i n g s ,  no  averages o f   t h e  PAH 
compounds were  computed. It i s  obvious however t h a t   t h e   h i g h e s t  
pa r t i cu l   a te   l oad ings   co r respond   to   t he   h ighes t   va lues   o f  PAH. There i s  
seemingly  no  character ist ic  mix o f  compounds appear ing   on   the   f i l te rs ;  
t h e   h e a v i e s t   f i l t e r  may no t   necessar i l y  have the   h ighes t   concent ra t ion  
o f  a s p e c i f i c  compound. However, t h e   f i l t e r   t a k e n  January 11, 1982 i s  
except ional  enough - t h e   v a l u e   o f  127,000  nanograms per  1000 cub ic  
metres f o r   f l u o r a n t h e n e   i s   h i g h e r   t h a n  any the  author  has  found 

r e p o r t e d   i n   t h e  1 i t e r a t ~ r e . ~  Table 7 shows va lues   f o r  some PAH 
compounds measured i n   o t h e r   c i t i e s .  A comparison o f   these  va lues   w i th  

Table 6 shows t h a t  some i n d i v i d u a l   R i v e r d a l e  samples f a l l   i n   t h e  

a 
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midd le   to   upper   range  o f   concent ra t ions   repor ted   fo r   o ther   c i t ies .  
These va lues   a re   s ign i f i can t  enough i n  themselves: t h e i r  assessment i n  
terms  o f  human hea l th  seems well   warranted. 

The r e s u l t s   f o r  PAH compounds may be understated. Some  com- 
pounds espec ia l l y   those  w i th   on ly  two or   three  benzene-r ing  nuc le i  i are 
more vo la t i l e   t han   o the rs .  The pe rs i s tence   o f   t he  compounds on the  

f i l t e r s   d u r i n g  sampling and af terwards has no t  been studied  under 
Whi tehorse  c l imat ic   condi t ions.  Then t o o ,   t h e i r  hand1 i ng procedures 

were n o t   r i g o r o u s l y   c o n s e r v a t i v e   e i t h e r   i n   t h e   f i e l d   o r   l a t e r   i n   t h e  
labora tory .  The experiments  should be repea ted   w i th   c lose   con t ro l   o f  

1 osses  from 1 oaded f i l t e r s .   F i n a l  l y  , Table 6 does no t   repor t   f luorene,  
as it was measured i n  o n l y   s i x   o f   t h e   f i l t e r s  analyzed, i n  concentra- 

t i o n s   o n l y   t o  360 ng/1000m3. 

F igure  5 i s  i n tended   to   d i sp lay   t he   va r ia t i ons   i n   concen t ra -  
t i o n s   o f   f o u r  PAH compounds on s e l e c t e d   f i l t e r s .  The concen t ra t i on   o f  
benzo (a)  pyrene seems independent o f   p a r t i c u l a t e   l o a d i n g .   T h i s  

suggests   that  some o f   t h e  compound has  been l o s t  f r o m   t h e   f i l t e r s ,  

s ince  one would  expect i t s   c o n c e n t r a t i o n   t o  be i n   p r o p o r t i o n   t o   o t h e r  
compounds. Pyrene shows the  same s o r t   o f   v a r i a t i o n .  There i s   i n s u f f i -  
c i e n t   d a t a   t o  make a s t a t i s t i c a l  comparison  between f i l t e r s  and search 
f o r  a cha rac te r i s t i c   m ix  of compounds and concent ra t ions .   A f te r  

fu r ther   sampl ing   th is   shou ld  be attempted  because  the  emissions  derive 
f rom many s imi la r   sources   us ing   the  same f u e l ,   d i f f e r i n g   o n l y   i n   t h e  
r a t e  and manner o f   f i r i n g .  

5.4  Microc l imate and t h e   I d e n t i f i c a t i o n   o f  a 'Worst Case' 

The assessment o f   a i r   p o l l u t i o n   i n  Whitehorse  requires a 
s y n t h e s i s   o f   p o l l u t i o n  measurements, weather  condi t ions,   the  natural  

t e r r a i n  and the  types  of  sources.  Using a speci f ic   date-January 11, 
1982-does t h a t  f a i r l y  represent  an  incident  which  could be taken as 
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t y p i c a l   o f  a worst  case fo r   R ive rda le .  Two fea tu res   o f   t he  assessment 

a r e   f i x e d ,   t h e   t e r r a i n  and the  sources, so these  can be discussed 
f i r s t .  

R i v e r d a l e   f i l l s  an  abandoned  meander o f   t h e  Yukon River .  As 
F igure  2 shows, i t  i s   f r i n g e d  on th ree   s ides- i  n fact,  through  almost 
270 degrees-by  steeply  s loped  bluf fs  f rom 18 t o  20 metres i n  he ight .  A 

f r i n g i n g   l i n e   o f   t r e e s  enhances to   t h i s   bas in   e f fec t .   Re fe rence   t o  
F igure  6 ,  a north-south  sect ion  through  Riverdale,  will be h e l p f u l .  
The Yukon R ive r  marks the  western  boundary  of  Riverdale.  Turbulence 

and warmed water i n   t h i s   s e c t i o n  cause it t o  remain open a l l   w i n t e r  and 

t o  form  banks  of  ice  fog. The i n e r t i a   o f  any fog  bank will prevent   or  
s e v e r e l y   r e s t r i c t   m i x i n g   o f   R i v e r d a l e   a i r   i n   t h i s   d i r e c t i o n .  The 
s u b d i v i s i o n   i t s e l f   i s   v i r t u a l l y   f l a t .  Chimney he igh ts  will vary 
between f i v e  and seven  metres f o r  most homes, and never more than   e igh t  

met res   fo r   the  few two-story  residences  wi th wood heat.  While l o t  
sizes  are  average by Canadian  standards, much o f   t h e   o r i g i n a l   t r e e  
cover i s  preserved so t h a t  from the   a i r ,   t he   subd iv i s ion   p resen ts  a 
wooded aspec t .   Th is   fu r ther   re ta rds   loca l   m ix ing  and d ispers ion.  

