
7347 U-007-307.70 

EFFECTS OF CHRONIUM IN THE CANADIAN ENVIRONMENT, NCRR 
NO. 15017, NATURAL RESOURCE COUNCIL OF CANADA - COPY 
RIGHTED MATERIAL - AVAILABLE UPON REQUEST - (USED AS A 
REFERENCE IN OU 5 RI REPORT - APPENDIX B) 

00/00/76 

ISSN-0316-0114 
NRCC PUBLIC 
125 
REPORT 



I 
I 
I 
I 
I 

EFFECTS OF CHROMIUM “t 

IN THE CANADIAN ENVIRON’MENT 
. 

MN Pol 1 u t i  on Control Agency 
Library 
520 Lafayette Road 
S t .  P a u l ,  Minnesota 55155 

I 
I 
I 
I z  

1 
.I - 

- __. - . -- -- - 
ASSOCIATE COMMITTEE ON 
SCIENTIFIC CRITERIA FOR 

I ENVIRONMENTAL QUALITY 

~- 

- _ > - ,  . L  - - - -  _ _  , 
! 



NATIONAL RESEARCH COUNCIL OF CANADA 

ASSOCIATE COMMITTEE ON SCIENTIFIC CRITERIA 

FOR 

ENVIRONMENTAL QUALITY 

EFFECTS O F  CHROMIUM IN T H E  CANADIAN ENVIRONMENT 

SUBCOMMITTEE ON HEAVY METALS A N D  
CERTAIN OTHER COMPOUNDS 



- 2 -  

P u b l i c a t i o n  No. 15017 

of  t h e  

Envi ronmenta l  S e c r e t a r i a t  

Crown C o p y r i g h t  Reserved  

1976 

A v a i l a b l e  f rom:  

P u b l i c a t i o n s ,  N R C C / C N R C  
O t t a w a ,  Canada K1A OR6 

P r i c e :  $ 2 . 0 0  



- 3 -  

MEMBERS OF THE E X P E R T  P A N E L  O N  CHROMIUM 

Mr. J .D .  S t e v e n ,  
Canada Chrome and Chemica l s  L t d . ,  
2 G i b b s  Road, 
T o r o n t o ,  O n t a r i o  M9B 1R1 

Mr. L . J .  D a v i e s ,  
Canadian R e f r a c t o r i e s  D i v i s i o n ,  
Dresser I n d u s t r i e s  o f  Canada L t d . ,  
S u i t e  6 0 0 ,  
4 P l a c e  V i l l e  Mar i e ,  
M o n t r e a l ,  P . Q .  H3B 3Y4 

Mr. E . K .  S t a n l e y ,  
Union C a r b i d e  L t d . ,  
Ni a g a r a  Fa1 1 s ,  
New York,  USA 

Mr. R . A .  A b b o t t ,  
M i n i s t r y  o f  t h e  Env i ronmen t ,  
I n d u s t r i a l  Wastes Branch ,  
1 3 5  S t .  C l a i r e  Ave., W . ,  
T o r o n t o ,  O n t a r i o  

Dr. M .  I h n a t ,  
Chemical and B i o l o g i c a l  R e s e a r c h  I n s t i t u t e ,  
A g r i  c u l  t u r e  Canada, 
O t t awa ,  O n t a r i o  K1A O_C6 

Dr. L .  B i d s t r u p ,  
11 S l o a n e  T e r r a c e  Mans ions ,  
S1 o a n e  T e r r a c e ,  
London, England SWlX 9DG 

Dr. J . F .  J a w o r s k i ,  
Env i ronmen ta l  S e c r e t a r i a t ,  
N a t i o n a l  Resea rch  Counc i l  o f  Canada 
100 S u s s e x  Dr ive ,  
O t t a w a ,  O n t a r i o  K1A OR6 

T h i s  monograph c o n t a i n s  the  c o l l e c t i v e  views o f  t h e  
pane l  members. The f i r s t  d r a f t  o f  t h e  monograph was r e v i s e d ,  
u p d a t e d  and e d i t e d  by Dr. J a w o r s k i  p r i o r  t o  i t s  f i n a l  rev iew.  



- 4 -  

The A s s o c i a t e  Committee on S c i e n t i f i c  C r i t e r i a  f o r  
Env i ronmen ta l  Q u a l i t y  was e s t a b l i s h e d  by t h e  N a t i o n a l  Resea rch  
Counci l  o f  C a n a d a  i n  r e s p o n s e  t o  a mandate p rov ided  by t h e  
F e d e r a l  Government t o  d e v e l o p  s c i e n t i f i c  g u i d e l i n e s  f o r  de -  
f i n i n g  t h e  q u a l i t y  of  t h e  e n v i r o n m e n t .  The conce rn  of t h e  
N R C  A s s o c i a t e  Committee i s  s t r i c t l y  w i t h  s c i e n t i f i c  c r i t e r i a .  
P o l l u t i o n  s t a n d a r d s  a n d  o b j e c t i v e s  a r e  t h e  r e s p o n s i b i l i t y  of 
t h e  r e g u l a t o r y  a u t h o r i t i e s  a n d  a r e  s e t  f o r  t h e  pu rpose  o f  p o l -  
l u t i o n  c o n t r o l .  These  may be based  o n  s c i e n t i f i c  c r i t e r i a  a s  
a s t a r t i n g  p o i n t  b u t  t h e y  a l s o  t a k e  i n t o  a c c o u n t  t h e  o p t i m a l  
s o c i o - e c o n o m i c  impac t  of  proposed  measures  a s  we l l  a s ' t h e  
s t a t e  of e x i s t i n g  t e c h n o l o g y .  

a t i o n  o f  a v a i l a b l e  i n f o r m a t i o n  on t h e  p r o b a b i l i t y  of  e f f e c t s  
of c o n t a m i n a n t s  o n  r e c e p t o r s  t o g e t h e r  w i t h  t h e  r e l a t e d  f u n d a -  
menta l  p r i n c i p l e s  and s c i e n t i f i c  knowledge.  I n  t h i s  work p a r -  
t i c u l a r  a t t e n t i o n  i s  d i r e c t e d  t o  r e c e p t o r s  a n d  c o n t a m i n a n t s  
( a n d  t h e i r  i n t e r a c t i o n s )  i m p o r t a n t  t o  C a n a d a :  T h i s  Canadian 
approach  i s  n e c e s s a r y  because  e v a l u a t i o n s  made i n  o t h e r  coun- 
t r i e s  o r  r e g i o n s  w i l l  n o t  a lways  be a p p l i c a b l e  t o  t h e  p a r t i -  
c u l a r  c i r c u m s t a n c e s  p r e v a i l i n g  i n  Canada. 

The A s s o c i a t e  Commi t t ee ' s  program i n c l u d e s  t h e  e v a l u -  

Members o f  t h e  A s s o c i a t e  Commit tee ,  i t s  Subcommit tees  
a n d  E x p e r t  P a n e l s ,  s e r v e  v o l u n t a r i l y  a n d  a r e  s e l e c t e d  f o r  t h e i r  
i n d i v i d u a l  competence  a n d  r e l e v a n t  e x p e r i e n c e  w i t h  due c o n s i d -  
e r a t i o n  f o r  a b a l a n c e  among  a l l  s e c t o r s  i n  Canada. Respons i -  
b i l i t y  f o r  t h e  q u a l i t y . o f  s t u d y  documents  r e s t s  w i t h  t h e  Asso- 
c i a t e  Commit tee .  Each r e p o r t  i s  c a r e f u l l y  rev iewed a c c o r d i n g  
t o  a m u l t i - s t a g e  p r o c e d u r e  e s t a b l i s h e d  a n d  mon i to red  by t h e  
N a t i o n a l  Resea rch  Counci l  o f  C a n a d a  i n  o r d e r  t o  p r e s e r v e  ob- 
j e c t i v i t y  i n  p r e s e n t a t i o n  o f  t h e  s c i e n t i f i c  knowledge.  P u b l i -  
c a t i o n  a n d  d i s t r i b u t i o n  of t h e  r e p o r t  a r e  u n d e r t a k e n  o n l y  a f t e r  
c o m p l e t i o n  of  t h i s  r e v i e w  p r o c e s s .  

Comments o n  A s s o c i a t e  Committee documents a r e  we l -  
come a n d  w i l l  be c a r e f u l l y  rev iewed by t h e  E x p e r t  P a n e l s .  I t  
i s  f o r e s e e n  t h a t  t h e s e  s c i e n t i f i c  c r i t e r i a  may be r e v i s e d  from 
t i m e  t o  t i m e ,  a s  new knowledge becomes a v a i l a b l e .  



a 
I 
I 
I 
I 
I 

1 
I 

1 
I 
I 

a 

-5- P 
. [  * 1 3 4 7  

UNITS 

1 = l i t r e  

m l  = m i l l i l i t r e  

m = metre 

pm = m i c r o m e t r e  = 10'6 m e t r e  

g = gram 

v g  = microgram = 10-6 gram 

n g  = nanogram = 10-9  gram 

ppm = p a r t  p e r  m i l l i o n  = p g / g  = vg/ml of d i l u t e  aqueous  s o l u t i o n  

p p b  = p a r t  p e r  b i l l i o n  = n g / g  = ng/ml of  d i l u t e  aqueous  s o l u t i o n  

DEFINITION 

C r i t e r i a  a r e  c a u s e / e f f e c t  i n t e r r e l a t i o n s  based  s t r i c t l y  
on t h e  s c i e n t i f i c  e v a l c a t i o n  of  e n v i r o n m e n t a l  harm. 
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C H A P T E R  1 I N T R O D U C T I O N  

T h i s  document was w r i t t e n  p r i m a r i l y  t o  a s s e s s  t h e  
env i ronmen ta l  impact  o f  chromium (Cr)  a n d  i t s  compounds w i t h  
a s p e c i a l  r e g a r d  t o  h e a l t h  e f f e c t s  o n  l i v i n g  o r g a n i s m s ,  

I n  many r e s p e c t s ,  Cr i s  a n  e x c e p t i o n a l  e l e m e n t .  
The p redominan t  C r - b e a r i n g  m i n e r a l  i s  c h r o m i t e ,  a v e r y  i n e r t  
mixed o x i d e  of  F e y  Cr a n d  o t h e r  e l e m e n t s .  N e v e r t h e l e s s ,  Cr 
i s  found a t  low l e v e l s  i n  a l m o s t  a l l  b i o l o g i c a l  m a t e r i a l s  
where i t  i n t e r a c t s  s t r o n g l y  w i t h  b i o c h e m i c a l l y  i m p o r t a n t  
mo lecu le s  t o  form v e r y  s t a b l e  complexes .  In  s p i t e  o f  t h e s e  
low l e v e l s ,  Cr has  been shown t o  be an e s s e n t i a l  e l e m e n t  i n  
mammalian me tabo l i sm.  

Domest ic  and i n d u s t r i a l  u s e s  o f  Cr a r e  l e g i o n  a n d  
i n v o l v e  forms o f  Cr which a r e  more r e a c t i v e  t h a n  c h r o m i t e .  
Hence i t  i s  n e c e s s a r y  t o  examine w h e t h e r  man ' s  a c t i v i t i e s  
can r e s u l t  i n  a s i g n i f i c a n t  change  i n  t h e  a v a i l a b i l i t y  of  
Cr i n  t h e  e n v i r o n m e n t ,  a n d  w h a t  a r e  t h e  p o s s i b l e  consequences  
t o  l i v i n g  o r g a n i s m s .  

R e c e n t l y ,  t h e  US N a t i o n a l  Academy of S c i e n c e s  (NAS 
1 9 7 4 )  p u b l i s h e d  a n  e x c e l l e n t  volume on t h e  h e a l t h  e f f e c t s  
o f  Cr bo th  i n  i n d u s t r y  a n d  i n  t h e  env i ronmen t  a s  a whole .  I t  
i s  n o t  t h e  i n t e n t  o f  t h i s  p r e s e n t  document t o  d u p l i c a t e  t h i s  
m a t e r i a l .  R a t h e r ,  an a t t e m p t  i s  made t o  t r a n s l a t e  t h e  c a u s e /  
e f f e c t  d a t a  p r e s e n t  t h e r e i n  i n t o  a Canadian c o n t e x t .  F u r t h e r  
more,  work p u b l i s h e d  i ?  t h e  i n t e r i m  ( J u l y  1 9 7 2  t o  Februa ry  
1 9 7 5 )  has  been c r i t i c a l l y  e v a l u a t e d  i n  a n  a t t e m p t  t o  p r e s e n t  
t h e  c u r r e n t  s t a t u s  of knowledge on t h e  h e a l t h  e f f e c t s  of Cr 
a n d  i t s  compounds. 

I 
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C H A P T E R  2 SUMMARY 

Chromium (Cr)  was s e l e c t e d  f o r  s t u d y  by t h e  Subcom- 
m i t t e e  on Heavy M e t a l s  and C e r t a i n  Other Elements  of  t h e  N R C  
A s s o c i a t e  Committee on S c i e n t i f i c  C r i t e r i a  f o r  Envi ronmenta l  
Q u a l i t y  b e c a u s e  of  i t s  w i d e s p r e a d  use  i n  i n d u s t r i a l  and domes- 
t i c  p r o d u c t s  and b e c a u s e  o f  t he  t o x i c i t y  of  some of  i t s  chemica l  
f o r m s .  Thousands o f  t o n s  of  Cr o r e  a n d  c o n c e n t r a t e s  a r e  i m -  
p o r t e d  a n n u a l l y  f o r  t h e  p r o d u c t i o n  o f  s t a i n l e s s  s t e e l s ,  chrome 
p l a t e d  m e t a l ,  p i g m e n t s  f o r  p a i n t s  and i n k s ,  and a v a r i e t y  of  
c h e m i c a l s .  The two main chemica l  forms  o f  Cr a r e  C r ( I I 1 )  (Cr+3)  
and Cr (V1)  ( C r + 6 ) .  

I n d u s t r i a l  p r o d u c t i o n  a n d  h a n d l i n g  of c e r t a i n  Cr(V1)  
p r o d u c t s  have been a s s o c i a t e d  w i t h  r e s p i r a t o r y  i n j u r y  and c a n c e r ,  
a s  w e l l  a s  sk in  u l c e r a t i o n  a n d  t h e  i n d u c t i o n  o f  a l l e r g i c  Cr 
d e r m a t i  t i s  i n  o c c u p a t i o n a l l y  exposed w o r k e r s .  Land d u m p i n g  
of  w a s t e s  f rom i n d u s t r i a l  Cr(V1) p r o d u c t i o n  and e l e c t r o p l a t i n g  
o p e r a t i o n s  has  been r e s p o n s i b l e  f o r  g roundwate r  c o n t a m i n a t i o n ,  
D i s c h a r g e  o f  Cr(V1)  w a s t e s  i n t o  s t r e a m s  and r i v e r s  h a s  caused  
damage t o  a q u a t i c  e c o s y s t e m s .  La rge  amounts of  C r ( I I 1 )  and 
Cr(V1)  a r e  r e i n t r o d u c e d  i n t o  t h e  env i ronmen t  a s  sewage and s o l i d  
w a s t e s  by t h e  d i s p o s a l  o f  consumer p r o d u c t s  c o n t a i n i n g  Cr. 

T h i s  r e p o r t  d i s c u s s e s  t h e  e f f e c t s  of  e m i s s i o n s  of Cr 
c h e m i c a l s  o n  t h e  v a r i o u s  l i v i n g  o rgan i sms  i n  t he  e n v i r o n m e n t .  
N a t u r a l l y  o c c u r r i n g  l e v e l s  and forms o f  Cr a r e  compared w i t h  
t h o s e  r e s u l t i n g  from i n d u s t r i a l  and d o m e s t i c  a c t i v i t i e s  i n  o r d e r  
t o  a s s e s s  t h e i r  e n v i r o n m e n t a l  impac t .  Background ( n a t u r a l )  l e v e l s  
of Cr i n  a i r  a v e r a g e  1 ncf /m3,  w h i l e  urban  a i r  may c o n t a i n  10-  
6 0  n g / m 3 .  O c c u p a t i o n a l  exposure i n  some C r - u s i n g  i n d u s t r i e s  may 
a p p r o a c h  l o 7  n g / m 3 .  P r e s e n t  c o n t r o l  methods a r e  aimed a t  r e -  
d u c i n g  t h i s  l e v e l  t o  below 5 x l o 4  n g / m 3  Cr. Man-made a e r o s o l s  
c h a r a c t e r i s t i c a l l y  have s m a l l e r - s i z e d  p a r t i c l e s  t h a n  n a t u r a l l y  
o c c u r r i n g  a e r o s o l s ;  hence ,  t h e y  have a g r e a t e r  p r o b a b i l i t y  of 
p e n e t r a t i n g  i n t o  t h e  lower r e s p i r a t o r y  t r a c t ,  

Background l e v e l s  o f  Cr i n  w a t e r  a v e r a g e  1 p p b  w h i l e  
m u n i c i p a l  d r i n k i n g  w a t e r  may c o n t a i n  0 . 1 - 3 5  p p b  Cr. U n t r e a t e d  
i n d u s t r i a l  e f f l u e n t s  may c o n t a i n  a s  much a s  5 x l o 7  p p b  Cr. 
Most of  t h e  C r ( I I 1 )  p re sen t  i n  w a t e r  i s  adso rbed  on p a r t i c u l a t e  
m a t t e r  whereas  Cr(V1)  r ema ins  i n  s o l u t i o n ,  where i t  i s  a power- 
f u l  o x i d i z i n g  a g e n t .  The Cr(,VI) i s  r educed  t o  C r ( I I 1 )  w h e n  i t  
r e a c t s  w i t h  an imal  o r  v e g e t a b l e  m a t e r i a l  i n  t h e  w a t e r .  

Most f o o d s t u f f s  c o n t a i n  0 . 1 - 0 . 3  pprn Cr on a wet  w e i g h t  
b a s i s .  Human s o f t  t i s s u e s  c o n t a i n  0 .03  ppm Cr a n d  animal  
t i s s u e s  c o n t a i n  0 . 2  pprn Cr o n  a wet w e i g h t  b a s i s .  Normal human 
d i e t a r y  i n t a k e  of  C r ( I I 1 )  a v e r a g e s  50 t o  7 0  ug /day ,  w i t h  a b s o r p -  
t i o n  r a n g i n g  from 0 . 5  t o  2 5 % ,  depend ing  on t h e  t y p e  o f  f o o d .  
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-1  5- 7 3 4 1  
C r ( I I 1 )  i s  t h e  commonest n a t u r a l l y  o c c u r r i n g  form of  

Cr and i s  t h e  form which f u n c t i o n s  b i o l o g i c a l l y  as  an e s s e n t i a l  
e l e m e n t  i n  mammals where i t  m a i n t a i n s  e f f i c i e n t  g l u c o s e ,  l i p i d  
and p r o t e i n  me tabo l i sm.  The t o x i c i t y  o f  C r ( I I 1 )  i s  low because  
of i t s  poor  membrane p e r m e a b i l i t y  and n o n c o r r o s i v e  n a t u r e .  

