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("ARB" o r  t h e  " B o a r d " )  and DHS a r e  r e q u i r e d  t o  g i v e  p r i o r i t y  t o  t h e  e v a l u a t i o n  

and r e g u l a t i o n  o f  subs tances  based on  f a c t o r s  r e l a t e d  t o  t h e  r i s k  o f  harm t o  

p u b l i c  h e a l t h ,  amount o r  p o t e n t i a l  amount o f  e m i s s i o n s ,  manner o f  usage o f  t h e  

subs tance  i n  C a l i f o r n i a ,  p e r s i s t e n c e  i n  t h e  atmosphere,  and ambient  

c o n c e n t r a t i o n s  i n  t h e  communi ty  ( H e a l t h  and  S a f e t y  Code § 39660). Cadmium 

appears on  t h e  p r i o r i t y  1 i s t  based on i t s  e v a l u a t i o n  u s i n g  t h e  above f a c t o r s .  

The c u r r e n t  p r i o r i t y  1  i s t ,  approved b y  t h e  Board on  F e b r u a r y  2 6 ,  1987, i s  

appended as A t tachment  1 .  

The S c i e n t i f i c  Review Panel  (SRP) was e s t a b l i s h e d  t o  a d v i s e  t h e  Board 

i n  i t s  e v a l u a t i o n  o f  t h e  h e a l t h  e f f e c t s  t o x i c i t y  o f  substances ( H e a l t h  and 

S a f e t y  Code § 30670) .  The S9P rev iewed  t h e  r e p o r t  on cadmium and found i t  t o  

be w i t h o u t  s e r i o u s  d e f i c i e n c y .  The f i n d i n g s  o f  t h e  SRP a r e  on pages 12 and 13 

o f  t h e  I n i t i a l  S t a t e m e n t  o f  Reasons. 

A  n o t i c e  o f  p u b l i c  h e a r i n g  o n  whe the r  cadmium s h o u l d  be i d e n t i f i e d  as 

a  t o x i c  a i r  c o n t a m i n a n t  w i t h  no i d e n t i f i e d  t h r e s h o l d  was i s s u e d  on December 5 ,  

1986, and a  pub1 i c  h e a r i n g  was h e l d  on  January  23 ,  1987 p u r s u a n t  t o  ~ o v e r n m e n t  

Code 5 s  11340 e t  seq. and  H e a l t h  and S a f e t y  Code 5 39662. -- 
The AB 1807 p r o c e d u r e  f o r  d e v e l o p i n g  and  a d o p t i n g  c o n t r o l  measures t o  

reduce t o x i c  a i r  c o n t a m i n a n t s  i s  s e p a r a t e  and d i s t i n c t  f rom t h e  p rocedure  f o r  

i d e n t i f y i n g  substances as  t o x i c  a i r  c o n t a m i n a n t s .  A f t e r  a  substance i s  

i d e n t i f i e d  as a  t o x i c  a i r  c o n t a m i n a n t ,  t h e  E x e c u t i v e  O f f i c e r ,  w i t h  t h e  

p a r t i c i p a t i o n  o f  t h e  a i r  p o l l u t i o n  c o n t r o l  d i s t r i c t s ,  w i l l  p r e p s r e  a  r e p o r t  on 

t h e  need and  a p p r o p r i a t e  degree o f  r e g u l a t i o n  f o r  t h e  subs tance  ( §  39665) .  

S e c t i o n s  39665-39667 s e t  f o r t h  t h e  i s s u e s  wh ich  t h e  Board must  c o n s i d e r  w i t h  

r e s p e c t  t o  c o n t r o l  measures. 



I I .  ENV I R O N ~ E N T A L  A N D  ECONOMIC I M P A C T S ~ '  

The i d e n t i f i c a t i o n  o f  cadmium a s  a  t o x i c  a i r  contaminant w i l l  n o t  

r e s u l t  in  any  adverse environmental impacts .  A f t e r  i d e n t i f y i n g  cadmium as  a  

t o x i c  a i r  contaminant ,  t h e  Executive O f f i c e r  and t h e  Board w i l l  e v a l u a t e  t h e  

need f o r  and appropr i a t e  degree o f  c o n t r o l  measures,  i n  accordance with t h e  

p rov i s ions  o f  §§ 39665-39667. P o t e n t i a l  adverse environmental impacts 

a s s o c i a t e d  with control measures w i l l  be analyzed and addressed i n  t h e  

c o n s i d e r a t i o n  o f  such control  measures.  

The i d e n t i f i c a t i o n  o f  cadmium a s , a  t o x i c  a i r  contaminant i s  not  

expected  t o  r e s u l t  i n  any economic impacts .  Economic impacts a s s o c i a t e d  with 

any  con t ro l  measures which might be developed pursuant t o  §§ 39665-39667 wi l l  

be addressed  in connection with t h e  3 o a r d ' s  cons idera t ion  of  such cont ro l  

measures.  

The Board has determined t h a t  t h i s  r egu la to ry  a c t i o n  c r e a t e s  n e i t h e r  

c o s t s  nor  s a v i n g s ,  as  def ined  in Government Code § 1 1 3 4 6 . 5 ( a ) ( 6 ) ,  t o  any s t a t e  
. . ... 

agency o r  i n  federal  funding t o  t h e  s t a t e ,  cos t s  o rmanda te  t o  any l o c a l  

agepcy o r  school d i s t r i c t  whether o r  n o t  reimbursable by t h e  s t a t e  pursuant t c  

P a r t  7  (commencing with $ 17599) o f  Divis ion  4 o f  the  Government Code, nor 

o t h e r  nond i sc re t iona ry  savings t o  l o c a l  agencies .  

1 .  The s t a f f  did not cons ider  o r  propose o t h e r  s p e c i f i c  r e g u l a t o r y  
a l t e r n a t i v e s  t o  t h e  proposed r e g u l a t i o n  because t h e r e  a r e  no a l t e r n a t i v e s  
t o  t h e  r egu la t ion  which would se rve  t h e  purpose of i d e n t i f y i n g  cadmium as  
a  t o x i c  a i r  contaminant. In some rulemaking proceedings, Government Code 

11346.14(b) requi res  t h e  c o n s i d e r a t i o n  o f  a performance s t anda rd  a s  an 
a l t e r n a t i v e  t o  a  proposed r e g u l a t i o n  r equ i r ing  the  use o f  s p e c i f i c  
equipment o r  procedures. In t h i s  c a s e ,  however, the  proposed r egu la t ion  
would not  mandate t h e  use o f  s p e c i f i c  technologies  o r  equipment o r  r equ i re  
anv a c t i o n  b v  sources t o  reduce emissions of  cadmium. 



I n  d e v e l o p i n g  t h e  p roposa l .  t h e  s t a f f  c o n s i d e r e d  t h e  p o t e n t i a l  c o s t  

@ i m p a c t  o f  t h e  p roposed  a c t i o n  on p r i v a t e  pe rsons  o r  busine;ses d i r e c t l y  

a f f e c t e d .  The Board e x p e c t s  t h a t  t h e  r e g u l a t o r y  p roposa l  w i l l  n o t  cause a n y  

s i g n i f i c a n t  i n c r e a s e d  c o s t s  f o r  such persons o r  bus inesses .  The Board has 

d e t e r m i n e d  t h a t  t h e  proposed a c t i o n  w i l l  n o t  have  a  s i g n i f i c a n t  adverse  

economic i m p a c t  on s m a l l  businesses.  

111. STAFF RECOIiMENDATION AND SlblMARY OF BOARD ACTION 

Cadmium, w h i c h  i s  known t o  be e m i t t e d  i n  C a l i f o r n i a ,  i s  an an imal  

c a r c i n o g e n  w i t h  e p i d e m i o l o g i c a l  ev idence  o f  c a r c i n o g e n i c i t y  i n  humans. I n  i t s  

h e a l t h  e f f e c t s  e v a l u a t i o n ,  DHS conc luded  t h a t  i n  t h e  absence o f  c o m p e l l i n g  

ev idence  o f  a  t h r e s h o l d ,  t h e  mechanism o f  cadmium c a r c i n o g e n e s i s  i s  a  

n o n t h r e s h o l d  p rocess .  The SRP found  t h a t  based on a v a i l a b l e  s c i e n t i f i c  

i n f o r m a t i o n  a  cadmium exposure l e v e l  be low w h i c h  c a r c i n o g e n i c  e f f e c t s  a r e  n o t  
. '. 

expected t o  o c c u r  c a n n o t  be identffjed..,..Therefore, t h e  ARB s t a f f  recommended 

t h a t  cadmium b e  l i s t e d  a s  a  t o x i c  a i r  c o n t a m i n a n t  f o r  wh ich  t h e r e  i s  n o t  

s u f f i c i e n t  a v z i l a b l e  s c i e n t i f i c  ev idence  t o  s u p p o r t  t h e  i d e n t i f i c a t i o n  o f  a n  

exposure l e v e l  b e l o w  w h i c h  no s i g n i f i c a n t  adverse  h e a l t h  e f f e c t s  a r e  

a n t i c i p a t e d .  

A t  a  pub1 i c  h e a r i n g  on January  23,  1987, t h e  Board b y  R e s o l u t i o n  87-9 

approved a n  amendment t o  T i t l e  1 7 ,  C a l i f o r n i a  A d m i n i s t r a t i v e  Code, 5 93000 

w h i c h  added cadmium ( m e t a l l i c  cadmium and cadnium compounds) t o  t h e  1  i s t  o f  

t o x i c  a i r  c o n t a m i n a n t s  s e t  f o r t h  t h e r e i n .  A t h r e s h o l d  l e v e l  be low wh ich  no 

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

was n o t  i d e n t i f i e d .  A t  t h e  Board h e a r i n g  t h e  Eoard  approved t h e  proposed 

amendment w i t h  m o d i f i c a t i o n s  t o  t h e  o r i g i n a l l y  proposed t e x t .  



The o r i g i n a l l y  proposed t e x t  1  i s t e d  "cadmiumn as a  t o x i c  a i r  

con taminan t .  A i r b o r n e  cadmium i s  g e n e r a l l y  u n d e r r t o o L  t o  mean b o t h  a i r b o r n e  

m e t a l 1  i c  cadmium and a i r b o r n e  cadmium compounds. F u r t h e r ,  t h e  a n a l y s i s  i n  t h e  

S t a f f  R e p o r t  t o  t h e  Board a p p l i e s  t o  b o t h  m e t a l l i c  cad-ium a n d  cadmium 

compounds. S t a f f  b e l i e v e s  t h a t  t h e  t e r n  cadmium r e f e r s  t o  b o t h  forms o f  

cadmium, b u t  dec ided  t h a t  t h e  l i s t i n g  o f  cadmium i n  t h e  r e g u l a t i o n  s h o u l d  be 

made e x p l i c i t  i n  o r d e r  t o  a v o i d  c o n f u s i o n  as t o  t h e  scope o f  t h e  B o a r d ' s  

a c t i o n .  The Board approved t h e  s t a f f ' s  m o d i f i e d  r e c o n e n d a t i o n  t o  i n c l u d e  

" m e t a l 1  i c  cadmium and cadmium compounds' i n  p a r e n t h e s i s  a f t e r  "cadmium." 

I n  accordance w i t h  § 11346.8 o f  t h e  Governnent Code, t h e  Board 

d i r e c t e d  t h e  E x e c u t i v e  O f f i c e r  t o  a d o p t  t h e  approved r e g u l a t o r y  amendments 

a f t e r  mak ing  them a v a i l a b l e  t o  t h e  pub1 i c  f o r  15 days f o r  comment r e g a r d i n g  

t h e  changes t o  t h e  r e g u l a t i o n  a s  o r i g i n a l l y  proposed. On F e b r u a r y  9 ,  1987, 

t h e  15-day a v a i l a b i l i t y  n o t i c e ,  t h e  t e x t  o f  t h e  r e g u l a t i o n  a s  o r i g i n a l l y  

proposed,  w i t h  t h e  proposed change c l e a r l y  i n d i c a t e d ,  and  t h e  B o a r d ' s  
- 

r e s o l u t i o n  ;ere s e n t  t o  a l l  persons r e q u i r e d  b y  T i t l e  1  , Cal i f o r n i a  

A d m i n i s t r a t i v e  Code, § 44. No comments were r e c e i v e d  r e g z r d i n g  t h e  changes t o  

t h e  r e g u l a t i o n .  

I V .  SUWlARY OF COflllENTS AND AGENCY RESPO!;SES 

A t  t 9 e  January  ?3 ,  1 ' 3 7  p u b l i c  h e a r i n g  c o n c e r n i n g  t h e  proposed 

r e g u l a t i o n  l i s t i n g  cadmium as  a  t o x i c  a i r  c o n t a n i n a n t ,  o r a l  comments were 

p r e s e n t e d  b y  a r e p r e s e n t a t i v e  o f  t h e  Cadmium C o u n c i l ,  I n c .  I n  a d d i t i o n ,  t h e  

Board r e c e i v e d  w r i t t e n  comments r e g a r d i n g  t h e  proposed a c t  i o n  f r o m  !IcKenna , 

Conner and Cuneo (on b e h a l f  o f  V i l l e r  B r e w i n g )  ( " l i cKennan) ,  t h e  Cadmium 

C o u n c i l ,  I n c . ,  t h e  C a l i f o r n i a  C o u n c i l  f o r  Env i ronmenta l  and Economic Ba lance  



("CCEEB"), and t h e  C e n t r a l  City South  A s s o c i a t i o n  ("CCSA"). A  summary o f  

t h o s e  comments and t h e  agency 's  r e s p o n s e s  f o l l o w s .  Responses t o  connen ts  

r e l a t i n g  t o  h e a l t h  e f f e c t s  have been p r e p a r e d  i n  c o o p e r a t i o n  w i t h  DHS s t a f f .  

1 .  Comment: The commentor s u p p o r t s  t h e  p roposa l  t o  i d e n t i f y  cadmium 

as  a  t o x i c  a i r  con taminan t  h a v i n g  no i d e n t i f i a b l e  t h r e s h o l d .  Commentor ag rees  

w i t h  DHS' c o n c l u s i o n  t h a t  t h e r e  was a  d i f f e r e n c e  i n  h e a l t h  e f f e c t s  between 

i n g e s t e d  and  i n h a l e d  cadmium. Commentor r e f e r s  t o  t h e  p o t e n t i a l  i n c r e a s e  i n  

e m i s s i o n s  o f  cadmium t o  t h e  atmosphere f r o m  t h e  o p e r a t i o n  o f  a  proposed 

w a s t e - t o - e n e r g y  f a c i l  i t y .  (HcKenna) 

Agency Response: The S t a f f  R e p o r t  i n c l u d e s  d i s c u s s i o n s  o f  i n h a l a t i o n  

and n o n - i n h a l a t i o n  h e a l t h  e f f e c t s  (pp. 19 -20 ;  pp. 167-173)  and o f  t h e  

p o t e n t i a l  f o r  cadmium emiss ions  f r o m  p r o p o s e d  was te - to -energy  f a c i l i t i e s  (pp .  

2. Comment: The coinmentor a s s e r t s  t h a t  t h e  T e c h n i c a l  S u p p o r t  

Document may u n d e r s t a t e  t h e  p o t e n t i a l  p rob lems a s s o c i a t e d  w i t h  cadmium 

e m i s s i o n s  f r o m  m u n i c i p a l  waste i n c i n e r a t o r s  because no t o t a l  s t a t e w i d e  

e s t i m a t e  o f  p o t e n t i a l  em iss ions  f o r  t h i s  s o u r c e  c a t e ~ o r y  i s  g i v e n  and a  

r e l a t i v e l y  s m a l l  ( 1  ,000 t o n s  pe r  d a y )  i n c i n e r a t o r  was used as t h e  b a s i s  t o  

c a l c u l a t e  t h e  e m i s s i o n  r a t e  g i v e n  i n  t h e  r e p o r t .  The commentor u r g e s  t h e  ARB 

t o  s p e c i f i c a l l y  c o n s i d e r  m u n i c i p a l  was te  i n c i n e r a t o r s  when d e v e l o p i n g  c o n t r o l  

measures.  (CCSA) 

Agency ~ e i ~ o n s e :  The S t a f f  R e p o r t  i n c l u d e d  cadmium e m i s s i o n  

e s t i m a t e s  f o r  s o u r c e  c a t e g o r i e s  c u r r e n t l y  e m i t t i n g  cadmium. Because no 

m u n i c i p a l  was te  i n c i n e r a t o r s  were o p e r a t i n g  i n  t h e  s t z t e  a t  t h e  t i m e  t h e  S t a f f  

R e p o r t  was r e l e a s e d ,  t h e  r e p o r t  d i d  n o t  i n c l u d e  a  s t a t e w i d e  e m i s s i o n  e s t i m a t e  

f o r  t h i s  s o u r c e  c a t e g o r y .  
- 5 -  



The m u n i c i p a l  was te  i n c i n e r a t o r  ( N o r t h  C o u n t i e s )  f o r  wh ich  cadmium 

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

s t a t e  w h i c h  has r e c e i v e d  a  perrhi i t  t o  o p e r a t e  (an e m i s s i o n  p e r m i t ) .  The 

l a r g e s t  c a p a c i t y  m u n i c i p a l  i n c i n e r a t o r s  w h i c h  have been p roposed  a r e  a b o u t  

t w i c e  t h e  c a p a c i t y  o f  t h e  N o r t h  C o u n t i e s  f a c i l i t y ;  however,  t h e s e  l a r g e r  

i n c i n e r a t o r s  have n o t  r e c e i v e d  p e r m i t s  t o  o p e r a t e .  Because t h e s e  l a r g e r  

f a c i l i t i e s  have n o t  r e c e i v e d  p e r m i t s ,  t h e  pa ramete rs  used as a  b a s i s  t o  

c a l c u l a t e  cadmium e m i s s i o n s  a r e  s u b j e c t  t o  change. Fo r  t h i s  reason, we chose 

t o  p r o v i d e  e m i s s i o n  e s t i m a t e s  f o r  t h e  N o r t h  C o u n t i e s  i n c i n e r a t o r .  

D u r i n g  t h e  c o n t r o l  measure phase o f  t h e  AB 1897 process,  t h e  ARB w i l l  

u p d a t e  i t s  i n f o r m a t i o n  on sources o f  cadmium e m i s s i o n s ,  i n c l u d i n g  m u n i c i p a l  

was te  i n c i n e r a t o r s ,  and  w i l l  e v a l u a t e  t h e  need f o r  c o n t r o l  measures f o r  each 

c a t e g o r y  o f  sources.  

3. Comment: The commentor recommends t h a t  cadmium b e  i d e n t i f i e d  as 
-- 

a  t o x i c  a i r  c o n t a m i n a n t  w i t h  a  r i s k  o f  0-12 cases p e r  m i l l i o n  persons exposed 

o v e r  a 7 0 - y e a r  l i f e t i m e  t o  an ave rage  o f  one napogram o f  cadvium p e r  c u b i c  

m e t e r  o f  a i r .  The commentor o f f e r s  t h e  f o l l o w i n g  arguments t o  s u p p o r t  t h i s  

recommendat ion.  

a. " T h i s  recommendat ion r e f l e c t s  t h e  E n v i r o n m e n t a l  P r o t e c t i o n  

Agency 's  June 1985 f i n a l  cadmium r i s k  assessment c o n c l u s i o n  t h a t  'an e m p i r i c a l  

t h r e s h o l d  model t h a t  i s  a l s o  c o n s i s t e n t  w i t h  t h e  observed  d a t a  g i v e s  a  u n i t  

r i s k  e s t i m a t e  o f  z e r o '  ( s e e  t h e  C o u n c i l ' s  Augus t  20 ,  1386 comments)." 

b. The SRP f o u n d  on Oc tober  30, 1986 t h a t  "The a v a i l a b l e  d a t a  a r e  

a l s o  c o n s i s t e n t  w i t h  t h e  p o s s i b i l i t y  t h a t  t h e  r i s k  o f  l u n g  cancer  f rom c u r r e n t  

amb ien t  exposures t o  cadmium i n  Cal  i f o r n i a  may be ' v a n i s h i n g l y  s m a l l .  "' 



c. The comnentor s t a t e s ,  H . . .  H e a l t h  and S a f e t y  Code S e c t i o n s  

3 9 6 6 0 ( c )  a n d  3 9 6 6 2 ( c )  address a  t h r e s h o l d  o f  s i g n i f i c a n t  adverse  e f f e c t s .  Ue 

wou ld  s u g g e s t  t h a t  DHS' c h a r a c t e r i z a t i o n  o f  ' v a n i s h i n g l y  s m a l l '  r i s k s  s h o u l d  

n o t  be r e g a r d e d  as ' s i g n i f i c a n t . " '  The conmentor f u r t h e r  s t a t e s ,  "The range  

o f  r i s k  o f  0-12 i s  ' t h e  more h e a l t h  p r o t e c t i v e  i n t e r p r e t a t i o n  c o n s i s t e n t  w i t h  

t h e  d a t a , '  and  f u l l y  s a t i s f i e s  H e a l t h  and S a f e t y  Code requ i rements . "  

d. A d o p t i o n  o f  a  0-12 r a n g e  w o u l d  h e i g h t e n  p u b l i c  awareness o f  t h e  

u n c e r t a i n t i e s  r e g a r d i n g  low-dose r i s k  e x t r a p o l a t i o n s  and wou ld  g i v e  ARB and 

t h e  a i r  p o l l u t i o n  c o n t r o l  d i s t r i c t s  more f reedom t o  a d o p t  r e a s o n a b l e  emiss ions 

c o n t r o l  r u l e s .  (CCEEB) 

Agency Response: The range  o f  r i s k  o f  2-12 excess cancers  p e r  

m i l l i o n  pe rsons  exposed o v e r  a  7 0 - y e a r  l i f e t i m e  t o  an. ave rage  o f  one nanogram 

o f  cadmium p e r  c u b i c  m e t e r  o f  a i r  i s  based on t h e  a v a i l a b l e  s c i e n t i f i c  

e v i d e n c e  and t h e  @' IS s t a f f ' s  and t h e  SRP1s i n t e r p r e t a t i o n  o f  t h a t  ev idence ,  

a l l  o f  w h i c h  were summarized i n  t h e  S t a f f  R e p o r t  and a t  t h e  Board h e a r i n g .  

The f o l l o w i n g  i s  a  summary d i s c u s s i o n  o f  t h a t  i n f o r m a t i o n ,  c o r r e s b o n d i n g ' t b  

eech o f  t h e  commcntor 's  p o i n t s .  

a .  The cornmentor has t a k e n  t h e  q u o t a t i o n  f rom t h e  EPA r e p o r t  o u t  o f  

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

n o d e l  d a t a  f i t  i s  an "EPA c o n c l u s i o n "  w h i c h  s u p p o r t s  t h e  commentor 's  

recommendat ion o f  a  t h r e s h o l d  model .  The CCEEE's August 20 ,  1926 l e t t e r  

(pp.  375 -6  o f  t h e  S t a f f  R e p o r t )  r e f e r r e d  t o  b y  t h e  commentor i n c l u d e s  t h e  

s t a t e m e n t ,  " I n  i t s  1985 'Updated 1 , l u t a g e n i c i t y  and C a r c i n o g e n i c i t y  Assessment 

o f  Cadmium,' EPA o ' b j e c t i v e l y  p r e s e n t e d  t h e  p o s s i b i l i t y  t h a t  a  t h r e s h o l d  m i g h t  

e x i s t ,  and  i n d i c a t e d  t h a t  under  such a t h r e s h o l d  assumpt ion,  a  c o n s t a n t  

l i f e t i m e  exposure  t o  19 micrograms p e r  c u b i c  me te r  would  produce z e r o  r i s k . "  



These a s se r t i ons  appear t o  be based on an incomplete reading of the 

E P A  document or on a misunderstanding of i t s  content.  

In t h e  E P A  document t o  which t h e  commentor referred,  the EPA 

discussed the  f i t  of an "enpir ical"  threshold model t o  the d a t a  only t o  make 

the point t h a t  a threshold model could be consis tent  with the da ta ,  and tha t  

c r i t e r i a  other  than " f i t  t o  the data" should therefore  be used t o  choose a 

nodel. The following t e x t  i s  from the summary o f  the  EPA document (from which 

the commentor quoted) and from the body of the E P A  document (which provides a 

context f o r  the e a r l i e r  mention of threshold model consistency with the da t a ) .  

"Based on resp i ra tory  cancer ra tes  from the T h u n  e t  a l .  
(1985) s tudy of cadnium smelter workers, a n d  using a l inear  
model t h a t  i s  consistent with the d a t a ,  the upper-bound 
incremental cancer r i sk  from 1 ifetime exposure t o  1 ug/m3 
of cadmium i n  t he  a i r  i s  estimated t o  be 1.8 x 10-3. 

"The 95"Ponfidence bound on t h i s  es t imate ,  which takes into 
account only the  s t a t i s t i c a l  v a r i a b i l i t y  of the  cancer 
r a t e s ,  gives a range of 3.5 x 10-3 t o  1.7 x 10-4. 
However, t h i s  range does n o t  account f o r  possible deviations 
of the t r u e  (unknown) model from the 1 inear model or  of 
actual exposure from estimated exposure. For example, an 
empirical threshold model t ha t  i s  a l so  consis tent  with the 
observed data give a uni t  r isk  estimate of zero. Even with 
the uncer ta in t ies  surrounding the estimate based ? n  human 
d a t a ,  i t  i s  f e l t  t h a t  t h i s  estimate i s  more re l iab le  for 
environmentally exposed humans than the estimate based on 
animal data." (pp.8-9) 

"To show how a d i f f e r en t  assumed model could influence r isk 
es t imates ,  the following ad-hoc ' th reshold '  model can be 
considered. This model i s  n o t  based on any biological 
information. I t  s i rp l  y uses the highest  dose group with n o  
observable s t a t i s t i c a l l y  elevated r i sk  a s  the threshold a n d  
assumes l i n e a r i t y  in accumulated dose beyond tha t  point. 

"He note t h a t  both the ' threshold'  a n d  1 inear models give a n  
adequate f i t  t o  the  data. As a r e s u l t ,  arguments other than 
purely s t a t i s t i c a l  nust be used t o  s e l e c t  the  appropriate 
model ." ( p .  159) 



W i t h  r e s p e c t  t o  t h e  EPA's comment t h a t  "... arguments  o t h e r  t h a n  

p u r e l y  s t a t i s t i c a l  m u s t  be used  t o  s e l e c t  t h e  a p p r o p r i a t e  model .' DHS 

p r e s e n t e d  i n  t h e  S t a f f  R e p o r t  ( p .  2 5 0 )  t h e  r a t i o n a l e  i t  u s e d  as a  b a s i s  t o  

r e j e c t  a t h r e s h o l d  model. DHS c i t e d  t h e  l a c k  o f  ev idence  f o r  t h e  e x i s t e n c e  o f  

a  c a r c i n o g e n i c  t h r e s h o l d .  A f t e r  e v a l u a t i n g  t h e  s c i e n t i f i c  e v i d e n c e  c o n c e r n i n g  

t h e  mechanism o f  cadmium c a r c i n o g e n e s i s  (as r e l a t e d  t o  t h e  e x i s t e n c e  o f  a  

c a r c i n o g e n i c  t h r e s h o l d ) ,  DHS s t a f f  conc luded  t h a t ,  because o f  t h e  absence o f  

c o m p e l l i n g  ev idence  o f  a  t h r e s h o l d - m e d i a t e d  c a r c i n o g e n i c i t y  mechanism, 

cadmiun 's  c a r c i n o g e n i c i t y  s h o u l d  be t r e a t e d  as a  n o n - t h r e s h o l d  phenomenon. 

T h i s  i s  a  hea l  t h - p r o t e c t i v e  ( h e a l t h  c o n s e r v a t i v e )  i n t e r p r e t a t i o n  o f  t h e  

ev idence .  DHS made t h i s  p o i n t  p r e v i o u s l y  ( S t a f f  R e p o r t ,  pp. 488-490, 4 9 2 )  i n  

response  t o  CCEEB's s i m i l a r  comment ( S t a f f  Repor t ,  p . .375)  on t h e  d r a f t  s t a f f  

r e p o r t .  The SRP's f i n d i n g s  ( S t a f f  R e p o r t .  pp. 11-13)  c o i n c i d e  w i t h  DHS' 

h e a l t h - p r o t e c t i v e  c o n c l u s i o n  r e g a r d i n g  t h e  l a c k  o f  e v i d e n c e  t o  s u p p o r t  

i d e n t i f i c a t i o n  o f  a  t h r e s h o l d .  The SRP, a f t e r  r e v i e w  o f  t h e  r e p o r t ,  i n  p a r t  
. .- . . 

found  t h a t :  

"4. Based on a v a i l a b l e  s c i e n t i f i c  i n f o r m a t i o n ,  a  cadmium 
exposure l e v e l  be low w h i c h  c a r c i n o g e n i c  e f f e c t s  a r e  n o t  
expected t o  o c c u r  c a n n o t  be i d e n t i f i e d . "  

b. The commentor r e f e r r e d  t o  a  s ta tement  i n c l u d e d  i n  t h e  SRP's 

f i n d i n g s  o f  October  30,  1986 w h i c h  concerned t h e  p o s s i b i l i t y  o f  a  n e a r - z e r o  

( " v a n i s h i n g l y  s m a l l " )  l o w e r  r a n g e  o f  r i s k .  I t  shou ld  be n o t e d  t h a t  t h e s e  

f i n d i n g s  a l s o  i n c l u d e d  t h e  f o l l o w i n g  (SRP f i n d i n g s ,  S t a f f  R e p o r t ,  P. 1 2 ) .  

"?ased on .an i n t e r p r e t a t i o n  o f  a v a i l a b l e  s c i e n t i f i c  e v i d e n c e  
b y  DHS, t h e  range  o f  1  i f e t i m e  excess cancer  r i s k  f r o m  
exposure t o  one ng/m3 o f  a t m o s p h e r i c  cadmium based on  t h e  
b e s t  e s t i m a t e  o f  r i s k  and  t h e  upper  95 p e r c e n t  c o n f i d e n c e  
l i m i t  i s  e s t i m a t e d  t o  b e  2  t o  12 cases pe r  m i l l i o n  p e o p l e  



exposed; i t  i s  u n l i k e l y  t h a t  t h e  r i s k  w i l l  exceed t h i s  
range,  and may be lower."  

Thus,  t h e  SRP c o n c u r r e d  w i t h  t h e  h e a l t h - p r o t e c t i v e  i n t e r p r e t a t i o n  o f  t h e  

s c i e n t i f i c  d a t a  p r e s e n t e d  b y  DHS s t a f f  i n  t h e  S t a f f  Repor t .  The n o t e  i n  t h e  

SRP f i n d i n g s  was i n t e n d e d  t o  i n d i c a t e  t h a t  o t h e r ,  l e s s  h e a l t h - p r o t e c t i v e  

i n t e r p r e t a t i o n s  o f  t h e  ev idence  a r e  p o s s i b l e .  

T h i s  was e x p l a i n e d  as f o l l o w s  b y  Dr. Thomas Flack o f  t h e  SRP a t  t h e  

Board  h e a r i n g  ( J a n u a r y  2 3 ,  1987 T r a n s c r i p t ,  pp. 12-14). 

"Aga in ,  l e t  me remind  you t h a t  t h e  g o a l  o f  t h i s  p a r t i c u l a r  
e x e r c i s e  i s  t o  t r y  and make a  b e s t  e s t i m a t e  o f  wha t  t h e  p e r  
dose c o s t  i n  human 1  i f e  w o u l d  be f o r  human i n d i v i d u a l  cases 
o f  cancer  and t o  make a  b e s t  e s t i m a t e  o f  what t h e  most  
p e s s i m i s t i c  boundary  o f  t h e  r e a s o n a b l e  range  o f  e s t i m a t e s  
wou ld  p r e s e n t ,  and t h a t ' s  where t h e  two f i g u r e s ,  two  and 12,  
p r e s e n t e d  themselves.  I n  t h i s  c a s e  because we were d e a l i n g  
w i t h  e x t r a p o l a t i o n  f rom humans r a t h e r  t h a n  f rom a n i m a l s ,  
some o f  t h e  problems w i t h  t h e  u s u a l  p rocess  d i d  n o t  o c c u r ,  
b u t  t h e  p r i n c i p a l  problem, name ly ,  t r y i n g  t o  d e c i d e  whe the r  
o r  n o t  t h a t  1  i n e  i s  r e a l 1  y a  s t r a i g h t  1 i n e  t h a t  goes a l l  t h e  
way down was j u s t  as g r e a t .  

"We r e c o g n i z e  t h a t  we have a  l a r g e  room f o r  e r r o r  i n  t h e s e  
e s t i m a t i o n s .  However, we have t o  do t h e  b e s t  we can and t h ~  
b e s t  judgment we agreed t h a t  t h e  H e a l t h  Department had 
p r o v i d e d  us w i t h .  

"We d i d ,  however, have enough o f  a  d i s c u s s i o n  t o  w a r r a n t  a  
pa ragraph  i n  t h e  fo rm o f  a  n o t e ,  and  t h e  n o t e  r a i s e s  r e a l l y  
one i s s u e .  The one i s s u e  i s  t h e  p o s s i b i l i t y  t h a t  wha t  we 
r e f e r  t o  as  dose r a t e  m i g h t  b e  p e r t i n e n t  i n  cadmium. I, 
m y s e l f ,  t h i n k  i t  m i g h t  w e l l  b e  p e r t i n e n t  i n  a  number o f  t h e  
compounds we d iscussed  b e f o r e .  The p o i n t  o f  t h e  n o t e  i s  
t h a t  w i t h  cadmium i t ' s  p o s s i b l e  t h a t  a  r e l a t i v e l y  i n t e n s i v e  
exposure  o v e r  t h e  course  o f  a  s h o r t e r  p e r i o d  o f  t i m e  m i g h t  
n o t  be t h e  same as  t h a t  same e x p o s u r e  i f  d i v i d e d  o u t  o v e r  a  
much l o n g e r  p e r i o d  o f  t i m e .  

"Lde have no b a s i s  f o r  s a y i n g  i t  w o u l d  o r  would n o t  be ,  b u t  
l i k e  t h r e s h o l d  i t  m i g h t  b e  reasoned  t o  t h i n k  t h a t  o u r  
e s t i m a t e s  a r e  c o n s e r v a t i v e  and t h e  p o i n t  o f  t h e  n o t e  was t o  
s a y  t h a t .  



"The c r u c i a l  s e n t e n c e  i n  t h e  n o t e  f o r  y o u r  pu rposes ,  
however. i s  t h e  f o l l o w i n g .  The a v a i l a b l e  d a t a  a r e  a l s o  
c o n s i s t e n t  w i t h  t h e  p o s s i b i l i t y  t h a t  t h e  r i s k  o f  l u n g  cancer  
f r o m  c u r r e n t  a m b i e n t  exposures t o  cadmium m i g h t  be' 
v a n i s h i n g l y  s m a l l .  T h a t  s i m p l y  means t h a t  i t ' s  p o s s i b l e  
t h e r e  i s  no  r i s k ,  b u t  o u r  b e s t  e s t i m a t e  o f  t h e  r i s k  i s  s t i l l  
two p e r  m i l l i o n  persons exposed t o  one nanogram p e r  c u b i c  
m e t e r  o v e r  t h e i r  1  i v e s .  

" F o r  t h e s e  reasons ,  we a g r e e  w i t h  t h e  ARB s t a f f  
recommendat ion t h a t  cadmium be l i s t e d  as  a  t o x i c  a i r  
con taminan t .  We a g r e e  t h a t  t h e r e ' s  n o t  s u f f i c i e n t  a v a i l a b l e  
s c i e n t i f i c  e v i d e n c e  t o  s u p p o r t  t h e  d e s i g n a t i o n  o f  an 
exposure l e v e l  be low w h i c h  c a r c i n o g e n i c  e f f e c t s  w o u l d  n o t  
have some p r o b a b i l i t y  o f  o c c u r r i n g . "  

c. We have responded above t o  t h e  commentor 's  v i e w  t h a t  a  r i s k  o f  

0-12 i s  more c o n s i s t e n t  w i t h  t h e  d a t a  t h a n  a  r i s k  o f  2-12.  C l e a r l y ,  a  range 

o f  r i s k  o'f 2-12 ( w h i c h  p r e d i c t s  a  g r e a t e r  endangerment o f  p u b l i c  h e a l t h )  i s  

a l s o  more h e a l t h  p r o t e c t i v e  t h a n  a  range  o f  r i s k  o f  0-12.  

The commentor r e f e r s  t o  two  s e c t i o n s  o f  t h e  H e a l t h  and S a f e t y  Code. 

