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ABSTRACT 

This report  presents  the  results o f  an inventory o f  hospital, 
municipal and  sewage sludge waste incinerators  operating in British Columbia 
d u r i n g  the base year 1982. A questionnaire was distributed during  the summer 
o f  1953. 

The nature of the refuse, type o f  incinerator, and other  pertinent 
d a t a  required  for  the compilat ion of an emissions  inventory was determined 
for each incinerator  investigated. This information was then employed t o  
generate  estimates o f  atmospheric emissions from these  point  sources. 
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SUMMARY 

O f  t h e  153 p u b l i c   h o s p i t a l s   o p e r a t i n g  i n  B.C. d u r i n g  1982, 47 were 

found t o  have  had a f u n c t i o n a l   i n c i n e r a t o r .  No p r i v a t e   h o s p i t a l s   u t i 1   i z e d  

o n - s i   t e   i n c i n e r a t i o n  as a means o f  waste  d isposal   / reduct ion.  The h o s p i t a l  

i n c i n e r a t o r s  were  categor ized  as  fo l lows: 10 s i n g l e  chamber u n i t s ;  26 

mu1 t i p 1  e  chamber u n i t s ;  and 11 c o n t r o l l e d   a i r   u n i t s .  

There  were  seven m u n i c i p a l   r e f u s e   i n c i n e r a t o r s  and one sewage 

s ludge  inc inera tor   opera t ing   dur ing  1982. S i x   o f  seven  municipal   refuse 

u n i t s  were c o n t r o l l e d   a i r  models ( s p e c i f i c a l l y  Consumat C - ~ ~ O ' S ) ,  the  Powell 

R i ve r   mun ic ipa l   un i t  was a sing1 e  chamber  model,  and t h e   L u l u   I s 1  and sewage 

s ludge   i nc ine ra to r  was found t o  be a f l u i d i z e d   b e d   t y p e .  
An ex tens i ve   l i t e ra tu re   sea rch   es tab l i shed   rep resen ta t i ve   em iss ion  

fac to rs   fo r   the   p r imary   con taminants  (TSP,  S02, NOx, CO, HC) as  wel l  as f o r  

HC1. These f a c t o r s  were  employed to   generate  est imated  emiss ions o f  the 

above mentioned  contaminants,  based on the mass o f   r e f u s e   i n c i n e r a t e d   i n  each 

r e s p e c t i v e   i n c i n e r a t o r  mbdel. I n  t o t a l ,  42,003 tonnes o f   v a r i o u s   c a t e g o r i e s  

o f  waste  were  estimated t o  have  been i n c i n e r a t e d   d u r i n g  1982, g i v i n g   r i s e   t o  

approximately 4,650 tonnes o f   p r imary   con taminan t   em iss ions   em i t ted   t o   t he  

alxosphere. These composi te   resul ts   are  presented i n   t h e   f o l l  owing  tab1 e. 

More d e t a i l e d   a n a l y s e s   o f   t h i s   d a t a   i s   g i v e n   t h r o u g h o u t   t h e   t e x t   o f   t h i s  
r e p o r t .  Whi le   these  es t imated   emiss ions   a f fo rd  good b a l l p a r k   f i g u r e s ,  

C a r o t t i  and Smith, 1974 sugges t   t ha t   du r ing  shutdown  and s ta r tup   opera t ions ,  

i n c i n e r a t o r   u n i t s  do n o t   o p e r a t e   a t   d e s i g n   c a p a c i t y  and i n c i n e r a t o r  

e f f i c i e n c i e s  may be  low. Thus emissions  dur ing  these one o r  two  hour  periods 

may poss ib l y   equa l   o r  exceed  weekly to ta l   emiss ions .   Th is   suggest ion  was n o t  

i nco rpo ra ted  when ca l cu la t i ng   em iss ions ,   bu t  i s  probab ly   no t   w i thou t   bas i s .  

Emissions o f   t o x i c   c o n t a m i n a n t s   ( s e l e c t e d   t r a c e   o r g n a i c  compounds 

and  heavy  metals)   f rom  refuse  incinerat ion was a l s o   i n v e s t i g a t e d .  Because of  

the  wide  var iance  in  combust ion  dynamics  ( i .e.   temperature,   residence  t ime) 

between  even s i m i l a r   u n i t s   o v e r   t i m e  and t h e   d i r e c t   i m p a c t   w h i c h   t h i s  has  on 

tox ic   contaminant   format ion,  no e x i s t i n g   e m i s s i o n   f a c t o r s  were  considered 
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suitable fo r  the purposes o f  this  report. Therefore, for  the most p a r t ,  
rather than attempting t o  estimate t o x i c  contaminant emissions,  emission 
factors from recent  stack sampling programs and reports have  been presented. 
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1 INTRODUCTION 

As p a r t   o f   t h e   N a t i o n w i d e   I n v e n t o r y  o f  E m i s s i o n s   o f  Air 

Contaminants  (NIEAC)  an i n v e n t o r y   o f   h o s p i t a l  waste,  municipal  waste  and 

sewage s l u d g e   i n c i n e r a t o r s   o p e r a t i n g   i n  B.C. d u r i n g  1982 was undertaken. I n  
view o f   t h e   i n c r e a s e d   p o p u l a r i t y   o f   i n c i n e r a t i o n  as a means o f  waste 

reduc t i on ,   t he   na tu re   o f   a i rbo rne   em iss ions   f rom  these   sou rces   i s   o f   cu r ren t  

i n t e r e s t .  

The mass and compos i t i on   o f  waste,   the  inc inerator  model, and o t h e r  

re levan t   i n fo rma t ion  was determined  for   each  plant  considered.  This  data was 

then  combined  with  emission  factors i n  o rde r   t o   es t ima te   em iss ions   o f   va r ious  

contaminants . 
The resul ts   are  presente.d i n  two p a r t s .   I n   t h e   f i r s t   s e c t i o n ,  

emphasis i s  placed on the   f i ve   p r imary   con taminants ;   par t i cu la tes ,   su lphur  

dioxide,  nitrogen  oxides,  hydrocarbons  and  carbon  monoxide. Due t o   t h e   h i g h  

c h l o r i n a t e d   p l a s t i c   ( i e .  PVC) con ten t  o f  much o f  today's  refuse,  hydrogen 

ch lo r ide   emiss ions  were a l so   o f   p r imary   conce rn .  As these  contaminants  have 

been p r e v i o u s l y   s t u d i e d   * i n   d e t a i l ,  a high  degree o f   c o n f i d e n c e  may be  placed 

i n  t h e   e m i s s i o n   f a c t o r s   a p p l i e d   w i t h i n   t h i s  group.  Projected  emissions o f  
these  major  contaminants have  been  compiled  and  reported. 

The second sec t i on   dea ls   w i th   em iss ions   o f  some o f   t h e  more 

" e x o t i c "  and tox ic   contaminants ;   se lected  t race  organic  compounds, i n c l u d i n g  
d i o x i n s  and  furans,  and  heavy meta l s .  No conclus ive,  generally accepted 

emiss ion   fac to rs   ex is t   fo r   these  subs tances ,   thus   ac tua l   emiss ions  were n o t  

c a l c u l a t e d   i n   m o s t  cases.  However, recent   s tack  sampl ing  resul ts   are 

summarized  and pre l   iminary  emiss ion  factors   are  presented.  
Appendix 1 gives a b r i e f   d e s c r i p t i o n   o f   t h e   v a r i o u s   i n c i n e r a t o r  

model s encompassed w i t h i n   t h i s   s t u d y ,  as we1 1 as the i r   i nd i v idua l   combus t ion  

c h a r a c t e r i s t i c s .  
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2 METHODOLOGY 

Data required  for  this study was primarily obtained via  a mailed 
questionnaire (Appendix 2 )  and th rough  telephone conversations. Su i  tab1 e 
emission factors were determined th rough  an extensive  literature  search. 