Cr(V1) i s  found i n  n a t u r e ,  and t h e  bulk  of  t h e  Cr(V1) i n  t h e  
env i ronmen t  i s  a r e s u l t  o f  i n d u s t r i a l  and d o m e s t i c  e m i s s i o n s .  
Cr(V1) i s  a s t r o n g  o x i d i z i n g  a g e n t  a n d ,  s i n c e  i t  e a s i l y  c r o s s e s  
b i o l o g i c a l  membranes, i s  h i g h l y  t o x i c .  

t a i l e d  i n  v a r i o u s  c h a p t e r s  of  t h e  document a r e  summarized below: 

Cr(V1) i s  produced by t h e  o x i d a t i o n  o f  C r ( I I 1 ) .  L i t t l e  

The s c i e n t i f i c  c r i t e r i a  ( c a u s e / e f f e c t  r e l a t i o n s )  de-  

MICROSCOPIC ORGANISMS 

V a r i o u s  mic roorgan i sms  have been s t u d i e d  i n  s o l u t i o n  
c u l t u r e :  a s  l i t t l e  a s  0 . 5  ppm C r ( I I 1 )  i n t e r f e r e d  w i t h  normal 
me tabo l i sm i n  c e r t a i n  b a c t e r i a ;  T ,  phage ( v i r u s )  and E .  c o Z i  
( b a c t e r i u m )  were i r r e v e r s i b l y  i n a c t i v a t e d  by 1-10  pprn C r ( I I 1 ) ;  
Cr(V1) was t o x i c  t o  c e r t a i n  y e a s t s  and mic robes  even a t  t h e  0.1 
p p b  l e v e l .  For v a r i o u s  p r o t o z o a n s  and r o t i f e r s ,  t h e  aqueous  
Cr(V1) c o n c e n t r a t i o n  a t  which 50% o f  t h e  t e s t  o rgan i sms  d i e d  
i n  96 h o u r s  ( t h e  96-hour  median l e t h a l  c o n c e n t r a t i o n ,  o r  LC50) 
was i n  t h e  r a n g e  of  0 . 5  t o  20 p p m .  

s l u d g e s  was a d v e r s e l y  a f f e c t e d  by a s  l i t t l e  a s  50 pprn C r ( I I 1 )  
or 5 ppm Cr(V1)  i n  t h e  raw sewage .  

B i o l o g i c a l  o q i d a t i o n  by mic roorgan i sms  i n  sewage 

Al l  t h e  above  v a l u e s  a r e  a f f e c t e d  by t h e  i o n i c  s t r e n g t h  
( t o t a l  c o n t e n t  o f  d i s s o l v e d  s a l t s )  o f  t h e  medium a s  w e l l  a s  by 
t h e  n a t u r e  and amount o f  suspended s o l i d s  p re sen t  i n  t h e  m e d i u m  
and by t h e  l e n g t h  o f  t h e  t e s t i n g  p e r i o d .  N e v e r t h e l e s s ,  Cr(V1) 
was i n v a r i a b l y  t h e  more t o x i c  form.  

AQUATIC ORGANISMS 

B e n t h i c  o rgan i sms  ( b o t t o m  d w e l l i n g  communi t i e s )  ex- 
h i b i t e d  v a r y i n g  t o l e r a n c e s  t o  Cr p o l l u t i o n .  Daphnia ( a  sma l l  
c r u s t a c e a n )  e x h i b i t e d  h igh  s e n s i t i v i t y  t o  both  C r ( I I 1 )  and Cr(V1) 
i n  s o l u t i o n  c u l t u r e .  A 16% r e p r o d u c t i v e  impai rment  was l i n k e d  
w i t h  0 . 3 3  ppm C r ( I I 1 ) .  T h i s  i s  s i g n i f i c a n t  because  C r ( 1 I I )  i n  
w a t e r s  c o n t a i n e d  i n  s e d i m e n t s  can  approach  t h i s  l e v e l .  Tox ic  
t h r e s h o l d s  r a n g i n g  from 0 .016  t o  0 . 7  pprn Cr(V1) were r e p o r t e d  
f o r  Daphnia magna. 

I, 
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I n  two y e a r s ,  o y s t e r s  accumula t ed  enough Cr from s e a  
w a t e r  c o n t a i n i n g  1 0  p p b  Cr t o  s u f f e r  t o x i c  a n d  even l e t h a l  e f -  
f e c t s  d u r i n g  t h e  summer when t h e i r  m e t a b o l i c  a c t i v i t y  was a t  
i t s  h i g h e s t .  O t h e r  b e n t h i c  o rgan i sms  ( c r u s t a c e a n s ,  worms, i n -  
s e c t  l a r v a e ,  s n a i l s )  e x h i b i t e d  96-hour  LC50 v a l u e s  r a n g i n g  
from 3 t o  6 0  ppm C r ( I I 1 ) .  

In  f i s h ,  t he  96 -hour  LC50 i s  a measure o f  a c u t e  r a t h e r  
t h a n  c h r o n i c  e x p o s u r e ,  A 12-week c h r o n i c  t o x i c i t y  s t u d y  o f  
salmon f i n g e r l i n g s  showed t h a t  e x p o s u r e  t o  0 . 2  ppm Cr(V1) i n  
t h e  s t r e a m  w a t e r  r e s u l t e d  i n  a 53% m o r t a l i t y  w h i l e  0 . 2  pprn C r ( I I 1 )  
was below t h e  m o r t a l i t y  t h r e s h o l d .  Rainbow t r o u t  s u r v i v e d  1 2  
d a y s  e x p o s u r e  i n  l a b o r a t o r y  t a n k s  t o  2 . 5  ppm Cr(V1) b u t  accumu- 
l a t e d  s i g n i f i c a n t  q u a n t i t i e s  of  Cr. In l a b o r a t o r y  e x p e r i m e n t s  
w i t h  b l u e g i l l s ,  f a t h e a d s  and g o l d f i s h  ( s p e c i e s  more r e s i s t a n t  
t o  Cr t o x i c i t y ) ,  t h e  96-hour  LC50 ranged  from 3 ppm C r ( I I 1 )  ( s o f t  
w a t e r )  t o  7 2  pprn C r ( I I 1 )  ( h a r d  w a t e r ) ,  and from 1 8  ppm Cr(V1)  
( s o f t  w a t e r )  t o  1 3 3  ppm Cr(V1)  ( h a r d  w a t e r ) .  

As f o r  m i c r o o r g a n i s m s ,  a l l  the above va lues  a r e  a f -  
f e c t e d  by i o n i c  s t r e n g t h ,  t h e  amount of  suspended  s o l i d s ,  a n d  
t h e  l e n g t h  o f  t h e  t e s t i n g  p e r i o d .  

T E R R E S T R I A L  VEGETATION 

T h e  main t o x i c  a c t i o n  o f  Cr o c c u r r e d  i n  t h e  r o o t s .  
More t h a n  0 .1  ppm C r ( V I ) . i n  a s o l u t i o n  c u l t u r e  i n t e r f e r e d  w i t h  
t h e  u p t a k e  and t r a n s l o c a t i o n  o f  e s s e n t i a l  e l e m e n t s  by t h e  r o o t s  
o f  s o y b e a n s .  I n  s o l u t i o n  c u l t u r e ,  1 -5  pprn of  e i t h e r  C r ( I I 1 )  
o r  Cr(V1)  was t h e  t o x i c  t h r e s h o l d  f o r  a number of  p l a n t  s p e c i e s .  
When compost  was used  f o r  t h e  growth medium, t h e  t o x i c  t h r e s h o l d  
was i n c r e a s e d  t o  500 pprn f o r  Cr(V1) and 5000 pprn f o r  C r ( I I 1 ) .  
I n  c o n t r a s t ,  t h e  u s e  o f  s and  a s  t he  growth medium d i d  n o t  change  
t h e  t o x i c  t h r e s h o l d  much from t h o s e  f o r  s o l u t i o n  c u l t u r e s .  T h i s  
i n c r e a s e  i n  t h e  t o x i c  t h r e s h o l d  was r e l a t e d  t o  t h e  g r e a t e r  i o n  
exchange  c a p a c i t y  o f  compost a s  compared t o  s a n d .  T h u s ,  t h e  
g r e a t e s t  r i s k  o f  Cr t o x i c i t y  t o  p l a n t s  i s  i n  a c i d i c  sandy s o i l  
hav ing  low o r g a n i c  c o n t e n t .  

The h i g h  Cr c o n t e n t  o f  v a r i o u s  f e r t i l i z e r  m a t e r i a l s  

Damage t o  f o l i a g e  has  been caused  by a p p l i c a t i o n  of  

may l e a d  t o  s i g n i f i c a n t  a c c u m u l a t i o n  of  Cr i n  a g r i c u l t u r a l  s o i l s .  

d r o p l e t s  o f  Cr(V1)  s o l u t i o n s  a s  d i l u t e  a s  50 pprn. T h u s ,  i n -  
d u s t r i a l  a i r  e m i s s i o n s  c o n t a i n i n g  Cr(V1)  a e r o s o l s  would pose  
a s i g n i f i c a n t  r i s k  t o  t h e  s u r r o u n d i n g  v e g e t a t i o n .  

1 
I 
i 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



-1 7- 
I 

. = 7341a 

I 
1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

ANIMALS 

P a t h o l o g i c a l  changes  i n  t h e  l u n g s  of a n i m a l s  were 
induced  w h e n  t h e y  were exposed t o  Cr(V1)  a e r o s o l s  a t  c o n c e n t r a -  
t i o n s  a s  low a s  1 m g / m 3  f o r  more t h a n  30 d a y s .  Chromium ( 1 1 1 )  
o x i d e  d i d  n o t  a p p e a r  t o  be c h e m i c a l l y  a c t i v e  i n  t h e  l u n g .  
However, c e l l  c u l t u r e  s t u d i e s  showed t h a t  more t h a n  52 ppm 
C r ( I I 1 )  reduced  t h e  c i l i a r y  a c t i v i t y  of  t h e  c e l l s  r e s p o n s i b l e  
f o r  c l e a r a n c e  of d e b r i s  and p a r t i c u l a t e  m a t t e r  f r o m  the  l u n g s  
o f  r a b b i t s .  

The d i e t a r y  t o x i c  t h r e s h o l d  f o r  Cr(V1) i n  e x p e r i m e n t a l  
an ima l s  i s  h i g h e r  t h a n  i n  man. In  dogs f a t a l  e x p o s u r e  was 0.1 
g C r ( V I ) / d a y  i n  food  f o r  2-3 months;  11 .2  ppm i n  d r i n k i n g  w a t e r  
f o r  f o u r  y e a r s  caused  s i g n i f i c a n t  t i s s u e  a c c u m u l a t i o n  of  Cr b u t  
no p a t h o l o g i c a l  e f f e c t ;  6 pprn w a s  t h e  t h r e s h o l d  f o r  Cr accumula-  
t i o n  i n  t i s s u e s .  In  r a t s ,  134 pprn Cr(V1) i n  d r i n k i n g  w a t e r  f o r  
2-3 months caused  k idney  and l i v e r  l e s i o n s ,  w h i l e  t h e  t o x i c  
t h r e s h o l d  f o r  Cr(V1) i n  food  o f  young r a t s  was 0 .1% (1000 p p m ) .  
Hence, C r ( V I ) ,  w h e n  b lended  i n  w i t h  f o o d ,  i s  much l e s s  a v a i l a b l e  
than  t h e  Cr(V1) i n  d r i n k i n g  w a t e r .  

C o n t a c t  ( d e r m a l )  a l l e r g i c  r e s p o n s e  t o  Cr was induced 
by r e p e a t e d  e x p o s u r e  t o  s o l u t i o n s  c o n t a i n i n g  1000-3000 ppm of 
C r ( I I 1 )  o r  Cr(V1) s a l t s .  A l l e r g i c  o r  s e n s i t i z e d  g u i n e a  p i g s  
responded t o  a s  l i t t l e  a s  10  p g  C r ( I I 1 )  o r  C r ( V 1 ) .  G e n e r a l l y ,  
Cr(V1) e l i c i t e d  t h e  s t r o n g e r  r e s p o n s e .  

H igh ly  c o n c e n t r a t e d  s o l u t i o n s  o f  Cr(V1) ( 3 0 , 0 0 0  p p m )  
caused  s k i n  l e s i o n s  o r - u l c e r s  o n l y  i f  t h e  s k i n  was ab raded  o r  
had i t s  n a t u r a l  o i l  removed b e f o r e h a n d .  C r ( I I 1 )  i n  c o n c e n t r a -  
t i o n s  a s  h i g h  a s  100 ,000  ppm had no u l c e r o g e n i c  e f f e c t s .  

For most  mammalian e x p e r i m e n t a l  a n i m a l s  ( m i c e ,  d o g s ,  
r a b b i t s ,  c a t s ,  g u i n e a  p i g s ) ,  t h e  minimum i n j e c t e d  f a t a l  d o s e  
o f  Cr(V1) was 1 -6  m g / k g  body w e i g h t ;  lower d o s e s ,  0 . 2 - 0 . 5  m g / k g -  
body w e i g h t ,  p roduced  marked k idney  damage. The minimum l e t h a l  
dose  f o r  C r ( I I 1 )  was 0 . 2 6  g / k g  i n  mice .  

Repea ted  s u b l e t h a l  i n j e c t i o n s  of  Cr(V1) do n o t  p ro -  
mote t o l e r a n c e  i n  mice b u t  r a t h e r  d e c r e a s e  t h e  a m o u n t  o f  t h e  
minimum l e t h a l  d o s e .  

I n t r a v e n o u s l y  i n j e c t e d  C r ( I I 1 )  passed  t h e  p l a c e n t a l  
b a r r i e r  i n  m i c e .  

I n h a l a t i o n  o f  C r - b e a r i n g  dus t s  r a r e l y  produced r e s -  
p i r a t o r y  c a n c e r  i n  e x p e r i m e n t a l  a n i m a l s ;  however,  i m p l a n t a t i o n  
of  Cr(V1) ( i n  a c a r r i e r  m e d i u m )  i n  r a t  b r o n c h i a l  t ubes  d i d  con-  
s i s t e n t l y  p roduce  c a n c e r s  of  t h e  r e s p i r a t o r y  t r a c t .  Cr(V1)  i n  
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t h e  form of  a s o l u b l e  pure s a l t  i s  r a p i d l y  c l e a r e d  from t h e  
l u n g s ,  w h i l e  t h e  s l o w e r  r e l e a s e  a t  a s i g n i f i c a n t  c o n c e n t r a t i o n  
from t h e  i m p l a n t  p roduces  c a n c e r  i n  s u r r o u n d i n g  t i s s u e s  a n d  
p e r h a p s  mimics t h e  c a r c i n o g e n i c  e f f e c t  o f  p a r t i a l l y  s o l u b l e  
Cr(V1) i n  a mixed  d u s t .  C r ( I I 1 )  was i n a c t i v e  i n  t h e  p r o d u c t i o n  
of c a n c e r .  

HUMANS 

The r e s p i r a t o r y  and r e n a l  s y s t e m s  were  most s u s c e p t i b l e  
t o  t h e  a c t i o n  o f  Cr (V1) .  

Cr(V1) l e v e l s  i n  a i r  g r e a t e r  t h a n  0 . 0 5  m g / m 3  were 
a s s o c i a t e d  w i t h  a h i g h  r i sk  o f  i n j u r y  t o  n a s a l  t i s s u e s .  Levels 
a s  low a s  0 . 0 1  m g / m 3  Cr(V1)  produced  s t r o n g  i r r i t a t i o n  i n  t h e  
nose  even a f t e r  s h o r t  e x p o s u r e s .  Risk o f  i n j u r y  t o  t h r o a t  and 
lower  r e s p i r a t o r y  t i s s u e s  was l o w  i f  Cr(V1) l e v e l s  were k e p t  
below 0 .05  m g / m 3 .  I n  some i n d i v i d u a l s ,  where t h e  lower  r e s p i r a -  
t o r y  t i s s u e s  became C r - s e n s i t i z e d ,  a s t h m a t i c  a t t a c k s  o c c u r r e d  
a t  l e v e l s  a s  low a s  0 , 0 0 2 5  mg/m3 Cr (V1) .  

R e s p i r a t o r y  t i s s u e s  a r e  c o n s i d e r e d  t o  b e  s u s c e p t i b l e  
t o  i r r i t a t i o n  by C r ( I I 1 )  o n l y  i f  p r e v i o u s l y  s e n s i t i z e d .  H i g h  
l e v e l s  of C r ( I I 1 ) - b e a r i n g  d u s t s ,  4-9 m g / m 3 ,  have  been a s s o c i a t e d  
w i t h  an i n c r e a s e d  i n c i d e n c e  of  b r o n c h i t i s  and pneumoconios is  i n  
c h r o m e - r e f r a c t o r y  worke r s  and c h r o m i t e  miners.  

T h e  p r o d u c t i o n - o f  ch romates  from c h r o m i t e  and t h e  
p r o d u c t i o n  o f  ch romate  p igments  have been a s s o c i a t e d  w i t h  oc-  
c u p a t i o n a l  r e s p i r a t o r y  c a n c e r .  In  t h e  ch romate -p roduc ing  i n -  
d u s t r y ,  workers who d e v e l o p e d  r e s p i r a t o r y  c a n c e r  were exposed 
t o  e s t i m a t e d  Cr l e v e l s  r a n g i n g  f r o m  0 . 0 3  t o  1 . 1  m g / m 3  f o r  p e r i o d s  
o f  4-24 y e a r s .  Workers p r o d u c i n g  ch romate  p igment  who deve loped  
r e s p i r a t o r y  c a n c e r  had an e s t i m a t e d  Cr e x p o s u r e  of  0 . 5 - 1 . 5  
mg/m3 f o r  6 t o  9 y e a r s .  

The l e t h a l  o r a l  d o s e  o f  Cr(V.1) ( s i n g l e  d o s e  b a s i s )  f o r  
a 1 4 - y e a r - o l d  boy was e s t i m a t e d  t o  be 10 mglkg-body w e i g h t .  T h i s  
c o n c e n t r a t i o n  i s  much lower  t h a n  t h a t  t o l e r a t e d  by t e s t  a n i m a l s  
on a r e p e a t e d  b a s i s  o v e r  a p e r i o d  o f  s e v e r a l  weeks o r  months.  
The most  c o n s i s t e n t  m a n i f e s t a t i o n  o f  Cr(V1) p o i s o n i n g  was k idney  
damage. One f a m i l y  used d r i n k i n g  w a t e r  e s t i m a t e d  t o  c o n t a i n  
1 -25  ppm Cr(V1)  f o r  3 y e a r s  w i t h o u t  o b v i o u s  d e l e t e r i o u s  e f -  
f e c t s .  D r i n k i n g  w a t e r  c o n t a i n i n g  5 ppm o r  more Cr (V1)  caused  
n a u s e a  when consumed on an empty s tomach.  

Repea ted  exposure  t o  Cr compounds caused  dermal  s e n s i -  
t i z a t i o n  i n  some w o r k e r s ,  Such s e n s i t i z e d  i n d i v i d u a l s  r e a c t e d  
t o  s o l u t i o n s  a s  d i l u t e  a s  0 .005% K2Cr207.  Cr (V1)  i s  reduced  t o  
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C r ( I I 1 )  i n  t h e  s k i n ;  t h e  C r ( I I 1 )  i s  c l e a r e d  from lower  skin 
l a y e r s  a t  a s low r a t e ,  and s u b s e q u e n t  s k i n  r e a c t i o n s  have been 
observed  y e a r s  a f t e r  t h e  o r i g i n a l  e x p o s u r e .  