,-e H e a l t h  and S a f e t y  Code 5 3 9 6 6 0 ( c )  s t a t e s :  

"... The e v a l u a t i o n  s h a l l  a l s o  c o n t a i n  an e s t i m a t e  o f  t h e  
l e v e l s  o f  exposure  wh ich  may cause o r  c n n t r i b u t e  t o  a d v e r s e  
h e a l t h  e f f e c t s  and, i n  t h e  case where t h e r e  i s  n o  t h r e s h o l d  
o f  s i g n i f i c a n t  a d v e r s e  h e a l t h  e f f e c t s ,  t h e  range  o f  r i s k  t o  
humans r e s u l t i n g  f r o m  c u r r e n t  o r  a n t i c i p a t e d  exposure. "  

S e c t i o n  3 9 6 6 2 ( c )  s t a t e s  : 

" I f  a  subs tance  i s  d e t e r m i n e d  t o  be a  t o x i c  a i r  c o n t a m i n a n t ,  
t h e  r e g u l a t i o n  s h a l l  s p e c i f y  a  t h r e s h o l d  e x p o s u r e  l e v e l ,  i f  
any,  be low w h i c h  n o  s i g n i f i c a n t  adverse h e a l t h  e f f e c t s  a r e  
a n t i c i p a t e d . "  

The commentor has ( i n c o r r e c t l y )  a t t r i b u t e d  use  o f  t h e  ph rase  

" v a n i s h i n g l y  s m a l l "  t o  DHS when i n  f a c t  t h e  phrase was used i n  a  n o t e  t o  t h e  

SRP's f i n d i n g s ,  w h e r e i n  t h e  SRP n e v e r t h e l e s s  f o u n d ,  based on  DHS1 

i n t e r p r e t a t i o n  o f  t h e  d a t a ,  t h a t  t h e  b e s t  e s t i m a t e  o f  t h e  range  o f  excess 

cancer  r i s k  f rom one nanogram p e r  c u b i c  me te r  o f  a t m o s p h e r i c  cadmium i s  2-12 



cases p e r  m i l l  i o n  p e o p l e  exposed. A l s o ,  t h e  commentor has e v i d e n t l y  

m i s u n d e r s t o o d  t h e  H e a l t h  and  S a f e t y  Code s e c t i o n s  t o  wh ich  h e  r e f e r r e d .  The 

commentor sugges ts  t h a t  §§  3 9 6 6 0 ( c )  a n d  3 9 6 6 2 ( c )  i n c l u d e  a  r e f e r e n c e  t o  

" s i g n i f i c a n t  r i s k "  o f  adverse  h e a l t h  e f f e c t s ,  when i n  f a c t  t h e  s e c t i o n s  r e f e r  

t o  "a r a n g e  o f  r i s k  o f  s i g n i f i c a n t  a d v e r s e  h e a l t h  e f f e c t s . "  C l e a r l y ,  cancer  

i s  a  s i g n i f i c a n t  adverse  h e a l t h  e f f e c t .  

d. The recommendation o f  a  r a n g e  o f  r i s k  was based on  DHS s t a f f ' s  

i n t e r p r e t a t i o n  o f  t h e  a v a i l a b l e  s c i e n t i f i c  ev idence  c o n c e r n i n g  t h e  p o t e n t i a l  

a d v e r s e  h e a l t h  e f f e c t s  o f  cadmium and  t h e . S R P 8 s  r e v i e w  o f  and concur rence  w i t h  

t h o s e  i n t e r p r e t a t i o n s .  The a d o p t i o n  o f  e m i s s i o n  c o n t r o l  r u l e s  ( i . e . ,  c o n t r o l  

measures)  i s  n o t  w i t h i n  t h e  scope o f  t h i s  r u l e m a k i n g  a c t i o n ,  w h i c h  concerns 

t h e  l i s t i n g  o f  cadmium as  a  t o x i c  a i r  c o n t a m i n a n t  o n l y ;  i s s u e s  r e l a t e d  t o  

c o n t r o l  o f  cadmium e m i s s i o n s  w i l l  b e  t a k e n  i n t o  a c c o u n t  i n  t h e  f u t u r e  

d e v e l o p n e n t  and c o n s i d e r a t i o n  o f  c o n t r o l  measures f o r  cadmium, p u r s u a n t  t o  

H e a l t h  and S a f e t y  Code §§  39665-39667. 
-- 

4 .  Comment: The commentor recommends t h a t  t h e  Board d e l a y  i t s  

d e c , i s i o n  t o  i d e n t i f y  cadmium as a  t o x i c  a i r  con taminan t  h a v i n g  no i d e n t i f i a b l e  

t h r e s h o l d .  T h i s  recommendat ion i s  based  on  t h e  conmentor 's  b e l i e f  t h a t  i t  

w i l l  b e  p o s s i b l e  t o  make a  more a c c u r a t e  judgment c o n c e r n i n g  cadmium 

c a r c i n o g e n i c i t y  and ev idence  o f  a  t h r e s h o l d  when more d e f i n i t i v e  d a t a  on t h e  

r o l e  o f  cadmium exposure i n  p r o d u c i n g  l u n g  cancer  becomes a v a i l a b l e  ( w i t h i n  

s i x  months t o  a  y e a r . )  

The commentor s t a t e s  t h a t  i n  a  r e a n a l y s i s  o f  Globe s m e l t e r  w o r k e r  

h e a l t h  d a t a  (wh ich  was t h e  b a s i s  o f  t h e  s t u d y  b y  Thun used b y  DHS i n  t h e i r  



q u a n t i t a t i v e  r i s k  assessment ) ,  Dr .  S teven  Lamm conc luded  t h a t  t h e  i n c r e a s e  i n  

0 i n c i d e n c e  o f  l u n g  c a n c e r  a t t r i b u t e d  b y  Thun t o  cadmium exposure  may have been 

due p r i m a r i l y  t o  o t h e r  f a c t o r s :  c o n c u r r e n t  a r s e n i c  exposure,  d i f f e r e n c e s  i n  

smoking' h i s t o r i e s  (between t h e  exposed workers  and t h e  c o n t r o l  g r o u p ) ,  

m e t h o d o l o g i c a l  p e r c u l  i a r i t i e s ,  o r  t o  cadmium exposures t h a t  were m a r k e d l y  

g r e a t e r  f o r  w o r k e r s  h i r e d  p r i o r  t o  1940. Dr. Lamm i s  q u o t e d  b y  t h e  commentor 

as s a y i n g ,  " C l e a r e r  documenta t ion  o f  t h e i r  s p e c i f i c  job5 and  t h e  exposure on  

t h o s e  j o b s  i s  n e c e s s a r y  t o  r e s o l v e  many o f  t h e  i s s u e s  i n  t h i s  study."  

The commentor s u b m i t t e d  w i t h  his.comments a  d r a f t  c o p y  o f  Dr. Lamm's 

u n p u b l i s h e d  paper  t i t l e d  " A n a l y s i s  o f  M o r t a l i t y  S t u d i e s  o f  Globe, Co lorado 

Cadmium Workers," w h i c h  was c i t e d  i n  h i s  comments. (Cadmium C o u n c i l )  

Agency Response: The commentor has suggested d e l a y i n g  a c t i o n  on t h e  

i d e n t i f i c a t i o n  o f  cadmium as  a  t o x i c  a i r  con taminan t  w i t h  no  i d e n t i f i a b l e  

@ 
t h r e s h o l d  because a n  a l t e r n a t i v e  i n t e r p r e t a t i o n  has been o f f e r e d  f o r  t h e  Globe 

s m e l t e r  d a t a .  The Globe s m e l t e r  s t u d y  was t h e  s t u d y  used b y  DHS i n  i t s  

q u a n t i t a - G e  r i s k  assessment.  The comnentor does n o t  address  o t h e r  ev idence  

d i s c u s s e d  i n  t h e  S t a f f  R e p o r t  wh ich  i n  t h e  o p i n i o n  o f  DHS s t a f f  and t h e  SRP 

a l s o  e s t a b l i s h e s  t h e  c a r c i n o g e n i c i t y  o f  cadmium. A  r e v i e w  o f  t h i s  o t h e r  

ev idence  i s  c o n t a i n e d  i n  5 VI1.J. o f  t h e  S t a f f  R e p o r t  (pp.  203-239)  and 

i n c l u d e s  an ima l  exposure  s t u d i e s  and s u p p o r t i n g  ev idence  f r o m  o t h e r  human 

exposure s t u d i e s  ( b o t h  o f  t h e  Globe worke rs  and o f  o t h e r  exposed g roups ) .  

T h i s  r e v i e w  i s  summarized on page 229 o f  t h e  S t a f f  K e p o r t :  

"The e v i d e n c e  f rom e p i d e m i o l o g y  s t r o n g l y  s u p p o r t s  t h e  
h y p o t h e s i s  t h a t  cadmium exposure i s  a s s o c i a t e d  w i t h  an 
i n c r e a s e d  r i s k  o f  r e s p i r a t o r y  cancer .  S i n c e  t h i s  s i t e  has 
a l s o  been i m p l i c a t e d  i n  an imal  b ioassays  o f  c a r c i n o g e n i c i t y ,  
DHS s t a f f  members conc luded  t h a t  t h e r e  i s  a  h i g h  p r o b a b i l i t y  
t h a t  t h e  o b s e r v e d  a s s o c i a t i o n  i s  n o t  s p u r i o u s  and t h a t  an 
i n f e r e n c e  o f  c a u s a l  i t y  i s  j u s t i f i e d . "  



A f t e r  r e v i e w  o f  t h e  a v a i l a b l e  s t u d i e s  o f  human exposure t o  cadmium, 

DHS s t a f f  conc luded  t h a t  t h e  e v i d e n c e  i s  s u g g e s t i v e  o f  an a s s o c i a t i o n  between 

cadmium exposure and r e n a l  c a n c e r  a n d  i s  i n c o n c l u s i v e  c o n c e r n i n g  a n  

a s s o c i a t i o n  between p r o s t a t i c  c a n c e r  and  b l a d d e r  cancer  and cadmium exposure 

( d u e  t o  l i m i t a t i o n s  i n  t h e  power o f  t h e  s t u d i e s  t o  s t a t i s t i c a l l y  d e t e c t  a n  

e f f e c t ) .  ( S t a f f  Repor t .  pp. 220-225) 

Dr .  Lamm's c o n c l u s i o n  t h a t  o t h e r  f a c t o r s  may be t h e  p r i m a r y  cause o f  

t h e  i n c r e a s e  i n  i n c i d e n c e  i n  l u n g  c a n c e r  a t t r i b u t e d  b y  Thun t o  cadmium 

e x p o s u r e  i s  d i scussed  i n  t h e  S t a f f  R e p o r t :  t h e  p o s s i b l e  e f f e c t s  o f  a r s e n i c  

exposure ,  pp. 240-243; smoking,  pp. 233-239; me thodo log ica l  p e c u l i a r i t i e s ,  pp. 

229-232. DHS s t a f f  o f f e r e d  t h i s  summary o f  i t s  c o n s i d e r a t i o n  o f  t h e s e  f a c t o r s :  

" F i n a l l y ,  t o  summarize t h e  CHS s t a f f ' s  f i n d i n g s  w i t h  r e g a r d  
t o  t h e  s t u d y  b y  Thun e t  a1 . : The s t a n d a r d i z e d  m o r t a l i t y  
r a t i o  ( S I R )  o f  2.3 i n  t h o s e  w i t h  more t h a n  two y e a r s  o f  
cadmium exposure and  t h e  dose- response r e l a t i o n s h i p  a r e  
u n l i k e l y  t o  be e x p l a i n e d  b y  chance,  b y  b i a s ,  o r  b y  
c o n f o u n d i n g  f r o m  smoking a n d / o r  a r s e n i c  exposure. The s t a f f  
o f  DHS conc ludes t h a t  t h e  excess o f  l u n g  cancer  dea ths  i n  
t h e  s t u d y  b y  Thun e t  a l .  i s  b e s t  e x p l a i n e d  b y  exposure t o  
h i g h  l e v e l s  o f  cadmium. The DHS s t a f f  f u r t h e r  conc ludes 
t h a t  w h i l e  o t h e r  c o n f i r m a t o r y  s t u d i e s  a r e  d e s i r a b l e  t h i s  
s t u d y  c n n s t i t u t e s  s t r o n g  e v i d e n c e  o f  buman c a r c i n o g e n i c i t y . "  
( S t a f f  R e p o r t ,  pp. 243-246)  

The l a s t  i s s u e  r a i s e d  b y  t h e  commentor concerns t h e  a c c u r a c y  o f  

cadmium exposure e s t i m a t e s  f o r  w o r k e r s  a t  t h e  Globe sme l te r .  T h i s  i s s u e  i s  

d i s c u s s e d  i n  t h e  S t a f f  R e p o r t  (p .  2 6 5 ) .  DHS s t a f f  d e s c r i b e s  ( 1 )  a d j u s t m e n t s  

made t o  a r e a  sample r e s u l t s  t o  e s t i m a t e  pe rsona l  exposure,  and ( 2 )  a d j u s t m e n t  

o f  p e r s o n a l  exposure e s t i m a t e s  t o  a c c o u n t  f o r  r e s p i r a t o r  e f f e c t i v e n e s s .  The 

r e s u l t i n g  u n c e r t a i n t i e s  i n  t h e  e x p o s u r e  e s t i m a t e s  a r e  d i scussed ,  i n c l u d i n g  t h e  

d i r e c t i o n  o f  p o s s i b l e  b i a s e s .  DHS s t a f f  conc luded  t h a t  t h e r e  was no way t o  

q u a n t i f y  t h e  u n c e r t a i n t i e s .  A l t h o u g h  t h e  accuracy  o f  t h e  exposure 



measurements has b e a r i n g  on t h e  r a n g e  o f  r i s k  d e r i v e d  b y  DHS, t h e  e x a c t  l e v e l  

o f  e x p o s u r e  o f  t h e  Globe workers was n o t  t h e  b a s i s  upon wh ich  DHS made i t s  

d e t e r m i n a t i o n  o f  c a u s a l i t y  between cadmium exposure  and r e s p i r a t o r y  cancer .  

(See d i s c u s s i o n  o f  § VI1.J. o f  t h e  S t a f f  R e p o r t ,  above.) 

Dr .  Thomas lalack, r e p r e s e n t i n g  t h e  SRP a t  t h e  Board h e a r i n g ,  made t h e  

f o l l o w i n g  comments c o n c e r n i n g  Dr. Y o d e r ' s  a l l e g a t i o n  t h a t  t h e  Thun s t u d y  i s  

i n a d e q u a t e  e v i d e n c e  o f  cadmium's r e s p i r a t o r y  c a r c i n o g e n i c i t y  ( T r a n s c r i p t ,  pp. 

27-29) :  

" W e l l ,  I t h i n k  we would 1  i k e  t o  see i t  [Lamm's paper ]  
p u b l i s h e d  and we 'd  c e r t a i n l y  l i k e  t o  see  a  c o n p l e t e  
p r e s e n t a t i o n  b e f o r e  we 'd  want  t o  i n c o r p o r a t e  i t i n t o  o u r  
c o n s i d e r a t i o n s .  There do seem t o  be i n t e r e s t i n g  q u e s t i o n s .  
As y o u  p o i n t e d  o u t ,  i n t e r e s t i n g  q u e s t i o n s  w i l l  come u p  abou t  
e a c h  o f  t h e s e  compounds on a  m o n t h l y  o r  e v e r y  s i x -mon th  
b a s i s ,  and I t h i n k  t h e r e ' s  n o  way t h a t  i t  would  be p reven ted  
t h a t  p e o p l e  w i l l  r e e v a l u a t e  t h e  q u e s t i o n s  f r o 7  t i m e  t o  t i m e  
on  each compound. 

"I guess I would  p o i n t  one t h i n g  o u t ,  and  t h e t  i s  i f  we were 
t o  assume t h a t  t h i s  i n f o r m a t i o n  was o f  b e t t e r  q u a l i t y  t h a n  
e v e r y t h i n g  we 've c o n s i d e r e d  and t h a t  t h e r e  wzs no good 
e v i d e n c e  f r o m  t h e  human s t u d i e s  t h a t  cadmium was a  
c a r c i n o g e n ,  we would t h e n  be f o r c e d  t o  f a l l  back upon t h e  
a n i m a l  s t u d i e s .  I f  t h a t ' s  t h e  case,  t h e  e x t r a p o l a t i o n  f r o m  
t h e  a n i m a l  s t u d i e s  a c t u a l l y  produced a  h i g h e r  e s t i m a t e  o f  
wha t  i n d i v i d u a l  C a l i f o r n i a n s  wou ld  s u f f e r  f r o a  o v e r  t h e  n e x t  
years."  

W i t h  r e s p e c t  t o  t h e  commentor 's  s p e c i f i c  r e q u e s t  f o r  a  d e l a y  i n  t h e  

B o a r d ' s  d e c i s i o n  on whether-cadmium i s  a  t o x i c  a i r  con taminan t ,  t h e r e  i s  a  

s t a t u t o r y  p r o v i s i o n  f o r  r e v i e w  and c o n s i d e r a t i o n  o f  new i n f o r m a t i o n  a f t e r  a  

t o x i c  a i r  c o n t a m i n a n t  d e t e r m i n a t i o n  has been made. S p e c i f i c a l l y  5 39662(e )  o f  

t h e  H e a l t h  and S a f e t y  Code p r o v i d e s  t h a t :  

"Any  pe rsdn  may p e t i t i o n  t h e  s t a t e  b o a r d  t o  r e v i e w  a  
d e t e r m i n a t i o n  made pursuan t  t o  t h i s  s e c t i o n .  The p e t i t i o n  
s h a l l  s p e c i f y  t h e  a d d i t i o n a l  s c i e n t i f i c  ev idence  r e g a r d i n g  
t h e  h e a l t h  e f f e c t s  o f  a  subs tance  t h a t  was no: a v a i l a b l e  a t  
t h e  t i m e  t h e  o r i g i n a l  d e t e r m i n a t i o n  was made and any o t h e r  
e v i d e n c e  wh ich  would j u s t i f y  a  r e v i s e d  d e t e r i n a t i o n . "  
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. . T h i s  l e t t e r  i s  t o  a p p r i s e  y o u  o f  c h a n g e s  i n  o u r  l i s t  o f  
s u b s t a n c e s  b e i n ' g  c o n s i d e r e d  a s  p a r t  o f . b u r  t o x i c  a i r  c o i t a m i b a n t  

- p r o g r a m . :  I n  J a n u a r y ,  1986,  we c i r c u l a t e d  f o r  r e v i e w  2nd comment a  
d r a f t  l i s t  w i t h  t h r e e  c a t e g o r i e s  o f  s u b s t a n c e s  p r o p o s e d  f o r  r e v i e w  
a s  p o s s i b l e  t o x i c  a i r  c o n t a m i n a n t s .  B a s e d  o n  c o m n e n t s  r e c e i v e d ,  
we r e v i s e d  t h a t  l i s t  t o  c l a r i f y  t h e  m e a n i n g  o f  t h e  c a t e g o r i e s  a n d  
t o  r e f l e c t  t h e  i d e n t i f i c a t i o n  o f - s e v e r a l  a d d i t i o n a l  s u b s t a n c e s  a s  
t o x i c  a i r  c o n t a m i n a n t s .  T h e  Air E e s o u r c e s  B o a r d  a p p ~ . o v e d  t h e  
r e v i s e d  l i s t  a t  i t s  m e e t i n g  on F e b r u a r y  2 6 ,  1 9 8 7 .  

,,a T h e  e n c l o s e d  l i s t ,  " ' S t a t u s  o f  T o x i c  A i r  C o n t a m i n a n t  
I d e n t i f i c a t i o n "  i n c l u d e s  t h r e e  c a t e g o r i e s .  C a t e g o r y  I c o n t a i n s  
t h o s e  s u b s t a n c e s w h i c h  t h e  B o a r d  h e s  a l r e a d y  i d e n t i f i e d a s t o x i c  
a i r  c o n t a m i n a n t s  ( 7  s u b s t a n c e s ) . .  C a t e g o r y  I1 c o n t a i n s  t h o s e  
s u b s t a n c e s  w h i c h  t h e  s t a f f  h a s  n o m i n a t e d  f o r  r e v i e w  ( 2 4  s u b s t a n c e s  
i n  811) .  C a t e g o r y  1 1 - A  i n c l u d e s  s u b s t a n c e s  v h i c h  a r e  a l r e a d y  
u n d e r  r e v i e v  o r  h a v e  b e e n  s c h e d u l e d  f o r  r e n i e v  ( 9  s ~ b s t e n c e s ) :  
C a t e g p r y  11-B  i n c l u d e s  s u b s t a n c e s  v h i c h  a r e  e x p e c t e d  t o  b e  
s c h e d u l e d  f o r  r e v i e w  w i t h i n - t h r e e  j e a r s ( 1 5  s u b s t a n c e s ) .  ' I t  v i l l  
b e  n e c e s s a r y  t o  d e v e l o p .  i n f o r m a t i o n  o n  p u b l i c  e x p o s u r e  i n  
C a l i f o r n i a  t o  s o m e ,  s u b s t a n c e s  i n  t h i s  c a t e g o r y  (11-B) b e f o r e  
p u r s u i n g  r e v i e w .  

C a t e g o r y  I11 c o n t a i n s  s u b s t a n c e s  v h i c b  a r e  o f  p o s s i b l e  
c o n c e r n  a s  t o x i c  a i r  c o n t z r i n a n t s ,  b u t  f o r  v h i c h  e r i d e u c e  o f  
a d v e r s e  h e a l t h  e f f e c t s  i s  n o t  y e t  sufficient t o  s u p p o r t  r e v i e w  a n d  
i d e n t i f i c a t i o n  ( 1 9  s u b s t a n c e s ) .  T h e  s t a f f  v i l l  n o t  s e e k  t o  r e v i e w  
a n d  i d e n t i f y  t h e s e  s u b s t e n c e s  a s  t o x i c  a i r  c o n t z o i n a n t s  u n l e s s  a n d  
u n t i l  s t r o n g e r  h e a l t h  e v i d e n c e  i n d i c z t e s  t h i t  t h e y  p o s e  a  p u b l i c  
h e a l t h  r i s k .  T h e  p r e s e n c e  o f  s u b s t e n c e s  i n  t h i s  c a t e g o r y  r e f l e c t s  
c o n c e r n  a b o u t  t h e  l a r g e  v o l u m e s  o f  t h e s e  c o n p o c n d s  u s e d  i n  t h e  
s t a t e  a n d  t h e  p o s s i b i l i t y  o f  a d v e r s e  h e a l t h  e f f e c t s .  



-2-  March 1 7 ,  1 9 8 7  

If  you h a v e  q u e s t i o n s  a b o u t  t h e  l i s t ,  or  about  t h e  
i n c l u s i o n  o f  s u b s t a n c e s  i n  any p a r t i c u l a r  c a t e g o r y ,  p l e a s e  c a l l  
P e t e r  D .  V e n t u r i n i ,  C h i e f ,  S t a t i 0 n a r . y  Source  D i v i s i o n ,  a t . ( 9 1 6 )  
445-0650.  

deputy  E x e c u t i v e  O f f i c e r  

c c :  Kenneth K i z e r ,  DHS 
' ' C l a r e  B e r r y h i l l ,  DFA 

E n c l o s u r e  
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STATUS OF TOXIC AIR CONTAMINANT IDENTIFICATION 

I. Substances identified as toxic air contamiriants by 'the Air 
Resources Board, pursuant to the provisions of AB 1807. 

Asbestos, Benzene, Cadmium, Chlorinated Dioxins and 
Dibenzof urans (15 species) , Chromium(V1) , Ethylene 
Dibromide, Ethylene Dichloride 

11. Substances currently under review.for identification as 
toxic air contaminants, scheduled for review, or nominated 
for review, but' not yet scheduled. It will be necessary 
to develop information on exposure in Celifornia to some 
substances in this category before pursuing review. 

A .  (Substances already in the review process,) Carbon 
Tetrachloride, Chloroform, Ethylene Oxide, Inor'ganic 
P.rsenic', Methylene Chloride, Nickel, ~erchloroet~ylene, 
Trichloroethylene, Vinyl Chloride 

B. (Substances 'not yet under review.) Acetaldehyde, 
Acrylonitrile, Beryllium, 1,3-Butadiene, Coke-oven 
Emissions, Dielkyl-nitrosamines, 1,4-Dioxane, 
Epichlorohydrin, Formaldehyde, Inorganic Lead, Mercury, 
N-Nitrosomorpholine, PAHs, PCPs, Rzdioruclides 

111. Substances of possible concern for which health effects 
information is limited or not yet sufficient to support 
review which could lead to identification as toxic air 
contaminants. Substances in this category are produced 
and emitted to the air in quantities which might make them 
of concern at some time in the future if health effects 
information is strong enough to support review. 

Acrolein, Ally1 Chloride, Benzyl Chloride, Chlorobenzene, 
Chlorophenols, Chloroprene, Cresols, p-Dichlorobenzene, 
Hexachlorocyclopentadiene, Maleic Anhydride, Manganese, 
Nethyl Bromije, Methyl Chloroform. Nitrobenzene, Phenol, 
Phosgene, Propylene Oxide, Vinylidene Chloride, Xylenes 



INTRODUCTION AND RECOMMENDATION 

S t a t e  law def ines  a t o x i c  a i r  contaminant as an a i r  p o l l u t a n t  which the  

A i r  Resources Board o r  t h e  Department o f  Food and A g r i c u l t u r e  f i n d s  "may cause 

o r  c o n t r i b u t e  t o  an increase i n  m o r t a l i t y  o r  an increase i n  ser ious  i l l n e s s ,  

o r  which may pose a  present  o r  p o t e n t i a l  hazard t o  human hea l th" .  The s t a f f s  

o f  t h e  A i r  Resources Board and Department o f  Hea l th  Services have reviewed the 

a v a i l a b l e  s c i e n t i f i c  evidence on the presence o f  cadmium i n  t h e  atmosphere o f  

C a l i f o r n i a  and i t s  p o t e n t i a l  adverse e f f e c t  on pub l i c  hea l th .  Based on t h e  

conclus ion o f  the Department o f  Hea l th  Serv ices s t a f f  t h a t  cadmium meets t h i s  

d e f i n i t i o n ,  t h e  s t a f f  of t h e  A i r  Resources Board recommends t h a t  cadmium be 

i d e n t i f i e d  by t h e  Board as a  t o x i c  a i r  contaminant. The ARB s t a f f  i s  unable 

to ,  based on a v a i l a b l e  s c i e n t i f i c  in fo rmat ion ,  i d e n t i f y  a  l e v e l  below which 

*adverse h e a l t h  e f f e c t s  a re  n o t  expected t o  occur,  and t h e r e f o r e  i s  unable t o  

recommend a  th resho ld  l e v e l .  

Cadmium was chosen fo r  eva lua t i on  because: i t  had been i d e n t i f i e d  by  the  

I n t e r n a t i o n a l  Agency f o r  Research on Cancer (IARC) as an animal carcinogen 

w i t h  ep idemio log ica l  evidence o f  c a r c i n o g e n i c i t y  i n  humans; i t s  presence i n  

the atmosphere had been documented; i t  i s  e m i t t e d  from many sources i n  the  

s ta te ,  and may be emi t ted  i n  increased amounts i n  the  fu tu re .  

SOURCES OF CADMIUM 

Cadmium i s  emi t ted  from bo th  s t a t i o n a r y  and mobi le  sources. S t a t i o n a r y  

sources which a r e  l i k e l y  t o  e m i t  cadmium i n c l u d e  secondary smel ters,  cement 



manufactur ing p lan ts ,  cadmium e l e c t r o p l a t i n g  f a c i l i t i e s ,  p l a n t s  burn ing o i l  o r  

coal ,  and sewage sludge i nc ine ra to rs .  Mobi le  sources which emi t  cadmium 

inc lude  gaso l ine  and d iese l  veh ic les  and p a r t i c l e s  r e s u l t i n g  from t i r e  wear. 

An emissions i nven to ry  compiled by  ARB s t a f f  i n d i c a t e s  t h a t  a t o t a l  o f  from 16 

t o  18 tons l yea r  o f  cadmium are  emi t ted  i n  C a l i f o r n i a ;  s t a t i o n a r y  sources 

account f o r  e i g h t y  percent  o r  more o f  cadmium emissions. Cadmium emissions 

from f o s s i l  fue l  combustion and veh ic les  are p ro jec ted  t o  increase due t o  

expected increase i n  f u e l  use. 

EXPOSURE TO ATMOSPHERIC CADMIUM 

General popu la t ion  exposure t o  atmospheric cadmium was est imated us ing  

data on cadmium concentrat ions f o r  t h e  f i r s t  s i x  months o f  1985 i n  var ious  

l o c a t i o n s  i n  t h e  s ta te .  We b e l i e v e  t h a t  these averages are reasonably 

rep resen ta t i ve  o f  annual average concentrat ions.  We es t imate  t h a t  10 m i l l i o n  

3 people a r e  exposed t o  an average cadmium concent ra t ion  o f  1.0 t o  2.5 ng/m , 

and t h a t  one m i l  1 i o n  people a r e  exposed t o  an average cadmium concent ra t ion  o f  

1.8 t o  5.6 ng/m3. Ne i ther  s i z e  d i s t r i b u t i o n  nor  the  compound forms o f  

cadmium were determined i n  t h e  ARB'S measurements. Work done by  o the rs  on t h e  

s i z e  d i s t r i b u t i o n  o f  atmospheric cadmium i n d i c a t e s  t h a t  atmospheric cadmium 

occurs p r i n c i p a l l y  on t h e  sur face o f  r e s p i r a b l e  p a r t i c l e s  ( those l e s s  than 2.5 

micrometers (um) i n  diameter). 

Exposure t o  atmospheric cadmium near sources i s  expected t o  be h igher  than 

general popu la t i on  exposure. To es t imate  exposure t o  atmospheric cadmium near 

sources, ARB s t a f f  used on a i r  q u a l i t y  model t o  c a l c u l a t e  t h e  ambient 

concent ra t ion  o f  atmospheric cadmium i n  t h e  South Coast A i r  Basin due t o  

emissions from th ree  secondary copper smelters. These emissions were 



estimated t o  resu l t  in annual average exposure t o  atmospheric cadmium of u p  to 

3 40 ng/m for  a population of 57,000 and 11 up t o  ng/m3 f o r  a population of 

285,000. 

HEALTH EFFECTS OF CADMIUM 

Concentrations of cadmium measured i n  the atmosphere a re  much lower than 

those which a re  associated with chronic adverse health e f f ec t s  in occupational 

se t t ings  o r  which have produced acute e f f ec t s  in animal experiments. Because 

of t h i s ,  and because cadmium i s  thought t o  exhibi t  a threshold e f f ec t  fo r  

non-cancer health e f f e c t s ,  adverse health e f f ec t s  other than cancer a re  not 

expected t o  occur due t o  inhalation of cadmium a t  current or  ant ic ipated 

atmospheric concentrations. 

Two separate cancer r i sk  assessments were developed, both of which assumed 

t h a t  cadmium carcinogenicity operates through a nonthreshold mechanism. One 

was based on a mortali ty study of workers in a cadmium production plant; fo r  

exposure t o  1 ng/m3 cadmium, a best estimate of excess l i fe t ime  cancer r i sk  

of 2 per mil l ion,  and an upper 95% confidence l i m i t  ( U C L )  of 12 per mil l ion,  

were derived. The other cancer r i sk  assessment was based on r a t  lung tumor 

incidence; r isk  estimates derived from these s tudies  were higher than the 

human-based estimates. The DHS s t a f f  has determined t h a t  the  possible roles 

of chance, bias and confounding factors  in d i s to r t i ng  the  t r u e  dose-response 

re la t ionship in the  occupational study were l i k e l y  to have been small. 

Because the  human data fo r  exposure and f o r  response were not found t o  have 

any major def ic ienc ies ,  and because a conservative l i nea r  extrapolation was 

used, DHS s t a f f  recommends re1 iance on the  human-based r isk  assessment. 



R I S K  DUE TO ATMOSPHERIC CADMIUM 

The hazard posed by atmospheric cadmium t o  res iden ts  o f  C a l i f o r n i a  was 

est imated by  app ly ing  t h e  u n i t  r i s k  es t imate  t o  cadmium concent ra t ions  

measured i n  t h e  s ta te .  The upper-bound excess l i f e t i m e  cancer r i s k  from 

est imated atmospheric concent ra t ions  o f  cadmium i n  C a l i f o r n i a  has been 

est imated t o  be 30 per  m i l l i o n .  For people near emission sources o f  cadmium, 

the upper-bound est imated excess l i f e t i m e  cancer r i s k  from 24-hour-per-day 

3  
exposure t o  an average o f  40 nglm o f  cadmium i s  480 per m i l l i o n  persons 

exposed. These are  hea l th -conserva t ive  est imates; the ac tua l  r i s k s  may l i e  

be1 ow these values. 

Exposures t o  cadmium v i a  routes o the r  than i n h a l a t i o n  o f  ambient a i r  were 

n o t  considered i n  t h e  r i s k  assessment. The major  nonoccupational exposures t o  

cadmium are  through food and smoking. Whi le the bu lk  o f  human i n t a k e  i s  v i a  

food i nges t i on ,  t h i s  rou te  o f  exposure has n o t  been associated w i t h  an 

increased r i s k  o f  cancer e i t h e r  i n  humans o r  i n  experimental animals. 

DHS s t a f f  emphasizes t h a t  t h e  r i s k  est imates der ived i n  conduct ing a  r i s k  

assessment a re  no t  exac t  p red i c t i ons ,  b u t  r a t h e r  represent  bes t  est imates 

based on c u r r e n t  s c i e n t i f i c  knowledge and methods. 

~ a s e d  on t h e  f i n d i n g s  o f  cadmium-induced c a r c i n o g e n i c i t y  and the  r e s u l t s  

o f  the  r i s k  assessment, DHS s t a f f  f i n d s  t h a t  ambient cadmium i s  an a i r  

p o l l u t a n t  which may cause o r  c o n t r i b u t e  t o  an increase i n  m o r t a l i t y  o r  an 

increase i n  ser ious  i l l n e s s ,  o r  which may pose a  present o r  p o t e n t i a l  hazard 

t o  human heal th.  

SUMMARY OF ENVIRONMENTAL IMPACTS OF THE IDENTIFICATION OF CADMIUM AS A TOXIC 

A I R  CONTAMINANT 

The i d e n t i f i c a t i o n  o f  cadmium as a  t o x i c  a i r  contaminant i s  n o t  i n  i t s e l f  

expected t o  r e s u l t  i n  any environmental e f fec t s .  The i d e n t i f i c a t i o n  o f  



cadmium as a  t o x i c  a i r  contaminant by t h e  Board may r e s u l t  i n  t he  Board and 

a i r  p o l l u t i o n  c o n t r o l  d i s t r i c t s  adopt ing  t o x i c  c o n t r o l  measures i n  accordance 

w i t h  t he  p rov i s i ons  o f  s t a t e  law. Any such t o x i c  c o n t r o l  measures may r e s u l t  

i n  reduced emissions o f  cadmium t o  t he  atmosphere, r e s u l t i n g  i n  reduced 

ambient concent ra t ions ,  concu r ren t l y  reduc ing  the h e a l t h  r i s k  due t o  cadmium. 

Therefore, t h e  i d e n t i f i c a t i o n  o f  cadmium as a t o x i c  a i r  contaminant may 

u l t i m a t e l y  r e s u l t  i n  environmental  b e n e f i t s .  Environmental impacts i d e n t i f i e d  

w i t h  respec t  t o  s p e c i f i c  c o n t r o l  measures w i l l  be i nc luded  i n  t h e  

cons ide ra t i on  o f  such c o n t r o l  measures pursuant  t o  Hea l th  and Sa fe t y  Code 

Sect ions 39665 and 39666. 



Amend T i t l e  17, California Administrative Code. Section 93000 t o  read as 

e 
93000. Substances Ident i f ied As Toxic Air Contaminants. Each substance 

iden t i f i ed  i n  t h i s  section has been determined by the s t a t e  board t o  be a 
toxic a i r  contaminant as defined in Health and Safety Code Section 39655. I f  
the s t a t e  board has found there t o  be a threshold exposure level below which 
no s ign i f ican t  adverse health e f f ec t s  a re  ant ic ipated from exposure t o  the 
iden t i f i ed  substance, t ha t  level i s  specif ied as the  threshold determination. 
I f  the  board has found there t o  be no threshold exposure level below which no 
s ign i f ican t  adverse health e f f ec t s  a re  ant ic ipated from exposure t o  the 
iden t i f i ed  substance, determination of "no threshold" i s  specified.  I f  the 
board has found t h a t  there i s  not su f f i c i en t  avai lable  s c i e n t i f i c  evidence t o  
support the iden t i f i ca t ion  of a threshold exposure l eve l ,  the  "Threshol d" 
column spec i f ies  "None ident i f ied."  

Substance 

Benzene (C6Hg) 

Threshol d 

None iden t i f i ed  

Ethylene Di bromide None iden t i f i ed  

Ethylene Dichl oride 

(ClCH2CH2C1; 
1,2-dichl oroethane) 

None iden t i f i ed  

Hexavalent Chromium, Cr(V1) None iden t i f i ed  

Asbestos Casbestiform va r i e t i e s  None iden t i f i ed  
of serpentine (chryso t i l e )  
r iebecki te  (c roc ido l i t e )  

. cummingtonite-grunerite 
(amosi t e )  , tremol i t e  , 
actinol i t e ,  and 
anthophyll i t e l*  

Dibenzo-p-dioxins and None iden t i f i ed  
Dibenzofurans chlorinated 

i n  the  2,3,7 and 8 posit ions 
and containing 4,5,6 or  7 
chlorine atoms* 

Cadmium None iden t i f i ed  



NOTE: A u t h o r i t y  c i t e d :  Sect ions 39600, 39601 and 39662, Heal th and Safe ty  
Code. Reference: Sect ions 39650, 39660, 39661 and 39662, Hea l th  and Safe ty  
Code. 

*Note: Compounds i d e n t i f i e d  by an a s t e r i s k  have been i d e n t i f i e d  as t o x i c  a i r  
contaminants by the  A i r  Resources Board b u t  n o t  y e t  approved by  the  O f f i c e  o f  
Admin i s t ra t i ve  Law. 



N o t i c e  o f  P u b l i c  A v a i l a b i l i t y  o f  M o d i f i e d  Tex t  

P u b l i c  Hear ing t o  Cons ider  t h e  Adop t ion  o f  a  R e g u l a t o r y  Amendment 
I d e n t i f y i n g  M e t a l l i c  Cadmium and Cadmium Compounds as Tox ic  A i r  
Contaminants 

P u b l i c  Hear ing  Date: January 23, 1987 
P u b l i c  A v a i l a b i l i t y  Date:  February  9, 1987 

A t  a  January 23, 1987 pub1 i c  h e a r i n g ,  t h e  A i r  Resources Board ("ARB" 
o r  t h e  "Board")  cons ide red  t h e  a d o p t i o n  o f  a  proposed r e g u l a t o r y  amendment 
t o  l i s t  cadmium as a  t o x i c  a i r  con taminan t  f o r  which t h e r e  i s  n o t  
s u f f i c i e n t  a v a i l a b l e  s c i e n t i f i c  ev idence t o  s u p p o r t  t h e  i d e n t i f i c a t i o n  o f  
a  t h r e s h o l d  exposure l e v e l .  At  t h e  h e a r i n g  t h e  Board approved t h e  
proposed amendment w i t h  m o d i f i c a t i o n s  t o  t h e  o r i g i n a l l y  proposed t e x t .  
The m o d i f i c a t i o n  t o  t h e  o r i g i n a l l y  proposed t e x t  i s  d e s c r i b e d  below. 
A t tached  i s  a  copy o f  Board R e s o l u t i o n  87-9 a p p r o v i n g  t h e  proposed 
amendments w i t h  m o d i f i c a t i o n s .  A t tached  t o  t h e  r e s o l u t i o n  i s  t h e  approved 
language, w i t h  a d d i t i o n s  t o  t h e  o r i g i n a l  p roposa l  shown b y  doub le  
u n d e r l i n i n g .  The unchanged p o r t i o n  o f  t h e  o r i g i n a l  proposa l  i s  shown by a  
s i n g l e  under1 ine. 