Riverdale  res idents  have no t iced  and f requen t l y  commented 

about days i n  which smoke p lumes  form  obv ious  s t ra ta  a t   leve ls   o f   roof  
peaks and below. An obse rve r   d r i v ing   i n to   R ive rda le  on such  days will 

note  a remarkable  bui ldup  of  smoke to   the  southeast ,  and look ing  down 
i n t o   t h e   b a s i n  from t h e   b l u f f ,  one  sees a b l u i s h  haze cover ing  the 

homes. Th is  can  occur a t  t imes when it i s  n o t   p a r t i c u l a r l y   c o l d  by the  
s tandards  o f   w inter ;   the  ch ie f   requi rements seem t o  be s t i l l   a i r  and 

domestic smoke. Dur ing  extreme  cold  the  basin will fill w i t h   i c e   f o g  
generated  there  or  supplemented by t h a t   d r i f t i n g   i n  from the Yukon 

River. The pervas ive  smel l   o f  wood  smoke can be noted  even i n  those 
homes which do not   burn wood, s i n c e   t h e i r  own o i l   hea t ing   g i ves  them  a 

negat ive  in ternal   pressure.  The i s s u e   o f  wood  smoke p o l l u t i o n   i s  
ga in ing  a g rea t  deal o f  p o l i t i c a l   v i s i b i l i t y ,  and since  conversions  of 
Riverdale homes t o   p a r t i a l   o r   f u l l  wood heat  are  cont inuing,  the  prob- 
lem will grow  more acute  wi th   every new chimney added t o  the  est imated 

726 i n  use du r ing   t he   w in te r   o f  1981-82. 

Y 



- 35- 

The f inal  question  concerns  weather  condit ions  during  sampling 

and whether  or  not  they were t y p i c a l .  Sampling  during  early  1981  took 
p lace  dur ing abnormal l y  warm and windy  periods. The bes t  one can say 

about  these f i l t e r   l o a d i n g s   i s   t h a t   t h e y  were minimal and very   c lose   to  
those measured i n  downtown Whitehorse where wood  smoke i s   r a r e   t o  
absent. December 1981  measurements  took  place  during a month when 

cond i t ions  were s i m i l a r   t o  means o f  40 years  of  Whitehorse  meteoro- 
log ica l   records .  Those samples taken  during  January and February 1982 
will represent   cond i t ions   c lose   to   bu t   no t   necessar i l y   ind ica t ing  a 
worst  case,  because  even  though  those  months  were  unusually  cold, t h e i r  

wind  pat terns were a typ i ca l .   F igu re  7 i s  the  wind  rose  for   January 

1982: it i s  marked ly   d i f fe ren t  from the  average  January  wind  pattern 
shown i n   F i g u r e  2. It may be r i sky   t o   t ake   w ind  measurements a t   t h e  

Whi tehorse  a i rpor t  and apply them to   R ive rda le  two k i lometers away, b u t  
one  can argue  that   the  pers is tent   January 1982 north  wind  prevented a 

maximum b u i l d u p   o f   p a r t i c u l a t e s   i n   R i v e r d a l e ,   e s p e c i a l l y   i n  comparison 
to  prevai l ing  northwest  winds  which  would  carry  Whitehorse  pol lut ion 
and Yukon R ive r   i ce   f og   d i rec t l y   i n to   R ive rda le .   Tab le  8 shows weather 
and po l l u t i on   obse rva t i ons  on selected  sampling days. 

It now  seems poss ib le  t o  o f f e r  a hypothesis  about  those 

wea the r   cond i t i ons   l i ke l y   t o  be experienced  during a Whitehorse  winter 

which will produce a worst  case and h igh   po l lu t ion .   There   cou ld  be two 

cases. I n   t h e   f i r s t ,  winds  would be from the  northwest,  below  their 
average  January and February speed of 11.5 km/hr.  Temperatures  would 

be  colder  than -3O"C, and have p e r s i s t e d   a t   t h a t   l e v e l   f o r  two o r   t h r e e  
days as an arc t i c   h igh   p ressure   r idge  moves southeaster ly  through  the 

c e n t r a l  Yukon. P a r t i c u l a t e s ,   i c e   f o g  and carbon monoxide from downtown 
Whitehorse  would be c a r r i e d   s l o w l y   i n t o   R i v e r d a l e   t o  be added t o  
emiss ions   o r ig ina t ing   there .  A second  case cou ld   a r i se  from l i g h t  
southerly  or  southeast  winds  caused  by  the  weakening  of an a r c t i c   h i g h  

p ressu re   r i dge   f o l l ow ing  a per iod  of  extreme  cold. These winds wou1 d 
pass  over   the  co lder   a i r   t rapped i n   t h e   b a s i n  and s e v e r e l y   r e s t r i c t  
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v e n t i l a t i o n  and  upward d i s p e r s i o n   o f   p o l l u t a n t s .   I n   b o t h  cases one 
would  exper ience  strong  temperature  inversions  typical  o f  w in te r  

c o n d i t i o n s ,   t h a t   i s   w i t h   g r a d i e n t s  equal t o   o r  exceeding 5OC/lOO m. 