C o n c e n t r a t e d  Cr(V1) s o l u t i o n s  ( 3 - 1 0 %  by w e i g h t )  
were c o r r o s i v e  t o  s k i n ,  c a u s i n g  s l o w - t o - h e a l  u l c e r s .  
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C H A P T E R  3 B A C K G R O U N D  CHEMISTRY OF CHROMIUM 

INTRODUCTION 

Chromium i s  neve r  found i n  n a t u r e  a s  t h e  p u r e  
m e t a l ,  n o r  i s  i t  e a s i l y  c o n v e r t e d  t o  t h a t  s t a t e  a s  most o f  
i t s  n a t u r a l l y  o c c u r r i n g  forms a r e  q u i t e  r e f r a c t o r y .  T a b l e  
3-1 g i v e s  a b r i e f  h i s t o r y  o f  Cr a n d  i t s  u s e s .  Udy ( 1 9 5 6 ) ,  
Bacon ( 1 9 6 8 )  and R o l l i n s o n  ( 1 9 7 3 )  have g i v e n  comprehens ive  
r e v i e w s  of  t h e  p r o p e r t i e s  and c h e m i s t r y  of Cr. 

The main d e p o s i t s  of  Cr c o n s i s t  of complex c u b i c  
i s o m o r p h i c  m i n e r a l s  c a l l e d  s p i n e l s  whose g e n e r a l  f o r m u l a  i s  
[ F e , M g ] O ~ [ C r , A 1 , ' F e J 2 O 3 .  Of t h e s e ,  c h r o m i t e ,  FeO.Cr,O3 i s  
t h e  h i g h e s t  i n  Cr c o n t e n t  ( t h e o r e t i c a l l y  68% by w e i g h t  Cr,O,). 
These  m i n e r a l s  a r e  t h e  o n l y  commerc ia l ly  i m p o r t a n t  Cr o r e s  a t  
p r e s e n t ,  While Canada d o e s  have C r - b e a r i n g  m i n e r a l s ,  d e p o s i t s  
a r e  u s u a l l y  of  low g r a d e  ( s e e  Appendix A ) ,  Hence, a l l  Canadian 
r e q u i r e m e n t s  a r e  f i l l e d  by the  i m p o r t a t i o n  o f  c h r o m i t e  o r e  and 
Cr c o n c e n t r a t e s  such  a s  f e r roch romium a n d  chromium t r i o x i d e .  
Cr i s  p l a y i n g  an i n c r e a s i n g l y  i m p o r t a n t  r o l e  i n  t h e  m e t a l l u r g i -  
c a l  and chemica l  i n d u s t r i e s  w h i l e  Cr c o m p o s i t e  c a t a l y s t s  a r e  
p r o v i n g  t h e i r  u s e f u l n e s s  i n  many new a p p l i c a t i o n s .  

Cr i s  a l s o  of  g r e a t  i m p o r t a n c e  b i o l o g i c a l l y  a s  i t  
has  been shown t o  be an e s s e n t i a l  e l e m e n t  i n  f u n g i  a n d  v e r -  
t e b r a t e s  (Altman and D i t t m e r  1 9 7 4 ;  Mertz a n d  R o g i n s k i  1 9 7 1 ) .  
Cr i n  i t s  common o x i d a t i o n  s t a t e s  ( + 3  a n d  + 6 )  i s  known t o  
i n t e r a c t  s t r o n g l y  w i t h  b i o l o g i c a l l y  i m p o r t a n t  m o l e c u l e s ,  
Depending on t h e  form an'd mode o f  e x p o s u r e ,  Cr compounds can 
e x h i b i t  b e n e f i c i a l  t o  t o x i c  and even l e t h a l  e f f e c t s .  This 
w i l l  be d i s c u s s e d  i n , l a t e r  c h a p t e r s .  

P R O P E R T I E S  O F  Cr 

The p r o p e r t i e s  of  Cr may be d i v i d e d  i n t o  t h r e e  
broad  c a t e g o r i e s :  p h y s i c a l ,  n u c l e a r ,  and c h e m i c a l .  L i s t i n g s  
of t h e s e  p r o p e r t i e s  may be found i n  Bacon ( 1 9 6 8 )  a n d  NAS 
( 1 9 7 4 ) .  

T a b l e  3 -2  l i s t s  i m p o r t a n t  examples  of  Cr compounds 
and g i v e s  some o f  t h e i r  p r o p e r t i e s  and u s e s ,  The c h e m i s t r y  
o f  Cr i s  dominated  by t h e  t h r e e  commonest o x i d a t i o n  s t a t e s :  
0 ,  + 3  and + 6 ,  + 3  b e i n g  t h e  most s t a b l e .  The meta l  ( 0  o x i d a t i o n  
s t a t e )  i s  r e s i s t a n t  t o  a t t a c k  by o x i d i z i n g  a c i d s  a n d  a r a n g e  
of o t h e r  c h e m i c a l s ,  hence i t s  use i n  c o r r o s i o n - r e s i s t a n t  a l l o y s .  
I t s  r e a c t i v i t y  i n c r e a s e s  w i t h  t e m p e r a t u r e ,  c a u s i n g  r e a c t i o n s  
c o n s i d e r e d  i n s i g n i f i c a n t  a t  room t e m p e r a t u r e  t o  become i m p o r t a n t  
i n  h i g h  t e m p e r a t u r e  a p p l i c a t i o n s .  
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The c h e m i s t r y  of Cr r e l e v a n t  t o  h e a l t h  a n d  e n v i r o n -  
menta l  c o n s i d e r a t i o n s  i s  t h a t  o f  C r ( I I 1 )  a n d  Cr(V1)  i n  the  
v a r i o u s  e n v i r o n m e n t a l  media .  

N A T U R A L  WATERS 

C r ( I I 1 )  i s  a p o s i t i v e l y  cha rged  i o n ,  Cr+3, which 
has  a s t r o n g  t e n d e n c y  t o  form v e r y  s t a b l e  complexes w i t h  
n e g a t i v e l y  c h a r g e d  o r g a n i c  o r  i n o r g a n i c  s p e c i e s .  Hence, i t  
i s  u n l i k e l y  t h a t  a p p r e c i a b l e  q u a n t i t i e s  of uncomplexed Cr+3 
w i l l  be found i n  aqueous  s o l u t i o n  a s  l ong  a s  any a n i o n i c  
d i s s o l v e d  o r  p a r t i c u l a t e  m a t t e r  ( e . g .  d e c a y i n g  p l a n t  o r  
animal  t i s s u e ,  s i l t  o r  c l a y  p a r t i c l e s )  i s  suspended  t h e r e i n .  
E v e n  i f  t h e r e  a r e  no a n i o n i c  s p e c i e s  p r e s e n t ,  Cr can  r e a c t  
w i t h  w a t e r  i t s e l f  i n  n e u t r a l  s o l u t i o n s  t o  form c o l l o i d a l  
hydrous  o x i d e s .  F i g u r e  3-1 g i v e s  t h e  s o l u b i l i t y  of  C r ( I I 1 )  
a s  a f u n c t i o n  of  pH ( N i l s s o n  1 9 7 1 ) .  Below pH 5 ,  the  Cr+3 
hexaquo complex i s  s t a b l e .  Above pH 9 ,  s o l u b l e  n e g a t i v e l y  
cha rged  h y d r o x i d e s  a r e  fo rmed .  C r ( I I 1 )  a t t a i n s  i t s  m i n i m u m  
s o l u b i l i t y  i n  t h e  pH r a n g e  cove red  by n a t u r a l  w a t e r s .  D i s s o l v e d  
Cr i s  t h e r e f o r e  e x p e c t e d  t o  b e  a poor  i n d i c a t o r  o f  t h e  C r ( I I 1 )  
burden  of  n a t u r a l  w a t e r s .  T h i s  i s  i l l u s t r a t e d  by M e r r i t t  ( 1 9 7 4 )  
who a n a l y z e d  raw Ottawa R i v e r  w a t e r  a t  s even  s i t e s  a l o n g  t h e  
l e n g t h  o f  t h e  r i v e r .  T a b l e  3 -3  l i s t s  t h e  r e s u l t s  o b t a i n e d  
f o r  d i s s o l v e d  Cr and the  d i s t r i b u t i o n  of  Cr between aqueous  
and p a r t i c u l a t e  p h a s e s ,  A t  S i t e  5 ,  t h e  d i s s o l v e d  Cr v a l u e  
g i v e s  a d e c e p t i v e  p i c t u r e  o f  t he  Cr b u r d e n  o f  t he  s t r e a m .  
T h i s  w i l l  be d i s c u s s e d  f u r t h e r  i n  Appendix B .  

C r ( V I )  i n  aqueous  s o l u t i o n  e x i s t s  a l m o s t  e x c l u s i v e l y  
i n  t h e  form of  oxo a n i o n s  ( C r 0 4 - 2 ,  C r 2 0 7 ' 2 ) .  Hence, i t s  
c h e m i s t r y  i s  r a d i c a l l y  d i f f e r e n t  from t h a t  of Cr '3 .  I n  d i l u t e  
s o l u t i o n  ( c l  p p m ) ,  t h e  p redominan t  form i s  C r 0 4 - 2  which ,  
b e i n g  n e g a t i v e l y  c h a r g e d ,  does  n o t  complex w i t h  a n i o n i c  
p a r t i c u l a t e  m a t t e r .  Hence, Cr(V1) i s  more m o b i l e  t h a n  Cr+3 
which i s  l a r g e l y  a s s o c i a t e d  w i t h  p a r t i c u l a t e  m a t t e r  and i s  
s u b j e c t  t o  s e d i m e n t a t i o n  o r  f i l t r a t i o n .  Cr(V1)  compounds, 
however ,  a r e  power fu l  o x i d i z i n g  a g e n t s ,  e s p e c i a l l y  i n  a c i d i c  
s o l u t i o n s .  The t e n d e n c y  i s  s t r o n g  t o  r e a c t  w i t h  o x i d i z a b l e  
s u b s t a n c e s  ( u s u a l l y  o r g a n i c  m o l e c u l e s )  t o  form C r ( I I 1 ) .  
N e v e r t h e l e s s ,  i f  t h e  c o n c e n t r a t i o n  o f  o x i d i z a b l e  s u b s t a n c e s  
i s  low i n  t he  w a t e r ,  then Cr(V1) may p e r s i s t  f o r  c o n s i d e r a b l e  
p e r i o d s  of  t i m e .  

AIR 

N a t u r a l  geochemica l  p r o c e s s e s  c a u s e  Cr t o  be a s s o -  
c i a t e d  e n t i r e l y  w i t h  p a r t i c u l a t e  m a t t e r  i n  t h e  a i r .  Al though 
g a s e o u s  fo rms  o f  Cr have been produced e x p e r i m e n t a l l y  
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PH 

F i g .  3 -1 .  pH dependence  o f  C r ( I I 1 )  s o l u b i l i t y .  
a 

T o t a l  Cr c o n c e n t r a t i o n  i n  s o l u t i o n  i s  e q u a l  t o  t h e  s u m  o f  
t h e  c o n c e n t r a t i o n s  o f  C r + 3  and  a l l  Cr h y d r o x i d e s .  
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T a b l e  3 -3 .  A n a l y s i s  o f  Cr i n  Ottawa River water' .  

S i t e  
C o n c e n t r a t i o n  o f  d i s -  F r a c t i o n  o f  Cr i n  
s o l v e d  Cr ( p p b )  p a r t i c u l a t e  m a t t e r  
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0 . 4  

c a .  1 . 0  

0 . 3  

0 . 2  

Data from M e r r i t t  ( 1 9 7 4 ) .  a 
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(Cr0,C12,  C r ( C O ) , ) ,  t h e y  a r e  u n l i k e l y  t o  be produced  i n  
n a t u r e  a n d  no a t t e m p t  t h u s  f a r  has  been made t o  d e t e c t  them 
i n  i n d u s t r i a l  e m i s s i o n s .  B u l k  e l e m e n t a l  a n a l y s e s  o f  s o i l  
and p a r t i c u l a t e  m a t t e r  f i l t e r e d  from a i r  a t  r emote  s i t e s  
( R a h n  1971 ;  Duce e t  aZ.  1974,  1975)  i n d i c a t e  t h a t  t h e  m o s t  
l i k e l y  n a t u r a l  s o u r c e  of Cr i n  a i r  i s  w i n d b l o w n  s o i l .  T h i s  
o b s e r v a t i o n  may be m i s l e a d i n g  because  many forms of  i n d u s t r i a l  
a i r  p o l l u t i o n  have bulk  a n a l y s e s  n e a r l y  i d e n t i c a l  t o  t h o s e  
of s o i l  p a r t i c l e s  ( s e e  F i g u r e  3 - 2 ) .  S i n c e  t h e  r a t i o  o f  t h e  
Cr and A 1  o r  t h e  Cr and Fe c o n c e n t r a t i o n s  i s  o f t e n  used  t o  
c h a r a c t e r i z e  a e r o s o l  p a r t i c l e s ,  i t  can be seen t h a t  on t h e  
b a s i s  o f  bu lk  a n a l y s e s ,  a n  o i l  s o o t  p a r t i c l e  may be c l a s s i f i e d  
a s  a s o i l  p a r t i c l e .  Hence, o t h e r  p r o p e r t i e s ,  such  a s  p a r t i c l e  
morphology,  s h o u l d  a l s o  be c o n s i d e r e d  w h e n  a s s e s s i n g  t h e  
r e l a t i v e  c o n t r i b u t i o n s  of  i n d u s t r i a l  a n d  n a t u r a l  geochemica l  
p r o c e s s e s  t o  Cr l e v e l s  i n  t h e  a i r .  

Ano the r  i n d i c a t o r  of  t h e  s o u r c e  of  a i r b o r n e  p a r t i -  
c u l a t e  m a t t e r  i s  t h e  e l e m e n t a l  c o m p o s i t i o n  e x p r e s s e d  a s  a 
f u n c t i o n  of  p a r t i c l e  s i z e .  Cr a s s o c i a t e d  p r i m a r i l y  w i t h  
r e l a t i v e l y  l a r g e  p a r t i c l e s  ( > 5  pm i n  d i a m e t e r )  o r i g i n a t e s  
most p r o b a b l y  from windblown s o i l  a s  s o i l - f o r m i n g  p r o c e s s e s  
r a r e l y  p roduce  p a r t i c l e s  s m a l l e r  t h a n  3 pm i n  d i a m e t e r .  Cr 
a s s o c i a t e d  p r i m a r i l y  w i t h  r e l a t i v e l y  smal l  p a r t i c l e s  (11 vm 
i n  d i a m e t e r )  o r i g i n a t e s  most  p r o b a b l y  from s m e l t i n g ,  i n c i n e r a -  
t i o n  and o t h e r  h i g h  t e m p e r a t u r e  p r o c e s s e s .  Natusch  and 
Wal l ace  ( 1 9 7 4 )  have p o i n t e d  o u t  t h a t  Cr i s  more c o n c e n t r a t e d  
on t h e  s u r f a c e  of  f l y  a s h  p a r t i c l e s  t h a n  i n  t h e  i n t e r i o r .  
T h u s ,  i t  s t a n d s  t o  r e a s o n  t h a t  a s  t h e  p a r t i c l e  s i z e  d e c r e a s e s  
and the  s u r f a c e  a r e a - t o l w e i g h t  r a t i o  i n c r e a s e s ,  t h e  b u l k  
c o n c e n t r a t i o n  o f  Cr i n c r e a s e s .  Natusch and Wal l ace  ( 1 9 7 4 )  
c o n c l u d e  t h a t  t h e  s u r f a c e  o f  a f l y  a s h  p a r t i c l e  i s  d e f i n i t e l y  
n o t  comparab le  t o  t h a t  o f  a s o i l  p a r t i c l e .  They c o n s i d e r  
t h a t  t h i s  s u r f a c e  c o n c e n t r a t i o n  i s  a n  i m p o r t a n t  f a c t o r  from 
the  s t a n d p o i n t  o f  e n v i r o n m e n t a l  h e a l t h  b e c a u s e  i t  i s  t h e  
p a r t i c l e  s u r f a c e  which i s  i m m e d i a t e l y  i n  c o n t a c t  w i t h  e x t r a c t -  
i n g  f l u i d s  and body t i s s u e s .  

The l e v e l  o f  Cr i n  s e a  s a l t  i s  t o o  low t o  make a 
s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  Cr l e v e l s  i n  a e r o s o l s  e x c e p t  
a t  r e l a t i v e l y  h i g h  a l t i t u d e s  o r  i n  r e g i o n s  r emote  from any 
l a n d  m a s s e s .  Al though bo th  C r ( I I 1 )  a n d  Cr(V1) have  been 
found i n  a i r b o r n e  p a r t i c u l a t e  m a t t e r ,  l i t t l e  i n f o r m a t i o n  i s  
a v a i l a b l e  on t h e  r e l a t i v e  amounts  of  t h e  two forms p r e s e n t  
i n  v a r i o u s  a e r o s o l s .  
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SOIL A N D  G R O U N D W A T E R  

S o i l - g r o u n d w a t e r  p a r a m e t e r s  such  a s  p H ,  r a t e  o f  
d r a i n a g e ,  c o n t e n t  o f  o r g a n i c  m a t e r i a l ,  e t c . ,  p l a y  a ma jo r  r o l e  
i n  t h e  c h e m i s t r y  o f  b o t h  C r ( I I 1 )  a n d  C r ( V 1 ) .  In  g e n e r a l ,  
i o n i c  e q u i l i b r i u m  e x i s t s  between s o i l  and g r o u n d w a t e r ,  

As ment ioned  b e f o r e ,  C r ( I I 1 )  tends s t r o n g l y  t o  b e  
a d s o r b e d  o n t o  c l a y  p a r t i c l e s  a n d  o r g a n i c  p a r t i c u l a t e  m a t t e r ,  
b u t  can be m o b i l i z e d  i f  i t  i s  complexed w i t h  o r g a n i c  m o l e c u l e s ,  
e . g .  t h o s e  produced  by decomposing p l a n t  a n d  animal  m a t t e r  i n  
p o o r l y  d r a i n e d  s o i l s  ( M i t c h e l l  1 9 6 4 ) .  C r ( I I 1 )  p r e s e n t  i n  
m i n e r a l s  i s  m o b i l i z e d  t o  d i f f e r e n t  e x t e n t s ,  depending  on t h e  
w e a t h e r a b i l i t y  and s o l u b i l i t y  o f  t h e  m i n e r a l  i n  which i t  i s  
c o n t a i n e d  ( i b i d . ) .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  s p i n e l s ,  
t h e  m i n e r a l s  c o n t a i n i n g  t h e  h i g h e s t  c o n c e n t r a t i o n s  of C r ( I I I ) ,  
a r e  a l s o  some o f  t h e  most i n e r t  m i n e r a l s  known t o  man. 