The o r i g i n a l l y  proposed t e x t  l i s t e d  "cadmium" as a  t o x i c  a i r  
contaminant .  A i r b o r n e  cadmium i s  g e n e r a l l y  unders tood  t o  mean b o t h  
a i r b o r n e  m e t a l l i c  cadmium and a i r b o r n e  cadmium compounds. F u r t h e r ,  t h e  
a n a l y s i s  i n  t h e  s t a f f  r e p o r t  t o  t h e  A i r  Resources Board a p p l i e s  t o  b o t h  
m e t a l l i c  cadmium and cadmium compounds. S t a f f  b e l i e v e s  t h a t  t h e  t e r m  
cadmium r e f e r s  t o  b o t h  forms o f  cadmium, b u t  dec ided  t h a t  t h e  l i s t i n g  o f  
cadmium i n  t h e  r e g u l a t i o n  shou ld  be made e x p l i c i t  i n  o r d e r  t o  a v o i d  any 
c o n f u s i o n  as t o  t h e  scope o f  t h e  B o a r d ' s  a c t i o n .  The Board approved t h e  
s t a f f ' s  m o d i f i e d  recommendation t o  i n c l u d e  " m e t a l l i c  cadmium and cadmium 
compounds" i n  parentheses a f t e r  "cadmium." 

I n  accordance w i t h  S e c t i o n  11346.8 o f  t h e  Government Code, t h e  Board 
d i r e c t e d  t h e  E x e c u t i v e  O f f i c e r  t o  adop t  t h e  approved r e g u l a t o r y  amendments 
a f t e r  making them a v a i l a b l e  t o  t h e  p u b l i c  f o r  comment r e g a r d i n g  t h e  
changes t o  t h e  r e g u l a t i o n  as o r i g i n a l l y  proposed f o r  a  p e r i o d  o f  a t  l e a s t  
15 days p r o v i d e d  t h a t  t h e  E x e c u t i v e  O f f i c e r  s h a l l  c o n s i d e r  w r i t t e n  
comments r e c e i v e d  and make m i n o r  m o d i f i c a t i o n s  t o  t h e  language as 
a p p r o p r i a t e  i n  response t o  comments, and s h a l l  p r e s e n t  t h e  r e g u l a t i o n s  t o  
t h e  Board f o r  f u r t h e r  c o n s i d e r a t i o n  i f  he determines t h a t  t h i s  i s  
war ran ted  i n  l i g h t  o f  t h e  w r i t t e n  comments rece ived .  On ly  comments 
c o n c e r n i n g  t h e  m o d i f i e d  d e f i n i t i o n  o f  cadmium w i l l  be cons ide red  d u r i n g  
t h i s  comment pe r iod .  

Comments must be s u b m i t t e d  t o  t h e  Board S e c r e t a r y ,  A i r  Resources 
Board, P. 0. Box 2815, Sacramento, CA 95812, no l a t e r  than 
March 2, 1987 f o r  c o n s i d e r a t i o n  by t h e  E x e c u t i v e  O f f i c e r .  



Sta te  of California 
AIR RESOURCES BOARD 

Resolution 87-9 

January 23, 1987 

Agenda Item No. : 87-2-1 

WHEREAS, Sections 39600 and 39601 of the Health and Safety Code authorize the 
Air Resources Board ( the  "Boardu) to  do such ac t s  and t o  adopt such 
regulations as  may be necessary f o r  the proper execution of the  powers and 
dut ies  granted t o ,  and imposed upon, the  Board by law; 

WHEREAS, Chapter 3.5 (commencing with Section 39650) of Part  2 of Division 26 
of the Health and Safety Code establ ishes  procedures f o r  the  iden t i f ica t ion  
of toxic  a i r  contaminants by the Board; 

WHEREAS, Section 39655 of the Health and Safety Code defines a "toxic a i r  
contaminant" as  an a i r  pol lutant  which may cause o r  cont r ibu te  t o  an increase 
in mortal i ty  o r  an increase i n  serious i l l n e s s ,  o r  which may pose a present 
or  potential  hazard t o  human health;  

WHEREAS, Section 39662 of the  Health and Safety Code d i r e c t s  the  Board t o  
l i s t ,  by regulation,  substances determined t o  be tox ic  a i r  contaminants, and 
t o  specify for  each substance l i s t e d  a threshold exposure l e v e l ,  i f  any, e be lo^ which no s ign i f i can t  adverse health e f f ec t s  a r e  an t ic ipa ted ;  

WHEREAS, i n  Cal i fornia ,  cadmium (metal1 i c  cadmium and cadmium compounds, 
here inaf te r  "cadmium") i s  emitted from ce r t a in  indus t r ia l  processes such as  
secondary smelting operat ions ,  cement manufacturing, and combustion of foss i l  
fue l s ,  and has been measured i n  the atmosphere; 

WHEREAS, pursuant t o  the request of the Board, the  Department of Health 
Services (DHS) evaluated the health e f f ec t s  of cadmium i n  accordance w i t h  
Section 39660 of t he  Health and Safety Code; 

WHEREAS, DHS concluded i n  i ts  evaluation t h a t  cadmium is  an animal carcinogen 
with epidemiological evidence of carcinogenicity i n  humans; cadmium should be 
t rea ted  as a substance without a carcinogenic threshold; health e f f ec t s  other 
than cancer a r e  not expected t o  occur a t  ex is t ing  o r  expected ambient levels  
of cadmium; and the maximum excess l i f e t ime  cancer risk from cadmium exposure 
i s  estimated to  range from 2 t o  12 cases per million people exposed per 
nanogram per cubic meter; 



WHEREAS, f o r  t h e  reasons s e t  f o r t h  i n  i t s  e v a l u a t i o n ,  DHS has concluded t h a t ,  
i n  t h e  absence o f  s t r o n g  p o s i t i v e  .c.idence t h a t  cadmium a c t s  o n l y  through 
mechanisms which ought  t o  have a  th resho ld ,  cadmium shou ld  be t r e a t e d  as 
a c t i n g  w i t h o u t  a  t h resho ld ,  and DHS has determined t h a t  t h e r e  i s  n o t  
s u f f i c i e n t  a v a i l a b l e  s c i e n t i f i c  evidence a t  t h i s  t i m e  t o  suppor t  t h e  
i d e n t i f i c a t i o n  o f  a  cadmium exposure 1  eve1 below which ca rc inogen ic  e f f e c t s  
would n o t  have some p r o b a b i l i t y  o f  occu r r i ng ;  

WHEREAS, upon r e c e i p t  o f  t h e  DHS eva lua t i on ,  s t a f f  o f  t h e  Board prepared a  
r e p o r t  i n c l u d i n g  and i n  c o n s i d e r a t i o n  o f  t he  DHS e v a l u a t i o n  and 
recommendations and i n  t h e  form r e q u i r e d  by Sec t i on  39661 o f  t h e  Hea l th  and 
Sa fe t y  Code and, i n  accordance w i t h  t he  p r o v i s i o n s  o f  t h a t  sec t i on ,  made the  
r e p o r t  a v a i l a b l e  t o  t h e  p u b l i c  and submi t ted  i t  f o r  rev iew  t o  t h e  S c i e n t i f i c  
Review Panel (SRP) e s t a b l i s h e d  pursuant  t o  Sec t ion  39670 o f  t h e  Hea l th  and 
S a f e t y  Code; 

WHEREAS, i n  accordance w i t h  Sec t ion  39661 o f  t h e  H e a l t h  and S a f e t y  Code, t h e  
SRP reviewed the  s t a f f  r e p o r t ,  i n c l u d i n g  the  s c i e n t i f i c  procedures and methods 
used t o  suppor t  t h e  da ta  i n  t h e  r e p o r t ,  t h e  da ta  i t s e l f ,  and t h e  conc lus ions  
and assessments on which t h e  r e p o r t  was based, cons idered  t h e  p u b l i c  comments 
rece ived rega rd ing  t h e  r e p o r t ,  and on October 30, 1986, adopted f o r  submi t t a l  
t o  t h e  Board f i n d i n g s  which i nc luded  the  f o l l o w i n g :  

"1. Cadmium i s  an animal carc inogen f o r  wh ich  t h e r e  i s  ep idemio log ic  
evidence o f  c a r c i n o g e n i c i t y  i n  humans exposed i n  occupat iona l  
s e t t i n g s .  

"2. Cadmium i s  e m i t t e d  i n t o  t h e  a i r  by a  v a r i e t y  o f  sources i n  
C a l i f o r n i a ,  and i t s  presence has been documented i n  t h e  ambient 
a i r  around t h e  s ta te .  

The SRP notes t h a t  t he  sub-popu la t ion  o f  C a l i f o r n i a n s  who smoke 
tobacco o r  b rea the  second-hand tobacco smoke w i l l  be exposed t o  
cadmium a t  concen t ra t i ons  seve ra l  o rders  o f  magnitude g r e a t e r  
than  t h e  exposure o f  t h e  genera l  popu la t ion .  

The SRP a l s o  wishes t o  emphasize t h a t  es t imates  o f  cumula t i ve  
exposure t o  cadmium should account f o r  cadmium l e v e l s  i n  i n d o o r  
a i r  which, i n  t h e  absence o f  tobacco smoke, may be lower  than 
those i n  ou tdoor  a i r .  

"3. Adverse h e a l t h  e f f e c t s  o t h e r  t han  cancer a r e  n o t  expected t o  
occu r  a t  measured o r  p r e d i c t e d  cadmium concen t ra t i ons  i n  t h e  
ambient a i r .  

"4. Based on a v a i l a b l e  s c i e n t i f i c  i n f o r m a t i o n ,  a  cadmium exposure 
l e v e l  below which carc inogen ic  e f f e c t s  a re  n o t  expected t o  occur  
cannot be i d e n t i f i e d .  



"5. Based on an i n t e r p r e t a t i o n  o f  a v a i l a b l e  s c i e n t i f i c  evidence b y  
DHS, t h e  range o f  l i f e t i m e  excess cancer r i s k  from exposure t o  1  
ngIm3 o f  atmospheric cadmium based on t h e  best est imate o f  r i s k  
and t h e  upper 95% conf idence l i m i t  i s  est imated t o  be 2 t o  12 
cases per  m i l l i o n  people exposed; i t  i s  u n l i k e l y  t h a t  t h e  r i s k  
w i l l  exceed t h i s  range, and may be lower. 

"NOTE: DHS has assumed t h a t  the  carc inogen ic  dose response o f  cadmium 
i s  l i n e a r  and t h a t  dose r a t e  does n o t  i n f l u e n c e  the magnitude o f  
carc inogen ic  e f f e c t s .  These assumptions a r e  j u s t i f i e d  by DHS on t h e  
bas i s  o f  be ing  h e a l t h  conservat ive.  While the SRP understands the  
reasons f o r  t h i s ,  weighing o f  t h e  a v a i l a b l e  s c i e n t i f i c  evidence 
i n d i c a t e s  t h a t  t h e  upper bound o f  t h e  low dose r i s k  est imate obta ined 
by us ing  these assumptions i s  l i k e l y  t o  be high. The a v a i l a b l e  data 
a r e  a l s o  c o n s i s t e n t  w i t h  the  p o s s i b i l i t y  t h a t  t h e  r i s k  o f  l ung  cancer 
from c u r r e n t  ambient exposures t o  cadmium i n  C a l i f o n i a  may be 
v a n i s h i n g l y  smal l  ." 

WHEREAS, t h e  SRP found t h e  s t a f f  r e p o r t  t o  be w i t h o u t  ser ihus  d e f i c i e n c y ,  and 
i nc luded  i n  i t s  f i n d i n g s  t h e  statement t h a t  i t  agreed t h a t  cadmium should be 
l i s t e d  by t h e  A i r  Resources Board as a  t o x i c  a i r  contaminant,  and t h a t  t h e r e  
i s  n o t  s u f f i c i e n t  a v a i l a b l e  s c i e n t i f i c  evidence a t  t h i s  t ime t o  support  the 
des igna t i on  o f  an exposure l e v e l  below which carc inogen ic  e f f e c t s  would n o t  
have some p r o b a b l i l i t y  o f  occu r r i ng ;  

WHEREAS, t h e  C a l i f o r n i a  Environmental Q u a l i t y  Ac t  and Board regu la t i ons  
r e q u i r e  t h a t  no p r o j e c t  having s i g n i f i c a n t  adverse env i  ronmental impacts be 
adopted as o r i g i n a l l y  proposed i f  f e a s i b l e  a l t e r n a t i v e s  o r  m i t i g a t i o n  measures 
are  a v a i l a b l e ;  

WHEREAS, a  p u b l i c  hear ing  and o t h e r  a d m i n i s t r a t i v e  proceedings have been he ld  
i n  accordance w i t h  p r o v i s i o n s  o f  Chapter 3.5 (commencing w i t h  Sect ion  11 340) ,  
Par t  1. D i v i s i o n  3, T i t l e  2  o f  t h e  Government Code; 

WHEREAS, i n  c o n s i d e r a t i o n  o f  t h e  s t a f f  r e p o r t ,  i n c l u d i n g  DHS' e v a l u a t i o n  and 
recommendations, t h e  a v a i l a b l e  evidence, the  f i n d i n g s  o f  the  SRP, and t h e  
w r i t t e n  comments and p u b l i c  tes t imony i t  has received,  t h e  Board f i n d s  t h a t :  

Cadmium i s  an animal carcinogen w i t h  ep idemio log ica l  evidence 
o f  c a r c i n o g e n i c i t y  i n  humans; 

Hea l th  e f f e c t s  o t h e r  than cancer a re  n o t  a n t i c i p a t e d  a t  
e x i s t i n g  ambient cadmium exposure l e v e l s ;  

There i s  n o t  s u f f i c i e n t  a v a i l a b l e  s c i e n t i f i c  evidence t o  support  
t h e  i d e n t i f i c a t i o n  o f  a  t h r e s h o l d  exposure l e v e l  f o r  cadmium; and 



Cadmium i s  an a i r  pollutar!'. which, because o f  i t s  c a r c i n o g e n i c i t y ,  
may cause o r  c o n t r i b u t e  t o  an i nc rease  i n  m o r t a l i t y  and an increase 
i n  s e r i o u s  i l l n e s s ,  and poses a  hazard t o  human hea l th ;  and 

WHEREAS, t h e  Board has determined, pursuant t o  the  requi rements o f  t h e  
C a l i f o r n i a  Environmental Qua1 i t y  Act  and Board r e g u l a t i o n s ,  t h a t  t h i s  
r e g u l a t o r y  a c t i o n  w i l l  have no s i g n i f i c a n t  adverse impact  on t h e  environment. 

NOW, THEREFORE BE I T  RESOLVED, t h a t  t h e  Board approves t h e  proposed r e g u l a t o r y  
amendments t o  Sec t i on  93000, T i t l e  17, C a l i f o r n i a  A d m i n i s t r a t i v e  Code, as s e t  
f o r t h  i n  Attachment A. 

BE I T  FURTHER RESOLVED t h a t  t h e  Board d i r e c t s  the  Execut ive  O f f i c e r  t o  adopt 
t h e  amendments, as s e t  f o r t h  i n  Attachment A, a f t e r  making i t  a v a i l a b l e  t o  t h e  
p u b l i c  f o r  a  p e r i o d  o f  15 days, prov ided t h a t  t h e  Execut ive  O f f i c e r  s h a l l  
cons ider  such w r i t t e n  comments regard ing  t h e  changes i n  the  r e g u l a t i o n s  as 
o r i g i n a l l y  proposed as may be submit ted d u r i n g  t h i s  per iod ,  s h a l l  make such 
m o d i f i c a t i o n s  as may be app rop r ia te  i n  l i g h t  o f  the  comments received, and 
s h a l l  p resent  t h e  r e g u l a t i o n s  t o  t h e  Board f o r  f u r t h e r  cons ide ra t i on  i f  he 
determines t h a t  t h i s  i s  warranted. 

I hereby c e r t i f y  t h a t  t h e  above i s  a t r u e  
and c o r r e c t  copy o f  Reso lu t i on  87-9, as 
adopted by t h e  A i r  Resources Board. 



Attachment A 

Amend T i t l e  17, C a l i f o r n i a  A d m i n i s t r a t i v e  Code, Sect ion  93000 t o  read 
as fo l l ows :  

93000. Substances I d e n t i f i e d  As Toxic  A i r  Contaminants. Each 
substance i d e n t i f i e d  i n  t h i s  s e c t i o n  has been determined by t h e  s t a t e  board t o  
be a t o x i c  a i r  contaminant as de f i ned  i n  Hea l th  and S a f e t y  Code Sect ion  
39655. I f  t h e  s t a t e  board has found t h e r e  t o  be a t h r e s h o l d  exposure l e v e l  
below which no s i g n i f i c a n t  adverse h e a l t h  e f f e c t s  a re  a n t i c i p a t e d  from 
exposure t o  t h e  i d e n t i f i e d  substance, t h a t  l e v e l  i s  s p e c i f i e d  as the  th resho ld  
de terminat ion .  I f  t h e  board has found t h e r e  t o  be no t h r e s h o l d  exposure l e v e l  
below which no s i g n i f i c a n t  adverse h e a l t h  e f f e c t s  a re  a n t i c i p a t e d  f rom 
exposure t o  t h e  i d e n t i f i e d  substance, de te rm ina t i on  o f  "no th resho ld "  i s  
spec i f i ed .  I f  t h e  board has found t h a t  t h e r e  i s  n o t  s u f f i c i e n t  a v a i l a b l e  
s c i e n t i f i c  evidence t o  support  the  i d e n t i f i c a t i o n  o f  a t h r e s h o l d  exposure 
l e v e l ,  the  "Threshold" column s p e c i f i e s  "hlone i d e n t i f i e d . "  

Substance 

Benzene (C6H6) 

Ethy lene D i  bromide 
(BrCHzCHzBr; 

1,2-di bromoethane) 

Ethy lene D i c h l o r i d e  
(C1 CH7CH7C1 ; 

Thresh01 d 

None i d e n t i f i e a  

None i d e n t i f i e d  

None i d e n t i f i e d  

Hexavalent Chromium, Cr(V1) None i d e n t i f i e d  

Asbestos [asbes t i f o rm v a r i e t i e s  None i d e n t i f i e d  
o f  se rpen t i ne  ( c h r y s o t i l e )  
r i e b e c k i t e  ( c r o c i d o l  i t e )  
cummington i te -gruner i te  
(amosite),  t r e m o l i t e ,  
a c t i n o l i t e ,  and 
anthophyl l i t e ]  

Dibenzo-p-dioxins and None i d e n t i f i e d  
Dibenzofurans c h l o r i n a t e d  

i n  t h e  2,3,7 and 8 p o s i t i o n s  
and c o n t a i n i n g  4,5,6 o r  7 
c h l o r i n e  atoms* 

Cadmium f m e t a l l i c  cadmium 
a n d d m i u m  comDounos L None i d e n t i f i e d  

NOTE: A u t h o r i t y  c i t e d :  Sect ions 39600, 39601 and 39662, Hea l th  and Sa fe ty  
Code. Reference: Sec t ions  39650, 39660, 39661 and 39662, Hea l th  and Safe ty  



*Note: Compounds i d e n t i f i e d  by  an a s t e r i s k  have been i d e n t i f i e d  as t o x i c  a i r  
contaminants by the  A i r  Resources Board b u t  not y e t  approved by the  O f f i c e  o f  
A d m i n i s t r a t i v e  Law. 



S C I E N T I F I C  REVIEW PANEL F INDINGS ON 
THE REPORT TO THE A I R  RESOURCES BOARD ON CADMIUM 



NOV 1 4  1986 

F i n d i n g s  of t h e  S c i e n t i f i c  Review Pane l  on 
t h e  Report  on Cadmium 

a s  adop ted  a t  t h e  P a n e l ' s  October  30, 1986 meeting 

I n  a c c o r d a n c e  w i t h  t h e  p r o v i s i o n s  o f  H e a l t h  a n d  S a f e t y  Code 
S e c t i o n  39661, t h e  S c i e n t i f i c  Review Pane l  (SRP) h a s  reviewed t h e  
r e p o r t s  o f  t h e  s t a f f s  of t h e  ARB a n d  DHS on t h e  p u b l i c  e x p o s u r e  
a n d  b i o l o g i c  a n d  h e a l t h  e f f e c t s  o f  cadmium, and t h e  p u b l i c  
comments o n  t h e s e  r e p o r t s .  Based  on  t h i s  r e v i e w ,  t h e  SRP f i n d s  
t h a t  t h e  r e p o r t s  a r e  wi thout  s e r i o u s  d e f i c i e n c y  and f u r t h e r  f i n d s  
t h a t :  

1 .  Cadmium i s  a n  a n i m a l  c a r c i n o g e n  f o r  w h i c h  t h e r e  i s  
e p i d e m i o l o g i c  ev idence  of c a r c i n o g e n i c i t y  i n  humans exposed 
i n  o c c u p a t i o n a l  s e t t i n g s .  

2. Cadmium i s  e m i t t e d  i n t o  t h e  a i r  by a  v a r i e t y  of s o u r c e s  i n  
C a l i f o r n i a ,  a n d  i t s  p r e s e n c e  h a s  b e e n  documented i n  t h e  
ambien t  a i r  around t h e  s t a t e .  . - .. 

The SRP n o t e s  t h a t  t h e  s u b - p o p u l a t i o n  o f  C a l i f o r n i a n s  who 
smoke t o b a c c o  or b r e a t h e  second-hand tobacco  smoke w i l l  be 
e x p o s e d  t o  cadmium a t  c o n c e n t r a t i o n s  s e v e r a l  o r d e r s  o f  
m a g n i t u d e  g r e a t e r  t h a n  t h e  e x p o s u r e  o f  t h e  g e n e r a l  
p o p u l a t i o n .  . 
The  SRP a l s o  w i s h e s  t o  e m p h a s i z e  t h a t  e s t i m a t e s  o f  
c u m u l a t i v e  e x p o s u r e  t o  cadmium s h o u l d  a q c o u n t  f o r  cadmium 
l e v e l s  i n  i n d o o r  air  which, i.n t h e  absence  of tobacco smoke, 
may be lower t h a n  those  i n  o u t d o o r  a i r .  

3 .  Adverse  h e a l t h  e f f e c t s  o t h e r  t h a n  c a n c e r  a r e  n o t  expected t o  
' occu r  a t  measured o r  p r e d i c t e d  cadmium c o n c e n t r a t i o n s  i n  t h e  
ambien t  a i r .  

4 .  Based  o n  a v a i l a b l e  s c i e n t i f i c  i n f o r m a t i o n ,  a  cadmium 
e x p o s u r e  l e v e l  be low which c a r c i n o g e n i c  e f f e c t s  a r e  n o t  

- e x p e c t e d  t o  occu r  cannot be  i d e n t i f i e d .  

5. Based on a n  i n t e r p r e t a t i o n  of a v a i l a b l e  s c i e n t i f i c  e v i d e n c e  
by DHS, t h e  r a n g e  of l i f e t i m e  e x c e s s  c a n c e r  r i s k  f r o m  
exposu re  t o  1 ng/m3 of a tmosphe r i c  cadmium based on t h e  b e s t  
es t imate  o f  r i s k  and t h e  u p p e r  95% c o n f i d e n c e  l i m i t  i s  
e s t i m a t e d t o  b e  2 t o 1 2  c a s e s  p e r  m i l l i o n  p e o p l e  e x p o s e d ;  i t  
i s  u n l i k e l y  t h a t  t h e  r i s k  w i l l  e x c e e d  t h i s  r a n g e ,  and may b e  
lower .  



NOTE: DHS has assumed that the carcinogenic dose response 
of cadmium is linear and that dose rate does not influence 
the magnitude of carcinogenic effects. These assumptions 
are justified by DHS on the basis of being health 
conservative. While the SRP understands the reasons for 
this, weighing of the available scientific evidence 
indicates that the upper bound of the low dose risk estimate 
obtained by using these assumptions is likely to be high. 
The available data are also consistent with the possibility 
that the risk of lung cancer from current ambient exposures 
to cadmium in California may be vanishingly small. 

For these reasons, we agree with the ARa staff reconmendation to 
its Board that cadmium be listed by the ARB as a toxic air 
contaminant, and we agree there is not sufficient available 
scientific evidence at this time to support the designation of an 
exposure level below which carcinogenic effects would not have 
some probability of occurring. 

I certify that the above is a 
true and correct copy of the 
findings adopted by the 
Scientific Review Panel on 
October '30;- 1986  

I /' ' 

Dr. Emil M.- fir&: Chairman 
Scientific Review Panel. 
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OVERVIEW AND RECOMMENDATION 

I. SUMMARY AND RECOMMENDATION 

The s t a f f s  o f  the A i r  Resources Board and Department o f  Hea l th  Serv ices 

c o l l e c t e d ,  assessed and i n t e g r a t e d  the  a v a i l a b l e  s c i e n t i f i c  evidence on the 

presence o f  cadmium i n  t he  atmosphere o f  C a l i f o r n i a  and i t s  p o t e n t i a l  adverse 

e f fec t  on p u b l i c  heal th .  Th is  i s  a  summary o f  t h e  i n f o r m a t i o n  presented i n  

t he  r e s u l t i n g  repor t .  

S ta te  law def ines a  t o x i c  a i r  contaminant as an a i r  p o l l u t a n t  which the 

A i r  Resources Board o r  t he  Department o f  Food and A g r i c u l t u r e  f i n d s  "may cause 

o r  c o n t r i b u t e  t o  an increase i n  m o r t a l i t y  o r  an inc rease i n  ser ious  i l l n e s s ,  

o r  which may pose a  present  o r  p o t e n t i a l  hazard t o  human heal th" .  Based on 

the  Department o f  Hea l th  Serv ices s t a f f  conc lus ion  t h a t  cadmium meets t h i s  

d e f i n i t i o n ,  t h e  s t a f f  o f  t he  A i r  Resources Board recommends t h a t  cadmium be 

i d e n t i f i e d  by  the Board as a  t o x i c  a i r  contaminant. I n  making t h i s  

recommendation, t he  ARB s t a f f  i s  unable t o ,  based on a v a i l a b l e  s c i e n t i f i c  

i n fo rma t i on ,  i d e n t i f y  a  l e v e l  below which adverse h e a l t h  e f f e c t s  a re  n o t  

a n t i c i p a t e d  t o  occur,  and i s  t h e r e f o r e  unable t o  recommend a  t h r e s h o l d  l e v e l .  

Cadmium was chosen f o r  e v a l u a t i o n  because: i t  had been i d e n t i f i e d  by the  

I n t e r n a t i o n a l  Agency f o r  Research on Cancer (IARC) as an animal carc inogen 

w i t h  ep idemio log ica l  evidence o f  c a r c i n o g e n i c i t y  i n  humans; i t s  presence i n  

t h e  atmosphere had been documented; i t  i s  em i t t ed  from many sources i n  t h e  

s ta te ,  and may be em i t t ed  i n  increased amounts i n  t h e  fu tu re .  

Cadmium i s  em i t t ed  from both  s t a t i o n a r y  and mobi le  sources. S t a t i o n a r y  

sources which are l i k e l y  t o  em i t  cadmium i n c l u d e  secondary smel ters,  cement 

manufactur ing p lan ts ,  cadmium e l e c t r o p l a t i n g  f a c i l i t i e s ,  p l a n t s  bu rn ing  o i l  o r  



coal ,  and sewage sludge incinerators.  Mobile sources which emit cadmium 

include gasoline and diesel vehicles and par t ic les  resul t ing from t i r e  wear. 

An emissions inventory compiled by ARB s t a f f  indicates tha t  a tota l  of from 16 

to  18 .tonslyear of cadmium are  emitted in California; s ta t ionary sources 

account for  eighty percent or  more of cadmium emissions. Cadmium emissions 

from foss i l  fuel combustion and from vehicles are  projected to  increase due to  

expected increases i n  fuel consumption. 

Available evidence suggests t ha t  cadmium from cer ta in  combustion sources 

undergoes atmospheric reactions which lead to  increases in the water 

so lubi l i ty  of the emitted cadmium. Other reactions such as the formation of 

carbonate s a l t s  from cadmium oxide may also occur. 

Cadmium i s  removed from the atmosphere through physical processes. Both 

wet and dry deposition have been judged to  be s ignif icant .  A number of 

deposition models have been proposed for  atmospheric pa r t i c l e s ,  and a wide 

range of cadmium deposition ve loc i t ies  has been measured o r  predicted. 

General population exposure to  atmospheric cadmium was estimated using 

data on cadmium concentrations throughout the s t a t e  determined for  the f i r s t  

s ix  months of 1985. Review of other data ,  both from California and elsewhere, 

sug'gests t h a t  concentration averages calculated using data from the f i r s t  s ix  

months of the year a r e  reasonably representative of annual averages. Data 

from 21 s i t e s  i n  s i x  a i r  basins were used t o  calculate  population-weighted 

estimates of exposure. We estimate t h a t  10 million people are  exposed to  an 

average cadmium concentration of between 1.0 and 2.5 ng/m3, of which one 

million people are  exposed t o  an average cadmium concentration of between 1.8 

and 5.6 ng/mJ. 

Neither s i ze  d i s t r ibu t ion  nor the compound forms of cadmium were 

determined in the A R B ' S  measurements. Work done by others  on the s i ze  



d i s t r i b u t i o n  o f  atmospheric cadmium i n d i c a t e s  t h a t  atmospheric cadmium occurs 

p r i n c i p a l l y  on the  sur face o f  r e s p i r a b l e  p a r t i c l e s  ( those l e s s  than 2.5 um i n  

diameter). An average mass median diameter o f  0.84 um has been ca l cu la ted  f o r  

atmospheric cadmium from ambient a i r  measurements i n c l u d i n g  data from an urban 

s i t e  i n  C a l i f o r n i a .  Although the  compound forms o f  atmospheric cadmium have 

no t  been determined, i t  i s  known t h a t  atmospheric cadmium ( i n  C a l i f o r n i a  and 

elsewhere) i s  60-80 percent  water so luble.  Based on t h e  poss ib le  compounds 

t h a t  c o u l d  be present,  we conclude t h a t  most atmospheric cadmium e x i s t s  as t h e  

so lub le  s u l f a t e  form, w i t h  the  i n s o l u b l e  ox ide  and carbonate s a l t s  compr is ing 

t h e  r e s t .  

To es t imate  exposure t o  atmospheric cadmium near sources, ARB s t a f f  used 

an a i r  q u a l i t y  model t o  c a l c u l a t e  the  ambient concent ra t ion  o f  atmospheric 

cadmium due t o  emissions from three secondary copper smelters i n  the South 

Coast A i r  Basin. These emissions were est imated t o  r e s u l t  i n  annual average 

exposure t o  atmospheric cadmium o f  up t o  40 ng/m3 f o r  a popu la t ion  o f  57,000 

and up t o  14 ng/m3 f o r  a popu la t ion  o f  285,000. 

Concentrat ions o f  cadmium measured i n  the  atmosphere a r e  much lower than 

those which are  associated w i t h  chron ic  adverse hea l th  e f f e c t s  i n  occupat ional  

s e t t i n g s  o r  which have produced acute e f f e c t s  i n  animal experiments. Because 

o f  t h i s ,  and because cadmium i s  thought  t o  e x h i b i t  a  t h resho ld  e f f e c t  f o r  

non-cancer h e a l t h  e f f e c t s ,  we do n o t  expect adverse h e a l t h  e f f e c t s  o t h e r  than 

cancer t o  occur due t o  i n h a l a t i o n  o f  cadmium a t  cu r ren t  o r  a n t i c i p a t e d  

atmospheric concentrat ions.  

Two separate cancer r i s k  assessments were developed, bo th  o f  which 

assumed t h a t  cadmium's c a r c i n o g e n i c i t y  operates through a nonthreshold 

mechanism. One was based on a m o r t a l i t y  study o f  workers i n  a cadmium 



product ion  p lan t .  A d i r e c t  l i n e a r  model t h a t  incorpora ted  an adjustment f o r  

t h e  "hea l thy  worker e f f e c t "  was f i t t e d  t o  the  exposure data and corresponding 

standardized m o r t a l i t y  r a t i o s  f o r  r e s p i r a t o r y  cancer. For exposure t o  1 

3 
ng/m cadmium, a best  est imate o f  excess l i f e t i m e  cancer r i s k  o f  2 per 

m i l l i o n  and an upper 95% conf idence l i m i t  (UCL) o f  12 per  m i l l i o n ,  were 

derived. The o t h e r  cancer r i s k  assessment was based on r a t  l u n g  tumor 

inc idence i n  a 31-month i n h a l a t i o n  b ioassay o f  so lub le  cadmium c h l o r i d e  

aerosol.  A p p l i c a t i o n  o f  the  m u l t i s t a g e  model t o  these data y i e l d e d  excess 

1 i f e t i m e  cancer r i s k  est imates o f  110 per  m i l  l i o n  (maximum 1 i k e l  ihood 

es t imate)  and 180 per m i l l i o n  (upper 95% conf idence l i m i t )  f o r  exposure t o  1 

3 ng/m cadmium. 

Considering the  degree o f  u n c e r t a i n t y  associated w i t h  e x t r a p o l a t i o n  o f  

t h r e e  t o  f o u r  o rders  o f  magnitude, the  d i f f e rences  between t h e  two r i s k  

assessments are  r e l a t i v e l y  small. Nevertheless, t h e  ranges o f  r i s k  prov ided 

by these two sources o f  data do n o t  overlap. Because the  human data f o r  a 
exposure and f o r  response were no t  found t o  have any major d e f i c i e n c i e s ,  and 

because a conserva t ive  l i n e a r  e x t r a p o l a t i o n  was used. DHS s t a f f  has determined 

t h a t  r e l i a n c e  on the  human-based r i s k  assessment i s  u n l i k e l y  t o  underest imate 

r isK.  The range o f  recommended r i s k  est imates i s  t h e r e f o r e  prov ided by  t h e  

human-based r i s k  assessment. Therefore, the  excess l i f e t i m e  cancer r i s k  used 

i n  t h i s  r e p o r t  i s  2 t o  12 per  m i l l i o n  persons exposed throughout t h e i r  l i v e s  

3 t o  one nglm cadmium. 

Exposures t o  cadmium v i a  rou tes  o t h e r  than i n h a l a t i o n  o f  ambient a i r  were 

n o t  considered i n  t h i s  r i s k  assessment. The major nonoccupational exposure t o  

cadmium i s  through food and smoking. I n t a k e  o f  cadmium from food and water  

has been est imated a t  39 uglday. Whi le the  bu l k  o f  human i n t a k e  i s  v i a  



i nges t ion ,  t h i s  rou te  has n o t  been associated w i t h  an increased r i s k  o f  cancer 

e e i t h e r  i n  humans o r  i n  experimental  animals. Cadmium in take  from smoking 20 

c i g a r e t t e s  per day has been est imated a t  2  t o  4  uglday. Typ ica l  d a i l y  

exposure t o  cadmium from ambient a i r  ( n o t  i n  c lose  p r o x i m i t y  t o  sources) may 

range from less  than 0.02 uglday t o  0.10 uglday. Occupational exposure, 

p r i m a r i l y  through i n h a l a t i o n  o f  a i rbo rne  cadmium, i s  the  g rea tes t  source o f  

exposure f o r  the  cadmium worker populat ion.  

DHS s t a f f  emphasizes t h a t  the  r i s k  est imates de r i ved  i n  conduct ing a  r i s k  

assessment a r e  no t  exact p red i c t i ons ,  b u t  r a t h e r  represent  bes t  est imates 

based on c u r r e n t  s c i e n t i f i c  knowledge and methods. Unce r ta in t y  i n  t h i s  r i s k  

assessment stems from: (1 )  l i m i t a t i o n s  i n  the  data on which t h e  assessment was 

based, (2 )  an e x t r a p o l a t i o n  from occupat ional  exposure l e v e l s  t o  c u r r e n t  

ambient cadmium concentrat ions rang ing  over  t h r e e  t o  f o u r  o rders  o f  magnitude, 

( 3 )  gene ra l i za t i on  from the  m o r t a l i t y  experience o f  a d u l t  wh i te  males i n  

Colorado t o  the general popu la t ion  i n  C a l i f o r n i a ,  (4 )  poss ib le  d i f f e rences  

between occupat ional  and nonoccupational exposures i n  terms o f  p a r t i c l e  s i z e  

d i s t r i b u t i o n ,  and (5)  p o t e n t i a l  inaccuracy and v a r i a b i l i t y  o f  ambient exposure 

measurements. 

The DHS s t a f f  has determined t h a t  the  poss ib le  r o l e s  o f  chance, b ias  and 

confounding f a c t o r s  i n  d i s t o r t i n g  t h e  t r u e  dose-response r e l a t i o n s h i p  i n  t h e  

occupat ional  s tudy were l i k e l y  t o  have been smal l .  The DHS s t a f f  has a l s o  

concluded t h a t  inaccuracies i n  the  eva lua t i on  o f  exposure and cancer m o r t a l i t y  

i n  t h a t  s tudy  were l i k e l y  t o  have been smal l .  I n  a d d i t i o n ,  the  n e t  d i r e c t i o n  

o f  these p o t e n t i a l  e r r o r s  was l i k e l y  t o  r e s u l t  i n  an overest imate o f  cadmium's 

carc inogenic potency. For these reasons, the  DHS s t a f f  be l i eves  t h a t  the  use 

o f  these epidemiologic  data i n  a  q u a n t i t a t i v e  r i s k  assessment i s  appropr ia te .  



Furthermore, t h e  use o f  human data e l i m i n a t e s  u n c e r t a i n t y  a r i s i n g  from 

in te rspec ies  ex t rapo la t i on .  Since the  occupat iona l  exposures were by 

i n h a l a t i o n ,  t he re  i s  a l s o  no e x t r a p o l a t i o n  between rou tes  o f  exposure. 

Therefore t h e  DHS s t a f f  recommends t h a t  t h e  range o f  r i s k s  f o r  ambient 

exposures t o  cadmium be based on the  b e s t  es t imate  and upper 95% conf idence 

l i m i t  p red i c ted  from f i t t i n g  a l i n e a r  model t o  t he  human data. The hazard 

posed by atmospheric cadmium t o  res iden ts  o f  C a l i f o r n i a  was est imated by 

app l y ing  t h e  r i s k  es t imate  t o  cadmium concent ra t ions  measured i n  t h e  s ta te .  