The development o f  a hypothesis  about  the  dispersion o f  
Riverdale wood  smoke pol 1 u tan ts   requ i res   f u r the r  work i n   d e s c r i b i n g   t h e  

subdiv is ion 's   microc l imate.  The a i rpor t   meteoro log ica l   observatory  i s  
32 metres i n   e l e v a t i o n  above Riverdale,  and while  temperatures a t   t h e  

Riverdale  meteoro log ica l   s ta t ion can e a s i l y  be compared w i th   the  
a i r p o r t ,   t h e   s t a t i o n  does not  record  winds. A temporary s i t e   s h o u l d  be 

es tab l i shed  to   mon i to r   w inds  and temperatures above ground l e v e l .  
Occasional  mini sonde  measurements dur ing a s t rong  invers ion  event  w i  11 
he lp   t o   de f i ne   t he   t empera tu re   p ro f i l e  between  the  subdivision,  the 
a i r p o r t  and the 100 metre  isobar.  Wind gauging  might   ind icate any 
channel 1 i ng o f  winds  caused  by 1 oca1 t e r r a i n .  These data  are needed t o  
r e f i n e  any p red ic t i ons   o f   t he   i n tens i t y   o f   po l l u t i on   ep i sodes .  The 

observat ions made d u r i n g   t h i s   s t u d y   i n d i c a t e   t h a t  such work should be 
undertaken. 

Wt 
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5.5 Summary 

I 

II 

I 

It seems c lea r   t ha t   du r ing   t he   w in te r ,   R i ve rda le  can  experi- 

ence  severe a i r   ~ o l l  u t i o n ,   s t r o n g l y   q u a l   i f i e d  by the  loca l   weather  

cond i t ions .  Suspended p a r t i c u l a t e   c o n c e n t r a t i o n s  can  exceed na t iona l  
gu ide l ines ,  and carbon  monoxide  concentrations  might be expected  to 

equal  those  of downtown Whitehorse where nat ional   guide1  ines of e igh t -  
hour maximum to le rab le   concent ra t ions  have  been equalled.  Since 

Riverdale homeowners c o n t i n u e   t o   r e p l a c e   o i l - f i r e d   o r   e l e c t r i c   h e a t i n g  
app l i ances   w i th  wood fueled  stoves,  the  problem i s   c e r t a i n   t o  grow  more 

acute . 

Two approaches t o   t h i s   i d e n t i f i e d   p r o b l e m  seem ind icated,  
pub l i c   educat ion  and i n v e s t i g a t i o n   o f   r e g u l a t o r y  means, and  second, 

systematic measurements o f   bo th   po l l u tan ts  and m i c r o c l i m a t e   w i t h   l a t e r  
mathematical model1 i n g   o f   t h e   d i s p e r s i o n .  It i s   p o s s i b l e   t h a t   t h e  
general pub1 i c   i s  unaware o f   the   env i ronmenta l   e f fec ts   o f  wood  smoke 
and t h e   r o l e   t h a t   t h e y  have in   p reven t ing   po l l u t i on   t h rough   p roper  use 

o f   t h e i r  wood burning  appl iances. Government p u b l i c a t i o n s   t h u s   f a r  
have  seemingly  emphasized  stove e f f i c i e n c y  and i n s t a l l a t i o n  and sa id  

nothing  about  emissions beyond caut ion ing  the  user   about   creosote 
bu i l dup  and f i r e   r i s k .   S i n c e   t h e  Yukon T e r r i t o r y  has no a i r   p o l l u t i o n  

leg is la t ion ,   regu la to ry   ins t ruments   to   reduce  o r  limit Whitehorse a i r  
po l  1 u t i  on devol ve t o   t h e   c i v i c  government. This  would seem t o  be the 
proper   locus o f  a reques t   fo r  an a i r   q u a l i t y   i n d e x i n g  system f o r  
Whitehorse, so a t   l e a s t   i t s   r e s i d e n t s  can be a l e r t e d  t o  the  problem on 

those days when p o l l u t i o n   i s   l i k e l y   t o  be s i g n i f i c a n t .  

The  second  approach  should be through an  expanded program o f  
f ie ld   research  towards  understanding of p o l l u t i o n  caused I)y wood  smoke 

on a municipal  scale.  Whitehorse my no t  be unique i n   t h i s   r e s p e c t  , 
and  models  which  describe  mult iple-source  dispersion i n   t h i s   l o c a l e  

should have app l i ca t i on   t o   o the r   p laces  where wood use i s  concentrated 
and disDersion i s   l i m i t e d  by c l ima te  and t e r r a i n .  The r e s u l t s   o f  such 

research may w e l l   i n d i c a t e   t h a t   n a t i o n a l  programs t o  encourage  the use 
o f  wood  as  a s u b s t i t u t e   f o r   o i l   r e q u i r e  an  assessment o f   t h e i r  

1 ong-term  environmental  impact. 
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APPENDIX I 

THE RIVERDALE QUESTIONNAIRE 

1. According  to  the map, what zone do you 1 i v e   i n ?  
How do you  heat  your home? Oil o n l y   e l e c t r i c i t y   o n l y  
wood o n l y   o i l  and wood e 7 r i c i t y  and wood 
Do you p l a n   t o   i n s t a l  1 a wood w i n  your  home? If so, 
what k ind?  