Cr(V1) i s  a n i o n i c  i n  n a t u r e  a n d  i s  n o t  s t r o n g l y  
a d s o r b e d  by s o i l  components .  Hence, Cr(V1) i s  m o b i l e  i n  
g r o u n d w a t e r  and has  even been used i n  t r a c e r  form t o  f o l l o w  
g roundwate r  f l o w s  ( T o d o r o v i c  and F i l i p  1 9 6 7 ) .  Cr(V1) i s  
q u i c k l y  r e d u c e d  t o  C r ( I I 1 )  i n  p o o r l y  d r a i n e d  s o i l s  having  
a h i g h  o r g a n i c  m a t t e r  c o n t e n t .  

LIVING ORGANISMS 

The c h e m i s t r y  of C r ( I I 1 )  i s  c h a r a c t e r i z e d  by l i m i t e d  
m o b i l i t y  b e c a u s e ,  a s  a ' t r i p l y - c h a r g e d  c a t i o n ,  i t s  movement 
a c r o s s  b i o l o g i c a l  membranes i s  h i g h l y  r e s t r i c t e d  u n l e s s  i t s  
n e t  c h a r g e  i s  d e c r e a s e d  by c o m p l e x a t i o n .  A t  p h y s i o l o g i c a l  pH,  
Cr+3 i s  u n s t a b l e  and w i l l  e i t h e r  be complexed w i t h  some b i o -  
l o g i c a l  m o l e c u l e  o r  w i l l  form c o l l o i d a l  hydrous  o x i d e s .  C r ( I I 1 )  
i s  known t o  b i n d  s t r o n g l y  t o  p r o t e i n s  a n d ,  i n  s u f f i c i e n t  con- 
c e n t r a t i o n ,  forms  c r o s s - l i n k a g e s  between c a r b o x y l  g roups  of 
d i f f e r e n t  p r o t e i n  m o l e c u l e s  (Hormann 1 9 7 4 ) .  T h i s  i s  t h e  b a s i s  
f o r  t h e  p r o c e s s  of  chrome t a n n i n g  o f  l e a t h e r ,  Some low molecu-  
l a r  w e i g h t  complexes  o f  C r ( I I 1 )  w i t h  a s  y e t  u n k n o w n  l i g a n d s  i n -  
c r e a s e  t h e  m o b i l i t y  of C r ( I I 1 )  a c r o s s  membranes e i t h e r  by lower -  
i n g  t h e  n e t  p o s i t i v e  c h a r g e  of Cr ( i . e .  some of  the  l i g a n d s  a r e  
a n i o n i c )  o r  by t a k i n g  a d v a n t a g e  of  some s p e c i f i c  a c t i v e  t r a n s p o r t  
mechanism f u n c t i o n i n g  i n  c e l l  membranes. 

Cr(V1)  i s  k n o w n  t o  c r o s s  b i o l o g i c a l  membranes w i t h  
r e l a t i v e  e a s e  (,Gray a n d  S t e r l i n g  1 9 5 0 ) .  F u r t h e r m o r e ,  i t  does 
n o t  i n t e r a c t  as  s t r o n g l y  a s  C r + 3  w i t h  b i o l o g i c a l  macromolecules  
b e c a u s e  many o f  t h e i r  f u n c t i o n a l  g r o u p s  a r e  a n i 0 n i . c .  Hence, 
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when C r ( I I 1 )  a n d  Cr(V1)  a r e  i n j e c t e d  i n t o  t h e  mammalian b lood-  
s t r e a m ,  most of t h e  C r ( I I 1 )  e i t h e r  b i n d s  t o  t h e  plasma p r o t e i n s  
or forms a c o l l o i d a l  p r e c i p i t a t e  (Vi sek  e t  aZ. 1 9 5 3 ) ,  w h i l e  t h e  
Cr(V1) r e a c t s  o n l y  t o  a s m a l l  e x t e n t  w i t h  t h e  plasma p r o t e i n s  
a n d  r a p i d l y  p e n e t r a t e s  t h e  membranes of r ed  blood c e l l s  where 
i t  r e a c t s  w i t h  hemoglobin t o  y i e l d  a ve ry  s t a b l e  complex 
(Gray a n d  S t e r l i n g  1 9 5 0 ) .  F u r t h e r  d i s c u s s i o n  of  t h e  e f f e c t s  
o f  C r ( I I 1 )  and Cr(V1) on v a r i o u s  l i f e  forms  w i l l  be d i s c u s s e d  
l a t e r .  

ORGANOMETALLIC Cr C O M P O U N D S  

L i t t l e  i s  known a b o u t  t h e  p r o p e r t i e s  of o rgano-  
chromium compounds ( i . e .  compounds w i t h  d i r e c t  Cr-C b o n d s ) .  
Even l e s s  i s  known a b o u t  t h e  i n t e r a c t i o n  of  such  compounds 
w i t h  l i v i n g  o r g a n i s m s ;  n e v e r t h e l e s s ,  t h e i r  t o x i c i t y ,  from 
g e n e r a l  c o n s i d e r a t i o n s ,  i s  undoubted (Thaye r  1 9 7 4 ) .  I t  i s  
u n l i k e l y  t h a t  any p r o c e s s  s i m i l a r  t o  t h e  b i o l o g i c a l  m e t h y l a t i o n  
o f  mercury  i s  o p e r a t i v e  i n  t h e  c a s e  o f  Cry i . e .  organochromium 
compounds a r e  n o t  e x p e c t e d  t o  be produced i n  n a t u r e .  However, 
i n c r e a s i n g  u s e  of  organochromium compounds i n  t h e  chemica l  
i n d u s t r y  i s  p r e d i c t e d  b e c a u s e  o f  t h e i r  u s e f u l n e s s  i n  o r g a n i c  
s y n t h e s i s .  

ANALYTICAL CHEMISTRY O F  Cr 

A n a l y t i c  methodology i s  d e a l t  w i t h  i n  Appendix B ;  
however ,  a few comment< s h o u l d  be made a t  t h i s  p o i n t .  Improve- 
ments  i n  a n a l y t i c a l  i n s t r u m e n t a t i o n  and methodology have 
shown t h a t ,  i n  many c a s e s ,  p r e v i o u s l y  a c c e p t e d  methods f o r  
Cr were i n  e r r o r  due t o  c o n t a m i n a t i o n ,  i n t e r f e r e n c e s ,  and 
improper  sample p r e p a r a t i o n .  N e v e r t h e l e s s ,  i t  i s  i m p o s s i b l e  
t o  j u d g e  t h e  q u a l i t y  o f  a n a l y t i c a l  work by i t s  d a t e  a l o n e .  
The t h o r o u g h n e s s  of t h e  i n v e s t i g a t o r ,  p u r i t y  of r e a g e n t s ,  
a v a i l a b i l i t y  of  s t a n d a r d s ,  and t h e  l e v e l  of  Cr t o  be d e t e r m i n e d  
must be c o n s i d e r e d .  The f o l l o w i n g  g e n e r a l i z a t i o n s  can  be 
made: 

1 )  Ana lyses  o f  Cr i n  p r e d o m i n a n t l y  i n o r g a n i c  
samples  ( e . g .  m e t a l s ,  r o c k s ,  s o i l s )  have u s u a l l y  been q u i t e  
r e l i a b l e  because  of t h e  r e l a t i v e l y  h i g h  Cr c o n c e n t r a t i o n s  
and s t r a i g h t f o r w a r d  sample  p r e p a r a t i o n .  

2 )  Ana lyses  of  Cr i n  p red ,ominant ly  o r g a n i c  s a m p l e s ,  
( e . 9 .  a n i m a l  a n d  p l a n t  t i s s u e )  or i n  v e r y  d i l u t e  aqueous  
s o l u t i o n s  ( e . g .  n a t u r a l  w a t e r s )  have a lways  been s u b j e c t  t o  
some s u s p i c i o n  b e c a u s e  of  t h e  low l e v e l s  of  Cr i n v o l v e d .  
Con tamina t ion  i s  v e r y  d i f f i c u l t  t o  e l i m i n a t e .  Cr l e v e l s  i n  

I 
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a i r  p a r t i c u l a t e  and l a b o r a t o r y  m a t e r i a l s  a r e  u s u a l l y  g r e a t e r  
t h a n  t h o s e  i n  t h e  s a m p l e s ,  Lengthy p r o c e d u r e s  i n v o l v i n g  
a s h i n g  t o  remove o r g a n i c  m a t e r i a l  i n c r e a s e  t h e  p o s s i b i l i t y  
of  i n a d v e r t e n t  g a i n  o r  l o s s  of Cr by t h e  sample .  

3 )  Wider a c c e p t a n c e  of newer methods i n v o l v i n g  l e s s  
sample  m a n i p u l a t i o n  b e f o r e  a n a l y s i s  i s  m i n i m i z i n g  t h e  sample  
c o n t a m i n a t i o n  problem.  A v a i l a b i l i t y  of  s t a n d a r d  r e f e r e n c e  
m a t e r i a l s  f o r  b o t h  p l a n t  and animal  t i s s u e  ( U S  N a t i o n a l  
Bureau of  S t a n d a r d s )  has  made i t  p o s s i b l e  t o  check t h e  a c c u -  
r a c y  a n d  s e n s i t i v i t y  o f  e x i s t i n g  a n d  proposed  methods f o r  
a n a l y s i s  o f  e n v i r o n m e n t a l  s a m p l e s .  

AVAILABILITY 

The e l e m e n t a l  c o n c e n t r a t i o n  of  Cr i n  a g i v e n  e n v i -  
ronment i s  a poor  measure  of  t h e  e f f e c t  which t h e  Cr can have 
on an o rgan i sm l i v i n g  i n  t h a t  e n v i r o n m e n t .  Depending on t h e  
p h y s i c a l  and chemica l  s t a t e  o f  t h e  Cry t h e  same e l e m e n t a l  
c o n c e n t r a t i o n  can have a w i d e  v a r i e t y  of  m o b i l i t i e s  a n d  
r e a c t i v i t i e s ,  and t h u s  have d i f f e r e n t  e f f e c t s .  

The p h y s i c a l  d i m e n s i o n s  of  a i r b o r n e  p a r t i c l e s  
d e t e r m i n e  w h e t h e r  t h e y  can  form s t a b l e  a e r o s o l s .  P a r t i c l e s  
l a r g e r  t h a n  10 i n  d i a m e t e r  t e n d  t o  s e t t l e  o u t  q u i c k l y  a n d ,  
i n  g e n e r a l ,  do n o t  p e n e t r a t e  d e e p l y  i n t o  man ' s  r e s p i r a t o r y  
t r a c t  ( N a t u s c h  and Wal lace  1 9 7 4 ) .  O n  t h e  o t h e r  h a n d ,  r e l a -  
t i v e l y  s m a l l  p a r t i c l e s - ( l e s s  t h a n  1 pm i n  d i a m e t e r )  t end  t o  
form s t a b l e  a e r o s o l s  a n d  may be t r a n s p o r t e d  many m i l e s  b e f o r e  
s e t t l i n g  o u t .  F u r t h e r m o r e ,  t h e s e  p a r t i c l e s  show a p p r e c i a b l e  
p e n e t r a t i o n  deep  i n t o  t h e  l u n g s ,  i . e .  s m a l l  p a r t i c l e s  a r e  
more a v a i l a b l e  t h a n  l a r g e  p a r t i c l e s .  

The chemica l  e f f e c t  of  Cr compounds on l i v i n g  o r g a -  
nisms i s  d e t e r m i n e d  by t h e  r e l a t i v e  a b s o r p t i o n  u p o n  e x p o s u r e  
a n d  t h e  r e l a t i v e  t e n d e n c y  t o  r e a c t  w i t h  b i o l o g i c a l l y  i m p o r t a n t  
m o l e c u l e s  i n  a h a r m f u l  manner .  Hence, a Cr compound which i s  
e x t r e m e l y  t o x i c  when i n j e c t e d  d i r e c t l y  i n t o  t h e  b l o o d s t r e a m  
may n o r m a l l y  n o t  be c o n s i d e r e d  h a z a r d o u s  i f  i t  i s  p o o r l y  
a b s o r b e d  t h r o u g h  t h e  l u n g s ,  s k i n ,  or d i g e s t i v e  t r a c t .  T h e r e -  
f o r e ,  Cr(V1)  compounds a r e  t o  be c o n s i d e r e d  more a v a i l a b l e  
t h a n  C r ( I I 1 )  compounds b e c a u s e  o f  t h e i r  h i g h e r  r a t e s  o f  d i f f u -  
s i o n  a c r o s s  t h e  e p i d e r m i s  ( S a m i t z  e t  aZ. 1 9 6 7 ) .  

The e l e m e n t  Cr, u n l i k e  many o t h e r  p o l l u t a n t s  which 
a r e  now b e i n g  r e c o g n i z e d  ( e . g .  o r g a n i c  p e s t i c i d e s ) ,  i s  i n t r i n -  
s i c  t o  n a t u r e  a n d  i t s  p r e s e n c e  i n  t h e  env i ronmen t  i s  n o t  
e n t i r e l y  a p r o d u c t  o f  man ' s  a c t i v i t i e s .  I n  f a c t ,  t h i s  i s  
p r o b a b l y  why Cr a t  low l e v e l s  n o w  f u n c t i o n s  as  a n  e s s e n t i a l  
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element i n  some animal species. However, the redistribution 
and chemical transformation of Cr compounds, so as to change 
their availability t o  living organisms, is the main environ- 
mental risk associated with Cr. The availability of Cr from 
most minerals, especially chromite, is exceptionally low. 
Industrial and domestic activities result in much more avail- 
able forms of Cr, e.g. Na,CrO,. 

. 



- 3 2 -  

C H A P T E R  4 N A T U R A L  L E V E L S  O F  Cr I N  THE ENVIRONMENT 

INTRODUCTION 

N a t u r a l  o r  background c o n c e n t r a t i o n s  of  Cr i n  t h e  
e n v i r o n m e n t  a r e  t h o s e  which r e s u l t  from p r o c e s s e s  which do 
n o t  i n v o l v e  human a c t i v i t y ,  For example ,  t o x i c  s u b s t a n c e s  
l e a c h e d  by w a t e r  from a d e r e l i c t  mine a r e  c o n s i d e r e d  t o  r e s u l t  
from human a c t i v i t y  even t h o u g h  t h e  a c t u a l  p r o c e s s  o f  l e a c h i n g  
i s  q u i t e  common i n  n a t u r e ,  i . e .  i n  t h i s  c a s e  man has  a f f e c t e d  
t h e  e x t e n t  o r  p o s s i b i l i t y  o f  a geochemica l  p r o c e s s  t a k i n g  
p l a c e .  

The o n l y  way, a t  p r e s e n t ,  o f  a r r i v i n g  a t  e s t i m a t e s  
o f  Cr background c o n c e n t r a t i o n s  i s  t o  measure  t h e  t r a c e  e l e -  
ment c o n c e n t r a t i o n s  i n  t h e  env i ronmen t  a t  l o c a t i o n s  remote  
from i n d u s t r i a l  and d o m e s t i c  a c t i v i t y  a n d  assume t h e s e  a r e  
n a t u r a l .  S t r i c t l y  s p e a k i n g ,  such  v a l u e s  w i l l  o n l y  r e p r e s e n t  
Cr l e v e l s  a t  t h e s e  remote  l o c a t i o n s  b u t ,  t o  a r e a s o n a b l e  ap-  
p r o x i m a t i o n ,  t h e y  can  a l s o  r e f l e c t  background l e v e l s  i n  popu- 
l a t e d  i n d u s t r i a l  a r e a s  i f  n a t u r a l  r e g i o n a l  v a r i a b i l i t y  i s  
t a k e n  i n t o  a c c o u n t .  I t  s h o u l d  n o t  be assumed t h a t  a l l  n a t u r a l l y  
o c c u r r i n g  Cr l e v e l s  a r e  h a r m l e s s  a n d  t h a t  a l l  Cr l e v e l s  i n  i n -  
d u s t r i a l  and d o m e s t i c  w a s t e s  a r e  ha rmfu l .  The d e t e r m i n i n g  
f a c t o r  i s  t h e  a v a i l a b i l i t y  o f  Cr t o  be c o n c e n t r a t e d  i n  l i v i n g  
o r g a n i s m s  beyond t o x i c  l e v e l s .  

NECESSITY O F  DETERMINING N A T U R A L  Cr L E V E L S  

Knowledge of n a t u r a l  Cr l e v e l s  a n d  t h e  amounts o f  
v a r i o u s  chemica l  forms  c y c l i n g  n a t u r a l l y  i n  t h e  env i ronmen t  
i s  r e q u i r e d  t o  a s s e s s  

( 1 )  w h e t h e r  man ' s  a c t i v i t i e s  w i l l  have any impact  
on t h e  a v a i l a b i l i t y  of Cr i n  t h e  e n v i r o n m e n t ;  

( 2 )  what  w i l l  be t h e  magni tude  and d u r a t i o n  o f  
e f f e c t s  r e s u l t i n g  from v a r i o u s  amounts and 
t y p e s  of Cr e m i s s i o n s ;  

( 3 )  t h e  s o u r c e  o f  dange rous  l e v e l s  of  Cr e m i s s i o n s  
so t h a t  r emed ia l  a c t i o n  may be s w i f t l y  t a k e n ;  

( 4 )  what forms o f  Cr a t  w h a t  p e r m i s s i b l e  l o a d i n g  

( 5 )  w h e t h e r  t h e r e  a r e  any s i g n i f i c a n t  t rends  w i t h  

r a t e s  may be s a f e l y  r e t u r n e d  t o  t h e  e n v i r o n m e n t ;  

t i m e  i n  t h e  l e v e l s  o f  Cr i n  t h e  e n v i r o n m e n t .  
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Hence, t h e  s i g n i f i c a n c e  of  any e n v i r o n m e n t a l  c a u s e / e f f e c t  
s t a t e m e n t  can o n l y  r e a l i s t i c a l l y  be e v a l u a t e d  i n  t h e  l i g h t  
of t h i s  p r e r e q u i s i t e  i n f o r m a t i o n .  

B A C K G R O U N D  Cr L E V E L S  IN THE ENVIRONMENT I 
A I R  

I 
I 
I 

Remote-sampling d a t a  from a number of  i n v e s t i g a t o r s  
p o i n t  t o  a wor ld  background Cr c o n c e n t r a t i o n  i n  l ower  atmo- 
s p h e r e  a e r o s o l s  i n  t h e  r a n g e  of 0 .3  t o  2 n g / m 3 ,  w i t h  a n  ave -  
r a g e  n e a r  1 n g / m 3  ( s e e  T a b l e  4 - 1 ) .  I t  s h o u l d  be n o t e d  t h a t  
n a t u r a l  l e v e l s  of p a r t i c u l a t e  m a t t e r  (and  hence  Cr) i n  a i r  
a r e  s t r o n g l y  i n f l u e n c e d  by m e t e o r o l o g i c a l  c o n d i t i o n s ,  e . g .  
s t r o n g  w i n d s  t e n d  t o  i n t r o d u c e  more p a r t i c u l a t e s  i n t o  t h e  
a i r  w h i l e  r a i n  and o t h e r  forms  of p r e c i p i t a t i o n  t e n d  t o  
r educe  t h e  amounts o f  p a r t i c u l a t e s  i n  a i r .  