Noncancer h e a l t h  e f f e c t s  a r e  n o t  expected t o  occur  a t  concent ra t ions  o f  

cadmium measured i n  populated areas o f  t h e  s t a t e  ( long- term averages ranging 

3 from 1 t o  2.5 ng/m ). The range o f  es t imated  excess l i f e t i m e  cancer r i s k s  

from 24-hour-per-day exposure f o r  a l i f e t i m e  t o  average ambient a i rbo rne  

3 concent ra t ions ,  est imated t o  be 1 t o  2.5 ng/m , i s  2 t o  30 per  m i l l i o n  

persons exposed. For people near emiss ion sources o f  cadmium, t h e  range o f  

est imated excess l i f e t i m e  cancer r i s k s  from 24-hour-per-day exposure f o r  a 

3 l i f e t i m e  t o  an average o f  40 ng/m o f  cadmium i s  80  t o  480 per  m i l l i o n  

persons exposed. Based on a i r  q u a l i t y  model ing o f  t h ree  sources o f  cadmium 

emissions, t he  ARB s t a f f  has est imated t h a t  approx imate ly  57,000 people may be 

exposed t o  t h i s  concentrat ion.  

Based on the  f i n d i n g  o f  cadmium-induced c a r c i n o g e n i c i t y  and t h e  r e s u l t  o f  

t h e  r i s k  assessment, DHS s t a f f  f i n d s  t h a t  ambient cadmium i s  an a i r  p o l l u t a n t  

which may cause o r  c o n t r i b u t e  t o  an i nc rease  i n  m o r t a l i t y  o r  an inc rease i n  

ser ious  i l l n e s s ,  o r  which may pose a p resent  o r  p o t e n t i a l  hazard t o  human 

heal th .  



Based on i n t e r p r e t a t i o n  o f  t h e  a v a i l a b l e  s c i e n t i f i c  ev idence ,  ARB s t a f f  

conc ludes  t h a t  cadmium meets t h e  d e f i n i t i o n  o f  a  t o x i c  a i r  con taminan t ,  and 

recommends t h a t  i t  be l i s t e d  as such. In making t h i s  recommendation, t h e  ARB 

s t a f f  . i s  u n a b l e  t o ,  based on a v a i l a b l e  s c i e n t i f i c  i n f o r m a t i o n ,  i d e n t i f y  a  

l e v e l  below wh ich  adverse h e a l t h  e f f e c t s  a r e  n o t  a n t i c i p a t e d  t o  occur ,  and i s  

t h e r e f o r e  u n a b l e  t o  recommend a  t h r e s h o l d  l e v e l .  



11. EVALUATION OF CADMIUM 

Cadmium i s  a r a r e  element, making up on the  average between one and two 

p a r t s  i n  t en  m i l l i o n  o f  the  e a r t h ' s  c rus t .  I t  i s  found i n  o i l  and coal a t  

h igher  concentrat ions than are no rma l l y  found i n  t h e  e a r t h ' s  c rus t ;  i t  i s  a l so  

a contaminant o f  z i nc  and copper ores, from which i t  i s  recovered commercially. 

Cadmium i s  used i n  a wide range o f  i n d u s t r i a l  app l i ca t i ons .  Cadmium 

metal i s  used as a component o f  c e r t a i n  a l l o y s ,  as a co r ros ion  i n h i b i t i n g  

coat ing ,  and i n  c e r t a i n  types o f  e l e c t r i c a l  s torage b a t t e r i e s .  I t s  compounds 

are  used as pigments and s t a b i l i z e r s ,  and i n  semiconductor manufactur ing. 

Th is  wide usage o f  cadmium and i t s  compounds, i t s  presence as a na tu ra l  

contaminant i n  f o s s i l  f ue l s ,  o t h e r  meta ls ,  and i n d u s t r i a l  raw ma te r ia l s ,  a long 

w i t h  i t s  h igh  v o l a t i l i t y  r e l a t i v e  t o  o t h e r  metals,  c rea te  a h igh  p o t e n t i a l  f o r  

re lease o f  cadmium t o  the  atmosphere. We es t imate  t h a t  between 16 and 18 tons 

o f  cadmium are  emi t ted  y e a r l y  i n t o  t h e  S t a t e ' s  atmosphere. 

Exposure 

Atmospheric cadmium concentrat ions were measured by t h e  ARB i n  urban 

areas o f  t h e  s t a t e  du r ing  1985. High-volume ( h i - v o l )  samplers were used t o  

c o l l e c t  24-hour samples o f  p a r t i c u l a t e  ma t te r  o f  50 micrometer and smal le r  

diameter; atomic absorp t ion  spectrophotometry was used t o  determine cadmium i n  

the  ac id -so lub le  f r a c t i o n  o f  each sample. 

Data a r e  a v a i l a b l e  f o r  the  f i r s t  s i x  months o f  1985 from 21 sampling 

s i t e s ;  these data were used t o  est imate exposure t o  atmospheric cadmium i n  t h e  

s i x  areas i n  which t h e  samplers were located.  Data on atmospheric cadmium 

concentrat ions i n  C a l i f o r n i a  c o l l e c t e d  b y  t h e  U.S. EPA i n  1977, and 

i n fo rma t ion  on seasonal v a r i a t i o n  o f  atmospheric cadmium i n  England suggest 

t h a t  January through June averages may be rep resen ta t i ve  o f  annual averages. 



Exposures i n  the  San Francisco Bay Area and t h e  South Coast a i r  basins 

were ca l cu la ted  by i n t e r p o l a t i n g  s i t e  values t o  census t r a c t  cent ro ids ,  

y i e l d i n g p o p u l a t i o n - w e i g h t e d  averages. Exposures i n  the San Joaquin Va l ley ,  

San Diego, and South Centra l  Coast a i r  basins, and i n  Sacramento County, were 

est imated by assuming the  popu la t ion  i n  each area was exposed t o  the  

a r i t h m e t i c  mean concent ra t ion  from sampling s i t e s  i n  t h a t  area. Values below 

3 the l i m i t  o f  de tec t i on  (LOO) (1.0 ng/m ) were found i n  one-ha l f  o f  the  

samples. To prov ide  a  range o f  average concent ra t ions ,  we developed two 

treatments f o r  values below the  LOD which a r e  r e f e r r e d  t o  below as "zero 

values": a  minimum average est imate was c a l c u l a t e d  assuming values below t h e  

LOO equal zero; a  maximum average es t ima te  was c a l c u l a t e d  assuming values 

below the  LOO equal the  LOO. Table I presents these exposure est imates. 

A i r  BasinIArea 

TABLE I 

Atmospheric Cadmium Exposure Est imates 
Based on Zero Value Treatments 

(Jan - June 1985 data)  

Exposed 
Range o f  Average Popu la t ion  

Cadmium Concentrat ion (ng/m3) ( m i l l  i o n s )  
min. max. 

San Francisco Bay Area 2.3 
South Coast 1.3 
San Joaquin V a l l e y  0.7 
San Diego 0.8 
South Centra l  Coast 0.5 
Sacramento (County) 0.3 
A l l  areas 1.3 

The range o f  exposure est imates prov ided by d i f f e r e n t  t reatment  o f  zero 

values does n o t  r e f l e c t  u n c e r t a i n t y  r e s u l t i n g  from t h e  smal l  number o f  samples 

c o l l e c t e d  a t  each s i t e  ( n  = 10 t o  36) o r  from var iance i n  measurements. To 

b e t t e r  es t imate  exposure, we c a l c u l a t e d  95 percent  conf idence i n t e r v a l s  f o r  0 



the  mean concent ra t ion  a t  each s i t e .  These conf idence i n t e r v a l s  r e f l e c t  

u n c e r t a i n t y  due t o  sample s i z e  and the accuracy o f  the  measurement method, i n  

a d d i t i o n  t o  t h e  u n c e r t a i n t y  from values below t h e  de tec t i on  l i m i t .  The 

est imated 95 percent conf idence i n t e r v a l s  f o r  the  average cadmium 

concentrat ions i n  the  areas s tud ied  are  g iven i n  Table 11. 

TABLE I 1  

Atmospheric Cadmium Exposure Est imates 
95% Confidence I n t e r v a l s  

(Jan - June 1985 data)  

95% Confidence L i m i t s  o f  

Air Basin/Area 
Average Cadmium Concentrat ion (ng/m3) Populat ion 

Lower Upper ( m i l l i o n s )  

San Francisco Bay Area 1.5 
South Coast 1  .O 
San Joaquin V a l l e y  0.7 
San Diego 0.6 
South Centra l  Coast 0.5 
Sacramento (County) a areas 

Comparison o f  t h e  est imated ranges i n  average concent ra t ion  shows t h a t  

u n c e r t a i n t y  from values below t h e  d e t e c t i o n  l i m i t  i s  smal l  compared t o  t h e  95% 

conf idence i n t e r v a l s ,  except when averages are  near t h e  LOD, when bo th  methods 

g i ve  'comparable ranges. F igure  1  shows cadmium concentrat ions p l o t t e d  aga ins t  

cumulat ive popu la t ion  f o r  t h e  mean and the  upper and lower 95 percent 

conf idence l i m i t s .  We est imate t h a t  approximate ly  10 m i l l i o n  people (50 

percent  of  t h e  popu la t ion  i n  the areas s tud ied )  a re  exposed t o  a t  l e a s t  1.5 

3  ng/m cadmium (range: 1.0 - 2.5 ng/m3), and t h a t  approximate ly  one 

m i l l i o n  people ( f i v e  percent o f  the  popu la t i on  i n  the areas s tud ied )  a re  

3 exposed t o  a t  l e a s t  3.5 ng/m cadmium (range: 1.8 - 5.6 ng/m3). The 

exposures discussed here a r e  based on cadmium measured on p a r t i c l e s  50 





micrometers (um) and smal le r  i n  diameter; t h e  f r a c t i o n  o f  cadmium on 

@ r e s p i r a b l e  p a r t i c l e s  ( l ess  than 2.5 um diameter)  was n o t  determined. The s i z e  

d i s t r i b u t i o n  o f  cadmium on atmospheric p a r t i c l e s  has been found by o thers  t o  

be bimodal; the  l a r g e r  peak i s  seen a t  0.3 - 1 um, w i t h  a sma l l e r  peak a t  3 - 
10 um. This tendency i s  observed among s tud ies  which d i f f e r e d  i n  sampling 

l o c a t i o n  ( i n d u s t r i a l  , urban, and remote/background), year  (1 965 - 1979), and 

measurement method. M i l f o r d  and Davidson (1985) ca l cu la ted  an average 

p a r t i c u l a t e  cadmium mass median diameter o f  0.84 um from p a r t i c l e  s i z e  

d i s t r i b u t i o n s  i n  14 s tud ies  o f  i n d u s t r i a l ,  urban, and remote areas, i n c l u d i n g  

an urban area i n  C a l i f o r n i a .  

Data used t o  assess atmospheric cadmium exposure r e f l e c t  t o t a l  o r  a c i d  

e x t r a c t a b l e  cadmium. The probable compounds o f  cadmium o c c u r r i n g  i n  

atmospheric p a r t i c u l a t e  ma t te r  can be i n f e r r e d  from data on t h e  s o l u b i l i t i e s  

o f  atmospheric cadmium p a r t i c l e s ,  the  combustion chemist ry  o f  major  sources, 

@ and the  s o l u b i l i t i e s  o f  cadmium sa l t s .  Analyses o f  emi t ted  p a r t i c u l a t e  from 

f o s s i l  f u e l  f i r e d  b o i l e r s ,  and from a pr imary copper smel ter ,  i n d i c a t e  t h a t  

metals are em i t ted  p r i n c i p a l l y  as the  s u l f a t e ,  and t o  a l e s s e r  e x t e n t  as t h e  

ox ide o r  carbonate. This  i s  cons i s ten t  w i t h  the  observed water  s o l u b i l i t i e s  

o f  Cadmium aeroso ls  i n  C a l i f o r n i a  (84 percent  o f  cadmium p a r t i c u l a t e  ma t te r  

c o l l e c t e d  a t  an urban cos ta l  l o c a t i o n  was water so lub le ) ,  and elsewhere (74 

percent  o f  con t i nen ta l  aerosol c o l l e c t e d  i n  r u r a l  Tennessee was water  

so lub le ) .  

Sources and Fate 

Although cadmium occurs as a t r a c e  element o f  c r u s t a l  ma te r i a l s ,  

comparisons o f  t h e  composit ions o f  atmospheric p a r t i c u l a t e  ma t te r  and c r u s t a l  

m a t e r i a l s  s t r o n g l y  suggests t h a t  atmospheric cadmium o r i g i n a t e s  ma in l y  from 



h igh  temperature i n d u s t r i a l  processes. The r a t i o  o f  the  cadmium t o  aluminum 

concent ra t ion  r a t i o  i n  a i r  t o  t h e i r  r a t i o  i n  c r u s t a l  m a t e r i a l s  i s  de f ined as @ 
t h e  enrichment f a c t o r  (EF) f o r  cadmium. EF values l e s s  than 5 a re  genera l l y  

considered t o  be i n d i c a t i v e  o f  a  c r u s t a l  o r  s o i l  source; h igher  values o f  EF 

a re  suggest ive o f  sources causing enrichment i n  cadmium, i.e., h igh  

temperature sources (combustion o r  py rometa l l u rg i ca l ) .  An average EF o f  1,900 

f o r  cadmium a t  urban, r u r a l ,  and remote s i t e s  i n  the  U.S. and elsewhere has 

been reported. No Cal i f o r n i a - s p e c i f i c  data a r e  a v a i l a b l e ,  b u t  t h e  enrichment 

phenomenon observed elsewhere supports  t h e  suppos i t ion  t h a t  atmospheric 

cadmium i n  C a l i f o r n i a  i s  emi t ted  p r i n c i p a l l y  from h igh  temperature i n d u s t r i a l  

sources. 

An i nven to ry  o f  cadmium emissions i n  the  s t a t e  i n d i c a t e s  t h a t  most (about 

90 percent )  cadmium i s  emi t ted  from h igh  temperature processes. These sources 

have been shown t o  emi t  cadmium on p a r t i c u l a t e  ma t te r  p r i n c i p a l l y  l e s s  than 2 

um i n  diameter, w i t h  t y p i c a l  mass median diameters o f  1  um. The enrichment o f  

cadmium on smal le r  diameter p a r t i c l e s  has been a t t r i b u t e d  t o  condensation o f  

cadmium ( v o l a t i l i z e d  du r ing  combustion) on t h e  sur face o f  em i t t ed  p a r t i c l e s  as 

c o o l i n g  o f  combustion gases occurs. Because smal l  p a r t i c l e s  have g rea te r  

sur face t o  mass r a t i o s  than l a r g e  p a r t i c l e s ,  t h e  concen t ra t i on  o f  cadmium on a  

mass basis  i s  g rea ter  f o r  small p a r t i c l e s .  

Cadmium i s  emi t ted  from a  number o f  d i f f e r e n t  sources. Approximately 80% 

of the  cadmium accounted f o r  i n  a  s ta tewide emission i n v e n t o r y  was from 

s t a t i o n a r y  sources w i t h  t h e  balance emi t ted  b y  motor vehic les.  

S ta t i ona ry  sources o f  cadmium emissions i nc lude  secondary smel ters,  

cement manufactur ing p lan ts ,  cadmium e l e c t r o p l a t i n g  f a c i l i t i e s ,  sewage sludge 



i n c i n e r a t o r s ,  and i n d u s t r i a l ,  commercial, and u t i l i t y  p l a n t s  where coal  o r  o i l  

@ , i s  burned. 

Cadmium i s  a l s o  em i t t ed  from mob i le  sources. Cadmium i s  a  component o f  

d iese l  f u e l  and gaso l ine ,  and i s  em i t t ed  when these a r e  burned. Also, cadmium 

i s  present  i n  v e h i c l e  t i r e s  and consequent ly i n  t h e  p a r t i c l e s  r e s u l t i n g  from 

t i r e  wear. Table 111 g ives  a  summary o f  ARB s ta tewide  emission est imates f o r  

cadmi um. 

S t a t i o n a r y  Sources 

TABLE 111 

Statewide Cadmium Emissions 

Secondary Smelters 
Cement Manufactur ing 
O i l  Combustion 
Coal Combustion 
Cadmium P l a t i n g  
Sewage Sludge I n c i n e r a t i o n  

To ta l  S t a t i a n a r y  Sources 

Mobi le  Sources 

Motor Veh ic le  Fuel Combustion 
Veh ic le  T i r e  Wear 

To ta l  Mob i le  Sources 

To ta l  A l l  Sources 

I n v e n t o r y  
Year 

Est imated 
Statewide 
Emissions 
( t o n s l y r .  ) 

There i s  evidence o f  atmospheric r e a c t i o n s  o f  cadmium e m i t t e d  from coa l  

combustion. An inc rease i n  t h e  s o l u b i l i t y  o f  cadmium on coa l  f l y  ash has been 

a t t r i b u t e d  t o  r e a c t i o n  o f  em i t t ed  cadmium ox ide  i n  the plume t o  form cadmium 

@ s u l f a t e ,  phosphate, o r  f l u o r i d e .  I n  a d d i t i o n  t o  t h i s  group o f  reac t i ons .  



which would account f o r  observed increases i n  the  s o l u b i l i t y  o f  emi t ted  

cadmium, the  r e a c t i o n  o f  metal  oxides i n  f l y  ash w i t h  carbon d i o x i d e  t o  form 

metal carbonates has been observed. I f  t h i s  r e a c t i o n  occurs w i t h  cadmium, i t  

would n o t  a f f e c t  the  s o l u b i l i t y  o f  atmospheric cadmium d i r e c t l y ,  because both  

the  ox ide  and carbonate s a l t s  o f  cadmium a r e  i nso lub le .  

Cadmium i s  removed from the  atmosphere through both  wet and d r y  

deposi t ion.  The ra tes  o f  t r a c e  metal d e p o s i t i o n  a r e  be l ieved t o  depend on 

meteorology, vegeta t ion  (canopy) c h a r a c t e r i s i t i c s ,  and d i f f e rences  i n  l o c a l  o r  

reg iona l  emissions. 

Non-Cancer Hea l th  E f f e c t s  

Cadmium has been found t o  induce a  number o f  noncarcinogenic t o x i c  

e f f e c t s  i n  experimental  animals and humans. Cadmium has moderate acute 

t o x i c i t y ,  producing g a s t r o i n t e s t i n a l  o r  pulmonary e f f e c t s  from i n g e s t i o n  o r  

i n h a l a t i o n ,  respec t i ve l y .  Chronic and subchronic exposures t o  cadmium have 

been associated w i t h  a  wide range o f  adverse outcomes t h a t  i nc lude  

card iovascu lar ,  endocrine, hepat ic ,  bone, hematological , immunological , 

r e s p i r a t o r y ,  rena l ,  reproduct ive ,  and te ra togen ic  e f f e c t s .  DHS s t a f f  has 

concluded t h a t  rena l  t o x i c i t y  i s  the  most s e n s i t i v e  noncarcinogenic e f f e c t ,  i n  

t h a t  i t  has been repor ted  t o  occur  a t  lower  exposure l e v e l s  than o the r  e f f e c t s .  

The s t a f f  o f  t h e  A i r  Resources Board has est imated t h a t  long- term 

atmospheric concent ra t ions  o f  cadmium i n  C a l i f o r n i a  a r e  i n  t h e  range o f  l e s s  

than 1, t o  6  ng/m3. A d a i l y  r e t e n t i o n  r a t e  o f  cadmium est imated t o  induce 

rena l  t o x i c i t y  i n  10 percent  o f  the  popu la t ion  has been est imated t o  be 6.6 t o  

24.6 uglday over a  50-year perlod. Ambient a i r  concentrat ions necessary t o  

a t t a i n  t h i s  ranse o f  r e t e n t i o n  ra tes  have been est imated t o  be 650 t o  2500 

3 ng/m , assuming 50 percent  pulmonary absorpt ion.  Although no th resho ld  



exposure l e v e l  has been determined f o r  rena l  t o x i c i t y ,  the  s t a f f  o f  DHS 

be l ieves  t h a t  such a l e v e l  does e x i s t .  The s t a f f  o f  DHS has concluded t h a t  

the two t o  th ree  orders o f  magnitude d i f f e r e n c e  between the  est imated 

atmospheric concentrat ions o f  cadmium and those concent ra t ions  necessary t o  

a t t a i n  a r e t e n t i o n  r a t e  a t  which 10 percent  o f  t h e  popu la t ion  would develop 

renal  t o x i c i t y  i s  s u f f i c i e n t l y  l a r g e  t h a t  atmospheric cadmium does n o t  pose a 

s i g n i f i c a n t  hazard f o r  rena l  t o x i c i t y .  Since renal  t o x i c i t y  i s  t h e  most 

s e n s i t i v e  noncarcinogenic endpoint,  any o the r  acute o r  chron ic  noncarcinogenic 

t o x i c  e f f e c t s  from c u r r e n t  ambient l e v e l s  a re  n o t  expected. 

Carcinogenic E f f e c t s  

Cadmium has induced cancer i n  experimental  animals and has been 

associated w i t h  an increase i n  human cancers i n  ep idemio log ica l  s tudies.  

Cadmium has produced i n j e c t i o n  s i t e  tumors ( i n  r a t s )  and remote tumors ( i n  

r a t s  and mice) f o l l o w i n g  subcutaneous o r  in t ramuscu lar  i n j e c t i o n s ,  and has 

produced l u n g  tumors i n  r a t s  exposed t o  cadmium c h l o r i d e  aerosol.  Several 

s tud ies  i n  which cadmium was g iven by  t h e  o r a l  r o u t e  have been negat ive,  

perhaps because of poor g a s t r o i n t e s t i n a l  absorp t ion  and low s u s c e p t i b i l i t y  o f  

g a s t r o i n t e s t i n a l  e p i t h e l i a l  t i s s u e  t o  carc inogenesis induced by  cadmium. The 

I n t e r n a t i o n a l  Agency f o r  Research on Cancer (IARC) has concluded t h a t  t h e r e  i s  

s u f f i c i e n t  evidence o f  c a r c i n o g e n i c i t y  i n  animals and t h a t ,  f o r  p r a c t i c a l  

purposes, cadmium should be regarded as i f  i t  presents a carc inogenic r i s k  t o  

humans. DHS s t a f f  concurs i n  these conclusions. 

Epidemiological  evidence has suggested an assoc ia t i on  between cadmium 

exposure and neoplasia, i n c l u d i n g  r e s p i r a t o r y ,  rena l ,  p r o s t a t i c ,  and b ladder 

cancers. For t h e  l a t t e r  t h r e e  cancers, the  evidence i s  suggest ive o r  

inconclus ive;  however, t he re  i s  s t rong  evidence o f  an assoc ia t i on  between 



cadmium exposure and an increased r i s k  o f  r e s p i r a t o r y  cancer. Several 

occupat ional  s tud ies  have shown some a s s o c i a t i o n  between cadmium exposure o r  

p o t e n t i a l  exposure and 1  ung cancer. A r e c e n t l y  pub1 ished, wel l -des igned s tudy  

which evaluated a  coho r t  o f  cadmium-exposed workers found a  h i g h l y  

s t a t i s t i c a l l y  s i g n i f i c a n t  dose-response r e l a t i o n s h i p .  Ne i the r  b ias  n o r  

confounding appeared t o  be respons ib le  f o r  t h e  observed excess l u n g  cancer 

r i s k .  

A v a r i e t y  o f  s tud ies  have i n d i c a t e d  t h a t  cadmium i s  mutagenic and 

c las togen ic .  However, a  number o f  s i m i l a r  s tud ies  have g iven  nega t i ve  

r e s u l t s .  The s t a f f  o f  DHS has concluded t h a t  t he re  i s  o n l y  l i m i t e d  evidence 

t h a t  cadmium i s  mutagenic and c las togen ic .  

There i s  a l s o  evidence t h a t  cadmium can b i n d  t o  DNA and cause m i s p a i r i n g  

o f  s y n t h e t i c  po lynuc leo t ides .  This  t y p e  o f  a c t i v i t y  may cause a  mutagenic o r  

carc inogen ic  e f f e c t .  The mechanism o f  a c t i o n  f o r  t h i s  type o f  e f f e c t  i s  

be l i eved  t o  have no th resho ld  assoc ia ted  w i t h  it. I n  t h e  absence o f  

compel l ing  evidence o f  a  th resho ld ,  t h e  s t a f f  o f  DHS considers t h e  mechanism 

o f  cadmium carc inogenesis  t o  be a  nonthresho ld  process. 

Risk Due To Atmospheric Cadmium 

' A t  ambient concent ra t ions ,  cadmium was es t imated  t o  present  a  p o t e n t i a l  

carc inogen ic  r i s k  t o  humans. Th i s  conc lus ion  was based on two separate r i s k  

assessments, one u t i l i z i n g  animal data, t h e  o the r  u t i l i z i n g  human data. 

I n  a  31-month i n h a l a t i o n  bioassay, r a t s  were exposed t o  cadmium c h l o r i d e  

3  
aerosol  a t  concent ra t ions  o f  0, 2.2, 4.1 and 8.3 uglm pure cadmium. The 

tumor inc idence r a t e s  f o r  these f o u r  dose groups were, r e s p e c t i v e l y ,  0%, 15%, 

53% and 71%. Several models were f i t  t o  these data. The most 

hea l th -conserva t ive  e x t r a p o l a t i o n  was achieved by f i t t i n g  t h e  m u l t i s t a g e  



model, which p red i c ted  an excess l i f e t i m e  cancer r i s k  o f  110 per m i l l i o n  

3  persons cont inuous ly  i n h a l i n g  1  ng/m cadmium i n  ambient a i r  throughout 

t h e i r  l i v e s .  The upper 95% conf idence l i m i t  f o r  t h i s  r i s k  es t imate  was 180 

per m i l l i o n  persons. 

The human data used f o r  a  r i s k  assessment was based on an occupational 

coho r t  s tudy o f  585 workers exposed t o  cadmium i n  a  product ion p lan t .  Based 

on cumulat ive exposures, t h e  fo l low-up years f o r  these workers were d i v i d e d  

i n t o  3  exposure categories. A t  median cumulat ive doses o f  184, 796 and 2762 

3  ug/m o f  cadmium, standardized m o r t a l i t y  r a t i o s  (SMRs) o f  53, 152 and 280 

were observed. A l i n e a r  excess r e l a t i v e  r i s k  model w i t h  an adjustment f o r  t h e  

hea l thy  worker e f f e c t  was f i t t e d  t o  these data by an i t e r a t i v e  l e a s t  squares 

a lgor i thm. The model p red i c ted  an excess l i f e t i m e  cancer r i s k  o f  2  per 

3 m i l l i o n  persons i n h a l i n g  1  ng/m cadmium i n  ambient a i r  throughout t h e i r  

l i v e s .  The upper 95% conf idence l i m i t  f o r  t h i s  r i s k  est imate was 12 per 

@ m i l l i o n .  

The upper 95% conf idence l i m i t  f o r  l i f e t i m e  cancer r i s k  based on the  r a t  

s tudy  was about 15 times t h e  upper 95% conf idence l i m i t  o f  r i s k  p red i c ted  by 

the  ep idemio log ica l  study. The maximum l i k e l i h o o d  es t imate  from t h e  animal 

data i s  about 10 t imes t h e  upper 95% human-based estimate. Members o f  the  DHS 

s t a f f  have concluded t h a t  t h e  human-based q u a n t i t a t i v e  r i s k  assessment i s  

s u f f i c i e n t l y  h e a l t h  conserva t ive  because: (1 )  i t  i s  based on a  l i n e a r  

ex t rapo la t i on ,  (2) p o t e n t i a l  inaccurac ies  i n  t h e  human data regard ing  exposure 

o r  response a r e  l i k e l y  t o  be smal l ,  and (3 )  the  n e t  d i r e c t i o n  o f  these 

inaccuracies are l i k e l y  t o  r e s u l t  i n  an overest imate o f  potency. Therefore, 

t h e  DHS s t a f f  be1 ieves t h a t  t h e  human-based r i s k  assessment prov ides the  most 

appropr ia te  range o f  r i s k s .  The range o f  est imated excess l i f e t i m e  cancer 



r i s k s  from 24-hour-per-day exposure f o r  a l i f e t i m e  t o  atmospheric 

3 concent ra t ions  o f  cadmium (1  t o  2.5 ng/m ) i s  t h e r e f o r e  2 t o  30 per m i l l i o n  

persons exposed. I n  t he  v i c i n i t y  o f  sources o f  cadmium emissions, ambient 

exposures may reach an annual average o f  40 ng/m3, w i t h  t h e  est imated excess 

l i f e t i m e  cancer r i s k  be ing  80 t o  480 per m i l l i o n  persons exposed. 



I 11. ENVIRONMENTAL IMPACTS 

The i d e n t i f i c a t i o n  o f  cadmium as a  t o x i c  a i r  contaminant i s  n o t  i n  i t s e l f  

expected t o  r e s u l t  i n  any environmental e f f e c t s .  The i d e n t i f i c a t i o n  o f  

cadmium as a  t o x i c  a i r  contaminant by  the Board may r e s u l t  i n  t h e  Board and 

a i r  p o l l u t i o n  c o n t r o l  d i s t r i c t s  adopt ing t o x i c  c o n t r o l  measures i n  accordance 

w i t h  the  p rov i s ions  o f  s t a t e  law. Any such t o x i c  c o n t r o l  measures may r e s u l t  

i n  reduced emissions o f  cadmium t o  t h e  atmosphere, r e s u l t i n g  i n  reduced 

ambient concentrat ions,  concu r ren t l y  reducing the  h e a l t h  r i s k  due t o  cadmium. 

Therefore, the  i d e n t i f i c a t i o n  o f  cadmium as a  t o x i c  a i r  contaminant may 

u l t i m a t e l y  r e s u l t  i n  environmental bene f i t s .  Environmental impacts i d e n t i f i e d  

w i t h  respect  t o  s p e c i f i c  c o n t r o l  measures w i l l  be inc luded i n  the  

cons ide ra t i on  o f  such c o n t r o l  measures pursuant t o  Hea l th  and Sa fe ty  Code 

Sect ions 39665 and 39666. 

I V .  REGULATORY BACKGROUND AND PROCEDURES 

D i v i s i o n  26, Chapter 3.5 o f  the  Hea l th  and Safe ty  Code** (HSC) and Food 

and A g r i c u l t u r e  Sect ion 14021 e t  seq. s e t  f o r t h  the  procedure f o r  i d e n t i f y i n g  

and c o n t r o l l i n g  t o x i c  a i r  contaminants i n  C a l i f o r n i a .  (These p rov i s ions  were 

enacted i n  September 1983 as Assembly B i l l  1807, Stats.  1983, ch. 1047.) The 

Department o f  Food and A g r i c u l t u r e  i s  responsib le f o r  i d e n t i f y i n g  and 

c o n t r o l l i n g  TACs i n  t h e i r  p e s t i c i d a l  uses. The ARB has a u t h o r i t y  over TACs i n  

a l l  o the r  uses. 

** Hea l th  and Safe ty  Code Sect ion 39650; a l l  s t a t u t o r y  references are t o  t h e  
Hea l th  and Safe ty  Code, except as otherwise stated.  



HSC Section 39650 se t s  for th  the Legis la ture 's  findings about substances 

which may be TACs. The Legislature has declared: 

"That public health,  safety ,  and welfare may be endangered by the 

emission into the ambient a i r  of substances which are  determined to  

be carcinogenic, teratogenic,  mutagenic, or otherwise toxic o r  

injurious to  humans." 

The findings also include direct ives  on the consideration of s c i e n t i f i c  

evidence and the basis for  regulatory action. With respect t o  the control of 

TACs, the Legislature has declared: 

"That i t  i s  the public policy of t h i s  s t a t e  t ha t  emissions 

of toxic a i r  contaminants should be control1 ed to 1 evels 

which prevent harm to  the public health." 

The Legislature has fur ther  declared t h a t ,  "while absolute and undisputed 

s c i e n t i f i c  evidence may not be avai lable  t o  determine the exact nature and 

extent of r isk  from toxic a i r  contaminants, i t  i s  necessary t o  take action to  

protect  pub1 i c  health." 

In the evaluation of substances, the Legislature has declared tha t  the 

best  avai lable  s c i e n t i f i c  evidence, gathered from both public agencies and 

prtvate sources including industry, should be used. The Legislature has a l so  

determined tha t  t h i s  information should be reviewed by a s c i e n t i f i c  review 

panel and by the public. 

The Board's determination of whether or not a substance i s  a toxic  a i r  

contaminant includes several s teps  specified by the HSC. F i r s t ,  we request 

the DHS t o  evaluate the health e f f ec t s  of a substance (Section 39660). The 

evaluation includes a comprehensive review of a l l  avai lable  s c i e n t i f i c  data. 

Upon receipt  of a report  on health e f f ec t s  from DHS and in consideration of 



t h e i r  recommendations, we prepare and submit a r e p o r t  t o  t h e  S c i e n t i f i c  Review 

@ Panel (SRP) f o r  i t s  rev iew (Sect ion  39661). The r e p o r t  cons i s t s  o f  t h e  DHS 

r e p o r t  (Pa r t  B ) ,  ma te r i a l  prepared by  t h e  ARB s t a f f  on the  use, emissions and 

ambient concentrat ions o f  the substance (Pa r t  A), and p u b l i c  comments on t h e  

d r a f t  r e p o r t  and responses ( P a r t  C ) .  It serves as the  bas i s  f o r  f u t u r e  

r e g u l a t o r y  a c t i o n  by the  Board. The r e p o r t  i s  a l s o  made a v a i l a b l e  t o  the  

pub l i c ,  which may submit comments on t h e  repo r t .  

A f t e r  r e c e i v i n g  the  SRP's w r i t t e n  f i n d i n g s  on t h e  r e p o r t ,  t h e  Board 

issues a p u b l i c  hear ing n o t i c e  and a proposed r e g u l a t i o n  i d e n t i f y i n g  t h e  

substance as a t o x i c  a i r  contaminant. I f ,  a f t e r  a p u b l i c  hear ing  and o the r  

procedures t o  comply w i t h  Government Code Sect ion 11340 e t  seq., the  Board 

determines t h a t  a substance i s  a t o x i c  a i r  contaminant, i t s  f i n d i n g s  must be 

se t  f o r t h  i n  a r e g u l a t i o n  (Sect ion 39662). The HSC a l s o  se ts  f o r t h  procedures 

f o r  developing and adopt ing  c o n t r o l  measures f o r  substances i d e n t i f i e d  as TACs 

(Sect ions 39661-39667). 
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I. INTRODUCTION 

Cadmium and i t s  compounds a r e  s i g n i f i c a n t  from b o t h  a  commercial and an 

environmental perspect ive. Cadmium o r  i t s  compounds i s  used t o  i n h i b i t  

cor ros ion  o f  o the r  metals, t o  c o l o r  and t o  s t a b l i z e  p l a s t i c s ,  and t o  achieve a  

number o f  o the r  unique o r  b e n e f i c i a l  p rope r t i es  i n  i n d u s t r i a l  and commercial 

app l i ca t i ons .  

Cadmium i s  present a t  t r ace  l e v e l s  i n  f o s s i l  f u e l s  and some metal ores. 

Because cadmium i s  v o l a t i l e  ( r e l a t i v e  t o  o t h e r  meta ls ) ,  t he re  i s  a  h igh  

p o t e n t i a l  f o r  i t s  re lease t o  the atmosphere du r ing  o re  sme l t i ng  o f  some metals 

and d u r i n g  f o s s i l  f u e l  o r  waste combustion. Cadmium may a l so  be emi t ted  t o  

the  atmosphere du r ing  i t s  d i r e c t  i n d u s t r i a l  use. Cadmium has been measured i n  

t h e  atmosphere o f  C a l i f o r n i a ,  bo th  i n  spec ia l  s tud ies  and on an ongoing basis .  

f o r  more than t h i r t y  years. 

This r e p o r t  presents s ta tewide est imates o f  present  and f u t u r e  usage and 

0 emissions o f  cadmium, a  d iscuss ion  o f  t h e  a v a i l a b l e  i n fo rma t ion  on t h e  na ture  

and f a t e  o f  t h a t  emi t ted  cadmium, and an est imate o f  exposure t o  atmospheric 

cadmium f o r  bo th  t h e  general p u b l i c  and f o r  people l i v i n g  c l o s e  t o  major  

sources o f  cadmium emissions. I n  d iscuss ion  o f  each o f  these t o p i c s  areas o f  

incbmp1ete knowledge are  i d e n t i f i e d ,  and, where poss ib le ,  in fe rences a r e  drawn 

us ing  a v a i l a b l e  in fo rmat ion .  



11. PROPERTIES 

Cadmium i s  a  s o f t ,  s i l v e r - w h i t e  metal which i s  found as the  s u l f i d e  a t  

t r a c e  concentrat ions i n  t h e  e a r t h ' s  c rus t .  I n  i t s  elemental form, cadmium i s  

r e s i s t a n t  t o  co r ros ion  by a l k a l i e s  and s a l t  water,  and r e t a i n s  i t s  m e t a l l i c  

l u s t e r  i n  a i r .  The molecular  weight  o f  m e t a l l i c  cadmium i s  112.4, and i t s  

b o i l i n g  p o i n t  i s  767°C. The r e l a t i v e l y  h igh  v o l a t i l i t y  o f  cadmium and some o f  

i t s  compounds compared t o  o t h e r  meta ls  i s  s i g n i f i c a n t  from an a i r  p o l l u t i o n  

standpoint ;  cadmium vaporized du r ing  combustion o r  o t h e r  h igh  temperature 

processes, condenses on p a r t i c l e s  as t h e  gas cools. P r e f e r e n t i a l  enrichment 

o f  cadmium on f i n e  p a r t i c l e s  ( l e s s  than 2  micrometers) occurs as a  r e s u l t .  

Because some a i r  p o l l u t i o n  c o n t r o l  devices have lower removal e f f i c i e n c i e s  f o r  

small p a r t i c l e s  than f o r  l a rge ,  cadmium i s  emi t ted predominant ly on smal l  

p a r t i c l e s ,  which are  resp i rab le .  