4 .  If you  burn wood i n  your home, a) how  many cords  o f  wood will you 
burn  per  year b )  how  do you ob ta in   you r   f ue l  wood: c u t  and 
haul  your own purchase  from a dealer   both  o f   these 
o the r  c )  do you  ever  cut  green wood? 
burn  green wood? d) do you  burn wood i n :  open f i  r e p l  ace- 

c l  osed f i r e p l  a c r  F r a n k l i n   s t o v e   a i r t i g h t   s t o v e  O V i i F -  
(exp la in )  

5. Will you  be  burning wood  when the  temperature i s  -25°C (10  below  F) 
and co lde r  ? always  most  times  sometimes  never - 

- 

6. Haveyou  ever been bothered by smoke around  your  house? 
7. Would you l i k e   i n f o r m a t i o n  on how you can make the  best use o f  

f i rewood? 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A house by house count  of   Riverdal  e zones D and F had t h e   f o l l  owing 
r e s u l   t s :  

Zone D - counted 166 houses of   which 118 burned wood 71% 
- questionnaire  response,  those  burning wood  79% 
- o v e r a l l  response, rep l  i es mai led 31.3% 

Zone F - counted 140 houses of   which 111 burned wood 79% 
- quest ionnai re  resul ts ,   those  burn ing wood 7 5% 
- o v e r a l l  response, rep l   i es   ma i l ed  47.9% 

R e f e r r i n g   t o   t a b l e   o f   q u e s t i o n n a i r e   r e s u l t s ,  Zones D and F have s i m i l a r  
consumption i n  cords  per  wood-using home per   year   o f  between 6 and 6.5 
cords ,   o r  more than  the  Riverdale  average  of 5.2 cords .   S imi la r ly ,   the  
number o f  r e p l i e s  rece ived  from Zones D and F i s  h igher   than  the  ques- 
t i onna i re   ave rage   o f  28%. For  these  reasons  the  assumption i s  made 
t h a t  wood users were  more l i k e l y   t o   r e t u r n   t h e i r   q u e s t i o n n a i r e s   t h a n  
those who do not   burn wood. 

Using  data  form  the  quest ionnai re  tab le , we can c a l c u l a t e   f o r  each 
zone, to ta l   cords   per  number o f  quest ionnaires  received.  This i s   n o t  
t h e  same as cords  per home, since  non-woodburning homes were excluded. 

Zone Cords per   quest ionnai re  received 
A 1.3 

1.9 
2.4 
4.8 
2.7 
4.9 

average 3.0 cords  per   quest ionnai re 
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Taking zones D and F together,  the  average  response was 40% and the 
average of   cords  per   quest ionnai re i s  4.8. Similarly we can take  the 
to ta l   ques t ionna i re   response  o f  28% and a cords  per  quest ionnaire 
average o f  3.0, t o   g i v e  a second p o i n t  on a graph  of  percentage  return 
versus  cords  per  questionnaire. The assumption will be t h a t   t h e r e  i s  a 
1 inea r   re1   a t i   onsh ip  between wood use and the  1 i k e l  i hood o f  m a i l  i ng  back 
a completed  questionnaire. A graph  of  these two p o i n t s  can be 
p l o t t e d ,  

/ t’ 
/ 

/ 
/+ 

1 ° 1  ’ 
5 

cords  used  per  questionnaire 

The same two p o i n t s  can be used t o   d e r i v e   t h e   l i n e a r   e q u a t i o n  
y=6.7x + 8; thus  for   those homes which do n o t  use wood, the 1 i k e l  i - 
hood o f   t h e i r   r e t u r n i n g  a quest ionnai re i s   t h e  y i n t e r c e p t   o r  8%. 
Using  the  equat ion  the  fo l lowing  table  can be c a l c u l a t e d  

Ca lcu la ted   Fac tor   ques t ionna i re   ca lcu la ted  
Zone r e t u r n  % t o  100% wood used, cords wood used, cords 

A 16.6 6.02 62 
B 20.6 4.85 88 
C 24 .O 4.17 151 
D 39.6 2.53 248 
E 26 .O 3.85 162 
F 39.6 2.53 326 - 

373 
427 
630 
627 
624 
825 

av. 28% 1037  3506 cords/yr  

For  comparison,  the 20% t o t a l  response  can be appl i e d  as a f a c t o r  t o  
t o t a l  wood consumption  reported,  y ie ld ing a t o t a l  o f  3704 cords,  which 
i s   w i t h i n  5% o f   t h e   c a l c u l a t e d   f i g u r e .  However, the  same f a c t o r  
a p p l   i e d   t o  wood use i n  Zone D , where the  sampler i s  located, y i  e l  ds 
some 885 cords   burn t  as opposed t o   t h e  627 cords  ca lcu lated by the 
graphica l  method. Emission  calculat ions  based on t h e   l a r g e r  number 
would  therefore  g ive  resul ts   which  could be overstated.  Consequently 
the   t o ta l   co rds   bu rn t   pe r   yea r   i n   R ive rda le  i s  suggested t o  be 3500 
cords,  using  the method o u t l i n e d  above. 