2.1 HosDi t a l  Incinerators 
Lists of a l l  the p u b l i c  and  private  hospitals  operating i n  B.C. i n  

1982 were obtained from the British Columbia Health Association and from the 
British Columbia Association.of  Private Care Facilities  respectively. Each 
hospital with more than  50 beds was contacted by telephone t o  ini t ia l ly  
identify  those w h i c h  had an incinerator  operating i n  1982. A detailed 
questionnaire was then  mailed as  required. 

2.2 Municipal and  Sewage Sludge Incinerators 
The  names and locations of municipal  waste and sewage sludge 

incinerators i n  B.C.  were obtained from the  Ministry of Environment's Waste 
Management  Branch and from EPS registry  files. This data  base proved 
sufficient t o  provide the  necessary information regarding  the 7 operating 
municipal waste incinerators i n  the  province. The lone operating sewage 
sludge incinerator a t  L u l u  Island  in Richmond  was contacted and  visited 
directly. 
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3 PRIMARY CONTAMINANTS 

"Pr imary   con taminants"   usua l l y   re fe rs   to  a group o f   p o l l u t a n t s  

wh ich   inc lude  par t i cu la tes ,   su lphur   d iox ide ,   ox ides   o f   n i t rogen,   carbon 

monoxide,  and  hydrocarbons.  Hydrogen c h l o r i d e  was also  viewed as a pr imary 

contaminant i n   t h i s   r e p o r t .   E s t a b l i s h e d   ( l e g i s l a t e d )   c r i t e r i a   e x i s t   e i t h e r  

federa l l y   and/or   p rov inc ia l l y   fo r   these  parameters   w i th   the   except ions  o f  

hydrocarbons  and H C l  . The appl   icable  ambient   a i r   qual  i ty o b j e c t i v e s  and 

gu ide l i nes   a re   g i ven   i n   Tab le  1. 

A thorough  rev iew  o f   ex is t ing   emiss ion   fac to rs  was conducted  to  

assure  that   the  va lues  appl ied  here were r e p r e s e n t a t i v e   o f   t h e   t y p e   o f  

i n c i n e r a t o r   b e i n g  used  and o f   the   na ture   o f   the   was te   be ing   burned.  The 

fac to rs   wh ich  were u l t i m a t e l y   a r r i v e d   a t   f o r   t h e   v a r i o u s   i n c i n e r a t o r  models 

and  subsequent ly   u t i l i zed   a re   p resented   in   Tab le  2. 

3.1 Auxi 1 i ary   Fue l  

Man.y i n c i n e r a t p r s  use o i l  as a u x i l i a r y   f u e l   e i t h e r   f o r   " s t a r t  up" 

o r   t o   m a i n t a i n   d e s i r a b l e  combust io.n  temperatures  dur ing  incinerat ion.   This 

s i t u a t i o n  was i n v e s t i g a t e d  t o  determine SO2 format ion  f rom  th is   source.  
I n  B.C., number 2 d i e s e l   o i l   ( t h e  most common a u x i l i a r y   f u e l )  

conta ins  about  0.02% sulphur.   Mater ia l   balance  calculat ions  (Appendix  111) 

showed t h i s  SO2 c o n t r i b u t i o n  t o  be minor compared t o   t h a t   s u l p h u r   d i o x i d e  
which i s  generated  from  the  combustion o f  waste i t s e l f .  As we l l  , SO2 from 

a u x i l i a r y   f u e l  was l i k e l y  accounted  for  i n   e x i s t i n g  SO2 emission  factors.  

3.2 MuniciDal Waste Inc inera tor   Emiss ion   Fac tors  
Abundant  emission  factor  data  has  been  published by va r ious  

regu la to ry   agenc ies ,   inc lud ing   p rev ious   s tud ies   by   the  EPS. O f  p a r t i c u l a r  

v a l u e   t o   t h i s   r e p o r t  was a se r ies  o f  EPS studies  conducted on the Consumat 

760 ( c o n t r o l l e d   a i r )   m u n i c i p a l   i n c i n e r a t o r   a t  Lake  Cowichan,  Vancouver 

Is land,   wh ich   repor ted   emiss ion   fac to rs   fo r   a l l   p r imary   con taminants .  As s i x  

o f  seven  municipal   waste  incinerators i n  B.C. a r e  Consumat 760's,  a h i g h  

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

these   un i t s .  A HC1 e m i s s i o n   f a c t o r   o f  1.8 Kg/tonne fo r   mun ic ipa l  Consumat 
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760's was der ived  f rom a ch lor ine  mater ia l   ba lance  (Appendix  IV), wherein i t  

was assumed a l l   a v a i l   a b l e   c h l o r i n e  formed HC1. McCol gan, 1977 s t a t e s   t h a t  on 

average  about 50% o f   c h l o r i n e   p r e s e n t   i n   t h e  waste  feed  would  form HC1, hence 

o u r   f a c t o r  may overest imate HC1 emissions. 
The remain ing  munic ipa l   inc inerator ,   which i s   n o t  a c o n t r o l l e d   a i r  

model, i s   l o c a t e d   a t   P o w e l l   R i v e r .  It was also  manufactured  by Consumat, b u t  

i s   o f  an ear l ie r   rud imentary   des ign ,   be ing  a s i n g l e  chamber, batch  loaded, 

D i t  type. The emiss ions   es t imated   f rom  th is   un i t  were  based  on the  U.S .  

EPA's s i n g l e  chamber i n c i n e r a t o r   e m i s s i o n   f a c t o r s  (20).  

Total   est imated  emissions of primary  contaminants  from  municipal 

i nc ine ra to rs   a re   p resen ted   i n   Tab le  3, and ind i v idua l   p lan t   em iss ions   a re  

g iven i n  Table 4. 

TABLE 3 PRIMARY CONTAMINANT EMISSIONS, 1982 ( u n i t s   a r e   t o n n e s )  

NEG - emiss ion   fac to r  < 0.01 kg/tonne 

(1) emissions  based on 5,499 tonnes   re fuse   inc inera ted  
( 2 )  emissions  based on 33,979 tonnes   re fuse   inc inera ted  
(3)  emissions  based on 2,525 tonnes sewage s ludge  inc inera ted  

N.A. - n o t   a v a i l a b l e  

3.3 Hosp i ta l  Waste Inc inera tor   Emiss ion   Fac tors  

The ava i l ab le   da ta  base regard ing  emiss ions from th i s   sou rce  was 

n o t  as extens ive as was the   case   w i th   mun ic ipa l   i nc ine ra to rs .   Add i t i ona l l y ,  
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many d i f f e r e n t  models,  each r e q u i r i n g   i t s  own emiss ion   fac to rs  were 

encountered   dur inq   th is  phase o f  th is   s tudy .  

F o r   t h e   l a r g e r   c o n t r o l l e d   a i r   i n c i n e r a t o r s ,  it was prudent   to   app ly  

the   resu l ts   o f   s tud ies   under taken by EPS a t   t h e  Royal Jub i l ee   Hosp i ta l  (RJH) 

i n   V i c t o r i a .  These repor ts   p rov ided good data on emissions o f  pr imary 

contaminants   f rom  hospi t ,a l   waste  inc inerat ion,  and a l s o  on hospi ta l   waste 

generat ion  per  bed-day. The waste  generat ion  data  a l lowed  for   the  est imat ion 

o f   t h e  amount o f  waste  produced  and la te r   bu rned   a t   t hose   hosp i ta l s   wh ich  

cou ld   no t   supp ly  an es t ima t ion   o f   t he i r   was te  volume. 

