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APPENDIX G 

GI, .  0 INTRODUCTION 

The proposed  Hat  Creek  Project  of  British  Columbia Hydro E Power Author- 
i t y  (B.C.  Hydro)  would be a major new thermal power f a c i l i t y  i n  B r i t i s h  

Columbia, cons is t ing   o f  a (nominal) 2000 Mw power p l a n t ,  a coal  mine, 
and   a s soc ia t ed   f ac i l i t i e s .  The p r o j e c t ' s   p o t e n t i a l  environmenta.1 e f f e c t s  
have  been  investigated i n  a se r ies   o f   de ta i led   envi ronmenta l   s tu .d ies .  
While many poten t ia l   e f fec ts   o f   the   p roposed  power p l a n t ,  mine,  and 
a s s o c i a t e d   f a c i l i t i e s  have teen  evaluated,  none i s  more important  than 
t h e   p o t e n t i a l   f o r   d i r e c t  human hea l th   e f fec ts .   Publ ic   hea l th   cons idera-  
t ions  have,   therefore ,   been  addressed  specif ical ly   and  separately  in  
this Appendix. The primary  purpose  of  these  studies i s  t o  provide a 
b a s i s   f o r  recommendation of ambient air q u a l i t y   g u i d e l i n e s   t h a t   a r e  
c m s i s t e n t   w i t h  human s a f e t y  and  well  being. The mater ia l   presented 
herein is i n t e n d e d   t o   s a t i s f y   t h e   c r i t e r i a   s p e c i f i e d   i n  Appendix D3 o f  
the Terms of  Reference  for  Detailed  Environmental   Studies.  

A major   cons idera t ion   in   t e rms   of   po ten t ia l   hea l th   e f fec ts   concerns  
m t e r i a l   e m i t t e d   d i r e c t l y  t o  the  a tmosphere  due  to   mining  act ivi t ies  and 
power p lan t   opera t ion .  Most o f   t h e   s o l i d s ,   l i q u i d s ;  and gases   e jected 
from these  sources  will be harmless  material  from a hea l th   pe r spec t ive ;  
e.ramples inc lude   a i r   ( i n   excess  of combustion  requirements) and  carbon 
dioxide from the  'generat ing  uni ts ,   water   vapor  from cooling  towers, and 
nontoxic  dust  from t h e  mine. However, some substances  emitted  during 
t : Ie   operat ion  of   the  project   warrant   careful   evaluat ion  in   terms  of  
poss ib le   adverse   e f fec ts  on human populations  exposed  to  them. 'Two 
c .%tegor ies   o f   po ten t ia l ly   tox ic   contaminants   a re   ident i f ied  and ,discussed 
i n  t h i s  Appendix. 

Five common atmospheric  contaminants  of  coal-fired power p l a n t s  .and 
surface  mines  are  considered i n  terms of ava i l ab le   hea l th   da t a  and 
rwommended ambient  guidelines.  These  include  sulfur  dioxide (ScI2), 
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total  suspended  particulates (TSP), nitrogen  oxides (NOx), carbon 
monoxide  (CO),  and  photochemical  oxidants  (most  notably 0 ) .  Predicted 
incremental  effects of Hat  Creek  Project  emissions on local  and  regional 
ambient  levels of these  substances  are  discussed  at  length in the  report 
to  which  this  study  is an Appendix. 

3 

The second group of contaminants  studied  includes  fourteen  selected 
trace  elements,  suspended  sulfates  and  nitrates,  polycyclic  organic 
matter,  and  nitrosamines.  Each of these  has  been studied  in  terms of 
existing  regulations, proj acted  emissions  and  health  risks. 

B.C. Hydro  has  engaged  Western  Research 6 Development  Ltd.  and Greenfield, 
'Attaway and Tyler, Inc. (Flow Resources)  to  evaluate  health  effects of 
both  sets of contaminants  with  regard  to the Hat  Creek  Project. Their 
work,  in  conjunction  with  the  air  quality  studies of Environmental 
Research E Technology, Inc. has  been  documented in a two-volume  report: 
"Public  Health  Considerations  Relative  to the Hat  Creek  Project,  Volume I, 
Ambient Air Quality  Criteria;  .Volume  11.  Trace  Contaminants." The 
remainder  of  this  Appendix  consists of these  reports. 
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1 .O INTRODUCTION m 
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# 

The purpose o f   t h i s   r e p o r t  i s  t o  recommend ambient air q u a l i t y  achievement 
gu ide l ines   fo r   the  proposed  Hat  Creek P r o j e c t .   B r i t i s h  Columbia  Hydro & 

Powt2r Au tho r i t y  engaged Western  Research & Development  and  Flow 
Reswrces   Corpora t ion   to   ass is t   in   es tab l i sh ing   these  gu ide l ines  as p a r t  
o f   the  Hat  Creek Environmental  Studies. These achievement  guidelines 
are  in tended  to   prov ide a bas i s   f o r   eva lua t i ng '   po ten t i a l   impac ts   t o  
pub l i c   hea l th  as  we l l  as for   determining  the need and degree o f   c o n t r o l  
requi red  for   the  re lease  o f   pctent ia l   contaminants .  The repor t   cons is ts  
o f  two volumes. 

" 
Volume I 

Volume I cons iders   f i ve  commonly occurring  contaminants:  sulphur 
dioxide, suspended par t icu la te  mat ter ,   n i t rogen  ox ides,   carbon monoxide 
and oxidants.  This volume o f   t h e   r e p o r t  i s  intended  to: 

prov ide a conc ise   rev iew  o f   the   re levant   ambien t   a i r   qua l i t y   regu la t ions  
o f   t h e   p r o v i n c e s   o f   B r i t i s h  Columbia, Alberta,   Ontar io,   the  states 
o f  Washington,  Idaho and Montana and the Canadian  and United  States 

federa l  governments. 

m prov ide an overview  of   publ ic  heal th  data  re levant  to  these  contaminants 
and recommend pub l i c   hea l th  based guidel ines.  

compare e x i s t i n g  ambient a i r   q u a l i t y   o b j e c t i v e s   o f   B r i t i s h  Columbia 
t o  these recommended pub l i c   hea l th  based guide l ines.  

m prov ide   t o  8.C. Hydro w i t h  ambient air q u a l i t y  achievement  guidelines 
for   the  reg ion  surrounding  the  Hat  Creek  Thermal Pro ject .  

The se lec t i on  o f  j u r i s d i c t i o n s ,   t o  be included i n   t h e   r e v i e w  was based i n  

p a r t  on  the  geographic  locat ion  of   the  proposed  plant,  and on t h e   h i s t o r i c a l  
development o f  a i r   p o l l u t i o n   c o n t r o l   l e g i s l a t i o n .  .In Canada the  three 

provinces  that  have l e a d   i n   t h e  development o f   a i r   q u a l i t y   l e g i s l a t i o n  
a r e   B r i t l s h  Columbia, A lber ta  and Ontario. Thus, a comparison t h a t  

includes  these  provinces was <:onsidered  appropriate. 
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Inclusion of  the  Canadian federal  guidelines  for  ambient  air  quality 
recognizes  the Federal Government's  effort in the  development of  Uniform 
objectives  across Canada. 

The inclusion o f  United  States  federal  and state  jurisdictions  recognizes 
the  prominent  position of the  United  States  Environmental  Protection 
Agency in establishing  ambient  air  quality  objectives and the  geographic 
locations  of  the  three  states. 

A data  base is presented to establish  public  health  (based)  guidelines 
for each  contaminant  and to discuss  the  data  evaluation  process. It 
would be repetitious to quote  and  discuss  the  hundreds of epidemiological 
studies  relating to the subject.  Instead,  this  report  attempts to  high- 
light  the more relevant'epidemiological findings,  and,  based on the 
review of the  applicable  literature and up to  date medical  evidence, 
provide  a  rationale  for  ambient  air  quality  achievement  guidelines  for 
the  proposed  Hat  Creek Project. 

Afier  establishing  the  relationship o f  British  Columbia's ambient  air 
quality  objectives to those o f  the  other  jurisdictions, and  relevant 
public  health based  guide1 ines for each  contaminant, a' direct  comparison 
o f  the two is  made. Based on this  comparison  air  quality  achievement 
guidelines  are  recomnended  for B.C. Hydro. 
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Other  potential  contaminants,  including trace  elements and selected 
decay  products of the  above  mentioned  contaminants,  such  as  sulphates 
and  nitrates,  are the  subject  matter of Volume 11. For these  contaminants 
a  public  health  risk  assessment is made based on predicted  ground level 
concentrations and existing  health data. 
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2.0 RECOMMENDATIONS 

Existing ambient a i r  qualit:, objectives and relevant  health  data have 
been reviewed for  the purposes of reconmending public  health based 
ambient a i r   qual i ty  achievement guidelines for the B.C.  Hydro Hat  Creek 
Project. This  review was conducted for  sulphur  dioxide, suspended 
particulate  matter,  nitrogen  oxides, carbon monoxide  and  oxidan1:s. 
The recomnended guidelines  are: 

Contaminant Units 1 hr 0 hr 24  hr Annual 

SJ lphUr  dioxide n.r.* n.r .  300-400 90-100 

SJspended particulate ug/m3 n.r. n.r. 150-300  60-100 

Nitrogen oxides as NO2 ug/m' n.r. n.r. n.r. 100-200 

Carbon  monoxide mg/m3 40-60 15-20 n.r. n.r. 

Oxidants as 0 ug/m3 150-300 n.r. n.r. n.r. 3 
~~ ~~~~ 

* no recomnendation 

Guidelines have .not  been recommended for  certain time periods for  several 
cantaminants, even though there  exists ambient air   quali ty  objectives 
for  these  conditions. The reasons for  not recomnending guidelines i n  
every case  either derive frola a lack o f  health  data  relative  to  the 
contaminant for  the exposure duration, or the problem with extrapolation 
o f  data from other exposure conditions t o  these time periods. 
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3.0  REVIEW OF EXISTING  AMBIENT AIR QUALITY  CRITERIA 

Current ambient a i r   qua l i ty   c r i te r ia   a re ,   for  the most part, the resul t  
of  legislation passed dur ing  the past ten years.  Prior t o  1967 most a i r  
qu,llity  control  regulations were contained i n  the legislation of departments 
su,:h as  public  health. I n  the mid s ixt ies  the general  concern for a i r  
qu3lity  resulted  in the establishment  of environmental protection departments 
ani the creation of comprehensive environmental protection  legislation. 

A comparison of the Canadian federal and provincial  agencies and the i r  
regulations  to  those of the USA federal and s t a t e  agencies and their 
regulations shows a distinct  difference  in philosophy and responsibil’l’ty. 

I n  Canada the Provinces have the direct   responsibil i ty of controlling 
a i r  pollution.  Their  role can be s u m r i z e d   a s  follows: 

0 the enactment o f  appropriate  provincial  legislation; 
0 the sett ing of  control  standards and the enforcement of cont.ro1 

measures; 
0 the establishment of programs  and priorities  within the framework 

of  agreed  national air   quali ty  objectives.  

Tfle Canadian Federal Government takes a protective management approach 
tcl environmental control. The primary objectives of their  program are: 

0 promotion of a uniform approach across Canada; 
0 provision of the mechanjsms  and insti tutions needed t o  ensur’e that  

a l l  measures to  control air   pollution can be taken and for  direct  
action by the Federal Government when th is  is necessary. 

0 establishment  of a leadership  role  for the Federal Government 
through various  activities and incentives .in  dealing w i t h  the 
Provincial Governments. 

I n  addition the Federal Government has the responsibility of legislating 
a.ir  pollution  control  for t h ’ e  Yukon, Northwest Terri tories and Crown 
controlled  lands such as the national parks. 
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The  consequences o f  having  the  primary  responsiblity o f  enacting  air 
quality  control  legislation  rest  with  the  provinces  has been twofold; 
considerable  disparity  exists in the  regulations  enacted by each o f  them 
and some  provinces  have  lagged  behind  others in establishing  regulations. 

In the  United  States  the  federal  government is responsible  for  air 
quality  management and through  the  Air  Quality  Act  (1967)  and  the  Clean 
Air  Act and amendments (1970-)  national  primary  and  secondary ambient 
air  quality  standards have been established. Each state has  been  required 
to develop  compliance programs  that  must  be  approved by the  Environmental 
Protection  Agency (EPA). In these  programs  the  establishment of time 
schedules for achievemen.t of specified  goals  are  perhaps  as  important  as 
the goals  themselves.  The  individual  states  may  adopt  directly the EPA 
regulations.  or may. i f  they.wish, proceed  to  develop more  stringent 
regulations based on their special  conditions or requirements. If an 
acceptable  compliance program is not  developed  then  the EPA can  impose 
one on the state.  .Thus, a  strong  federal  Agency  provides  leadership, 
technical  direction,  and the legal power to.effectively  control regional 
as well as national air quality. 

3.1 Jurisdictions  reviewed 

Ambient  air quality  criteria  for  the  provinces of British  Columbia, 
Alberta and Ontario, the  Canadian  Federal  Government,  the  United  States 
Federal  Government  and  three  states,  Washington,  Idaho and Montana (all 
bordering on British Columbia)  were reviewed. 

In 1975  British  Columbia  published  "Pollution  Control  Objectives for 
Food  Processing,  Agriculturally  Orientated, and Other  Miscellaneous 
Industries" (1) to  meet  the  requirements of the  Pollution  Control Act, 
1967. The  objectives  for  ambient  air  quality and  emission  rates are 
listed  under  three  levels: Level A, Level 8  and Level C. Quoting 
directly  from  the  Objectives,  Section 1.4. 

L 
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I 

"All new o r  proposed  discharges  should meet Level A ob ject ives.  
1\11 exist ing  d ischarges  should meet Level C e i t h e r   i m n e d i a t e l y   o r  
w i th in   t he   sho r tes t   poss ib le   t ime   techn ica l l y   f eas ib le   t o  do so. 
Exist ing  discharges  should be  upgraded t o   i n t e r i m   L e v e l  B and 
u l t ima te l y   t o   Leve l  A by a staged  program o f  improvement." 

By complying  wi th a s t a t e d   l e v e l   f o r  maximum emission  rates it i s  
an t i c ipa ted   t ha t   t he  comparable l e v e l  o f  ambient a i r   q u a l i t y  will be 
achieved.  For example i f  Level B emissions  rates  are  achieved  then 
Level B ambient a i r   q u a l i t y   o b j e c t i v e s  would be met. 

Canad'ian Federal "maximum desi rab le"  and "maximum acceptable"  ambient 

a i r   q u a l i t y   g u i d e l i n e s  were publ ished i n   t h e  Canada Gazette I n  March 
1974 : 2 ) .  The pub l i shed   gu ide l i nes   re f l ec t '   t he   po l i cy   o f   t he   Federa l  

Government ( 3 )  t o   e s t a b l i s h   a i r   q u a l i t y   g u i d e l i n e s   f o r   t h r e e   c a t e g o r i e s .  
These ca tegor ies   a re   re fe r red   t o  as "desirable",  "acceptable", and 
" to le rab le" ,   ind ica t ing   success ive ly   h igher   concent ra t ion   leve ls .  To 
date "maximum to le rab le"   gu ide l ines  have  been proposed  but  not  published.* 
Federal Government emission  guidel ines  for   thermal power p lan ts   a re  

cur ren t ly   be ing  developed.  (4) 

Air p o l l u t i o n   c o n t r o l   i n   A l b e r t a ,   p r i o r  t o  1971, was c a r r i e d   o u t  undler 
the Pub l ic  Hea l th  Act. I n  1971 Alberta  passed  the  Clean A i r  Act. T h i s  

ac t   p rov ides   t he   bas i s   f o r   con t ro l  o f  maximum permissible  ambient 
concentrat ions and mass emission  rates  from  individual  sources.  Although 
on ly   par t i cu la te   emiss ion   ra te   r lagu la t ions  have  been s p e c i f i e d   i n   t h e  
1975 Clean Air Regulations ( 5 )  t:he  permlt  system used  by Alber ta   a l lows 
f o r   t h e   c o n t r o l   o f   t h e  mass emis : i i on   ra te   o f  each contaminant from any 

source. 

Air q u a l i t y   c o n t r o l  i n  Ontar io  was placed under t h e   d i r e c t   c o n t r o l  o f  

t h e   p r o v i n c i a l  government when the  Air Po l lu t i on   Con t ro l   Ac t  was passed 

i n  19f87.  Previously  control  had been de lega ted   t o   l oca l   mun ic ipa l i t l es  
under  the  Municipal  Act as we l l  12s t h rough   ea r l i e r   ve rs ions   o f   t he  Air 
Po1lut. ion  Control  Act.  Current  regulat ions  are  those  contained i n   t h e  
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Environmental Protection Act (1971)  as  amended up  t o  February 1976 ( 6 ) .  
Regulations  outlined i n  th i s  Act (control  emission rates based on specified 
calculation methods and ambient a i r  q u a l i t y  c r i t e r i a   fo r  each contaminant. 
Cri ter ia   exis ts  for some 23 contaminants  including  those reviewed i n  
this   report .  

In  the United States  national primary and secondary  ambient a i r   qua l i ty  
guidelines were published i n  the  federal  Register ( 7 ) .  In a d d i t i o n ,  
specif ic   legis la t ion has  been adopted t o  control  the contaminant  emission 
rates  w i t h  respect t o  the  total  heat i n p u t  t o  the   fac i l i ty .  The s t a t e s  
o f  Washington, Idaho and Montana have similar  federally approved  compliance 
programs (references 8, 9 and 10 respectively).  

Terminology used by the  various  jurisdications makes i t  somewhat d i f f i c u l t  

t o  select an appropriate  single term t o  properly  refer t o  the  standards, 
guidelines, objectives or regulation. For the jur isdict ions reviewed 
the following  terminology is used. 

-. 

rn Objectives - British Columbia : three  levels 
e. Gui del i nes - Canadian Federal : three  levels 

rn Standards - Alberta : one level 
rn Criter ia  - Ontario : one level 
rn Standards - USA Federal and State : two levels 
rn Regulations - orders  issued by an executive  authority of a 

(only two published) 

government  and having the  force of  law. 

* Note: rn On February 8th,  1978 "Maximum tolerable" 
guidelines were passed by the Federal Government. 
These values were not  fncluded i n  the  report. 

rn The  new guidelines do n o t  a f fec t  our  recomendations. 

r 

t 

m 

e 

c 



Table 3.1 

W I E N T  AIR QUALITY SlANOAROS OR CRITERIA 

Canada 
Averaging  Federala B.C. Level 

Contamfnant Time Unlts  Ontar io  Alberta I 2  A 6 C USA Federal  Uashington  Idaho Montana 

Sulphur Arn. A r i t h  ug/m3 
dioxide 

55 
24 hr. UQlm. 275 

30 
1 50 

30 60 
150 300 

1 hr. u& 690 450 450 900 
.~~ ." 

525 (1 l2hr )  

Stispendcd Arn.  geo. u g h 3  60 
uglm 120 

60 
100 Tar t i cu la te  24 hr. 

N i  trcgen Ann. a r i t h   u g h 3  3 
SXld?S 21. hr. 

60 

is iiO1 1 hr. 400 4w u g h 3  200 
uglm 

200 

Cart.on 
oo:~oxide 

1; hr r .  ng/213 15.7 
i hr. m g h  36.2 15 

5 

Oxidants A m  a r i t h  
24 hr. as 03 

3 

- hr. ug'mj uglm 165 IOU 
30 

Reference 6 5 

60 70  
120 

60 100 
200 
400 

15 35 
6 15 

20 30 

100 160 
30 50 

,2 2 

25 50 80 80 primary 50 e0 p r i m r y  50 
160 260 360 365 primary 
450 900 900 

260 365 primary 260 
1 O5Ob 650 

1300 secondary 650 
(3 nr ave. j 

1300 secondary 
i 3  nr  ave. j 

150 200 260 260 
60 70   75  75 primary 60 75 primary 75 

260 200 150 
60 secondary 60 Secondary 

150 1 50 

1 ooc 100 

14.3 28 35 
5.5 11 19.3 10' 

40' 
IO 
40 

10 
40 

160' 160 160 

1 1 1  7 6 9 10 

W 

a. Canada Federal Level 1 - mximum desirable level and Level 2 - maxinur acceptable level 
D. i nr averagc m y   cur h i r e  per i days. 
c. primary and  secondary  standard. 
d. mxinu t o t d l   f o r  30 days 
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3.2 Review o f  ambient air  qua l i ty   c r i te r ia  

Ambient a i r  quality  standards  or  criteria  for  sulphur  dioxide,  nitrogen 
dioxide, carbon monoxide, oxidants and suspended particulate  are sumnarized 
i n  Table 3.1. References for the  source o f  information for  each jur isdict ion 
are  indicated. All units have  been standardized t o  metric  units. 

I. 

- 
3.2.1 S u l p h u r  dioxide 

The ambient concentration of sulphur  dioxide is  regulated by the  application 
o f  c r i t e r i a  t h a t  control  the  average  concentration for three  averaging 
periods. I n  Canada these  are 1 hour, 24 hours, and annual  time periods. 
In the USA a similar approach i s  taken b u t  for  Idaho and the  Federal 
Government a 3 hour average i s  used instead o f  the 1 hour average. 
Figure 3.1 graphically  presents  al l   existing  cri teria for the 1 hour, 24 
hour  and annual time periods. 

e .  1 hour average 

H 

u 

L 

.~ ,' 

British Columbia  Level A,  the Canadian Federal "maximum desirable" 
level and the  Alberta  standard  are  the most s t r ingent  of a l l   ju r i sd ica t ions .  
Conversely,  British Columbia  Level B and Level C,  and the Canadian Federal 
"maximum acceptable"  requirements  are  the  least  stringent. The Ontario 1 
h0u.r average  requirement i s  midway between British Columbia  Level A and 
Level B. As mentioned ea r l i e r  USA Federal  standard for 1 hour does n o t  
exis t .  

L 

R P  

I 

a 24 hour average If 

For this time period  British Columbia  Level A, the Canadian Federal u 

"maximum desirable"  level and the  Alberta  standards  are aga in  the most 
stringent.  British Columbia  Level C and the USA Federal  primary  standard 
are  nearly  identical and the  highest o f  those compared. Intermediate 
between'these two extremes are,   in^ ascending  order, British Columbia 
Level 6, the  Ontario  criteria and the Canadian Federal "maximum acceptable" 
1 eve1 . 

.r 

" 

I 
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FIGURE 3.1 
SUMMARY OF AMBIENT 
SULPHUR DIOXIDE  (CRITERIA 
FOR I hr, 24 hr  AND  ANNUAL 
AVERAGE CONCENTRATION 

W 

t”----l 

I hr. AVERAGE 2,4 hr. AVERAGE ANNUAL AVERAGE 



1 2  

a Annual average 

With only  one exception,  the r a n k i n g  o f  the  jurisdications by increasing 
concentration  specified for the annual average c r i te r ia   i s   the  same as 
the 24 hour average. The .exception is   Bri t ish Columbia Level A which i s  
s l igh t ly  more stringent than  the Canadian Federal "maximum desirable" 
level.  

0 Other 

The USA Federal  secondary standard, a 3 hour average of 1300 u g h  is 
considerably  less  stringent than any Canadian federal o r  provincial 
c r i t e r i a .  

3 

Alberta also specifies a 1/2 hour average  concentration  standard of 525 
u g h  tha t  is used for  process  design and control  purposes. Thus th i s  
i s  perhaps the most significant  sulphur  dioxide  standard  for  industry i n  
Alberta.  Ontario has a  comparable emission  control c r i te r ia   for   the  
calculated  point o f  impingement concentrations. 

3 

From Table 3.1 the most stringent  sulphur  dioxide  criteria  specified by 
any of the  three  states review are  those of Washington and Montana. 
They are comparable t o  British Columbia  Level B. 

L 

c 

u 

i' 
I 
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FIGURE 3.2 
SUMMARY OF AMBIENT 
SUSPENDED PARTICULATE CRITERIA 
FOR 24 hr. AND  ANNUAL. 
AVERAGE  CONCENTRATIONS 
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3 . 2 . 2  Suspended par t iculate  

Cri ter ia  for suspended par t iculate  have been established  for 24 hour and 
annual  time periods  as  presented i n  Figure 3 . 2 .  

24 hour average 

O f  the  jurisdications reviewed Alberta has established  the lowest 
24 hour average  standard.  British Columbia  Level A and the USA Federal 
secondary  standard a re  approximately equal and somewhat lower t h a n  
British Columbia  Level C and the USA Federal  primary standard. 

o Annual average 

British Columbia  Level A is identical t o  the Canadian Federal "maximum 
desirable:  level and the Alberta, Ontario and USA Federal  secondary 
standards.  British Columbia  Level B and the Canadian Federal "maximum 
acceptable"  level  are equal and s l i gh t ly  lower than B.C. Level C and the 
USA Federal  primary standard. 

n 
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SUMMARY OF AMBIENT 
NITROGEN  OXIDES  CRITERIA 
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3 . 2 . 3  Nitrogen  oxides 
I - 

I n  Canada the control o f  nitrogen  oxides i s  based on controlling  the 
maximum ambient concentration  for  several  averaging  periods. In the USA 
o n l y  one averaging period, the annual average, i s  used. Brit ish Columbia 
does not  specify ambient air   quali ty  objectives for nitrogen  oxides b u t  n 

does specify  nitrogen  oxide  emission rate  objectives for thermal power 
plants. Exis t ing  ambient a i r   qua l i t y   c r i t e r i a   a r e  summarized i n  Figure 3 . 3 .  

w 

0 1 'hour and 24 hour averages 
c 

Alberta,  Ontario and Canadian Federal "maximum acceptable"  cri teria  for 
nitrogen  oxides  are 400 ug/m and 200 ug/m fo r  the 1 hour and 24 hour 
average time periods respectively. No other jur isdicat ions have standards 
for  these time periods. If 

3 3 I 

e Annual average ~.I 

2 

For the annual average, Canadian Federal "maximum desirable" and Alberta 
c r i t e r i a   a r e  60 ug/m . The USA Federal primary and secondary  standards 
and the Canadian Federal "maximum acceptable"  level  are  all 100 ug/m . 

3 .c 

3 
L 

0 .  Other 
IC 

O f  the three  s ta tes  reviewed only Washinton has a  nitrogen  oxide  standard 
and i t  is equal to  the USA Federal  standard. .L 
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FIGURE 3.4 
SUMMARY OF AMBIENT 
CARBON  MONOXIDE  CRITERIA & 

r #  FOR I hr AND 8 hr 

e w  
m o  AVERAGE  CONCENTRATIONS 
a 

z m  a 

W 
v) 

t”-l 

I hr. AVERAGE 

rl) 
“. 