The most common o x i d a t i o n  s t a t e  o f  cadmium i s  +2, a l though the re  are  a  

0 small  number o f  compounds i n  which cadmium occurs i n  t h e  +1 o x i d a t i o n  s t a t e  

(Hol lander and Carapel la,  1978). Commercially and environmental1 y s i g n i f i c a n t  

compounds o f  cadmium e x h i b i t  a  wide range o f  p roper t ies ;  se lec ted  p rope r t i es  

o f  several  compounds are  g iven i n  Table 11-1. 



I 
TABLE 11-1 

Phys ica l  P r o p e r t i e s  o f  Se lec ted  Cadmium Compounds 

Mo lecu la r  Sol u b i  1 ityl ) B o i l i n g  
Species Weight - -  Water Ac id  P o i n t  ( 'C) 

Cadmium 112.4 i s 767 

a c e t a t e  230.5 s s decomposes 

carbonate 172.4 i s decomposes 

c h l o r i d e  183.3 s s 960 

f l u o r i d e  150.4 s s 1758 

o x i d e  128.4 i s 1559 

or thophosphate 527.1 i s --- 
s u l f a t e  208.5 s s ---- 
s u l f i d e  144.5 i s 980 (sub. i n  N2) 

Sources: IARC, 1976; Ho l l ande r  and C a r a p e l l a  1978; Weast, 1973, Germani, 
e t  a1 , 1981 

i = i n s o l u b l e  
s = s o l u b l e  
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111. SOURCES AND FATE OF ATMOSPHERIC CADMIUM 

A. Product ion and Usage 

Cadmium i s  a r a r e  element, found ma in l y  as a s u l f i d e  i n  ores o f  z inc ,  

copper, and lead. Because o f  i t s  r a r i t y ,  because i t  occurs w i t h  metals o f  

economic importance and because i t  can be recovered du r ing  the  r e f i n i n g  o f  

these o t h e r  metals,  cadmium i s  n o t  mined separate ly ;  i t  i s  always a byproduct 

o f  o t h e r  min ing  operat ions. I t  i s  most commonly produced commercial ly as a 

by-product o f  z i n c  (and t o  a l e s s e r  ex ten t ,  copper and l ead )  smel t ing  and 

r e f i n i n g .  Dur ing 1984, f i v e  p l a n t s  i n  the  Uni ted States produced cadmium 

metal f rom z i n c  ores; none o f  these were l oca ted  i n  C a l i f o r n i a  (U.S. 

Department o f  I n t e r i o r  [DOI], 1985a). 

Cadmium consumption i n  the  Un i ted  States du r ing  1984 has been est imated 

t o  be 4,200 tons. Domestic p roduct ion  o f  cadmium du r ing  1984 was 1,800 tons 

(48 percent  o f  consumption), w i t h  imports  and reserves making up the  

@ di f fe rence .  Dur ing t h e  pe r iod  1913 t o  1981, approximately 58 percent o f  

cadmium consumed i n  the Uni ted States was imported, ma in l y  from Canada, 

Aus t ra l i a ,  Peru, and Mexico (U.S. D O I ,  1983; U.S. 001, 1985a,b). 

H i s t o r i c a l  na t i ona l  product ion,  impor ta t ion ,  and consumption est imates 

are  g iven i n  Figure 111-1. The U.S. Department o f  the  I n t e r i o r  has fo recas t  

an annual inc rease i n  cadmium consumption o f  approximately 1.9 percent  d u r i n g  ' 

the  pe r iod  1983-2000 (U.S. 001, 1985a). 

F igure  111-2 dep ic t s  t h e  n a t i o n a l  demand f o r  cadmium i n  1984 by major use 

category. The main user  o f  cadmium (as cadmium chemicals) i s  t h e  p l a t i n g  

indus t ry .  Cadmium p l a t i n g  provides e x c e l l e n t  p ro tec t i on  f o r  i r on ,  s t e e l  , 

brass and aluminum aga ins t  cor ros ion ,  e s p e c i a l l y  i n  marine and a l k a l  i n e  

environments. H i s t o r i c a l l y ,  37 percent  o f  cadmium consumption i n  t h e  Un i ted  
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States was f o r  p l a t i n g ,  which y i e l d s  an es t imate  o f  1,550 tons i n  1984 (U.S. 

DOI. 1985a and 1985); CARE, 1985a). The number o f  cadmium p l a t e r s  i n  

C a l i f o r n i a  i s  n o t  known; however, 31 cadmium p l a t e r s  have been l i s t e d  i n  the  

South Coast A i r  Q u a l i t y  Management D i s t r i c t  (SCAQMD) i n v e n t o r y  o f  p o t e n t i a l l y  

t o x i c  chemicals (Zwiacher e t  al., 1983). 

Cadmium i s  a l s o  used ex tens i ve l y  by  the  b a t t e r y  i n d u s t r y  t o  produce 

nickel-cadmium, si lver-cadmium and mercury-cadmium b a t t e r i e s .  Nickel-cadmium 

b a t t e r i e s  are commonly used i n  a i r c r a f t ,  alarm systems, cameras, ca l cu la to rs ,  

etc.  (U.S.  DOI, 1985a). There are  no nickel-cadmium b a t t e r y  manufacturers i n  

C a l i f o r n i a .  

Cadmium pigment and s t a b i l i z e r  p roduct ion  accounted f o r  consumption o f  

1,390 tons o f  cadmium n a t i o n a l l y  i n  1984 (U.S. DOI, 1985b and CARE, 1985a). 

Cadmium s u l f i d e  and su l fose len ide  are  t h e  most impor tan t  compounds used i n  

pigments. High temperature s t a b i l i t y ,  b r i l l i a n t  co lo rs ,  h igh  opac i ty ,  and 

@ res is tance t o  chemical a t t a c k  and degradat ion by 1 i g h t  a re  c h a r a c t e r i s t i c s  o f  

cadmium pigments. Cadmium compounds are  used as s t a b i l i z i n g  agents i n  many 

p o l y v i n y l  c h l o r i d e  products such as c l e a r  sheet, f i l m  and tub ing ,  and 

cushioned f l o o r  covering. 

Cadmium and i t s  compounds are  employed i n  a v a r i e t y  o f  o t h e r  uses. 

Cadmium s u l f i d e  and cadmium t e l l u r i d e  a r e  used i n  t h e  e l e c t r o n i c s  i n d u s t r y  t o  

produce pho toce l l s  and l i g h t  e m i t t i n g  diodes. Cadmium metal a l l o y e d  w i t h  

copper i s  used i n  the  product ion  o f  automobi le rad ia to rs .  I n  t i r e s ,  cadmium 

s u l f i d e  i s  used as a c u r i n g  agent. Cadmium s a l t s  such as cadmium sebacate, 

a r e  used i n  fung ic ides ,  and cadmium phosphate i s  used i n  f e r t i l i z e r s  

(Anderson, 1973; T ierney e t  al., 1979). The cadmium content  o f  American 

phosphatic f e r t i l i z e r s  range from 3.48 t o  156 ppm (Hammons e t  al . ,  1979). 



B. Sources o f  Current  and Pro jec ted  Cadmium Emissions 

Approximately 90 percent o f  cadmium emiss ion i n  C a l i f o r n i a  a r e  the  r e s u l t  

o f  e i t h e r  t he  combustion o f  f u e l s  o r  t he  sme l t i ng  o f  meta ls  which con ta in  

cadmium as a  t r a c e  contaminant. Because o f  cadmium's h i g h  v o l a t i l i t y  r e l a t i v e  

t o  o t h e r  metals,  cadmium i s  vapor ized by high-temperature processes and then 

condenses on the  sur face  o f  p a r t i c l e s  i n  t he  gas stream. Because i t  i s  

deposi ted u n i f o r m l y  on the  sur face o f  a l l  p a r t i c l e s ,  smal l  p a r t i c l e s  w i t h  a  

l a r g e r  sur face  area t o  volume r a t i o  a r e  found t o  c o n t a i n  h ighe r  concent ra t ions  

o f  cadmium. For many types o f  sources s i g n i f i c a n t  i n  C a l i f o r n i a ,  cadmium has 

been determined t o  occur  on p a r t i c l e s  mos t l y  2 um i n  d iameter  o r  sma l l e r  

( M i l f o r d  and Davidson, 1985; Davison, e t  al . ,  1974). A v a i l a b l e  i n f o r m a t i o n  

suggests t h a t  cadmium i s  emi t ted  f rom these source types p r i n c i p a l l y  as ox ide  

and s u l f a t e  compounds, and a1 so p o s s i b l y  as f l u o r i d e ,  c h l o r i d e ,  and phosphate 

compounds. 

The remain ing 10  percent  o f  cadmium emi t t ed  i n  t h e  s t a t e  i s  f rom e i t h e r  0 
low-temperature sources such as cement manufactur ing and t i r e  wear, o r  from 

d i r e c t  emission o f  cadmium compounds from cadmium p l a t i n g  operat ions.  

Table 111-1 summarizes s ta tewide  cadmium emissions. 

S t a t i o n a r y  Source  missions 

A1 though e l e c t r o p l a t i n g  represents  t h e  1  a rges t  use o f  cadmium, es t imated  

emissions from cadmium p l a t i n g  i n  C a l i f o r n i a  a r e  l e s s  than th ree  percent  o f  

est imated t o t a l  emissions. Most cadmium p l a t i n g  ope ra t i ons  use cadmium- 

cyanide baths (Davis, 1970 and Graham, 1971 ), which a r e  made up o f  cadmium 



Table 111-1 

Est imated Cadmium Emissions i n  C a l i f o r n i a  

Source 

secondary Smelters 

Copper 
S tee l  M i l l s  
Z inc 

Source Emissions I n v e n t o r y  
Type ( t o n s l y e a r )  Year Reference 

Area 8.1 
Area 0.1 
Area 0.3 

Fuel Combustion 

Coal Po in t  0.2 1981 2 4 3  
D i s t i l l a t e  O i l  Area 0.6 1983 5,11 ,30 
Residual O i l  Area 1.5-3.1 1984 1 $4 ,5 ,6 
Diesel  Area 0.4 1984 1,4,18 
Waste O i l  Area 0.1 1983 6,10,28 

Cement Manufactur ing Po in t  0.02-1.1 1984 5 ,6,7,8 

Cadmium P l a t i n g  Area 0.6 1982 4 1 

Sewage Sludge I n c i n e r a t o r s  Area 0.4 1982 3,8,22 

a Motor Vehic les 
7 

Fuel Combustion Area 1.7 
T i r e  Wear Area 0.9 

ox ide  o r  cadmium cyanide and sodium cyanide. Dur ing t h e  p l a t i n g  process 

e l e c t r i c  energy decomposes water  i n  t h e  bath, e v o l v i n g  hydrogen and oxygen 

gases; these gases c a r r y  cadmium i n  t h e  p l a t i n g  ba th  t o  t h e  su r face  o f  t he  

ba th  and cause i t t o  be en t ra ined w i t h  t h e  gases and em i t t ed  t o  t he  

atmosphere. I f  t h e  e f f i c i e n c y  o f  t h e  p l a t i n g  process i s  low, gassing w i l l  be 

h igh  and cadmium emissions from p l a t i n g  process w i l l  a l s o  be high. Based on 

the  South Coast AQMD survey (Zwiacher. e t  al., 1983), and assuming t h e  

d i s t r i b u t i o n  o f  cadmium p l a t e r s  i s  s i m i l a r  t o  chromium p l a t e r s ,  i t  i s  

est imated t h a t  approx imate ly  80 cadmium p l a t e r s  operate i n  C a l i f o r n i a .  

Cadmium emissions from t h i s  source a r e  est imated t o  have been 0.6 t o n  i n  1982 

(see Appendix C f o r  c a l c u l a t i o n ) .  



Fuel combustion a t  s t a t i o n a r y  sources i s  respons ib le  f o r  approximate ly  

3-4 tons o f  a i rborne cadmium per  year. Residual o i l  combustion i s  t h e  l a r g e s t  

source o f  cadmium emissions i n  t h i s  category and accounts f o r  we l l  over  h a l f  

o f  the  est imated cadmium emissions from f u e l  combustion. 

The l a r g e s t  source o f  cadmium emissions from f u e l  combustion i s  o i l  and 

gas product ion a c t i v i t i e s .  U t i l i t i e s  account f o r  0.7% t o  17% o f  cadmium 

emissions from fuel combustion w i t h  t h e  remainder be ing  d i v i d e d  among ships,  

chemical manufacturers, i n d u s t r i a l  b o i l e r s ,  and o the r  f u e l  o i l  users. Waste 

o i l  a l s o  conta ins  cadmium, concent ra t ions  o f  which have been measured a t  

l e v e l s  as h igh  as 110 ppm ( F r a n k l i n  Associates, Ltd., 1983). 

Dur ing combustion, t h e  t r a c e  l e v e l s  o f  cadmium i n  d i s t i l l a t e ,  r e s i d u a l ,  

d i e s e l ,  and waste o i l  a r e  emi t ted  i n t o  t h e  atmosphere. There i s  a l a r g e  

v a r i a t i o n  i n  the  cadmium content  o f  r e s i d u a l  o i l .  Southern C a l i f o r n i a  Edison 

(SCE) sampled o i l  i n  1986 a t  i t s  power p lan ts  and repor ted  an average o f  0.01 

ppm cadmium (Southern C a l i f o r n i a  Edison, 1986). PG&E sampled o i l s  a t  i t s  

power p lan ts  and repor ted  an average cadmium concent ra t ion  o f  0.39 ppm (range 

0.31 ppm t o  0.52 ppm) ( P a c i f i c  Gas and E l e c t r i c  Co., 1986). Several documents 

(Menczel, e t  al., 1984; U.S. EPA, 1984; John J. Yates & Associates, 1983; 

KriShnan and He l lw ig ,  1982) i n d i c a t e d  t h e  cadmium concent ra t ion  o f  r e s i d u a l  

o i l  t o  be as h igh  as 1 ppm. Lower t r a c e  metal concentrat ions,  s p e c i f i c a l l y  

cadmium, i n  res idua l  o i l  burned a t  power p lan ts  i n  the  South Coast a re  

a t t r i b u t e d  t o  the  South Coast Rule 431.2 which l i m i t s  t h e  s u l f u r  content  o f  

any l i q u i d  f u e l  burned a t  power p lan ts  and r e f i n e r i e s  t o  0.25 percent  (SCAQMD, 

undated). Th is  i s  h a l f  t h e  0.50 percent  s u l f u r  l i m i t  app l i ed  t o  l i q u i d  fuels  

burned i n  the  Bay Area (BAAQMD, 1984). S t a f f  have rev i sed  t h e  est imated 

cadmium emissions from r e s i d u a l  o i l  combustion based on cadmium content  of  

f u e l  o i l  repor ted  by  SCE and PG&E (see Appendix C). 



Residual f ue l  o i l  used by the  C a l i f o r n i a  u t i l i t i e s  has dec l ined s t e a d i l y  

s ince  1977, f a l l i n g  from 124 m i l l i o n  b a r r e l s  i n  1977 t o  4.5 m i l l i o n  b a r r e l s  i n  

1985 (CEC, 1986a; CEC, 1986b). I n  1984, u t i l i t i e s  used approximate ly  16 

percent  o f  a l l  r es idua l  o i l  burned i n  t h e  s t a t e  (CARB, 1986a; CARB, 1986b). 

The C a l i f o r n i a  Energy Commission (CEC) fo recas ts  a  t h r e e - f o l d  increase i n  

res idua l  o i l  use by the  u t i l i t y  i n d u s t r y  from 1985 t o  1997 (CEC, 1986a; CEC, 

1986b). By 2005, res idua l  o i l  used by the  u t i l i t y  i n d u s t r y  would r e t u r n  t o  

the  1984 l e v e l  (CEC, 1986a). The use o f  res idua l  o i l  i n  the  i n d u s t r i a l ,  

commercial and t r a n s p o r t a t i o n  sec tors  i s  fo recas t  t o  remain about the  same 

through the  year  2005 (CEC, 1986b). Because cadmium emissions from res idua l  

o i l  combustion i s  d i r e c t l y  p ropo r t i ona l  t o  the amount used, cadmium emissions 

from r e s i d u a l  o i l  combustion are  t h e r e f o r e  expected t o  increase i n  t h e  nex t  

decade and then r e t u r n  t o  the  1984 l e v e l  by 2005. 

Cadmium emissions from coal combustion a r e  expected t o  increase due t o  

the  increase i n  coal consumption by var ious  i ndus t r i es .  F ive C a l i f o r n i a  

cement p lan ts  have converted o r  p lan  t o  conver t  from a  wet p roduct ion  process 

which uses na tu ra l  gas as a  f u e l ,  t o  a  more e f f i c i e n t  d r y  process which o f t e n  

uses coal. Coal consumption from cement manufacturers w i l l  a l s o  r i s e  due t o  

the  ' increase i n  t h e i r  capac i t ies .  I n  1984, 11 cement manufacturers i n  

C a l i f o r n i a  produced 8.7 m i l l i o n  tons o f  cement (U.S. D O I ,  1985d) and consumed 

a  t o t a l  o f  approximate ly  1.6 m i l l i o n  tons o f  coal. I n  1985, t h e  Department o f  

t h e  I n t e r i o r  f o recas t  t h e  U.S. cement p roduct ion  i n  1990 and 2000 t o  be 77 

m i l l i o n  tons and 87 m i l l i o n  tons, r e s p e c t i v e l y  (U.S. DOI, 1 9 8 5 ~ ) .  Based on 

Un i ted  States and C a l i f o r n i a  cement p roduct ion  da ta  f o r  1980 through 1984, 

C a l i f o r n i a  produced an average o f  11.2 percent  o f  t h e  cement p roduct ion  i n  t h e  

n a t i o n  (U.S. DO1 1985c,d). Assuming t h e  r a t i o  of t h e  C a l i f o r n i a  cement 

0 product ion t o  t h e  Uni ted States i s  the  same i n  the  fu tu re ,  C a l i f o r n i a  cement 



product ion i s  f o recas t  t o  be approximate ly  8.6 m i l l i o n  tons i n  1990 and 9.7 

m i l l i o n  tons i n  the  year  2000. 

Approximately 0.17 ton  o f  coal i s  requ i red  as f u e l  t o  produce 1.0 ton  o f  

cement. Assuming the  recent  degree o f  coal  use cont inues i n t o  t h e  f u t u r e ,  t h e  

C a l i f o r n i a  cement i n d u s t r y  i s  fo recas t  t o  use approximate ly  1.5 m i l l i o n  tons 

o f  coal i n  1990 and 1.6 m i l l i o n  tons i n  2000. 

Although a number o f  coal  g a s i f i c a t i o n  programs have been o r  a re  being 

considered by  t h e  u t i l i t y  i ndus t r y ,  o n l y  one p l a n t  i s  c u r r e n t l y  known t o  

g a s i f y  coal i n  Southern C a l i f o r n i a .  Th is  p l a n t  used 108,000 tons o f  coal  from 

June 1984 through January 1985 (Wolk and Ho l t ,  1985). 

The compound form o f  cadmium emi t ted  from f o s s i l  f u e l  combustion has n o t  

been determined. The general composi t ion o f  p a r t i c u l a t e  ma t te r  emi t ted  from 

coal and o i l  combustion ( f l y  ash) has been s tud ied ,  and prov ides some i n s i g h t  

i n t o  t h e  poss ib le  compound forms o f  cadmium. Eatough, e t  a l . ,  (1981) repor ted  

s u l f a t e  t o  be e s s e n t i a l l y  the  o n l y  ac id -ex t rac tab le  anion present  i n  o i l - f i r e d  

power p l a n t  f l y  ash smal le r  than 3 um ( c h l o r i d e  was present  a t  0.1 mole 

percent  o f  s u l f a t e ) .  Henry and Knapp (1980) found t h a t  an average o f  65 

percent  o f  o i l  combustion f l y  ash was water  so lub le ;  exc lus i ve  o f  carbon, an 

average o f  86 percent o f  the  f l y  ash was water so luble.  S u l f a t e  was t h e  o n l y  

anion found above t r a c e  values i n  t h e  water so lub le  phase; metal  oxides were 

determined t o  comprise t h e  balance o f  t h e  f l y  ash. The range o f  water 

s o l u b i l i t y  i n  s i x  samples ranged from 23.3 t o  98.5 percent,  and the  percentage 

o f  s u l f a t e  ranged from 12 t o  58. Th is  range o f  values i s  c o n s i s t e n t  w i t h  

D ie tz  and Weiser's (1983) conclus ion t h a t  metal s u l f a t e  emissions from 

o i l - f i r e d  power p lan ts  a re  r e l a t e d  t o  f u e l  composit ion ( s u l f u r  and vanadium 

concen t ra t i on ) ,  combustion parameters (excess oxygen and temperature 



i n  t he  combustion chamber), and a i r ,  p o l l u t i o n  c o n t r o l  dev ice type  and 

performance. 

Cadmium i n  f l y  ash em i t t ed  from coal  combustion was determined by Hansen 

and F i she r  (1980), and by  Davidson, e t  al . ,  (1974) t o  be concentrated a t  t he  

sur face o f  p a r t i c l e s .  Because the  v o l a t i l e  non-metals have a l s o  been 

determined t o  occur  on the  sur face  o f  f l y  ash p a r t i c l e s  (Smith, 1981), Hansen 

e t  al., (1984) have pos tu la ted  t h a t  cadmium may occur  i n  coal  f l y  ash as the 

f l u o r i d e ,  phosphate, o r  su l f a te .  The occurrence o f  these compounds on the  

p a r t i c l e  sur face  i s  thought  t o  depend on t h e  concen t ra t i on  o f  t h e  metal ox ide  

a t  t he  p a r t i c l e  sur face,  t he  concen t ra t i ons  o f  HF, SO3, and P4010 i n  the 

f l u e  gas, and t h e  temperature and c o n t a c t  t ime o f  t he  p a r t i c l e s  and f l u e  gas. 

Hansen and F isher  (1980) showed t h a t  65 percent  o f  ac id -so lub le  cadmium on 

r e s p i r a b l e  f l y  ash from coal  combustion was water  so lub le ;  t h i s  suggests t h a t  

most cadmium occurs i n  t h e  water -so lub le  s u l f a t e ,  f l u o r i d e ,  o r  phosphate form, 

and t h a t  t h e  balance i s  t h e  ac id -so lub le  ox ide  o r  carbonate form (Gendreau, e t  

al., 1980). 

The s i z e  d i s t r i b u t i o n  o f  cadmium on f o s s i l - f u e l  combustion f l y  ash has 

been i n v e s t i g a t e d  by  Davidson, e t  al., (1974), Jacko and Neuendorf (1 977), 

To'ca, e t  al., (1973), Hansen and F i she r  (1980), and others.  The common 

conc lus ion  i s  t h a t  cadmium shows a  pronounced concen t ra t i on  t r e n d  w i t h  

p a r t i c l e  s ize ,  o c c u r r i n g  a t  i n c r e a s i n g  concent ra t ions  on sma l l e r  p a r t i c l e s .  

Emissions from secondary smel ters r e s u l t  from cadmium present  i n  scrap 

metal o r  feedstock. Cadmium i s  no t  recovered from these smel ters,  cadmium 

present  i n  t he  feed m a t e r i a l s  which i s  n o t  c o l l e c t e d  by  a i r  p o l l u t i o n  c o n t r o l  

devices i s  re leased t o  t h e  environment. Table 111-1 l i s t s  cadmium emissions 

from secondary copper, s t e e l  and z i n c  smelters.  Together, secondary smel ters 

are est imated t o  have e m i t t e d  8.5 tons o f  cadmium i n  1981. 



The compound forms o f  cadmium e m i t t e d  from pr imary smel ters have been 

determined t o  be t h e  s u l f a t e  and ox ide  forms (Eatough, e t  al., 1981; Radian, 

1985). The e x t e n t  t o  which cadmium would be emi t ted  from secondary smelters 

as t h e  s u l f a t e  would depend on t h e  amount o f  s u l f u r  present du r ing  smelting. 

We expect t h i s  t o  be much less  i n  secondary than i n  p r imary  smelt ing; 

t he re fo re ,  we hypothesize t h a t  cadmium w i l l  be em i t ted  from secondary smel t ing  

p r i m a r i l y  as cadmium oxide, and t o  a l e s s e r  ex ten t  as cadmium su l fa te .  

Cadmium emi t ted  from secondary smel te rs  i s  expected t o  e x h i b i t  tendencies 

o f  sur face enrichment, and the re fo re ,  a t rend  o f  i nc reas ing  concent ra t ion  on 

smal l  p a r t i c l e s .  Jacko and Neuendorf (1977) showed t h a t  p a r t i c l e s  emi t ted  

from py rometa l l u rg i ca l  processes have mass median diameters o f  l e s s  than 1.0 

um, and t h a t  a l a r g e  percentage (30 t o  50) o f  cadmium emi t ted  from such 

processes i s  found on p a r t i c l e s  i n  the  r e s p i r a b l e  range ( l e s s  than 2.5 um 

diameter).  Th is  observat ion has been corroborated by Van Graen, e t  al., 

(1983), who concluded t h a t  sur face enrichment o f  t r a c e  elements i n  p a r t i c l e s  

from h igh  temperature processes i s  un i ve rsa l ,  based on ana lys i s  o f  dus t  from 

an e l e c t r i c  s t e e l  making furnace. 

O f  the secondary smel ters,  copper smel ters a r e  the l a r g e s t  source o f  

cadmium emissions. Processes i n  secondary copper inc lude:  a )  sweating scrap 

t o  remove low m e l t i n g  p o i n t  metals o r  burn ing  t o  remove i n s u l a t i o n  from copper 

wire;  b )  smel t ing  and r e f i n i n g  t o  o b t a i n  a c e r t a i n  type o f  copper; and c )  

a l l o y i n g  t o  mod i fy  the  f i n a l  product. No con t ro l  devices a r e  employed i n  w i r e  

burning; however, smel ters and furnaces a r e  u s u a l l y  equipped w i t h  hoods and 

baghouses (Coleman, 1970) t o  reduce d i r e c t  cadmium emissions. 

The ARB'S Emissions Data System (EDS) inc ludes  71 secondary copper 

smel ters i n  C a l i f o r n i a  f o r  i nven to ry  year  1981. Using an emission f a c t o r  o f  3 

l b .  Cd per t on  o f  scrap and assuming 90 percent  c o n t r o l ,  cadmium emissions 



from copper smel ters were est imated t o  be 8.1 tons i n  1981 (Coleman, e t  al., 

1979 and CARB, 19856). 

The product ion o f  secondary lead cons i s t s  ma in l y  o f  m e l t i n g  down lead 

b a t t e r i e s ,  lead ox ide  drosses, recyc led  dus t  and metal scrap i n  reve rbe ra to ry  

o r  b l a s t  furnaces a t  930 degrees C. Cadmium i s  re leased i n  t h i s  process 

(Anderson, 1973). Based on a v a i l a b l e  data, the  amount o f  cadmium emi t ted  from 

secondary l e a d  smelters i n  C a l i f o r n i a  i s  expected t o  be small. 

Cadmium i s  present as an i m p u r i t y  i n  the  m a t e r i a l  used t o  produce cement 

and i s  emi t ted  du r ing  cement product ion. Cur ren t ly ,  cement i s  produced by 

e i t h e r  a d r y  o r  a wet process. P a r t i c u l a t e  emissions, i n c l u d i n g  cadmium, from 

these two processes d i f f e r  p r i m a r i l y  due t o  the  na ture  o f  the  processes 

involved. Cadmium emissions from cement p roduct ion  f o r  bo th  the d r y  and t h e  

wet process were est imated t o  be between 0.02 and 1.1 ton  du r ing  1981 (see 
I 

Appendix C). 

As t h e  r e s u l t  o f  convers ion from wet t o  d r y  processes i n  the  cement 

i n d u s t r y  and expected increases i n  t h e  p l a n t s '  capac i t i es  ( S i e r r a  Energy & 

Risk Assessment, Inc., 1982), cadmium emissions from cement manufactur ing are  

expected t o  increase. 

The est imate o f  cadmium emi t ted  from sewage sludge i n c i n e r a t i o n  was based 

on t h e  f r a c t i o n  o f  cadmium i n  t h e  p a r t i c u l a t e  ma t te r  and p a r t i c u l a t e  ma t te r  

emissions from munic ipal  sewage sludge i n c i n e r a t o r s  (Bennett, e t  al., 1982, 

Jacko e t  al., 1977 and CARB, 1985b). Cadmium emi t ted  from sewage sludge 

i n c i n e r a t i o n  has been shown t o  occur  p r i m a r i l y  on p a r t i c l e s  l e s s  than 2 um i n  

diameter (Bennett, e t  al . ,  1984; Radian, 1985); t h i s  i s  cons i s ten t  w i t h  the  

d i s t r i b u t i o n  observed i n  o t h e r  combustion emissions. The compound form 

emi t ted  may be s i m i l a r  t o  those from munic ipal  waste i n c i n e r a t i o n ,  which i s  

a be l ieved t o  be the  oxide. 



Resource recovery f a c i l i t i e s  a r e  p o t e n t i a l  sources o f  cadmium. I n  

munic ipal  s o l i d  waste (MSW)-to-energy p lan ts ,  cadmium present  i n  b a t t e r i e s ,  i n  

p l a s t i c s  (as s t a b i l i z e r s  o r  dyes), o r  i n  o the r  forms, w i l l  v o l a t i l i z e  du r ing  

the  combustion process. The amount o f  cadmium emi t ted  depends on the  amount 

o f  cadmium present i n  t h e  waste burned and on the  e f f i c i e n c y  o f  emission 

c o n t r o l  equipment used t o  remove p a r t i c u l a t e  ma t te r  from the  exhaust gas. For 

example, the  p o t e n t i a l  emission o f  cadmium from a planned MSW-to-energy 

f a c i l i t y  (based on c e r t a i n  assumptions about the concent ra t ion  o f  cadmium i n  

the  feed and t h e  e f f i c i e n c y  o f  removal), i s  about 5.9 ki lograms (Kg) (13 

pounds) per  year  (see Appendix C). 

A t  t h i s  t ime, one MSW-to-energy f a c i l i t y  i s  ope ra t i ng  i n  C a l i f o r n i a .  

Four more have received t h e  approval o f  r e g u l a t o r y  agencies. More than t h i r t y  

resource recovery f a c i l i t i e s  a r e  proposed f o r  c o n s t r u c t i o n  i n  C a l i f o r n i a .  

Cadmium emi t ted  from munic ipal  i n c i n e r a t o r s  has been determined t o  be i n  

the  ox ide form, and i n  t h e  r e s p i r a b l e  s i z e  range (Radian, 1985). Measurements 

by Greenberg e t  al . ,  (1978a, b) ,  o f  cadmium on p a r t i c l e s  from munic ipal  

i n c i n e r a t o r s  showed t h a t  80 t o  95 percent  o f  cadmium i s  found on p a r t i c l e s  o f  

2 um diameter o r  smal ler .  

'Cadmium emissions from f e r t i l i z e r  and p e s t i c i d e  a p p l i c a t i o n s  are  

est imated t o  be l e s s  than 4.6 Kg (10 pounds) per year  statewide. 

Mob i le  Source Emissions 

Cadmium occurs as a t r a c e  component i n  d iese l  f u e l ,  gaso l ine  and 

l u b r i c a t i n g  o i l .  When these f u e l s  a re  burned, cadmium i s  emit ted. Combustion 

o f  gasol ine,  d iese l ,  and l u b r i c a t i n g  o i l  from motor veh ic les  i s  a source o f  

1.7 tons o f  cadmium emissions per year. Cadmium emi t ted  on exhaust 

p a r t i c u l a t e  e x h i b i t s  sur face enrichment (Keyser, e t  al., 1978). 



Because cadmium s u l f i d e  i s  used as a  c u r i n g  agent i n  t i r e s ,  p a r t i c u l a t e  

ma t te r  r e s u l t i n g  from t i r e  wear conta ins  cadmium. Based on t h e  number o f  

veh i c le  m i l es  t r a v e l e d  i n  C a l i f o r n i a  and est imates o f  cadmium emi t ted  i n  t i r e  

p a r t i c u l a t e ,  t i r e  wear i s  a  source o f  0.9 ton l yea r  o f  cadmium emissions (see 

Appendix C f o r  d e t a i l s ) .  

Cadmium emi t ted  from a t t r i t i o n  o f  t i r e  rubber i s  thought t o  occur as 

l a r g e  p a r t i c l e s  which are  r a p i d l y  deposi ted i n  t h e  immediate v i c i n i t y  o f  the  

roadway. This i s  cons i s ten t  w i t h  a  s tudy  by Johnston and Har r ison (1984), who 

measured cadmium depos i t i on  ra tes  near a  major  Eng l i sh  motorway; they  found 

the h ighes t  concent ra t ion  o f  pa r t i cu la te -assoc ia ted  cadmium occurred 3.8 

meters from the  road. Deposi t ion ra tes  dec l i ned  t o  background l e v e l s  a t  a  

d is tance o f  25 meters. 

Cadmium emissions from on-road motor veh ic les  are  expected t o  increase 

due t o  an increase i n  v e h i c l e  populat ion,  v e h i c l e  m i l e s  t rave led ,  and changes 

i n  f u e l  consumption. Pro jec ted  cadmium emissions from on-road motor veh ic les  

from 1985 t o  2000 a r e  dep ic ted  i n  F igure  111-3. 

C. FATE OF ATMOSPHERIC CADMIUM 

Considerat ion o f  the  f a t e  o f  atmospheric cadmium inc ludes  b o t h  

atmospheric reac t i ons  o f  cadmium compounds emi t ted  from sources, and 

mechanisms o f  removal o f  atmospheric cadmium. There has been no 

c h a r a c t e r i z a t i o n  o f  atmospheric r e a c t i o n s  o f  cadmium; however, t h e r e  i s  

evidence o f  atmospheric reac t i ons  o f  metal  oxides. I t  i s  poss ib le  t h a t  such 

reac t i ons  occur w i t h  cadmium oxides emi t ted  from combustion sources. The 

mechanisms o f  removal o f  cadmium from the  atmosphere have been s tud ied  i n  many 

areas, i n c l u d i n g  an urban area i n  C a l i f o r n i a .  



F i g u r e  111-3 

Prcjected Cadmium Emissions From On-Road Motor Vehicles + Combustion 4 1 
+ Tire Wear 

+ Total 

Year 



Atmospheric React ions 

Study o f  t he  plume c o n s t i t u e n t s  o f  a  l a r g e  coa l -burn ing  power p l a n t  by 

L indberg and Har r i ss  (1980) i n d i c a t e d  t h a t  as t he  d i s tance  from the  stack 

increased, t he  water s o l u b i l i t y  o f  cadmium increased, and t h a t  cadmium on the  

smal les t  p a r t i c l e s  ( l e s s  than 0.14 um) e x h i b i t e d  the  g rea tes t  r e l a t i v e  

increase i n  concentrat ion.  I t  was hypothesized t h a t  t h i s  inc rease i n  

s o l u b i l i t y  was due most ly  t o  vapor condensat ion on the  f i n e  aerosols ,  causing 

the formation o f  t h i n ,  h i g h l y  s o l u b l e  coat ings.  Hansen, e t  al . ,  (1984) have 

subsequent ly i d e n t i f i e d  poss ib le  s p e c i f i c  reac t i ons  of metal  ox ides (on coal  

f l y  ash) which exp la in  t he  increase i n  cadmium s o l u b i l i t y  w i t h  plume "aging". 

These reac t i ons  inc lude the fo rmat ion  o f  phosphates, f l u o r i d e s ,  and s u l f a t e s :  

M O ( ~ )  + P4°10(g) 42M3 ('O4)2(s) (1 

MO(,) + SO 3 (g)  j M S 0 4 ( ~ )  (2 )  

Another r e a c t i o n  o f  meta l  ox ides on coa l  f l y  ash has been i d e n t i f i e d  

(Bauer and Natusch, 1981). It was observed t h a t  metal ox ides i n  coa l  f l y  ash 

c o u l d  r e a c t  w i t h  C02 t o  form meta l  carbonates. The r a p i d  chemisorbt ion o f  

C02 was judged favo rab le  f o r  some metal  oxides. I f  such a  r e a c t i o n  occurs 

f o r  em i t t ed  cadmium oxide, t he  s o l u b i l i t y  o f  t he  cadmium aerosol  w i l l  remain 

unchanged, s i nce  bo th  the  ox ide  and carbonate s a l t s  a r e  i n s o l u b l e  i n  water. 

Removal o f  Cadmium 

Cadmium i s  removed from t h e  atmosphere through phys ica l  processes; both 

wet and d r y  depos i t i on  have been judged t o  be s i g n i f i c a n t .  Lindberg, e t  al., 

(1982) i d e n t i f i e d  a  wide range o f  t r a c e  metal  depos i t i on  mechanisms and ra tes ,  



depending on the  meteorology, canopy c h a r a c t e r i s t i c s ,  o r  d i f f e rences  i n  l o c a l  

o r  reg iona l  emissions. 

Oavidson (1980) found t h a t  the  rough sur face d r y  depos i t i on  v e l o c i t i e s  o f  

cadmium va r ied  over a  20 - fo ld  range. For a  s i t e  i n  Pasadena, est imates o f  the 

2 depos i t i on  f l u x  o f  cadmium ranged from 0.30 t o  0.67 ng/cm day, depending on 

the  depos i t i on  model used. Struempler (1975) measured t h e  depos i t i on  o f  

2 cadmium i n  p r e c i p i t a t i o n  t o  be 0.033 ng/cm /day a t  a  r u r a l  s i t e  i n  Nebraska. 

Based on t h e  residence t ime o f  aerosols,  cadmium i s  expected t o  have a  

residence t ime o f  seven days i n  t h e  atmosphere (U.S. EPA, 1980). 
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I V .  PUBLIC EXPOSURE 

A. Atmospheric Concentrat ions 

Dur ing 1985, ARB s t a f f  c o l l e c t e d  t o t a l  suspended p a r t i c u l a t e  ma t te r  (TSP) 

a t  21 a i r  mon i to r i ng  s t a t i o n s  i n  C a l i f o r n i a  t o  be analyzed f o r  t r a c e  metals. 

High-volume samplers were used t o  c o l l e c t  24-hour samples o f  atmospheric 

p a r t i c u l a t e  ma t te r  o f  50 um and s m a l l e r  d iameter  (50 percent  s i z e  c u t o f f ) .  