L 

P 

II 

I 

I 
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APPENDIX I I 

DERIVATION OF EMISSIONS I N  RIVERDALE 

I 

u 

m 

a 

I 

I 

Previous  notes  (Appendix I ) have described how t o t a l  wood use was 
ca l cu la ted   f rom  the   ques t i ona i re   resu l t s  and the  house-by-house  survey, 
1 eadi ng t o  a t o t a l   o f  3506 cords  per  year. These notes will show the 
method  used t o   c a l c u l a t e   t o t a l   e m i s s i o n s   o f   p o l l u t a n t s   i n c l u d i n g  
par t i cu la tes ,   n i t rogen  ox ides ,   carbon monoxide and polycyc l ic   aromat ic  
hydrocarbons (PAH) emitted  per  year,  assuming a l l  t h a t  wood i s  burnt .  
A second c a l c u l a t i o n  will show the  emiss ion  ra te  o f  each p o l l u t a n t ,  
assuming a1 1 wood appliances  are i n  use, and b u r n i n g   a t  some 
a p p r o x i m a t e   o r   a r b i t r a r y   f i r i n g   r a t e .  

The fuelwood  used  almost  universal ly i n   R i v e r d a l e   i s   l o d g e p o l e   p i n e  
(p inus   con tor ta ) ,   cu t   f rom  f i re -k i l led   s tands   wes t   o f   Whi tehorse .   Th is  
wood has  been standing  s ince  the 1958 o r  1969 f i r e s  and must be 
considered  to  be a t  a stab1 e humidi ty . Accordi ng t o  Dave Morgan, Head 
o f   F o r e s t  Management f o r  Department o f   I n d i a n  and N o r t h e r n   A f f a i r s   i n  
Whitehorse,  the  moisture  content  of   th is wood will be about 12%. 
Applying a f a c t o r   f o r   s t a c k i n g  used by h i s   s e c t i o n ,  he s a i d   t h a t  a cord 
will inc lude 1052 k i lograms  o f  wood. This  i s  t h e   f i g u r e   t h a t  will be 
used i n  subsequent  calculat ions. 

To der ive   po l lu tan t   emiss ions   per   k i logram  o f  wood, reference was  made 
t o  a 1980 study  commissioned by the U. S. Environment  Protect ion 
Agency. This  study measured p o l l u t a n t s   f r o m   d i f f e r e n t   t y p e s   o f  wood 
burners,   fue l  s and f i r i ng   ra tes .   S ince  none o f  these  tests  used  lodge- 
po le  p ine,   s ta ted  emiss ions  factors   for   'seasoned  p ine '  will be used. 
It i s  hoped that  resinous  southern  pine  species  would  not  produce  lower 
emiss ion   ra tes   tha t  Yukon species. 

F o r   t h e   f o l  1 owing,  reference  shoul d be made t o   t h e   t a b u 1   a t i  
t i o n n a i r e   r e s u l t s  as Table 1 i n  Sect ion 3. 

TABLE 1 

STOVE TYPE AND AVERAGE WOOD USED BY QUESTIONNAIRE 

I I I 
# ;ii;;od I # o f  4 Tot.  Cord1 Av. Cords 

A i r t igh t   used/y r .   Per  A i  r t i g h  
I 1 I 
I I I 

28 

6.6 248 28  63 
5.9 151 19 46 
6.0  88 7 32 
4.7 62 7 

on o f  ques- 

Cal cu l   a te  
a/ t 

33 
42 
112 
184 
88 
198 
7x7 

Cords Used 
o ther  

29 
46 
39 
64 
74 
128 m 
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Using  the above r e s u l t s ,  a r a t i o   o f  wood use  between a i r t i g h t  stoves 
and o ther   (excess   a i r )  wood appliances can be ca l cu la ted .   Th i s   ra t i o  
i s  impor tant  because the   em iss ions   f o r   a i r t i gh t   app l i ances   a re  much 
h i g h e r   f o r  any q u a n t i t y   o f  wood burn t   than  those  fo r   F rank l in   s toves  
and f i r e p l a c e s .   C a l c u l a t i n g   t h e   r a t i o   o f   a i r t i g h t  wood use over 
open- f i re  wood use f o r  each  zone us ing  the l a s t  two  columns i n  Table 1 
shows a range  between 0.91 f o r  Zone B and 2.87 f o r  Zones C and D ,  o r  an 
average o f  1.73. A p p l y i n g   t h i s   f i g u r e  may understate wood used i n  
a i r t i g h t s  so some weighting  must be g i ven   t o  zones w i th   h igh  wood use 
The f o l l o w i n g   t a b l e  can  be made. 

TABLE 2 

RATIOS OF WOOD USED PER STOVE TYPE 

Zone 

A 
B 
C 
D 
E 
F 

Rat io  
o f   a / t   t o  

other,  
cords 

1.14 
.91 

2.87 
2.87 
1.18 
1.54 

# of 
Wood- 

burning 
homes 

14 
18 
31 
41 
33 
50 

187 

- 

Product, 
Column 

2x3 

16 .O 
16.3 
89.0 
117.7 
38.9 
77 .O 

354.9 

A weighted r a t i o  can be ca lcu la ted ,  354.9 = 1.89 = a i r t i g h t s  
187 others 

T h i s   r a t i o  can then be app l i ed   t o   t he   t o ta l   es t ima ted  wood use per  zone 
a$ shown i n  the  previous  notes  (Appendix I )  t o   g i ve   Tab le  3. 