W 

b 
W 
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4: 
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0 
8hr. AVERAGE 
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3 .2 .4  Carbon  monoxide 

For a l l   ju r i sd ic t ions  reviewed 1 hour average and 8 hour average  carbon 
monoxide c r i t e r i a  have  been established.  Figure 3.4 graphically  presents 
cr i ter ia   current ly  in effect .  

a 1 hour average 

The lowest c r i t e r i a   f o r  the 1 hour average  concentrat i o n  are Br , i t i sh  
Columbia  Level A ,  Canadian Federal "maximum desirable"  level and the 
Alberta  standard. The highest c r i te r ia   a re   Br i t i sh  Columbia  Level C, 
the Canadian Federal "maximum acceptable"  level,  the  Ontario  .criteria 
and the USA Federal  primary and secondary standards. Intermediate 
between the h i g h  and the law is Brit ish Columbia  Level  8. 

I. 

e 8 hour average 

British Columbia Level A ,  the Alberta  standard and the Canadian Federal 
"maximum desirable"  level  require the lowest ambient concentrations of 
carbon monoxide. Slightly higher maximum concentrations  are set  for 
British Columbia  Level 8 and the USA Federal  primary and secondary 
standards. 

The highest maximum concentration  cri teria  are British Columbia Level C ,  
the Canadian Federal "maximum acceptable" level and the Ontario c r i t e r i a .  

.- .I 

IF 

I 

I. 

I 

L C  
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FIGURE 3.5 
SUMMARY OF AMBIENT 
OXIDANT CRITERIA 
FOR I hr, 24 hr AND ANNUAL 
AVERAGE  CONCENTRATIONS 

50 

0 

24 hr. AVERAGE  ANNIJAL  AVERAGE 



3 . 2 . 5  Oxidants 

Maximum ambient  concentration c r i t e r i a  for oxidants have  been established 
for three  averaging  periods by the Canadian Federal  government, for two 
periods by Alberta and for  only the 1 hour average  period by Ontario and 
the USA. British Columbia  has not  specified  objectives for ambient 
o x i d a n t  concentrations. The various  cri teria have  been  summarized i n  
Figure 3 . 5 .  

bc 

0 1 hour average 1 .  

Two corrcentration  levels have  been set  as  the  objectives o f  the  various 
jur isdict ion.  The lowest o f  the two is   the  Canadian Federal "maximum , 

desirable"  level and the  Alberta  standard. The USA Federal  primary and 
secondary standard,  the Canadian Federal "maximum acceptable"  level and 

Ontario c r i t e r i a   a r e  the highest. 

0 24 hour average I 
. .i 

Only Alberta and the Canadian Federal government  have se t  24 hour average .c 

c r i t e r i a .  The Aiberta  standard and the Canadian federal "maximum desirable" 
level  are equal and somewhat less  t h a n  the Canadian Federal "maximum 
acceptable"  level. 

Ir 

\ 

0 Annual average 
- 

Only the Canadian Federal government  has established annual average 
guidelines. 



Table 3.2 

MXIW ALLOWABLE EKSSIONS RATE CRITERIA 

Ontar io Alberta Canada Federal B 
E.C. l e v e l  U.S.A. 

C Units  Federal  Yashington  Idaho Montana 

Par t i cu la te  Max. 112 hr. ave. con- 229 mg/m3  See Below 229 343  564 mg/n3(a)  90 
c e n t r a t i o n   a t   p o i n t   o f  0.1 g r l s c f  
ir.lpingea;?nt 100 u g h 3  

0.1,  0.15 0.25 g r l r c f  
5 7 13 l b l t o n  

0.04 
2.0 

0.45 .63 1.17 g1106 
.2 lb11000 I b  
(50: E.A.) 

Su!phur Max. 112 hr. dve. con- Mass emission See Eelcn 798 1596 2660 ~ n g l m ~ ( ~ )  
O i x l i d e   c e n t r a t i o n   a t   p o i n t   o f   r a t e   c o n t r o l l e d  20 30 60 Ib / ton(a)  

975 
24 

impinyment 630 ugh3  throt igh  permi t  
p lus   add i t iona l  system. 
r e s t r i c t i o n s  
(see ccmen:) 

1.E 2.7 5.4 91105 ca l (b )  2.2(a) 

Nitrogen Max. 112 hr. ave.  con- Mass emission See Below' 1146 1910 2292 &/m3(a) 
Oxides as N,I2 $entrat.ion a t   p o i n t  f ra te   con t ro l led  27 45 54 I b l t on (a )  

600 
14 

lmprngemn: 500 ughg  through  permi t  2.4 4.0 4.8 g/106 ca l (b)  1.26") 
system. 

ComEnt  Calculated  ground  level 
concentrat ion 525 u g h 3  
(rum! ). 390 u51c3 if 
w i t h i n  30 miles of a 
town uf 40,000 o r  150 
ug/m3 if i n  dn i n d u s t r i a l  1977 
area with other sources. 

Guidelines  are 
c u r r e n t l y   i n  
f i n a l  develop- 
ment stage and 
expected i n  

0.1 

0.22 0.22 

For  sources Same ds 
greater han Idaho 

c a l / h r  
2.5 x 1013 

(a)  specifled  emission  rate.  athers  are  calculated. 
j b j  b a l l s  ii5jG c a i o r i ~ ; g r r s  of cas;. 
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3 . 3  Review o f   e m i s s i o n   r a t e   c o n t r o l s  

”- 

.I 
-” 

I 

Maximum al lowable  emiss ion  s tandards  are  tabulated  in   Table 3.2 f o r   t h e  
same prov inces,   s ta tes and federal  agencies as l i s t e d   i n  Table 3.1. The 

contaminants f o r  wh ich   em iss ion .s tandards   ex i s t   i nc lude   pa r t i cu la te ,  

su lphu r   d iox ide  and  oxides o f   n i t r o g e n .  

B r i t i s h  Columbia p o l l u t i o n   c o n t r o l   o b j e c t i v e s   i n c l u d e   e m i s s i o n   c o n c e n t r a t i o n  
l e v e l s  and mass emiss ion   ra tes   pe r   un i t   o f   coa l .   bu rned .   I n   o rde r   t o  

compare t h e  Br i t i sh  Columbia  objectives with those o f  o t h e r   j u r i s d i c t i o n s  

emiss ion  ra tes  were  conver ted  to  grams p e r   m i l l i o n   c a l o r i e s   o f   h e a t  

input  (based on 5550 cal/gm (10,000 BTU/lb) o f   coa l   bu rned) .  

The Canadian  Federal   emission  guidel ines  for   thermal power p lan ts   a re   s t111 
being  developed.  Environment Canada gu ide l i nes  will probably   spec i fy  

the  a l lowable  emissions  as a mass e m i s s i o n   p e r   u n i t  o f  coal  burned o r  
p e r   u n i t   o f   h e a t   i n p u t  . ( 4 ) .  

Alberta  Environment  set  maximum emiss ion  concentrat ion  s tandards  for  

p a r t i c u l a t e s  and regu la tes  mass e m i s s i o n   r a t e s   o f   p a r t i c u l a t e ,   s u l p h u r  
d i o x i d e  and ni t rogen  oxides  emissions  based on an e v a l u a t i o n   o f   t h e  

process i n  quest ion.  Based on t h i s   e v a l u a t i o n ,  a maximum  mass emission 
r a t e  is e s t a b l i s h e d   f o r  the pro.cess. 

mb 

‘IC 

II 

Ontar io  controls  emissions  based on point-of- impingement  concentrat ions 
rn 

’ f o r   t h e   t h r e e   p o l l u t a n t s   n o t e d .  These a r e   c a l c u l a t e d  based on t h e  

Holland  plume r i s e  formula and the   Pasqu i l l   d i spe rs ion  model.  Thermal 

power plants  must  meet  both the genera l   c r i t e r i a   no ted   f o r   each   con taminan t  

i n  Table 3 . 2  p lus   t he  mare s t r i n g e n t   c r i t e r i a   n o t e d   f o r   s u l p h u r   d i o x i d e  I 

under   t he   conen ts   sec t i on   o f   Tab le  3 . 2 .  

L 

USA Federal   emission  regulat ions  are  those  promulgated i n  1971, r e v i s e d  
t o  October 1975. The c r i t e r i a   r e v i e w e d  in Table 3.2 a r e   f o r  new i n s t a l l a t i o n s .  

.) 

I! 
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3.3.1 Par t i cu la te   ma t te r  

Part . iculate  emission  concentra, t ion  object ives o f  B r i t i s h  Columbia  Level A 
are  comparble  to  the  Alberta  emission  concentrat ion  standards  but  both 

are  h igher  than  the USA Federal  standards. Similarly the  emission  rate 

based on coal  burned  or  heat  input i s  h igher  f o r  B r i t i s h  Columbia  :Level A 
tharl f o r   t h e  USA Federal  stand#ard. 

The Washington  standard f o r  thse  maximum emission  concentrat ion i s  the 
samc! as B r i t i s h  Columbia Level A and the  Alberta  standard.  Idaho ,and 

Montana have  emiss ion  ra te  s tandards  on ly   s l ight ly   h igher   than  the USA 
Federal  standard and a b o u t   h a l f   o f   t h e   B r i t i s h  Columbia  Level A ob jec t ive .  

O n t a r i o ' s   c r i t e r i a  i s  based  on a p o i n t  o f  impingement  concentration and 

cannot be d i r e c t l y  compared t o   t h e   o t h e r   c r i t e r i a .  

3.3..2 Sulphur  d ioxide 

The B r i t i s h  Columbia  Level A o b j e c t i v e s   a r e   s l i g h t l y  more s t r ingent   than 
the  USA Federal  standard and Levels B and C a re   inc reas ing ly  less 
s t r i ngen t .  

A lber ta  and O n t a r i o   c r i t e r i a  does n o t   r e a d i l y  compare t o  those- o f  o ther  
ju r i sd . i c t ions .  Comparisons  would  have t o  be made us ing   spec i f i c  cases. 

The Washington maximum emission  concentrat ions f o r  s u l p h u r   d i o x i d e   i s  
the  same as B r i t i s h  Columbia  Level C .  Idaho and  Montana cont ro l   the  
emiss ion  ra te a t  a level   approximately  equal   to  Br i t ish  Columbia  Level  A. 
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3 . 3 . 3  Nitrogen  oxides 

British Columbia  Level A is   less  str ingent t h a n  the USA Federal  primary 
standards and o f  course  Levels 8 and C are  increasingly  less  str ingent.  . 

Again Alberta and Ontario  control  the  emissions i n  such a way that  
d i rec t  general comparisons  cannot be  made. 

Washington, Idaho and Montana do not  have emission  controls for nitrogen 
oxides. 

3.4  Discussion 

British Columbia has developed a three  t iered system o f  objectives f o r  
ambient air  quality  control of sulphur dio,xide,  carbon monoxide  and 
suspended par t iculate   that  spans the   c r i te r ia  o f  a l l  other  jurisdictions 
tha t  were reviewed. Thus i t  i s  d i f f i cu l t   t o  conclude that   Bri t ish 
Columbia has the most s t r ingent ,   the   least   s t r ingent  o r  average  objectives. 
Rather. one concludes that  Brit ish Columbia legis la t ion provides f l e x i b i l i t y  
i n  the control of contaminants and the  potential for very s t r ic t   cont ro l .  



25 

4.0 AMBIENT A I R  QUALITY  GUIDELINES BASED ON PUBLIC  HEALTH CONCERNS 

H i s t o r i c a l l y ,  most regulatory  bodies,  i n   a t t e m p t i n g   t o   s e t   g u i d e l i n e s   t o  
f 'n-estal l   adverse human hea l th   e f fec ts   o f   a i r   con taminants ,  have assumed 
t l i a t   t he re   ex i s t s  a threshold  concentrat ion  for  each contaminant  below 

wi i ich  de leter ious  heal th   e f fects   are  not   observed.  Such a threshold i s  
d l s i r a b l e  as a regu la to ry   t oo l  as i t  a l lows  fo r   the   es tab l i shment   o f  a 
uli ique  standard  with  consequent ease o f  enforcement. However, the 
app l ica t ion   o f   th is   th resho ld   concept   su f fe rs   f rom a number of  serious 

d Oawbacks. 

First ,   cont inuing  research  reduces  the  uniqueness  of  any prev ious ly  
e:;tablished  threshold i n   t h a t  a spec i f i c   t h resho ld  i s  sub jec t   t o   subs tan t i a l  
change  as m r e   s o p h i s t i c a t e d  means are used to   de tec t   sub t l e   d i f f e rences  

i n   h e a l t h   s t a t u s   r e l a t i v e   t o  any g iven  hea l th   ind ica tor .  A f u r t h e r  
ref inement i n  measurement techniques and  methods o f   a s c e r t a i n i n g   i n d i v i d u a l  
exposure t o  a given  contaminant  are  expected t o  i m p a c t   s i g n i f i c a n t l y  
upon any establ ished  threshold.  

Individual  contaminant  thresholds  are  predicated on the  assumption  that 
a u n i q u e   e f f e c t   a t t r i b u t a b l e  t o  that  specif ic  contaminant  can be i d e n t i f i e d  
and t h e   e f f e c t  i s  t r u l y  independent of   other  contaminants.   This is no t  

poss ib le   us ing  ex is t ing  s ta t is t ica l   analy t ica l   procedures.   Therefore,  
most  derived  thresholds  are  plagued  with a worr isome  uncertainty  that .  
t o  a greater  o r  lesser  extent,   observat ions may be a t t r i b u t a b l e  'to a 
fac to r   o r   con taminant   tha t  w,as not measured o r   we l l   quan t i f i ed .  

H . ! s to r i ca l l y ,   a t tempts   t o   i d ' en t i f y   t he   t h resho ld   o f   e f fec t   t o   es tab l i sh  

defens ib le   gu ide l ines  for   sp ix i f ic   contaminants  have been very   f rus t ra t ing .  
This does not   necessar i ly  mean t h a t   c l e a r l y   d e f i n e d   e f f e c t s   a r e   n o t  
v"s ib1e and a t t r i b u t a b l e   t o   : s p e c i f i c   p o l l u t a n t s  a t  high  concentrat ions, 
bu t ,   ra ther ,  as one moves to   t he   l ower   concen t ra t i ons   t he   ab i l i t y   t o  

~ c lear ly   es tab l i sh   the   cause+f fec t   re la t ionsh ip  becomes extremely  tenuous. 
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It i s  for   these  reasons  that  i t  i s  f a r  more usefu l   to   address a range  of 

contaminant  concentrat ions  which may be p r o t e c t i v e   o f   p u b l i c   h e a l t h  

ra the r   t han   se lec t  a s ingle  value  which i s  o f ten   de r i ved  by s u b j e c t i v e  

we igh t i ng   o f   da ta .  In t he   f o l l ow ing   sec t i ons   da ta   re la t i ve   t o   t he  

adverse   hea l th   e f fec ts  o f  spec i f ic   contaminants  will be examined i n   t h e  

range  context, as will the  development o f  recommended gu ide l i nes .  .- 

"_ .. 
*t 

4.1 Data  sources 

The development o f   p u b l i c   h e a l t h   g u i d e l i n e s  has made use o f  two basic  

types o f   s t u d i e s .   E p i d e m i o l o g i c a l   s t u d i e s ,   i n v o l v i n g   f r e e   l i v i n g   p o p u l a t i o n s  
and  conducted in a n a t u r a l   s e t t i n g   a r e   t h e   m o s t   r e l i a b l e .  The second 

t y p e   i n v o l v e s   c l i n i c a l  and an im l   t ox i co logy   exper imen ts  where se lec ted  
i n d i v i d u a l s   o r   a n i m a l s   a r e   s t u d i e d   u n d e r   a r t i f i c i a l l y   c o n t r o l l e d   l a b o r a t o r y  

cond i t i ons .  

4.1.1 Epidemiologic  studies 

The p r i m a r y   r e s e a r c h   v e h i c l e   f o r   e s t a b l i s h i n g  a human adverse  heal th 
ef fects   response  range  wi th   regard  to  any  contaminant ,   especia l ly   for  a 

24-hour  averaging  interval ,  has been epidemiologic  studies.  These are 

e s s e n t i a l l y   s t u d i e s   o f   f r e e   l i v i n g   p o p u l a t i o n s   w h i c h  may be rep resen ta t i ve  

o f  a niore genera1,populat ion  subject   to  contaminant  exposure.  On a 
number o f  occas ions   the   cur ren t ly   ava i lab le   ep idemio log ic   s tud ies  

re levant   to   these  f i ve   con taminants  do no t   y ie ld   unequ ivoca l   , conc lus ions .  

The primary  reason i s   t h a t   a t   l o w e r   c o n c e n t r a t i o n s  the apparent   heal th  
e f f e c t s   a r e ' i d e n t i c a l   f o r  most of   these  contaminants  and  usual ly  they 

appear i n   c o n c e r t   i n   t h e  ambient  atmosphere. I n   a d d i t i o n ,   t h e   c o n c e n t r a t i o n  

' o f  each  component  can vary  simultaneously  thus  making it d i f f i c u l t  t o  
assoc ia te  a hea l th   e f fec t   w i th   con taminan ts   i n   such  a manner as t o  
conf ident ly   suggest   that   the  data  suppor ts  a cause-e f fec t   re la t ionsh ip .  

II 
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I t  i s  recognized that one rarely,   if   ever,  has an  adequate  data base 
that  can be s t ra t i f ied   to  reveal a significant  cause-effect  relationship 
for any  single contaminant. I t   i s   a l s o  recognized t h a t  there  exists  the 
possibil i ty of interaction between the  various  contaminants  present or 
the  subject  contaminant(s) and naturally occurri.ng factors such as 
temperature, humidity and salt   nuclei .  Indeed, the  natural phenolvena 
may i t s e l f  be the primary  cause of the observed health  effect symptom. 
Before considering a specific contaminant  exposure i t  must be demonstrated 
that  reasonable  effort has  been made to  isolate  the impact of  the  contaminant 
and the factors which currently  interact with i t .  

Epidemiology studies can be divided  into two types.  Studies of mlwtality 
exc:esses tha t  occur i n  response t o  exposure t o   a i r  contaminants, $and 
morbidity  studies which assess changes in disease  patterns or exacerbations 
of existing  disease i n  relation t o  changes in the concentration o f  
amtlient contaminants. 

4.1.2 Clinical and  animal to:xicologic  experiments 

Cortrol led experiments on  man, or on animals, have been attempted  in 
orcer to  overcome the aforementioned problems associated  with  epidemiological 
stLdies of free  living  populations. However, these  studies  are  also 
deficient i n  many ways. I n  controlled human clinical  experiments good 
medical practice  dictates  that  healthy  adults should be used rather  than 
a more vulnerable  cross  section of the population  as  heart  patients. Of 
necessity,  therefore, the dosages which are  administered are low  and the 
administration  is  restricted ':o relatively  short  periods of  time very 
much unlike the real world. LJ1 timately  replication expenses  usua':ly 
preclude  examination of the interaction  of,  multiple contaminants or 
multiple  stressors such as  temperature or humidity. 
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Stud.ies of these  types  are  valuable b u t  i t  i s   d i f f i c u l t  t o  design them 
i n  a manner t o  r e f l ec t  adequately  ambient or real world exposure conditions. *. 

For these  reasons i t  i s  concluded t h a t  the  clinical  experiments, i n  
general,  are not  useful i n  establishing  guidelines  for many contaminants. 
However, i n  some cases  they  are  the only data  that  are  available w i t h  
any degree o f  credibi 1 i ty  and therefore they will be cited when appropriate. 

u 

4 

These humn cl inical  exposure studies  are extremely  inappropriate for 
the development of guidelines which involve  long-term  exposure  because 
they are  of short-term  duration and the  results cannot be direct ly  
extrapolated t o  24-hour or annual exposure  scenarios. m. 

For animal toxicologic  studies  the  si tuation  is   different.  These studies,  .e 

a l t h o u g h  costly,  a t  l eas t  make i t  possible t o  examine a wide spectrum of 
contaminants  over differing time durations and concentrations and i n  
conjunction w i t h  other  stressors.  These studies  suffer from the  deficiency 
that,   at   present,  adequate animal models do not exist   . that   relate anima'l 
exposure direct ly  t o  human exposure. As a r e su l t ,  animal toxicologic 9 
studies have  been valuable'for  identifying harmful pollutants,  b u t  they 
have not  been useful i n  developing  guidelines to prevent   adverse^ health . . 

ef fec ts .  

"W 

I 

4.2 Health based guidelines for contaminants 

t 

For each contaminant  adverse  health  effect  data have been reviewed w i t h  
the  intent of identifying  concentration  ranges  for which an  adverse 
health  r isk  exists.  

4.2.1 Sulphur  dioxide  guidelines 

This  se,ction  examines.  the  technical  data  base for establishing  health c 

guidelines fo r  sulphur  dioxide w i t h  primary emphasis on humn exposure 
information re la t ive  t o  both mortality and morbidity. These data  are 
s m r i z e d  i n  Table 4.1. Health  data exis ts  only t o  establish 24 hour 
and annual average  guidelines. 

\ 

* 

.. 
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TABLE 4.1 
RECENT SCIENTIFIC  EVIDENCE  RELATING TO THE ADVERSE 

HEALTH EFFECTS OF SULFUR DIOXIDE 

Adverse  Averaging 
Health effect Concentration pg/m3 time References - 

1 .  Increased mor- 
ta l i   ty  

300-500 

2.  Aggravation o f  
symptoms in 365 
elderly 

24-hour 11 ,  12,23,26,29,31 
32,33,34 

3.  Acute i r r i ta t ion  
symptoms  340 24-hour 15,18,20,21 

4. Aggravation of 
asthma  180-250 

5. Increased  hospital 
admissions w i t h  
respiratory i l l  - 300-500 
ness 

24-hour 11,12,13,14,18,23 

24-hour 11,23 

6 .  Increased fre- 
quency and sever- 

tory  illness 
i t y  of respira-' 130 annual mean 17,18,23,25,27,28,30 

7. Increased  spe- 
cific  mortality 180 

8. Decreased lung 
function i n  200 
chi 1 dren 

9. Increased  acute 
lower respiratory 90-100 
disease  in fami- 
l i e s  

10. Increased preva- 

bronchitis 
1 ence  of chronic 95 

annual mean  23 

annual mean 11,13,22,23 

annual mean 11,18,23 

annual mean 11,16,18,19,23,28 
29,35, 
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0 Morbid i ty   Data - 24 hour 

Review o f   t he   ava i l ab le   ep idemio log i ca l   da ta   re la t i ve   t o   t he   adve rse  

h e a l t h   e f f e c t s   o f   s u l p h u r   d i o x i d e   f o r  24 hour  exposures  indicates a 
range o f  response  between  120  and 500 ug/m wi th   the  s t rongest   ev idence 

suggest ing a range  approaching 300-400 u g h  . 
3 

3 

While m r e   r e c e n t   r e s u l t s   f r o m   s t u d i e s   i n d i c a t e   t h a t   d e l e t e r i o u s   h e a l t h  

e f fec ts   occur red   f rom  su lphur   d iox ide   a t   concent ra t ions   be low 300 u g h  , it was 
3 

the  best   judgement   o f   the  resea; ' .  I .< c o n d u c t i n g   t h e   s t u d i e s   t h a t   t h i s  

e f f e c t  was due to  sulphates,  wh':q .:re a l l e g e d   t o   a r i s e  from t h e   i n t e r a c t i o n  
o f   s u l p h u r   d i o x i d e  and p a r t i c u l a t c   l l l a t t e r  in the  atmosphere, and n o t  

su lphur   d iox ide   a lone  (18) .  

The e f f e c t  of sulphates will be discussed i n  Volume I1 o f   t h i s   r e p o r t .  1c 

u 

m 

0 M o r t a l i t y  Data - 24 hour -c. 

d 
There   ex is ts   ep idemio log ica l   da ta   wh ich   a re   a l leged  to   re la te   excess  

m o r t a l i t y   t o   i n c r e a s e s   i n   a m b i e n t   s u l p h u r   d i o x i d e   c o n c e n t r a t i o n s .  
However, examination of these  data  reveals a consistent  s imultaneous 

presence o f   h i g h  smoke o r   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  of 500 ug/m o r  3 

h ighe r ,   du r ing   mor ta l i t y   ep i sodes .   Th i s   i s  compared t o   l o w e r   p a r t i c u l a t e  

concentrat ions,  e.g. 300 ug/m smoke, when desc r ib ing   morb id i t y .  The 
observance o f  such  d i f ferences has led   researchers   to   ascr ibe   these 

e f f e c t s   t o   t h e   j o i n t   i n t e r a c t i o n   o f   p a r t i c u l a t e s  and  sulphur  d ioxide. 

This  has  led, i n  turn, to   t he   cu r ren t   hypo thes i s   t ha t   su lpha tes  ape t h e  

r e s p o n s i b l e   a g e n t   i n   c e r t a i n   h e a l t h   e f f e c t s  (18). 

L 

3 

It should be po in ted   ou t  with r e g a r d   t o   t h e   u s e   o f   m o r t a l i t y  as an 
ind i ca to r   o f   po l l u t i on   hea l th   e f fec ts ,   t ha t   respons ib le   g roups   have  
concluded it i s   a n . i n s e n s i t i v e   p a r a m e t e r   f o r   a l l   b u t  the most  extreme 

d e v i a t i o n s   i n   p o l l u t a n t   l e v e l s   ( 1 1 ) .  They fu r the r   conc lude   t ha t  no 
Single  cause O f  death has  been i d e n t i f i e d  a s   b e i n g   e x c l u s i v e l y   a t t r i b u t a b l e  

.. 
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to the effects of air  pollution,  as opposed t o  any of the  multitude of 
other  stresses of urban l i f e .  Thus, we conclude t h a t  mor t a l i t y  data 
deriving from epidemiological  studies can neither  support nor preclude a 
24  hour sulphur dioxide  guideline  in  the range of  300 u g h  t o  400 ug/m 3  3 

o r  below, because these  data are confounded by pollutants other t h a n  
sulphur  'dioxide. 