No r e p o r t s  e x i s t  which d e s c r i b e  t h e  chemica l  forms 
of Cr i n  a e r o s o l  p a r t i c u l a t e  m a t t e r  o r  r a i n w a t e r .  No s t u d i e s  
have been per formed t o  d e t e r m i n e  t h e  p r e s e n c e  o r  a b s e n c e  o f  
gaseous  Cr compounds i n  t h e  a i r  r e g a r d l e s s  of  t h e i r  o r i g i n .  

I 
I 
I 
I 
I 
I 
1 

W A T E R  

The te rm " w a t e r "  a c t u a l l y  i n c l u d e s  t h e  f o l l o w i n g  
s u b c l a s s i f i c a t i o n s :  r a i n w a t e r ,  r i ve r  w a t e r ,  l a k e  w a t e r ,  
g r o u n d w a t e r ,  s e a  w a t e r  and d r i n k i n g  ( p r o c e s s e d )  w a t e r .  Bogen 
( 1 9 7 4 )  h a s  measured the t r a c e  e l emen t  c o n t e n t  of r a i n  and 
c loud  w a t e r  o v e r  H e i d e l b e r g  and conc luded  t h a t  t h e  bu lk  o f  
t h e  Cr h a d  a n a t u r a l  o r i g i n .  T a b l e  4 - 2  c o n t a i n s  v a l u e s  r e -  
p r e s e n t a t i v e  o f  n a t u r a l  Cr l e v e l s  i n  r a i n w a t e r ,  

D i s s o l v e d  Cr i s  t h e  Cr p a r a m e t e r  most o f t e n  d e t e r -  
mined i n  t h e  t r a c e  e l e m e n t a l  a n a l y s i s  of  Canadian s u r f a c e  
and g r o u n d w a t e r s .  The suspended  s o l i d s  a r e  n o r m a l l y  removed 
u s i n g  a 0 . 4 5  p m  f i l t e r  (CCIW 1 9 7 4 ) .  U s u a l l y  n o  a t t e m p t  i s  
made t o  d e t e r m i n e  C r ( I I 1 )  a n d  Cr(V1) s e p a r a t e l y .  Hence, 
r e p o r t e d  v a l u e s  r e p r e s e n t  t h e  s u m  of t h e  c o n c e n t r a t i o n s  of  
b o t h  Cr o x i d a t i o n  s t a t e s .  T a b l e  4 - 3  g i v e s  t h e  d i s t r i b u t i o n  
of  d i s s o l v e d  Cr c o n c e n t r a t i o n  v a l u e s  d e t e r m i n e d  i n  Canadian 
s t r e a m s  and r i v e r s .  Over 9 9 %  of  t h e  samples  a n a l y z e d  con- 
t a i n e d  l e s s  t h a n  25 p p b  d i s s o l v e d  Cr. However, t h e  f o l l o w i n g  
s h o u l d  be emphas ized :  

( 1 )  Water s ampl ing  i s  n o t  done on a c o n t i n u o u s  
b a s i s .  Hence, b a t c h  d i s c h a r g e s  o f  even con- 
c e n t r a t e d  Cr w a s t e s  w i l l  u s u a l l y  be u n d e t e c t e d  
( O l i v e r  1 9 7 3 ) .  

I 
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T a b l e  4-1 .  N a t u r a l  Cr l e v e l s  i n  a i r .  

L o c a t i o n  
C o n c e n t r a t i o n  

( n g / m 3 )  R e f e r e n c e  

T w i n  G o r g e s ,  NWT 

J a s p e r  Na t .  P a r k ,  A l b e r t a  

R i d i n g  Mountain Na t .  P a r k ,  
Man? t o b a  

P r i n c e  A l b e r t  Na t .  P a r k ,  
Saska tchewan  .# 

Novaya Zemlya,  USSR 

S a l e h a r d ,  USSR 

Nor th  A t l a n t i c  

S o u t h  P o l e  

Algonqu in  Pa rk  

0 .59 -2 .5  

0 .32  

0 .92  

1 . 1  

0 .34  

1 . 6  

0.07-1.1 

2 .5-10  

.88 -1 .9  

Rahn ( 1 9 7 1 )  

R a h n  ( 1 9 7 1 )  

R a h n  ( 1 9 7 1 )  

Rahn ( 1 9 7 1 )  

Egorov e t  aZ. 
( 1  970)  

Egorov e t  aZ. 
( 1  970)  

Duce e t  aZ. ( 1 9 7 5 )  

Duce e t  aZ. ( 1 9 7 4 )  

Rahn ( 1 9 7 1 )  
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Tab le  4-2.  N a t u r a l  Cr l e v e l s  i n  r a i n w a t e r a .  
-~ 

Loca t ion  
C o n c e n t r a t i o n  

(ng/cm3 ) Reference 

H e i d e l b e r g ,  Germany 

Q u i l l a y u t e ,  Wash., U S A  

Wraemore , E n g l  and 

3 . 6  

2 .  

2 . 9  

Bogen ( 1 9 7 4 )  

Ranci t e l l  i and 
Pe rk i  n s  (1  970)  

Cawse and P e i r s o n  
( 1  972)  

T o t a l  d i s s o l v e d  and u n d i s s o l v e d  Cr. a 

b T a b l e  4-3.  D i s s o l v e d  Cr l e v e l s  i n  Canadian s t r e a m s  and r i v e r s  . 

Cr c o n c e n t r a t i o n  
( PPb) Number o f  s amples  .. P e r c e n t  o f  s amples  

<10 

10-1 4 

15-24 

25-49 

50-99 

100-500 

41 63 95 .9  

92  

62 

1 9  

4 

2 

2.12 

1 . 4 3  

.44  

.092  

.046  

Data  c o u r t e s y  o f  Envi ronment  Canada,  O t t awa ,  O n t a r i o .  

I, 
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( 2 )  As s e e n  b e f o r e ,  c a t i o n i c  a d s o r p t i o n  of C r ( I I 1 )  
o n t o  p a r t i c u l a t e  m a t t e r  r e s u l t s  i n  a t endency  
t o  m a i n t a i n  f a i r l y  c o n s t a n t  d i s s o l v e d  Cr 
v a l u e s ,  This t e n d s  t o  mask Cr p o l l u t i o n  i f  
p a r t i c u l a t e  m a t t e r  i s  n o t  a n a l y z e d  as we l l  
( s e e  T a b l e  3 - 3 ) .  

T a b l e  4-4 g i v e s  r e p r e s e n t a t i v e  v a l u e s  f o r  d i s s o l v e d  
Cr i n  t h e  G r e a t  Lakes ,  G e n e r a l l y ,  t h e  v a l u e s  a v e r a g e  1 p p b .  

M e r r i t t  (1971)  has  a n a l y z e d  a sample  of g roundwate r  
t a k e n  n e a r  t h e  C h a l k  R i v e r  N a t i o n a l  L a b o r a t o r y  and r e p o r t s  a 
Cr v a l u e  o f  0 . 0 2  p p b  i n  sandy ( low Cr) s e d i m e n t s .  Brinkmann 
( 1 9 7 4 )  made an i n v e n t o r y  of t r a c e  e l e m e n t s  i n  g r o u n d w a t e r s  of  
t h e  N e t h e r l a n d s  and r e p o r t e d  n a t u r a l  l e v e l s  i n  the  r a n g e  
< 0 . 5 - 2  p p b .  

D r i n k i n g  w a t e r  g e n e r a l l y  c o n t a i n s  t h e  same Cr l e v e l s  
a s  t h e  s u r f a c e  and g r o u n d w a t e r s  which s e r v e  a s  i t s  s o u r c e .  
Al though some p i p i n g  m a t e r i a l s  c o n t a i n  s i g n i f i c a n t  l e v e l s  o f  
Cr ( c o r r o s i o n  r e s i s t a n t  s t e e l ,  8 - 1 4 % ;  cement ,  5-120 ppm Cr) 
( P e r o n e  e t  aZ. 1 9 7 4 ) ,  l i t t l e  i s  l e a c h e d  i n t o  t h e  f l o w i n g  w a t e r .  
However, i t  s h o u l d  be no ted  t h a t  C r ( I I 1 )  may be o x i d i z e d  t o  
Cr(V1) d u r i n g  t h e  c h l o r i n a t i o n  p r o c e s s  (Bahensky and Kubanova 
1 9 7 4 ) .  

G e n e r a l l y  s p e a k i n g ,  t h e  background o r  n a t u r a l  con-  
c e n t r a t i o n  of d i s s o l v e d  Cr i n  Canadian  s u r f a c e  w a t e r s  i s  
a p p r o x i m a t e l y  1 p p b .  A p p r e c i a b l y  h i g h e r  v a l u e s  t h a n  t h i s  
l e v e l  p r o b a b l y  i n d i c a t e  t h e  p r e s e n c e  of  Cr(V1)  r e s u l t i n g  from 
n a t u r a l  c h r o m a t e  m i n e r a l  d e p o s i t s  o r  more p r o b a b l y  from 
d o m e s t i c  and i n d u s t r i a l  s o u r c e s .  Low d i s s o l v e d  Cr v a l u e s  a r e  
n o t  i n d i c a t i v e  o f  t h e  a b s e n c e  o f  Cr p o l l u t i o n  u n l e s s  suspended  
p a r t i c u l a t e  m a t e r i a l  and s e d i m e n t s  a r e  a l s o  examined.  

A Q U E O U S  S U S P E N D E D  PARTICULATE MATERIAL 

The Cr suspended  m a t e r i a l  i n  s t r e a m s  can e i t h e r  
be i n t r i n s i c  t o  t h e  p a r t i c l e s ,  e . g .  Cr i n  a m i n e r a l ,  or i t  
can be s u r f a c e  d e p o s i t e d  from s o l u t i o n  by c a t i o n i c  a d s o r p t i o n  
p r o c e s s e s .  The c o n c e n t r a t i o n  o f  Cr e x p r e s s e d  a s  a f u n c t i o n  
o f  p a r t i c l e  s i z e  ( a n d  hence  s u r f a c e  a r e a  p e r  u n i t  w e i g h t  of  
suspended  m a t e r i a l )  p e r m i t s  t h e  two t y p e s  o f  Cr t o  be d i s -  
t i  n g u i  s h e d :  

( 1 )  I f  t h e  Cr c o n c e n t r a t i o n  i n c r e a s e s  w i t h  d e c r e a -  
s i n g  p a r t i c l e  s i z e ,  t h e n  [Cr] a d s o r b e d  > [Cr] 
i n t r i n s i c ;  
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Tab le  4-4.  D i s s o l v e d  Cr l e v e l s  i n  G r e a t  Lakes waters ( p p b ) .  
~ ~- 

L o c a t i o n  Median Range  Reference 

I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 

~ ~~ ~ 

Lake S u p e r i o r  1 d a -  1 8  W e i l e r  and Chawla ( 1 9 6 9 )  

Lake Huron 1 . 6  d - 19  W e i l e r  a n d  Chawla ( 1 9 6 9 )  

Lake Erie  1 . 6  d - 1 4  W e i l e r  a n d  Chawla ( 1 9 6 9 )  

Lake O n t a r i o  0 . 7  d - 12  W e i l e r  and Chawla ( 1 9 6 Q )  

Great Lakes 5 . 8  - D u r u m  a n d  H a f f t y  ( 1 9 6 3 )  
.( 

G r e a t  Lakes - 0 . 1  - 10  L i v i n g s t o n e  ( 1 9 6 3 )  

a 
d d e t e c t i o n  l i m i t  = 0 . 2  p p b .  
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( 2 )  I f  t h e  Cr c o n c e n t r a t i o n  r ema ins  r o u g h l y  c o n s -  
t a n t ¶  o r  d e c r e a s e s  w i t h  d e c r e a s i n g  p a r t i c ? e  
s i z e ,  [Cr] a d s o r b e d  < [Cr] i n t r i n s i c .  

A r e c e n t  s t u d y  o f  t he  Ottawa a n d  Rideau R i v e r s  
( O l i v e r  1 9 7 3 )  has  shown  t h a t  t h e r e  i s  a s t a t i s t i c a l l y  s i g n i -  
f i c a n t  p o s i t i v e  c o r r e l a t i o n  between p a r t i c l e  s u r f a c e  a r e a  
and Cr c o n t e n t .  Hence, p a r t i c l e  s i z e  must be t a k e n  i n t o  
a c c o u n t  w h e n  a t t e m p t i n g  t o  o b t a i n  a r e p r e s e n t a t i v e  s a m p l e .  

The n a t u r a l  o r  background c o n c e n t r a t i o n  o f  Cr i n  
suspended p a r t i c u l a t e  m a t e r i a l  s h o u l d  be comparab le  i n  
magn i tude  w i t h  t h e  Cr c o n c e n t r a t i o n  i n  t h e  g e o l o g i c a l  m a t e r i a l  
fo rming  t h e  s t r e a m  b e d ,  i . e .  i n  n a t u r e  l i t t l e  c o n t r i b u t i o n  
s h o u l d  be made from adso rbed  Cr+3 (most  C r ( I I 1 )  m i n e r a l s  a r e  
p o o r l y  s o l u b l e  i n  n a t u r a l  w a t e r s  w h i l e  Cr(V1) m i n e r a l s  a r e  
r e l a t i v e l y  r a r e ) .  E x i s t i n g  d a t a  a p p e a r  t o  s u p p o r t  t h i s  
( T u r e k i a n  and S c o t t  1 9 6 7 ) :  t h e  a v e r a g e  Cr c o n t e n t  o f  suspend- 
ed m a t e r i a l  i n  US s t r e a m s  was 199 ppm ( r a n g e  37-460 p p m ) ,  
w h i l e  t h e  a v e r a g e  Cr c o n t e n t  o f  c r u s t a l  r o c k s  i s  125  ppm 
( r a n g e  30-400 p p m ) .  Decaying p l a n t  and animal  m a t t e r  s h o u l d  
n o t  make a s i g n i f i c a n t  c o n t r i b u t i o n  d u e  t o  t h e  low l e v e l s  of  
Cr n o r m a l l y  found i n  t h e s e  m a t e r i a l s .  

F i t c h k o  and Hu tch inson  (1974a)  have made  a s u r v e y  
of  t h e  heavy m e t a l  c o n c e n t r a t i o n s  i n  r i ve r  m o u t h  s e d i m e n t s  
a round t h e  G r e a t  Lakes i n  an  a t t e m p t  t o  d e t e r m i n e  the s p e c i f i c  
heavy m e t a l  i n p u t s  o f  G r e a t  Lakes t r i b u t a r i e s .  A c o n d e n s a t i o n  
of  t h e i r  r e s u l t s  i s  p r e s e n t e d  i n  T a b l e  4-5.  These  i n v e s t i g a -  
t o r s  ( F i t c h k o  and Hu tch inson  1974b)  note  t h a t  w h i l e  m e t a l s  a d -  
s o r b e d  on t h e  s e d i m e n t  a r e  c h e m i c a l l y  bound, " v a r i o u s  p h y s i c a l ,  
chemica l  and b i o l o g i c a l  ( m i c r o b i a l )  f a c t o r s  can b r i n g  a b o u t  t h e  
r e d i s t r i b u t i o n  and p a r t i a l  s o l u t i o n  of  heavy metals i n  s e d i -  
ments  ... back i n t o  t h e  w a t e r  column. I f  t h e s e  p r o c e s s e s  a r e  
e f f i c a c i o u s ,  t h e n  t h e r e  i s  a p o t e n t i a l  d a n g e r  o f  t h e s e  heavy 
m e t a l s  from s e d i m e n t s  moving t h r o u g h  b i o l o g i c a l  food  c h a i n s  
w i t h  subsequent b i o m a g n i f i c a t i o n . "  R e s u l t s  o f  t h e  Onondaga 
Lake S t u d y  (Onondaga County 1 9 7 1 )  s h o w  t h a t  t h e  Cr c o n t e n t  of  
t h e  i n t e r s t i t i a l  w a t e r s  o f  sediments (170  p p b  maximum) was s e v e r a l  
t i m e s  h i g h e r  t h a n  t h e  Cr i n  t h e  w a t e r  column, i n d i c a t i n g  t h a t  
" m i n e r a l  d i s s o l u t i o n  a n d / o r  d e s o r p t i o n  o f  i o n s  t a k e s  p l a c e  i n  
t h e  s e d i m e n t s " .  Resuspens ion  of  h e a v y - m e t a l - b e a r i n g  s e d i m e n t s  
d u r i n g  t u r b u l e n t  f l o w  f o l l o w i n g  heavy r a i n f a l l s  h a s  been h e l d  
r e s p o n s i b l e  f o r  some f i s h  k i l l s  i n  streams ( W i l l i a m s  e t  aZ.  
1 9 7 3 ) .  

c o r e  s a m p l e s  o f  l a k e  s e d i m e n t s  may be u s e d ,  a l o n g ' w i t h  e s t i -  
mated r a t e s  of  s e d i m e n t  a c c u m u l a t i o n ,  t o  e s t i m a t e  t h e  heavy 
meta l  c o n t e n t  of  w a t e r  s y s t e m s  a s  a f u n c t i o n  o f  t ime. I n  
p a r t i c u l a r ,  an a t t e m p t  was made t o  d e t e r m i n e  i f  t h e  p r e c u l t u r -  

A s t u d y  by I s k a n d a r  and Keeney ( 1 9 7 4 )  h a s  shown how 
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Tab le  4-5.  Chromium l e v e l s  i n  r i v e r  mouth sediments o f  G r e a t  
Lakesa .  

- 

Lake 
Range o f  Cr l e v e l s  Mean ( p p m  
( p p m  d r y  w e i g h t )  d r y  w e i g h t )  

S u p e r i o r  

Mi c h i  gan 

Georgian  Bay 

t r a c e  - 2 7 . 2  

t r a c e  - 2085 

0 .9  - 37 .8  

Huron t r a c e  - 1 0 . 5  

D e t r o i t - S t .  C l a i r e  5 . 0  - 8 9 . 4  

Er ie  - 3 . 4  -156 .8  

On t a  r i o 4 . 5  - 51.8  

8 . 6  

84 .6  

10 .6  

3 . 8  

20 .5  

29.5 

1 8 . 3  

Note t h a t  many of  t h e s e  r e s u l t s  a l m o s t  c e r t a i n l y  c o n t a i n  
l a r g e  Cr c o n t r i b u t i o n s  from p o l l u t i o n  s o u r c e s ,  

a 

I 
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a 1  c o n t e n t  of heavy m e t a l s  was s i g n i f i c a n t l y  l e s s  t h a n  t h e  
l e v e l s  now b e i n g  d e p o s i t e d  i n  t h e  s e d i m e n t s .  I n  4 o u t  of  1 0  
Wiscons in  l a k e s ,  s i g n i f i c a n t  Cr a c c u m u l a t i o n  was shown t o  
have o c c u r r e d  i n  r e c e n t  t i m e s .  