HII, 

mt 
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r 
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TABLE 3 

CALCULATED  TOTAL WOOD USED PER STOVE TYPE, PER ZONE 

Zone 

A 
B 
C 
D 
E 
F 

Cords  used 
Per Year 

37 3 
427 
630 
627 
624 
825 

~ 3506 

Apply ing  Rat io ,  1.89: Apply  1052  kg/cord I 
A i r t i g h t s  

kg/yrX105  kg/yrXlOs Cordslyr   Cords/yr  
A i r t i gh ts   O the r   t ypes  ' Other  types 

244 
27 9 
412 
410 
408 
540 

129 
148 
2 18 
217 
2 16 
285 

I 

1 2293 I 1213 
I 

2.56 
2.93 
4.33 
4.31 
4.29 
5.68 

24.10 

1.35 
1.56 
2.29 
2.28 
2.27 
3.00 

12.75 

Having  determined  total  wood use per   year  i n   R i v e r d a l e  i t  i s   p o s s i b l e  
to   es t ima te   t o ta l   po l l u tan t   em iss ions   f o r   t he   comp le te   combus t ion   o f  
t h a t  wood. Research  commissioned by the U.S. Envi ronmenta l   Protect ion 
Agency  has y i e l  ded comprehensive  data on emissions  from  wood-burning 
appl iances  (DeAngel is ,   Ruf f in  and Reznik,  1980). A t  t i m e   o f   w r i t i n g  
t h i s  work  has no t  been superceded  (Bayne and  McCaughtey, 1981  and Ron 
Braaten CCRL/EMR , pers. com. 1. There i s  t h e   p o s s i b i l  i ty o f   e r r o r   i n  
t h a t  Yukon lodgepole  p ine may y i e l d   d i f f e r e n t   e m i s s i o n s  from Ohio  pine 
species. Any er ro r   here   shou ld  be p r o p o r t i o n a l   t o   t h e   d i f f e r e n c e  i f  
any  between d e n s i t i e s   o f   t h e  two woods, and s ince   t he   dens i t i es   a re  
n e a r l y   i d e n t i c a l ,   t h e   e r r o r   s h o u l d  be neg l i g ib le .   Tab le  4 shows the 
H a l  1  and  DeAngel i s  emiss ion  factors  , and Table 5 app l ies   those  fac to rs  
t o   t h e   t o t a l  wood used  per  year. 

TABLE 4 

EMISSION FACTORS FOR SEASONED PINE, grams per k i l og ram wood 
( a f t e r  De Angel i s " et.al  . , 1980) 

Wood U n i t  

1 a tes  Ma t te r  

To ta l  Condensable P a r t i c u -  
TY Pe PAH co NO, P a r t i c u -  Organics l a t e  

F i  rep1  ace , 
Frank1 i n s  

0.37 210 0.3 7.8 4.8 3.0 stoves 
A i  rti gh t 

0.03 21 1.4 7.7 5.9  1.8 



Zone 

-48- 

TABLE 5 

ANNUAL EMISSIONS FROM RIVERDALE YUKON WOOD BURNING, k i lograms 

a - a i r t i g h t   s t o v e s  and furnaces  b-open  (excess a i r )   a p p l i a n c e s  

Wood Used 
kg/yrX105 

2.56a 
1.35b 

2.93a 
1.56b 

4.33a 
2.29b 

4.31a 
2.28b 

4.29a 
2.27b 

5.68a 
3. OOb 

Par t i cu -  
l a t e  

Mat te r  

768 
243 

879 
280 

1299 
412 

1293 
410 

1287 
409 

1704 
540 

9,524 

Condensable 
Organics 

1228 
797 

1406 
920 

2078 
1351 

2069 
1345 

2059 
1339 

2726 
1770 

19,088 

Tota l  
Pa r t i cu -  

1  a tes  

1996 
1040 

2285 
1200 

3377 
1763 

3362 
1755 

3346 
1748 

4430 
2310 

28,612 

77 
18  9 

88 
2 18 

130 
321 

129 
319 

129 
3  18 

170 
420 

2,508 

co 

53,760 
2,835 

61,530 
3,276 

90,930 
4,809 

90,510 
4,788 

90,090 
4,767 

119,280 
6,300 

532,875 

As an a i d   t o   i n t e r w e t a t i o n   o f   t h e s e   r e s u l t s .   t h e   t o t a l  s can 

PAH 

94.7 
4.1 

108 
4.7 

160 
6.9 

159 
6.8 

159 
6.8 

210 
9.0 

929 

be 
compared t o   p u b l i s h e d   e s t i m a t e s   f o r   t h e  Yukon  and Canada i n  A Nation- 
w ide   Inventory   o f   Emiss ions   o f  Air Contaminants  (19761, by the Air 
Po l lu t ion   Cont ro l   D i rec to ra te   (Env i ronmenta l   Pro tec t ion   Serv ice ,   1981) .  
This  comparison shows tha t   em iss ions   t o ta l  s may r e q u i r e  some r e v i s i o n ,  
espec ia l l y   s ince   R iverda le   con ta ins   someth ing   less   than 10% o f   t h e  
combined  Yukon/Northwest T e r r i t o r i e s  popul   at ion.  
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TABLE 6 

TOTAL EMISSIONS, RESIDENTIAL FUEL COMBUSTION, tonnes 
(Riverdale 1982, Canada and Yukon/NWT 1976) 

P a r t i   c u l   a t e  Sul  phur Ni t rogen Hydro- Carbon 
Mat te r  Oxides Oxides Carbons Monoxi de 

Ri verdal  e 28 ” 2.5  19 532 
( 1982 Resid. 
on ly  1 

Yukon, NWT 28 1 ” 14 985 1688 
(Res ident ia l  & 
Commerci a1 1 

Canada Tota l  35,228 ” 1762 123,249 211,363 
( Resi   dent i  a1 & 
Commerci a1 ) 

F i n a l l y   t h e r e   i s   t h e   m a t t e r   o f   e s t i m a t i n g   e m i s s i o n   r a t e s   f o r   t h e  
i den t i f i ed   po l l u tan ts .   Emiss ion   ra te   ca l cu la t i ons  must assume some 
c o n s t a n t   r a t e   o f   s t o v e   f i r i n g .   T h i s  has s e r i o u s   i m p l i c a t i o n s   f o r  any 
est imate because emissions  are  highly  dependent upon stove  type,  rate 
o f   f i r i n g   o r  frequency  of 1 oadi ng, and the  stage  of   the  burning  cycle 
(Bayne and McCaughey, 1981). It i s  beyond t h e   v a l i d i t y   o f   t h e   d a t a   t o  
c a l c u l a t e   t h e   f i r i n g   r a t e  and burning  cycle  used by a t yp i ca l   R i ve rda le  
wood use r ,   espec ia l l y   i n   con junc t i on   w i th  degree-day  heating 
requirements. 