The range of 300-400 ug/m3 i s  supportable on the basis of available 
d a t a  . 

a Morbidity Data - Annual 

Heqlth information  gathered thus far  indicates t h a t  no significalit 
increase in morbidity results from long-term  exposures t o  sulphur  dioxide 
at: concentrations below 90 ug/m annual average. I n  fac t ,  with  ,respect 
to several key parameters, such as  increased  prevalance of  chronic 
bronchitis i n  a d u l t s  and increased  acute lower respiratory  disea:se  in 
children,  adverse  effects ar,! only observed a t  concentrations  in the 
rmge of 90 ug/m to  200 ug/m annual average. 3 3 

3 

0 Mortality Data - Annual 

T k  data  that  attempts t o  lil?k  excess  mortality t o  increased sulphur 
dioxide  levels  are,  as  stated  previously, very equivocal. Most Iitudies 
have focused on increased  mo:ttality  during  episodic  conditions o f  severe 
irlversion which are  not  rela.table t o  long-term  exposures. Further, a l l  
st.udy resul ts  have been obscllred by other  subtle  effects,  effect:; which 
are  not  contaminant-specific enough to   factor  o u t  sulphur  dioxide or 
eken natural phenomena. 

Tte range of 90-100 ug/m therefore'is  supportable on the  basis of 
available  data. 

3 

J 



32 

4.2.2 Suspended  particulate  matter  guidelines 

The  aim of this  section is to  examine  the  technical  basis  of  health 
guidelines  for  suspended  particulate  with  primary  emphasis on human 
exposure  information  relative  to  mortality and morbidity.  These  data 
are s m a r i z e d  in Table 4.2.. 

m Morbidity Data - 24 hour 

Review o f  the  available  epidemiological  data  relative  to  the  adverse 
health  effects of suspended  particulate  matter  indicates  a  range of 
response  between 75 and 375 ug/m with the  strongest  evidence  suggesting 
a  range of 150-300 ug/m . While  mare  recent  results  from  studies  indicate 
that  deleterious  health  effects  occurred at particulate  matter'concentrations 
below  this  range, in the  best  judgement of  the  researchers  conducting 
the  studies  these  adverse  health  effects were due t o  sulphates  rather 
than  particulate  matter per se (18). 

3 
3 

L 

0 Mortality  Data - 24 hour 
L 

There  exist  epidemiological  data  which  have  attempted  to  relate  increases 
in mortality to increases in ambient  particulate  concentration.  These 
data  suggest an adverse  effect  range  between 200 and 750 ug/m and  as 
with  sulphur  oxides  the  mortality  range  overlaps  the  morbidity  threshold. 

3 

As was stated  with  regard to the  question of sulphur  oxides  excess 
mortality i s  not a very sensitive  parameter. Thus it  is concluded 
that  these  data  are of little  help in establishing  a 24 hour  suspended 
particulate  matter guideline. 

The  range o f  150-300 u g h  is supportable on the basis of available 
data. However,  the  question o f  whether  specific  particulate-borne 
contaminants  are  producing  adverse  health  responses bel ow these  concentrations 
is an  issue  yet to  be  resolved. 

3 

It 
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TABLE 4 . 2  
RECENT SCIENTIFIC  EVIDKNCE  RELATING TO THE ADVERSE HEALTH E:FFECTS 

OF TOTAL SUSPENDED PARTICULATE  MATTER 

Adverse Health 
Effect Concentration u g h 3  Time Averaging - References 

1 .  Increased  mortality 750 or a rise 24-48 hours 24.3'4935 
elf 200 

2. Increased  infant mor- 
t a l i  ty..and  cancer >i!OO 3 days  23.33 
deaths 

3. Increased upper res- 
piratory  infection 375 24 hours 24,31,32 
and cardiac  morbidity 

4. Excess bronchitis mor- 
t a l i   t y  i!OO 24 hours 24,2#9 

symptoms in bronchi- 300 daily 2 4 , X  
t i s  patients 

5. Acute worsening of 

6. Increased cough, chest 
discomfort and restr ic-  100-269 24 hours 
ted act ivi ty  

11.18.21 

7. Aggravation o f  cardio- 
respiratory symptoms in 
healthy persons, and  i n  
elderly  patients w i t h  80-1 00 
heart and lung disease; 
increased asthma attacks 
in people w i t h  asthma 

8. Aggravation o f  cardiores- 
piratory  disease symp- 76;-260 

w i t h  heart or chronic 
toms i n  elderly  patients 

1 ung disease 

from chronic respira- 100 
tory  disease and a1 1 
causes 

9. Increased  mortality 

24 hours 11,1!5,18 

24 'hours 11.1:5,18 

2 years 24,26 
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TABLE 4 . 2  continued 
RECENT SCIENTIFIC  EVIDENCE  RELATING TO THE ADVERSE HEALTH EFFECTS OF TOTAL 

SUSPENDED PARTICULATE M A T E R  

Adverse 
Health effect  Concentration ug/m3 time  References 

Averaging 

10. Increased  chronic 100-200 annual 24,27,20 
respiratory  disease 
prevalence i n  adul t s ;  
increased upper and 
lower respiratory 
t ract   d isease and d i -  
minished Dulmonary 
function i n  chi1  dren 

11. Decreased pulmonary 
function i n  school- 110 
chi  1  dren 

12. Increased  frequency 

. lower respiratory 
and severity of  acute 100 

disease i n  school- 
chi ldren 

13.  Increased  chronic 
respiratory  disease 100 
symptom preval  ence 
i n  adults 

annual 

annual 

annual 

I 

11,18,22 

11,10,20 

18,19 

r 

I 
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0 Morbidity Data - Annual 
'il 

Information relative to adverse health effects of long-term exposures 
to particulate indicates increases i n  morbidity result from long-term 
expxure to particulate  matter in the concentration  range o f  60-2i:O 
ug/n  annual average. 

I 

3 
I 

6 Mortality Data - Annual 

As  dith the 24 hour suspended particulate  matter guideline, these  mortality 
dat3 allow no defensible  guideline range to be established. 

The  range  of 60-100 u g h  annual average is supportable on the basis 
of jvailable data, however it must be stated once  again  that  a strong 
possibility  exists  that  specific  particulate-borne  contaminants may  be 
protiucing effects below this range. 

3 

4.2.3 Nitrogen oxides  guidelines 

The aim of this  section is  to examine  the technical basis of health 
guidelines for nitrogen oxides (as NO2)  with primary emphasis on human 
exposure  information  relative to mortality and morbidity. These data 
are  sumnarized in Table 4.3. 

0 Morbidity Data  Short-Term Averages (1-2 hours) 

There  exists  only very limited data  on response of humans to short-term 
nitrogen  oxide  exposure and these data suggest an adverse  response range 
of ;!000-3000 u g h  . 3 

0 Mortality Data Short-Term  Averages (1-2 hours) 

There exist no short-term studies of human mortality in response t3 
nitt'ogen oxide. 
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TABLE  4.3 

RECENT  SCIENTIFIC  EVIDENCE  RELATING  TO  THE  ADVERSE 
HEALTH  EFFECTS OF NITROGEN  OXIDES (as N O Z )  

Concentration ug/m 
Averaging 

Time 3 References = 

1. 

2. 

3. 

.4. 

5. 

6. 

7 .  

8. 

9. 

10. 

Susceptibility to acute 2800 
respiratory  infection 

Diminished  lung  function 3800 

Structural  changes in lungs of 564-940 
experimental  animals.  Changes 940 
include  changes in lung 750 
chemitries,  damage  to cilia. 

Diminished  lung  function of  'humans 3000 
experimentally  exposed to  NO2 

Increased  prevalence  of  chronic  100-540 
respiratory  disease in humans 
possibly attributable to NO2 

Association of hypertensive  heart  unknown 
disease  mortality  with  NO2  exposure 

Increased  susceptibility to 150-560 
acute  respiratory  infection in 
families 

Increased  frequency of lower 150-450 
respiratory  disease in children 

Increased  mortality o f  animals 940 
exposed  to NO and  challenged 
with  infectio6s  aerosols. 

Structural and biochemical  changes 940 

Changes  include  alteration in 
in lungs of experimental  animals. 

940 
structure of lung  collagen, 
rupture of mast  cells,  peroxida- 
tion  of  lung  lipids,  decreased 
cilia  on  bronchiolar  epithelium 

2  hours 

1 hour 

6 months 
1 month 
7 days 

10-15 min. 

1 4 year 

unknown 

1 year 

1 year 

5 hrslday x 
3 months 

4 hrs/day  x 
5 days 

6 hrslday x 
3 months 
1 year 

- 
12,48,49 - 
12,43,50 

12,39,44.45 I 

m 

48.50 

12,38,40,41 ,i 

..1. 

t 

48,49 ' ' 

= 

46 - 
12,53 

c 

12,51,52,53 - 
54,55,56,57 

.L 
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Therefore, based on the limited morbidity data a  concentration  range Of 
2000-3000 u g h  would  be a reasonable short-term guideline. However, 
because  these data are so scanty it would be better to postpone  establishment 
of a short-term nitrogen  oxide  guideline until more data are  available. 
The  sare would  be true of attempts to establish 24-hour guidelines as 
well. 

3 

0 Morbidity Data - Annual 

There  exists  only limited data relative to the  response o f  humans to 
long-term nitrogen  oxide  exposures and these data suggest  that effects 
are  adverse in the  range of 100-600 u g h  annual average. 3 

Mortality Data - Annual 

Only animal exposure data are  available  on  excesses in mortality  attributed 
to nitrogen  oxide exposures. However, as  previously discussed (Section 
4.1.2), it is considered that these data have direct input into human 
health guide1  ines. 

Therefore based  on the available data a  concentration  range of 100-200 
u g h  would be a  reasonable annual guideline. 3 



TABLE 4 .4  
RECENT SCIENTIFIC EVIDENCE RELATIVE TO THE ADVERSE 

HEALTH EFFECTS OF CARBON MONOXIDE 

Adverse  Health 
E f f e c t  

Averagina 
Concentrat ion mg/m3 Time References 

~- 

1. I n t e r f e r e n c e   w i t h  150-250 1 hour 65,66,6a,70 

2.  Impaired  physical  180-360 1 hour 64,66,69 

mental a c t i v i t y  15- 50 a ~ O U I - S  

performance i n   n o r -  30- 70 8 hours 
mal adu l t s  

3 .  Increased risk o f  40- 50 a hours 60 
a the rosc le ros i s  

4. Impa i red   f e ta l  de-  40-1 00 a hours 62 
velopment 

5. A l te red   t o le rance  60- 1 60 
t o   c m o n  drugs 

6. Impaired  exercise 60-1 40 
t o l e r a n c e   i n   p e r -  
sons w i t h   h e a r t  
disease 

7. Myocardial  hypoxia 40- 50 
i n   p a t i e n t s   w i t h  
card iac  and  pulmo- 
nary  disease 

6. Decrease i n   v i s u a l  
t h resho ld  

27- 34 

a hours 63 

a hours 66,67 

. .  

a hours 66,71 

I 

I 

I 
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4 .2 .4  Carbon monoxide guidelines 

The  aim  of this   sect ion  is   to  examine the technical  basis of health 
guidelines  for carbon monoxide with  primary emphasis on human exposure 
,information. I n  contrast t o  other contaminants thus far  discussed, the 
data  relative t o  the adverse effects of carbon monoxide are largely 
deduced from human clinical  exposure  experiments or epidemiology studies 
of  short  duration. These data  are sumnarized i n  Table 4.4. 

11 Morbidity - 1 hour 

lleview  of the available  data  relative  to adverse effects  of carbon monoxide 
o n  humans a t  one hour averaging times indicates  adverse  effects  are 
observed a t  concentration  ranges from  40-360 mg/m . 3 

II Mortality - 1 hour 

Insufficient  data  are  available  to use t h e m  as rational  inputs  into 
Eluidelines. 

P. carbon' monoxide health gu.ideline j n  the range of  40-60 mg/m3, one hour 
average, i s  supportable based on the heal th  data. However, because of 
i t s  diverse  physiological  effects and acute tendency to a l ter  cardiopulmonary 
functions the lower value 0.F the range i s  preferred. 

a Morbidity - 8 hour 

I n  this case  adverse  response  occurs  over an  8 hour carbon monoxide 
concentration range of 15-50 mg/m . I t  i s  noted that  the most important 3 

physiological changes occur a t  the lower end of the range. 

a Mortality Data - 8 hour. 

1 Insufficient  data  are  available. 

a 
\ A health  guideline  in the range of 15-20 mg/m for the 8 hour average is 

supportable based on available  data. As with the one hour exposure 
guideline  the lower  end of the range i s  preferred. 

3 

* 
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4.2.5 Oxidant guidelines 

The aim of th is  section  is  to examine the  technical  basis of hea l th  
guidelines for  oxidants  reported as ozone. In this case, only morbidi ty  
data sunnnarized i n  Table 4 .5  are  available.  Similarly i t  is noted tha t  
few, i f  any, studies have  been conducted on humans during long-term 
exposure t o  oxidants, thus a t  this time, there  exists  insufficient  data 
t o  establish  health  guidelines for  the 24 hour or annual averaging time. 

0 . Morbidity Data Short-term (1 /2 t o  2 hour) 

Review of this   re la t ively more complete data base indicates  adverse 
response by humans t o  oxidants  occurs a t  concentratfons i n  the range of 
700-1500 u g h  over a 1/2 t o  2 hour period. The most reliable  data both 
from the  standpoint of completeness and physiological  significance 
indicate  this range i s  too broach and a short-term  oxidant  guideline i n  
the range o f  150-300 ug/m3 is supportable on the  basfs of these  health 
data. As w i t h  carbon  mnoxide,  oxidant  effects  very  acute  responses  in 
Particularly  susceptible  population subgroups and  an attempt  should be 
made t o  adhere t o  the lower values i n  the range. 

3 
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TABLE 4 . 5  
RECENT SCIENT1F:;C EVIDENCE RELATED TO ADVERSE 

HEALTH EFFECT!; OF PHOTOCHEMICAL  OXIDANTS (as 03) 

Adverse Health Effect  References 
Concentration 

ug/m3 Averaging Time 

1. I r r i ta t ion of Respiratory 
Symptoms in Student Nurses 
-Threshold for  Cough and Peak daily a9 
Chest Discomfort 500-600 hourly  average 

2.  I r r i ta t ion and Respiratory 
Tract  in  otherwise  healthy 
adults 
( a )  Substernal  soreness, 740 (ozone) 2 hours 

chest tightness and i n  
several  subjects  short- 
ness of breath and 1500 (ozone) 
wheezing while  per- 
forming intermittent 
exercise. 

and 

(b) Burning  and tightness 
o f  the chest when 1000 (ozone) 2 hours 
exercising. 

72 

78 

(c )  Substernal  soreness 
snd cough and i n  some 

.and dypsnea while per- 
instances  pharynigitis 

.Forming light  exercise. 1500 (ozone) 2 hours I30 

3 .  Increased eye i r r i ta t ion  
(a )  Threshold for  eye 

irritation  in  student 
rlurses 

Peak daily 79 
hourly  average ;!60-340 

4. Decreased cardiopulmonary. 
reserve  in  healthy  subjects 
( a )  Impaired pulmonary 

aale  subjects performing 
function  in heal thy  

intermittent 1 i g h t  
exercise. 740 (ozone) 2 hours 77 



42 

TABLE 4.5 continued - 
Adverse Health Effect Concentrqtlon References 

( u g h  ) 
Averaging Time 

( b )  Synergism between ozone 
and SO2- marked decrease 
i n  pulmonary function i n  740 (ozone 2 hours 75 
heal t h y  subjects  per- 1000 (SO21 
forming intermittent 
l i g h t  exercise. 

- 
s 

( c )  Increased  airway resis-  2 hours  changes 78 
t a m e  i n  subjects  per- 100 (ozone) 4-6 h o u r s  
forming intermittent  greater changes 
1 i g h t  exerci se. 

( d )  Decreased pulmonary 
function  while perform- 1500 (ozone) 2 hours 
ing  intermittent  l ight 
exercise. 

Risk of  Mutagenesis 
(a )  Chromosomal aberrations 

i n  circulating lympho- 400-600 
cytes of Chinese ham- (ozone) 
s t e r s  

5. Increased  susceptibility 
for  acute  respiratory  'disease.  
(a )   S tab i l i ty  of alveolar 

macrophages reduced i n  

which protect the lung 
rabbits - these are   ce l l s  196 (ozone) 

against  infection 

6. Aggravation of  Asthma so0 

7. Aggravation  of  Chronic Lung 
Disease 
(a)  Impaired pulmonary func- 

tion among subjects w i t h  . 100-450 
bronchitis or  emphysema 

(b) Improved  pulmonary func- 

patients when removed 
tion among emphysematous  390-1370 

from a i r  pollution on (ozone) 
smoggy days. 

(390-1 040) 

5 hours 

I 

I 

80 

82,83 

2-1/2 hours 81 

Peak hourly 84 
exposure 

Uncertain b u t  
l ikely a peak 
reading , per- 
haps hourly 

Uncertain 

90 

96 
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TABLE 4 . 5  continued 

Concentration 
u ~ f m 3  

Averaging Time References 

8.  Irritiition of respiratory 
t r ac t  i n  otherwise  healthy 
adult!;. 
(a)  Impaired pulmonary func- 980 (ozone ) 3 hrs/day 93 

t.1 on 6 dayslweek 
for 12 weeks 

( b )  Irrpaired pulmonary func- 
t'on and respiratory 1 180-1 570 2 hours 92 
t r ac t   i r r i t a t ion  (ozone) 

(c )  Increased  airway resis-  
tance.  Respiratory irri- 2000 (ozone) 
tatlon. 

1 hour 

9.  Aggravation of certain 
anemias 
(a) Increased  sphering of 

red blood ce l l s  i n  mice, 400-500 
rats,   rabbits and man (ozone) 
(reflects  accelerated 
aging  of red blood ce l l s )  

1/2 - 1 hour 

85 

91 

10. Impaired fe ta l  development 
or surv iva l  
(a)  Ircreased neonatal mor- 200-400 7 hourslday 

t a  1 i ty  among offspring 
91 

o f  exposed mice 
(ozone) for  3 weeks 

11. Structural changes i n  cell  
nuclei of myocardial muscle 400 (ozone) 5 hrs/day for  
fibers i n  experimental ani- 3 weeks 

91 

mals 

12. Decreased visual  activity 400-1000 3 hours single 79 
in man (crzone o r  twice repeat- 

ed exposure 

13. Increased eye i r r i t a t ion  
(a) among female  telephone 200  and Uncertain 98,100 

(b)  residents  of Los 100-880 Instantaneous 99 

employees  above 

Angeles peaks 
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TABLE 4.5 continued - 
Adverse Health  Effect CO~Centrati On u g / d  Averagi nq Time 

References 

( c )  S tudent  nurses 200-880  Maximal daily 89 
1 eve1 s (uncer- 
tain  duration) 

14. Increased  susceptibility 
fo r  acute respiratory 
disease 
(a)   Suscept ibi l i ty   to  

bacteri a1 strepto- 160  and above 
coccal  infection  (ozone) 
i n  mice 

( b )  Suscept ibi l i ty   to  1700 o r  
Klebsiella pneumonia 

and hamsters 
increased i n  mice 

2600-8800 
7600-8200 
(ozone) 

(c) Impaired  phagocytic 
ab i l i t y  o f  pulmonary  7340-8000 
alveolar macrophage (ozone) 
i n  rabbits 

~ 15. Decreased  cardioDulmonary 
reserve i n  healthy  stan- 
dards 
( a )  Impaired a th l e t i c  per- 

formance cf cross- 
country  track runners 60-590 
i n  Los Angeles 

(b)  Threshold fo r  im-  
paired  athletic per- 240 
fonnance of  cross- 
country runners 

(c) Impaired pllmonary 980 
function i n  (ozone) 
adults 

( d )  Impaired pulmonary 1 180-1 570 
function (ozone) 

(e) Increased  airway 2000 (ozone) 
resistance 

3 hours a6 3 7  

4 hours/day a 6 m  
5 days/week 
fo r  2 weeks, 
3 hours 
3 hours 

3 hours a ~ a 7  

1 hour aa 

1 hour 73 

3 hourslday 93 
6 daydweek 
for  12 weeks 

2 hours 92 

1 hour a5 
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4 . 3  Discussion 

The public  health  guideline  ranges set   for th  i n  the foregoing  sections 
are based on an  objective assessment of the adequacy of each health  data 
base relat ive  to  each cr i t i ca l  contaminant. These data are derived from 
a multitude  of  diffuse  sources of differing  quality and quantity and the 
guideline ranges are  best judgement concentration  ranges, which a t  a 
minimum, must be adhered t o  in  order  to  protect  public  health. 

e 
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5 . 0  COMPARISON OF AMBIENT A I R  QUALITY CRITERIA TO RECOMMENDED PUBLIC 

HEALTH  GUIDELINES 

Based on a  review o f   ex is t ing   hea l th   da ta ,   the   sec t ions   tha t   fo l low  se t  

f o r t h  recommended gu ide l ines   fo r   the   Hat  Creek Pro jec t  and compare them 
t o   e x i s t i n g   B r i t i s h  Columbia and  Canadian Federal c r i t e r i a   f o r  ambient 
ai.. q u a l i t y .   I m p l i c i t   i n   t h e s e  recomnendations i s  the  judgement  that 

adherence t o  these  concentrat ions will ensure  adequate  protection  of 
pul,l i c   h e a l t h .  

It should be  emphasized that  these  judgements  are  derived  soley  from a 
cons ide ra t i on   o f   t he   hea l th  consequences of  exposure t o  these  contaminants, 
and t h e   f a c t  remains t h a t   i n   t h e   e s t a b l i s h m e n t   o f   a m b i e n t   a i r   q u a l i t y  
ob jec t ives   o ther   fac to rs  may be considered.  Consideration  of  these 

o t h e r   f a c t o r s   i s  beyond the scope o f   t h i s   r e p o r t ,  however, t h e i r  importance 
cannot be overlooked. 

5.'1 Sulphur  d ioxide 

Thc recomnended ambient air q u a l i t y  achievement   gu ide l ines  for   the  Hat  
Creek P ro jec t   a re  300-400 ug/m 3 f o r   t h e  24 hour  average and 90-100 ug/m 3 f o r  
the  annual  average. No 1  hour  average  guideline i s  recomnended. The 

comparison o f  the  recommended heal th   gu ide l ines t o  t h e   B r i t i s h  Columbia 
ambient a i r   q u a l i t y   o b j e c t i v e s  and  Canadian Federal  guidel ines i s   i l l u s t r a t e d  
i n  Figure 5.1. Compliance w i t h   B r i t i s h  Columbia Level C and the  'Canadian 

Federal "maximum acceptable"  guidel ines i s  s u f f i c i e n t  based on pulalic 
heill t h  concerns. 
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FIGURE 5.1 
SULPHUR DIOXIDE 
AMBIENT AIR QUALITY 
CRITERIA  AND 
RECOMMENDED  HEALTH 
GUIDELINES 
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5.2 Suspended  particulate  matter 

Based on health  data a 24 hour guideline of 150-300 u g h  and 'an annual 
guideline of 60-100 ug/m are recommended to protect public health. A 

great deal of uncertainty exists regarding the potential toxicity  of 
related particulate borne contaminants  and an effort to  achieve values 
in the  lower end of  the  concentration range is  desirable. The comparison 
of the health recommended guidelines to the British Columbia  ambient  air 
quality  objectives and the Canadian Federal guidelines is illustrated in 
Figure 5.2. Compliance with British Columbia Level C is sufficient to 
protect public health. 

3 
3 

5.3 Nitrogen oxides (as Nw 
Currently, health data suggests a short-term (1-2 hour) range of 2000- 
3000 ug/m  is appropriate to protect public health. However, since 
these data are so limited,  a  guideline is not recommended. 

3 

The most appropriate nitrogen oxides  guideline  relates to long-term 
annual exposure. In this regard, achievement of nitrogen  oxide  concentrations 
of 100-200 ug/m  annual average is  recomnended to protect  public  health. 
Clearly, as  for all Contaminants, efforts should be  directed  t.oward the 
lower  limit of the  concentration  range but the health benefits of achieving 
ambient  concentrations below this range cannot be quantified. The 
comparison of the recornended health guideline to the Canadian  Federal 
guidelines is illustrated  in Figure 5.3. Compliance with the Canadian 
Federal "maximum  acceptabie"  guideline is sufficient to protect public 
health. 

3 
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FIGURE 5.2 
SUSPENDED  PARTICULATE  MATTER 
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FIGURE 5.3 
NITROGEN OXIDES 
AMBIENT  AIR QUALITY CRITERIA 
AND  RECOMMENDED HEALTH 
GUIDELINE 



52 

5.4 Carbon  monoxide 

A 1 hour  carbon  monoxide  guideline  range of 40-60 mg/m3 and 8 hour 
guideline of 15-20 mg/m are recommended.  This contaminant has  many 
diffuse physiological  effects in particularly  susceptible  population 
subgroups and  all efforts  should be made to achieve concentrations in 
the  lower  end of the  range. The comparison of the  recommended  health 
guidelines to  the  British  Columbia ambient air quality  objectives  and 
the  Canadian Federal guidelines  is  illustrated. in Figure 5.4. Compliance 
with British  Columbia Level C or the  Canadian  Federal "maximum acceptable" 
guideline  is  more than sufficient to protect  public health. 

3 

5.5 Oxidants (as 03) 

Based on the review of existing  health  data the recomended'guideline 
for oxidants is the  concentration  range of 150-300 ug/m for short-term 
(1/2-2 hour)  exposure. Because of its reactive potential, every effort 
should be expended to maintain  the lowest practicable  concentration in 
this range. 

3 

Insufficient  data  exist to quantify the adverse effects o f  oxidant 
exposures for the 24 hour  and  annual time durations and it is  premature 
to recomnend  guidelines for these two  averaging periods. The comparison 
of the recommended  health  guideline t o  the Canadian  Federal  guidelines 
is  illustrated in Figure 5.5. Compliance with the Canadian  Federal 
"maximum  acceptable"  guideline  is  sufficient to protect  public health. 

I 

i 

r 
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FIGURE 5.4 
CARBON  MONOXIDE: 
AMBIENT  AIR QUALITY CRITERIA 
AND  RECOMMENCED  HEALTH 
GUIDELINES 
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5.6 Discussion - 

In  order   to   estab l ish  unequivocal   ambient   a i r   qual i ty   ach ievement   gu ide l ines 
based on ly  on pub l i c   hea l th   cons ide ra t i ons   requ i res   t ha t   an  adequate 
data base e x i s t .  I n  theory  the dose response  information  should be complete 
wi th  respect  to  exposure  durat ions and exposure  concentrat ions  for  each 
contaminant   or   combinat ion  o f   contaminants .   C lear ly   th is   s i tuat ion does 
no t   ex i r i t  and the  ex is t ing  data base has many de f i c ienc ies .  