Mon i to r i ng  s i t e s  met c r i t e r i a  f o r  popu la t i on  o r i e n t e d  exposure f o r  t h e  

c r i t e r i a  p o l l u t a n t s ;  a l l  s i t e s  a re  i n  populated urban areas. Samples were 

c o l l e c t e d  a t  most s i t e s  every  e i g h t  days. 

Ana lys is  was performed f o r  each f i l t e r  i n d i v i d u a l l y ;  f lame atomic 

absorp t ion  spectrophotometry was used t o  determine a c i d - e x t r a c t a b l e  cadmium. 

The method i s  descr ibed i n  Appendix D. A d e t e c t i o n  l i m i t  o f  cadmium i n  a i r  

o f  1.0 ng/m3, w i t h  a p r e c i s i o n  and accuracy o f  2 15 percent,  has been 

determined f o r  t he  method. ". Data are a v a i l a b l e  f o r  t he  f i r s t  s i x  months o f  1985. The range o f  

samples a t  each s i t e  above t h e  d e t e c t i o n  l i m i t  ranged from 13 t o  100 percent ,  

w i t h  an average o f  50 percent  above t h e  detect ion '  l i m i t  f o r  a l l  data. To 

es t imate  the poss ib le  range o f  t h e  average concen t ra t i on  a t  each s i t e ,  two 

methods were used. The f i r s t ,  termed t h e  zero t rea tment  method, est imates 

the  range by ass ign ing  maximum and minimum values t o  a l l  da ta  below t h e  

d e t e c t i o n  l i m i t .  The second method, a s t a t i s t i c a l  t reatment ,  assumes t h e  

data i s  lognormal ly  d i s t r i b u t e d  and uses standard s t a t i s t i c a l  techniques t o  

es t imate  the  u n c e r t a i n t y  o f  t h e  average concent ra t ion .  Al though the  second 

method i s  be l i eved  t o  g i v e  the  bes t  es t imate  f o r  t he  average, t h e  f i r s t  

method i s  inc luded t o  show the u n c e r t a i n t y  t h a t  a r i s e s  



from having data below the  de tec t i on  l i m i t .  I n  most cases t h e  poss ib le  range 

o f  average concent ra t ion  i s  small. 

The zero t reatment  method assigns two d i f f e r e n t  values t o  the  data below 

t h e  LOD i n  order  t o  c a l c u l a t e  t h e  range a r i t h m e t i c  averages: i n  the  f i r s t ,  

o r  minimum average est imate,  zero was s u b s t i t u t e d  f o r  values repor ted  below 

the  de tec t i on  1  i m i t .  For t h e  second, o r  maximum average est imate,  the  

3 d e t e c t i o n  l i m i t  value (1.0 ng/m ) was s u b s t i t u t e d  f o r  values repor ted  below 

the  de tec t i on  l i m i t .  These "min" and "max" values t h e r e f o r e  represent  the  

upper and lower est imates o f  mean concent ra t ions  poss ib le  a t  each s i t e .  The 

average concentrat ions der ived us ing  t h i s  zero t reatment  method are  shown i n  

Table IV-1. 

Data from t h e  ARB'S mon i to r i ng  s t a t i o n s  were used t o  est imate r e s i d e n t i a l  

popu la t ion  exposure t o  ambient cadmium i n  t h e  South Coast A i r  Basin, the  San 

Francisco Bay Area A i r  Basin, t h e  San Joaquin V a l l e y  A i r  Basin, San Diego A i r  

Basin, South Centra l  Coast A i r  Basin, and Sacramento County. Exposures over 0 
t h e  San Francisco Bay Area and t h e  South Coast a i r  basins were est imated by 

i n t e r p o l a t i n g  s t a t i o n  values t o  census t r a c t  cent ro ids .  Exposures f o r  the 

remaining a i r  basins were est imated by  assuming t h e  e n t i r e  popu la t ion  i n  each 

areh i s  exposed t o  t h e  a r i t h m e t i c  mean concent ra t ion  from a l l  sampling s i t e s  

i n  t h e  a i r  basin. Table 11-2 shows t h e  average cadmium concent ra t ions  f o r  

each a i r  basin. For the  South Coast and t h e  San Francisco Bay Area a i r  

basins, these a r e  popu la t ion  weighted averages based on t h e  concent ra t ions  

i n t e r p o l a t e d  t o  each census t r a c t .  Average cadmium concent ra t ions  range from 

3  l e s s  than 1  ng/m f o r  Sacramento County t o  2.5 ng/m3 f o r  t h e  San 

Francisco Bay Area a i r  basin. 

The 1985 r e s i d e n t i a l  popu la t i on  i n  C a l i f o r n i a  was about 26.4 m i l l i o n  

people. The popu la t ion  represented i n  t h e  s i x  areas covered i n  ou r  exposure 



TABLE IV-1 

1985 AVERAGE CADMIUM CONCENTRATIONS 
ARB CADMIUM SAMPLING NETWORK 

BASED ON DIFFERENT ZERO VALUE TREATMENTS* 
( S i x  Months Data) 

AVERAGES (ng/m3) # SAMPLES TOTAL # 
RANK SITE I 0  LOCATION M I  N MAX ABOVE LOD SAMPLES 

Concord 5.5 
E l  Monte 4.1 
Richmond 2.9 
San Franc isco  2.5 
Merced 1.9 

Los Angeles 1.1 
San Jose 1.1 
Fremont 0.8 
Fresno 0.7 
E l  Cajon 0.8 

Santa Barbara 0.7 
P i  t t s b u r g  0.7 
P ico  R ivera  0.5 
Up1 and 0.5 
S tock ton  0.4 

Modesto 0.4 
Simi V a l l e y  0.3 
No. Long Beach 0.3 
B a k e r s f i e l d  0.3 
C i t r u s  He igh t s  0.3 

Rubidoux 0.2 

STATEWIDE 1.2 1.7 269 536 

*Zero v a l u e  t r ea tmen t  ass igns  a l l  observa t ions  which a r e  below t h e  LOD a va lue  
o f  0 ng/m3 i n  c a l c u l a t i n g  t h e  "MIN" average and 1 ng/m3 i n  c a l c u l a t i n g  
t h e  "MAX" average. 



TABLE IV-2 

1985 AVERAGE AMBIENT CADMIUM EXPOSURE ESTIMATES 
BASED ON ZERO VALUE TREATMENTS 

( S i x  Months Data) 

1985 AVERAGE CADMIUM EXPOSURE 
(na/m3) . ". . 

A I R  BASIN/COUNTY MINIMUM MAXIMUM POPULATION 
( m i l l i o n s )  

San Francisco Bay Area 2.3 2.5 4.4 

South Coast 1.3 1.8 10.1 

San Joaquin V a l l e y  0.7 1.3 2.3 

San Diego 0.8 1  .O 2.1 

South Centra l  Coast 0.5 1.0 1.1 

Sacramento County 0.3 1  .O 0.9 

TOTALS 1.3 1.8 20.9 

ana l ys i s  i s  about 21.0 m i l l i o n  people. No cadmium exposure est imates have 

been made f o r  t h e  remaining 5.4 m i l l i o n  people. The f o l l o w i n g  d i scuss ion  o f  

popu la t i on  exposure i s  based on an exposed popu la t ion  o f  21 m i l l i o n  people. e 
Figure  IV-1 shows est imated cumulat ive popu la t ion  exposure f o r  t h i s  

popu la t i on  u s i n g  bo th  zero va lue  treatments. The r e s u l t s  o f  t h i s  method 

i n d i c a t e  t h a t  approxmately 10  m i l l  i o n  p e o p l e a r e  exposed t o  annual average 

3  con'centrat ions o f  cadmium o f  a t  l e a s t  1.3 ng/m f o r  t he  minimum average 

3  es t ima te  and 1.8 ng/m f o r  t he  maximum average est imate. Approximately one 

m i l l i o n  people a re  exposed t o  annual average concent ra t ions  o f  cadmium o f  a t  

3  3  l e a s t  3.4 ng/m f o r  t h e  minimum average es t imate  and 3.6 ng/m f o r  t he  

maximum average est imate. 

The range o f  cadmium exposure by  u s i n g  the  two zero t reatments does n o t  

i n c l u d e  u n c e r t a i n t y  a r i s i n g  from the  smal l  sample s i z e  o r  from l a r g e  var iance 

i n  measurements. To b e t t e r  es t imate  t h e  probable range o f  t he  average 

atmospheric cadmium concent ra t ion ,  we have developed a  s t a t i s t i c a l  t rea tment  

f o r  c a l c u l a t i n g  95% conf idence i n t e r v a l s  f o r  t h e  mean concen t ra t i on  a t  each 

IV-4  
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s ta t ion.  This treatment i s  believed t o  provide a be t te r  estimate of the t rue  

uncertainty associated with the calculated mean because i t  includes factors 

such as  sample s i z e ,  standard deviations of the data ,  and an estimate of the 

uncertainty of the sample collection and analysis procedures. A description 

of the s t a t i s t c a l  treatment follows. A s c a t t e r  plot of the cadmium data 

indicated tha t  the data i s  probably dis t r ibuted lognormally. Since t h i s  i s  

commonly the case f o r  atmospheric pol lutants ,  i t  was assumed tha t  the real 

d i s t r ibu t ion  of ambient cadmium concentrations i s  lognormal. Because 

avai lable  software only analyzes data t h a t  i s  normally d i s t r ibu ted ,  t h e '  

cadmium data was f i r s t  converted from a lognormal d i s t r ibu t ion  t o  a normal 

dis t r ibut ion.  This was done by using the logarithm of the data for  the  

analysis. The logarithms of data t ha t  i s  lognormally dis t r ibuted are  

themselves normal1 y distributed.  The s t a t i s t i c a l  analysis system (SAS, 1982) 

software package was used for  the analysis. Additionally, t o  complete the  

analysis ,  i t  was assumed t h a t  the uncertainty for  sampling and analysis was @ 
15% and tha t  data below the LOD was equal t o  112 of the LOD value. Set t ing 

a l l  values below LOD t o  112 the LOD value i s  expected t o  bias the confidence 

in te rva ls  to  the high s ide  of the mean. 

'The resul t ing 95% confidence interval for  each s ta t ion  i s  shown in Figure 

IV-2. The calculated range of exposure i s  d i f fe ren t  from t h a t  based on the 

zero value treatment. For example, t he  95% confidence interval calculated 

using the s t a t i s t i c a l  treatment for  the Concord s i t e  i s  2.96 t o  10.81 

3 3 
ng/m . This compares t o  a range of 5.5 t o  5.9 ng/m calculated using the 

previously discussed zero value treatment. We believe the confidence 

in te rva ls  from the second method provide a more r e a l i s t i c  estimate of the 

uncertainty in  the actual average. The estimated 95% confidence in te rva ls  

for  each s ta t ion a re  shown in  Table IV-3. Comparisons of the estimated 
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TABLE IV-3 

1985 AVERAGE CADMIUM CONCENTRATIONS 

ARB CADMIUM SAMPLING NETWORK 

WITH 95% CONFIDENCE INTERVALS 

( S i x  Months Data)  

AVERAGES (ng/m3) # SAMPLES TOTAL # 
RANK SITE I 0  LOCATION MI N MID MAX ABOVE LOD SAMPLES 

1 0700440 Concord 3.0 5.7 10.8 2 2 36 
2 7000579 El  Monte ' 2.6 4.1 6.4 15 15 
3 0700433 Richmond 1.9 3.0 4.6 3 0 32 
4 9000304 San Franc isco 1.6 2.5 4.0 2 6 31 
5 2400521 Merced 1.2 1.9 3.1 13 15 

6 7000087 Los Angeles 0.9 1.4 2.2 13 29 
7 4300382 San Jose 0.9 1.3 1.9 18 30 
8 6000336 Fremont 0.7 1.1 1.6 16 31 
9 1000234 Fresno 0.6 0.9 1.3 12 
10 8000131 E l  Cajon 0.6 0.9 1.2 15 :: 
11 4200378 Santa Barbara 0.6 0.9 1.2 11 18 
12 0700430 P i  t t s b u r g  0.6 0.8 1.2 7 1 0  
13 7000085 P ico  R ivera  0.6 0.8 1.2 11 3 1 
14 3600175 Upland 0.6 0.8 1.1 9 30 
15 3900252 S tock ton  0.5 0.8 1 .O B 24 

16 5000558 Modesto 0.5 0.7 1 .O 12 2 9 
17 560041 3 Simi V a l l e y  0.5 0.7 0.9 6 19 
18 7000072 No. Long Beach 0.5 0.7 0.9 8 31 
19 1500203 B a k e r s f i e l d  0.5 0.6 0.9 6 2 7 
20 3400293 C i t r u s  He igh ts  0.5 0.6 0.9 7 24 

21 3300144 Rubidoux 0.4 0.6 0.8 4 31 

STATEWIDE 0.9 1.5 2.3 269 536 



ranges i n  annual average concent ra t ions  on a  s i t e  by  s i t e  bas i s  (Tables IV-1 

and IV-3)  show t h a t  t h e  zero value t reatments become unimportant  when 

conf idence i n t e r v a l s  a re  used t o  est imate u n c e r t a i n t y  i n  annual averages. 

The use o f  t h e  zero value t reatment  u s u a l l y  r e s u l t s  i n  a  sma l l e r  range o f  

unce r ta in t y  when compared t o  the  conf idence i n t e r v a l  method except when 

averages are near the  LOD. When averages a r e  near the  LOD bo th  methods g ive  

comparable ranges. 

' Popu la t ion  exposures were a l s o  i n t e r p o l a t e d  f o r  t h e  upper and lower 

conf idence i n t e r v a l s  f o r  t h e  South Coast and San Francisco a i r  basins. The 

r e s u l t i n g  average exposures f o r  each a i r  bas in  are shown i n  Table IV-4. The 

range i n  exposure i s  g rea te r  than shown i n  Table IV-2, w h i l e  the  mean i s  the 

same. The annual average cadmium concent ra t ion  (weighted by popu la t ion)  f o r  

the  San Francisco Bay Area A i r  Basin i s  now est imated t o  range from 1.5 t o  

3 4.7 ng/m wh i l e  Table IV-2 ( r e f l e c t i n g  d i f f e rences  due t o  zero value 

3 0 t reatments)  shows a  range o f  2.3 t o  2.5 ng/m . On a  statewide basis,  we 

now es t imate  t h a t  50% o f  t h e  popu la t ion  i s  exposed t o  a t  l e a s t  1.5 ng/m 3  

3 cadmium, as before,  b u t  the  range increases from 1.3 - 1.8 ng/m t o  1.0 - 
3 2.5 ng/m . Five percent o f  the popu la t ion  i s  exposed t o  a t  l e a s t  3.5 

3  3  
ngYm w i t h  the  range be ing  expanded from 3.4 - 3.6 ng/m t o  1.8 - 5.6 

3  
ng/m . Figure IV-3 shows cadmium concent ra t ions  p l o t t e d  aga ins t  cumulat ive 

popu la t ion  f o r  t h e  mean and t h e  lower and upper 95% conf idence l i m i t s .  

Data are  a v a i l a b l e  f o r  o n l y  s i x  months (Jan - June) o f  1985. To 

i n v e s t i g a t e  whether concent ra t ion  averages ca l cu la ted  from t h i s  data are  

rep resen ta t i ve  o f  annual average concentrat ions averages, data from o the r  

sources were used t o  compare seasonal averages w i t h  annual averages. 
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TABLE IV-4 

1965 ANNUAL AMBIENT CADMIUM EXPOSURE ESTIMATES 
WITH 95% CONFIDENCE INTERVALS 

(S ix  Months Data) 

1985 AVERAGE CADMIUM EXPOSURE 
(ng/m3) 

AIR BASIN/COUNTY LOW MEAN H I G H  POPULATION 
( m i l l i o n s )  

San Francisco Bay Area 1.5 2.4 4.7 4.4 

South Coast 1 .O 1.5 2.3 10. 

San Joaquin V a l l e y  0.7 1.0 1.5 2.3 

San Diego 0.6 0.9 1.2 2.1 

South Centra l  Coast 0.5 0.8 1 .O 1.1 

Sacramento County 0.5 0.6 0.9 0.9 

TOTALS 1.0 1.5 2.5 20.9 

Data c o l l e c t e d  by EPA i n  1977 i n  C a l i f o r n i a  show t h a t  the  r a t i o  o f  the  

f i r s t  h a l f  (Jan-June) t o  second h a l f  (July-Dec) o f  t h e  year  f o r  cadmium 

concent ra t ion  averages v a r i e d  from s i t e  t o  s i t e  (Table IV-5). The r a t i o s  

ranged from 0.4 t o  2.4 w i t h  t h e  o v e r a l l  r a t i o  be ing  1 f o r  a l l  s i t e s .  We are  

unce r ta in  whether the  d i f f e rences  i n  r a t i o s  between s i t e s  represent  rea l  

d i f f e rences  i n  t h e  ambient concen t ra t i on  o r  a consequence o f  the  smal l  sample 

size. When t h e  data i s  examined f o r  reg iona l  trends, t h e  r a t i o s  f o r  t h e  San 

Francisco Bay Area range from 0.6 t o  2.4 and the re  i s  a range o f  0.4 t o  1.9 

f o r  t h e  Los Angeles Area. The seasonal v a r i a t i o n  o f  atmospheric cadmium a t  

an urban and a t  a r u r a l  s i t e  i n  England showed t h a t  w i n t e r  (Oct-March) means 

were h igher  than sumner (Ap r i l -Sep t )  means. (Harr ison and Wi l l iams,  1982). 

Th is  may be due t o  increased emissions o f  cadmium from increased f o s s i l  f u e l  



TABLE IV-5  

AVERAGE CADMIUM CONCENTRATIONS DURING 1977 - FROM EPA DATABASE 

FIRST HALF SECOND HALF 
CADMIUM TOTAL # CADMIUM TOTAL # RATIO 

LOCATION (ng/m3) SAMPLES (ng/m3) SAMPLES 

Anaheim 

B e r k e l e y  

Burbank 

Fresno 

Los Angeles 

Long Beach 

Oakland 

O n t a r i o  

Pasadena 

Sacramento 

San Bernad ino 

San Diego 

San F r a n c i s c o  

San Jose 

Santa Ana 

Tor rance  

OVERALL AVERAGE 1.0 



combustion du r ing  the  co lder  w i n t e r  months. The January through June per iod  

f o r  which we have 1985 data inc ludes  b o t h  ' w i n t e r t  months and 'summer' 

months. Because t h e  o v e r a l l  r a t i o  fo r  t h e  f i r s t - t o -second  h a l f  mean 

concentrat ions was 1.0, t h e  sampling pe r iod  i nc ludes  both  summer and w i n t e r  

months, and ARB s i t e s  cover t h e  same areas as the  EPA s i t e s ,  we b e l i e v e  t h a t  

the  average concentrat ions ca l cu la ted  from t h e  a v a i l a b l e  data prov ide  a  

reasonable est imate o f  annual average concentrat ions f o r  a l l  o f  t h e  

C a l i f o r n i a  s i t es .  However, t h e  annual average concen t ra t i on  a t  i n d i v i d u a l  

s i t e s  cou ld  be d i f f e r e n t  from the ARB average b y  a  f a c t o r  o f  2; s i t e - s p e c i f i c  

r a t i o s  are between one-ha l f  and two. 

Fur ther  evidence t o  support t h i s  conc lus ion  i s  t h a t  t h e  est imates o f  

average cadmium concent ra t ion  presented i n  t h i s  r e p o r t  a re  i n  t h e  range o f  

concentrat ions measured by o thers  i n  C a l i f o r n i a .  Saltzman, et .  al., (1985) . 
c a l c u l a t e d  a  annual geometric mean cadmium concent ra t ion  f o r  t h e  Los Angeles 

3 area o f  2 ng/m . Sampling was c a r r i e d  o u t  a t  e i g h t  s i t e s  d u r i n g  1968-1969; 

1,841 samples were co l l ec ted .  The authors repor ted  t h a t  o n l y  a  smal l  

f r a c t i o n  o f  samples were below the d e t e c t i o n  l i m i t ,  i n  which case a  value o f  

one-ha l f  t h e  d e t e c t i o n  l i m i t  was subs t i tu ted .  Also, data on atmospheric 

cadmium i n  C a l i f o r n i a  were gathered by the  U.S. EPA d u r i n g  1977. The U.S. 

EPA data conta ined a  g rea te r  percentage than c u r r e n t  ARB data o f  values below 

the d e t e c t i o n  l i m i t ,  which l i m i t e d  i t s  usefu lness i n  e s t i m a t i n g  popu la t i on  

exposure. 

The s i z e  d i s t r i b u t i o n  o f  cadmium and i t s  compounds were n o t  determined i n  

the  ARB'S measurements. Work by o the rs  on t h e  s i z e  d i s t r i b u t i o n  o f  cadmium 

have shown t h a t  cadmium e x h i b i t s  a  tendency t o  be present a t  h i g h e r  

concentrat ions on smal l  p a r t i c l e s  and t o  be d i s t r i b u t e d  b i -modal ly ,  w i t h  a  



concent ra t ion  maximum i n  t h e  1 um range, and a smal le r  mode i n  the  3-10 um 

range. Har r ison,  et.  al .  (1971) showed t h i s  f o r  urban aerosols i n  Michigan. 

Lee, et .  al . ,  (1968) est imated t h e  mass median diameter o f  cadmium a t  an 

urban and a r u r a l  s i t e  t o  be 3.1 um and 10 um respec t i ve l y .  However, the 

sampling procedure employed by Lee, e t .  al . ,  has been shown t o  b ias  the  data 

t o  l a r g e r  p a r t i c l e  s izes,  due t o  l a r g e  p a r t i c l e  bounce o f f  i n  the  f i r s t  

impactor stages (Ozubay, et .  al., 1976; Lawson, 1980). Work on cadmium s i z e  

d i s t r i b u t i o n  i n  remote areas (Davidson, et .  al., 1985) y i e l d e d  est imates o f  

mass median diameters (MMD) o f  0.28 and 0.56 um. Measurements i n  Europe o f  

cadmium p a r t i c l e  s i z e  (away from known cadmium sources) gave an est imate o f  

0.4 um MMD, and a f r a c t i o n  o f  64 percent  below 1.1 um (Duc and Favez, 1981). 

The MMD o f  atmospheric cadmium i n  Glasgow was determined t o  be 0.6 um 

(McDonald and Duncan, 1979). Davidson, et .  a l .  , (1981 ) repo r ted  a cadmium 

MMD o f  1.5 um i n  an i n d u s t r i a l  s e c t i o n  o f  P i t t sbu rg ,  w i t h  a bimodal 

d i s t r i b u t i o n  observed. M i l f o r d  and Davidson (1985) have surveyed work done 

on atmospheric cadmium p a r t i c l e  s i z e  and c a l c u l a t e d  t h e  MMD f o r  atmospheric 

cadmium us ing  data from 14 s tud ies  o f  remote, urban, and i n d u s t r i a l  s i t e s .  

This  average MMD was 0.84 urn. Data from an urban C a l i f o r n i a  s i t e  was 

inc luded i n  t h a t  survey; the  C a l i f o r n i a  data (Davidson, 1977) were cons i s ten t  

w i t h  da ta  from o the r  l oca t i ons .  Because o f  t h e  na ture  o f  cadmium sources i n  

the S ta te  ( p r i n c i p a l l y  high-temperature sources e m i t t i n g  cadmium on p a r t i c l e s  

i n  the  micron t o  submicron range), and t h e  s u r p r i s i n g l y  c o n s i s t e n t  s i z e  

d i s t r i b u t i o n  o f  cadmium i n  d i f f e r e n t  s tud ies ,  we b e l i e v e  t h a t  atmospheric 

cadmium i n  C a l i f o r n i a  occurs l a r g e l y  on p a r t i c l e s  i n  t h e  r e s p i r a b l e  s i z e  

range ( l ess  than 2.5 urn diameter).  



The compound forms o f  cadmium present  i n  t h e  atmosphere have n o t  been 

@ determined. Study o f  the  s o l u b i l i t y  o f  cadmium on p a r t i c u l a t e  ma t te r  bo th  i n  

C a l i f o r n i a  (Hodge, et .  al., 1978), and elsewhere (L indberg and Har r iss ,  

1983), i n d i c a t e  t h a t  70 - 84 percent o f  atmospheric cadmium t h a t  i s  a c i d  

so lub le  i s  a l s o  water so luble.  Based on the  expected forms o f  metals emi t ted  

from combustion processes and o t h e r  high-temperature processes (see Sect ion 

1 1 1  B, C), we conclude t h a t  atmospheric cadmium occurs p r i m a r i l y  as t h e  

so lub le  s u l f a t e ,  phosphate, and f l u o r i d e ,  w i t h  t h e  balance occur ing  as t h e  

i nso lub le  ox ide  o r  carbonate. 

Because cadmium i s  an element found i n  most c r u s t a l  m a t e r i a l s  a t  

concentrat ions t y p i c a l l y  between 0.1-0.2 p a r t s  per  m i l l i o n ,  we evaluated the  

c o n t r i b u t i o n  o f  c r u s t a l  m a t e r i a l s  t o  concent ra t ions  o f  atmospheric cadmium. 

Comparison o f  the  composit ion o f  atmospheric p a r t i c u l a t e  ma t te r  t o  t h a t  o f  

c r u s t a l  m a t e r i a l s  has been made t o  assess t h e  c o n t r i b u t i o n  o f  c r u s t a l  

0 m a t e r i a l s  t o  t h e  atmospheric burden o f  t r a c e  metals,  i n c l u d i n g  cadmium. The 

degree o f  enrichment o f  an element i n  atmospheric p a r t i c u l a t e  ma t te r  had been 

ca l cu la ted  as the  enrichment f a c t o r ,  EF: 

C ~ d / C ~ l  

where CCd and CAI a re  t h e  atmospheric concent ra t ions  o f  these metals,  and 

' ~ d ,  c r u s t  and CAl a re  t h e  concent ra t ions  i n  the  e a r t h ' s  c rus t .  , c r u s t  

I n  most cases, average values o f  c r u s t a l  abundance a r e  used; i n  some cases, 

values s p e c i f i c  t o  t h e  reg ion  under s tudy  a r e  employed. Values o f  EF l e s s  

than 5 are  considered i n d i c a t i v e  o f  a c r u s t a l  o r  s o i l  source o f  t h e  element; 



h igher  values suggest non-so i l  sources, i n c l u d i n g  h igh  temperature i n d u s t r i a l  

processes and f u e l  combustion. Cer ta in  na tu ra l  processes may a l so  lead t o  

atmospheric enrichment o f  c e r t a i n  elements: volcanism, d i r e c t  sub l imat ion  

from c r u s t a l  ma te r i a l s ,  emissions from vegeta t ion ,  and sea spray enrichment 

(Duce, et.  a l . .  1975). I n  most urban areas, however, l a r g e  EF f a c t o r s  a re  

considered t o  be i n d i c a t i v e  o f  anthropogenic sources (Heindryckx, 1976). 

Large cadmium enrichment f a c t o r s  have been determined i n  remote areas (EF 

2500) w i t h  i nc reas ing  value o f  EF w i t h  decreasing p a r t i c l e  s i z e  (Davidson, 

et.  a l . ,  1985). L indberg and Har r i ss  repo r ted  lower EFs f o r  cadmium (7-23) 

i n  con t i nen ta l  aerosols; the  tendency t o  i nc reas ing  EF w i t h  decreasing 

p a r t i c l e  s i z e  was observed. Davidson e t .  al . ,  (1981) found an average 

cadmium EF i n  P i t t s b u r g  o f  630, and observed the  same t rend  i n  i nc reas ing  EF, 

w i t h  decreasing p a r t i c l e  s ize.  McDonald and Duncan (1979) repor ted  EFs f o r  

cadmium i n  Glasgow ranging between 750 and 8,400, w i t h  p a r t i c l e s  i n  t h e  range 

o f  0.43 - 0.7 um e x h i b i t i n g  the  h ighes t  EF. 

M i l f o r d  and Davidson (1985) prov ided summary s t a t i s t i c s  i n c l u d i n g  cadmium 

EF from 14 s tud ies  i n  urban, r u r a l ,  and i n d u s t r i a l  s i t e s ;  an average EF o f  

1,900 was reported. This  average inc luded r e s u l t s  o f  one s tudy  done i n  

C a l i f o r n i a  urban area (Davidson, 1977). Based on t h i s  in fo rmat ion ,  we 

b e l i e v e  i t  i s  reasonable t o  assume t h a t  atmospheric cadmium i n  C a l i f o r n i a  

r e s u l t s  predominant ly from non-crus ta l  sources. 

Because a l a r g e  amount o f  data on t o t a l  suspended p a r t i c u l a t e  ma t te r  

(TSP), c o l l e c t e d  by  bo th  ARB and EPA, i s  ava i l ab le ,  an e f f o r t  was made t o  

determine a r e l a t i o n s h i p  between TSP and cadmium measurements. F i r s t ,  EPA 

cadmium data from samples c o l l e c t e d  throughout C a l i f o r n i a  du r ing  1977 through 

1983 were analyzed t o  determine i f  cadmium concent ra t ions  were c o r r e l a t e d  t o  



simultaneous occurences o f  t o t a l  suspended p a r t i c u l a t e  mat te r  (TSP). I f  t h e  

two were h i g h l y  co r re la ted ,  cadmium concent ra t ions  cou ld  be est imated us ing  

the much l a r g e r  TSP database. No s i g n i f i c a n t  c o r r e l a t i o n s  were found us ing  

t h e  EPA data. C o r r e l a t i o n  c o e f f i c i e n t s  ( r )  were below 0.53 a t  n ineteen o f  

twenty sampl ing s i t e s  having bo th  cadmium and TSP data; an r va lue  o f  0.69 

was c a l c u l a t e d  f o r  cadmium-TSP data c o l l e c t e d  a t  Long Beach. The o v e r a l l  

c o r r e l a t i o n  c o e f f i c i e n t  was l e s s  than 0.01 f o r  1409 pa i red  observat ions.  

The same s t a t i s t i c a l  c a l c u l a t i o n s  were made us ing  t h e  1985 ARB cadmium 

data. To do t h i s ,  we e x t r a c t e d  twenty - four  hour average TSP concent ra t ions  

from the  ARB a i r  q u a l i t y  database f o r  t h e  same t ime  per iods  and s t a t i o n s  as 

the cadmium data conta ined i n  t h e  ARB t o x i c s  a i r  q u a l i t y  database. The 

cadmium-TSP c o r r e l a t i o n  r e s u l t s  f o r  each s t a t i o n  a r e  g iven i n  Table IV-6. As 

w i t h  t he  EPA data, t he  ARB data showed l i t t l e  c o r r e l a t i o n  between ambient 

cadmium and TSP concent ra t ions ,  except f o r  a  few s ta t i ons .  Fresno data 

showed a ve ry  h igh  c o r r e l a t i o n  c o e f f i c i e n t ,  0.94, f o r  a  sample s i z e  o f  22. 

The n e x t  h ighes t  c o r r e l a t i o n  c o e f f i c i e n t  was 0.68 a t  t h e  Upland s t a t i o n  f o r  

30 samples. The r value c a l c u l a t e d  f o r  t h e  Nor th Long Beach s i t e ,  0.67. was 

q u i t e  s i m i l a r  t o  t h e  r va lue  c a l c u l a t e d  f o r  t he  EPA Long Beach data (0.69). 

T h i r t e e n  o f  t he  seventeen ARB s t a t i o n s  having comparable cadmium and TSP da ta  

had c o r r e l a t i o n  c o e f f i c i e n t s  below 0.54; s c a t t e r  p l o t s  f o r  t he  remain ing 

t h r e e  s t a t i o n s  showed almost no v a r i a t i o n  i n  cadmium concentrat ions.  As a 

r e s u l t ,  we aga in  f i n d  no use fu l  c o r r e l a t i o n s  between cadmium and TSP. 

A l l  o f  t h e  above d iscuss ion  concerns outdoor concent ra t ions  o f  cadmium. 

ARB has made no measurement o f  indoor  concentrat ions.  However, S e i f e r t ,  et. 

a l . ,  (1984) s tud ied  indoor  heavy metal exposure near  a secondary l ead  

smel t e r ,  



TABLE IV-6 

STATION I D  LOCATION 

1985 CADMIUM AN0 TSP CORRELATIONS 
ARB CADMIUM SAMPLING NETWORK 

CORRELATION # SAMPLES TOTAL # 
COEFFICIENT ABOVE LOD SAMPLES 

P i t t s b u r g  
Richmond 
Concord 
Fresno 
B a k e r s f i e l d  
Merced 
Rubidoux 
C i t r u s  Heights 
Upland 
Stockton 
Santa Barbara 
San Jose 
Modesto 
Simi Va l l ey  
Fremo'nt 
N. Long Beach 
Pico Rivera 
Los Angeles 
E l  Monte 
El Cajon 
San Francisco 

STATEWIDE - 0.09 

and found t h a t  t h e  indoor  metal burden cou ld  be very  d i f f e r e n t  i n  ad jacent  

houfes. The "maintenance cond i t i ons "  (window t i g h t n e s s )  o f  the  b u i l d i n g  

(i.e., a i r  exchange r a t e ) ,  and the  na ture  o f  t h e  b u i l d i n g ' s  immediate 

surroundings (vegeta t ion) ,  which would e f f e c t  depos i t i on  and reentra inment ,  

were be l i eved  t o  be s i g n i f i c a n t  f a c t o r s  i n  i n f l u e n c i n g  indoor metal 

concentrat ions.  Because o f  t h e  l a c k  o f  a v a i l a b l e  data r e l a t i n g  indoor  t o  

outdoor cadmium concentrat ions,  no a t tempt  was made t o  est imate i ndoo r  - 

cadmium exposure. 



C. Exposure Close t o  Sources 

To e v a l u a t e  i n c r e a s e d  exposure t o  a tmospher i c  cadmium f o r  peop le  l i v i n g  

c l o s e  t o  sources,  we c a l c u l a t e d  t h e  c u m u l a t i v e  a i r  q u a l i t y  impac t  o f  t h r e e  

secondary copper s m e l t e r s  i n  t h e  South Coast A i r  Basin.  Emiss ions f rom t h e  

t h r e e  f a c i l i t i e s  were e s t i m a t e d  by making c e r t a i n  assumpt ions u s i n g  

i n f o r m a t i o n  on t h e  process r a t e  ( t o n s  o f  s c r a p  processed per  y e a r ) ,  f a c i l i t y  

o p e r a t i o n s ,  and an emiss ion  f a c t o r  o f  3.0 l b  cadmiumlton o f  scrap.  T h i s  

emiss ion  f a c t o r  was d e r i v e d  f rom i n f o r m a t i o n  on t h e  cadmium c o n t e n t  o f  

v a r i o u s  t y p e s  o f  copper scrap. Cadmium emiss ions  f rom t h r e e  s m e l t e r s  were 

e s t i m a t e d  t o  range f rom 1.7 t o  3.4 t o n s l y e a r .  The upper  v a l u e  r e p r e s e n t s  

maximum w o r s t  case emiss ions,  and t h e  l o w e r  v a l u e  r e p r e s e n t s  a  

w o r s t - p l a u s i b l e  case. 

The range o f  emiss ions r a t e  e s t i m a t e s  f o r  each o f  t h e  t h r e e  s m e l t e r s  was 

used as i n p u t  t o  t h e  Gaussian a i r  q u a l i t y  model I n d u s t r i a l  Source Complex - 
@ s h o r t  t e r m  (ISCST). H i s t o r i c a l  m e t e o r o l o g i c a l  d a t a  f rom a  s t a t i o n  c l o s e  t o  

t h e  sources f o r  t h r e e  y e a r s  (1 976, 1977, and 1978) were used t o  r u n  t h e  

model. The d i f f e r e n c e  i n  m e t e r o l o g i c a l  c o n d i t i o n s  among t h e  t h r e e  y e a r s  

y i e l d  v a r i a t i o n s  i n  r e s u l t s  which were smal l .  R e s u l t s  produced u s i n g  1977 

met d a t a  ( t h e  h i g h e s t  r e s u l t s )  a r e  d i s c u s s e d  here. Where s t a c k  parameters 

f o r  t h e  sources were a v a i l a b l e ,  t h e y  were used; i n  some cases, t h e  da ta  were 

u n a v a i l a b l e  and t h e  s t a c k  parameters w h i c h  would  y i e l d  w o r s t  case ambient  

c o n c e n t r a t i o n s  were used. Because o f  t h e  assumpt ions made, we do n o t  expec t  

cadmium exposure due t o  emiss ions  f r o m  these  sources t o  be h i g h e r  t h a n  o u r  

es t ima tes .  To e s t i m a t e  exposure, t h e  modeled ambient  c o n c e n t r a t i o n s  were 

superimposed on t h e  p o p u l a t i o n  da ta  f o r  t h e  a rea  based on census t r a c t  

c e n t r o i d s .  The a rea  c o n t a i n e d  a  r e s i d e n t i a l  p o p u l a t i o n  o f  5.7 m i l l i o n .  



F igu re  IV-4 shows t h e  cumulat ive exposure a t t r i b u t a b l e  t o  emissions from 

these th ree  smelters.  

3  
The modeled exposure l e v e l s  were: 20 nglm f o r  57,000 people; 5-7 

3 3 ng/m f o r  290,000 people; and 0.5 - 0.6 ng/m f o r  2.8 m i l l i o n  people. 

The exposure est imates, based on maximum poss ib le  emission ra tes ,  a re  double 

these values. The general exposure i n  t h e  South Coast A i r  Basin (based on 

d i r e c t  measurement o f  atmospheric cadmium) has been est imated t o  be 1-2.3 

3 
ng/m . 

I n  i n t e r p r e t i n g  data on exposure c lose  t o  sources o f  cadmium, i t  should 

be r e a l i z e d  t h a t  sources o f  cadmium emissions u s u a l l y  are a l s o  e m i t t e r s  o f  

o the r  metals and compounds which may have p o t e n t i a l  adverse h e a l t h  e f f e c t s .  

It i s  beyond the  scope o f  t h i s  r e p o r t  t o  q u a n t i t a t i v e l y  address t h i s  issue;  

Table IV-7 l i s t s  n o n - c r i t e r i a  p o l l u t a n t s  which may have chron ic  h e a l t h  

e f f e c t s  which a re  known o r  a re  l i k e l y  t o  be em i t t ed  from cadmium emission 

sources. 