SOILS A N D  B E D R O C K  

The c o m p o s i t i o n  of  t h e  s o i l  a n d  t h e  a v a i l a b i l i t y  of 
e l e m e n t s  f rom i t  t o  p l a n t s  i s  d e t e r m i n e d  by t h e  p a r e n t  rock  
t y p e  a s  w e l l  a s  t h e  a c t i o n s  of ,  c l i m a t e  a n d  l i v i n g  o rgan i sms  
i n  s o i l  g e n e s i s .  The o l d e r  t h e  s o i l  t h e  l e s s  may be t h e  i n -  
f l u e n c e  o f  t h e  p a r e n t  rock  ( M i t c h e l l  1 9 6 4 ) .  Water t e n d s  t o  
l e a c h  e l e m e n t s  from s u r f a c e  l a y e r s  t o  lower  s o i l  l a y e r s  w h i l e  
t h e  a c t i o n  of p l a n t  r o o t s  a n d  v a s c u l a r  s y s t e m s  i s  t o  t r a n s p o r t  
m i n e r a l s  from lower  s o i l  l a y e r s  and d e p o s i t  them i n  t h e  t o p  
l a y e r  v i a  f a l l e n  b r a n c h e s ,  l e a v e s ,  a n d  f r u i t .  As s t a t e d  e a r l i e r ,  
Cr, p r e s e n t  u s u a l l y  as C r ( I I 1 )  i n  t h e  s o i l ,  i s  c h a r a c t e r i z e d  by 
i t s  l a c k  of  m o b i l i t y  e x c e p t  i n  c a s e s  where Cr(V1) i s  i n v o l v e d .  
Cr (V1)  o f  n a t u r a l  o r i g i n  i s  r a r e l y  found i n  s o i l s .  F l e i s c h e r  
( 1 9 7 2 )  h a s  g i v e n  bulk  c o n c e n t r a t i o n  r a n g e s  f o r  Cr i n  v a r i o u s  
rock  t y p e s  ( s e e  T a b l e  4 - 6 ) .  Lisk ( 1 9 7 2 )  r e p o r t e d  Cr l e v e l s  of  
1-1500 pprn i n  American s o i l s ;  p r e l i m i n a r y  s t u d i e s  show a r a n g e  
of  20-125 pprn i n  Canadian s o i l s  (Mor ley  1 9 7 5 ) .  Swaine and 
M i t c h e l l  ( 1 9 6 0 )  have a n a l y z e d  v a r i o u s  t y p e s  o f  s o i l s  f o r  t h e i r  
b u l k  and e x t r a c t a b l e  Cr as  a f u n c t i o n  o f  sample  d e p t h  a n d  r a t e  
of  d r a i n a g e  of  t h e  s o i l .  The e x t r a c t a b l e  Cr i d e a l l y  i s  a 
measure  of  Cr a v a i l a b i l i t y  t o  p l a n t s .  I t  s h o u l d  be noted  t h a t  
t h e  Cr a v a i l a b l e  t o  p l a n t s  i s  no t  d i r e c t l y  r e l a t e d  t o  t h e  t o t a l  
Cr c o n t e n t  i n  s o i l s .  * P r i n c e  ( 1 9 5 7 )  h a s  shown t h i s  by comparing 
t h e  Cr c o n t e n t  o f  c o r n  p l a n t s  w i t h  the  Cr c o n t e n t  of t h e  s o i l  
i n  which t h e y  were grown. The r e s u l t s ,  l i s t e d  i n  T a b l e  4 - 7 ,  
i n d i c a t e  t h a t  t h e  h i g h e s t  and l o w e s t  a c c u m u l a t i o n s  of Cr i n  
co rn  l e a v e s  were o b t a i n e d  i n  two d i f f e r e n t  s o i l s  bo th  having  
t h e  same b u l k  c o n t e n t  of  Cr. 

Many f e r t i l i z e r s  c o n t a i n  a p p r e c i a b l e  l e v e l s  of Cr. 
T a b l e  4 -8  l i s t s  l e v e l s  o f  Cr i n  r e p r e s e n t a t i v e  f e r t i l i z e r s  
from t h e  e x t e n s i v e  c o m p i l a t i o n  of  Swaine ( 1 9 6 2 ) .  Repeated 
use  o f  f e r t i l i z e r s  w i t h  h i g h  l e v e l s  of  Cr can l e a d  t o  h i g h  
a c c u m u l a t i o n s  of Cr i n  s o i l s .  The u s e  o f  w a s t e s  a n d  s l u d g e s  
a s  f e r t i l i z e r s  w i l l  be d i s c u s s e d  l a t e r .  

F O O D  

T h e  w i d e s p r e a d  use  of f e r t i l i z e r s  as  we l l  as t h e  
enc roachmen t  o f  i n d u s t r i a l  a n d  d o m e s t i c  p o l l u t i o n  on fa rm 
l a n d s  makes i t  q u e s t i o n a b l e  w h e t h e r  t h e  l e v e l s  of Cr r e p o r t e d  
i n  f o o d s  sampled nowadays a r e  background ( o r  n a t u r a l )  l e v e l s .  
However, t h e  poor  t r a n s l o c a t i o n  of C r ( I I 1 )  from p l a n t  r o o t s  
(Huffman a n d  Allaway 1 9 7 3 )  a n d  t h e  h i g h  t o x i c i t y  of  Cr(V1)  
t o  p l a n t s  ( s e e  l a t e r , )  make i t  u n l i k e l y  t h a t  a n y t h i n g  s h o r t  
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Table  4-6.  Chromium l e v e l s  i n  p a r e n t  r o c k s  ( p p m  d r y  w e i g h t ) .  

Rock t y p e  Normal Cr r a n g e  Average Cr l e v e l  

U1 t r a m a f i c  i g n e o u s  

Basal  t i c  i g n e o u s  

G r a n i t i c  i g n e o u s  

S h a l e  

H i g h  c a r b o n  b l a c k  s h a l e  

Deep s e a  c l a y  
. 

Limes t o n e  

P h o s p h o r i t e  

S e d i m e n t a r y  i r o n  o r e  

1000-3400 

40- 600 

2 -  90 

30- 590 

30-1 000 

- 
300-3000 

150-  800 

1800 

220 

20 

120  

100  

90 

10  

1000 

I 



-42- 

Table 4-7. Noncorrespondence o f  b u l k  and available Cr i n  dif- 
ferent soils. 

Cr i n  soil Cr i'n corn leaves 
(ppm dry weight) (ppm dry weight) 

20 

20 

3 0  

3 2  

38 

39 

40 

45 

46 

7 5  

0.44 

1 .69 

1.61 

1.37 

2.18 

o .68 
0.47 

0.50 

1.28 

0.80 

Table 4-8. Cr content of some typical fertilizer materials. 

T y p e  Cr concentration(ppm) 

Nitrogen fertilizers 
(urea, nitrates) 

Phosphorus ferti 1 i zers 

Superphosphate 

Bone meal 

Limestones 

<5-3000 

30-3000 

60-250 

~ 2 0 - 5 Q O  

c 1-200 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
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1 
I 
1 
I 
I 
I 
I 
I 
I 
I 

of  g r o s s  Cr p o l l u t i o n  w o u l d  change t h e  Cr u p t a k e  i n t o  t h e  
f o o d  c h a i n  v i a  p l a n t s .  None o f  t h e  p l a n t s  no rma l ly  used as 
f o o d  or an imal  f e e d  a r e  Cr a c c u m u l a t o r s  (Al laway 1 9 6 8 ) .  

The a v e r a g e  Cr c o n t e n t  o f  t h r e e  s p e c i e s  of G r e a t  
Lakes f i s h  (whole  f i s h  b a s i s :  a l e w i f e ,  s p o t t a i l  s h i n e r ,  p e r c h )  
was 1 ppm on a f r e s h  w e i g h t  b a s i s  (Lucas  e t  aZ. 1 9 7 0 ) .  Con- 
s i d e r i n g  t h a t  t h e  Cr c o n c e n t r a t i o n  i n  G r e a t  Lakes w a t e r s  
a v e r a g e s  1 - 2  p p b  ( W e i l e r  and Chawla 1 9 6 9 ) ,  t h i s  r e p r e s e n t s  a 
s u b s t a n t i a l  a c c u m u l a t i o n ;  however ,  t h e  ma jo r  p o r t i o n  o f  t h e  
Cr a p p e a r s  t o  be a s s o c i a t e d  w i t h  t h e  p o r t i o n s  of  t h e  f i s h  n o t  
consumed a s  food  such as  t h e  s k i n ,  bones a n d  o r g a n s ,  Knoll 
a n d  Fromm ( 1 9 6 0 )  showed t h a t  t h e  e d i b l e  p o r t i o n  o f  t h e  r a i n -  
bow t r o u t ,  t h e  m u s c l e ,  a c c u m u l a t e s  l i t t l e  Cr even when t h e  
f i s h  were exposed  t o  C r ( V 1 ) .  S c h r o e d e r  e t  aZ.  ( 1 9 6 2 )  i n d i c a t e d  
t h a t  t h e  l e v e l s  of Cr found i n  t h e  s k i n  of t h e  h a l i b u t  ( 0 . 1 8  
ppm f r e s h  w e i g h t )  were s u b s t a n t i a l l y  h i g h e r  t h a n  i n  t h e  f i l l e t  
(0 .01  ppm f r e s h  w e i g h t ) .  

T a b l e  4 - 9 ,  which i n c l u d e s  t h e  r e s u l t s  o f  t h r e e  Canadian 
s t u d i e s ,  c o n t a i n s  a summary of  r e p r e s e n t a t i v e  bulk  Cr concen-  
t r a t i o n s  i n  v a r i o u s  food  t y p e s .  T a b l e  4 - 1 0  l i s t s  t h e  r e s u l t s  
of a n  a t t e m p t  t o  g i v e  some i n d i c a t i o n  of Cr a v a i l a b i l i t y  from 
v a r i o u s  f o o d s  i n  t e rms  of  t h e  b i o l o g i c a l  a c t i v i t y  of t h e i r  
e x t r a c t s .  The v a l u e s  i n  T a b l e  4-10 a r e  t a k e n  from T o e p f e r  
e t  aZ .  ( 1 9 7 3 )  a n d  d o  n o t  t a k e  i n t o  a c c o u n t  t h e  e f f e c t  of a c i d  
h y d r o l y s i s  (which o c c u r s  i n  t h e  d i g e s t i o n  of f o o d )  nor  t h e  
r e l a t i v e  a b s o r p t i o n  of  v a r i o u s  fo rms  of Cr a c r o s s  t h e  g u t .  
The e n t i r e  o r d e r  of  b i o l o g i c a l  a c t i v i t i e s  i n  T a b l e  4-10 would 
change d r a s t i c a l l y  i f  t h e  e x t r a c t a b l e  Cr o f  t h e  f o o d s  were 
c o n s i d e r e d  on a d r y  w e i g h t  b a s i s  o r  o n  t h e  b a s i s  of  t h e  w e i g h t  
of t h a t  food  y i e l d i n g  100 c a l o r i e s  of  food  v a l u e .  

P r o c e s s i n g  o f  f o o d s t u f f s ,  e s p e c i a l l y  r e f i n i n g ,  l owers  
t h e  Cr c o n t e n t . .  Zook e t  aZ.  ( 1 9 7 0 )  have shown t h a t  t h e  p r o -  
d u c t i o n  of f l o u r  from wheat  i n v o l v e s  a Cr l o s s ,  p r o b a b l y  due 
t o  removal of t h e  b r a n  a n d  germ. I n t e r e s t i n g l y  enough,  t h e s e  
same i n v e s t i g a t o r s  found t h a t ,  i n  t h e  p r o d u c t i o n  of  b read  from 
f l o u r ,  a major  p o r t i o n  of t h e  Cr came from e l s e w h e r e  t h a n  t h e  
f l o u r .  The s t a i n l e s s  s t e e l  used i n  mix ing  c o n t a i n e r s  i n  t h e  
baking i n d u s t r y  may be t h e  s o u r c e  o f  such  e x t r a n e o u s  Cr, e . g .  
T i t u s  e t  a Z .  ( 1 9 3 0 )  found Cr c o n t a m i n a t i o n  u p  t o  0 . 1 2  ppm i n  
food p r e p a r e d  a n d  s t o r e d  i n  v e s s e l s  of  ch rome-n icke l  s t e e l .  
S i m i l a r l y ,  t h e  r e l a t i v e l y  h igh  l e v e l s  of Cr found i n  some 
m a r g a r i n e  p r o d u c t s  (Owlya 1 9 7 4 )  may be due t o  t h e  use  o f  Cr- 
c o n t a i n i n g  c a t a l y s t s  i n  t h e  h y d r o g e n a t i o n  of p o l y u n s a t u r a t e d  
o i l s  ( K o r i t a l a  e t  aZ.  1 9 7 3 ) .  Wolf e t  0 2 .  ( 1 9 7 4 )  found t h a t  
s u c c e s s i v e  s t e p s  i n  s u g a r  r e f i n e m e n t  each  reduced  t h e  Cr con- 
t e n t  of  t h e  s u g a r .  These i n v e s t i g a t o r s  a l s o  c o n s i d e r e d  t h e  
r e l a t i o n  of t h i s  f i n d i n g  t o  t h e  s t a t i s t i c a l  c o r r e l a t i o n  found 
between e x c e s s i v e  consumpt ion  o f  r e f i n e d  s u g a r  a n d  c a r d i o -  
v a s c u l a r  d i s e a s e .  

I, 
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T a b l e  4-9.  Cr c o n t e n t  of  v a r i o u s  f o o d s t u f f s  ( v g / g  f r e sh  w e i g h t ) .  
- 

F o o d s t u f f s  Ottawa/Hul l a  Vancouverb Hal i f a x b  U S A C  

M i l k  and da i ' ry  p r o d u c t s  

Meat ,  f i s h  and p o u l t r y  

C e r e a l s  

P o t a t o e s  

L e a f y  v e g e t a 6 l e s  

Legumes 

Root vege tab les  

Garden f r u i t s  

Frui ts  

Oi l s  and f a t s  

S u g a r s  and candy  
* 

Drinks 

Condiments  and s p i c e s  

0 .11  

.18 

.15  

.26 

.09 

. l o  

. 15  

.23  

.07 

.09 

.33 

.07 

.06 

.07 

.17 

.05  

. l l  

.16 

.06  

.10 

.06 

.09 

. 17  

. 0 3  

- 

. 0 5  .23  

. 0 6  . 23  

. 0 6  . 2 2  

. 04  .24 

.09 .10  

. 06  .04 

.09 .09  

. 0 5  - 

.05 .09  

. 0 3  . 1 8  

.34 - 

. 0 3  - 
- . 3 3  

a Mgranger and S m i t h  (1972)  

K i r k p a t r i c k  and C o f f i n  ( 1 9 7 4 )  

T o e p f e r  e t  aZ.  (19731 C 

I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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- 4 5 -  7 3 4 1  

Table 4-10. R e l a t i v e  b i o l o g i c a l  v a l u e s a  o f  Cr i n  s e l e c t e d  f o o d s .  

Sample 
R e l a t i v e  Cr 

b i o l o g i c a l  v a l u e  

Brewers ' y e a s t  
B lack  peppe r  
C a l f ' s  l i v e r  
American c h e e s e  
Wheat germ 
Whole wheat  b r e a d  
C o r n f l a k e s  
White b r e a d  
S p a g h e t t i  
Beef 
Wheat g r a i n  
But te r  
Rye b r e a d  
M a r g a r i n e  
O y s t e r s  
Corn meal ( y e l l o w )  
C h i  1 i p e p p e r s  
Wheat b r a n  
Chicken 
Corn meal ( w h i t e )  
Shr imps  
L o b s t e r  
Mushrooms 
Haddock 
Beer 
E g g  w h i t e  
Skimmed m i l k  

* 

44 .88  
10 .21  

4 .52  
4 .39  
4 .05  
3 .59  
3 .01  
2 .99  
2 .89  
2 .89  
2 .96  
2 .81  
2 .67  
2 . 4 8  
2 .43  
2 .35  
2 .27  
2 .27  
2 .16  
2.09 
2 . 0 3  
1 . 9 5  
1 .92 
1 . 86  
1 . 7 7  
1 . 7 7  
1 . 5 9  

The r e l a t i v e  amount o f  Cr e x t r a c t e d  from 1 g ( f r e s h  w e i g h t )  
o f  s ample  by an  e t h a n o l - w a t e r  m i x t u r e .  

a 

I 
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N A T U R A L  GEOCHEMICAL-BIOLOGICAL CYCLING O F  CHROMIUM 

F i g u r e  4-1 p re sen t s  t h e  a v a i l a b l e  i n f o r m a t i o n  on 
the  s t e a d y - s t a t e  amounts of  Cr p r e s e n t  i n  t h e  v a r i o u s  e n v i -  
ronmenta l  media and t h e  e s t i m a t e d  annual  t u r n o v e r  o f  Cr. 
Many o f  t h e  q u a n t i t i e s  o r  t u r n o v e r  r a t e s  a r e  unde te rmined  
while  t h o s e  t h a t  a r e  p r e s e n t  a r e  o n l y  i n t e n d e d  t o  be i n d i c a -  
t o r s  o f  o r d e r  o f  magn i tude ,  i . e .  t hese  e s t i m a t e s  may be h i g h  
o r  low by a f a c t o r  o f  u p  t o  5-10.  

The b i o l o g i c a l l y  i m p o r t a n t  a s p e c t  o f  t h i s  Cr c y c l e  
i s  s u c c i n c t l y  s t a t e d  by Allaway ( 1 9 6 8 ) :  "Cr i s  one o f  t h e  few 
e s s e n t i a l  e l e m e n t s  f o r  w h i c h  no a c c u m u l a t i o n  a g a i n s t  a con- 
c e n t r a t i o n  g r a d i e n t  i s  e v i d e n t  a t  any p o i n t  i n  t h e  b i o l o g i c a l  
c y c l e  f rom s o i l  t o  p l a n t  t o  a n i m a l " .  Huffman and Allaway 
( 1 9 7 3 )  and Huffman. ( 1 9 7 3 )  have g i v e n  e x p e r i m e n t a l  e v i d e n c e  
f o r  t h e  above  s t a t e m e n t  by showing:  

1 )  t h e  b u l k  ( > g o % )  o f  t h e  Cr a b s o r b e d  by most 
p l a n t s  remains  i n  t h e  r o o t s  and i s  p o o r l y  t r a n s -  
l o c a t e d  t o  t h e  t o p s ;  

2 )  u p t a k e  a n d  t r a n s l o c a t i o n  of  51Cr r a d i o a c t i v e  
t r a c e r  d i f f e r e d  o n l y  s l i g h t l y  between C r ( I I 1 )  
and C r ( V 1 ) ;  

l e s s  t h a n  0 . 5 %  o f  t h e  dose  a f t e r  48 h o u r s ;  
3 )  r a t s  f e d  5 1 C r - l a b e l l e d  bean l e a v e s  r e t a i n e d  

4 )  t h e  c a r r o t ,  a r o o t  v e g e t a b l e ,  w h e n  grown i n  
Na251Cr0,+ s o l u t i o n  abso rbed  some o f  t h e  51Cr 
b u t  more t h a n  85% o f  t h i s  was l o c a t e d  i n  t h e  
o u t e r  1 m m  o f  t h e  r o o t .  

In  a s t u d y  o f  s e l e c t e d  t r o p h i c  l e v e l s  o f  an E a s t  
Tennessee d e c i d u o u s  f o r e s t  e c o s y s t e m ,  A n d r e n  e t  aZ. ( 1 9 7 3 )  
found no t e n d e n c y  f o r  s i g n i f i c a n t  b i o a c c u m u l a t i o n .  The i r  
r e s u l t s  a r e  shown i n  F igu re  4 -2 .  