The heal th  data base was found t o  be lack ing  wi th   respect   to   su lphur   d iox ide 
exposuws  for  1 hour  durat ion,   n i t rogen  oxides  exposure  for  1 hour and 
24 hour  durations and oxidant  expol jures  for 24 hour and annual  exposures. 
For  these cases guide l ines  could  not  be recommended. S p e c i f i c a l l y  
the   fo l low ing   de f ic ienc ies  were  no.ted: 

0 Sulphur  d ioxide 

I n  the  case  of   th is  contaminant,  no s tud ies have been conducted, a t  
concentrat ion  ranges more comnon to   t he   amb ien t   a i r   ob jec t i ves   f o r   t he  
1 hour  averaging  time,  which  would  enable a q u a n t i f i c a t i o n   o f   e f f e c t s  
dose  response. The l imi ted  shor t - term  su lphur   d iox ide  exposure  data 
which ex is t   der ive  pr imar i ly   f rom  occupat ional   exposure  s tud ies and i n  
these cases concentrat ions were an o rde r   o f  a magnitude  greater  than 
t h o s e   s e t   f o r t h   i n   e x i s t i n g  1 hour  object ives.  These data  cannot 
appropr ia te ly  be used t o   e s t a b l i s h  a defensible  ambient a i r  q u a l i t y  
o b j e c t i v e   f o r  1 hour  exposures to   su lphur   d iox ide.  

0 Nitrogen  oxides 

A t  p r e s e n t   i n s u f f i c i e n t   d a t a   e x i s t  upon which to  support  the  recomnenda,tion 
o f  1 hour  or 24 hour   gu ide l ines.   Th is   condi t ion  ar ises  large ly  because! 
community studies have had, as t h e i r  primary,focus,  long-term  effects. 
A s  with  sulphur  dioxide,  the  data  derived  from  the  occupational  exposure 
s tud ies   a re   no t   d i rec t l y   ex t rapo la t iab le  inasmuch as  they  would  invar iably 
dictate  guidel ine  concentrat ions  which  would be u n r e a l i s t i c a l l y   h i g h .  
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0 Oxidants 

The situation  relative t o  oxidants  is  the  antithesis of wha t  i s  observed 
w i t h  nitrogen  oxides, namely the  fact t h a t  the  primary  concern has  been 
for short-term  effects w i t h  l i t t l e  concern for  long-term o x i d a n t  exposures. 
As such,  comunity  studies have  been directed 3 5  assessing  the  adverse 
health  effects induced by peak o x i d a n t  exposures  during 1 t o  4 hour 
intervals and these  studies form.  the bu lk  of existing  health knowledge relat ive 
t o  this  contaminant. As a resu l t ,  i t  i s  not  possible a t  th i s  time t o  
establish  guidelines for ei ther  24 hour or annual  averages.  This  concern 
w i t h  short-term  exposures t o  the  exclusion o f  other time  periods  derives 
from the  fact  t h a t  historically  episodes of h i g h  ambient concentrations o f  
oxidants have always occurred  over  short' time periods. 

li 

Clearly a l l  o f  the  standards o r  objectives of the  jurisdictions reviewed 
are  more than  adequate t o  protect  public  health. Of the contaminants 
studied,  standards for suspended particulate  are i n  close agreement w i t h  
the recomnended guideline range, indicating  that   the  standards  set   for .L 

suspended particulate  are based primarily on human health  considerations. 

- 
-.J 

Standards for  the  other contaminants are somewhat  more stringent than 
the recomnended health based guidelines. This si tuation is most l ikely 
the  result of other  factors, such as  contaminant effects  on vegetation, 
being  considered i n  establishing  these  standards. 

. .  

L 
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1.0 INTRODUCTION 

The purpose o f   t h i s   r e p o r t  i s  t o  assess the   pub l i c   hea l th  r i s k  associated 
with  the  atmospheric  emission  of  contaminants  from  the  propos'zd H a t  Creek 

P r o j e c t .   B r i t i s h  Columbia  Hydro & Power Au tho r i t y  engaged We,jtern  Research 
& Development  and  Flow  Resources Corporat ion t o  conduct t h i s  'assessment 
and t o   a s s i s t   i n   e s t a b l i s h i n g  ambient a i r  q u a l i t y  achievement  guidelines 

as p a r t   o f   t h e  Hat Creek Environmental  Studies.  This  report i s  the second 
o f   t h e  two  volume d i s s e r t a t i o n  on t h i s   t o p i c .  

I n  Volume 1 t h e   f o l l o w i n g   f i v e  commonly occurring  contaminants were 

discussed;  sulphur  dioxide, suspended par t i cu la te   mat te r ,   n i t rogen  ox ides ,  
carbon monoxide  and oxidants.  Ambient air q u a l i t y   r e g u l a t i o n s  were 
reviewed and ex is t ing   pub l i c   hea l th   da ta  were assessed. Recolrmendations 
f o r  ambient a i r   qua l i t y   ach ievement 'gu ide l ines  were made t o   B r i t i s h  
Columbia  Hydro & Power Author i ty  regarding  the  Hat Creek Pro ject .  

I n   t h i s  second  volume trace  contaminant  emissions  are  discussed and the 

potent ia l   impact  o f  fourteen  selected  trace  elements i s  examined. I n  
addi t ion  to   t race  e lements  the  repor t  examines the   ques t ion   o f  suspended 

sulphates and n i t ra tes ,   po lycyc l i c   o rgan ic   mat te r  and nitrosamines. The 
trace  elements  considered i n   d e t a i l   a r e :  

arsenic  manganese 
bery l  1 ium mercury 
cadmi um n i cke l  
chromium sel   en i  urn 

copper uranium 

f l o q r i n e  vanadium 
1 ead zinc 

Ex i s t i ng   regu la t i ons   i n   va r ious   j u r i sd i c t i ons   a re   rev iewed  and re levant  
hea l th   da ta   fo r  each contaminant  are  assessed. The projected  emissions  for 

the  proposed Hat Creek thermal power plant,  expiessed i n  terms o f  maximum 
ground  level  concentrat ions  are  considered i n   o r d e r  t o  determine  the 

p o t e n t i a l   p u b l i c   h e a l t h   r i s k .  Accepted heal th  data  are  a lso  factors used 

i n   t h i s  assessment. 
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0 I n  view of   the  present knowledge regard ing  the  e f fects  o f  t ract? 
elements on pub1 i c   h e a l t h ,  no adverse  heal th   r isk  i s  foreseen :%-om the  
proposed  Hat Creek thermal power p lan t .  

a For gaseous f l uo r ine   t he   p red ic ted  maximum 24-hour  average  ground 

level   concentrat ion i s  approximately one h a l f   o f   t h e  most s t r i n g e n t  
ambient a i r   q u a l i t y   o b j e c t i v e .  

0 For  the  remaining  trace  elements, a comparison o f   t he   p red ic ted  
maximum 24-hour  average  ground level   concentrat ion  wi th   se lected  Nor th 
American  ambient a i r   q u a l i t y   o b j e c t i v e s  has shown that  acceptable 
ambient  levels  are a t  least   ten  t imes  higher  than  the  levels  predicted 
from  the  proposed  Hat Creek power p lan t .  

0 Epidemio log ica l   s tud ies  re la t ing  morb id i ty   to   e i ther  suspended 
s u l p h a t e   o r   n i t r a t e  exposure  are  cons idered  insuf f ic ient   for  use i n  
promulgating  ambient a i r   qua l i t y   ob jec t i ves .   The re fo re  i t  i s  lnot 
p o s s i b l e   a t   t h i s   t i m e   t o  assess conclusively  the  impact  of  sulphates 
and n i t r a t e s  on human health.  Three  states i n   t h e  USA have  se,t 
ambient air quali ty  standards  for  sulphates  but  these  are  considered 
by the  study team t o  be ove r l y   p ro tec t i ve .  

0 The potent ia l   impact  due to   po lycyc l ic   organic   mat ter   emiss ion l j  i s  
even  more d i f f i c u l t   t o  assess.  Several members o f  t h i s   c l a s s  I I ~  

atmospheric  contaminants.  including  benz-a-pyrene and 3-methylcholan- 
threne. have been impl icated as mutagens  and carcinogens. However, 
the  necessary  epidemiological  studies have no t  been conducted ,and i t  
remains t o  be  shown that  these compounds,  as encountered i n   t h e  
atmospheric  environment,  contr ibute  to  the  incidence  of  cancer i n  
humans. 

a 
, 
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There is  no evidence t o  suggest  that  nitrosamines  are produced by the 
combustion o f  fossil   fuels.  The formation of  nitrosamines,  via 
chemical reactions  occurring i n  the  atmosphere,  requires  sources o f  
both nitrogen  oxides and organic  amines. No potential  sources of 
amines were identified i n  the region o f  the Hat  Creek Project and 
therefore  nitrosamines  are  not  expected t o  appear  as  either primary or 
secondary  contaminants. 

Neither  specific  emission nor  ambient a i r  quality  control  for  trace 
contaminants is recomnended for the Hat  Creek Project. This 
recommendation is  based primarily on the  analysis conducted w i t h  
respect  to  trace  elements. However, i t  also  takes  into  consideration 
four  other  trace  contaminants  that  are of  concern, and are  currently 
under study, i n  the USA and  Canada. 

c 
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3.0 ASSESSMENT METHODOLOGY 

The h e a l t h   r i s k  assessment o f   the   t race   con taminants   iden t i f ied   in   th is  
r e p o r t  i s  based on reported  relevant  heal th  data,   publ ished  ambient air 
qua l i t y   ob jec t i ves  and predic ted maximum ground  level   concentrat ions  for  
each contaminant. 

3.1 - Health  data base 

The data base  examined in   th is   s tudy   inc ludes   repor ted  human and animal 

toxicological   exper iments,   occupat, ional   heal th  studies and comnunity 
epidemiological   studies.   Far  the most p a r t ,  human exposure  studie's have no t  
been conducted a t  low  contaminant  concentrations. Thus, a heavy re l i ance  
i s  placed on  animal  toxicology  studies and data  co l lected  dur ing  acute and 

subacute  exposure  episodes related  to  occupat ional   scenar ios.  

The majw i ty   o f   the   re levant   hea l th   da ta   regard ing   a tmospher ic   t race  
contamiiants, and i n   p a r t i c u l a r   p o l y c y c l i c   o r g a n i c   m a t t e r  and t race 

element.;, are  found in   repor ts   o f   occupat iona l   hea l th   s tud ies .  Data on the 
hea l th  !of workers  exposed to  various  contaminants  usually does not   conta in  
precise  contaminant  concentrat ion  or  length-of-exposure  information.  Also, 
t h e   s y n e r g i s t i c  and an tagon is t i c   e f fec ts   o f   mu l t ip le   exposures   a re   usua l ly  

not   taken  in to   account   in   these  s tud ies.  The m a j o r i t y  o f  occupational 
health  Information  describes  subacute and acute  exposures. I n  many ca'ses, 
few qua ' l i f ied   s tud ies  have  been done which  def ine  the  levels a t  which 
chronic  exposure  to a i r  p o l l u t a n t s  causes  adverse  health  effects. 

Knowledge o f  t h e   e f f e c t   o f   n i t r o s a l n i n e s ,   n i t r a t e s  and sulphates  on  hea'lth 
is  der ived  pr imari ly  f rom  animal  t '3xicology  exper iments.  It is  widely 
accepted t h a t  due to   va r ious  .physiN,logical d i f ferences,  resul ts  f rom  animal 
experiments  cannot be d i r e c t l y   a p p l i e d   t o  humans, bu t  can  only  provide 
baseline!  information on t h e   t o x i c i t y   o f  a given compound.  More useful   data 
on the  1:oxicology o f   t r a c e  contaminants i s  der ived  f rom  contro l led human 

tox ico lc lg ic  and epidemiologic  studles.  Unfortunately, few  such s tud ies 
have  been conducted a t  t h i s   t ime  o f  t h i s   p u b l i c a t i o n .  
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While s c i e n t i f i c   i n f o r m a t i o n   r e g a r d i n g   t h e ’   e f f e c t   o f   a i r   c o n t a m i n a n t s  on 
I 

* .heal th  i s  n o t   e x t e n s i v e   f o r   t h e   m a j o r i t y   o f   c o n t a m i n a n t s ,   r e s e a r c h   i s  

.con t inu ing .  The data  base i s  a lso  growing due t o  improved  atmospheric 
,moni tor ing  techniques and  more e f f e c t i v e   e x p e r i m e n t a l   s t r a t e g i e s .   I n  

recent  years,  certain  contaminants  such as be ry l l i um,  cadmium, l ead  and 

mercury  have been the   sub jec t  o f  i n t e n s i v e   s c i e n t i f i c   s t u d i e s  and  more 
complete  health  data  have been developed. The heal th  data  which  are  judged 

t o  be  most r e l i a b l e  and re levant ,   a re  used t o  make t h e   p u b l i c   h e a l t h   r i s k  

assessment. 

3.2 Review o f   e x i s t i n g   l e q i s l a t i o n   p e r t a i n i n g   t o   t r a c e   c o n t a m i n a n t s  

E x i s t i n g   a m b i e n t   a i r   q u a l i t y   o b j e c t i v e s  fo r  trace  contaminants, as 

es tab l i shed by t h e   p r o v i n c e s   o f   B r i t i s h  Columbia, A lber ta ,   Ontar io ,   the 
Canadian  Federal Government  and the  Uni ted  States  Federa l  Government,  were 

reviewed. I n  the d iscuss ion o f  sulphates,   standards  current ly in force in 
C a l i f o r n i a ,  Montana  and Pennsylvania  were  also  included. 

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

ambient  a i r , ’ rather  than in the  workplace  atmosphere,  has only occurred i n  
t h e   l a s t  few  years.  This i s  a d i r e c t   r e s u l t   o f   i n a d e q u a t e   m o n i t o r i n g  o f  
contaminant  concentrat ions and t h e   l a c k   o f   s p e c i f i c   e p i d e m i o l o g i c a l  
s tud ies.  Thus it i s   n o t   s u r p r i s i n g   t o   f i n d   t h a t   t h e   p r o v i n c e s   o f   B r i t i s h  

Columbia, A lbe r ta  and the  Canadian  Federal Government do not  have  ambient 

a i r   q u a l i t y   o b j e c t i v e s   f o r  many o f   the   t race   con taminants   under  study. I n  
Canada, only the   P rov ince   o f   On ta r io  has ambient a i r   q u a l i t y   r e g u l a t i o n s  

f o r  t race  elements. A t  this t ime no limits have  been e s t a b l i s h e d   f o r  

su lphates,   n i t ra tes,   n i t rosamines and po lycyc l i c   o rgan ic   ma t te r .  

The P r o v i n c e   o f   B r i t i s h  Co lumbia   has   pub l i shed  po l lu t ion   con t ro l   ob jec t ives  

f o r   t r a c e   c o n t a m i n a n t s   r e l a t i n g  t o  some i n d u s t r i a l   o p e r a t i o n s   b u t   n o t  

s p e c i f i c a l l y   t o   c o a l   m i n i n g   n o r   t o   t h e r m a l  power p l a n t s .   P o l l u t i o n   C o n t r o l  
Ob jec t i ves   f o r   t he  Food Process ing ,   Agr icu l tu ra l l y   Or ien ta ted ,  and  Other 

M i s c e l l a n e o u s   I n d u s t r i e s   ( l ) ,  and f o r  the   Min ing ,   M ine-mi l l ing  and Smelt ing 

I n d u s t r i e s  ( 2 ) ,  have been p u b l i s h e d   i n  1975 and  1974 respec t i ve l y .  These 

are   inc luded  in   th is   s tudy   fo r   compara t ive   purposes .  

” 

It 
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The United  States  Federal Government has e s t a b l i s h e d   r e l a t i v e l y  few 
standards  for  trace  elements. O f  the  elements  under  investigation, 

ambient a i r   q u a l i t y   s t a n d a r d s  have been se t   fo r   on ly   th ree ;   bery l l ium,  
mercury, and  uranium. 

Recently  the U.S. EPA sponsored a s tudy  to  make recommendations fo r  

presumed safe  ambient a i r   q u a l i t y   l e v e l s   f o r   s e l e c t e d   t r a c e  elements. 
The study team included a panel o f   s i x   occupa t iona l   hea l th  expert!;  and 

panel members independent ly  reviewed  heal th  data  deal ing  wi th  the  t race 

elements and they recommended safe  ambient a i r   q u a l i t y   l e v e l s .  These 

recommended values were averaged  to   y ie ld  a f i n a l   e s t i m a t e   o f  a safe 24 

hour  ambient a i r   q u a l i t y   l e v e ' l .   T h e i r   r e p o r t  ( 3 )  was p u b l i s h e d   i n  1973. 

The ambient air q u a l i t y   o b j e c t i v e s   s e t  by the   p rov inces   o f   B r i t i sh  

Columbia  (1,2) and Ontar io  (411, the U.S. Federal Government (5,6) and 
the  EPA Sponsored  Panel a re   smnar ized   in   Tab le  3-1. 

The current  controversy  over  wlphates  exempl i f ies  the  problems  associated 

with  assessing  epidemiological   data and subsequently  establ ishing  ambient 

a i r   qua l i t y   s tandards .  A d i scuss ion   o f   su lpha te   s tandards   i n   Ca l i f o rn ia ,  

Montana, and Pennsylvania i s  presented i n   s e c t i o n  4.16. 

It i s  impor tant   to   understand  the  reason  for   the  lack  o f   ambient   a i r  

qual i ty   s tandards and t h e   d i f f i c u l t y   i n   e s t a b l i s h i n g   r e a l i s t i c   c r f t e r i a .  
It i s   s i g n i f i c a n t  t ha t  l i t t l e  work has been done t o  de f ine   the  levels a t  

which  chronic  exposure  to a i r  p o l l u t a n t s  causes adverse  heal th  ef fects.  

Most  dose-response  data  are  from  acute and subacute  exposures i n   t h e  
work  place and th i s   da ta  has been used to  establ ish  occupat ional   standards.  

However, occupat ional   standards  are  establ ished  for   for ty  hours a week 

o f  exposure fo r   hea l thy  workevs while  ambient  standards must dea l   w i th  

continuous  exposure  to a l l  seqments o f   t he   popu la t i on .  

S t a t i s t i c a l  methods a re   ava i l ab le   t o   ex t rapo la te  comparable  ambient 
concentrat ions  for   cont inuous  exposure  f rom  occupat ional   standards  (7).  

bu t  many e r ro rs   a re   i nhe ren t  t o  such a procedure.  Chronic  exposure t o  

low  leve ls  of some trace  elements may exh ib i t   cumula t ive   e f fec ts ,   wh ich  

are   no t   a l lowed  fo r   in   occupat iona l   s tandards  based on i n t e r m i t t e n t  

expxures .  



Table 3-1 

AMBIENT A I R  :QUALITY STANDARDS FOR TRACE ELEMENTS 

ELEMENT 

Prov ince   o f  B.C. 

Ob jec t ives  (1,  2)  
P o l l u t i o n   C o n t r o l  

Province o f  Onta r io  U.S. EPA 

(except as noted) Q u a l i t y   C r i t e r i a  Uni ted  States Safe  24-hr 
d m 3  24-hr  Average  (4) .Ambient  Standards Ambient Air Q u a l i t y  
Level (except as noted) ( 5 ,  6 )  Levels   (3)  

24-hr  Average  Ambient Air Sponsored  Panel 

A .B C w / m 3  a / m 3  ijm3 

Arsenic 
B e r y l l i u m  

Cadmi um 
Chromium 
Copper 
F luo r ide  

Lead 
blanganese 
Mercury 

N icke l  
Selenium 
Uranium 

Vanadium 
Zinc 

1.0 1.0 1.0 

0.1 0.1 0 . 3  

gaseous 
7 day  average 

1.0 1.0 1.7 
- 

4.0 4.0 6 .0  

1.0 1.0 1.0 

5.0 5.0 8.0 

25 

2.0 

Expressed as HF 
Apr. 15 t o  Oct. 15 
0.86 f o r  24 hrs  (gaseous) 
I .  72 f o r  24 hrs  (gaseous 

Oct. .16 t o  Apr. 14 
1.38 f o r  24 hrs  (gaseous 
p l u s   p a r t i c u l a t e  

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

5 . 0  

2.0 

2.0 

2.0 

0.01 
(30  day  average) 

1 . o  
(24  hour  average) 

(1 x 10-13  pcur ies/ml)*  
0.4 

5.9 
0.005 

1 . 2  
4.6 

10.0 
47 

47 

11.4 
4.7 

0 . 8  

3.7 
5.4 

m 

34 
6.8 

* Convers ions  based  on  the  spec i f ic   act iv i ty  o f  natura l l y   occur r lng   u ran ium  be ing   6 .77  x 10" Ucuries/gm ( 6 ) .  
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Intermittent  exposures allow for pulmonary clearance time on weekends and 
n i g h t s ,  whereas ambient levels involve  c.onstant  exposure. An important 
difference i s  t h a t  occupational  standards  are based on the working 
population, which i s  known t o  be healthier than  the  general  population. 
Such standards do  n o t  take i n t o  account especially  susceptible  individuals 
i n  the community. 

As further  consideration  the contaminants which exhibit  carcinogenic 
potential  are being  given special  consideration when extrapolating 
standards from occupational t o  ambient conditions.  Reliance on th i s  method 
of creating  standards demands questionable assumptions  regarding  the 
effects  of the above variables. 

*r 

1. ,. 

L 

L. 

3 . 3  Predicted  emissions and ambient concentrations 

Hat  Creek coal  reserves were originally cored and analyzed for trace 
contaminants for the  Preliminary Environmental Impact Study of the Proposed 
Hat Creek Development.. This  study was conducted by B.C. Research i n  1975 
and i t  pointed  to  the  existence of  certain  trace elements tha t  warranted 
fur ther  study. Subsequent studies conducted a t  the Canadian Combustion 
Research  Laboratory produced f l y  ash samples. These were analyzed for 
trace elements by Environmental  Research & Technology Inc. Based  on these 
analyses, Environmental  Research & Technology Inc. (8, 9 )  predicted  the 
emission rates for twenty-nine  elements from- the Hat  Creek project. From 
t h i s   l i s t  of twenty-nine  elements.  fourteen  trace  contaminants were 
identified  for  study i n  this  report .  The other  f if teen elements were not  
considered t o  be of  concern due t o  e i ther   the i r  low emission rates  or the 
absence of known adverse  health  effects. 

Suspended sulphates and n i t r a t e s ,  which are  potential  oxidation  products of 
sulphur  dioxide and nitrogen  oxides  respectively,  are  also  included. The 
potential  health  effects of these have been the  subject o f  considerable 
debate i n  recent  years. 

Two other  trace contaminants that   are  more recently  considered t o  be o f  
potential concern are  polycyclic  organic  matter and nitrosamines. Both are  
included in ' the  health  r isk assessment. 

-. 
.2 
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Air q u a l i t y   m o d e l i n g   o f   s t a c k   e f f l u e n t s  was performed  by  Environmental 
Research & Technology, Inc:. Using a s teady -s ta te   d i f f us ion  model which 

has been c a l i b r a t e d  t o  the atmosphere o f   t h e  Hat Creek Val ley. ,   potent ia l  
e f f e c t s   o n   t h e   l o c a l   a i r   q u a l i t y   o f   t h e  Hat  Creek Val ley were  assessed. (96 )  

Table 3-2 contains  the  project  trace  contaminant  emission  rates and 

pro jected maximum 24-hour  ground leve l   concent ra t ions   fo r  a 2,000 MW 

capaci ty  thermal power stat ion.   For  the  purpose  of   these  calculat ions 

the   e f f l uen t  was  assumed .to be c o n t r o l l e d   w i t h  a 99.7 p e r c e n t   e f f i c i e n t  
pa r t i cu la te   con t ro l   dev i ce  and then  discharged  to  the atmosphere through 
a  365 m stack. 

Calculations  conducted by Environmental  Research  and  Technology  Inc. ( 9 )  

(96 )  show t h a t  ambient  concentrations  equal to   approx imate ly  90 percent 
o f   t h e   p r e d i c t e d  24-hour maximum concentrat ions  would  occur  less  than 
0.1 percent o f   t h e  time.  This i s   l e s s   t h a n  one 24 hour  period  per  year. 

I n  addi t ion,   these peaks  would occur i n  a r e l a t i v e l y  remote  region 
northwest o f   t h e  proposed p l a n t  as shown i n  Figure  3-1. A t  a ' l l   o ther  
locat ions  concentrat ions 1.rould be lower  than  those shown i n  Table 3-2. 
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Table  3-2 

PROJECTED  EMISSION  RATES  AND  GROUND LEVEL CONCENTRATIONS 

Maximum  Predicted 
24-hr Average 

Emission  rate ( 1 )  concentration ( 2 )  
Element Symbol KglDay  ug1m3 

Particulate  Gaseous 

Arsenic 
Beryl 1 i um 
Cadmi um 
Chromium 
Copper 
F1 uorine 
Lead 
Manganese 
Mercury 
Nickel 
Sel  eni  um 
Uranium (3) 
Vanadium 
Zinc 

AS 

Be 
Cd 
Cr 
cu 
F 
Pb 

Mn 
Hg 
N i  
Se 
U 
V 
Zn 

7.13 
0.55 
0.195 
2.29 
0.094 
25.7 
2.59 
4.4 
2.28 
3.14 
0.0337 
0.91 
0.12 
3.0 

11.9 

0.11 
0.00 
0.00 
0.00 

265.0 
4.95 
0.00 
3.67 
0.00 
0.132 
0.00 
0.00 
0.00 

0.024 
o.oooa3 
0.00024 
0.0029 
0.00012 
0.364 
0.0095 
0.0055 
0.0075 
0.0039 
0.00021 
0.0011 
0.00015 
0.0038 

Sulphate SO4" No emission 0.60 maximum 12 hour 
ambient  concentra- 
tion  (summer) 

Nitrate  NO3- No emission 
Polycyclic 
Organic  Matter POM  No emission 

Nitrosamines NNA No emission 

(1) Calculated  from  test burn sample amlysis and  coal consumption'of 42,630 
I 

metric  tons  per day. (96) 

(2) From  stack  height  modeling  for 365 metre  stack,  uncontrolled  emissions, 

(3) Calculated based on Ref.  97. 