A HCl em iss ion   f ac to r   o f  8.3 Kg/tonne was taken  from  another RJH 

study ( 3 ) .  Many hosp i ta l  s s o r t   ' p o r t i o n s   o f   t h e i r   w a s t e   p r i o r   t o   i n c i n e r a t i o n  

and t h e r e f o r e  may n o t  have the same p l a s t i c  component as the RJH. Thus i t  i s  

p o s s i b l e   t h a t   t h i s  HC1 f a c t o r  may .overest imate  chlor ine  emissions  f rom some 

h o s p i t a l   u n i t s ,   b u t  i t  was assumed t o  be  more representa t ive   than  the  

mun ic ipa l   f ac to r .  
For   hosp i ta l  s not   hav ing a c o n t r o l  1 ed a i r   i n c i n e r a t o r   s i m i l a r   t o  

the Consumat 760, the U.S. EPA's emiss ion   fac to rs   fo r   mun ic ipa l   was te  

i n c i n e r a t o r s  were  appl ie 'd ,   accord ing  to   inc inerator   type.   Whi le   these  va lues 

may n o t  be  as  accurate as t h o s e   u t i l i z e d   f o r   m u n i c i p a l  waste i n c i n e r a t i o n ,  

they do a f f o r d  good basel ine  est imates.  

Estimated 1982 pr imary   con taminant   emiss ions   f rom  hosp i ta l   un i ts  

have  been  compil  ed and are  presented i n  Table 3. I n d i v i d u a l   h o s p i t a l  
emissions  are  found i n  Table  5 which a1 so ar ranges  the   .hosp i ta l   un i ts  

acco rd ing   t o  R.C. MOE regional   boundar ies,  and g i ves   t he   reg iona l  and 

p r o v i n c i a l   t o t a l  s .  

3.4 Sewage Sludge I n c i n e r a t o r  Emission Fac to rs  

There i s   c u r r e n t l y   o n l y  one opera t i ng  sewage s l u d g e   i n c i n e r a t o r   i n  

B.C. It i s   l o c a t e d  a t  L u l u   I s l a n d   i n  Richmond,  and  employs a f l u i d i z e d  bed 

combustion  process. As source   tes t ing   da ta  was a v a i l a b l e   f o r   t h i s   p l a n t  no 

ex terna l l y   genera ted   emiss ion   fac to rs  were  required.  Estimated 1982 

emissions  f rom  th is  source  are  presented i n  Table 2. 
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TABLE 4 PRIMARY CONTAMINANT EMISSIONS - INDIVIDUAL MUNICIPAL UNITS, 1982 

(un i ts   a re   tonnes)  

" 

INCINERATOR-SITE 

Kent  (Agazzis) 

Koksi 1 ah ( Duncan ) 

Meade Creek - 3 u n i t s  

(Cowichan  Lake) 

Pearl  ess Road 

(Ladysmi t h )  

Powel 1 R ive r  

TOTALS 

PART. 

2.6 

,18.8 

3.4 

5.2 

157.2 

187.2 

1.4 

9.7 

1.8 

2.7 

16.5 

32.1 

NEG - emiss ion   fac to r  < 0.01 kg/tonne 

NOx 

2.9 

2.1 

3.8 

5.8 

6.6 

21.2 

co 

NEG 

NEG 

NEG 

NEG 

3960 

3960 

HC 

NEG 

NEG 

NEG 

NEG 

198 

198 

HC1 

3 . 3  

2.3 

4.3 

6.5 

24.0 

61.1 

TOTAL 

10.2 

53.6 

1 3 . 3  

20.3 

4362.3 

4459.7 

NOTE: emissions based on  33,979 tonnes   re fuse   inc inera ted  
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TABLE 5 PRIMARY CONTAMINANT EMISSIONS - INDIVIDUAL HOSPITAL UNITS, 1982 (1) 
(un i ts   a re   tonnes)  

HOSPITAL TOTAL  HC1 HC C O  NOx SO2 P a r t  

VAHCOUVER ISLAND DISTRICT 
Campbell R iver  & D i s t r i c t  ( A )  

.02 NEG. NEG .01 NEG  NEG N € G  West Coast  General  (A) 

.03 N EG NEG .02 NEG  NEG  N  EG T r i l l i u m  Lodge (A) 

.01 NEG  NEG  NEG  NEG NEG NEG S t .  Joseph's  General (8) 
7.95  5.72 NEG NEG 1.1 .52 .61 Royal  Jubi lee  (C) 
1.48 .04 .07 1.31 NEG .01 .05 Nanaimo Regional  General ( A )  

.58  .3 .04 .07 .04 .05 .08 Cowichan D i s t r i c t  (B) 
14.76  .36  .66  13.14  .02 .06 .52 

DISTRICT TOTALS 1.27  .65 1.17 14.56 .78 6.43 24.86 

LOWER  MAINLAND 
Burnaby  General  (C) 

41.89 22.21 2.68 4.82 2.94 3.35  5.89 Coloney Farm (B) 
. O l  N EG NEG  NEG NEG NEG N EG Surrey  Memorial (B) 
.51 .27 .03 .06 .04  .04 .07 S t .  Mary's (New West) (B) 
.51 .36 NEG  NEG .07 03 .04 Royal  Col  umbian (C) 

2.0  1.05  .13 .23 .14 .16 .28 Peace Arch D i s t r i c t  ( B )  
17.22 .42 .77 15.33 .03 .06 .61 Mi ssion Memori a1 (A) 

.31 .21 NEG NEG - 05 .02 .02 M.S.A. General (C) 

.15 .10 NEG  NEG .02  .01  .01 Map1 e  Ridge  (C) 

.02 . O l  NEG  NEG  NEG NEG  NEG Langley  Memorial (B) 

.06 .03 NEG .01 NEG  NEG . O l  Chi1  1  iwack  General ( B )  
1.06; .76 NEG  NEG .15  .07  .08 Vancouver  General  (C) 
1.49  1.06 NEG NEG .20  .10 .12 Shaughnessy (C) 

.15 .10 NEG NEG .02 . O l  .01 S t .  Pau l ' s   (C l  

.41 .21 .03 .05 .03 .03 .06 S t .  Mary 's   (Sechel t )  (B) 

.23 .12 .01 .03 .02 .02 .03 Richmond General ( B )  

.33 .17 .02 .04 .02 .03 .05 L o u i s   B r i e r  Home (B) 
9.73 5.15 .62 1.12 .68 .79 1.37 L ions  Gate  (C) 
1.55 .82 .10 .18 .ll  .12 .22 Health  Sciences  Centre ( B )  . 