Table IV-7 

Selected Non-Cr i te r ia  P o l l u t a n t s  Which May be Emi t ted  from 
Sources o f  Cadmium 

Source Type P o l l u t a n t s  

Combustion processes 

Smelters 

Gas01 ine-powered veh i c les  

Meta ls  (a rsen ic ,  mercury, 
n i c k e l ) ;  p o l y c y c l i c  
aromat ic  hydrocarbons 
(PAH); c h l o r i n a t e d  d i o x i n s  

Lead; a rsen ic ;  chromium; 
c h l o r i n a t e d  d i o x i n s  

Benzene, e thy lene  
dibromide; e thy lene  
d i c h l o r i d e ;  PAH 





REFERENCES - CHAPTER I V  

1. Davidson, C l i f f  I., 1977. Powder Technology, 18, 117. 0 
2. Davidson, C l i f f  I., W. D. Goold, M. A. Nasta, and M. T. R e i l l y ,  1981. 

Proc. 74th Annual Mtg. o f  t h e  A i r  P o l l u t i o n  Contro l  Assoc. 81-28.6 

3. Davidson, C l i f f  I., W. D. Goold, T. P. Mathison, G. B. Weirsma, K. W. 
Brown and M. T. R e i l l y ,  1985. Environ. - Sci. Technol. 19(1) ,  p. 27. 

4. Duc, T. Vu and C. M. P. Favez, 1981. - J. Environ. Science - and Hea l th  
A16(6), 647. 

Dzubay, T.G., L.E. Hines, and R. K. Stevens, 1976. Atmos. Environ. 10. 
p. 229 

5. Duce, R. A., G. L. Hoffman, and W. H. Z o l l e r ,  1975. Science, 187:59. 

6. Lee, Robert E., Ronald K. Pat terson,  and Jack Wagman, 1968. Environ. 
Sci. Technol. 2(4) ,  p. 288. - 

7. Harr ison,  Paul R., Wayne R. Matson, and John W. Winchester, 1971. 
Atmospheric Environment 5, p. 613. 

8. Harr ison,  Roy M. and C l i v e  R. Wi l l iams,  1982. Atmospheric Environment 
16(11) ,  p. 2669. 

9. Hodge, Vern, Susan R. Johnson, and Edward D. Goldberg, 1978. Geochemical 
Journal.  12, p. 7. 

10. Heindryckx, R., 1976. Atmospheric Environment, 10, 65. 

11. Lawson, D. R., 1980. Atmos. Environ. 14, p. 195. 

12. Lee, Robert E., Ronald K. Pat terson,  and Jack Wagman, 1968. Environ. 
Sci. Technol. 2 (4) ,  p. 288. - 

13. Lindberg, S. E., and R. C. Ha r r i ss ,  1983. Journal o f  Geophysical 
Research 88(9),  p. 5091. 

14. McDonald, C. and H. J. Duncan, 1979. Atmospheric Environment, 13, p. 977. 

15. M i l f o r d ,  Jana B. and C l i f f  I. Davidson, 1985. - J. -- A i r  Po l l .  Contro l  
Assoc. 35(12), p. 1249. - 

16. SAS, 1982. SAS I n s t i t u t e ,  Inc. "SAS User 's Guide: S t a t i s t i c s  1982 
E d i t o r " ,  Box 8000, Cary, North Caro l i na  

17. Saltzman, Bernard E., Jacob Cholak, Lawrence J. Schafer, David W. Yeager, 
Bernard G. Meiners, and Jozef  S v e t l i k ,  1985. Environ. - Sci. Technol. 
19(4) ,  p. 328. 

18. S e i f e r t ,  Bernd, Marianne Drews, and Kar l  Aurand, 1984. Indoor Heav 
Metal Exposure o f  the  Popu la t ion  Around a Secondary Lead l - - - - f i . H . O .  Sme te r .  
e t  al., 3 r d  I n t e r n a t i o n a l  Indoor A i r  Q u a l i t y  and Cl imate Conference, 
Stockholm. Aug. 20-24, 1984. v.2, p. 177. 

IV-22 



APPENDIX A 

IEIFORIflATION REQUEST LETTER WITH 
A T T K H M E N T S  AND RESPONSES 



STATE OF CALIFORNIA GEORGE MUKAEIIAN. O o r r m r  

AIR RESOURCES BOARD 
1102 0 STREET 
"'I BOX 2815 

MENTO. CA 95812 

February 4, 1985 

Dear Sir or Madam: 

Subject: Request for Information Regarding Cadmium 

I am writing to request information on the health effects of cadmium as part 
of our toxic air contaminant program. This program is based on Health and 
Safety Code Sections 39650, et seq. which require the ARB to identify 
compounds as toxic air contaminants and once identified to develop and adopt 
control measures for such compounds. After consultation with tne staff of the 
Department of Health Services (DHS), we have selected cadmium as a candidate 
toxic air contaminant to be evaluated in accordance with the provisions of 
Health and Safety Code Sections 39650, et seq. During our evaluation of 
cadmium, we will consider available health information on all forms and 
compounds of cadmium. Additionally, we are soliciting information regarding 
environmental and biological transformations of cadmium ana its compounds. 

Before the ARB can formally identify a compound as a toxic air contaminant, 
several steps must be taken. First, the ARB must request the Department of 
Health Services to evaluate the health effects of candidate compounds. 
Second, the ARB staff must prepare a report which includes the health effects 
eva.1uation and then submit the report to a Scientific Review Panel for its 
review. The report submitted to the Panel will be made available to the 
public. Information submitted in response to this request will be considered 
in the ARB report to the Panel. Although any person may also submit 
information directly to the Panel for its consideration, I urge you to submit 
all information at this time for our consideration in the development of the 
report for the Panel. The Panel reviews the sufficiency of the information, 
methods, and data used by the DHS in its evaluation. Lastly, after review by 
the Scientific Review Panel, the report with the written findings of the Panel 
will be considered by the Air Resources Board and will be the basis for any 
regulatory action by the Board to officially identify a compound as a toxic 
air contaminant. 
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P r i o r  t o  fo rma l l y  request ing t he  DHS t o  prepare a hea l th  e f f ec t s  evaluat ion o f  
cadmium, we a r r  providing, pursuant t o  the  provis ions o f  Section 39660(e) o f  
t he  Health anu i a f e t y  Code, an oppor tun i ty  t o  in terested pa r t i es  t o  submit 
informat ion on the heal th  e f f ec t s  o f  cadmium which he or she bel ieves would be 
important i n  DHS1s evaluat ion o f  cadmium as a candidate t o x i c  a i r  
contaminant. 

I n  January 1985, ARB s t a f f  received a reference search on cadmium heal th  
e f f e c t s  using the  MEDLINE and TOXLINE Information Services. These informat ion 
services include mater ia l  ava i lab le  t o  the  publ ic  on o r  before September 
1984. The attached bibl iography l i s t s  the references from t h i s  informat ion 
search. We are requesting per t inen t  informat ion on cadmium heal th  e f fects ,  
inc lud ing  any mater ia l  t h a t  may n o t  be avai lab le  t o  t he  publ ic ,  t h a t  i s  no t  
included i n  the  attached b ib1 iography. 

Pursuant t o  the provis ions o f  the Pub l i c  Records Act (Government Code Sections 
6280 e t  seq.), t he  informat ion you provide w i l l  be a pub l i c  record and subject 
t o  pub l i c  disclosure, except f o r  t rade secrets which are no t  emission data o r  
other informat ion which i s  exempt from d isc losure o r  the d isc losure o f  which 
i s  p roh ib i ted  by law. The informat ion may also be released t o  the  
Environmental Protect ion Agency, which p ro tec ts  t rade  secrets and con f iden t ia l  
informat ion i n  accordance w i th  federa l  law, and t o  other pub l i c  agencies, 
which are a lso requi red t o  p ro tec t  such information. 

To expedite t he  review process, we ask t h a t  any in format ion which you be l ieve  
should be regarded as " t rade secret"  be c l e a r l y  inarked and separated from 
other information. You may i d e n t i f y  por t ions  o f  t he  informat ion you submit as 
" t rade secret "  i n  accordance w i th  Health and Safety Code Section 39660(e). 
The c la im o f  t rade secrecy must be supported upon the  request o f  t he  A i r  
Resources Board. Other informat ion claimed t o  be t rade secret  and informat ion 
otherwise claimed t o  be exempt from d isc losure may be i d e n t i f i e d  as 
con f i aen t i a l  i n  accordance w i th  Section 91011, T i t l e  17, Ca l i f o rn ia  
Admin is t ra t ive Code. Section 91011 requ i res  t h a t  t h e  c la im o f  c o n f i d e n t i a l i t y  
be accompanied by spec i f ied  support ing information. 

I would appreciate rece iv ing  any re levan t  information you wish t o  submit by 
March 22, 1985. Your help i n  expedi t ing our review w i l l  be g rea t l y  
appreciated. Please send the  in format ion t o  the a t t en t i on  of :  

Wi l l iam V .  Loscutoff.  Chief 
Toxic Po l lu tan ts  Branch 
Re: Cadmium 
Cal i f o r n i a  A i r  Resources Board 
P. 0. Box 2815 
Sacramento. CA 95812 

I f  you have any f u r t h e r  questions regarding heal th  e f f ec t s  information, please 
contact M r .  John Batchelder a t  (916) 323-1505. For any other questions, 
please contact  Mr. Robert Barham a t  (916) 322-7072. 
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* If you are not the person to whom this request should be addressed, please 
forward it to the appropriate person in your organization. Also, please let 
us know whether you would like to continue to receive information inquiries 
for other candidate compounds, and if not, if there is anyone in your 
organization to whom such requests should be sent. 

Sincerely, 

t c i  ---_ 
Stationary Source Division 

cc: Alex Kelter, DHS 
Lori Johnston, DFA 
Wayne Morgan, President, CAPCOA 
Jan Bush, Executive Secretary, CAPCOA 
David Howekamp, EPA Region IX 
Assemblywoman Sally Tanner, Chairwoman, Committee on Toxic Materials 
Senator Ralph Dills, Chairman, Committee on Governmental Organization 
Senator Art Torres, Chairman, Committee on Toxics and 

Pub1 i c Safety Management 
Emil Mrak, Chairman and Scientific Review Panel 

Members 
APCOs 

Attachment 
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Vrll, C hcrnrcal and ,4 tomrc Workers 
I~lter~latior~a/ Union 

J. E. (JACK) FOLEY 
DIRECTOR. DISTRICT NO. 1 

304 FREEWAY CENTER BUILDING 
3605 LONG BEACH BOULEVARD 

LONG BEACH. CALIFORNIA 90807 
PHONE: 1213) 4266981 

F e b r u a r y  8 ,  1985 

M r .  P e t e r  D. V e n t u r i n i ,  C h i e f  
S t a t i o n a r y  S o u r c e  D i v i s i o n  
AIR RESOURCES BOARD 
1102 "Q" S t r e e t  
S a c r a m e n t o ,  C a l i f o r n i a  95812 

Dear Mr. V e n t u r i n i :  

I n  r e s p o n s e  t o  y o u r  communica t ion  r e g a r d i n g  Cadmium t h a t  
m a t t e r  h a s  b e e n  r e f e r r e d  LC o u r  h e a d q u a r t e r s  i n  Denver ,  
C o l o r a d o  H e a l t h  & S a f e t y  3 e p t .  

I would a p p r e c i a t e  a n y  r e q n e s t  o f  t h i s  n a t u r e ,  i n  t h e  
f - t u r e ,  b e  s e n t  o u r  Denver  o f f i c e ,  a d d r e s s e d  a s  f o l l o w s :  
3 i 1 ,  Chemica l  a n ?  A t c m i c  Workers  I n t e r n a t i o n a l  Union ,  
3 e a l t h  & S a f e t y  D e ~ a r t r n e n t ,  P.O. Box 28:b Denver ,  CO.  
80201 t o  t h e  a t t e n t i o n  o f  D i r e c r o r  Dan Edwards w i t h  a  
copy t o  t h i s  o f f i c e ,  a s  a d d r e s s e l  on t h i s  l e t t e r h e a d .  

Thank you f o r  k e e p i n q  u s  i n f o r m e d .  

JEF:rmm' 
c c :  D .  Edwards 
F i l e  

R E C E I V E D  

stotionav Source 
Divi:io?. 

~i~ Rclources Eoord 



M e m o r a n d u m  

To : Peter  D. Venturini ,  Chief 
Stat ionary Source Division 
Air Resources Board 
1102 9 S t r e e t  
Sacramento, CA 95814 

Dote : February 13, 1985 

Ploce : Sacramento 

From : Deportment of Food and Agriculture 

Subiect: Request f o r  Information Regarding Cad~Aum 

Thank you f o r  your l e t t e r  regarding your information search on cadmium. Cur- 
r en t ly ,  only one pes t ic ide  containing cadmium is reg is te red  f o r  ag r i cu l tu ra l  
use i n  Cal i fornia .  ' Cleary's Granular Turf Fungicide which contains 0.75% 
cadmium (as  cadmium chlor ide)  is not  widely used i n  California.  

The Department has no addi t iona l  heal th  e f f e c t s  data  on cadmium t o  contribute.  

0 Lori J o h ~ s t o n ,  Assistant Director 
Pest  bkragemei~t, bvironmental  
Protection and Worker Safety 

(916) 322-6315 

cc  Assemblywoman Sal ly  Tanner 
William V. Loscutoff, Chief, ARB 
Alex Kel te r ,  DHS 

SURNAME 
50-106 I 

, . 
- .  1 . .  



February 13, 1985 

lnrnont Corporation 

1255 8road Street 
P.0 Box 6001 
Clltton. New Jersey 0701 5-6001 
201 1365-3400 

peter D. venturini, Chief 
Stationary Source Division 
State of California 
Air Resources Board 
1102 Q Street 
P.O. Box 2815 
Sacramento, CA 95812 

Dear Mr. Venturini: 

Your request for information on cadmium was 
forwarded to me. I must report that we have 
no health effects information on cadmium. 
But, please add me to your mailing list to 
receive ycur information inqciries in the 
future. - 

Sincerely yours, 

Eugene G. Wood 
Manager, 
Industrial Hygiene 



USI\-ERSITI; OF \YASHISGTOS 
SEATTLE, WASHINGTOS 5?19j  

0 
School of  Pitbfic Heoltli oiid Coriir~ii~triti. Jlrdichle 

F e b r u a r y  1 2 ,  1985  

W i l l i a m  V. L o s c u t o f f ,  C h i e f  
T o x i c  P o l l u t a n t s  Branch  
R e :  Cadmium 
C a l i f o r n i a  A i r  R e s o u r c e s  Board 
P.O. Box 2815 
S a c r a m e n t o ,  CA 95812 

Dear  D r .  L o s c u t o f f :  

P l e a s e  f i n d  l i s t e d  be low s e v e r a l  r e f e r e n c e s  on t h e  
d e v e l o p m e n t a l  t o x i c i t y  o f  Cadmium.: 

B a r r ,  M :  The t e r a t o g e n i c i t y  o f  cadmium c h l o r i d e  i n  t w o  s t o c k s  of  
W i s t a r  r a t s .  T e r a t o l o g y  7:237-242, 1973 .  

C h e r n o f f ,  N.: T e r a t o g e n i c  e f f e c t s  of  cadmiurn i n  r a t s .  @ T e r a t o l o g y  8 ~ 2 9 - 3 2 ,  1971.  - 
Cve tkova ,  R.P.: M a t e r i a l s  on t h e  s t u d y  o f  t h e  i n f l u e n c e  o f  
cadmium compounds on t h e  g e n e r a t i v e  f u n c t i o n ,  Gig. Tr .  P r o f .  
Zabo l .  1 4 : 3 1 ,  1970 .  

Dencke r ,  L.: P o s s i b l e  mechan i sms  o f  cadmium f e t o t o x i c i t y  i n  
g o l d e n  h a m s t e r s  and  mice: u p t a k e  by t h e  embryo,  7 l a c e n t a  and  
o v h r y .  J. Reprod .  F e r t .  44:461-471, 1975 .  

L e v i n .  A.A. and  K i l l e r .  R.K.: F e t a l  t o x i c i t v  o f  cadmium i n  r a t :  
~ e c r e e s e d -  u t e r o - p l a c e n t a l  b l o o d  f l o w .  ~ o x i c c l .  bpi. Pharm. 58: 
297-306, 1981 .  

M u l v i h i l l ,  J.E.; Gamm, S.H. and Ferm, V.H.: F a c i a l  f o r m a t i o n  i n  
n o r m a l  a n d  c a d m i u m - t r e a t e d  g o l d e n  h a m s t e r s .  J. m b r y o l .  Exp. 
Morphcl .  24:393-403, 1970.  

T h u e r a u t ,  J.; S c h a l l e r ,  K.H.; E n g e l h a r d t ,  E. a n d  G o s s l e r  K.: The  
cadmium c o n t e n t  o f  t h e  human p l a c e n t a .  I n t .  Arch. Occup. 
E n v i r o n .  H e a l t h  36:19-27, 1975 .  

An e x c e l l e n t  r e f e r e n c e  s o u r c e  f o r  f u r t h e r  i n f o r m a t i o n  o n  t h e  
d e v e l o p m e n t a l  t o x i c i t y  of  compounds is: 

T.H. S h e n a r d  
C a t a l o g  b f  T e r a t o g e n i c  A g e n t s  
J o h n s  Hopk ins  P r e s s ,  B a l t i m o r e ,  1984 .  



Several general references that you may want to include in 
your references are: 

Hutton, M.: Sources of Cadmium in the Environment. Ecotoxic. 
and Environ. Safety. 7:9-24, 1983. 

Itokawa, Y., Abe. T., Tabei, R., and Tanaka, S.: Renal and 
Skeletal Lesions in Experimental Cadmium Foisoning. Arch. 
Environ. Health. 28:149-154, 1974. 

Korte, F. Ecotoxicology of Cadmium: General Overview. 
Ecotoxic. and Environ. Safety. 7:3-8, 1983. 

Lauwerys, R.R., Buchet, J.P., Roels, H.A., Brouwers, J., and 
Stanescu, D.: Epidemiological Survey of Workers Exposed to 
Cadmium. Arch. Environ. Health. 28:145-?, 1974. 

Lemen, R.A., Lee, J.S., Wagoner, J.K., and- Blejer, H.: Cancer 
Mortality Among Cadmium Production Workers. Ann. N.Y. Acad. 
Sci. 271:273-?, 1976. 

Rieth, F.H., Stocker, W.G., and Thiess, A.M.: Chromosome 
Investigations of Workers Exposed to Cadmium in the Manufacturing 
of Cadmium Stabilizers and Pigments. Ecotoxic. Environ. Safety. 
7:106-?, 1983. 

Quaife, C., Durnam, D., Mottet, N.K.: Cadmium 
hypersusceptability in C34 mouse liver: cell specificity and 
possible role of metallothionein. Tox. Applied Pharm. 76:9-17, 
1984. - a 

I hope this information is useful. 

Sincerely, 

Assistant Professor 

EFW: jt 



Ford Motor.Company The American Road 
Dearborn, Michlgan 48121 

February 18, 1985 

I .  i l l i a m  V.  Loscu to f f ,  Chief 
Tox ic  P o l l u t a n t s  Branch 
Re: Cadmium and Asbestos 
C a l i f o r n i a  A i r  Resources Board 
P.O. Box 2815 
Sacramento, CA 95812 

S ~ b j e c t :  Response t o  Mr. P. 0. V e n t u r i n i ' s  Requests f o r  I n f o r m a t i o n  
Regarding Cadmium and Asbestos 

Dear M r .  Loscu to f f :  

The Ford I ~ l o t o r  Company has n o t  undertaken independent s c i e n t i f i c  s tud ies  t o  
eva lua te  the  h e a l t h  e f f e c t s  re1  z t i n g  t o  e i t h e r  cadmium o r  asbestos. 
Rather, the  Company q u a n t i t a t i v e l y  measures the  ambient concent ra t ions  
w i t h i n  t h e  p l a n t  env i ronnents  o f  regu la ted  and-suspected t o x i c  a i r  
contaminants. These concen t ra t i ons  are  evaluated w i t h  respec t  t o  the 
c u r r e n t  Occupational S a f e t y  and H e a l t h  A d m i n i s t r a t i o n  pe rm iss ib le  exposure 
1 i m i  t s ,  Nat iona l  I n s t i t u t e  o f  Occupational Sa fe ty  and Heal t.h recommended 
standards, and American Conference o f  Governmental I n d u s t r i a l  Hyg ien i s t s  
Tnreshol d L i m i t  Val ues. 

We r e g r e t  t h a t  we are  unable to submit  i n f o r m a t i o n  pursuant  to your  
i n q u i r i e s  concerning h e a l t h  e f f e c t s  b u t  we would l i k e  to cont inue to 
r e c e i v e  i n f o r m a t i o n  on your  progress i n  r e g u l a t i n g  t o x i c  a i r  contaminants. 

F. P. Par tee  
P r i n c i p a l  S t a f f  Engineer 
k i  r l N o i s e  Compl iance 
S t a t i o n a r y  Source Environmental 

Cont ro l  O f f i c e  



UNIVERSITY OF CALIFORNIA, RIVERSIDE 

BERKELEY . DA\'1S . IR\'I'IE . LOSALGELES . RI\'ERSIDE . 52VDlEGO . 54, FF.4SCIS:O SAliTA8ARBAQ.A . SANTACRUL 

EGE OF ZTL'RAL S D  AGRICULTURAL SCIEYCES R1VERSII)E. C;4LlFORSIA 92521 
RESEARCH CENTER AIl) 

ACRICCLKR.4L ESPERI3fEST STATIOS 
DEPART~IENT OF SOIL AND ESVIRONMESTAL SCIESCES February 2 7 .  1985 

R E C E I V E D  

Hr. Peter D. Venturini, Chief 
Stationary Source Division 
Air Resources Board 
1102 Q. Street 
P.O. Box 2815 
Sacramento, CA 95812 

Stationary Source 
Division 

Air Rewurces Soarc! 

Dear Mr. Venturini: 

This is a response to your request for information regarding 
cadmium. The following two srricles published by the Department of 
Soil and Environmental Scieoces, Univirsity of California, P.iverside, 
CA, are submitted, herewith, for your consideration. Both papers 
dealt with environmental and biological transfomatiocs of cadmium: 

1. Page, A. L. and A.  C. Chang. 1979. Contsmination of 
soil and vegetation by afmospheric deposition of trace 
metals. Phytopathology 69( 9):1007-1011.- 

2. Page, A. L., M. b:. El-hamy 8r.C A. C. Chang. 1984. 
Cadmium in the environment ard its entry into ter- 
restrial food chain crops (to be published as Chap. 
2 in a cadmium book; publisher Springer-Verlag, New 
York, N.Y.). 

ACC:j t 
Enclosures 

cc: M. M. El-Amamy 
A. L. Page 



Cadmium Counc~l, Inc 
292 Modlson Avenue 
New York. N Y 13017 

February 28, 1985 

Lynn Terry  
S t a t i o n a r y  Sources Divis ion  
A i r  Resources Board 
1102 Q S t r e e t  
P.O. Box 2815 
Sacramento, CA 95812 

Dear MS. Terry ,  

I am s o r r y  f o r  t h e  d e l a y  i n  responding t o  your r e q u e s t  b u t  t h e  Yost and 
Greenkorn s tudy was be ing  p r i n t e d .  I have a l s o  included t h e  proceedings 
from t h e  Second, Thi rd ,  and Fourth I n t e r n a t i o n a l  Cadmium Conferences, 
a book e n t i t l e d  Cadmium Chemicals, and an  a r t i c l e ,  "The E f f e c t  o f  Cadmim 
on t h e  Environment" by J .  F .  Cole and R .  A .  Volpe. 

a I w i l l  g l a d l y  c a r r y  o u t  e d a t a  s e a r c h  f o r  you i f  you need f u r t h e r  i n f o r -  
mation. I w i l l  be c a l l i n g  you s h o r t l y  t o  s e e  iX I may be  of f u r t h e r  
a s s i s t a n c e .  

S i n c e r e l y ,  

,/' Giovina I,. Leone 
A s s i s t a n t  Di rec to r  
Environmental Regulat ions 

enc losu res  



- DEPARTMENT OF THE ARMY 
U. S. ARMY ENVIRONMENTAL HYGIENE AGENCY 

ABEROEEN PROVING G R O U N D .  M A R Y L A N D  210104422 

(IEPLI TO /dAR 12  1.y: 
A T T E Y T I O *  or 

Occupational and Environmental 
Medicine Division 

Wi 1 liam V .  Loscutoff 
Chief, Toxic Pollutants Branch 
California Air Resources Branch 
P.O. BOX 7ni5 
Sacramento, California 95812 

Dear Mr. Loscutoff: 

While the US Army Environmental Hygiene Agency does not 
conduct research into the toxicology of cadmium, we are aware 
of an EPA draft document, not -included in your bibliography, 
which you may wish to review. The title is: Updated Mutagenicity 
and Carcino~~nicity Assessment of Cadmiuni, Addendum to the 
Health Assessment Document for Cadnlium (May 1981, EPA-60018-81-0231, 
EPA-60018-83-0256, April 1984, External Review Draft. This 
document is available from the Natic~nal Technical Information 
Service. - 

Any comments should be directed to Major Robert W .  Petzold, 
M.D. at this Agency. 

Sincerely, 

a1 C. Gaydos 1 
Colonel, Medical Corps 
Director, Occupational and 

Environmental Health 



Representing the Color Pigments Industry SUITE 202,206 NORTH WASHINGTON STREET 
ALEXANDRIA. VA 22314 U03) 684.4044 

hil ing Addnrr: 
P.O. BOX 931. ALEXANDRIA, V L  22313 

March. 29 ,  1985 

William V. Loscutoff, Chief 
Toxic Pollutants Branch 
Re: Cadmium 
California Air Resources Board 
P.O. Box 2815 
Sacramento, CA 95812 

Dear Sir: 

Subject: Request for Information Regarding Cadmium 

The Dry Color Manufacturers' Association (DCMA) appreciates receiving from the 
California Air Resources Board their request to furnish information on the 
health effects of cadmium. 

The DCMA is an industry trade association representing small, medium and large 
pigment coior man~lfacturers throughout the United States and Canada. 
accounting for approxinately 95% of the produc.tion.of color pigments in these 
countries. Included within the DCMA structure is-the Cadmium Pigments 
Committee (the "Committee") vhich is composed of major manufacturers of 
cadmium pigments. 

The Committee has been active for many years in addressing safety and health 
concerns with respect to cadmium pigments. It has provided information to 
interested government agencies and to the public with respect to these 
concerns. In addition, the Committee has sponsored various testing activities 
and studies conducted by consulting professors, laboratories and institutions. 
Consequently, the Committee is generally recognized as the primary source of 
expert industry information on cadmium pigments, including safety and health 
concerns. The Committee is vitally interested in any development that might 
affect the use of these important color pigments. 

While the Committee has undertaken animal studies to demonstrate that cadmium 
pigments, owing to their insolubility, are less bio-available than more 
soluble cadmium compounds both by ingestion and inhalation, no studies have 
been undertaken by the Committee that relate to levels of cadmium in the 
atmosphere over urban and rural areas. 



It is noted that the list of references on cadmium enclosed with your letter 
of February 4, 1985 does not include a comprehensive review of environmental 
levels of cadmium prepared by Dr. Kenneth J. Yost of Purdue University, West 
Lafayette, Indiana entitled "Cadmium, the Environment and Human Health: An 
Overview" (Experientia 40 (1984) Birkhauser Verlag CH-4010 Basel/Switzerland). 
A copy is enclosed. Taking into account the production of cadmium, its major 

e 
uses and disposal into the environment, this report concludes that 
"respiratory (inhalation) intake of cadmium by urban populations is 
negligible". 

You are no doubt aware of the data available on ambient air levels of cadmium 
in Section 4.2.1 of the U.S. Environmental Protection Agency "Health 
Assessment Document for Cadmium" prepared by L.D. Grant, Gal. and dated 
October 1981 (EPA 600/8-81-023). With few exceptions the average annual 
cadmium levels for U.S. cities studied fall within a range of 1 to 20 
nanograms/cubic meter of air. From these values it has been estimated that 
cadmium in the ambient air contributes less than 2 micrograms per day of an 
adult's uptake of cadmium as compared to from 20 to 50 micrograms per day by 
way of the diet. 

You may find of interest the enclosed booklet published by the Committee 
several years ago entitled, "Cadmium Pigments - An Encouraging Outlook". 
It is understood that the health evaluation report to be prepared by the ARB 
staff for submission to a Scientific Review Panel will be made.available to 
the public. Your sending us a copy of thls report when available or advising 
us how to obtain a copy will be very much appreciated. 

V 
J. Lawrence Robinson 
dxecutive Vice President 

Enclosures (Yost Paper and "Cadmium Pigments - An Encouraging Outlook") 
cc: Peter D. Venturini. Chief 

Stationary Source Division 
State of California 
Air Resources Board 
P.O. Box 2815 
Sacramento, CA 95812 



PACIFIC GAS AND ELECTRIC COMPANY 

a .  -I- 7 7  BEALE S T R E E T  . SAN F R A N C I S C 3 .  C A i l F O R i i l A  9 i 1 3 E  . ( 4 i 5 1  78: -4211 . TWX 910-372.6567 

A p r i l  16 ,  1985 

M r .  W i l l i a m  V .  L o s c u t o f f ,  Chief  
Toxic  P o l l u t a n t s  Branch 
RE: Cadmium 
C a l i f o r n i a  A i r  Resources Board 
P.O. Box 2815 
Sacramento,  CA 95812 

Dear M r .  Loscutof  f : 

Request  f o r  P u b l i c  Hea l th  
In fo rma t ion  Regarding Cadmium 

P a c i f i c  Gas and E l e c t r i c  Company r e c e i v e d  your February 4 ,  1985 
r e q u e s t  f o r  a d d i t i o n a l  p u b l i c  h e a l c h  in fo rma t ion  r e g a r d i n g  
Cadmium. We reviewed t h e  b i b l i o g r a p h y  and concluded c h a t  w e  a r e  
unaware of any a d d i t i o n a l  i n fo rma t ion  which would be o f  use  t o  

- .  - 
PGandE would l i k e  t o  remain on t h e  Cadmium ma i l i ng  l i s t ,  and 
would a p p r e c i a t e  r e c e i v i n g  c o p i e s  o f  fucu re  announcements on 
r e p a r t s .  P l e a s e  send f u t u r e  commilnLcarions t o  me a t :  

P a c i f i c  Gas and E l e c c r i c  Company 
77 Beale S t r e e t  - Room 1357 
P.O. Box 7640 
San F r a n c i s c o ,  CA 94124 

Thank you. 

S i n c e r e l y ,  

J .  F.  McKENZIE 



. . 
. STATE 6 r  C ~ L I ~ O R N ~ A  GEWGE OEUKMEJIAN. Governor 

DEPARTMENT OF FOOD AND AGRICULTURE 

1220 N S t r e e t  
Sacramento 
95814 

Apr i l  22, 1985 

William V .  Loscu to f f ,  Chief 
Toxic P o l l u t a n t s  Branch 
C a l i f o r n i a  A i r  Resources Board 
P.O. Box 2815 
Sacramento, CA 95812 

Dear Mr. ~ o s c u t o f f  

Subjec t :  Publ ic  Records Request 
Our F i l e  PR-85-05 

Enclosed p lease  f i n d  t h e  d a t a  on cadmiun reques ted  i n  your l e t t e r  of 
February 4 .  Mr. B i l l  Erdmzn of ? :a l l inckrodt  I n c ,  has  i n d i c a t e d  h i s  company 
w i l l  not  respond t o  our l e t t e r  of  February 27. Accordinely,  t h e  two - .  
s r u d i e s  a r e  be ing  r e l e a s e d .  

- 
Sincere ly  

L i s a  Brown, S t a f f  Counsel 
P e s t i c i d e  Enforcement Unit  
(916) 4L5-5895 

c: B i l l  Erdman 
Alex K e l t e r ,  DHS 
Lor i  Johns ton ,  CDFA 
Wayne Morgan, P r e s i d e n t  ChPCOA 
Jan  Bush, Executive S e c r e t a r y ,  CAPCOA 
David Howekamp, EPA Region I X  
Assemblywoman S a l l e y  Tanner 
Senator  Ralph D i l l s  
Senator  Art Torres  
E m i l  Mrak, Chai r ,  SAP 



APPENDIX B 

HEALTH EFFECTS REQUEST T O  DHS AND 
LETTER OF RESPONSE 



M e m o r a n ' d u m  

To : Kenneth K i z e r ,  M . D . ,  D i r e c t o r  
Depar tment  o f .  ~ e a l t h  
714 P  S t r e e t  

S e r v i c e s  

4 

Dote : April 12, 1985 

S~bi*:  E v a l u a t i o n  o f  
Cadmium 

From / Air ~ e ~ c e r  ~ o a r y  

I am w r i t i n g  t o  f o r m a l l y  r e q u e s t  t h a t  t h e  ~ e ~ d r t m e n t  
e v a l u a t e  t h e  h e a l t h  e f f e c t s  of  cadmium a s  a  c a n d i d a t e  t o x i c  a i r  
c o n t a m i n a n t  i n  acco rdance  w i t h  Assembly B i l l  1807 ( T a n n e r ) .  
Accord ing  t o  H e a l t h  and S a f e t y  Code S e c t i o n s  39660-62, your 
Department h a s  n i n e t y  days  t o  s u b m i t  a  w r i t t e n  e v a l u a t i o n  and 
recommendat ions .on t h e  h e a l t h  e f f e c t s  of cadmium t o  t h e  Air 
R e s o u r c e s  Board and may r e q u e s t  a  t h i r t y  day e x t e n s i o n .  

A t t a c h e d  f o r  your s t a f f ' s  c o n s i d e r a t i o n  i n  e v a l u a t i n g  
cadmium a r e :  At tachment  I - a  s u g g e s t e d  l i s t  o f  t o p i c s  t h a t  we 
b e l i e v e  s h o u l d  be  i n c l u d e d  i n  your  cadmium e v a l u a t i o n  and 
recommendat ions;  At tachment  I1 - a  l ist  of r e f e r e n c e s  on cadmium 
h e a l t h  e f f e c t s  which were i d e n t i f i e d  i n  a n  ARB l e t t e r  of  p u b l i c  
i n q u i r y  o r  r e c e i v e d  i n  r e sponse  t o  t h e  i n q u i r y  l e t t e r ;  and 
Attachment  I11 - ambien t  cadmium c o n c e n t r a t i o n  d a t a  which s h o u l d  

@ be used t o  e s t i m a t e  t h e  r ange  o f  r i s k  t o  C a l i f o r n i a  r e s i d e n t s  a s  
r e q u i r e d  i n  H e a l t h  and S a f e t y  Code S e c t i o n  3 9 6 6 0 ( c ) .  

M y  s t a f f  i s  a v a i l a b l e  f o r  c o n s u l t a t i o n  i n  conduc t ing  
t h i s  h e a l t h  e f z e c t s  e v a l u a t i o n .  We look fo rward  t o  c o n t i n u i n g  t o  
xork c l o s e l y  w i t h  you and your  s t a f f  i n  c a r r y i n g . o u t  t h i s  
l e g i s l a t i v e  mandate. I f  you have a n y  f u r t h e r  q u e s t i o n s  r e g a r d i n g  
t h i s  m a t t e r ,  p l e a s e  c o n t a c t  me a t  445-4383 o r  have  your s t a f f  
c o n t a c t  P e t e r  D. V e n t u r i n i ;  Chie f  o f  t h e  S t a t i o n a r y  Source  
D i v i s i o n ,  a t  445-0650. 

At tachments  

cc :  Gordon Duf f y  
Alex K e l t e r ,  DHS, w /a t t achmen t s  
Raymond Neu t r a ,  DHS, w / a t t a c h n e n t s  
P e t e r  D. V e n t u r i n i ,  ARB 
Assemblywoman s a l l y  Tanner 
C l a i r e  B e r r y h i l l ,  DFA 
E m i l  Mrak, Chairman and Members 

o f  t h e  S c i e n t i f i c  Review P a n e l  
S e n a t o r  Ra lph  D i l l s  
S e n a t o r  ~ r t -  T o r r e s  
J o h n  Holmes, ARB 



ATTACHMENT I 
Suggested List o f  T o p i c s  

CADMIUM 

.a 
I. Chemical and Physical Properties 

A. Cadrnium compounds 

B. Production and use 

C. Occurrence 

1. Natural 

2. Airborne, water, so i l  

3. Cigarette Snoke 

4. Occupational 

5. Plant Uptake 

6. Food 

11. Acute Health Effects 

A. Acute pulmonary toxici ty 

B. Chronic renal damage (see Section V )  

111. Carcinogenicity 

A. Epidemiologic evidence 

1. Lemen study (1976). cohort of 292 workers i n  cadmium 

production fac i l i ty .  An excess of malignant respiratory 

disease f ~ u n d  as  was an excess of cancer of the prostate. 

2. Varner study (1983). An enlarged version of the Lemen study 

tha t  demonstrated dose-response relationships for both lung 

cancer and t o t a l  neoplasms. 

3 .  Zhun study (1984). Cohort of Lemen expanded t o  602 white males 

w i t h  a t  l eas t  6 months work in  cadmium production between 1940 

- 1969. 'Ihis cohort was followed through 1978. Mortality £ran 

cancer of the respiratory t r ac t  (but not the prostate) was 

significantly greater i n  the cohort than t h e  general population 

2 :  Cancer mortality increased with an increase i n  

exposure. Zhun considered both possible confounders of arsenic 

and smoking and dismissed both. 



4. Other epidemiologic s tud ies :  Sorahan et  al., 1983; urnstrong 

e t  a l . ,  1983, 1982; Holden H., 1980; providing l imi ted  -- a 
addi t ional  epidemiologic evidence fo r  excess lung cancer 

mortali ty.  

5. C. A. G.: Further evidence provided by CAG under t h e  

assumption t h a t  a rsen ic  is add i t ive  t o  t h e  i i s k  of lung cancer 

from cadmium while smoking is mul t ip l ica t ive  ind ica tes  t h a t  the  

upper bound fo r  t h e  expected number of lung cancer cases  is 

still s ign i f i can t ly  below t h a t  of the  observed number of cases 

a t  the  P<0.05 l eve l  i n  the Thun study. 

6. NIOSH: cadmium is a po ten t i a l  occupational carcinogen. 

7. IARC: The human epidemiologic evidence appears t o  provide 

l imited evidence of lung cancer r i s k  from exposure t o  cadmium. 