Ref. 96 
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4.0 TRACE CONTAMINANT ASSESSMENT 

I n  the  following  assessment,,  the  potential chemical and physica'l forms O f  

each contaminant as produced during  the combustion  of coal are  identified 
and  the  appropriate  toxicity  data  are reviewed. The toxicity  data  are 
selected from  a  wide range of sources  that  are  considered  appropriate t o  
the  evaluation of exposure i;o low level ambient concentrations of each 
contaminant. The predicted maximum ground level  concentration of  each 
contaminant i s  compared t o  existing ambient standards o r  t o  estimated  safe 
levels  derived from the  existing  data  base. From this  data a health  risk 
assessment i s  made. 

4.1 Arsenic (As) 

Arsenic  occurs naturally i n  sma 11 concentrc ltions throughout  the  environ- 
ment. I t  i s  known t o  cycle i n  the  environment, t o  become methylalted in 
aquatic environments and i t  may enter  the  aquatic food chain as shown in 
Figure 4-1. Arsenic exists in  trace amounts in coal and i s  one  component of 
the  f ly ash produced during  coal combustion. Smaller particles o f  f ly  ash 
tend t o  have higher  concentrations of arsenic than do the  coarser pa r -  
t i c les .  This factor would indicate t h a t  the  potential  for  arsenic t o  
penetrate i n t o  the human respiratory  tract i s  h i g h  and that i t  riay 
penetrate  comparatively deeper (10 ) .  Coal combustion also  releases  arsenic 
t r i o x i d e  i n  a vapour s t a t e  ( 1 1 ) .  

e Toxicity 

Different  arsenic compounds exhibit   different  toxicit ies.  Arsenic t r  ioxide 
i.5  one  of the more biologically  potent  arsenic compounds while elemental 
a,-senic is   re la t ively nontoxic when compared w i t h  s a l t s  of arsenic. 
However, the  exact compounds of arsenic  in  the  particulate have not been 
characterized ( 1  1 ). 
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Arsen-c has been imp l ica ted  as a carcinogen  by many occupational and 
epidemiological   studies.  It i s  c i t e d  as causing  cancer  of  the  lungs, 
lymphi l t ic  system, scrotum, l i v e r  and sk in .  However, several human e!9i- 

'demio log ica l   s tud ies have  producl?d contrary  evidence  regarding some o f  
these  si tes.  General ly,  afte,r  c, lronic  exposure,  arsenic i s  accepted as 
producing a delayed  appearance o f  skin  cancer in   bo th   workers  and popu- 
la t io r l s   (1  1 ). 

Animal toxicology  experiments fa,il to   subs tan t ia te   the   carc inogen ic  
e f fec t .s   o f   a rsen ic .  However, experiments show tha t   a rsen ic  causes 

chromclsomal mutat ion i n  c e l l   c u l t u r e s   i n   t h e   l a b o r a t o r y   ( 1 1 ) .   A r s e n l c  
has a l so  been . found  to be teratogenic  in  animal  toxicology  exper iments 

(13, 14, 15).  Selenium has been suggested as protect ing  against   th i ! ;  
teratogenic1 t y  . 

0 E v a l u a t i o n   o f   h e a l t h   r i s k  

To protect   the  publ ic   heal th ,   the  Envi ronmenta l   Protect ion  Act   o f  1971 
o f   t h e  Government o f   Ontar io   est?,b l ished as a standard a 24-hour  average 
concen t ra t i on   o f  25 pg/m fo r   a rsen ic   (4 ) .  A panel o f   s i x   p u b l i c   h e a l t h  

experts have der ived a safe 24-hctur ambient  standard o f  5.9 ug/m (3).  
B r i t i s h  Columbia has o b j e c t i v e s   f o r   a r s e n i c   i n   t h e   c o n t e x t   o f   a r s e n i c  
product ion  that   a l low  ambient   leve ls  up t o  1.0 pg/m . 

3 

3 

3 



4.2 Beryllium (Be) L. 

Beryllium i s  not  widely distributed  in  nature. However, i t  i s  one of tt 

the t race elements in  coal. The chemical species  of  beryllium  released 
through  coal combustion are  not  known, a1 t h o u g h  beryllium  oxide and 
elemental  beryl1 ium are  suspected. These two fonds o f  beryllium  are 
both insoluble and are  comparatively less toxic  than the more dangerous, 
soluble   form o f  beryllium (11) .  Beryllium which has been inhaled presents 
a much greater  health risk than  beryllium which  has been ingested. 

- 
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0 Toxicity 

Many animal toxicology studies o f  beryllium have been undertaken  because 
beryllium  has  demonstrated marked adverse  occupational  health  effects. 
However, the response o f  various animal species does not coincide w i t h  
tha t  of humans (16). Acute beryllium disease similar to t h a t  o f  man has 
been produced i n  animals. By contrast,  chronic  responses i n  animals 
similar  to  those o f  humans have been produced by only a few researchers. 
Beryllium compounds  have caused  cancer o f  the lungs and bones i n  animals 
although this i s  not  typical o f  humans (17).  Dermatitis has been produced 
i n  animals  .through  beryllium dust exposure, and this symptom does occur 
in  man. 
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Exposure of workers t o  a i r  heavily  concentrated w i t h  beryl 1 ium causes 
delayed  acute  pneumonitis  (lung  inflamnation). Less serious acute ex- 
posures (100 t o  400 ug/m ) are characterized by the insidious onset o f  3 
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lbsternal   pa in,   fa t igue and  weigh I t  l oss ,   usua l l y  

wi th  complete  recovery  wi th in one month of   terminat ion  o f   exposure  (18) .  
H o w v e r ,   s e n s i t i z a t i o n   t o  further beryl l ium  exposure i s  known. Chronic 
beryl l ium  exposure i s  c h a r a c t e r i z e d   c h i e f l y  by a granulomatous  lung 
d i rease.   Latent   per iods  o f  up t o  20 years may occur  before  the  onset  of  
t h i s  pulmonary  cancer.  Skin  ' lesions,  either  from  acute  or  chronic  ex- 
powres ,   a re   a l so   h igh l y   cha rac te r i s t i c   o f   be ry l l i um  exposure .   O the r  
organs o f   t h e  body may develop  granulomatous  lesions,  including  the 
hear t  ( 5 ) .  Cancer o f  t h e   l i v e r ,   b i l e   d u c t  and ga l l   b ladder  have  it11 
been c i t e d   ( 1   1 ) .  The c a r c i n o g e n i c i t y   o f   b e r y l  1 ium has been confirmed 

through  animal  experimentation. 

The ma jo r   e f fec ts   o f   be ry l1  ium  exposure may be  due t o  a h y p e r s e n s i t i v i t y  
( a ' l e r g i c )  response i n  some i 'nd iv iduals   coupled  wi th   the  natura l ly   s low 
exc re t i on   o f   be ry l l i um  f rom t,be  body. Even a f t e r   d i s c o n t i n u a t i o n   o f  

exposure to   bery l l ium,  damage  may progress due t o  a delayed immune 
response  (15).  This a l l e r g i c  phenomena exp la ins   t he   f ac t   t ha t   on l y  a 
smiil1  percentage o f  any  exposed populat ion will c o n t r a c t   " b e r y l l i o s i s "  
o r  chronic  beryl l ium  disease. 

Pu'lmonary cancer and other  symptoms of   chronic   bery l l ium  d isease have 
been said  to  occur  f rom  over one year 's  occupat ional   exposure  to :!5 

u g h  beryllium (19). I t  does no t  occur w i t h  ambient  occupationa'l 
concentrat ions  o f   less  than 2 ug/m for an 8-hour day (17).  

3 
3 

0 Evaluat ion o f  h e a l t h   r i s k  

B e r y l l i u m   i s  one o f  t h r e e   a i r   p o l l u t a n t s   c o n s i d e r e d   i n  1973 by  thl? U.S. 
Environmental  Protection Agency t o  be a major  health  hazard. 



The U S .  EPA s t r i ngen t l y   con t ro l s   t hose   i ndus t r i es   wh ich  i t  c o n s i d e r s   t o  

have p o t e n t i a l l y   h a r m f u l   l e v e l s   o f   b e r y l l i u m   i n   t h e i r   a t m o s p h e r i c  

e f f l u e n t  (5). The U.S. EPA does n o t   c o n s i d e r   c o a l - f i r e d  power p l a n t s   t o  

be  major sources o f  ambient   bery l l ium ( 5 ) .  The Uni ted  States  Nat ional  
Emission  Standard f o r  Hazardous Air P o l l u t a n t s   l i m i t s   a m b i e n t   b e r y l l i u m  

t o  0.01 vg/m averaged  over 24 hours ( 5 ) .  A s t u d y   b y   s i x   p u b l i c   h e a l t h  

exper ts  recommended 0.005 ug/m as a 24-hour  safe  ambient  standard (3 ) .  
The predicted  24-hour maximum. ground  leve l   concentrat ion,  due to   t he   Ha t  

Creek P ro jec t ,  i s  0.00083 u g h 3  (96). No r i . s k   t o ,   t h e   p u b l i c   h e a l t h   i s  

foreseen  f rom  th is   potent ia l ly   hazardous  e lement .  

3 
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4.3 Cadmium (Cd) 

Cadmium occurs i n  some metal   bear ing  ores  throughout  the  environment.  
It i s   e s p e c i a l l y   p r e v a l e n t  i n  z inc  bear ing  ores.  It enters   the   env i ron-  

ment as a i rbo rne   pa r t i cu la te   ma t te r   f rom  z inc   sme l te rs  and metal repro-  
cessing  plants  (20).   Ambient cadmium i s   a l s o   e m i t t e d   t h r o u g h   c o a l  

combustion. It i s  d e p o s i t e d   a n d   r e t a i n e d   i n   t h e   s u r r o u n d i n g   s o i l   i n   t h e  

same p ropor t i ona l  amount  as i s  found i n  the  coal  burned.  This  element 

does n o t   a p p e a r   t o  be methy lated i n   t h e  environment  (11 ). Cadmium can 
en ter   waterways   as . ta i l ings   f rom  z inc   min ing   opera t ions   (21) .  Cadmium 

accumulates i n   p l a n t s   t h a t   a r e   d i r e c t l y  exposed t o  cadmium dus ts   o r  

cadmium contaminated   i r r iga t ion   water  and  thus  enters  the  food  chain.  

Once absorbed i n t o  animal  bodies, i t  has a v e r y   l o n g   b i o l o g i c a l   h a l f -  
l i f e ,   e s t i m a t e d   a t   f r o m  10 t o  25 years  (11).  There i s  no known b i o l o g i c a l  

u s e f u l n e s s   f o r  cadmium. 

T o x i c i t y  

Cadmium occurs i n   t h e   s m a l l e s t   p a r t i c l e s  i n  f l y  ash.  Thus, i t  i s   r e a d i l y  

r e s p i r a b l e  and  can eas i l y   en te r   t he   l ung ,  where i t  i s  absorbed  and 
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t ranspor ted  throught   the body. Cadmium-toxicity i s  manifested  pr imi l r i iy  

a s  bone, kidney  or  pulmonary  disease.  Long-term  ingestion  can  lead  to 

abnormal bone development,  osteoporosis and mul t ip le   f ractures.   Chronic  
qccupational  exposure  induces  pulmonary  dysfunction and emphysema (:SI. 
Pro ten inu r ia ,   i nd i ca t i ve   o f   k idney  damage, i s  one o f   t h e   f i r s t  evidences 
of   excess ive cadmium exposure.  Acute  high dose i n h a l a t i o n   o f  cadmium 
can  cause  pulmonary edema, severe   i r revers ib le   lung  damage and  death. 

Carcinogenic and te ra togen ic   po ten t ia ls  have been shown i n  animal 

experiments. Cadmium has a lso  been shown t o   i n h i b i t   t h e  immune response 
i n  animals ( 1 1 ) .  Experiments  wtth  animals,  using  unnatural ly  large 
dosages,  have  produced  hypertension  (22). However, t h e   r e l a t i o n s h i p   o f  
cadmium leve ls   w i th   hyper tens ion   i n  man remains  unclear  (23). 

Other  trace  elements  emitted  through  coal  combustion such as  selenium. 
z inc ,   i ron ,   lead  and mnganes  are known t o   a f f e c t   t h e   t o x i c i t y   o f  

cadmium e i t h e r   s y n e r g i s t i c a l l y   o r   a n t a g o n i s t i c a l l y .  However, these 
in te r3c t i ons   a re   no t  wel.1 unders,tood. They a r e   u s u a l l y   s t u d i e d   i n   t h e  
labora tory   us ing   i so la ted   s i tua t ions .   There fore ,   ex t rapo la t ion   o f  t:hese 
ef fects   to   the  env i ronment  i s  d i f f i c u l t .  

0 E v a l u a t i o n   o f   h e a l t h   r i s k  

The' Government' o f   O n t a r i o  has s e t  a 24-hour  ambient a i r  qua l i t y   s tandard  

f o r  c,3dmium o f  2.0 ug/m (4).  A, panel of s i x  pub l i c   hea l th   exper ts  has. 
estimated a 24-hour  safe  ambient a i r   q u a l i t y   f o r  cadmium o f  1.2 ug/m 3 (3 ) .  
In   the   con tex t   o f   m in ing .   m ine-mi l l ing  and sme l t i ng ,   B r i t i sh  Columbia 
has e r tab l i shed   amb ien t   a i r   qua l i t y   ob jec t i ves  o f  0.1, 0.1 and 0.3 ug/m 3 
f o r   L w e l s  A ,  B and C respec t ive ly .  

3 

The predicted  24-hour maximum ground  leve l   concentrat ion  o f  cadmium  due 
t o   t h e  H a t  Creek Pro jec t  i s  0.00024 vg/m3 (96). Th is   leve l   should  cwse 
no r i s k   t o  human heal th.  



4.4 Chromium (Cr) - 
Chromium occurs  naturally i n  the  environment i n  a i r ,  water,  soil,   plants 
and animals. Chromium i n  the  ambient a i r  comes from. na tura l  Sources. .- 

such as   fores t   f i res ,  and from industrial  sources,’  particularly  the 
metallurgy industry and the b u r n i n g  of coal  contributes t o  the  concentration ~ 

of chromium i n  the air, particularly i n  urban areas. In emissions from 
coal  combustion, chromium is  concentrated i n  the  f ine  particle  portion 
of the  fly ash. Thus. chromium is  readily  respirable (10).  The 
concentration of chromium i n  the a i r  i s  higher i n  urban areas than i n  
nonurban areas,  ranging from 0.01 t o  0.03 ug/m i n  urban areas t o  an 
average  value of less  than 0.01 pg/m i n  nonurban areas ( 2 4 ) .  Chromium 
is known:to accumulate i n  the  soil  surrounding an emission  source i n  
concentrations  proportional t o  the amounts emitted. 

- 
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Although chromium exis ts  i n  oxidation  states of +2, +3 and +6, only the 
t r iva len t  (Cr ) and hexavalent (Cr ) forms are  of environmental s ign i f i -  
cance. Most authors  report no data on the  valence  state of chromium in 
emissions from any source. However. one study reports   that  most airborne 
chromium is i n  the  hexavalent  state. Unless the  hexavalent form is 
f i r s t  dissolved i n  rai.n o r  precipitation, i t  i s  slowly  reduced. t o  the 
t r iva len t  form by the  actions of sunlight and a i r  (25 ) .  

+3 +6 
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0 Toxicity 

No harmful effects  of  chromium  have  been reported a t  ambient concentrations I 

( 2 4 ) .  The major route of entry of chromium t o  the body i s  through 
ingestion. However, adverse  health  effects of chromium have been reported 
from inhalation of chromium in  occupational  scenarios. Most of the 
information concerning  the  toxicity of inhaled chromium  comes from such 
occupationa  exposures (1 5 ) .  

- 
I 



21 

.- 

w 

The t o x i c i t y   o f  chromium i s  a d i r e c t   f u n c t i o n   o f   t h e   v a l e n c e   s t a t e .  
Hexavalent chromium (Cr ) displays  the  most marked t o x i c i t y .  Ths 

t r ' va len t   fo rm  (Cr  ) i s  an essential  element and plays an important 
r o l e  i n  l i p i d  and glucose  met,abolism.  Hexavalent  chromium i s  a s t rong 
ox'diz ing  agent and i s   a b l e  t 3  pene t ra te   b io log i ca l  membranes. I t  i s  

i r r i t a t i n g   t o   t h e   r e s p i r a t o r y  system  and  the  skin.  Hexavalent chromium 

ma)' cause de rmat i t i s ,   pene t ra t i ng   u l ce rs   o f   t he  hands  and forearms, 
p e r f o r a t i o n   o f   t h e   n a s a l  septum  and inf lammation o f  t he   l a rynx  an'd 
l i v e r .  Hemmorhages o f   t h e   g a s t r o - i n t e s t i n a l   t r a c t  have  been repor ted 
a f t e r   i n g e s t i o n   ( 2 6 ) .  

+6 

+3 

Ep.idemiologica1  studies  suggest a h igh  inc idence o f  lung c'ancer i n  
workers  associated  with  the  manufacture o f  chromium chemicals. Ailima1 
stud ies  conf i rm  th is   carc inogenic   e f fect .   Long- term  exposure  to   low 
l e v e l s   o f  chromium may a l s o  cause  tumors. It has  been observed t h a t  

chromium concentrat ions i n   t he   l ungs   o f   t he   ave rage  man increases with 
age (24). 

m Assessment o f   h e a l t h   r i s k  

I n  Canada no agencies have  suggested  safe  ambient  levels f o r  chromium. 
However a panel o f   s i x   p u b l i c   h e a l t h   e x p e r t s  has suggested a safe  ambient 
a i r   q u a l i t y  standard f o r  chrolnium o f  4.6 pg/m3, averaged  over 24 l o u r s  
(3: l .  The pred ic ted  24-hour m'aximum ground level   concentrat ion f o r  

chromium  due t o  the  Hat Creek P r o j e c t   i s  0.0029 pg/m (96).  No r i s k  t o  
thr! p u b l i c   h e a l t h   i s   p r e d i c t e ' d   a t   t h i s   l e v e l .  

3 

4.5 Copper  (Cu) 

Copper i s  wide ly   d i s t r i bu ted   i n   na tu re .  Due t o   i t s   p h y s i c a l   p r o p e r t i e s ,  
copper i s  used  extensively  by  industry.  The ma jo r   i ndus t r i a l   sou rces   o f  
atmospheric  copper  are  copper  smelters and r e f i n e r i e s ,   i r o n  and s t e e l  
p roduc t ion   p lan ts  and coal  combustion f a c i l i t i e s   ( 2 7 ) .  Coal u s u a l l y  

c o r l t a i n s   r e l a t i v e l y   l i t t l e  copper,   a l though  coals  f rom  di f ferent iareas 
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v a r y   g r e a t l y   i n   t h e i r   c o n t e n t  (28 j .  However, through  the  process o f  t 

coal  combustion,  copper i s  c o n c e n t r a t e d   i n   t h e   f l y  ash more than i n   t h e  
s lag.   Th is  i s  a t t r i b u t e d  t o  copper 's   vo la t i l i za t ion   dur ing   coa l   combust ion  w 

fo l lowed by condensat ion  or   adsorpt ion on the  surfaces o f  p a r t i c l e s   i n  

t h e  f ly  ash. It has  been  suggested tha t   t he   poss ib le   so l i d   copper  

compounds thus  emitted  are  elemental  copper  and  copper (11) ox ide  (CuO) 
.c 

(10) .  
w: 

0 T o x i c i t y  
L 

Copper i s  an essential  element f o r  man as we l l  as many p lan ts  and animals. 

In man, copper i s  present i n  many o x i d a t i v e  enzymes, and i s  necessary t o  L 

the  format ion of hemoglobin  and  erythrocytes.  However, man appears t o  
have  a good homeostatic  mechanism  regulat ing  copper  levels i n   t h e  body c 

under  normal  circumstances.  Copper does not  accumulate i n  human t i ssues  

'with age, al though  serum  copper  levels do increase.  Therefore, some 
s c i e n t i s t s   p o s t u l a t e   t h a t   i n c r e a s e d  serum  copper  levels may acce le ra te  
a r te r i osc le ros i s .   Th i s   t heo ry ,  however, has n o t  been confirmed (15) .  

.t. 
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Acute   in tox ica t ion   w i th   copper  i s  usua l ly   ev idenced  th rough  inges t ion   o f  
c o p p e r   s a l t s .   I n h a l a t i o n   t o x i c i t y ,  a1 though r e l a t i v e l y  uncommon, i s  

manifested  mainly  through  occupational  exposures t o  h igh   concen t ra t i ons  

o f  copper  dusts and  fumes. "Metal fume feve r "  i s  t he   ma jo r   i l l ness  

caused  by.these  .exposures,  although some authors  question  whether  copper 

i s  the  causat ive  agent   o f   th is   fever .  The major symptoms o f  metal fume 

f e v e r   a r e   r e s p i r a t o r y  and dermatologic (29). In recent  years,  a new 
i l l ness   invo lv ing   copper   su l fa te   inha la t ion   by   v ineyard   sprayers  has 

been  noted. It is '  charac ter ized  by granulomatous,  copper-containing 

l e s i o n s  in t h e   l i v e r  and  lung.  These  lesions i n   t h e   l u n g  can  progress 

desp i te   cessat ion  o f  exposure (30, 31 ). In agreement,  coppersmiths 

d i s p l a y  .an increased  incidence o f  lung  cancer. However, t h i s   l a t t e r  

f a c t  has no t   genera l l y  been accepted as proof o f   c o p p e r ' s   c a r c i n o g e n i c i t y  
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(15 ) .  Varying results have been observed i n  animal toxicologic  studies 
regarding tumor production by copper (32). Copper does n o t  produce 
teratogenic  effects  in experimental  animals. 

0 Assessment o f  health  risk 

Copper i s  not generally  considered  to be  an extremely toxic element in  the 
concentrations normally  encountered. The predicted 24-hour maximum ground 
level  concentration of copper due t o  the Hat  Creek Project i s  0.0001;! pg/m 

(96) .  A group o f  public  health  experts has concluded that  an ambient 
concentration of  10 pg/m averaged over  twenty-four hours i s  n o t  hamrdous 
to  health ( 3 ) .  No adverse  health  effects  are  predicted  for the Hat Creek 
Project. 

3 

3 

4.6 Fluorine (FL  

The element fluorine  is  widely distributed throughout the ear th 's  crust. 
I t  i s  usually  chemically bound  a:; fluoride. Coal combustion i s  genevally 
considered  as one of the major industrial  sources of atmospheric  fluclrides. 
Fluoride i s  considered by some authors t o  be one hundred percent volal- 
t i l i zed  during  coal combustion arid possibly  partially  trapped by ca1c:ium in 
the f ly  ash particles ( 1 2 ) .  Another source  suggests  that  only f i f t y  
percent of the fluoride  in coal i s  emitted as gaseous hydrogen fluoride 
(HF), sil icon  tetrafluoride ( S i F L l ) ,  and solid  particles of  inorganic 
compounds ( 3 3 ) .  Atmospheric f luoride  is  accumulated in  vegetation exposed 
t o  large  concentrations of fluoride and has caused extensive damage t o  
crops and t o  domestic  animals fed  these  crops  (34).  Fluoride, however, i s  
not  solely encountered in the atmosphere. I t .also  exists  in  water,   soil ,  
plants and  animals. 

0 Toxicity 

Fluorine i s  not one of those  elements  essential  for normal physiological 
functioning in the body, although i t   i s  one component of animal bones. 
Bone i s  the major accumulation site  for  fluorides.  Fluoride  is  considered 
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to be beneficial to humans in some  instances. It prevents  dental  caries, 
osteoporosis i n  women and aortic  calcification in men  when  present i n  
optimal  amounts.  Most  human  exposure to fluoride i s  through food  and 
water. Inhalation is a less efficient and less  common  exposure  route 
(35). 

Acute  exposure to hydrogen fluoride gas  causes  burns on the  skin and 
intense and sometimes fatal lung  irritation (36). Chronic  exposure to 
extremely  high  concentrations  of  atmospheric.  fluoride is known  from 
occupational  scenarios to cause  crippling  fluorosis  (debilitating  bone 
disease).  Osteosclerosis  (absolute  reduction in bone mass) is a  much 
more  comnon  adverse  health  effect  caused by occupational fluoride exposure. 
Accumulation o f  approximately 6000 ppm fluoride in bone is associated 
with  osteosclerosis. It is generally  thought  that  concentrations of 2.5 
ug/m fluoride in occupational  exposures will not cause  osteosclerosis 
in workers (37). Under normal conditions,  inhaled  fluoride  constitutes 
a  very small portion of the body's  total fluoride intake.. However, in a 
few instances,  comnunity  health  effects  have been cited in people  living 
near  fluoride-emitting  industry.  Symptoms  of.  hematological  changes  and 
general  health  effects  were  described. These  symptoms  are not  unique  to 
fluoride exposure,  nor  are  they c o m n  in occupational  fluoride exposure 

3 

(33).  

e Assessment of health  risk 

As  with  sane  other  elements,  atmospheric  standard  for  fluorides  are dif- 
ficult to  set. The  amounts  taken  into  the body by ingestion  and  inhalation 
are  variable and difficult to estimate.  British  Columbia  objectives are 
1.0, 1.0 and 1.7 ug/m for  Levels  A, B, and  C  respectively  for  mining, 
mine-milling and smelting  industries (2). The Government of  Ontario 
ambient  air quality  criteria  for  atmospheric  fluorides.are 1.72 ug/m. . 

per 24 hours of total gaseous  and  particulate fluoride between  April 15 

3 

3 
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ant1 October 15 and  3.44 pg/m between October 16 and April 14. Gaseous 
fluorides  are  controlled belou, 0.86 ug/m for 24 hours between April 15 
and October 15 ( 4 ) .  These regulations  are promulgated t o  reduce ambient 
fllloride  during  the growing season since  fluoride can demonstrate  acute 
dariage t o  vegetation. 

3 
3 

Th(! predicted 24-hour maximum ground level  concentration  for  particulate 
fluoride due t o  the Hat Creek Project  is 0.032 u g h  ( 9 6 ) .  This concentration 3 

L should n o t  present a public  health  risk. The predicted 24-hour maximum 
ground-level  concentration of gaseous f luorine  is  0.332 u g h  . This i s  
approximately  half of the maximum allowed by Ontario. No adverse  health 
imllact i s  predicted due t o  gaseous fluoride. 