The questionnaire  response shows t h a t  by far,  most  wood-using homes 
will be burn ing wood  when the  temperature i s  -25°C and co lde r ,   e i t he r  
i n   a i r t i g h t s   o r   i n   e x c e s s - a i r   u n i t s .  The DeAngel i s study  used 
c o n v e n t i o n a l   r e t a i l  wood appl iances  loaded  wi th between 6 and  14 
k i lograms o f  wood. They r e g u l a t e d   c o m b u s t i o n   t o   m a i n t a i n   v i s i b l e  
f lames,   tha t   i s ,  no a i r  s ta rva t ion ,  and showed that  the  combust ion 
r a t e s  were from 6.0 t o  8.4 k g / h r   f o r   a i r t i g h t   s t o v e s  and 9.6 t o  
11 k g / h r   f o r   f i r e p l a c e s .  They no ted   tha t   these  ra tes   “a re  
subs tan t i a l l y   h ighe r   t han  what  would be r e p r e s e n t a t i v e   f o r  a wood stove 
or   app l iance  be ing  used f o r   a u x i l  1 ia ry  heat.. . .” . Bayne and McCaughey 
repo r t   t ha t   em iss ions   a re   h ighes t  on s t a r t - u p  and d u r i n g   a i r  
s ta rva t i on :   t he   DeAnge l i s   f i r i ng   ra tes  will not  give  ‘worst  case’ 
emiss ions   o f   po l lu tan ts ,  and ca lcu la ted   emiss ion   ra tes   fo r   R iverda le  
may be understated. The w r i t e r  has t h e r e f o r e   a r b i t a r i l y   s e l e c t e d  a 
f i r i n g   r a t e   o f  7 k g / h r   f o r  a1 1 wood appl iances i n   R i v e r d a l e   a t   t h o s e  
t imes when the  temperature i s  -25°C and colder.  
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Some expansion  factor  must be app l i ed   t o   t he  number of wood u n i t s  
repo r ted   i n   t he   ques t i onna i re   re tu rn ,   s ince   t he  house  by  house  check o f  
2 zones showed t h a t   n o t  a1 1 wood users   ma i led   the i r   re tu rns .  Zone D 
showed 41 homes burning wood ou t  o f  118 homes seen t o  have woodpiles; 
Zone F re tu rned 50 o u t  o f  111 homes. By averaging, 40% o f  wood-using 
households were l i ke l y   t o   re tu rn   t he i r   ques t i onna i res ,   wh ich   genera tes  
a f a c t o r   o f  2.5 t o  be appl i e d   t o   r e p o r t e d  numbers o f  wood bu rn ing   un i t s  
i n  each zone. Note t h a t  many  homes had 2 u n i t s  each. This  a l lows 
Table 7 t o  be made from  Table 1, and the  factors  f rom  Table 4. 

Zone 

A 

B 

C 

D 

E 

F 

m 
- n 
18 

18 

48 

70 

43 

75 

IL 

I 

m 
TABLE 7 

RIVERDALE  CALCULATED EMISSIONS FOR ONE HOUR, Ki lograms 
a = a i r t i g h t  stoves 