.16 .ll IIEG NEG .02 . O l  .01 De l ta  (C) 

.03  .02 NEG  NEG  NEG  NEG NEG 

DISTRICT TOTALS 8.89  4.85  4.55 21.88 4.4 33.19 77.76 

NEG = < .01 Tonne 
(1) emissions  based on 5,499 tonnes  re fuse  inc inerated 

(A)   S ing le  Chamber U n i t  
(8 )  Mu1 t i p l e  Chamber U n i t  
(C)   Cont ro l led  Air U n i t  

NOTE: columns may n o t  add c o r r e c t l y  due to   round ing  

CONTINUED.. . 
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TABLE 5 Continued 

- 
HOSP I TAL 

- 

KOOTENEY 
Cranbrook and D i s t r i c t  ( 8 )  
Kimberley and D i s t r i c t  ( A )  
Kootenay  Lake D i s t r i c t  ( 8 )  
Tra i  1 Regional  (A) 

D ISTRICT TOTALS 
- 

CARIB00 
G.R.  Baker  Memorial ( A )  
Car i  boo Memori a1 (B) 

D ISTRICT TOTALS 

SKEENA 
B u l k l e y   V a l l e y   D i s t r i c t  (Bj 
Burns  Lake and D i s t r i c t  (C) 
M i l l s  Memorial  (B) 
Prince  Rupert  Regional (€3) 

DISTRICT TOTALS 
- 

OMINECA-PEACE 
Dawson Creek  and D i s t r i c t  ( B )  
F o r t  S t .  John  General  (A) 
Pouce Coupe Community ( A )  
Pr ince  George Regional  (C) 
S t .  John ( B )  

DISTRICT TOTALS 

N E G  - < 0.01 Tonne 

.31 .03 

.20 .ll 
1 .72  .18 

2.28 .35 

NEG NEG 
.06 .03 

I 

.06 .03 

.01 
. O l  .02 
NEG 

.14 .24 

.04 .07 

.03 
.16 
.04 
N EG 

.25 

NEG 
.02 
.03 
NEG 

.06 

NEG 
.03 

.03 

NEG 
.03 
.04 
.12 

.19 

.01 
NEG 
. O l  
.07 
N EG 

.09 

C0 

.04 
7.8 

.16 
43.10 

51.1 

.04 

.05 

.08 

. O l  
NEG 
.06 
.20 

.26 

.Ol 

.77 
4.11 

N EG 
N EG 

4.89 

(1) - emissions  based on 5,499 tonnes  re fuse  inc inerated 

(A)   S ing le Chamber U n i t  
(B) Mu1 t i p l e  Chamber U n i t  
IC )   Con t ro l l ed  Air U n i t  

NOTE: columns may n o t  add c o r r e c t l y  due to   round ing  

CONTINUED.. . 
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TABLE 5 Continued 

NE3 - < 0.01 Tonne 
(1) - emissions  based on 5,499 tonnes   re fuse   inc inera ted  

( A )  Sing le  Chamber U n i t  
( B )  Mu1 ti p l e  Chamber U n i t  
(C) Cont ro l l ed  Air U n i t  

NOTE: columns may n o t  add c o r r e c t l y  due to   round ing  
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4 TOXIC  CONTAMINANTS 

The tox ic   contaminants  encompassed he re   a re   impor tan t   f o r   t he i r  

po ten t ia l   o r   p roven  de t r imenta l   hea l th  and env i ronmenta l   e f fec ts .   For   th is  

s tudy   se lec ted   t race   o rgan ic  compounds  and heavy  metals were t r e a t e d  as t o x i c  

contaminants.  There i s   c u r r e n t l y  no f e d e r a l   l e g i s 1   a t i o n   w i t h   r e g a r d   t o  

ambient a i r   concen t ra t i ons   o f   t he   o rgan ic   spec ies   dea l t   w i th  below.  However, 

t h e  B.C. MOE has published  Ambient Air Contro l   Object ives fo r  heavy  metals, 

which  are  presented i n  Table 6. 

4.1 Organic Compounds 
Numerous organic  compounds may be  formed  during  incomplete 

combustion.  Chlorine i n   t h e   r e f u s e  may be l ibera ted   dur ing   combust ion  arid 

s u b s e q u e n t l y   f a c i l i t a t e   t h e   f o r m a t i o n   o f  a  number o f   c h l o r i n a t e d   o r g a n i c  

compounds, some o f  which  are  extremely  taxic.  The ch lo r i na ted   o rgan ic  

s p e c i e s   u n d e r   c o n s i d e r a ' t i o n   h e r e   i n c l u d e   d i o x i n  and f u r a n ,   a n d  

po lych lo r i na ted   b ipheny ls  (PCBs). 

Unch lor ina ted   *o rgan ic  compounds a r e   a l s o   p o s s i b l e   p r o d u c t s   o f  

incomplete  combustion. A general  group o f  hydrocarbons ,   the   po lycyc l   i c  

aromatic  hydrocarbons (PAHs) , will be b r i e f l y   d i s c u s s e d .  

4.1.1 D i o x i n  and  Furan. - D i o x i n  and  Furan  are  the  generic  terms  used 
when referring to any o f  the possible 75 species of polychlorinated 
dibenzo-p-dioxin (PCDD), and 135 spec ies   o f   po l ych lo r i na ted   d ibenzo fu ran  

(PCDF). U n f o r t u n a t e l y   t h e   p u b l i c  now f requen t l y   assoc ia tes   t he   t e rm  "d iox in "  

s p e c i f i c a l l y   w i t h  2,3,7,8-TCDO, the   most   tox ic  PCDO congener.  This may r a i s e  

unwarrented  publ ic  concern i n  some instances  because  while some o f  these 

organic compounds have  proven t o  be ex t remely   tox ic ,   o thers   have  ye t   to  

demonstrate  their   envirmonmental   s igni f icance. 

T o x i c i t y   i s  dependant  upon t h e   l o c a t i o n   o f   t h e   b o n d i n g   s i t e s  

occupied  by  ch lor ine.  The  PCDD's and PCDF's which  have  chlor ine on t h r e e   o r  

f o u r  o f  t h e i r   l a t e r a l   b o n d i n g   s i t e s  have shown t h e   g r e a t e s t   t o x i c i t y  ( 3 ) .  

I n d i v i d u a l   t o x i c i t i e s   a r e   h i g h l y   v a r i a b l e  amongst c lose ly   re la ted   i somers .  

Rappe, 1984 s t a t e s   t h a t  LD50 r e s u l t s  may vary  by a f a c t o r  as l a r g e  as lo3 t o  

104 between 2,3,7,8-TCDD and 1,2,3,8-TCDD. 
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TABLE 6 B.C. MOE HEAVY METAL  AMBIENT A I R  CONTROL OBJECTIVES ( 2 )  

PARAMETER* 

Antimony (Sh) 

Arsenic ( A s )  

Beryl 1 ium  (Be) 

Cadmi urn (Cd 1 

Chromium (Cr )  

Copper (Cu 1 

Lead ( P b )  

Mercury (Hg) 

Molybdenum (Mol 

Nickel ( N i  1 

Selenium (Se) 

Vanadium ( V )  

Zinc (Zn) 

* t o t a l  gaseous and p a r t i c u l a t e  

RANGE (ug/m3) 

0.1 

0.1 

0.005 

0.05 

0.05 

0.25 

1.0 

0.1 

0.1 

0.01 

0.1 

0.05 

1.0 

0.5 

1 .o 

0.1 

0.3 

0.1 

2.5 

2.5 

1 .o 

2.5 

0.1 

0: 5 

1 .o 

2.5 
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The most t o x i c   d i o x i n  and furan  congeners  are  given i n  Table 7. 

TABLE 7 MOST TOXIC D IOXIN AND FURAN ( 3 )  

Dioxin  Furan 

2,3,7,8-tetra-CDD 
1,2,3,7,8-penta-CDD 
1,2,3,4,7,8-hexa-CDD 
1,2,3,6,7,8-hexa-CDD 
1,2,3,7,8,9-hexa CDD 

2,3,7,8-tetra-CDF 
1,2,3,7,8-penta-CDF 
2,3,4,7,8-penta CDF 
2,3,4,6,7,8-hexa-CDF 
1,2,3,4,7,8-hexa CDF 

While  stack  sampling  analyses i n  North  America, Europe,  and Asia 

have shown t race  amounts o f  PCDD and PCDF in   i nc ine ra to r   em iss ions ,   t he  

o r i g i n   o f   t h e s e  compounds remains a somewhat cont rovers ia l   sub jec t .  Two main 

theo r ies  have evol ved. 