3 
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I 4.7 Lead ( P b l  

I Le.3d occurs  naturally as several  insoluble  minerals,  extractable by 

1 worked by  man from prehistoric  times.  Since  the  industrial  revolution, 

mi:ling and smelting. Because of i t s  low melting  point,  lead has been 

an'd especially  in the 20th century, the ambient amount o f  lead  in the 
environment has increased  dramatically (15,  38). Currently, the major 
soJrces of lead  in the atmosphere are lead  smelters and  automobile 
exiaust  emissions due to  tetraethyl  lead being used as  a gasoline  additive. 
AmDient lead i s  an important  atmospheric pollutant  since i t  can act   to  
fa : i l i t a te  other atmospheric reactions. 
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Atmospheric lead  emitted t h r o u g h  coal combustion i s  most l ikely t o  exis t  
as  solid  inorganic compounds in the f ly  ash particulate. These have 
been  shown t o  occur  in the smallest  fly ash particles which are of 
respirable  size and may penetrate  into the lungs  (10). 

- 
,- 

0 Toxicity 
a 

Le.ad has long been known as a poison. Currently,  sources of ingested 

1 1e'sd are  primarily  old  lead  paint, moonshine whiskey, and leaded eating 

\. 
and cooking utensils. Atmospheric lead  pollution can s t i l l  be of signif- 
icdnce  near  lead  smelters  (39,  40). Busy streets  in urban areas can  have  a 
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significant  airborne lead  level from automobile exhaust. Areas  of rural 
land near  smelters  can  become  uninhabitable  for  cattle (39). Lead  tends 
to sediment  out in water  systems and thus its threat  may be minimized. 
Inorganic  lead  compounds  are  probably not methylated in these  sediments 
(12).  Lead is not  generally  concentrated i n  the  food  chain  although  the 
human body accumulates lead. The  half-life of lead i n  the  human body is 
about  two months. 

Lead  has  long been associated  with  central and peripheral  nervous  system 
disease, renal disease,  anemia and effects on hemoglobin  formation (41). 
The  effects of lead on the  central  nervous system of children  are  devasta- 
ting. Because  the  toxicology of lead is medically well known, current 
research is tending  toward  elucidation o f  subtle  factors of lead poisoning:' 
The accepted  "safe"  values  for  the lead content o f  blood  and urine  are 
currently  being  challenged (42). The threshold  values for  chronic lead 
poisoning are being  studied,  especially  considering  the  hypersensitivity 
of children  to  chronic  low-level  lead  exposure (39, 41)). 

Some  earlier animal  studies  show  possible  carcinogenic  effects  of  lead 
(15). Human  studies  have not borne  this  out so far. Teratogenic  effects 
are known in animals (43, 44, 45) and  chromosome  aberrations caused by. 
lead have been detected  through  laboratory  experiments.  Lead  burdens in 
experimental  animals,  similar to burdens  experienced by man, have been 
shown  to cause  decreased  resistance  to  infection and decreased  life  span 
'(12). 

0 Assessment of health  risk 

For  the mining,  mine-milling and smelting  industries,  British Columbia 
has ambient  air  quality  objectives  of 4 ,  4 and 6 pg/m for  Levels A ,  8, 
and  C  respectively (1, 2). The Government of Ontario  maintains  a 24- : 
hour ambient  air  quality  standard  for lead o f  5.0 pg/m and  a  geometric 
mean  for 30 days o f  2.0 pg/m ( 4 ) .  
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A lane1 of   s ix   publ ic   heal th   exper ts   suggests  a 24-hour  ambient  standard 

f o r   l e a d   o f  4.7 pg/m t o  adequate ly   protect   the  publ ic   heal th  ( 3 ) .  The 
pred ic ted  24-hour maximum ground leve l   concen t ra t i on   o f   l ead   f o r   t he   Ha t  
Creek P ro jec t  i s  0.0095 ug/m (96 ) .  This  value i s  we l l  below  suggested 3 

s tmdards  and no r i s k   t o   t h e   p u b l i c   h e a l t h  i s  predic ted.  

3 

4.5 Manganese (Mnl 

The  manganese emitted  through  coal  combustion i s   g e n e r a l l y   n o t  con- 
s idered as being  hazardous to   heal th   (46,   47) .  Manganese emitted  through 
coal  combustion i s  most  probably i n   t h e   f o r m   o f   s o l i d   i n o r g a n i c   o x i d e  
compounds i n   t h e  f l y  ash par t . icu la te  (48) .  Manganese can e x i s t   i n   e i g h t  

d i f f e r e n t   o x i d a t i o n   s t a t e s ;   t o x i c i t y  i s  r e l a t i v e   t o   t h e   t y p e  .of 
manganese ion  present and its. ox ida t i on   s ta te .  Manganese  compounds are  

known t o   a c t  as c a t a l y s t s   i n   t h e  atmosphere, poss ib l y   ox id i z ing   o the r  
a i rborne   po l lu tan ts  ( 3 ) .  

0 T o x i c i t y  

Of the  trace  elements, manganese i s  one o f   t h e   l e a s t   t o x i c   t o  manrnals 
(47).  Because o f   i t s  importance as an a c t i v a t o r   o f   d i f f e r e n t  enzymes, 

manganese i s  one o f   t h e  elements  essent ia l   to  man's  d iet  i n   t r a c e  amounts. 
Man  seems t o  have a good 'homeostatic mechanism to   ma in ta in   the   appropr ia te  
l e v e l  o f  manganese i n   t h e  human body. Pathology due t o  deficienc.y  or 
excess i s  uncommon ( 3 5 ) .  

I r h a l a t i o n   o f  manganese dusts and fumes i s   n o t  a normal  exposure  route 
but  cases o f  manganic  pneumonia  and chronic  manganese poisoning have 
resulted  from  these  occupational  exposures.  Acute  poisoning by  manganese 
is actua l l y   ra re   (49) .  Mangiinic pneumonia i s  caused by exposure t o   h i g h  
cc 'ncentrat ions  of   dust  and character ized by  sudden onset  of pneumonia 
(L lsual ly   a f fect ing  on ly  one  'lung). A n t i b i o t i c s   a r e   u s u a l l y   i n e f f e c t i v e  ~ 

i r l  t r e a t i n g   t h i s   c o n d i t i o n .  A much more comnon form of   chronic   nmganese 



po i  son ing   invo lves   the   cen t ra l  

-~ 

2a 

nervous  system.  Exposure t o  ma mganese 
d u s t   i n   h i g h   c o n c e n t r a t i o n s   f o r  a few  months o r  more may cause symptoms 
w h i c h   a r e   p o s s i b l y   p a r t i a l l y   i r r e v e r s i b l e  and u s u a l l y   n o t   f a t a l .  Symptoms 

include  s leepiness,  muscular  twi tching,  leg  cramps,  increased  tendon 

r e f l e x e s ,   s p a s t i c   g a i t ,   e m o t i o n a l   i r r e g u l a r i t y ,  and a f ixed  .mask- l ike 

facial  expression.  There i s  some s i m i l a r i t y   t o  symptoms o f  Parkinsons'  

d i s e a s e .   C i r r h o s i s   o f   t h e   l i v e r   i s  a l so  f requent ly   observed  in   chron ic  
manganese exposure. Some studies  have shown manganese t o  have a delayed 

m u t a g e n i c   e f f e c t   i n   v i t r o  ( 5 0 ) .  

Recent  studies  have  found  increasing  incidences  of  pneumonia  and r e s p i r a t o r y  
problems i n  comnun i t i es   nea r   i ndus t r i es   em i t t i ng   l a rge  amounts o f  manganese 

d u s t .   S i m i l a r l y ,   i n d u s t r i a l   e x p o s u r e   t o  manganese causes  increased 

b r o n c h i t i s ,   p o s s i b l y  due t o  an adverse e f f e c t   o f  manganese on the  imnune 
system  (12). However, the   da ta   resu l t ing   f rom  ep idemio log ica l  and  occupa- 

t ional   exper iments i s  always  suspect due t o  the d e f i c i e n c i e s  o f  the 
experimental  methods. I t  i s  d i f f i c u l t   t o  measure the   ex ten t   o f   exposure  

a f t e r   t h e   d i s e a s e  has occurred.  Generally,  the  exposure  dose and l e n g t h  

of exposure  are  not   precise,   thus  producing  unrel iable  dose-response 
data. An a d d i t i o n a l   c o m p l i c a t i o n   i s   t h e   f a c t   t h a t   e x p o s u r e   c o u l d   i n c l u d e  
inges t i on ,   i nha la t i on  and sk in   absorp t ion .  

0 Assessment t o   h e a l t h   r i s k  

It has  been shown t h a t  manganese normal ly  occurs i n  urban a i r  i n  the  

United  States  at.O.10 ug/m and i s  t h o u g h t   t o  cause  no  adverse  health 
e f f e c t s   a t  th is leve l .   Th is   va lue may be increased  by 0.05 ug/m 

with the  use o f  a new f u e l   a d d i t i v e   c o n t a i n i n g  manganese t o   r e p l a c e   t h e  

present   lead   add i t i ve   (51) .  

3 
3 

A panel o f   s i x   p u b l i c   h e a l t h   e x p e r t s  have s e t  a 24-hour  standard  for  

ambient manganese a t  11.4 pg/m ( 3 ) .  The predicted  24-hour maximum 

ground  leve l   concent ra t ion   o f  manganese due to   t he   Ha t  Creek P r o j e c t   i s  
0.0055 pg/m3 (96). This   va lue i s   f a r  below  any  level   at   which  adverse 

human h e a l t h   e f f e c t s  my r e s u l t .  
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4.9 Mercury (Hg) 

Mercury i s  somewhat unique amonsg elements due t o   i t s   c h a r a c t e r i s t i c s  of 

u b i q u i t y ,   v o l a t i l i t y  and b io t rans format ion .   Th is   la t te r   qua l i t y   accounts  

fo r   the   cyc l ing   o f   mercury  betw'een a i r ,   land,   water ,   p lants  and anilnals. 
Mercury i s  one cons t i t uen t   o f   coa l  and is  released  through  coal comlbustion 

main'y i n  i t s  elemental  form.  Elemental  mercury i s  very   tox ic  when 
inha'ed i n   t h e  vapour   s ta te   bu t   i s   no t   t ox i c  when ingested. Emissisms 
of e'emental  mercury  that  deposit i n   t he   su r round ing   so i l   t end   t o  
disperse because  of i t s  v o l a t i l i t y   ( 1 2 ) .  

Elemental  mercury i n   t h e  soil c,ycles i n   t h e  environment and i s  methylated 
in  soi l ,   stagnant  water,   sediments,   or   even i n  mamnalian i n tes t i nes ,  and 
enters  the  food  chain (52, 53)  as  shown i n   F i g u r e  1. Once a l te red ,  
methylmercury i s   h i g h l y   b i o a v a i l a b l e ,   o c c u r r i n g   i n   h i g h   c o n c e n t r a t i o n s  

i n  some f i s h .  Methylmercury i s  the  most  toxic  mercury compound and i s  
most  probably  not  direct ly  emitted  through  combustion o f  coal .  No data 
exis.: a t   t h i s   t i m e  on the   ra te   o f   cyc l ing   o r   b io t rans format ion .   There fore ,  
it is d i f f i c u l t   t o  assess  the  impact on the  biosphere from atmospheric 
inorqanic  mercury  ef f luents.  

a T o x i c i t y  

Mercllry  poisoning was ex tens ive ly  documented before the. f i e l d   o f  

occupational  medicine came i n t o  being, due t o  human exposures t o  l a rge  
concczntrations o f  mercury i n  several  occupational  f ields.  Mercury  vapor 
i s   e f f i c i e n t l y  absorbed by man; 75-85% being  absorbed from 50 t o  350 

ug/m' and  more a t  lower  concentrat ions (12). The e f f e c t s  o f  i n h a l a t i o n  
o f   a c u t e  doses of  elemental  mercury  are  most comnonly manifested i n   t h e  
r e s p i r a t o r y   t r a c t  by pneumonitis., bronchi t is ,   chest  pains,  dyspnea 
(sho-tness o f   b r e a t h ) ,  and coughing.  Acute  poisoning i s  c i t e d  as being 
caused  by mercury   leve ls   o f  1.2 t o  8.5 pg/m 3 (15).  Chronic  exposure  to 

lower doses, c h a r a c t e r i s t i c a l l y  named "mercur ia l  ism", produces  the 

ins id ious  onset  o f  long-term symptoms caused  by the  accumulation and 

re ten t i on   o f   mercu ry   i n   t he   b ra in ,   t es tes  and thyro id .  These long-term 

'3 
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symptoms  have  been  shown t o  be only partially  reversible.  Classic 
symptoms of "mercurialism"  include  gingivitis (gum inf lamation) ,   s tomati t is  
(inflammation of the oral mucosae),  erethism (abnormal physiological and 
psychologic  disturbances) and tremor. General disturbance o f  the  gastro- ' 

intest inal  system is  frequently  seen. Renal toxici ty   is   a lso a c lass ical  
resu l t  of chronic mercury poisoning (54 ,  5 5 ) .  Humans are exposed t o  .- 

mercury i n  food,  water and a i r .  Thus ,  w i t h  multiple  exposure  routes and 
the easy  accumulation of mercury i n  the body i t  i s   d i f f i c u l t  t o  c i te   the I 

actual amounts of mercury which cause  chronic  toxicity. 

I 

a 

Both inorganic mercury and the  organic mercury secondarily formed i n  the 
environment  demonstrate teratogenic  prollerties i n  experimental  animals. 
Organic mercury crosses  the  placenta more easi ly ,  making i t  more dangerous 
t o  the  fetus (54 ) .  Animal  experiments a l s o  suggest  that mercury causes 
decreased reproductive performance.  Cell culture experiments have shown L 

tha t  both organic and inorganic mercury cause chromosomal mutation a l -  
though the former of these has  been refuted (12) .  

e Assessment of health  risk . .  L 

I 

li 
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The U n i t e d  States Environmental Protection Agency has promulgated  a 
National Emission Standard fo r  Hazardous Air Pollutants for mercury a t  
1.0 ug/m for 24 hours (5). The Government of Ontario  maintains a 24- 
hour standard of 2.0 pg/m ( 4 ) .  British Columbia  has ambient air 
quality  objectives for mercury of 1 .O pg/m for Levels A,  8 and C ( 2 ) .  
A panel of six public  health  experts has derived a safe ambient  standard - 
for mercury o f  0.8 ug/m for a 24-hour period ( 3 ) .  For the Hat Creek 
Project the predicted 24-hour maximum ground lcvel  concentration for 
Particulate mercury i s  0.0075 ug/m3 (96). This level should pose no 
threat t o  public  health. Similarly the gaseous por t ion  o f  the mercury 
emissions  should pose no threat  t o  public  health. 

- 
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4.10 Nickel (Ni) 

Nickel occurs  in the urban a i r  i n  appreciable amounts and  ranges fl-om less 
than 0.01 to 0.16 pg/m3 in  the atmosphere. The major sources of this  
contamination are  exhaust from cars and trucks,  fuel o i l  combustion for 
space  heating, and coal and oil  combustion for power generation ( 5 6 ) .  
Large  amounts  of nickel do n o t  naturally occur i n  water  although  large 
amounts do accumulate in many plan ts  grown for  food ( 1 5 ) .  

Dur.ing the combustion  of coal, h o t  carbon monoxide i s  passed  over  the 
finely  divided  nickel  in  the  fly ash and gaseous nickel carbonyl i , j  formed 
(56).  However, nickel  carbonyl i s  only stable  in the presence of 'carbon 
monoxide. I n  the atmosphere, nickel carbonyl is  readily transformild t o  
nictel oxide  in dry a i r  and nickel  carbonate  in moist a i r  ( 5 7 ) .  Nickel 
oxi,le and nickel  carbonate  are  thus  the most probable chemical forlns o f  
nictel  present i n  the f l y  ash particulate. They are  deposited  in  the 
surrounding soil  proportionately t o  the amount of  nickel  in the coal 
burned. Nickel i s  concentrated  in the smallest  particle  of  fly  ash. Thus,  
those  particles  containing  nickel  are more l ikely  to be inhaled, and to  
reach the lungs (10). The concentration of nickel  in  the lungs increases 
w i t h  age (15). 

0 Toxicity 

* 

Nickel is   potentially one o f  t,he trace elements essential t o  human health. 
However, occupational  exposures t o  large amounts of nickel have  proven t h a t  
i t  can be bo th  toxic and carcinogenic. The effects on health, caused by 
exposure t o  nickel,  are dependent on the chemical form of  nickel. Nickel 
carbonyl,  the element directly  emitted through coal combustion i s  by f a r  
the most toxic  nickel compound. Acute poisoning by nickel carbonyl causes 
a delayed onset of fever,  respiratory problems, leukocytosis and cyanosis 
and possibly  resulting  in death i n  four t o  eleven days (58). Chronic 
occupational  exposures of nickel carbonyl are cited  as  causing  cancer of 
the  lungs,  sinuses, and nose. This carcinogenic  potential has been 
confirmed by animal experimentation (58, 59). 
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The toxicity  of  inorganic nickel compounds  and  elemental nickel 'has not 
been as  extensively  characterized  as  that of nickel carbonyl.  Animal 
toxicological  experiments  have  demonstrated that all compounds  of nickel 
are  potentially  carcinogenic (58, 59). Respiratory  changes  have been noted 
i n  animals  inhaling  inorganic  nickel  compounds (57). Oermtitis has been 
ascribed to skin  contact  with  nickel, in some  sensitive humans (3). 

L 

0 Assessment of health  risk 
r 

Oue  to adverse health  effects  caused by exposure to nickel,  the  Government 
o f  Ontario  maintains  a  24-hour  ambient  standard of 2.0 pg/m (4). The U.S. 
Environmental  Protection  Agency-sponsored panel o f  experts  has  suggested  a 
24-hour  ambient  standard  for nickel of 3.7 ug/m ( 3 ) .  The  predicted 24- 
hour  maximum  ground level concentration of nickel  due  to  the  Hat  Creek 
Project is  '0.0039 pg/m3 (96). tlo adverse  health  conditions  are predicted 

3 

3 

4.11 Selenium (Sei 

Selenium is widely  distributed in the  environment in a  variety of  rare 
minerals and in coal. Coal combustion is the principal source of selenium 
contamination in the  environment (60). The most  likely  chemical forms of 
selenium  emitted  through coal combustion  are  elemental  selenium  and 
selenium  dioxide.  Selenium  dioxide  can  be  emitted  as  a  vapor  although the 
majority  occurs in particulate form. The  selenium  concentration in 
airborne fly ash  particulate  resulting  from coal combustion  has been shown 
to  increase  with  decreasing  particle size. Therefore,  the  selenium in the 
particulate  is  readily  respirable  and  may  penetrate  deeply  into  the  lungs 
(10). Airborne  selenium is deposited in the soil, where  it  concentrates in 
certain  plants  and is consequently  ingested by animals (61). It has also 
been  suggested, on the  basis o f  selenium's  chemistry,  that  selenium is 
capable. of being  methylated in the  environment as shown  in  Figure 1 (12). 
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Selenium i s  a non-meta l l i c   t race   e lement   essent ia l   to  human l i f e  and 

he lps   t o   ma in ta in  body t i s s u e   e l a s t i c i t y   ( 6 1 ) .  Selenium  can e x h i b i t   t o x i c  
e f f e c t s  when ingested,  inhaled,  or  absorbed i n   u n n a t u r a l l y   l a r g e  amounts. 
Most repo r t s  on the  adverse  e f fects   to  human hea l th  due t o   i n h a l a t i o n  

o f  se 'en ium  descr ibe  indust r ia l   exposure  to   dusts ,  fumes, and vapours o f  
selen'um and i t s  compounds. 

Elemental  selenium i s   r e l a t i v e l y   n o n - t o x i c   a l t h o u g h  i t  has been imp l ica ted  
as causing i r r i t a t i o n   t o   t h e  mucous  membranes, catarrh,   nosebleed,  loss  of  
sense o f  smell and dermatit is.  Acute  exposure i s  known t o  cause severe 
headache, d i f f i c u l t   b r e a t h i n g .   i n t e n s e  mucous  membrane i r r i t a t i o n  and cen t ra l  

nervouse  system ef fects   (62) .   S imi lar   heal th   problems  occur   wi th   chronic  
i n g e s t i o n   o f  selenium.  Selenium  ingestion has a l so  been imp l ica ted  as a 

cause o f   t o o t h  decay. Generally,  health  problems caused  by selenium seem 

to   concent ra te  on the  ep idermal   (sk in ,   ha i r ,   na i l )  and g a s t r o i n t e s t i n a l  
systems. The l e n g t h   o f  exposure  and  concentrations  causing any of   the above 
patho'ogy due t o  elemental  selenium and se len ium  d iox ide  are  not   genera l ly  
known (1 5). 

In  acute  exposures  to  selenium  dioxide, symptoms o f  severe  dermat i t is ,  
b u r n i n g   o f   t h e  eyes, l ac r ima t ion  and conjunct iva l   congest ion,   "gar l i ' c  
breath",   d izziness, and lass i tud 'e   occur .   Chronic   in tox icat ion  wi th  
selenium  dioxide i n  occupational  scenarios has caused gas t ro in tes t i n>a l  
d isorders,   nervousness,   l iver  ansd spleen damage, anemia,  mucosal i r r i t a t i o n  

and lumbar  pain. 

Selenium has  been suggested as blzing  teratogenic i n  one occupational  study 
on humans (12).  It has been imp l ica ted  as both a carcinogen and  an 

an t i c r r c inogen   i n   an ima l   t ox i co log i ca l   s tud ies  (63,64). Occupational 
s t u d i e s   o f  humans exposed to  selenium have demostrated no cancer   mor ta l i t y  
(65).  Epidemiological  studies have shown a r e l a t i o n s h i p  between high 
selenium  concentrat ions i n   t h e   s o i l   o r   a i r  and lower  incidence  of   cancer 

(66, € 7 ) .  .These studies,  howeve!*, do not prov ide   su f f i c i en t l y   conv inc ing  

resu l ts   (60) .  A recent  review o f  carcinogenic  data on selenium  states, "It 

must be concluded,  therefore,  thit t   inorganic  selenium i s  u n l i k e l y   t o  be 
carcinogenic as such  and t h a t   a l l   p r e v i o u s   c l a i m s  t o  the   con t ra ry   a re  
e i t h e r  undounded o r   con t rove rs ia l "  (64) .  
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0 Assessment of health  risk 

The predicted  24-hour  maximum  ground level concentration  of  selenium  due 
to the Hat  Creek  Project is 0.00021 ,g/m3 (96). A panel of public  health 
experts  doing  a  study  for  the U.S. Environmental  Protection  Agency has 
set  a  safe  ambient  24-hour  ambient  standard  for  selenium  at 5.4 ug/m 
( 3 ) .  No risk to public  health is predicted.  Similarly  potential  gaseous 
emissions of selenium  present no risk to public  health. 

3 

4.12 Uranium (UL 

Uranium  (U) is one  constituent of coal released in the fly ash 
particulate  through coal combustion.  Uranium i s  a  radioactive  element 
occurring in nature in three isotopes: UZ3*, U235,.and U234. Haturally 
'occurring  uranium  contains 99.28% U238, 0.71% U235, and 0.005% U234. 
Uranium 238, by far  the  most  comnon  of these' isotopes,  has  a very long 
half-life of 4.49 x lo9 years (68, 69). As with all radioactive  elements, 
disintegration of uranium  occurs  continuously,  producing many disfntegra- 
tion products. These  disintegration products  have  unique toxicities  and 
half-lives.  Examination of each  would  be fa,r too  extensive  for  this 
paper. 

" 
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0 Toxicity 

The  most  comnon  isotope of uranium, U238, emits  alpha  particles of a 
very  low  energy  level.  Although these alpha  particles  possibly  cause 
d e m l  effects (70), they cannot  penetrate  human skin. The less c o m n  
isotopes, U234 and U235, constitute a radiation  hazard  if  internally 
deposited  through  inhalation  or  ingestion (71). Insoluble  salts of 
uranium  are  retained in the  lungs  for long  periods of time.  However, 
studies of animals and workers  exposed  to  dusts of insoluble  uranium 
salts  for long  periods of time have  demonstrated no toxicity ( 1 5 .  71). 
By contrast, some  cases  have  proven  that  there is a  long-term  carcino- 
genic  hazard (70). 

c 
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Adverse health  conditions  related t o  uranium usually are a  result; o f  the 
highly  toxic  nature of uranium and i t s   s a l t s ,  rather than i ts   radioact ivi ty  
(70) .  Generally, uranium causes  pathology  in the kidneys,  lungs,  liver, 
cardiovascular, nervous and hematologic  systems. Changes in prot:ein and  
carbohydrate metabolism are a.lso described. Chronic  exposures have also 
been cited as inhibiting  reproductive  activity and affecting  uterine 
development in  experimental  a,nimals (70) .  However, toxici ty   is   re la t ive  to  
the  solubility of the uranium compound;  more soluble compounds being more 

m toxic.  Soluble uranium compclunds can cause  acute  illness and renal damage 
i s  the primary pathological  effect. Prolonged exposure t o  insolilble 
uranium compounds results  in  chronic  disease. These insoluble compounds 
are  accumulated in  tissues and organs and are  retained  there  for long 

e 

periods  of  time. 

Assessment of health  risk 

Uranium i s  a h igh ly  dangerous element re la t ive   to  human health due 
toxicity and radioactivity. The United States Nuclear Regulatory 
Comission has promulgated a  standard for ambient uranium released 

to i ts  

from 
licensed  facilities  in the United States. This standard of 1 x 
ucurie/ml (or 1 x 10" ucurie/m ) regulates  radioactivity. For the Hat 3 

Creek Project the predicted 24-hour maximum ground level  concentration of 
urmium emitted th rough  coal combustion i s  0.0011 u/gm ( 9 7 ) .  Based on a 
spacific radioactivity of naturally occurring uranium of 6.77 x lo-' 
ucjrie/gm (6), this uranium emission i s  equal to  about 7.5 x 
pcJrie/ml. This level i s   f a r  below the U . S .  standard and no adverse 
he,alth risk i s  predicted. 

3 

4.13 Vanadium ( V )  

Vanadium i s  found in numerous ores  throughout the world. I t  is  elnitted 
a s  a  contaminant from industries involved  in vanadium production. The 
burning  of  coal contributes a substantial amunt of vanadium t o  the 
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environment. The burn ing  of h i g h  sulphur  residual  oils  constitutes  the 
largest  source of vanadium contaminat.ion ( 7 2 ) .  I n  the  atmospheric 
environment,  airborne vanadium may contribute t o  the  formation o f  
secondary  contaminants. 