u n i t s  
other 

51 

61 

67 

82 

85 

108 

TOTALS 

Tota l  
p a r t i c u l a t e s  

.98 a 
2.7 b 

.98 
3.3 

2.6 
3.6 

3.8 
4.6 

2.3 
4.5 

4.0 
5.7 

39 .O 

b = excess a i r   h i t s  

NOX 
- 
.04 
.50 

.04 

.60 

.10 

.65 

.14 

.83 

.09 

.81 

.16 
1.0 

5.0 

co . 
- 
26 
7.5 

26 
9.0 

71 
9.7 

103 
12 

63 
12 

110 
16 

465 

-”- 
- 

.05 

.01 

.05 

.01 

.12 

.o 1 

.18 

.02 

.11 

.02 

.19 

.02 

.79 

Y 
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Zone 

A 

B 

C 

D 

E 

F 

TABLE 8 

RIVERDALE  CALCULATED EMISSIONS FOR 24 HOURS, Ki lograms 

Tota l  
P a r t i c u l a t e s  

89 

103 

149 

202 

164 

232 - 

NOX 
- 
13 

15 

18 

23 

21 

28 

118 
- 

co 
- 
820 

850 

1890 

2710 

1780 

3000 

11,050 

PAH 

1.4 

1.4 

3.1 

4.8 

3.1 

5.0 

18.8 
- 

Emissions  of  contaminants i n   R i v e r d a l e  will include  those  from  domestic 
o i l   h e a t i n g  and mobile  sources. No a1 lowance will be made f o r   p o l   l u -  
tants  enter ing  the  Riverdale  area  f rom  other  parts  of   Whitehorse. A 
study  commissioned by the Government o f  Yukon  by H i ldebrant  Young and 
Associates  (October, 1981) suggested an annual heat ing  o i l   consumpt ion 
o f  878 gal lons  per  house. The author has  used t h i s   f i g u r e   f o r   o i l -  
heated houses and a r b i t r a r i l y  chosen 500 ga l lons   per   year   fo r   wood-o i l  
homes and 300 f o r  apartments. The City of  Whitehorse P1 anni ng Depart- 
ment  advised  the  author  that   the 1981 assessment r o l l   f o r   R i v e r d a l e  
showed 276 apar tments.   Return ing  to   the  quest ionnai re  resul ts ,  116 
r e t u r n s  showed o i l   h e a t  and 108 used  both wood and o i l .   E x t r a p o l a t i o n  
us ing  an o v e r a l l   r e t u r n   r a t e   o f  28 percent   g ives 414 o i l  -heated homes 
and 385 o i l  and  wood-heated. Table 9 can be constructed; 

Table 9 

RIVERDALE HEATING OIL CONSUMPTION 

Home 
TY Pe 

o i l   o n l y  

o i l  & wood 

Consumption  Estimated O i  1 Consumption 
gal   s /yr  1 i t r e s / y r  No. o f   u n i t s  1 X 103/year 

878  3990  414  1650 

500 227 0 385 874 

apartments 300  1360  276  37 5 

Tota l  2900 
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Emissions  f rom  th is  annual   quant i ty  of   o i l   can be der ived from factors  
g iven by  Environment Canada i n  ' A  Nationwide  Inventory  of  Emissions  of 
Air Contaminants  (1976) I (Environment Canada , APCD , January  1981 1. 
Stated i n  k i lograms  per 1000 1 i t r e s  , these   f ac to rs   a re   Pa r t i cu la te  mat- 
t e r  - 0.31, NO, - 2.3, CO - 0.63 and hydrocarbons - 0.12. Riverdale 
annual  emissions  from l i g h t   f u e l   o i l  consumption i n  k i lograms  der ived 
from to ta l   fue l   t imes  these  fac to rs ;  

P a r t i c u l a t e  
Mat te r  NO, - co Hydrocarbons 

899 6670 1830 348 

Calcu lat ion  o f   emiss ions  for   Riverdale  automobi les  cannot  be attempted. 
While each home has a t  l e a s t  one vehic le ,  and most of  these  would be 
operat ing  dur ing  rush  hours,   there i s  too  much v a r i a t i o n   i n   v e h i c l e  
s i z e  and opera t i on   t o  be a b l e   t o  make a meaningful  estimate. However, 
it should be no ted   t ha t  on cold  mornings , most homeowners will a1 low 
t h e i r   v e h i c l e s   t o   i d l e   f o r   l o n g   p e r i o d s  and emiss ions  are  h igher   for  
cold  engines.  Vehicular  carbon monoxi de will add t o  any est imate o f  
R i v e r d a l e   p o l l u t a n t   l e v e l s ,   b u t   t h i s   c o n t r i b u t i o n   i s   l i k e l y   t o  be an 
order  o f  magni tude  less  than  the  cont r ibut ion  o f  wood  smoke CO t o   t h e  
ambient a i r  on c o l d  days. 

N 

I 
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APPENDIX I I I 

COMMENTS FROM HEALTH AND WELFARE CANADA 

D r a f t  cop ies   o f   the  body o f   t h i s   r e p o r t  were sent   to   bo th   the   Hea l th  
Protect ion  Branch and the  Medical  Services  Branch  of  Health and Welfare 
Canada, Ottawa. The former  branch has e x p e r t i s e   i n   s p e c i f i c   o r g a n i c  
contaminants such as PAH compounds, w h i l e   t h e   l a t t e r  has r e s p o n s i b i l i -  
t i e s   f o r   p u b l i c   h e a l t h   i n   n o r t h e r n  Canada. I n  personal  communications 
t o   t h e   w r i t e r   b o t h  b r a n c h e s   i n d i c a t e d   t h e i r   i n t e r e s t   i n   o b t a i n i n g   m r e  
sample r e s u l t s  and a b e t t e r   d e f i n i t i o n   o f  PAH concentrat ions i n  
R i  verdal  e. 

The Medical  Services  Branch compared reported  values  for   the  January 
11, 1982 sample w i th   bo th  coke  oven  emissions and ambien t   c igare t te  
smoke and conc luded  tha t   the   leve l  s were much bel  ow those f o r  coke 
ovens,  and above those f o r   c i g a r e t t e  smoke i n  a small  room. They 
concluded  wi th  the  warning  that  i f  t h a t   p a r t i c u l a r  sample i s  repre- 
sentat ive,   then a p o t e n t i a l   f o r  a heal th  hazard i s  ind ica ted .  

The Heal th   Protect ion  Branch compared the  reported  range o f  values f o r  
benzo(a1pyrene t o  measurements o f   t h e  compound i n  t h e   a i r   o f   u r b a n  
environments  without  coke ovens and concluded  they  were  similar. They 
dec ided  tha t   the   smal l  number o f  samples  and the  methodology  prevented 
them from  determining and t h e r e f o r e   e v a l u a t i n g   t h e   s i g n i f i c a n c e   o f  
average PAH leve ls   in   R iverda le .   Bo th   Branches made recommendations 
f o r   f u r t h e r  work  on t h e   s u b j e c t ,   p a r t i c u l a r l y  for i n d o o r   a i r   q u a l i t y   i n  
homes heated by wood. 
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