(conclusion pr ior  to 'Ihun study) . 
B. Animal evidence 

1. Takenaka -. e t  - a l .  study, 1983. E X p S U r e  of r a t s  t o  cadmium 

chlor ide aerosol  by inha la t ion  was done over t h e  l i f e t i m e  of 

t h e  animals. A pos i t i ve  dose-response re la t ionship  fo r  t h e  

developnent of primary lung carcinoma was shown. 25 out  of 35 
3 r a t s  (71.4%) exposed t o  50 ug/m cadmium chlor ide aerosol  

developed lung cancer compared t o  0 ou t  of 38 unexposed 
3 controls.  20 out  of 38 (52.6%) exposed to  25 ug/m and 6 out  

3 of 39 (15.4%) exposed to 12.5 ug/m developed lung cancer. 

2.  Additional a n h l  s tud ie s  contr ibut ing information to the  

carcinogenic po ten t i a l  of cadmium. 

a. Lung cancer i n  rats by s ing le  inha la t ion  exposute (Hadley 

e t  a1 1979). - - . I  



b. Mammary tumrs in males by multiple tracheal instillation 

(Sanders -- et al., 1984). 

c. Pancreatic Islet cell tumors following parenteral 

administration of cadmium chloride (mirier - et -- a1 1983). 

d.  Prostate tumors by injections of cadmium chloride into 

.prostate (Scott and Aughey 1979) 

e. Interstitial-cell tumors of the testis observed following 

testicular atrophy in rats and mice given s.c. injections 

of soluble cadmium salts, cadmium sulphate and cadmium 

chloride (Gum 1964 and 1963). 

f. Local spindle-cell sa;comas in Wistar rats by single s.c. 

injections of cadmium chloride, sulphate, sulfide, and 

oxide (Knorre, 1970). 

C. Short-term tests for genotoxicity 

1. Gene mutation on DNA damage in bacteria or fungi 

a. Data is conflicting. Negative results reported by Heddle 

and Bruce 1977, Milvy and Kay 1978, Polukhina -- et dl. 1977, 

Putrament et al. 1977. 

b. Positive results reported by Hedenstedt -- et dl. 1979, 

Nishioka 1975, and Kanematsu 1980, Takahashi 1972. 

2 .  Gene mutations in rwrmalian cell cultures 

a. Mouse lymphoma assay - mutagenic by Amacher and Paillet, 
1980. Also positive results by Oberly -- et al. 1982. 

b. Chinese hamster cell assay 
-3- 



Mutagenic resul ts  reported by Casto (1976). &hi and 

Chsawa (1983) demonstrated single strand DNA scission by 

cadmium indicating f0KIMti0n of DNA-protein cross-linking 

by cadmium. 

3 .  Studies of cadmium mutagenesis via sex-linked recessive lethal  

test i n  Drosophila Melanogester 

a.  Majority of studies show no mutagenic response. 

b. mminant l e tha l  t e s t  i n  Drosopbila resulted i n  a positive 

response w i t h  a dose-response relationship. 

4. Chromosomal aberrations 

a. In human lymphocytes and human c e l l  l i n e s  results have been 

conflicting and contradictory. 

b. Chinese hamster c e l l s  - Chromosomal aberrations followed 

treatment with cadmium. 
e 

c .  Mouse carcinoma c e l l s  - no aberrations noted following 

cadmium treatment. 

d. No observed chrcmosomal aberrations i n  bone marrow ce l l s  of 

rodents treated with cadmium. 

e. Plants exposed t o  cadmium demonstrated chromosomal 

aberrations and gene mtations.  

f .  cadmium is a mutagen tha t  in terfers  with spindle formation 

i n  v i t ro  and i n  vivo studies i n  -1s. -- -- 

g. Caifmium induces aneuploidy i n  CHO c e l l s  and i n  whole 

marmnals and germ c e l l s  of female mice and Syrian hamsters. 



h. Numerical aberrations induced by cadmium chloride in fanale 

germ cells of mice are inherited in e~nbryos. 

IV. Reproductive Effects 

A. Animal studies 

1. Testicular damage by cadmium in mice (Gunn &&. 1965, Parizek 
1960) 

a. Pretreatment of mice with zinc reduces incorporation of 

cadmium into spermatids. 

b. Cadmium inhibits incorporation of,Thymidine into 

spermatogonia-(significant reduction of litter size by 

injection of 1 mg/kg b.w. cadmium chloride into male mice 

15 to 48 days before mating with untreated female mice) 

c. Destruction of testicular cells (spermtogenic and 

interstitial) of rabbits given 1 to 8 s.c. inlections of 

9-18 mg/kg b.w. cadmium chloride. 

d. Ckle s.c. injection of 0.05 ml/kg b.w. (9.2 mg/kg b.w.1 

cadmium chloride into rabbits produced aspermia within 4 

weeks with no recovery. (Paufler and Foote, 1969). 

e. Schroeder and Mitchner (1971) exposed mice for 3 

generations to cadmium in drinking-water (10 ug/ml) which 

produced a reduction in litter size in breeding mice with 

loss of strain characteristics after two generations and 

congenital anomalies. 

f. Teratogenesis in rats by daily oral administration of 20-80 

mg/kg b.w. cadmium chloride days 6 to 19 gestation. 

(Scharf et a1 1972). -- 



g. Teratogenesis i n  golden hamsters by i.v. in jec t ion  of 2-4 

mg/kg b.w. camnium sulphate  on day 8 of ges ta t ion  produced 

c l e f t  l i p s  and pa la t e s  and other  f a c i a l  defec ts  (Ferm and 

Carpenter 1968). Also i n  r a t  by Barr, 1973; Cnernoff, 1973 

and Ishizu -- e t  a l ,  1973. 

h. Necrosis and blood c l o t  formation of placenta with f e t a l  

death 24 hours a f t e r  S.C. in jec t ion  of cadmium sa l t  i n t o  

r a t s  on one of days 17-21 of pregnancy (Parizek, 1964). 

i. Exposure t o  very low doses of Cd by inhalat ion d id  not 

demonstrate teratogenesis .  

B. Human Studies 

a. Sex differences:  multiparous post-menopausal women i n  Fuchu, 

Japan develop itai - i t a i  disease (Tsuchiya, 1969) 

characterized by elevated cadmium b l w d  l eve l s  and osteomalacia 

(proximity t o  cachium mine ) .  

b. Placental  t ransfer :  Lauwerys, Bachet, Rol ls  and Hubermnt-a 

series of papers on cadmiuv l e v e l s  i n  Belgim women i n  placenta,  

maternal and cord blood between 1975 - 1976. Results suggest a 

p a r t i a l  placental  b a r r i e r  t o  cadmium t ransfer .  Cadmium crosses  

the  placenta and l e v e l s  i n  t h e  f e t u s  are generally s l i g h t l y  

less than i n  maternal blood. Results i n  mnokers suggest 

cadmium from s~noking may induce metallothionein synthes is  i n  

t h e  placenta which can bind cadmium and pro tec t  t h e  fe tus .  

c. Study of Tsvetkova, 1970, showing no e f f e c t  on the menstrual 

cycle i n  106 women working with cadmium. 

d. mere is l imited evidence t h a t  reported exposure t o  very high 

l e v e l s  of  cadmium may induce t e s t i c u l a r  damge i n  men. (Smith 

e t  a l ,  1960 and Favino et a1 1968). -- - -' 



V. Pharmcokinetics and Toxicity 

A. Animal studies - toxicity 
'. LC50 

in dogs of cadmium chloride mist: 0.32 mg/cadmiuq/l of 

air for 30 minute exposure. (Harrison et al., 1947) -- 

" LD50 in mice, rats, guinea pigs, rabbits, dogs and monkeys of 

cadmium oxide fumes for 10-30 minutes were 4 700, 500, about 

3500, about 2500, 4000 and 15,000 minmg/m3, respectively 

(Barrett etg., 1947). 11% retention of cadmium oxide by the 

lungs of these animals. 

3. Snider -- et al. (1973) produced emphysema experimentally in male 

rats exposed to cadmium chloride aerosols (0.1% solution) for 1 

hour per day for 5-15 days. 

4. Cadmium damages testes of experimental animals (see section IV). 

5. Several experiments in rats (Friberg -- et al., 1974, 1975) show 

kidney tubular dannge when the concentration in the kidney 

cortex is about 200 ug/g wet weight. 

6. Hypertension has been produced in rats given cadmium in 

drinking water ( 5 ug/ml Cd) for long periods of time (Kanisawa 

& Schroeder, 1969: Perry and Erlanger, 1974). 

7. Carhiurn m y  produce zinc deficiency (Petering - et -.I a1 1971) 

8. Large doses of zinc prevent toxic action of cadmium on testes 

(Friberg etg., 1974) 

B. Animal studies -pharmacokinetics 

1. Biological half-life of a single oral dose of cadmium in female 

mice was estimated to be 200 days (Richmond -- et al., 1966). 



2.  Following inhalation 10 to 40% of Cadmium is absorbed, 

primarily in the lung and additionally by the gastrointestinal 

tract after mucocilliary clearance. 

3. Absorbed cadmium in rats is first transported to the liver and 

slowly transferred to the kidney. mly 1 to 2% of absorbed 

cadmium is excreted via the urine or feces. Metallothionein (a 
low m1. wt. protein) found in the liver, red cells, plasma and 

duodenal mucosa of several species is thought to play an 

important role in transport of cadmium in the body. (Norberg, 

1971; Friberg -- et al., 1974). Calcium and iron deficiencies 

enhance the absorption and tissue retention of cadmium. 

C. Man: toxicity and phannacokinetics 

1. Long term exposure of man to large amounts of cadmium by 

inhalation or ingestion eventually causes renal tubular 

dysfunction (Holden, 1969; Piscator, 1962; Potts, 1965). 

Osteomalacia m y  result from disturbances in mineral metabolism 

(Adam -- et al, 1969; Friberg, 1974). 

2. Cadmium's role in human hypertension causation is uncertain 

(Friberg gal., 1974) 

3.  About 5% of ingested cadmium is absorbed (Rahola -- et al., 1972; 

Yamgata -- et al., 1974) and reminder is excreted in feces. 

Non-exposed subjects excrete 10-60 ug daily in feces (Wester, 

1974) . 

4.  Cadmium is stored with metallothionein in the liver and 

kidneys. me-third of body burden occurs in the kidneys 

(Friberg et al., 1974). -- 

5. Newborn is practically free from cadmium (Schroeder -- et al.; 

1961). 



6. ~ o m l  l eve l s  i n  kidney cor tex  a t  age 50 ranges from 15-30 

ug/g. (Fr iberg e t  a l . :  1974) -- 

7. Smokers have higher (5-100%) renal  concentrations of cadmium 

than do nonsmokers ( L e w i s  - e t  -* a 1  1 1972) 

8. Urinary excretion of cadmium is 1-3 ug/day i n  adul t s .  Snokers 

excrete  m r e  (Piscator ,  1976). 

9. Biological ha l f - l i f e  of cadmium i n  man is 10-30 years (Elinder, 

e t  a l . ,  1976). -- 

V I .  Risk Assessment: ( ~ e v i e w  Articles: U.S. EPA Draft-[April, 19841 

Updated Mutagenicity Assessment of Cadmium) 

A. p l a n t i t a t i v e  estimation of r isk 

1. Unit risk for  cadmium i n  a i r  (lifetim-cer r i s k  occurring i n  

a hypothetical  population i n  whicn a l i  individuals  a r e  exposed 

continuously from b i r t h  throughout t h e i r  l i fe t imes  t o  a 
3 concentration of 1 ug/m of t h e  agent i n  t h e  a i r  they breathe) 

2. Potency of cadmium r e l a t i v e  t o  other  carcinogens t h a t  CAG has 

evaluated. 

3. Data f o r  quan t i t a t ive  e s t h t i o n  of r i s k  taken from: 

a. Lifetime animal s t u d i e s  o r  

b. H u m  s tud ie s  where excess cancer r i s k  has been associated 

with exposure t o  t h e  agent. 

c. Mutagenicity s t u d i e s  of i r r eve r s ib l e  damage t o  DNA. 

(manta1 type of b io logic  response c h a r a c t e r i s t i c  of 



mutagenesis is associated with a l i nea r  non-threshold 

dose-response re la t ionship)  . 

B. Dose-response assessment based on: 

1. Available animal da ta  

2. Human epidemiology and monitoring 

3. Workplace evidence 

C. Range of po ten t ia l  risks 

1. Unit risk estimate based on animal study of Takenaka -- e t  al.  

(1983) using male Wistar rats and cadmium chlor ide inhalat ion 

e x p s u r e  over l i f e t ime  of r a t  with dose-response re la t ionship  

shown. 

2. Unit risk estimte based on a human study. 

Study of Thun -- et al .  (1984). Cohort of cadmium smelter workers 

hired on o r  after January 1, 1926, and employed for a t  l e a s t  2 

years i n  a production capaci ty  i n  t h e  same p lan t  from January 

1, 1940 t o  December 31, 1969 developed 16 cases of resp i ra tory  

cancer deaths through December 31, 1978. ( m y  6.99 would be 

expected). 
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ATTACHMENT 111 

Ambient Cadmium Concentrations and 
Emission Trends 

Data from the U.S. Environmental Protect ion Agency's National Aerometric 

Data Bank f o r  the 1964 t o  1985 per iod show mean cadmium concentrations between 

3 0 (below detectable l i m i t )  and 125 ng/m . A t  s ta t ions  where more than 50 

percent o f  the samples were above the detect ion l i m i t  f o r  sampling periods 

between 1976 and 1984, mean cadmium concentrations ranged from 0.4 t o  3.0 

3 
ng/m . These data represent t o t a l  p a r t i c u l a t e  cadmium 50 um and smaller 

co l lec ted  from ambient a i r  a t  s i t e s  throughout Ca l i fo rn ia .  

Cadmium o r  i t s  compounds are used i n  the product ion o f  pigments, a l loys,  

and nickel  -cadmium ba t te r ies ,  as s t a b i l i z e r s  f o r  p las t i cs ,  and i n  cadmium 

p la t ing .  Potent ia l  sources o f  cadmium i n  a i r  are emissions from secondary 

' non-ferrous smel t i n g  , secondary steel  production, f o s s i l  f u e l  combustion, 

refuse and sewage sludge inc inera t ion ,  cadmium e lec t rop la t ing ,  and 

manufacturing o f  cadmium-containing'products. Invest igat ions are under way t o  

determine the magnitude o f  emissions i n  Ca l i f o rn ia  from these and other  types 

o f '  sources. 

United States demand f o r  cadmium i s  expected t o  increase a t  an average 

annual r a t e  o f  1.8 percent through 1990. 



'. J m s  Boyd 
Executive Off icer  
LI Resources Board 
1102 Q S t ree t  

'Om : Off i ce  of the Director 
8/1253 5-1248 

Daportmanf of Hwlth knicos  

>jeci: Request f o r  EXkmion 
of Cadmium Health 
Evaluation 

DUI? ti) the expcted a r r P ~ z 1  of rccmtly u@t4 informtion on caclmi~rn from 
the U.S. h v i r o m n t a l  Protection Agency, w2 are requesting a 30-day extension 
t o  August 9,  19.85 for submission of t t e  cadmium d c a m n t .  

D i r e c t o r  : 



?ate df California 

d b e m o r a n d u m  

James Boyd, Executive Officer 
Air Resources Board 
1102 Q Street 
Sacramento, CA 

,om : Office of the Director 
714 P Street, Room 1253 
Sacramento, CA 

Department of Health Services I 

SubIect : Cadmium Document 

R E C E I V E D  

Slotiot~ury ?ouqae 
Divisicn 

Air Resources Booid 

I have been informed the Department of Health Services will be unable to 
meet the August 9, 1985 due date for submission of the cadmium document 
because it has taken longer than anticipated to complete the document. 
It is expected to be completed by August 23, 1985. We are requesting an 
extension until August 26, 1985. Thank you for your patience. 

/";"* 
Maridee Gregory, M.D. 
Acting Deputy Director 
Public Health 

cc: Kenneth V. Kizer, M.D., M.P.H. 
Alex Kelter, X.D. 
Donald Lyman, r1.D. 

R E C E I V E D  _ _ _ _ . - - -  

Stotionoy SOY'C~ 
Division 

Air Resources Eoord 



Deportment ot Health Senices 

0 
: James D. Boyd 

Executive Officer 
Air Resources Board 
i102 Q Street 

Dote : October 10, 1985 

Subiea: Health Effects 
of Cadmium 

Sacramento 
B-4 

"Om : Office of the Director 
8 / 1 2 5 3  5 - 1 2 4 8  

Attached is the document prepared in response co your memo 
requesting the assistance of the Department of Health Services 
In evaluating the health effects of cadmium. 

Director / 

cc: C. Berryhill - w/o attachment 
J. Sharpless - w/o attachment 
Assemblymember Tanner - w/o attachment 
P. Ventarini - w!o attackment 
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APPENDIX C 

I.  STATIONARY SOURCES 

1 Cadmium P l a t i n g :  

There a re  31 cadmium p l a t e r s  i n  the South Coast A i r  Basin which 

em i t t ed  0.22 ton  o f  cadmium i n  1982. The r a t i o  o f  cadmium p l a t e r s  

t o  chrome p l a t e r s  i n  t h e  South Coast A i r  Basin i s  approx imate ly  0.20 

t o  1.0 (Zwiacher e t  al., 1983, pp. 207-214). It i s  est imated t h a t  

t he re  a re  400 chrome p l a t e r s  i n  C a l i f o r n i a  (CARE, 1985). Assuming 

t h e  r a t i o  o f  cadmium t o  chrome p l a t e r s  i n  t h e  s t a t e  i s  t h e  same as 

i n  t he  South Coast, approx imate ly  80 cadmium p l a t e r s  a re  ope ra t i ng  

i n  C a l i f o r n i a .  Cadmium emissions from t h i s  source a r e  est imated as 

f 0 l  lows : 

EMS = (80 p l a t e r s / 3 1  p l a t e r s )  (0.22 t o n l y e a r )  = 0.57 t o n l y e a r  

2. Coal Combustion: ( S i e r r a  Energy & Risk Assessment, Inc., 1982). 

a. Cement Manufactur ing: 

* Consumption i n  1984 = 1 ,600,000 tons  

* Emission f a c t o r  = 2.03 x l b .  Cd/ton 

(Krishnan, e t  al . ,  1982) 

* Ems = (1,600,000 t o n s l y r )  (2.03 x l b  Cd/ton) 

(ton/2,000 l b s )  = 0.16 t o n / y r  

b. Cogeneration: 

* Consumption i n  1981 = 240,000 tons 

* Emission f a c t o r  = 1.3 x l b .  Cd/ton 

(Krishnan, e t  al . ,  1982) 

* Ems = (240,000 t o n s / y r )  (1.3 x l b  Cd/ton) 

(ton/2,000 1 bs )  = 0.02 t o n l y r  



b. Sugar Beet Processing: 

* Consumption i n  1981 = 25,000 tons 

* Emission f a c t o r  = 9.1 x  l b .  Cd/ton 

(Krishnan e t  al., 1982) 

* Ems = (25,000 tons/yr.)  (9.1 x  l b  Cd/ton) 

(ton/2,000 1  bs. ) = 0.01 ton /y r .  

Together, cadmium emissions from coal combustion amounted t o  0.19 

ton  i n  1981. 

3. Residual O i l :  

C a l i f o r n i a  burned approximate ly  1.44 b i l l i o n  ga l lons  o f  

res idua l  o i l  i n  1984 (CARB, 1986a; CARB, 1986b). O f  t h i s ,  u t i l i t i e s  

burned approximate ly  16 percent  a t  t h e i r  power p lan ts .  One u t i l i t y ,  

Southern C a l i f o r n i a  Edison (SCE) used o n l y  2.2% o f  the  res idua l  o i l  

burned (CARB, 1986a; CARE 1986b; CARE 1 9 8 6 ~ ) .  Emissions f o r  

res idua l  o i l  combustion were est imated us ing  cadmium concentrat ions e 
o f  f u e l  o i l  repor ted  by  SCE and P a c i f i c  Gas and E l e c t r i c  Company 

(PG&E) (SCE, 1986; PG&E, 1986), and t h e  amount o f  r e s i d u a l  o i l  

burned i n  C a l i f o r n i a  (CARB. 1986a). 

Cadmium concent ra t ion  (ppm) 

SCE - PGBE - 
0.01 0.31-0.52 

Assuming a l l  cadmium i n  t h e  res idua l  o i l  i s  emi t ted  i n t o  the  

atmosphere upon combustion, cadmium emissions were est imated as 

f o l  1 ows : 



a. U t i l i t y  B o i l e r s :  

C a l i f o r n i a  u t i l i t i e s  used approximate ly  232.3 m i l l i o n  ga l lons  

o f  res idua l  o i l  i n  1984 (CARB, 1986a). Cadmium emissions from 

r e s i d u a l  o i l  burned a t  u t i l i t i e s  a re  est imated us ing  equat ion I. 

EMS = PR * 0  * Cc * U; 1  
(1 

Where: 

Ems = cadmium emissions, tons per year  

PR = Process Rate, m i l l i o n s  o f  ga l l ons l yea r  

0  = Densi ty  o f  res idua l  o i l  (8.2 lb . /gal . ) ,  lb . /gal .  

Cc = Cadmium concent ra t ion  o f  res idua l  o i l ,  ppm 

Uf = U n i t  conversion f a c t o r  (2000), l b . / t on  

Ems 

Lower ( t py )  Upper ( t p y )  

0.01 0.50 

Note : Data on cadmium concent ra t ion  from SCE were used t o  

est imate the  lower  number w h i l e  the  h ighes t  cadmium 

concent ra t ion  i n  f u e l  o i l  as repor ted  by PG&E was used t o  

est imate t h e  upper number. 

b. Other Sources: 

Besides be ing  used a t  u t i l i t i e s ,  r e s i d u a l  o i l  i s  used i n  

chemical manufactur ing and o i l  and gas e x t r a c t i o n  a c t i v i t i e s  and i n  

ships. I n  1984, approximately 1.21 b i l l i o n  ga l lons  o f  res idua l  

and/or crude o i l  were used by such sources (CARB, 1986a; CARB, 



1986b). Because the  SCE f u e l  cadmium content  data a r e  o n l y  

app l i cab le  t o  the South Coast u t i l i t i e s  and r e f i n e r i e s  (probably 

o n l y  SCE, because SCE used f o r e i g n  o i l s  w i t h  very  low s u l f u r  

content ,  0.17% t o  0.18% (Stepman, 1986), and because the  South Coast 

i n d u s t r i e s  o n l y  used approximate ly  0.6 percent  (CARB, 1986a; CARB, 

1986b; CARB, 1986d; CARB, 1986e) o f  t o t a l  res idua l  o i l  burned by  

sources i n  t h i s  category, o n l y  data from PG&E a r e  used t o  es t imate  

cadmium emissions. Equation I i s  a l s o  a p p l i c a b l e  f o r  t h i s  

category. Est imated cadmium emissions are  as f o l l o w s :  

Ems 

Lower ( t p y )  Upper ( t p y )  

1.5 2.6 

Adding emissions f o r  u t i l i t y  b o i l e r s  t o  t h a t  f o r  o the r  sources, t h e  

statewide cadmium emissions from res idua l  o i l  combustion a r e  

est imated t o  range from 1.5 t o  3.1 tons i n  1984. 

4. Secondary Smelters: 

a. Copper: 

The C a l i f o r n i a  Emission Data System i d e n t i f i e s  71 copper 

smelters i n  C a l i f o r n i a .  Together, these f a c i l i t i e s  consumed 

54,100 tons o f  copper scrap i n  1981 (CARB, 1 9 8 5 ~ ) .  An 

uncon t ro l l ed  emission fac to r  o f  3 lbs .  Cd l ton  o f  copper scrap 

was repor ted  (Coleman, R., 1979). Assuming 90 percent  c o n t r o l ,  

cadmium emissions from these copper smel ters a re :  

Ems = (1.0 - 0.90) * P R *  Emfac 

= 0.10 * 54,100 tons l y r .  * 3 i b .  Cd/ton * ton/2,000 l b s  

= 8.1 tons ly r .  



b. Zinc: 

Process Rate = 51,900 tons  o f  z inc  were produced i n  1981 (CARB, 

1 9 8 5 ~ ) .  

Emfac = 0.01 l b .  Cd l ton  o f  z i n c  produced (Coleman, R., 1979) 

Ems = PR * Emfac 

= 51 ,900 t o n l y r .  * 0.01 l b .  Cdl ton * ton/2,000 l b s  

= 0.26 ton l y r .  

5. Cement Manufactur inq: 

I n  1984, C a l i f o r n i a  cement manufactur ing p lan ts  produced 8,722,000 

tons o f  cement (U.S. DOI, 1985) and emi t ted  approximate ly  3,030 tons 

o f  PM (CARB, 1985d) exc lud ing  PM emissions from fue l .  

Assuming the cadmium concent ra t ion  i n  the  cement k i l n  dust  removed 

from t h e  r o t a r y  k i l n  baghouse o r  ESP equals the  cadmium 

concent ra t ion  i n  t h e  p a r t i c u l a t e  mat ter ,  cadmium emissions from 

cement manufactur ing can be est imated from t o t a l  PM emissions and 

the  Cd concent ra t ion  i n  cement k i l n  dust. 

Cadmium concent ra t ion  i n  cement k i l n  dus t  from 9  C a l i f o r n i a  cement 

p lan ts  ranged from 5  ppm t o  352 ppm and averaged 79 ppm (Haynes and 

Cramer, 1982; CARE, 1985e). Using these data and t h e  t o t a l  PM 

emission, t h e  1984 cadmium emissions from C a l i f o r n i a  cement p lan ts  

a re  est imated t o  be: 

Est imate based on mean 
Lower Est imate Upper Est imate Cd concent ra t ion  

(TPY) (TPY) (TPY) 

0.01 5  1.1 0.24 



6. Resource Recovery: 

Cooper Engineers, Inc. repo r ted  an uncon t ro l l ed  emission f a c t o r  o f  @ 
3.04 x lb .  Cd per m i l l i o n  Btu o f  s o l i d  waste heat  content  

(Cooper Engineers, Inc., 1984). The emission f a c t o r  was obta ined 

from t e s t  r e s u l t s  conducted a t  t h e  G a l l a t i n  munic ipal  

waste-to-energy f a c i l i t y  i n  Tennessee. I t was assumed an o v e r a l l  o f  

99% c o n t r o l l e d  by  a p p l i c a t i o n  o f  f a b r i c  f i l t e r s  (CARB, 1984). The 

c o n t r o l l e d  emission f a c t o r ,  assuming 99% c o n t r o l l e d ,  i s  t he re fo re  

3.06 x l b .  Cd per m i l l i o n  Btu. 

Annual average waste burned a t  t h e  Nor th  County Recycl ing and Energy 

8 Recovery Center i s  46.5 t o n s / h r  o r  5.21 x 10 Btu/hr., assuming 

waste has an energy o f  5,600 Btu / lb .  (CARB, 1984). I f  t h e  Center 

operates 24 hrs lday ,  7 days/week and 50 weekslyr., cadmium emissions 

from t h i s  f a c i l i t y  i s  c a l c u l a t e d  as fo l lows:  

Ems = PR * Emfac 

8 
= 5.21 x 10 Btu/hr. * 8400 h r s l y r .  * 3.04 x l o m 6  l b / l O  6 

Btu 

= 13.3 l b s l y r .  

7. F e r t i l i z e r :  

* Superphosphate app l ied  i n  1983 = 6,000 tons (Cushman, R., 1984) 

* Emission f a c t o r  = 0.0002 lb .  Cd/ton o f  superphosphate appl ied.  

Ems = (6,000 tons/yr . )  (0.0002 l b .  Cd/ton) 

= 1.2 l b s / y r .  



11. MOBILE SOURCES 

1. Combustion: 

a. Gasoline: 

Motor gas01 i n e  consumption i n  1984 = 1.224 x 10'' ga l lons  

(Morgester, J., 1985). An average cadmium conten t  o f  gaso l ine  

i s  0.02 mg/l o r  1.67 x  l o e 7  lbs /ga l .  (Lee e t  al., 1973). 

Assuming a l l  cadmium i n  gaso l ine  i s  em i t t ed  from v e h i c u l a r  

exhaust upon combustion, cadmium emissions from gaso l ine  

combustion are c a l c u l a t e d  as fo l lows:  

Ems = 1.224 x 1 0 ' ~  g a l s l y r .  * 1.7 x l o m 7  l bs /ga l .  * 

ton/2,000 lbs .  = 1.0 t o n l y r .  

b. Diesel  Fuel: 

Diesel  f u e l  consumed i n  1983 by C a l i f o r n i a  motor  veh i c les  was 

9  est imated t o  be 1.46 x 10  ga l l ons  (CARB, 1983). Cadmium 

3  conten t  o f  d iese l  f u e l  i s  0.08 g/m o r  6.7 x  l bs /ga l .  

(T ierney,  e t  a l . ,  1979). Based on est imates made i n  1983 o f  

consumption o f  d i e s e l  f u e l  i n  1984, and assuming a l l  cadmium i n  

d iese l  f u e l  i s  emi t ted,  cadmium emigsions from diesel-powered 

veh i c les  a re  est imated as fo l l ows :  

9  Ems = 1.46 x  10 g a l l y r .  * 6.7 x  l b .  Cd/gal. * 

ton/2,000 lbs .  = 0.5 t o n l y r .  

c. Motor O i l :  

I n  1984, VMT d r i v e n  by  motor veh ic les  i n  C a l i f o r n i a  were 

es t imated  t o  be 1.67 x 10" (CARB, 1983). An est imated 

emission f a c t o r  o f  0.6 gram o f  cadmium emi t t ed  per m i l l i o n  

k i l ome te rs  d r i ven ,  o r  2.12 lbs.  o f  cadmium emi t t ed  per b i l l i o n  



VMT d r i ven ,  was repor ted  (T ierney,  e t  al . ,  1979). Cadmium emissions 

from t h i s  source a r e  est imated as fo l l ows :  

Ems = 1.67 x 10" VMTlyr. * 2.12 x 1 0 - ~ l b .  CdIVMT 

ton/2,000 l bs .  = 0.2 t o n l y r .  

Together, cadmium emissions from combustion o f  f u e l  and o i l  i n  motor 

veh i c les  are  est imated as 1.7 tons i n  1984. 

2. T i r e  Wear: 

For every m i l l i o n  k i lometers  dr iven,  3 grams o f  cadmium are  emi t ted  

(0.11 l b .  o f  cadmium per  b i l l  i o n  VMT d r i v e n )  (T ierney,  e t  al . ,  

1979). Cadmium emissions from wear-and t e a r  o f  v e h i c l e  t i r e s  are  

est imated as fo l l ows :  

Ems = 1.67 x 10" VMTlyr. * 0.11 l o - '  l b .  Cd/VMT * ton/2,000 lbs .  

= 0.9 t o n l y r .  
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APPENDIX D 

ARB ANALYTICAL METHODS FOR SAMPLING AND 
ANALYSIS OF ATMOSPHERIC CADMIUM 



Method f o r  Sampling and Analysis of Atmospheric 
Cadmi um 

Method 109 

1. Method 

1.1 Ambient a i r  suspended pa r t i cu l a t e  i s  co l lec ted  on a g l a s s  
f i b e r  f i l t e r  f o r  24 hours using a high-volume sampler. 

1.2 The cadmium i n  the pa r t i cu l a t e  sample i s  so lubi l ized  by 
extract ion with n i t r i c  ac id ,  f a c i l i t a t e d  by ul t rasonica t ion .  

1.3 The cadmium content i n  ambient pa r t i cu l a t e  samples i s  analyzed 
by flame atomic absorption spectrometry, using an e lec t rode less  
discharge lamp, a wavelength of 228.8 nm, a continuum source 
background correct ion,  and the optimum instrumental conditions 
recommended by the manufacturer. 

1.4 I f  the cadmium content of the sample i s  below the detection 
l imi t  of the flame atomic absorption spectrophotcrneter, the 
heated graphite furnace (flameless AA) i s  used! 

2.1 The hi-volutw sampler used t o  c o l l e c t  the sampler i s  described 
in Appendix D, "Procedure f o r  Use of a High-Volume Sampler" 
(Air Resources Board Procedures Sampling and Analysis of 
Atmospheric Toxics). 

2.2 Heated ul t rasonic  water bath. 

2.3 Atomic Absorption (AA) Spectrophotometer equipped f o r  automated 
flame and flameless analyses (graphite furnace, and Cd e lec t rode less  
discharge lamp. 

2.4 Zero a i r  - f o r  flame ana lys i s .  

2.5 Acetylene - f o r  flame ana lys i s .  

2.6 Argon - f o r  flameless (graphi te  furnace) analysis .  

2.7 Associated glassware: volumetric f l a sks ,  p ipe t t e s ,  100 mL t e s t  tubes, 
mixing cylinder or centr i  fugc tubes with caps, funnels ( f o r  f i l t e r i n g  
samples, i f  des i red) .  

a 2.8 Polyethylene bo t t les .  For storage of samples. 

2.9 Centrifuge - i f  desired ( i n  l i eu  of f i l t r a t i o n ) .  



3. Reagents 

3.1 Concentrated (16 M )  HNOj ACS reagent grade HN03 and 
corrmercially available redis t i l led  HNO3 has been found 
to  have sufficiently low metal concentrations. 

3.2 Distilled or deionized water (metal f ree) .  

3.3 3 M HN03 - Add 182 mL of concentrated HN03 to  D.I. water in a 
1 L volumetric flask. Mix well, cool, and dilute to  volume 
with D.I. water. CAUTION: Nitric acid fums are toxic. 
Prepare in a well-ventilated hood. 

3.4 1 M HN03 - add 60.7 mL of concentrated EN03 t o  D. I .  water in a 
1 L volumetric f lask.  Mix well, cool, and dilute t o  volume 
with D.I. water. 

3.5 Cadmium, 1000 ppm atomic absorption standard - commercially 
available. 

4. Sample Preparation 

4.1 The f i l t e r  on which the sample i s  collected i s  prepared for 
analysis by ultrasonic extraction. Prepare a clean f i l t e r  
(with no sample collected) to  serve as the sample f i l t e r  alalk. 

4.2 C u t  one quarter of the f i l t e r  sample into pieces of approximately 
1 cm. square and place i n  a 100 mL centrifuge or t e s t  tube. 

4.3 Add 33.3 mL of 3M HN03 using a pre-set calibrated automatic 
dispensing pipette (the acid should cover the cut f i l t e r  pieces 
completely). 

,4.4 Cap the centrifuge or t e s t  tubes loosely t o  prevent pressure 
build-up during the u l  trasonication. 

4.5 Place tubes i n  a t e s t  tube rack. 

4.6 P u t  enough water i n  a clean ultrasonic bath so that  the water 
level i s  s l ightly above the acid level of the tubes in the rack. 
Heat the water i n  the bath to  around l8O0F. 

4.7 Set the rack in the ultrasonic bath. 

4.8 Ultrasonicate the samples for  50 minutes. 

4.9 Remove the  tubes from the bath and add 66.7 m L  water to  each 
of the tubes. 

4.10 Cap tubes loosely and ultrasonicate for  another 15 minutes 
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4.11 Fil ter  or centrifuge the contents of the tubes. If  the tubes are 
centrifuged, decant the supernatant. Use the f i l t r a t e  (o r  
supernatant l iquid) fo r  analysis. 

4.12 The final  concentration of n i t r i c  acid in the samples i.s 1 M. 

5. Instrument Conditions 

5.1 Prepare the instrument for  flame or flameless operation [follow 
manufacturers recomnended operating conditions) . 
Set the wavelength of the atomic absorption spectrophotometer 
a t  228.8 nm. 

6. Cali bration 

6.1 Stock standard solution - 1000 ppm cadmium solution. 
Available commercially as atomic absorption standard. 

6.2 Intermediate standard - 100 ug Cd/mL. Prepare by diluting 
10 mL of stock standard to 100 mL with 1 M HNO3. 

6.3 Calibration standard -0.50 pg Cd/mL ( for  flame). Prepare by 
diluting 1.0 mL of the i n t e m d i a t e  standard t o  200 mL with 
1 M HN03. For flameless AA, prepare a calibration standard 
of .O1  ug Cd/mL. 

6.4 Aspirate the reagent blank ( 1  M HN03) to  zero the instrument. 

6.5 Aspirate the calibration standard to  calibrate the instrument. 

6.6 Plot the absorbance vs. ug Cd/mL t o  give the calibration curve 
i f  automatic calibration i s  n o t  available i n  the instrumnt.  
PE 3030 AA calibrates automatically. 

7. Sample Analysis 

7.1 Aspirate the samples and f i l t e r  blanks. Record t he i r  absorbances. 

7.2 Determine the cadmium concentration i n  ug Cd/mL from the 
calibration curve ( P E  3030 can do th i s  automatically). Subtract 
the amount of Cd found in  the f i l t e r  blanks from those found 
in the samples. 

7.3 Samples that  exceed the linear concentration range should be 
diluted with 1 M HNO3 then reanalyzed. 



8. Calculations 

8.1 Determine from the ca l i b r a t i on  curve the concentration of Cd 
found i n  the samples and blanks i n  pg/mL. The PE 3030Mdoes 
t h i s  automatically 

8.2 Calculate the concentration of Cd i n  the  particulate sample 
a s  follows: 

p Cd = cd* x 100 mL * x d i l n  f a c t o r  ( i f  any) x 4 *** ++  
+ug Cd/mL = (pg CD/mL found i n  sample -pg Cd/mL found i n  f i l t e r  blank) 

** f i n a l  volume o f  the  e x t r a c t  solut ion 

*** i f  1/4 of f i l t e r  i s  used. 

9. Precision and Accuracy 

Single laboratory,  s ing le  operator  data were co l lec ted  f o r  Cd using 
automated flame atomic absorption technique w i t h  background cor rec t ion .  
2 and 5 pg Cd were spiked on 1/4 EPM LIhatman 2000 g lass  f i b r e  f i l  t e r s  
and ex t rac ted  according t o  the procedure given above . Recovery values 
( 7 )  from several r ep l i ca t e s  are given below. 

@ Cd # r ep l i ca t e s  % Recovery 
ml 

0.02 6 100 f 15 
0.15 7 100 * 10 
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