The most l i k e l y   s c e n a r i o   i s   t h a t  PCDD and PCDF are  formed  from 

p r e c u r s o r  compounds i n   t h e   w a s t e   w h i c h  become c h l o r i n a t e d   d u r i n g  

combustion.The o t h e r   t h e o r y   i s   t h a t   t h e   d i o x i n  and f u r a n   e x i s t   i n   t h e   r e f u s e  

i t s e l f  and are  s imply   l iberated  dur ing  combust ion.   A l though  d iox in  and fu ran  

sometimes do e x i s t  as i m p u r i t i e s   i n  some herbic ides,   chlorophenols,  and o ther  

r e l a t e d  compounds, i t  seems u n l i k e l y   t h a t   d i o x i n   i n  raw refuse  are  the  source 

o f   d iox in   em iss ions  f rom s o l i d  waste  inc inerat ion.  

4.1.2 D i o x i n  and  Furan  Emission  Factors.  Hart, 1984 suggests   that  
combustion  condit ions, and no t   re fuse  composi t i on   (a1   t hough   th i s  may a f f e c t  

combustion  dynamics),  are  the  main  factors i n  PCDO and PCDF format ion.  tlhen 

waste was sp iked with three  t imes  the  previous amount o f  PVC, thereby 

i nc reas ing   ch lo r i ne   con ten t ,  no s i g n i f i c a n t   d i f f e r e n c e   i n   d i o x i n   l e v e l s  was 

detected. 

Therefore, i t  may n o t  be erroneous t o   a p p l y   d i o x i n  and fdrar l  

emission  factors  developed  from EPS tes ts   conduc ted   a t   t he  R.J.H. i n c i n e r a t o r  

( 3 )  (Consumat 760) t o   m u n i c i p a l   i n c i n e r a t o r s ,   p r o v i d e d   t h a t   t h e y   a r e   o f  a 

s i m i l a r   c o n t r o l l e d   a i r   d e s i g n .  A1 though  the R.J.H. resu l t s   p rov ide   recen t  

stack  sampl ing  data,   the  emission  factors  der ived  f rom  th is  study  remain  of  
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1 im i ted   va lue  because: I .)  they   a re   no t   i somer   spec i f i c ,  2 )  organic  sampling 

o f   t h i s   n a t u r e  i s  s t i l l  developing, 3 )  these  fac to rs  may on ly  be a p p l i e d   t o  

c o n t r o l   l e d   a i r  models and 4 )  var ious  sampl ing  programs  have  indicated  that  

w h i l e   d a i l y   e m i s s i o n s  may be f a i r l y   c o n s t a n t ,   t h e r e   i s  most l i k e l y   w i d e  

month ly   and  seasonal   var ia t ion.   Wi th   th is   in  mind, d i o x i n  and furan  emiss ion 

fac to rs   a re   p resented   in   Tab le  8, and est imated  emiss ions  f rom  the  s ix  B.C. 

munic ipa l  Consumat 760 i n c i n e r a t o r s   a r e   g i v e n   i n   T a b l e  9. Note t h a t  no 

t races   o f   t he   d iox in   t e t ra -CD homologue ( t h e  most t o x i c )  were de tec ted   dur ing  

the  R.J.H. study. 

4.1.3 PCDD and PCDF Emission  Controls.  Hart,  1984 proposes  these  to 
be   the   op t imum  combust ion   cond i t ions   fo r   the   des t ruc t ion   o f  PCDU and 

PCDF : 

1 )  minimum o f  1 t o  2 seconds  gas res idence   t ime   a t  a temperature of 900" t o  

2 )  v e r y   t u r b u l e n t   c o n d i t i o n s   i n   t h e   h i g h - t e m p e r a t u r e  zone; 
3 )  an a i r / f u e l   m i x t u r e   w i t h  a s l i g h t  excess o f  oxygen. 

Assuming the  above t o  be c o r r e c t ,   t h e n   a l l   u n i t s   w h i c h   a r e   n o t   o f  a 

c o n t r o l l e d   a i r   d e s i g n   a r e   t h e r e f o r e   l i k e l y   t o  have g r e a t e r   d i o x i n  and furan 

emiss ion  factors   than  those  presented  in   Table 8. This may be s i g n i f i c a n t  

w i t h   r e g a r d   t o   o t h e r  model s i tes ,   wh ich   burn   la rge  volumes d a i l y   ( i  .e. Powell 

R i ve r   Mun ic ipa l   I nc ine ra to r ) .  

1ooo"c; 

TABLE 8 D I O X I N  AND FURAN EMISSION FACTORS (1) 
( f rom  Hosp i ta l   I nc ine ra to r ,   Con t ro l l ed  Air Unit)  

EMISSION FACTOR (ug/Kg) 

D i o x i n  Furan 
HOMOLOGUE 

Te t ra  CD 

0.3 0.2 Hepta CD 
0.G 0.2 Hexa CD 
0.6 0.2 Penta CD 
0.3 N.D. 

Octa CD 0.3 0.2 
To ta l  PCD 0.9 2.0 

(1) ca lcu la ted   f rom  emiss ion   ra te   ( i e .   ug /h r ) ,   re f .  3 
N.D. - < 0.5 ng /hr   dur ing   source   tes t ing  
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HOMOLOGUE 

r e t r a  CD 

)enta CD 

iexa CD 

lepta CD 

k t a  CD 

-0TAL 
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PCDD AND PCDF EMISSIONS, 1982 (Munic ipa l   Contro l led Air Inc ine ra to rs )  

( u n i t s   a r e  grams) 

I N C I N E R A T O R  S I T E  

KOKS I LAH 

PCDD 

N.A. 

2.6 

2.6 

2.6 

3.9 

11.7 

PCDF 

3.9 

7.8 

7.8 

3.9  

2.6 

25.9 

PEERLESS 

PCDD PCDF 

N.A. 1.1 

0.7 2.2 

Oi7 2.2 

0.7 1.1 

1.1 0.7 

3.2  7.2 

MEADE CR. 

PCDD 

N.A.  

0.5 

0.5 

0.5 

0.7 

2.1 

PCDF 

0.7 

1.4 

1.4 

0.7 

0.5 

4.7 

KENT 

PCOD 

N.A.  

0.4 

0.4 

0.4 

0.5 

1.6 

PCDF 

0.5 

1.1 

1.1 

0.5 

0.4 

3.. 6 

TOTAL 

PCDD 

P4.A. 

4.2 

4.2 

4.2 

6.2 

.a. 7 

PCUF 

6.2 

12.5 

12.5 

6.2 

4.2 

41.5 

N.A.-  compound not   detected ( <  0.5 ng /hr )   dur ing   source   tes t ing  

NOTE: estimated  emissions  based on 20,770 tonnes  waste  incinerated 
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4.2 Polych lo r ina ted   B ipheny ls  (PCBs) 
PCBs have  been i d e n t i f i e d   i n   b o t h   m u n i c i p a l  and h o s p i t a l  

incinerator  emissions.  O'Connel l  , 1979 suggests  their   presence  probably 
resul ts   f rom  incomplete  combust ion  o f   t race PCBs i n   t h e  waste  feed. 

While PCBs have n o t   y e t  been e m p i r i c a l l y   i d e n t i f i e d  as human 

carcinogens  they  remain a suspected  carcinogenic  agent i n  humans and are 

control led  under  the  Environmental  Contaminants  Act.  While  considerable 

s tack  analys is  has  been conducted  for   these  types  of   organics no w ide ly  

accepted  emiss ion  factors   ex is t   thusfar .   Table 10 presents  crude PCB 

emiss ion   fac to rs   fo r   bo th   hosp i ta l  and munic ipa l   un i ts .  Due t o   t h e   l a c k   o f  

conf idence i n  these  f igures,  no at tempt has  been made t o   e s t i m a t e  PCB 

emissions. 