The a b s o r p t i o n  o f  C r ( I I 1 )  from w a t e r  by mammals 
i s  u s u a l l y  l e s s  t h a n  1 %  of  t h e  dose  ( V i s e k  e t  aZ .  1 9 5 3 ) ,  
w h i l e  s l i g h t l y  more t h a n  2 %  o f  t h e  Cr(V1) d o s e  i n  t ,he w a t e r  
i s  a b s o r b e d  by man (Donaldson and B a r r e r a s  1 9 6 6 ) .  Hence, i t  
a p p e a r s  u n l i k e l y  t h a t  a b s o r p t i o n  from d r i n k i n g  w a t e r  cou ld  
be r e s p o n s i b l e  f o r  any s i g n i f i c a n t  Cr b i o a c c u m u l a t i o n ,  espe-  
c i a l l y  w i t h  t h e  p p b  l e v e l s  o f  Cr present  i n  p o t a b l e  waters .  

There a r e  s e v e r a l  documented i n s t a n c e s  of Cr accu-  
m u l a t i o n  a g a i n s t  a c o n c e n t r a t i o n  g r a d i e n t  b u t  v a r i o u s  f a c t o r s  
l i m i t  t h e  i m p o r t a n c e  o f  t h i s  b i o a c c u m u l a t i o n  ( s e e  T a b l e  4 -11  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Extra t er r e stria I Sou rces 

3 x  IO* g/yrP 

Atm<sphere 5x10' gb 

volcanic activity 

continental precipitation precipitation onto ocean 
6 x IO" g/yr. n / v r  

II 
Soi I 

9. I x 10'0g/yr' I 
sediments 

Fig .  4 - 1 .  N a t u r a l  b iogeochemica l  c y c l i n g  of chromium. 

a .  E s t i m a t e d  f r o m  t h e  d a t a  of P a r k i n  and T i l l e s  ( 1 9 6 8 )  assuming 
t h e  f a l l e n  m a t e r i a l  c o n t a i n s  3000 ppm Cr (NAS 1 9 7 4 ) .  

b .  E s t i m a t e d  from t h e  d a t a  of  R a n c i t e l l i  and P e r k i n s  ( 1 9 7 0 ) .  
c .  E s t i m a t e d  from t h e  d a t a  o f  Cawse and P e i r s o n  (1972)  assuming 

d e p o s i t i o n  d i r e c t l y  p r o p o r t i o n a l  t o  r e l a t i v e  s u r f a c e  a r e a  
( 2 9 %  l a n d ,  7 1 %  o c e a n ) ;  may i n c l u d e  some i n d u s t r i a l  p o l l u t i o n  
and t h u s  t e n d  t o  be h igh .  

ocean  mass of 1 . 7  x g .  
d .  E s t i m a t e d  from a mean Cr c o n c e n t r a t i o n  o f  0 .1  p p b  and an 

e .  From t h e  d a t a  of  B e r t i n e  and Goldberg  ( 1 9 7 1 ) .  
f .  E s t i m a t e d  from t h e  d a t a  of  Bowen (1966)  assuming t h e  a v e r a g e  

Cr c o n t e n t  of  p l a n t s  t o  be 0 . 4  ppm ( d r y  w e i g h t ) ;  s e e  a l s o  
A 1  laway ( 1 9 6 8 ) .  

g .  E s t i m a t e d  from t h e  d a t a  o f  Bowen ( 1 9 6 6 )  assuming t h e  a v e r a g e  
Cr c o n t e n t  o f  a n i m a l s  t o  be 0 . 1 5  ppm ( d r y  w e i g h t ) .  

h .  E s t i m a t e d  from t h e  d a t a  of  Bowen ( 1 9 6 6 )  assuming an a v e r a g e  
Cr c o n c e n t r a t i o n  o f  3 ppm i n  ocean  l i f e .  

i .  Assumes a s t e a d y  s t a t e  has  been a c h i e v e d .  
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fo r  a summary o f  t h e s e  c a s e s ) .  
t h a t  t h e r e  i s  l i t t l e  t endency  f o r  Cr t o  accumula t e  a l o n g  
f o o d  c h a i n s  i n  t h e  t r i v a l e n t  i n o r g a n i c  form;  however,  o rgano-  
Cr compounds can have s i g n i f i c a n t l y  d i f f e r e n t  b i o a c c u m u l a t i o n  
t e n d e n c i e s .  Very l i t t l e  i s  known a b o u t  t h e s e  l a t t e r  compounds. 

G e n e r a l l y ,  i t  can be s t a t e d  

. 

I, 
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C ~ ~ p ~ ~ R  5 INDUSTRIAL A N D  DOMESTIC USES A N D  EMISSIONS O F  Cr 

INTRODUCTION 

I t  i s  n o t  t h e  pu rpose  of  t h i s  document t o  i n d i c a t e  
s p e c i f i c  c a s e s  of e n v i r o n m e n t a l  p o l l u t i o n  i n v o l v i n g  Cr and 
i t s  compounds. R a t h e r ,  t h e  i n t e n t  here  i s  t o  s e t  f o r t h  i n  
a gene ra l  manner t h e  c o n c e n t r a t i o n s  and amounts of  Cr which 
may be e x p e c t e d  i n  v a r i o u s  i n d u s t r i a l  and d o m e s t i c  s i t u a t i o n s ,  
This i s  done i n  o r d e r  t o  shed l i g h t  on t h e  s i g n i f i c a n c e  of  
t h e  c a u s e / e f f e c t  d a t a  which w i l l  f o l l o w  i n  subsequent  c h a p t e r s .  

O f  a l l  t he  m e t a l s  used i n  i n d u s t r i a l  and d o m e s t i c  
a c t i v i t i e s ,  Cr i s  t h e  most u b i q u i t o u s  ( s e e  T a b l e  5 - 1 ) .  The 
widespread use of  Cr makes i t  d e s i r a b l e  t o  draw u p  an i n v e n -  
t o r y  of Cr s o u r c e s  and e m i s s i o n s .  T h i s  i s  n o t  p o s s i b l e  
s i n c e  Canadian d a t a  a r e  f o r  t h e  most p a r t  l a c k i n g  o r  f ragmen- 
t a r y .  Hence, much o f  t h e  f o l l o w i n g  d i s c u s s i o n  i s  based on 
s t u d i e s  o f  Cr e m i s s i o n s  i n  t h e  U n i t e d  S t a t e s  ( G a f a f e r  1953;  
G C A  C o r p .  1 9 7 3 ) .  

INDUSTRIAL Cr EMISSIONS 

AIR 

I t  s h o u l d  be remembered t h a t  numer i ca l  v a l u e s  
p l aced  on e m i s s i o n  r a t e s  and amounts a r e  s u b j e c t  t o  c o n s i d e r -  
a b l e  v a r i a b i l i t y  d u e  tc d i f f e r i n g  p r o d u c t i o n  p r o c e s s e s  and 
emiss ion  c o n t r o l  p r a c t i c e s .  Hence, t h e s e  numer i ca l  v a l u e s  
shou ld  be c o n s i d e r e d  o n l y  a s  o r d e r - o f - m a g n i t u d e  i n d i c a t i o n s .  

T a b l e  5-2 i s  a summary o f  t h e  a i r  e m i s s i o n s  i n v e n -  
t o r y  f o r  Cr i n  t h e  USA a s  compi led  by t h e  G C A  C o r p o r a t i o n  ( 1 9 7 3 ) .  
Major p o r t i o n s  of  o v e r a l l  Cr e m i s s i o n s  t o  t h e  a i r  come from t h e  
fe r rochromium and r e f r a c t o r i e s  i n d u s t r i e s ,  a s  w e l l  a s  from t h e  
combust ion o f  c o a l .  

G a f a f e r  ( 1 9 5 3 )  has  r e p o r t e d  p a r t i c l e  s i z e  d i s t r i -  
b u t i o n  f o r  t h e  work a r e a s  o f  p l a n t s  p r o d u c i n g  chromate  
c h e m i c a l s  and c h r o m i t e  r e f r a c t o r i e s .  Geometr ic  mean p a r t i c l e  
s i z e s  were 0 .32-0 .37  pm ( c h r o m a t e  p r o d u c t i o n )  and 0 .22-0 .28  p m  
( r e f r a c t o r y  b r i c k  p r o d u c t i o n ) .  I n  a d d i t i o n ,  t h i s  same r e p o r t  
gave t h e  a v e r a g e  Cr e x p o s u r e  o f  worke r s  on an o c c u p a t i o n a l  
b a s i s  and gave  an a n a l y s i s  of  t h e  t o t a l  Cr e x p o s u r e  i n  terms 
o f  ( a )  w a t e r - s o l u b l e  h e x a v a l e n t  Cry ( b )  c h r o m i t e ,  ( c )  a c i d -  
s o l u b l e ,  w a t e r - i n s o l u b l e  Cr and ( d )  b a s i c  chromium s u l f a t e .  
The g r e a t e s t  a v e r a g e  e x p o s u r e  t o  Cr was 1 .07  m g / m 3 ,  c o n s i s t i n g  
of  83% c h r o m i t e  o r e ,  13% a c i d - s o l u b l e ,  w a t e r - i n s o l u b l e  Cr, and 
4% w a t e r - s o l u b l e  Cr (V1) .  T h e  g r e a t e s t  a v e r a g e  e x p o s u r e  t o  
Cr(V1)  was 0 .17  mg Cr/m3. 
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The combust ion  of c o a l  l e a d s  t o  t h e  p r o d u c t i o n  of  
l a r g e  q u a n t i t i e s  of  f l y  a s h .  The 8 2 %  c o n t r o l  q u o t e d  i n  Tab le  
5-2 i s  d e c e p t i v e  because  i t  was de t e rmined  on t h e  b a s i s  o f  
weight .  I f  t h e  p e r c e n t a g e  c o n t r o l  were r e p o r t e d  i n  terms o f  
t h e  r e d u c t i o n  i n  t h e  n u m b e r  o f  p a r t i c l e s  per c u b i c  m e t r e  of  
a i r  e m i t t e d ,  t h e  e x t e n t  of  c o n t r o l  would d e f i n i t e l y  be l e s s ,  
The G C A  C o r p o r a t i o n  r e p o r t  s t a t e s  t h a t  e f f i c i e n c y  of  p a r t i c l e  
removal t ends  t o  d e c r e a s e  a s  p a r t i c l e  s i z e  d e c r e a s e s ,  i . e .  
small  p a r t i c l e s  of  h igh  m o b i l i t y  and a v a i l a b i l i t y  f o r  d e p o -  
s i t i o n  i n  t h e  r e s p i r a t o r y  t r a c t  a r e  n o t  s u b j e c t  t o  t h e  same 
c o n t r o l  a s  a r e  l a r g e r  p a r t i c l e s  ( H a r r i n g t o n  1 9 7 4 ) .  I t  i s  
d e s i r a b l e  t h a t  e m i s s i o n  c o n t r o l  be r e p o r t e d  on t h e .  b a s i s  o f  
p a r t i c l e  s i z e .  T h i s  i s  e s p e c i a l l y  i m p o r t a n t  because  many 
e lements  i n c l u d i n g  Cr have been shown t o  be c o n c e n t r a t e d  i n  
t h e  s m a l l e r  f l y  a s h  p a r t i c l e s  (Davison  e t  aZ. 1 9 7 4 ) .  F i g u r e  
5-1 i l l u s t r a t e s  t h i s  t r e n d .  Natusch and Wal l ace  ( 1 9 7 4 )  
r e p o r t  t h a t  s i n g l e  p a r t i c l e  f l y  a s h  a n a l y s e s  u s i n g  a s c a n n i n g  
e l e c t r o n  mic roscope  show t h a t  t h e  Cr of the sma l l  p a r t i c l e s  i s  
c o n s i d e r a b l y  more c o n c e n t r a t e d  o n  the  p a r t i c l e  s u r f a c e  than  
in  t h e  i n t e r i o r  b u l k .  Th i s  p o i n t s  s t r o n g l y  t o  t h e  e x i s t e n c e  
of gaseous  Cr p h a s e s  which s u b s e q u e n t l y  condense  on a v a i l -  
a b l e  s u r f a c e s .  I t  i s  known t h a t  Cr meta l  has  an a p p r e c i a b l e  
vapor p ressure  a t  e l e v a t e d  t e m p e r a t u r e s  (1  t o r r  a t  7616°C).  
Cr(CO)6 i s  a v o l a t i l e  Cr compound which may b e  produced from 
Cr i n  t h e  p r e s e n c e  of  c a r b o n  monoxide (Gerasimov and S h a r i f o v  
1958) .  No a t t e m p t  has  been made t o  measure  C r ( C O ) ,  p r o d u c t i o n  
i n  t h e  cok ing  of  c h r o m i t e  t o  p roduce  f e r r o c h r o m e  ( s e e  chemica l  
e q u a t i o n  b e l o w ) ,  

A t  h igh  t e m p e r a t u r e s ,  t h e  c a r b o n y l  compound i s  u n s t a b l e ,  
b u t  ca rbon  monoxide c o n c e n t r a t i o n s  remain h i g h  i n  t h e  lower  
t e m p e r a t u r e  f 1 ue g a s e s .  

SOIL 

Large  amounts o f  s l a g  c o n t a i n i n g  2-6% Cr a s  C r 2 0 3  
a r e  b y - p r o d u c t s  o f  f e r r o c h r o m e  and chromium s t e e l  p r o d u c t i o n .  
The Cr i s  p r e s e n t  i n  a s i n t e r e d  form which i s  r e l a t i v e l y  
u n a v a i l a b l e  f o r  i n c o r p o r a t i o n  i n t o  p l a n t s  o r  m i c r o o r g a n i s m s .  
S o l i d  w a s t e  from ch romate  m a n u f a c t u r e  c o n t a i n s  c o n s i d e r a b l e  
Cr(V1) r e s i d u e  and has  caused  l a n d  r e c l a m a t i o n  problems w h e n  
d u m p e d  on l a n d  w i t h o u t  chemica l  t r e a t m e n t  (Breeze 1973 ;  
Gemmel 1972,  1 9 7 3 ) .  Runoff f rom such  c o n t a m i n a t e d  l a n d s  has  
caused s e r i o u s  p o l l u t i o n  of  nea rby  s t r e a m s  ( B r e e z e . 1 9 7 3 ) .  
Kle in  ( 1 9 7 2 )  has  d e m o n s t r a t e d  t h a t  t h e  Cr c o n t e n t  of  a homo- 
geneous t r a c t  of s o i l  i s  d e p e n d e n t  on t h e  l a n d  use p a t t e r n :  
r e s i d e n t i a l  l a n d  had an a v e r a g e  o f  3 . 2  ppm Cr i n  t h e  s o i l ;  

I, 
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a g r i c u l t u r a l  l a n d ,  4 .6  ppm;  i n d u s t r i a l  l a n d ,  8 . 5  ppm;  and 
a i r p o r t  l a n d ,  17 .6 .  The l a s t  f i g u r e  may r e s u l t  f rom t h e  use 
of Cr compounds a s  a n t i s t a t i c  a g e n t s  i n  j e t  f u e l s  (Lodwick 
1 9 6 4 ) .  

W A T E R  

S u r f a c e  and g roundwate r  p o l l u t i o n  by Cr r e s u l t s  
from e m i s s i o n s  by i n d u s t r i e s  u s i n g  chromium c h e m i c a l s .  T a b l e  
5 -3  l i s t s  u n c o n t r o l l e d  w a s t e  w a t e r  e m i s s i o n s  o f  Cr f o r  v a r i o u s  
p r o c e s s e s .  Technology e x i s t s  which i s  a b l e  t o  r e d u c e  Cr i n  
e m i s s i o n s  t o  v e r y  low l e v e l s .  To g i v e  some i d e a  o f  t h e  amounts 
of Cr c h e m i c a l s  used t h e  f o l l o w i n g  examples  a r e  p u t  f o r t h :  

1 )  a m o d e r a t e l y - s i z e d  c o o l i n g  tower  sys t em which 
r e c i r c u l a t e s  10 ,000  g a l / m i n ,  w i t h  a blowdown 
r a t e  o f  100 g a l / m i n  and o p e r a t i n g  a t  a r e s i d u a l  
ch romate  l e v e l  of 30-35 p p m ,  d i s c h a r g e s  more t h a n  
7 t o n s  of Cr(V1) a n n u a l l y  ( S h e p h e r d  and J o n e s  
1 9 7 1 ) ;  

2 )  a t a n n e r y  w h i c h  p r o c e s s e s  2500 h i d e s  a day p u t s  o u t  
820 k g  of C r ( I I 1 )  d a i l y  i n  i t s  e f f l u e n t ,  In  
a d d i t i o n ,  chrome- tanned  l e a t h e r  i t s e l f  c o n t a i n s  
3-6% by w e i g h t  chromium o x i d e  ( A . C .  Lawrence 
L e a t h e r  Co.,  q u o t e d  i n  WRSIC 1972) ;  

3 )  o i l  w e l l  d r i l l i n g  mud i s  made t o  c o n t a i n  
2-5 x l o 3  ppm Cr(V1) t o  r e d u c e  c o r r o s i o n  
f a t i g u e  i n  d r i l l i n g  p i p e .  T h i s  means 460 t o  
2700 k g  of Na2Cr207 a r e  used per  deep w e l l  
d r i l l e d  (Udy 1956,  p .  4 0 6 ) .  

Newer e l e c t r o p l a t i n g  t e c h n o l o g y  ( O ' S u l l i v a n  1975)  
p e r m i t s  t h e  use of  C r ( I I 1 )  i n  t h e  p l a t i n g  p r o c e s s ,  e l i m i n a t i n g  
t h e  need f o r  t h e  more t o x i c  Cr(V1) and hence r e d u c i n g  w a s t e  
d i s p o s a l  p r o b l e m s .  

A p roposed  use of  Cr -base  c a t a l y s t s  i s  i n  t h e  
c o n t r o l  o f  c a r b o n  monoxide e m i s s i o n s  from i n t e r n a l  combust ion  
e n g i n e s .  S c h l a t t e r  e t  aZ.  ( 1 9 7 3 )  have s t u d i e d  Cr c a t a l y s t s  
f o r  t h i s  a p p l i c a t i o n  and have found them an a t t r a c t i v e  a l t e r -  
n a t i v e  t o  more e x p e n s i v e  n o b l e  me ta l  c a t a l y s t s .  However, 
Balgord  (-1973) has  s t u d i e d  m e t a l l i c  e m i s s i o n s  from such  
d e v i c e s  and c o n c l u d e d  t h a t  u n d e r  s i m u l a t e d  d r i v i n g  c o n d i t i o n s  
s i g n i f i c a n t  e m i s s i o n s  of  f i n e  C r - c o n t a i n i n g  p a r t i c l e s  ( Q  0.01  
pm d i a m e t e r )  c o u l d  o c c u r  under  a broad  r a n g e  of  c o n t r o l l e d  
c o n d i t i o n s  a t  temperatures r a n g i n g  from 185°C t o  800°C. 
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DOMESTIC Cr EMISSIONS 

I t  i s  v i r t u a l l y  i m p o s s i b l e  t o  f o l l o w  Cr i n  t h e  
d o m e s t i c  s p h e r e  o f  a c t i v i t i e s .  T a b l e  5-4 g i v e s  a few examples  
of t h e  o c c u r r e n c e  of  Cr i n  d o m e s t i c  a c t i v i t i e s .  Examinat ion  
o f ' t h e  l i s t  i n d i c a t e s  how t h o r o u g h l y  Cr i n  i t s  many forms 
h a s  become o f  eve ryday  u s e  t o  m a n .  Hence, i t  s h o u l d  n o t  be 
unexpec ted  t h a t  d o m e s t i c  a c t i v i t i e s  c o n t r i b u t e  s i g n i f i c a n t l y  
t o  Cr p o l l u t i o n  p rob lems .  