0 Toxicity 

Vanadium occurs i n  low concentrations i n  the  natural environment. How- 
ever, i n  areas o f  the  country where large amounts o f  residual oi ls  are  
burned the  concentrations of vanadium are h i g h .  The vanadium concentration 
i s  normally low i n  water. Vanadium appears t o  be concentrated i n  cer ta in  
marine  animals and i n  certain  plants,   especially legumes. Vanadium i s  
poorly  absorbed i n  mammals  when ingested, b u t  more easi ly  absorbed when 
inhaled.  Insoluble forms of vanadium at  concentrations over 50 u g h  

are  thought to accumulate  in the human lung  and cause pulmonary i r r i t a -  
t i o n  (12) .  Otherwise, body turnover for vanadium is probably rather 
rapid. Vanadium appears t o  be a necessary  trace element i n  some birds, 
b u t  th i s   i s   no t   ye t  proven for man (15). 

3 

Airborne vanadium emitted through coal  combustion  probably occurs i n  
sol id  forms i n  the f l y  ash. The toxicity o f  vanadium oxides, which 
are  the most l ike ly  compounds i n  f l y  ash,  is  proportional t o  t he i r  
valence. The pentoxide i s  the most toxic. Although comparatively 
1 i t t l e  research has  been  done on the  toxicity of vanadium, some authors 
consider i t  t o  be a significant  health hazard  because of i ts  submicron 
aerosol form. 

A t  levels  occurring i n  industrial  accidents, vanadium acts  primarily as 
a  moderate t o  severe mucous  membrane irritant, affecting  the eyes and 
the  entire  respiratory  tract .  There do not  appear t o  be s ignif icant  
sequelae from exposures.  Occasionally an almost  asthmatic-1  ike  condition 
resul ts  from exposure.  Epidemiological studies o f  atmospheric vanadium 
i n  urban.areas  suggest a correlation of ambient vanadium w i t h  mortality 
from bronchitis and pneumonfa, especially i n  males ( 1 2 ) .  
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I n  anim:,l exper iments  using  high  c lmzentrat ion  exposures  of  vanadium, 

m u l t i - s y s t e m   t o x i c i t y  and death  oc'cur. Compared t o   i n d u s t r i a l   o r  
ambient  exposures  these  levels  are  extremely  high. Animal experiments 
us ing more reasonable  exposure  levels  demonstrate an adverse e f f e c t  on 
pulmonary  defense. 

Some ep 'demio log ic   ev idence  ex is ts   l ink ing vanadium to  lung  cancer and 
hear t   d-sease,   but   th is  i s  by no means proven  (73). I n   f a c t ,  animal 
exper imentat ion  supports  the  fact   that  vanadium i s  no t   carc inogen ic   ( l :? ) .  

0 Assessment o f   h e a l t h   r i s k  

The t o x + c o l o g y   o f  vanadium i s   n o t  extremely  well  known and thus agreement 
has n o t  been reached as t o  i t s  importance as a contaminant. The Government 

o f   O n t a r i o  has establ ished a 24-hour  standard f o r  ambient  vanadium a t  
2.0 ug/ri  (4). A panel o f   pub l i c   hea l th   exper t s   i n   t he   Un i ted   S ta tes  
suggest!; a s tandard   o f  6.8 ug/m over 24 hours  (3) .   Relat ive t o  these 
standards,  the  Hat Creek Project   represents no r i s k   t o   t h e   p u b l i c   h e a l . t h  
through vanadium emission  since  the  predicted  24-hour maximum ground 
leve l   concen t ra t i on   o f  vanadium i s  0.00015 ug/m (96). 

3 
3 

3 

4.14 Zinc  (Zn). 

Zinc i s  found i n  several  ores. It i s  a component o f   i r o n   o r e  and 

coal .   Zinc as an atmospheric  contaminant comes pr imar i l y   f rom  z inc   re -  
f i n i n g  as we l l  as pr imary  product ion  o f   o ther   meta ls   (74) .   Z inc  ch lor . ide,  
a we l l  known health  hazard, i s  n o t   l i k e l y   t o  be emitted  through  coal 
combust'on. Zinc  oxide i s  used i n  vulcanizing,  photocopying. and p a i n t  
product 'on ( 7 5 ) .  It i s  through  occupational uses o f   z i n c   t h a t   t h e   m a j o r i t y  
o f  adverse  health  condit ions  occur. 
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Zinc is most  probably  emitted as solid  compounds in fly  ash,  particulate. 
Zinc is nonnally  deposited in the soil surrounding coal combustion 
facilities in relation to the  amount of zinc in the coal burned. Zinc 
is found in all waterways and is generally not considered to be  methylated 3. 

in sediments. Zinc is concentrated in food  chains  and is present in  all 
living  organisms. It is an essential  element to plants and animals  and .F 

is a normal enzyme  co-factor in the human body (76:. The  average  dietary 
zinc  intake is  12.6 mg/day/person  (15). The  average  adult body  burden  of L 

zinc is 2.3 gm. 

L 

0 Toxicity 

Illness from zinc occurs  primarily as zinc  "fume fever". This  illness 
occurs  with  occupational  exposure to fresh zinc  oxide  fume, usually in 
concentrations  greater  than  15  mg/m . This  tends to be  a  short-lived 3 

illness  with complete  recovery,  even  after  multiple exposures. Zinc 
chloride (ZnC12) is more caustic,  and more irritating.  Symptoms  of 
zinc  chloride  exposure  can  include  dermatitis,  and  changes in mucous 
membranes. The usual symptoms of excess  zinc  ingestion are gastroin- 
testinal in nature (15). Reported  gastrointestinal  effects of Zn02 in 
occupational  inhalation,  however, are unproven. 

Large  doses o f  both inhaled  and  ingested  zinc  caused  death or illness in 
experimental  animals. The concentration  levels  used,  however, are much 
higher  than  workplace  levels or any  ingested amount  norma1ly.available 
in the diet. 

0 Assessment of health  risk 

Relative to the  other  trace  elements  discussed in this  document,  zinc is 
less  toxic. A panel of health  experts  suggests  that ambient  zinc  should 

I 

It 
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be maintained below 34 ug/m averaged  over 24 hours t o  protect  the  public 
hedlth ( 3 ) .  British Columbia ( 1 ,  2 )  has ambient air  quality  objectives  for 
zinc of 5, 5 and 8 pg/m for Levels A ,  B and C respectively. The  maximum 
grllund level  concentration  predicted  value  for the Hat  Creek Project i s  
0.0038 pg/m (96) .  No adverse  health  risk is  predicted. 

3 

3 

3 

4.15 Polycyclic Organic  Matter (POM) 

Polycyclic  organic  matter (POM) i s  a large group of ring-structured 
a rma t i c  hydrocarbons which may have substituted groups attached t o  one or 
more rings. POM occurs e i ther  as a vapor or, more  commonly, as a  condensed 
particulate.  Particulate  polycyclic  organic  matter (PPOM) can be sub- 
divided  into  nine groups of  aromatic compounds including  pesticides,  arene 
groups. and polycyclic  (polynuclear)  aromatic hydrocarbons (PAH) (77). 
Relative t o  the public  health  consideration of the proposed Hat Creek power 
p l a n t ,  PAH may be an importavt group. The composition o f  airborne PAH 
includes, among other. hydrocarbons,  benz(a)anthracene and benzo-a-pyrene 
(BaP). Many of the constituents, though not a l l ,  have been suspected  or 
classed as organic carcinogerls (78). 

Atmospheric POM i s  a combustion product of processes  involving carbon 
and  hydrogen. Consequently F'OM i s  formed both naturally  in  the  environ- 
ment  and anthropogenically. ,The major technologic  emission  sources  in- 
clude the burning of fossil  fuels  (coal,  oil and gas),  refuse  burning, 
motor vehicle  exhaust and industrial  processes (coke production,  roofing 
operations and the aluminum  and steel  industry). The  amount or composition 
of  POM formed varies widely and i s  dependent on the  emission  source and 
i ts   eff ic iency.  Less eff ic ient  combustion sources  emit  higher POI4 con- 
centrations  (78, 79, 80). 

The formation of POM and PAH takes  place  in a pyrolyzing  rather t h a n  an  
oxidizing environment. The cwocesses are  highly complex  and extremely 
variable. The pyrolysis mechanism involves  radical  chain  propagation by 
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converting  simpler  organic  structures i n t o  more  complex molecules a t  
temperatures between 500 and 900°C (80, 81 j .  POM i s  t h o u g h t  t o  be 
emitted from the  flame  as a vapour. Upon cooling.  the vapour usually 
condenses i n t o  small par t ic le  condensates o r  i n t o  already  existing air- 
borne par t ic les .  PPOH is generally  concentrated i n  par t ic les   less  than 
5 ym i n  diameter ( 7 7 ,  80). Thus ,  atmospheric  transport and dis t r ibut ion 
of par t iculate  POM is dependent on such physical  characteristics  as 
par t ic le   s ize ,   surface  area,  shape and density. Airborne par t ic les   are  
removed from the   amsphere  by gravitational  forces or precipitation. 
The residence time i n  d r y  a i r  i s  dependent on the   par t ic le   s ize  and 
varies from 0.4 t o  40 days. Chemical reactions  involving  oxidants or 
sulphur.dioxide may shorten  the  half-l ife of POM dras t ica l ly .  POI.! i s  
highly  reactive and oxidation  reactions w i t h  other  atmospheric  contaminants 
a re   f a i r ly  simple. The daughter compounds  formed are   re la t ively more 
s tab le  ( 7 7 ,  81). 

Particulate POH i n  the ambient a i r  is collected on High Volume Samplers 
as pa*. of the  total  suspended par t iculate  (TSP). PPOH i s  designated  as 
the  benzene-soluble  fraction of the sample o r  is represented  as  the 
sample's  concentration o f  BaP.*  The d r e e  indices for POI1 measurement; 
TSP, the benzene-soluble fraction of TSP, and BaP, vary independently of  
each other i n  the  atmosphere. They also vary geographically,  spatially 
and temporally w i t h  the  concentrations  generally  higher i n  urban areas 
d u r i n g  the  winter months. In urban atmospheres,  the TSP values  range 
from  100 t o  200 u g h 3  w i t h  8-14% of that  value  consisting of the benzene- 
soluble  fraction. BaP composes approximately 0.01 t o  0.02% o f  the 
benzene solubles ( 7 7 ) .  Thus typical BaP concentr.3tions  are i n  the 
0.08 t o  0.46 yg/m range. 3 

*Although the measurements of BaP a re   f a i r l j   p rec i se ,   t he   r e l i ab i l i t y  of 
BaP as, an accurate index of the t o t a l  eoncentration of  POM in ambient 
atmosphere is questionable. 
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0 T o x i c i t y  

O f  the nlany adverse human heal th   condi t ions  assoc iated  wi th   exposure  to  
polycycl ic  aromatic  hydrocarbons, .the most s i g n i f i c a n t   i s   c a r c i n o g e n i c  
a c t i v i t j .  Fo r   t he   l as t  two centuries,  occupational  studies have provided 
the   l a rges t  body o f  evidence on human cancer  production. Workers i n   t h e  
f o s s i l   f u e l - r e l a t e d   i n d u s t r i e s  have been shown t o  have an increased 
inc idence  o f   bo th   sk in  and lung tumors (79, 80,  82,  83, 84).  The cause- 
e f f e c t  c r  dose-response  relationsh,ips  for  these  tumors have been d i f f i c u l t  
t o   asce r ta in .  The compounding factors   inc lude  the complex personal 
h i s t o r i e s   o f  many workers,   the  lengthy  la tency  per iod  between  in i t ia l  

exposure and tumor  appearance, and the  var iab le  h igh  exposure  leve ls  
encountered in   the   occupat iona l   w t t ing .   Recent ly .   an ima l   tox ico log ica l  
experiments have p in-pointed  po lycyc l ic   organic   mat ter  as the  carcinogenic 
agent  cc'ntained i n   t h e   d e r i v a t i v e s   o f   f o s s i l   f u e l s .  However, t he   ma jo r i t y  
o f  these  s tud ies  are  l imi ted t o  the   t op i ca l   app l i ca t i on  o f  POM r e s u l t i n g  . 

o n l y   i n   t h e   i n d u c t i o n   o f   s k i n  cancer.   Toxicologic,   studies  involv ing 
inhalat ion  exposures have revealed l i t t l e  valuable  informat ion  (80,  82).  

A t  ambient   a tmospher ic   concentrat ion  leve ls ,   po lycyc l ic   aromat ic   hydro-  

carbons  have no t  been proven t o  cause human tumors  (78, 80 ) .   I n  epiderni- 
o log ic   s tud ies ,  an associat ion has been shown between a i r  contamination and 
human mclr ta l i  ty rates  from  lung  cancer. . Many such s tud ies have imp l ica ted  
POM or E;aP as c o n t r i b u t i n g   f a c t o r s   i n   i n c r e a s i n g   c a n c e r  m o r t a l i t i e s  i n  
urban  areas. However, dose-response r e l a t i o n s h i p s   f o r   s p e c i f i c   c a u s a t i v e  
f a c t o r s   f o r  human lung  cancer have no t  been i d e n t i f i e d  or q u a n t i f i e d  
(77, 81, 85). 

Other  diseases have been reported  (after  occupational  exposures  to PPOM,. 
These i r l c l ude   ch ron ic   b ronch i t i s ,   nona l l e rg i c   de rmat i t i s ,   a l l e rg i c  
contac t   dermat i t i s ,  cutaneous photosens i t i za t ion  and pilosebaceous 
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reac t ions  (80). No te ra togen ic   o r   mutagen ic   e f fec ts  have  been a t t r i b u t e d  

t o  POM exposure (77  j . 
- 

Assessment o f   h e a l t h   r i s k  
I*. 

In  the  occupat ional   scenar io,  a Threshold  L imit   Value (TLV) o f  0.2 u g h  

has' been assigned  to  the benzene s o l u b l e   f r a c t i o n   o f  Coal Tar   P i tch  

V o l a t i l e s  (CTPV) by the  U.S.  Occupat ional   Safety  and  Heal th  Administrat ion LI 

(86).  A1 though CTPV i s   n o t  synonymous w i t h  POM, benzo-.x-pyrene and 

s i m i l a r  compounds have  been iso la ted   f rom CTPV and i d e n t i f i e d  as carcinogens. .- 
In 1974, the  Federa l   Regis ter   def ined CTPV to   inc lude  po lycyc l i c   hydrocarbons  

w h i c h   v o l a t i l i z e   f r o m   t h e   d i s t i l l a t i o n   r e s i d u e s   o f   c o a l ,   p e t r o l e u m ,  wood 

and other   organic   mat ter  ( 7 7 ) .  

3 - 

- 
An assoc ia t i on  between  ambient l e v e l s  o f  POM and adverse  heal th   e f fects  
has no t  been s c i e n t i f i c a l l y   v a l i d a t e d  and no r e g u l a t i o n s   f o r  POM a t  

ambient  concentrat ion  levels  have been  promulgated.  Therefore no 

h e a l t h   r i s k  assessment i s  made f o r   t h e  Hat  Creek P r o j e c t   w i t h   r e s p e c t   t o  
POM . 
4.16 Suspended Sulphates ( S o n  ) 

I 

Sulphates  are a secondary  contaminants  generated  by  the  chemical  conversion 

of   su lphur   d iox ide.   Th is   convers ion  probably   occurs  through  severa l  

d i f ferent   chemical   processes.  A d iscuss ion  on the  atmospheric  chemistry 

o f  suspended  sulphates is beyond the  scope o f   t h i s   r e p o r t .  However, it 
is impor tan t   t o   po in t   ou t   t ha t   t he   sub jec t   o f   conve rs ion   o f   su lphu r  

d iox ide   t o   su lpha te  i s  under   in tense  inves t iga t ion  by federal   agencies 
and  academic i n s t i t u t i o n s   i n   t h e   U n i t e d   S t a t e s .   U l t i m a t e l y ,   t h e   c o n t r o l  

s t r a t e g y  by which  levels  of  atmospheric  sulphates will be  reduced is 
h i g h l y  dependent  upon  a  very  precise  knowledge of   the  a tmospher ic   chemist ry  

which  leads  to   the  product ion  o f   these  su lphates.  

I 
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Atmospheric suspended sulphates  are  contained  exclusively i n   t h e  sus- 
pended p a r t i c u l a t e   f r a c t i o n  of: the  atmosphere  (i.e.  the nongaseous 
f rac t i on  of a i r  contaminants), The cu r ren t  method for  monitoring  atmospheric 

concent ra t ions   o f  suspended su lpha tes   u t i l i zes   t he   h igh  volume f i l t e r  as 
a sampling  device'and a spectrophotometric  analyt ical  technique famr 

measuring  sulphates  extracted  from  the  high volume f i l t e r .  The p rec i s ion  
and accuracy with which  atmospheric  levels o f  suspended sulphate  can  be 
measured i s   h i g h l y  dependent upon the  sampling,process as we l l  as the 
chemical  process by which  water  soluble  sulphates  are  analyzed. The 

h igh volume filter, even  though i t  has been used fo r   twenty - f i ve   years  
for  c o l l e c t i n g  t o t a l  suspended p a r t i c u l a t e  samples f rom the  atmospheric 
environment, s t i l l  leaves a great  deal  t o  be des i red as a samplinsl 
device (87). The U.S. EPA i s   c u r r e n t l y   t r y i n g   t o  develop  dichotomous 
sanlplers fo r   t he   pu rpose   o f   rep lac ing   t he   ex i s t i ng   h igh  volume samplers 
used in   ep idemio log ica l   s tud ies  (87) .  

The dichotomous  sampler will enab le   the   sc ien t is t   to   s tudy   the   resp i rab le  
suspended p a r t i c u l a t e   f r a c t i o n   r a t h e r   t h a n   t h e   t o t a l  suspended p a r t i c u l a t e  
f rac t i on .  The dose o f   pa r t i cu la tes   rece ived  by an i n d i v i d u a l   i s   r t o t  a 
f u p c t i o n   o f   t h e   t o t a l  suspended par t i cu la te   mat te r .   Ins tead i t  is a 
fu r : c t i on   o f   t he   resp i rab le  suspended p a r t i c u l a t e   f r a c t i o n .  Thus, b e t t e r  
exper imenta l   cor re la t ions   o f   par t i cu la te   exposure   w i th  pub1 i c  heal th  
shcluld be observed when the r t t sp i rab le  f r a c t i o n  i s  known. 

A s ,er ious   de f ic iency   o f   the   ex is t ing   da ta  base f o r  suspended sulphates 
i s   t h e   f a c t   t h a t   s u l p h a t e s  have been measured i n   t o t a l  suspended pa r t i cu la tes  
ant1 n o t   i n   t h e   r e s p i r a b l e  suspended pa r t i cu la te   f rac t i on   wh ich   i s   ac tua l l y  
in5;pired by humans. I n   a d d i t i o n .  i t  i s  general ly  aqreed  that   the method 
by  which  sulphates  are  extracted  from  the  high volume f i l t e r  can  produce 
ar t i fac ts   wh ich   lead   to   e r ro r : ;   in   es t imat ing   the   a tmospher ic   concent ra t ion  
o f  suspended sulphates. 
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0 Toxicity 

c 

The biological  activity of suspended sulphates has  been the  subject of 
investigation for about five  years (88). A large number of animal 
studies has  been conducted for the  purpose of  delineating  the  toxicology 
of numerous sulphate  species (89).  These studies have revealed  that 
sulphuric  acid (H2S04) i s  the most toxic of all  the  sulphates being 
studied. The biological  activity o f  the  various  inorganic  sulphate 
species  that  has  been tested i n  animal models presents an extensive and 
variable  data  base. I t  should be pointed o u t  that   the   toxici ty  of the 
various suspended sulphates  is a function of par t ic le   s ize ,   re la t ive  
humidity and temperature. The subject of the  biological  activity of 
suspended sulphates i s  highly controversial and cannot a t  t h i s  time be 
definit ively  characterized.  Studies  are  st i l l  being  conducted into the 
nature of  the interaction of suspended sulphates w i t h  elements of the 
m m l i a n   r e s p i r a t o r y  system. 

A t  present,  the  only  epidemiological  studies  that have  been conducted on 
the  exacerbation of human health by atmospheric suspended sulphates have 
been conducted by the  ilnited  States Environmental Protection Agency 
under the i r  Comnuni t y  Health and Environmental Surveil 1 ante System 
program (CHESS) (88). The sc i en t i s t s  who designed and executed the 
CHESS program have attempted t o  re la te  suspended sulphate  concentrations 
i n  several  different  comunities w i t h  the exacerbation o f  asthma  and 
chronic  bronchitis. The resul ts  of these  studies have been exhaustively 
analyzed by several   different  scientific bodies  as  well  as the EPA i n -  
vestigators  themselves. I t  was the  init ial   posit ion o f  the CHESS investi-  
gators  that  exacerbation o f  human health cou1.d  be detected a t  suspended 
sulphate  concentrations ranging between 8 and 16 ug/m . The resu l t s  of 
these  studies were s u m r i z e d  i n  the  report from CHESS (88). I t  was the 
publication o f  this report from CHESS that  ignited  controversy  over  the 
toxicology of suspended sulphates.  This  controversy i s  unresolved a t  
this point. 
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0 ,Assessment o f   h e a l t h   r i s k  

The controversy  surrounding suspended sulphates has r e s u l t e d   i n   t h e  
adop t ion   o f  an  ambient a i r   q u a l i t y   s t a n d a r d  (AAQS) fo r   su lphates  .by on ly  
t h r e e   s t a t e s   i n   t h e  U . S . A .  and the   adopt ion   o f  no o b j e c t i v e s   i n  Canada. 
Those AAQS adopted  are  sunmarized  below. 

State 
C a l i f w n i a  
Montana 

Pennsylvania 

. 

4 u g h  3 

12 ug/,3 

Averaging Time 

24 hours 
Max. Annual  Average 
Not t o  be exceeded 
over  1% o f   t h e   t i m e  

30 day Average 
24-hour  Average 

The wide  d ispar i ty   in   the  s tandards  adopted by these  states i s  i n d i c a t i v e  
o f  th'2 confusion  which  exists  concerning  the  hazards  to human hea l th  

assoc ia ted   w i th  suspended atmospheric  sulphates. It i s  the   op in ion  o f  
the a1JthOt-S o f   t h i s   r e p o r t ,  based  upon an  analysis o f  the   ex is t ing   da ta  
base, tha t   these  ambien t   a i r   qua l i t y   s tandards   a re   over ly   s t r ingent  and 
t h a t  iuman health  would be adequate ly   protected  a t  a l e v e l  o f  50-100 
ug/m averaged  over 24 hours. 3 

The c J r r e n t   s t a t u s   o f   t h e  suspended sulphates  issue may be s u m r i z e d  as 
fo l lo~f4s:  

(1)   Uni ted  States  Environmental   Protect ion Agency has taken  the 
pos i t i on   t ha t   t he re  does n o t   e x i s t  a s u f f i c i e n t   d a t a  base f o r  
t h e   d e r i v a t i o n   o f  a primary  ambient a i r   q u a l i t y   s t a n d a r d .  

(2)  A program  should be i n i t i a t e d   ( w h i c h  i n  f a c t   t h e  EPA has a l -  
ready embarked upon) f o r  the  purpose o f   d e l i n e a t i n g   t h e   b i o -  
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l o g i c a l   a c t i v i t y   o f  suspended  sulphates. These s tud ies  a r e  t o  

include  animal  toxicology  exper iments,  human c l i n i c a l  exposures 

and epidemiological   studies.  

The S ta te  o f  C a l i f o r n i a  has decided  that  atmospheric  sulphate 

concentrat ions need t o  be c o n t r o l l e d  and has promulgated  a 

s tandard   o f  25 ug per  cubic  meter  over 24 hours. In view o f  

the   de f ic ienc ies   a l ready   revea led   in   the   cur ren t   su lphate   da ta  

base i t  i s   d i f f i c u l t   t o  see how the   p romu lga t i on   o f   t h i s  

standard  can be defended. 

The EPA has concluded  that  a d a t a   b a s e   s u f f i c i e n t   t o   p e r m i t  

t he   de r i va t i on   o f   amb ien t   a i r   qua l i t y   s tandards   wou ld   no t  be 
a v a i l a b l e   f o r   f i v e   t o   e i g h t   y e a r s .  A t  l e a s t  two o f  these 

years  would  have t o  be  devoted t o  the  development o f  improved 
moni tor ing  methodology  for   the  ep idemio log ica l   s tud ies.  

With  these comments i n  mind  and g i v i n g  due c o n s i d e r a t i o n   t o   t h e   e x i s t i n g  

s tandards  the  predic ted maximum 12 hour  average  ambient  concentrat ion o f  
0.6 ug/m3 fo r   t he   Ha t  Creek Pro ject   should  present  no r i s k   t o   p u b l i c  

heat t h .  

4.17 Suspended N i t r a t e s  (NO:) 
4 

Suspended n i t r a t e s   a r e  secondary  atmospheric  contaminants  being  generated 

through  chemical   react ions  that   occur   in   the  a tmsphere.  Even though  a 

precise  understanding  of  the  processes  through  which  atmospheric  sus- 

pended n i t ra tes   a re   genera ted  i s  n o t   c u r r e n t l y   a v a i l a b l e ,  it i s  obvious 

t h a t   n i t r i c   o x l d e  (NO) i s   t he   p r imary   p recu rso r  t o  t h i s   c l a s s  o f  atmospheric 

contaminant. N i t r i c  ox ide  i s  a   by-product   o f   the  combust ion  o f   foss i l  

fue ls 'and i s  a  major  contami,nant  species  found i n  automobile  exhaust. 
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I 

A photochemical  process  involving  hydrocarbons and n i t r i c   o x i d e   r e s u l t s  
i n   t h e   p r o d u c t i o n   o f  ozone (0 ) and n i t rogen   d iox ide  (NO2)  (90) .  It has 
been speculated  that   n i t rogen  d iox ide  in teracts   wi th   hydrocarbons and 
ozone t o  produce a hazardous  organic n i t r a t e  known  as p e r o x y a c y l   l i t r a t e  
(PAN). This   h igh ly   reac t ive   no lecu le  i s  unstable and probably decomposes 

i n  such a manner as t o  produce  inorganic   n i t ra te.  

3 

Thc inorgan ic   n i t ra te   spec ies   a re  found i n   t h e   r e s p i r a b l e   f r a c t i o n   o f  
t he  suspended par t icu la te  f ract ion  o f   a tmospher ic   contaminants .  