TABLE 10 PCB EMISSION FACTORS 

INCINERATOR TYPE EMISSION FACTOR (mg/Tonne) 

Munic ipa l  65.0 ( r e f .  15) 
Hosp i ta l  (Consumat 760) 29.2 ( r e f .  3 )  

4.3 Polynuclear  Aromatic  Hydrocarbons (PAHs) 
1.ncomplete  combustion o f  carbonaceous f u e l s   ( i e .   r e f u s e )  may also 

g i v e   r i s e   t o   y e t   a n o t h e r   f a m i l y  o f  p o t e n t i a l l y  dangerous  organics,  the 

unchlor inated  aromat ic compounds. Those o f   i n t e r e s t   i n   t h i s   r e p o r t   a r e  

f requent ly  grouped  together as the   po lynuc lear   (po lycyc l   i c )   a romat ic  

hydrocarbons (PAH). 

The poten t ia l   mutagen ic   and/or   carc inogen ic   qua l i t ies   o f  some of 

these compounds (i.e.  Benzo(A)Pyrene) have  been recogn ized   f o r  some t ime,   bu t  

as i s   t h e  c a s e   w i t h   d i o x i n   i n d i v i d u a l   t o x i c i t y   v a r i e s   g r e a t l y  amongst group 

members. 
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A1 though PAHs have been w e l l  documented, ana ly t i ca l   s tack   sampl ing  

procedures  are s t i l l   e v o l v i n g .  As w i t h  most  other  " toxic"   contaminants,  

q u a n t i t a t i v e   a n a l y s i s   i s   n o t   y e t   p e r f e c t e d  due to   t he   ex t reme ly   m inu te  
amounts be ing   t es ted   f o r ,  commonly sub  ppb ( p a r t s   p e r   b i l l   i o n ) .  

The amount o f   conc lus i ve   da ta  on PAH emissions  from  waste  burning 

i s   v e r y  1 i m i t e d  and  most 1 i k e l y  does no t   rep resen t   t he   ac tua l   s i t ua t i on  

accurately.   Emission  factors  based on p re l im ina ry  EPS and EPA r e p o r t s   a r e  
presented i n  Table 11. Again,  as n o t  much conf idence may be  placed i n  

these  fac to rs ,  no attempt  has been made to   es t ima te   ac tua l  PAH emissions. 

4.4 Heavy  Metal s 
Heavy meta ls   ( ie .   lead ,  cadmium, mercu ry )   pose   s ign i f i can t   hea l th  

hazards when the i r   env i ronmenta l   .p resence  r i ses  above natural   background 

l e v e l s .   T h e i r   e x t r e m e   t o x i c i t y  has  been w e l l  documented f o r  some t ime. 

Atmospher ic  lead  concentrat ion i s   p r e s e n t l y  a h i g h   p r i o r i t y   t o p i c   f o r   b o t h  

the   Canad ian   and   Amer i can   gove rnmen ts ,   resu l t i ng   i n   t he   somewha t  

c o n t r o v e r s i a l   l e a d   i n   g a s o l i n e  phase-down programs cur ren t ly   be ing   pursued  by  

bo th   count r ies .  

Emiss ion   fac to rs   fo r  14 heavy  metals  are  reported i n  Table 12. 
These are  based  on  resul ts  of  EPS s tack   sampl ing   o f   the  sewage sludge 

i n c i n e r a t o r   a t   L u l u   I s l a n d  and o f   t h e   i n c i n e r a t o r   a t   t h e  Royal J u b i l e e  

Hospi ta l .   Munic ipa l   waste  factors   are  suppl ied  f rom EPA studies.  
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TABLE 11 PAH - EMISSION FACTORS 

COMPOUND 

Benzo(A)Anthracene C? Chrysene 

Chrysene 5( Tr iphey l  ene 

Benzo(A)Fluoranthene & 13(J)F & B(K)F 

Benzo(B)Fluoranthene & B(K)F 

Benzo(A)Fluor ine 

Benzo(G,H,I)Perylene 

Benzo(A)Pyrene & B ( E ) P  

Benzo (A)  Pyrene 

Benzo ( E )  Pyrene 

F1 uoranthene 

Peryl ene 

Pyrene 

Phenanthrene 

2-Me-Benzo(A)Anthracene 

N.A. - va lue   no t   ava i lab le  

MUNICIPAL (1 )  
(mu1 ti-chamber) 

W K g  

3.1 

N.A. 

1.4 

N.A. 

N.A. 

1.6 

0.8 

N.A.  

N.A. 

4.9 

0.8 

5.7 

N.A.  

N.A. 

N.D. - not   de tec ted  ( <  0.2 ug)   dur ing   source   tes t ing  

HOSPITAL ( 2 )  
(Consumat 760) 

uglKg 

N . A .  

9.1 

N.A. 

7.3 

5.8 

N.D. 

5.0 

N.D. 

5.0 

5.0 

. 8.6 

2.0 

1.7 

1.2 

(1) ref. 19, samples taken downstream from po l  1 u t i o n   c o n t r o l   d e v i c e  
(2 )  ref. 3 
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RECOMMENDATIONS 

1. I n v e s t i g a t i o n s  be under taken   i n to   t he   quan t i t i es ,   cha rac te r i s t i cs   and  

methods o f   d i s p o s a l   o f   h o s p i t a l   r a d i o a c t i v e   w a s t e s ,   e s p e c i a l l y   a t   t h e  

Vancouver  General  Hospital. 

2. S tud ies   be   conduc ted   i n to   t he   quan t i t i es   and   cha rac te r i s t i cs   o f   t he  

o rgan ic   and   espec ia l l y   t he   ch lo r i na ted   o rgan ic   so l ven ts   be ing   i nc ine ra ted  

a t  U.B.C. 

3.  The consequences o f   t h e   i n c i n e r a t i o n   o f   s m a l l   q u a n t i t i e s   o f   n e o p l a s t i c  

drugs a t  sma l l   poo r l y   con t ro l l ed   i nc ine ra to rs   be   i nves t i ga ted .  

4. The r e s u l t s   o f   t h i s  survey   inc lud ing   the   emiss ion   fac to rs  be incorpora ted  

i n t o  a computer  data  base management system t h a t  would  a l low  the  easy 

r e t r i e v a l  o f  da ta   and  updat ing   o f   was te   quant i t ies  and  emission  factors. 

5. Studies  be  undertaken on h o s p i t a l  ash samples t o   a s c e r t a i n   t h a t   b u l k  

b a t c h   t y p e   i n c i n e r a t o r s   a r e   o p e r a t i n g   a t   s u f f i c i e n t  Sed temperatures  to  

assure  complete  dest ruct ion of  pathogens, ch lo r i na ted   o rgan ics  and 

neop las t ics .  

6. The opera t i ng   cond i t i ons  and  emissions o f   t h e   P o w e l l   R i v e r   i n c i n e r a t o r  be 

more  thoroughly  invest igated. 
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APPENDIX I 

INCINERATOR MODELS 
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1 SINGLE  CHAMBER  INCINERATOR 

These u n i t s   r e p r e s e n t   t h e   f i r s t   g e n e r a t i o n   o f   i n c i n e r d t o r s ,  and as 

such t h e y   a r e   o f  a very  basic  design. These i n c i n e r a t o r s   c o n s i s t   o f  a s i n g l e  

chamber i n t o   w h i c h   r e f u s e   i s   l o a d e d  and lit. They may o r  may n o t  have a 

meta l   grate upon which  the  waste i s  loaded.  Incomplete  combustion  and  high 

emiss ion   ra tes   a re   charac ter is t i c   o f   these  mode ls .   F lue   g lasses   a re   no t  

t r e a t e d  and a r e   e m i t t e d   d i r e c t l y   i n t o   t h e  atmosphere  from  the  stack. Air 

p o l l u t i o n   c o n t r o l   s t r a t e g y  was no t   incorpora ted   in to   the   des ign   o f   these 

model s .  

2 MULTIPLE  CHAMBER  INCINERATOR 

Mu1 t i p l e  chamber i n c i n e r a t o r s  became prominent   in   the  mid-n ineteen 

f i f t i e s  and a re  composed o f  three  independent chambers (see  f ig .  1 ). Waste 

i s  c h a r g e d   i n t e r m i t t e n t l y   i n t o   t h e   i g n i t i o n  chamber e i t h e r   m a n u a l l y   o r   w i t h  a 

mechanized  loader. Each new charge i s   d r i e d  and i g n i t e d  by  the  previous one 

and i s  sometimes ass i s ted   by  an aux i l i a ry   bu rne r .   Under f i re   combus t ion   a i r  

i s  suppl ied  through a f i x e d   g r a t e  (upon   wh ich   t he   re fuse   l i es )   wh i l e   ove r f i r e  

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

Combustion  gases f low  th rough  the   f lame  por t   in to   the   mix ing  
chamber where an a u x i l i a r y   b u r n e r   i s   p r o v i d e d   t o   m a i n t a i n   h i g h ' c o m b u s t i o n  gas 

temperature's.  This chamber has  been s i z e d   t o   c r e a t e  a h igh gas v e l o c i t y   t o  

induce  mix ing  o f   the  combust ion gas w i th   the   secondary   a i r .  

From the   mix ing  chamber the gases  pass  under a c u r t a i n   w a l l   i n t o  

the  secondary  combustion chamber. This  chamber i s   s i z e d  f o r  low gas 

v e l o c i t y ,  and   a t tempts   t o   p rov ide   su f f i c i en t   res idence   t ime  t o  a l l ow   fo r  

complete  combustion o f  gaseous p o l l u t a n t s  and p a r t i c u l a r   m a t t e r .  The low 

v e l o c i t y   i n   t h i s  chamber a l l o w s   f o r   t h e   s e t t l i n g   o u t   o f   t h e   l a r g e r  

p a r t i c u l e s .  The combustion  products  then  pass  through  the  stack. 
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FIGURE 1 MULTIPLE-CHAMBER INCINERATOR 

( ref 4-1 
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3 CONTROLLED A I R  INCINERATOR 

C o n t r o l l e d   a i r   i n c i n e r a t o r s  were i n t roduced   commerc ia l l y   i n   t he  

l a t e   n i n e t e e n   s i x t i e s .  They are  character ized  by an a i r t i g h t   i g n i t i o n  

chamber, compact   a f terburner  and forced  combust ion  a i r   supply   (F igure 2 ) .  As 

such  they u t i l i z e  a two  s.tage inc inera t ion   p rocess .  

D u r i n g   t h e   f i r s t   s t a g e  waste i s  heated i n   t h e   p r i m a r y   ( l o w e r )  

chamber. H e r e   t h e   a v a i l a b l e   a i r   i s   h e l d   t o   l e s s   t h a n   s t o c h i o m e t r i c  

requirements,   thereby  l imi t ing  combust ion  and  heat  re leased  and  inducing 

p y r o l y s i s .   T h i s   d e s t r u c t i v e   d i s t i l l a t i o n   r e s u l t s   i n   l o w  gas v e l o c i t i e s  and 

turbulence so t h a t   i n o r g a n i c   p a r t i c u l a t e s   a r e   n o t   e n t r a i n e d   w i t h   t h e  gas f l o w  
and c a r r i e d   t o   t h e   u p p e r  chamber. O n l y   v o l   a t i  1  e gases,  and very sinal 'I 

p a r t i c l e s  pass i n to   t he   upper  chamber. 

In   the  upper   (secondary)  chamber the  combust ib le smoke and  gases 

are   mixed  w i th   excess   a i r  and burned a t  about 800°C. A f t e r   t h i s   b u r n ,  

a d d i t i o n a l   a i r   i s   i n t r 0 d u c e . d   i n   t h e   s t a c k   t o   r e d u c e   t h e   t e m p e r a t u r e   o f   f l u e  

gases be fo re   d i scha rge   t o   t he  atmosphere. 

4 FLUIDIZED BED  INCINERATORS 

The f l u i d i z e d  bed i n c i n e r a t o r  became commercial ly  popular i n   t h e  
e a r l y  n ine teen-s i x t i es .  It i s  q u i t e  v e r s a t i l e  and is present ly  used i n  

petroleum  and  paper  industr ies,   processing  of   nuclear  wastes,  and i n  sewage 

s l  udge d isposal  . 
The b a s i c   f l u i d i z e d  bed  combustor i s  shown i n   f i g u r e  3. The bed i s  

e s s e n t i a l l y  a vesse l   con ta in ing   i ne r t   g ranu la r   pa r t i c l es ,   such   as  sand  (as i n  

t h e   c a s e   a t   L u l u   I s 1  .). B lower   d r i ven   a i r   en te rs   a t   t he   bo t tom and  proceeds 

v e r t i c a l l y   t h r o u g h   t h e  bed, a g i t a t i n g   o r   " f l u i d i z i n g "  i t  and causing i t  t o  

c i r c u l a t e   i n  a manner s i m i l a r   t o   t h a t   o f  a dense l i q u i d  mass. Wastes a re  

i n j e c t e d   b y   v a r i o u s  means (pneumat ica l ly ,   mechanica l ly ,   grav i ty) , .   and  are 

"auger"  fed a t   L u l u  Is l .  Rapid and un i fo rm  mix ing   o f   was tes  and  bed ma te r ia l  

occurs. 
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F i g . 2  C O N T R O L L E D  A I R  I N C I N E R A T I O N  P R O C E S S  
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I n   t h e  combustion  process,  heat  transfer  occurs  between  the  bed 

ma te r i ca l  and the  injected  waste.  Typical  bed  temperatures  are i n   t h e  range 

o f  760" - 870°C. Heat  from  combustion i s   t r a n s f e r r e d  back to   t he   bed  

ma te r ia l .   So l i ds   rema in   i n   t he   bed   un t i l   t hey  have become small  and l i g h t  

enough t o  be c a r r i e d  o f f  w i t h   t h e   f l u e  gas  as p a r t i c u l a t e s ,  and  should be 

removed f rom  the   f l ue  gas stream  by a c y c l o n e   o r   o t h e r   p a r t i c u l a t e   c o l l e c t i o n  

device  before  re lease  to  the  atmosphere. 
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ACCESS DOOR 

AUXILIARY 
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9 f \I c 
ASH REMOVAL 

WASTE INJECTION 

FLUIDIZING AIR 

FIGURE 3 Schematic of a F l u i d i z e d  Bed Combustor 
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APPENDIX  II ~- 

INCINERATOR  QUESTIONNAIRE 
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ENVIRONMENT CANADA 

Env i ronmenta l   Pro tec t ion   Serv ice  - Pac i f i c   Reg ion  
Air Programs  Group 

Kap i lano 100 - Park  Royal, West Vancouver,  V7T-lA2 

t N C t N E R A T O R   Q U E S T t O N N A l R E  

P lease  no te  : 

1 )  U n i t s :  We have  employed  metr ic   un i ts .   Feel   f ree t o  respond i n   w h a t e v e r   u n i t s  
you  are  most  comfortable w i th  b u t   c l e a r l y   i n d i c a t e  what  they  are 
(e.g.,  B.T.U.'s, t o n s ,  pounds, Fo, etc.) .  