To t h i s   d a t e  a d e f i n i t i v e  chemical  analysis o f   r e s p i r a b l e  suspended 
pa.pt iculates has no t  been undertaken. Thus i t  i s   n o t  known what Idose o f  
n i . t rate  would be d e l i v e r e d   t o  a  human populat ion  through  the  respi rab le 
su:;pended p a r t i c u l a t e   f r a c t i o n .  However, an attempt has been mad12 t o  
c a l c u l a t e   t h e  NO; dose inhaled by an a d u l t   l i v i n g   i n  an  urban s e t t i n g  i n  
which  the suspended n i t r a t e   c o n c e n t r a t i o n   i s  3-5 pg/m . It was e'stimated 
t h , i t   t h e   d a i l y  dose o f  NO; would  be  approximately  10 ug. This i s   l e s s  
than 1% o f   t h e   t o t a l  body burden o f  NO; received  by  ingest ion.  

3 

The cur ren t  method o f  moni tor ing suspended n i t r a t e   i s  by the  use (of h igh  
volume f i l t e r i n g   d e v i c e s   ( 9 1 ) .  The h igh volume f i l t e r   c o l l e c t s  t:be 
t o t a l  suspended p a r t i c u l a t e  on g l a s s   f i b e r   f i l t e r s   f r o m  a specif i i2d 

volume o f   a i r .  A segment o f  t h i s   f i l t e r  i s  removed  and a f t e r   b e i l l g  
c a r e f u l l y  weighed it i s  analyzed for n i t r a t e .  The p r e c i s i o n  w i t h  which 

atmospheric  concentrat ions  of suspended n i t r a t e s   i s  measured i s  dl?- 

peident  both upon sampl ing  prec is ion  and  prec is ion  o f   the  chemical  
an3lysis.  Even though  the  high volume f i l t e r  has been used f o r  sempling 
atmospher ic  part iculates  for   approximately  twenty-f ive  years i t  s.ti11 
possesses many de f ic ienc ies   wh ich   to  a c e r t a i n   e x t e n t  compromise  .the 
ex i s t i ng   da ta  base w i t h   r e g a r d   t o  suspended n i t r a t e s  (87) .  It has a l s o  
be.?n demonstrated  that   certain  metal   ions can  produce a pos i t i ve   te r ro r  
i n  the  chemical  analysis o f   n i t ra tes .   Th is   p resents   another   source  of 
e r r o r   i n   t h e   e x i s t i n g   d a t a  base f o r  atmospher ic  n i t rates  (91).  



0 Toxicity 

The biological  effects of  n i t r a t e   s a l t s  have  been studied i n  animals 
primarily w i t h  regard t o  the oral ingestion o f ’  these  salts  ( 9 2 ) .  I t  has 
been demonstrated that  the  ingestion of large  quantities o f  n i t ra tes  can 
generate  relatively h igh  levels of methemglobin i n  circulating blood. 
Methemoglobin i s  an inactive form of hemoglobin and consequently i s  un- 
available  for oxygen transport. In  a d d i t i o n ,  i t  has been demonstrated 
tha t  h i g h  concentrations of  n i t r a t e   s a l t s  i n  the   diet  can produce kidney 
damage. Unfortunately, no studies have  been conducted i n t o  the  toxicology 
of inhaled  nitrate  salts .  This i s  probably due t o  the  complexity of 
producing a   n i t r a t e   s a l t  aerosol  possessing a mass median diameter of 
3.0 microns o r  l ess ,  which is   the   s ize  of respirable   par t ic les .  

The United States Environmental P ro tec t ion  Agency, through i ts  Comnunity 
Health and Environmental Surveillance System (CHESS) s tudies ,  has attempted 
to   r e l a t e  adverse human health  response to suspended atmospheric n i t r a t e  
levels i n  several   large  cit ies (93). These studies have produced evidence 
which suggests  that suspended n i t ra te   l eve ls  of 2-7 ug/m will produce . 

an elevated asthma attack  rate.  The investigators however caution  that 
insuff ic ient  knowledge concerning  the chemical and physical  nature of 
the suspended.particu1ates  limits  the  interpretation of their  observation. 

3 

0 Assessment of health risk 

The current  data  base w i t h  respect t o  human health  response to  the 
inhalation of suspended inorganic  nitrate i s  inadequate. The few epidemi- 
ological  studies  that have attempted t o  delineate  the  biological  activity 
o f  inhaled  inorganic  nitrates, have suffered from the use of inadequate 
atmospheric  monitoring methodology and from the  lack of sui table  parameters 
f o r  estimating.  the impact  of inhaled  nitrates on human health. The U.S. 
EPA i s  currently mving  vigorously t o  correct  these  deficiencies. 
Studies have  been in i t ia ted   for  the purpose  of defining the inorganic 
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n i t ra te   spec ies   con ta ined  in   the   resp i rab le  suspended p a r t i c u l a t e  
f r a c t i o n   i n  urban  atmospheres. A t  th is '   t ime  there  does n o t   e x i s t  a 

s u f f i c i e n t   d a t a  base which  would  permit   the  der ivat ion  of   ambient air 
quali ty  standards.  Indeed i t  i:; e n t i r e l y   l i k e l y   t h a t  such a data base 
will not  come in to   ex i s tence   f o r   ano the r   f i ve   t o   t en   yea rs .  

However, the  current  data base does not  suggest  that  suspended inorganic  
n i t r a t e s   p r e s e n t  a s i g n i f i c a n t   h e a l t h   h a z a r d   t o  humans. 

4.18 Nitrosamines (NNA) 

Dur ing   the   la te  1960s i t  was revealed  that   n i   t rosamines  are producecl  by 
the  combustion o f  tobacco and oc:cur i n   s i g n i f i c a n t   l e v e l s   i n   c i g a r e t t e  

smoke. Only w i th in   t he   pas t   f i ve   yea rs  have ni t rosamines been observed 
i n  ambient  atmospheres  around certain  urban  centers  (94).   Studies 

conducted i n  1973 and  1974 u t i l i z i n g   h i g h l y   s e n s i t i v e  gas chromotograpnic 
techniques  coupled  wi th  e lectror l   capture  detectors  revealed  that   n i t rosamines 
e x i s t   i n   t h e  ambient  atmosphere i n  prox imi ty   to   cer ta in   chemica l   p lan ts  
in   the   nor theas tern   Un i ted   S ta tes .   S tud ies   conducted   in   the   Ba l t imore  
and Philadelphia  areas have  measured nitrosamines  concentrat ions i n   t h e  
p a r t s   p e r   b i l l i o n   r a n g e   i n   t h e  a,tmospheric  environment i n   c e r t a i n  areas 
of t hose   c i t i es .  Most d i s t u r b i n g   i s   t h e   f a c t   t h a t  i t  has n o t   y e t  been 
deternined  whether  the  nitrosamines  that  are  being  observed  are  primary 
m i s s i o n s  from chemical  plants or whether  they  are  being  formed 
by c h w i c a l   r e a c t i o n s   o c c u r r i n g   i n   t h e  atmosphere. T h i s   l a t t e r   f a c t  i s  
extrelnely  important  to  the  development  of a cont ro l   s t ra tegy .  It has 
no t  yet been demonstrated that  nitrosamines  are  primary  emissions  from 
t h e   c m b u s t i o n   o f   f o s s i l   f u e l s .  However, should i t  be  demonstrated t h a t  
ni t rosamines can be produced  by  the  interaction o f  n i t rogen  ox ide  (NO,) 

with  I ther  atmospheric  contaminants i t  would mean t h a t  all NOx emissions 
would  have t o  be more c lose ly   con t ro l led .  



The  emergence o 
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f this  high  health  risk molecule as  a  potential  atmospheric 
contaminant will probably  result in the  establishment of routine  monitoring 
programs at.other urban  centers in the United  States.  Even  though 
nitrosamines  have been observed in Concentrations no higher  than 10 
parts  per  billion  at  any  location,  the  nature of  their biological 
activity  (carcinogenicity)  requires  that  they be carefully  monitored. 
At present the only  means of monitoring  nitrosamines is through  the  use 
of gas  chromatographs  equipped  with  electron  capture  detectors. No 
other  technique is capable  of  achieving  the  sensitivity and specificity 
required to monitor  this  class of compounds. 

e Toxicity 

The biological  acttvity of the  nitrosamines  has been studied  extensively 
in experimental  animals (95). So far,  every  nitrosamine  studied  has 
been proven  to be carcinogenic in at  least  one animal  species and every 
animal  species  studied has proven  to  be sensitive to at least one nitro- 
samine. These  facts  alone  are  Sufficient in establishing the nitrosamine 
family as being one  of  the  most  hazardous in our  environment. 

As to be  expected,  there  have been no  human  clinical  studies  conducted 
on the biological  activity of the  nitrosamines.  Consequently, we  can 
only  extrapolate  from  existing  animal  studies to the human  population. 
While  this  form of extrapolation  is'  undesirable  for  most  toxic  'substances 
it  is absolutely  essential in the  case of carcinogens. 

At  the  present  time  the  United  States  Environmental  Protection  Agency, 
the National Cancer  Institute  and  the  National  Institute  of  Environmental 
Health  Sciences  are  considering  epidemiological  type  studies  which  would 
include  the  atmospheric  monitoring of nitrosamine  concentrations  for  the 
purpose of determining to what  extent  njtrosamines  may be responsible 
for  generating  cancer in urban  populations. 
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e Assessment o f   h e a l t h  r i s k  

While i t  i s  cer ta in   tha t   the   n - t rosamines   a re  some o f   t h e  most  dangerous 
chemicals tha t   cou ld  be in jec ted   in to   our   env i ronment  i t  i s  equal ly  
c lea r   t ha t   t he   ex i s t i ng   l eve l s   o f   n i t rosamines   i n   t he   a tmospher i c  c!nviron- 
ment are  extremely  low. I n  mosi: cases  they  are  probably  too  low  for  detection 
and measurement. The current   data base regarding  the  ef fects  of   atmospher ic 
nitrosamines on human hea l th  i!; non-existent. The major  question t o  be 
considered i s  whether or   not   the  var ious  n i t rogen  conta in ing  spec ies 
emit ted by the  combustion o f   f o s s i l   f u e l s  can lead  to  the  product ion  of  
nitrosamines as secondary po l l u tan ts .   Un t i l   ca re fu l   s tud ies  have treen 

conducted f o r   t h e  purpose o f  answering th i s   ques t i on  and r e l a t i n g   t h i s  
po ten t ia l   hazard   to   exacerbat ion   o f  human heal th,  no e f f e c t i v e  ambient 
a i r   q u a l i t y   s t a n d a r d s  can be promulgated. 

I n  sumnary, c o a l - f i r e d  power plants  are  not   recognized as primary  sources 
o f   n i t rosamines  and i n   a d d i t i o n  no source o f  amines e x i s t s   i n   t h e   r e g i o n  
o f   t h e  proposed  Hat  Creek power plant.   Therefore,   n i t rosamine  format ion 
i n   t h e  atmosphere due t o  poten1:ial mixing and reac t i on  between the  
emission plumes i s  not  expected. No p u b l i c h e a l t h   r i s k   i s   a n t i c i p a t e d .  
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5 . 0  DISCUSSION 

Selected  atmospheric  contamin<snts, which  would  be emitted through  coal 
combustion a t  the Hat Creek Project and are  potentially hazardous t o  human 
health, have been discussed  in  this  report. The salient  points 0.f the 
toxicology o f  each substance have  been  reviewed relat ive  to  the most recent 
da1:a. 

i 

w 

The Province o f  British Columbia and the Canadian Federal Government  have 
n o t  established  specific ambi,ent air  quality  objectives  for  coal-fired 
thermal generation  plants. However, Pollution Control Objectives  for  the 
Mining, Mine-milling and Smelting Industries and for Food Processing,. 
Agriculturally  Oriented and Other Miscellaneous Industries of British 
Co',umbia,  have been included  for  comparative  purposes. I n  addition, 
cr.iteria  established by the Province o f  Ontario, and a i r   qua l i ty  'standards 
or recomnended safe  levels developed by the USA have been used in making 
the  public  health  risk  assessinents. 

Throughout the risk  assessment,  predicted maximum 24-hour concentrations 
have  been  compared t o  24-hour objectives  or  regulations. The 24-110ur 
maximums are  predicted t o  occur less t h a n  once per year and over ,a very 
small area. For all   other times, the contaminant  consentrations !will be 

l e s  than the maximums. The annual average,  taking  into  considenation  all 
me::eorological conditions, would be considerably lower than the 24-hour 
va'l ues . 

Es3mated ground level  concentrations  of each trace element were *compared 
wi.:h selected ambient a i r   qual i ty   object ives .   I t   i s  concluded tha t  
re'lative  to these ambient objectives and the projected maximum 24,-hour 
average ground level  concentrations.  the  fourteen  trace  elements reviewed 
present no r isk  to  'human health. ' Only for  gaseous fluorine do prl2dicted 
levels approach levels approximately one half the lowest governmental 
objective. 
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O f  the   o ther   a tmospher ic   po l lu tan ts   d iscussed;   po lycyc l i c   o rgan ic   mat te r ,  

suspended n i t r a t e s ,   n i t r o s a m i n e s  and  suspended sulphates , e i t h e r   t h e i r  
behaviour i n   t h e  atmosphere i s  n o t   f u l l y   u n d e r s t o o d   o r   t h e   m o n i t o r i n g  
techniques  employed  are  inadequate.  Addit ional ly,  the  data  base on t h e  

hea l th   e f fec ts   o f   these  a tmospher ic   con taminants  i s  sparse. As a r e s u l t ,  
t h e   a d v e r s e   h e a l t h   r i s k   o f ' p o l y c y c l i c   o r g a n i c   m a t t e r ,  suspended 

n i t r a t e s  and  suspended sulphates  cannot be es tab l i shed  w i th   reasonab le  

cer ta in ty .   S ince   n i t rosamine  foTat ion   i s   no t   expec ted ,   th is   con taminant  

does not  appear t o  present  a pub l i c   hea l th   concern .  

As demonstrated i n   t h i s   r e p o r t ,   t h e   p r e d i c t e d   l e v e l s   o f   t r a c e   c o n t a m i n a n t  
emissions a t  t.he Hat  Creek P r o j e c t  power p lan t   a re   acceptab le   w i . th in   the  . 
limits o f  the   ob jec t ives   p resented  and e x i s t i n g   e p i d e m i o l o g i c a l  and 
tox ico log ica l   da ta .  However, t h e   l a c k   o f   s u b s t a n t i a l   d a t a   t o   d e v e l o p  

the   cu r ren t   ob jec t i ves  and the absence o f  data on the i n t e r a c t i o n s  o f  
trace  contaminants  both i n   t h e  atmosphere  and i n   t h e  human body, i n d i c a t e s  

a need f o r   c a u t i o n  i n  assess ing  the  overa l l   heal th   impact  o f  c o a l - f i r e d  
o lan ts  on human heal th .  

.- 

I. 
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6.0 GLOSSARY* 

acute  effects - acute  effects occur or develop quickly a f t e r  :I single 
exposure t o  a substance. 

acute exposure - an  acute exposure may occur either  as a rapid  single 
exposure or as more ~~rolonged  exposures,  occurring over periods of 
hours. 

aerosol - a gaseous s t a t e  containing suspended particles of flne  solids 
or liquids. 

allergic  reaction - a hypersensitive  state caused by exposure t o  a 
specific  substance, reexposure  causing an alte.red  capacity t o  react. 

alpha particles - a positively charged par t ic le  composed of two protons 
and  two neutrons, equal t o  the helium atom nucleus. 

ambient a i r  - the atmosphere surrounding the earth. 

ambient air  quality  critel-ia - the  data which support  standards  regulating 
substances  in the ambient a i r .  

ambient air  quality  standard - a concentration, upheld by some organization, 
which suggests  the  level of a certain  substance i n  the aiir which 
should  not be exceeded for  reasons of health  or  welfare. 

antagonism - opposition or contrariety between two or more similar  things. 

anthropogenic - of ,  or relating  to the evolution of man. 

anticarcinogen - a substalice which counteracts  the  effects of a carcinogen. 

aromatic - referring  to a particular type of chemical characterist ic 
associated with  unsaturated  cyclic  organic  molecules. 

BaP - benzo-a-pyrene. 

bioavailability - the extant t o  which  a substance becomes ava.ilable t o  
various  tissues  after being presented t o  a test  subject. 

biological  half-life - the time required  for a given body concentration of 
a compound t o  be redllced by 50% due to  elimination o r  metabolism or both. 

biotransformation - the biochemical conversion of  a compound t o  another form. 

*Definitions have been adapted from references 5 ,  94,  95 and 96. 
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carcinogen - a cancer-producing  substance. 

card iovascu la r  - pe r ta in ing   t o   t he   b lood   vesse ls  and t h e   h e a r t .  

c a t a r r h  - mucous  membrane inf lamnat ion,   producing a f ree  d ischarge.  
e s p e c i a l l y   p e r t a i n i n g   t o   t h e  mucous  membranes o f   t h e  head  and th roa t .  

c a u s e - e f f e c t   r e l a t i o n s h i p  - a   r e l a t i o n s h i p  between that  which  produces an 
e f f e c t  and t h e   e f f e c t  produced. 

chromosome - the  DNA-containing  body i n   t h e   c e l l   n u c l e u s   o f . a l l   l i v i n g  
matter  which i s   r e s p o n s i b l e   f o r   t h e   d e t e r m i n a t i o n  and  transmission 
o f   h e r e d i t a r y   c h a r a c t e r i s t i c s .  

c h r o n i c   e f f e c t s  - chconic  exposure  occurs when exposure t o  a substance i s  
f requent ,   da i l y   o r   week ly .  

con junc t i va  - the  membrane l i n i n g   t h e   e y e l i d s .  

cumu la t i ve   e f fec ts  - cumulat ive  e f fects   are  those  which  increase  by  success ive 
addi t ions.  

cutaneous - of, o r   p e r t a i n i n g  t o  the   sk in .  

daughter compounds - compounds fonned  by  the  spontaneous  d is in tegrat ion  o f  
unstable  a tomic  nuc le i .  

d e r m a t i t i s  - an i n f l m t i o n   o f   t h e  skin.  

dose-response - t h e   c o r r e l a t i v e   r e l a t i o n s h i p  between t h e   c h a r a c t e r i s t i c s   o f  
exposure and the   spec t rum  o f   resu l tan t   e f fec ts .  

dyspnea - d i f f i c u l t y   i n   b r e a t h i n g .  

edema - an excessive  accumulation  of f l u i d   i n   t h e  body  t issues;  swel l ing.  

enzyme - a   p ro te in   wh ich  can ca ta l yse  o r  acce le ra te  changes i n  a substance 
fo r   wh ich  it i s  o f t e n   s p e c i f i c .  

enzyme co - fac to r  - an element  or  compound w i th   wh ich  an enzyme must u n i t e   i n  
o rde r   t o   f unc t i on .  

epidemiology - the   s tudy   o f   t hose   f ac to rs   i n f l uenc ing   t he   f requency  and 
d i s t r i b u t i o n   o f   d i s e a s e   i n  the human comnunity. 

epidermis - t h e   o u t e m s e   p r o t e c t i v e ,   n o n v a s c u l a r   l a y e r   o f   t h e  skin., 

e re th ism - abnormal p h y s i o l o g i c a l  and psychological   d isturbances. 

e ry th rocy tes  - red   b lood   ce l l s .  
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f l uo ros i s  - a m o t t l e d   d i s c o l o r a t i o n   o f   t o o t h  enamel caused by  the  ingest ion 
o f  excess f l u o r i n e   d u r i n g   t o o t h  development. 

f l y a s h  - a i rborne   par t i c les   o f   unburnab le  ash, espec ia l l y  as  r e l a t i n g   t o  
a i r   p o l l u t i o n .  

fume - a gas w i th   very   smal l   par t i c les  (0.2 - 1.01~  in   d iameter)   o f  a s o l i d  
o r   l i q u i d  suspended i n  it. 

g i n g i v i t i s  - i n f l a n a t i o n  o f  the  gums. 

glucose  (dextrose) - a sugar  which i s  the   p r inc ip le   source   o f   energy  fo r  
l i v i n g  organisms. 

gronulomatous - composed o f  granulomas,  tumor-like masses or  nodules of granu- 
l a t i on   t i ssue ;   usua l l y  due to   ch ron ic   i n f l amna t ion   o r   i nvas ion   by  non- 
l i v i ng   f o re ign   bod ies .  

ground  level   concentrat ion - the   concen t ra t i on   o f  a specif ic  substance i n  
the  ambient a i r  a t  ground l e v e l .  

hematologic - pe r ta in ing  t o  the  b lood  or   b lood- forming  t issues.  

hemoglobin - the  oxygen-carry ing,  i ron-containing  protein i n  human red  
b l  ood c e l l  s. 

hmeostas is  - a tendency towa,rd p h y s i o l o g i c a l   e q u i l i b r i u m   i n  an organism. 

hypersensi t ive - abnormally  heightened  sensit ivi ty..  

hypertension - pers is ten t ly   h igh   a r te r ia l   b lood  p ressure .  

irmiune response - a physiolog,ical  response mechanism which create!; res is tance 
t o  toxic  or   pathogenic  substances. 

charge. 
i o r  - an atom o r  group o f   a t o m  which  carry a p o s i t i v e   o r   n e g a t i v e   e l e c t r i c  

iscltope - a chemical  element  having  the same number o f   nuc lear   p ro tons  as 
another  but  having a d i f fe ren t   a tomic  mass. 

kera tos is  - a horny  growth on the   sk in ,   l i ke  a war t   o r   ca l l ous .  

l ac r ima t ion  - secre t ion  and  d.ischarge o f  tears  by  the eyes. 

la tency  per iod - a p e r i o d   o f  seeming i n a c t i v i t y ,  as  between in i t i a .1   s t imu la t i on  
and response. 

9. 
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legume - a plant of the  family Leguminosae; including  peas,  beans,  clover, 
a l f a l f a ,   e t c .  

leukocytosis - an  increase of leukocytes,  the  white blood c e l l s  i n  the  blood, 
due i n  many instances t o  inflammation, fever,  hemorrhage, etc.  

l ipids  - a group of organic  substances,  soluble  in  fat  solvents, which ac t  i n  
the body as a fuel  source and are  important i n  cell   structure.  

lumbar - referring t o  the  part o f  the body between the  thorax and pelvis.  

malaise - general feeling of bodily  discomfort. 

meteorology - the s tudy of the  atmosphere, especially  as  relating t o  the 
weather and weather conditions. 

methemoglobin - a compound formed by the  oxidation of the iron i n  hemoglobin, 
result ing i n  defective hemoglobin. 

methylatfon - the  addition o f  a methyl group (CH;) t o  an element o r  compound. 

morbidity - the   s ta te  o r  quali ty o f  being diseased. 

mucous membrane - the membrane  which lines  all  bodily  channels which c m u n i -  
. cate wi th  the a i r ,  such as  the  respiratory  tract  and the  alimentary 

t r ac t ,  and  which secretes mucous. 

mutagen - an agent which causes changes i n  the genes or chromosomes o f  an 
organism. 

nasal septum - the  partition  separating the two nasal  cavit ies  vertically 
i n  the  center o f  the nose. 

neuropathy - the   s ta te  of disease o r  abnormality of  the  nervous  system. 

osteoporosis - an abnormal condition i n  which the bones decrease i n  density 
and weight ,  seen mst comnonly i n  the  elderly. 

osteosclerosis - an abnormal condition i n  which the bones harden or increase 
i n  density. 

oxidation - combination of a  substance wi th  oxygen or a reaction  in which the 
atoms i n  an element lose  electrons and thus increase i n  valence s t a t e .  

PAH - polycyclic  arcmatic hydrocarbons. 

par t iculate  - very small separate  particles i n  the atmosphere which are  
collected on a h i g h  volume f i l t e r .  
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pathology - the medical stlldy of disease, and especially  the  structural and 
functional changes in  tissues caused by disease. 

photochemical - chemical interaction of energy from the sun and chemical 
systems. 

photosensitization -. a hei!?htened sensi t ivi ty  of the  skin t o  the  sun. 

pilosebaceous - relating to the  hair   foll icles and sebaceous glands of the 
skin. 

plume dispersion - a phenomenon in which the atmospheric effluent, or com- 
bustion  products,  emitted from a tall  stack,  are  transported  various 
directions or distances  according t o  the weather. 

, pneumonitis - an inflamnat.ion  of  the  lungs. 

POM - polycyclic  organic  matter. 

PPOM - particulate  polycyclic  organic  matter. 

proteinuria - a condition  of  protein  in  the urine, most  comnonl'y caused by 
kidney damage. 

pyrolyzation - decomposition o f  organic  substances due to  increases i n  
temperature. 

radio-toxicity - toxic  effects  derived from radioactive  properties of a 
substance. 

renal - pertaining  to  the kidney. 

respirable - capable of be'ing breathed, f i t  t o  be breathed. 

sequelae - a pathological  condition  following and caused by disease. 

stomatitis - inflammation of the mucous t issue of the mouth. 

subacute effects - effects which are  identical  to  acute  effects, although 
less  intense. 

submicron - less  tha a  micron ( u ) ,  or  less than a length  of  one-millionth 
of  a meter  (10- m )  . 8 

substernal - beneath the sternum, a bone  which occurs  as a  p1at:e over the 
middle of the  anterior of the thorax. 

synergism - a relationship of acting  together so that  the combined effects of 
two agents  are  greater than the sum of their individual  effects. 
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teratogen - a  substance  causing  physical  defects i n   t he   deve lop ing  embryo. 

t ox i co logy  - the   s tudy   o f   po isons ,   the i r   na ture ,   e f fec ts  and d e t e c t i o n  and 
the   t rea tment   o f   po ison ing .  

t race  contaminant - a substance  occurr ing  in   very   smal l ,   c lose  to   immeasurable 
amounts. 

t race  element - an element  which  occurs  only i n  very  smal l   quant i t ies .  

TSP - t o t a l  suspended p a r t i c u l a t e s .  

u l c e r a t i o n  - the   fo rmat ion  or development o f  a l o c a l   d e f e c t  or excavat ion on 
t h e   s u r f a c e   o f  an organ or t issue,  produced  by a s lough ing   o f   i n f l amed  
t issue.  

va lence  s ta te - a chemical t e n   r e f e r r i n g   t o   t h e   e x t e n t   t o   w h i c h  an  atom  has 
undergone  ox ida t ion   ( loss   o f   e lec t rons)  or r e d u c t i o n   ( g a i n   o f   e l e c t r o n s ) .  

vapour - p a r t i c l e s  o f  l i q u i d  suspended in gas. 
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