2 )  E.M.: The l e t t e r s  "e.m:" beside  each o f  the  major   headings  represent  an 
e s t i m a t i n g  method. In t h i s  space  p lease  ind icate how you a r r i v e d  
at   your  answers (e.g., operators   records,   manufacturers  specs., 
f u e l   b i l l ,   e t c . ) .  

3) The A.P.C. P e r m i t   i s   t h e  Air P o l l u t i o n   C o n t r o l   P e r m i t  Number. 
If your   i nc ine ra to r   has  a permi t   p lease f i  1 1  i n   t h e  number. 

4) Feed D e s c r i p t i o n :  The fo l low ing   ca tegor ies   have been  prepared t o   h e l p  you 
descr ibe   the   type  of  waste   you   a re   inc inera t ing .  

Type , D e s c r i p t i o n  Examples 

A 

B 

C 

D 

E 

C e l l u l o s i c   s o l i d s ,  up to  paper,  cardboard  boxes, 
15% moisture.  wooden p a l   l e t s  

C e l l u l o s i c   s o l i d s ,  
15% - 40% mois ture  

C e l   l u l o s i c   s o l i d s ,   o v e r  
40% moisture.  

P l a s t i c s  

wet  paper, damp rags or 
c l o t h i n g  

f r u i t s  t vegetables,  
k i  tchen  waste 

waxes, po l ye thy lene   con ta ine rs ,  
p l a s t i c  bags. 

Pa tho log i ca l   ma te r ia l s   and   hosp i ta l   d ress ings ,   d i sposab le  
rema i ns . bedd ing ,   par ts  o f  humans o r  

animals 

P lease  combine   the   var ious   ca tegor ies   tha t   bes t   charac ter ize  your waste - 
i.e., 50% A 20% B 10% c ' 15% D 58-E. 

5 )  I f  you encounter any d i f f i c u l t i e s  or  u n c e r t a i n t i e s ,   p l e a s e   c o n t a c t   e i t h e r  
Paul  Ross or Paul  Beauchemin a t  666-6711. 

6 )  Please   re tu rn  t o  Paul Ross a t   t h e  above  address. 
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B.C. I N C I N E R A T O R  INVENTORY FOR THE BASE YEAR 1982 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Date: 
F i l e  No: 

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

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

GENERAL INFORMATION 
....................................... 
....................................... 

P l a n t  Name: A.P.C.Permit # :  and  Date:  

Addres s :  

L o c a t i o n :   L a t .  

C o n t a c t :  

;Long. 

and  Phone: 

P e r m i t t e e :  

Address:  

No. of Hosp i t a l   Beds :  

"""""""""""""""""""----"""""""""""""""""" 
........................................ 

I N C I N E R A T O R  DESCRIPTION { e  .m. 1 
"""""~""""""""~""""""-""""""""""""""""""~ "_"""""~""~""""""""""""""""""""~""""~""""~ 
Manufac tu re r :  

Ma i l ing   Addres s :  

Model No: 

Type: 

Des ign  C a p a c i t y ;  
Tonnes of  Waste/hr :  
Tonnes of   Waste/day:  

P o l l u t i o n   C o n t r o l   E q u i p .  yes- no - 

M a n u f a c t u r e r :  
"""""""""""" 

Model No: 

Type  : 

T e m p e r a t u r e   C o n t r o l s  yes- no  - 
Automatic   Manual  
"""""""""" 

- - 

Heat  Recovery  System yes- no- 

Manufac tu re r :  
"""""""""" 

Model No: 

Type: 

D e s i g n  C a p a c i t y ;  
k J / h r :  

S t a c k   D e t a i l s  

No. of  S t a c k s :  
""""""_ 

Height :  

Diameter :  

Gas Flow  Rate: 

Gas Tempera ture :  

Sample   Po r t s :  yes- no - 
Primary  Chamber;  yes- no - 
S e t  P o i n t s ;  h i g h  low 

Secondary  Chamber;  yes- no - 
S e t   P o i n t s ;   h i g h  low 

Burner D e t a i l s  

No. of  Burners;   Primary  Chamber:  
""""""" 

Secondary  Chamber:  

Comments: 
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....................................... 

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

FEED  DETAILS (e.m. 1 """"""""_""""""""""""""""""""""""~""""""  """"""""_"""""""~"~"""""""""""""""""""""~ 
Feed  Description: 

Loading  Method: 

Weight of Average Load: 

B of Total  Waste  Collected  Which is 
Incinerated: 

Average No. of Loads/Day: 

Operating  Schedule,l982 
"""""""""""~ 

JAN E'EB MAR APH MAY  JUN  JUL  AUG SEP OCT NOV DEC Total 

No. of Operating  Days: 

Tonnes  Incinerated: 

"""""""""""""."""""""""""""""""""""~""""~ "_"""""""""""""""""""""""""""""""""""""~ 
AUXILIARY  FUEL {e.m, 1 ""_""""""""""""""""""""""""""""""""""""~ 
....................................... 

Type: 

Sulphur  Content: 

Consumption  Rates 

Litres/Tonne of Waste: 
Litres/Year (1982): 

""""""""" 

........................................ """""""""""""."""""""""""""""""""""""""" 
COMMENTS 
........................................ 
....................................... 
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APPENDIX I 1 1  

AUXILIARY.FUEL  SULPHUR  DIOXIDE  EMISSIONS 
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1 AUXILIARY  FUEL  CONSUMPTION 

(1) Royal Jub i l ee  131.4 L/Tonne ( f rom  Quest ionna i re )  

( 2 )  Lake  Cowichan 12.43 L/Tonne ( r e f .  11) 

2 AUXILIARY  FUEL  CHARACTERISTICS (Diesel  Oil No. 2 )  

Sulphur  Content = 0.02% 
( r e f .  10) 

S p e c i f i c   G r a v i t y  = 0.82 

3 CALCULATION  OF SO2 EMISSION  DUE  TO  FUEL  OIL 

- assume  a1 1 sul  phur will form SO2 

3.1 R.J.H. 

= 131.4L X 1000 cc X 0.82 g X kg X 0.02 S = 0.022 k g   o f  S 

Tonne L cc lO0Og 100 Tonne o f  Waste 

= 0.043 kg  o f  SO7 
Tonne o f  Waste 

3.2 Lake Cowichan 

= 12.43 L X 1000 cc X 0.82 g X kg = 0.02 S = 0.002 kg S 

Tonne L cc  1000 g 100 Tonne o f  Waste 

= 0.004 ka o f  so:, 
Tonne o f  Waste 
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APPENDIX I V  

MUNICIPAL WASTE HC1 EMISSIONS 
(Chl orine  Material Bal ance) 
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1 CHLORINE IN PLASTIC 

- p l a s t i c s   c o n t a i n  average o f  6.0% C1 ( r e f .  14) 
- municipal   wastes  contain 3.0% t o  3.5% p l a s t i c   ( r e f .  10) 

- assume 3.0% 

2 

3 o l a s t i  

CHLORINE  CONTENT OF MUNICIPAL  WASTE 

c x 6 c h l o r i n e  = 0'.1'8% c h l o r i n e   i n   m u n i c i p  

100 waste 100 p l a s t i c  

a1 wast 

3 CHLORINE  EMISSION  FACTOR FOR MUNICIPAL  WASTE 

- assume  a1 1 c h l o r i n e   i s   c o n v e r t e d  t o  HC1 

e 

0.0018 c h l o r i n e  x 1000 kg = 1.8 kg HC1 

waste Tonne  Tonne o f  waste 
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