Recent  i n v e s t i g a t i o n s  by t h e  Department  o f  Water 
R e s o u r c e s ,  C i t y  o f  New York ( K l e i n  e t  aZ.  1 9 7 4 )  have s h o w n  
t h a t  e l e c t r o p l a t i n g  w a s t e s  a c c o u n t e d  f o r  o n l y  43% of t h e  
t o t a l  d a i l y  Cr burden  of  t h e  c i t y ' s  sewer sys t em a n d  24% 
of t h e  t o t a l  Cr e m i s s i o n s  from New Y o r k  C i t y  i n t o  t h e  ha rbor  
( s e e  T a b l e  5 - 5 ) .  A n a l y s i s  of r e s i d e n t i a l  w a s t e  w a t e r s  a n d  
r a i n w a t e r  r u n o f f  i n d i c a t e d  t h a t  t h e s e  s o u r c e s  c o n t r i b u t e d  
28% a n d  9%,  r e s p e c t i v e l y ,  o f  t h e  d a i l y  sewer  Cr b u r d e n ,  i . e .  
t o g e t h e r  a l m o s t  a s  much a s  t h e  e l e c t r o p l a t i n g  i n d u s t r i e s ,  
O the r  heavy m e t a l s ,  n o t a b l y  Z n ,  Cd a n d  C u ,  a l s o  e x h i b i t e d  
o v e r  a 40% c o n t r i b u t i o n  from r e s i d e n t i a l  w a s t e  w a t e r s .  

The above example i s  p o s s i b l y  a n  i n d i c a t i o n  o f  w h a t  
may be t a k i n g  p l a c e  i n  l a r g e  Canadian c i t i e s .  The s i g n i f i c a n c e  
of  t h e s e  f i n d i n g s  i s  t h a t  r i g i d  c o n t r o l s  o n  i n d u s t r i a l  Cr 
e m i s s i o n s  w i l l  n o t  e l i m i n a t e  a l l  o r  even t h e  major  p o r t i o n  
of  t h e  Cr p o l l u t i o n  from l a r g e  p o p u l a t i o n  c e n t r e s  u n l e s s  an 
e f f o r t  i s  made t o  l i m i t  t h e  u n n e c e s s a r y  i n c o r p o r a t i o n  of 
heavy m e t a l s  i n t o  consumer goods .  I t  must n e v e r t h e l e s s  be 
remembered t h a t  i n d u s t r i a l  Cr e m i s s i o n s  t end  t o  be c o n c e n t r a t e d  
p o i n t  s o u r c e s  w h i l e  d o m e s t i c  Cr e m i s s i o n s  a r e  d i f f u s e  a n d  
d i l u t e  i n  n a t u r e .  Hence, on a l o c a l  b a s i s ,  i n d u s t r i a l  Cr emis-  
s i o n s  a r e  a lways  t h e  c a u s e  of g r e a t e r  conce rn  t h a n  d o m e s t i c  
e m i s s i o n s .  

C O M P A R I S O N  OF Cr EMISSIONS WITH N A T U R A L  Cr L E V E L S  

The t o t a l  e s t i m a t e d  a t m o s p h e r i c  e m i s s i o n s  from US 
s o u r c e s  a l o n e  i s  1 . 4 8  x 1 O 1 O  g / y e a r  ( G C A  C o r p o r a t i o n  1 9 7 3 ) ,  
w h i l e  t h e  e s t i m a t e d  background Cr c o n t e n t  of  t h e  a tmosphe re  
i s  5 x l o 9  g .  Hence, i t  a p p e a r s  t h a t  Cr e m i s s i o n s  t o  t h e  a t -  
mosphere a r e  s i g n i f i c a n t  on a g l o b a l  a s  we l l  as a l o c a l  s c a l e ,  
e s p e c i a l l y  i f  p a r t i c l e  s i z e  a n d  chemica l  r e a c t i v i t y  a r e  t a k e n  
i n t o  c o n s i d e r a t i o n .  Background l e v e l s  of Cr i n  t h e  a tmosphe re  
have been e s t i m a t e d  a t  1 n g / m 3 .  Cr l e v e l s  i n  American u r b a n  
c e n t r e s  have been reported t o  r ange  from 10-60 n g / m 3 ,  w h i l e  
worke r s  engaged i n  t h e  h a n d l i n g  a n d  use  of Cr compounds a r e  
exposed  t o  mean Cr l e v e l s  o f  0 . 1 - 1 . 7  x l o 5  n g / m 3  ( G a f a f e r  1 9 5 3 ) .  
The p r e s e n t  i n t e r n a t i o n a l l y  a c c e p t e d  t h r e s h o l d  l i m i t  f o r  expo- 
s u r e  i n  sodium b i c h r o m a t e  p l a n t s  i s  0 . 5  x l o 5  n g  C r ( V I ) / m 3 .  
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r c e z  of  heavy m e t a l s  e n t e r i n g  New Yark t r e a t m e n t  
nts . 

Percent  o f  t o t a l  we igh t s  r e c e i v e d  

S o u r c e  Cr cu N i  Z n  Cd 
~~ ~ 

Water s u p p l y  0 20 0 7 0 

E l e c t r o p l a t i n g  43  12  62 1 3  33 

Other  i n d u s t r y  9 7 3 7 6 

Runoff 9 1 4  10  31 1 2  

R e s i d e n t 1  a1 * 28 47 25 42 49 

U n k n o w n  11 0 0 0 0 

T o t a l  kg /day  675 1160 51 0 1780 73 

a Klein e t  a Z .  (119741. 
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T h e  amounts of  Cr added by i n d u s t r i a l  and d o m e s t i c  
t o  s t r e a m s ,  r i v e r s  a n d ,  e v e n t u a l l y ,  t h e  ocean a g a i n  

a r  t o  be s i g n i f i c a n t  compared t o  t h e  amount o f  Cr mobi- apPe l i z e d  a n n u a l l y  by w e a t h e r i n g  p r o c e s s e s ,  e . g .  New York C i t y  
alone e m i t s  4 . 4  X l o 8  g /Year  O f  Cr ( K l e i n  e t  aZ. 1 9 7 4 ) ,  w h i l e  
n a t u r a l  m o b i l i z a t i o n  o f  Cr by w e a t h e r i n g  p r o c e s s e s  i s  e s t i m a t e d  
a t  3.2  x 1 O 1 O  g l y e a r  on a wor ldwide  b a s i s  ( B e r t i n e  and Goldberg  
1 9 7 1 )  
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C H A P T E R  6 INTERPRETATION O F  C A U S E / E F F E C T  D A T A  

INTRODUCTION 

Befo re  d i s c u s s i n g  Cr c a u s e / e f f e c t  d a t a  f o r  v a r i o u s  
l i f e  forms  i n  d e t a i l ,  i t  i s  u s e f u l  t o  examine some of t h e  
a s s u m p t i o n s  and h idden  v a r i a b l e s  a f f e c t i n g  t h e  s i g n i f i c a n c e  
of  t h e  r e s u l t s .  T h i s  c h a p t e r  s e t s  f o r t h  some of the q u e s t i o n s  
t o  be a s k e d  w h e n  one  i s  t r y i n g  t o  r e l a t e  e x p e r i m e n t a l l y  
d e r i v e d  c a u s e / e f f e c t  d a t a  t o  Cr l e v e l s  i n  t h e  e n v i r o n m e n t .  

ASSUMPTIONS A N D  HIDDEN P A R A M E T E R S  

I d e a l l y ,  c a u s e / e f f e c t  d a t a  may be d i s p l a y e d  g r a p h i -  
c a l l y  a s  i n  F i g u r e  6 - 1 ,  where t h e  e f f e c t  i s  t h e  d i r e c t  r e s u l t  
of t h e  a p p l i e d  Cr c o n c e n t r a t i o n ,  T h i s  p i c t u r e  may be m o d i f i e d  
by t h e  f o l l o w i n g  c o n s i d e r a t i o n s :  

1 )  I s  t h e  e f f e c t  g e n e r a l  o r  s p e c i f i c ,  i . e .  i s  Cr 
t h e  o n l y  e l e m e n t  c a u s i n g  t h a t  e f f e c t  and does  i t  
do so  c o n s i s t e n t l y ?  

2 )  What i s  t h e  change  i n  e f f e c t  when t h e  s p e c i e s ,  
s e x ,  a g e ,  n u t r i t i o n a l  s t a t e ,  p r e v i o u s  h i s t o r y  
o f  t h e  animal a r e  changed?  

3 )  What change  i n  e f f e c t  ( o r  i t s  f u n c t i o n a l  depend-  
e n c e  on c 9 n c e n t r a t i o n )  i s  obse rved  when t h e  t ime  
between dosage  a n d  measurement of  e f f e c t  i s  
c h a n g e d ,  e . g .  some l u n g  c a n c e r s  have a 10-20 
y e a r  i n i t i a t i o n  p e r i o d  w h i l e  most commonly used 
l a b o r a t o r y  a n i m a l s  l i v e  o n l y  a f r a c t i o n  o f  t h a t  
t i m e .  

The d e s i g n  o f  t h e  e x p e r i m e n t  s h o u l d  p r o v i d e  c o n t r o l s  f o r  
d e t e r m i n i n g  t h e s e  f a c t o r s .  

The c o n c e n t r a t i o n  v a l u e s  used a r e  assumed t o  be 
t h e  c o n c e n t r a t i o n s  o f  t h e  p h y s i o l o g i c a l l y  a c t i v e  s p e c i e s .  
T h i s  i s  o f t e n  n o t  t h e  c a s e :  

1 )  The Cr c o n c e n t r a t i o n  r e p o r t e d  i s  u s u a l l y  t he  
t o t a l  Cr i n  t h e  s y s t e m .  No c o r r e c t i o n  f o r  t h e  
a v a i l a b i l i t y  o f  t h e  compound i s  a t t e m p t e d .  
Hence, t h e  r e s u l t s  a r e  s t r i c t l y  v a l i d  o n l y  f o r  
t h a t  chemica l  compound used  and t h e  s p e c i f i c  
r o u t e  by which i t  i s  a d m i n i s t e r e d ,  e . g .  e q u a l  
a m o u n t s  o f  C r ( 1 I I )  g i v e n  o r a l l y  o r  i n t r a v e n o u s l y  
w i l l  have d i f f e r e n t  e f f e c t s .  
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F i g .  6 - 1 .  I d e a l i z e d  g r a p h i c a l  d i s p l a y  o f  c a u s e / e f f e c t  d a t a .  
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2 )  P u r e  compounds a r e  used  i n  l a b o r a t o r y  s i m u l a t i o n s  
b u t  i n  n a t u r e  t h e r e  a r e  many o t h e r  e l e m e n t s  and 
compounds which may a c t  i n  a s y n e r g i s t i c  o r  
a n t a g o n i s t i c  manner ,  e i t h e r  by d i r e c t  chemica l  
i n t e r a c t i o n  w i t h  t h e  Cr ( a f f e c t i n g  i t s  a v a i l a b i -  
l i t y )  o r  by i n t e r a c t i n g  w i t h  t h e  l i v i n g  o rgan i sm 
t o  change  i t s  s u s c e p t i b i l i t y  t o  Cr. P u r i f i e d  
a r t i f i c i a l  e n v i r o n m e n t s  and d i e t s  may e x c l u d e  
e s s e n t i a l  n u t r i e n t s  which would no rma l ly  be 
p r e s e n t .  

3 )  The Cr dosage  may be a p p l i e d  s u d d e n l y  i n  l a b o -  
r a t o r y  s i m u l a t i o n s ,  w h i l e  i n  t h e  e n v i r o n m e n t ,  
c o n c e n t r a t i o n  changes  u s u a l l y  o c c u r  on a l o n g e r  
t i m e  s c a l e .  Shock l o a d i n g  may l e a d  t o  u n r e a l i s -  
t i c a l l y  h i g h  ( n o  t i m e  t o  a d a p t )  or low ( a l l  
a b s o r p t i o n  p r o c e s s e s  s t o p )  obse rved  t o x i c i t i e s ,  

The d e s i g n  of  t h e  e x p e r i m e n t  and t h e  way i n  which 
r e s u l t s  a r e  r e p o r t e d 0  can thus have a s i g n i f i c a n t  b e a r i n g  on 
t he  a p p a r e n t  t o x i c i t y  of  a chemica l  compound. Hence, e x p e r i -  
m e n t a l l y  d e r i v e d  r e s u l t s  can seldom be a p p l i e d  d i r e c t l y  t o  
d e t e r m i n e  t h e  e f f e c t s  o f  Cr l e v e l s  i n  t h e  env i ronmen t  w i t h o u t  
a t ho rough  knowledge of  p r e v a i l i n g  f i e l d  c o n d i t i o n s .  

See  D .  H u f f  and I .  Geis ( 1 9 5 4 )  " H O W  t o  L i e  W i t h  S t a t i s t i c s "  
f o r  an e x c e l l e n t  d i s c u s s i o n  o f  p e r s o n a l  b i a s  i n t r o d u c e d  by 
i n c o r r e c t  u s e  o f  s t a t i s t i c s .  

a 

c J 
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C H A P T E R  7 E F F E C T S  O F  C H R O M I U M  AT THE MICROSCOPIC L E V E L :  
BIOCHEMISTRY A N D  MICROSCOPIC ORGANISMS 

INTRODUCTION 

T h i s  c h a p t e r  a m p l i f i e s  t h e  s e c t i o n  i n  C h a p t e r  3 
d e a l i n g  w i t h  t h e  c h e m i s t r y  of Cr i n  l i v i n g  o rgan i sms  and g i v e s  
examples of s p e c i f i c  b iochemica l  e f f e c t s .  Many o f  t h e s e  
e f f e c t s ,  a l t h o u g h  i m p o r t a n t ,  a r e  n o t  e a s i l y  r e l a t e d  t o  symp- 
toms o b s e r v a b l e  on a m a c r o s c o p i c  s c a l e ,  i . e .  t h e  a p p a r e n t  
s t a t e  o f  h e a l t h  o r  d i s e a s e  of  a l i v i n g  o rgan i sm.  These l a t t e r  
e f f e c t s  w i l l  be d e a l t  w i t h  i n  t h e  c h a p t e r s  on f i s h ,  p l a n t s ,  
an ima l s  and man. C r - d e f i c i e n c y  symptoms w i l l  o n l y  be ment ioned  
b r i e f l y ,  i n  a s  much a s  t h e y  e l u c i d a t e  some of t h e  b i o c h e m i s t r y  
of Cr. 

I ' 
I 
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I* 

BIOCHEMISTRY OF C r ( I I 1 )  

As i n d i c a t e d  i n  C h a p t e r  3 ,  t h e  hexaquo Cr+3 complex 
i s  n o t  s t a b l e  a t  p h y s i o l o g i c a l  pH and t h e  t endency  i s  s t r o n g  
t o  form c o l l o i d a l  hydrous  o x i d e s  which a r e  accumula t ed  by t h e  
l i v e r ,  s p l e e n  and bone marrow (Visek  et aZ. 1 9 5 3 ) .  In  n a t u r e ,  
Cr i s  a u b i q u i t o u s ,  and sometimes e s s e n t i a l ,  component of 
l i v i n g  o r g a n i s m s .  These  o rgan i sms  have w i t h i n  t h e i r  m e t a b o l i c  
sys tems many m o l e c u l e s  which can b i n d  Cr+3, u s u a l l y  p r e v e n t i n g  
i t s  p r e c i p i t a t i o n  a s  t h e  hydrous  o x i d e .  

LOW MOLECULAR'WEIGHT L I G A N D S  

Some n a t u r a l l y  o c c u r r i n g  low m o l e c u l a r  w e i g h t  l i -  
gands a r e  t h e  o x a l a t e ,  p h y t a t e  a n d  c i t r a t e  a n i o n s .  Lyon et a Z .  
( 1 9 6 9 a )  i s o l a t e d  a C r ( I I 1 )  ( ~ x a l a t e ) ~  complex from Leptospermum 
scopar ium,  a known Cr a c c u m u l a t o r  p l a n t .  Chen et aZ. ( 1 9 7 3 )  
concluded  t h a t  t h e  o t h e r  complexes c o u l d  be formed i n  t h e  d i -  
g e s t i v e  t r a c t  o f  a h e r b i v o r o u s  a n i m a l .  In an in vitro e x p e r i -  
ment,  t h e s e  i n v e s t i g a t o r s  showed t h a t  t h e  o x a l a t e  complex 
i n c r e a s e d  C r ( I I 1 )  t r a n s p o r t  a c r o s s  t h e  r a t  i n t e s t i n e ,  p h y t a t e  
d e c r e a s e d  t h e  t r a n s p o r t  w h i l e  c i t r a t e  caused  no s i g n i f i c a n t  
change .  

R o l l i n s o n  et a Z .  (1967)  d e m o n s t r a t e d  t h a t  o t h e r  b i o -  
l o g i c a l l y  i m p o r t a n t  l i g a n d s  complex w i t h  Cry m a i n t a i n i n g  i t  i n  
a d i f f u s a b l e  form a t  p h y s i o l o g i c a l  pH.  S p e c i f i c a l l y ,  t h e  
f o l l o w i n g  o r d e r  o f  d e c r e a s i n g  complex s t a b i l i t y  was d e t e r m i n e d :  
py rophospha te  > m e t h i o n i n e  > s e r i n e  > g l y c i n e  > l u c i n e  > l y -  
c i n e  > p r o l i n e .  As Mertz ( 1 9 6 9 )  p o i n t s  o u t ,  t h e  g r e a t  a f f i n i t y  
of  py rophospha te  f o r  C r ( I I 1 )  i s  of s p e c i a l  i n t e r e s t  a s  ATP 
( a d e n o s i n e  t r i p h o s p h a t e )  and s i m i l a r  d e r i v a t i v e s  a r e  i m p o r t a n t  
b i o l o g i c a l  e n e r g y  s t o r a g e  compounds. J anson  and C l e l a n d  (1974b)  
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have shown t h a t  C r - A T P  ( s y n t h e t i c a l l y  p r e p a r e d )  competes  w i t h  
t h e  n a t u r a l l y  o c c u r r i n g  Mg-ATP a s  s u b s t r a t e  f o r  such  enzymes 
a s  a c e t a t e  k i n a s e ,  p y r u v a t e  k i n a s e  and 3 - p h o s p h o g l y c e r a t e  k inase ,  
Once C r - A T P  i s  bound t o  t h e s e  enzymes i t  i s  b i o l o g i c a l l y  i n e r t  
and i n h i b i t s  t h e  enzyme from p a r t i c i p a t i n g  i n  f u r t h e r  b i o l o -  
g i c a l  c a t a l y s i s .  J anson  and C l e l a n d  ( 1 9 7 4 a )  have a l s o  i n v e s -  
t i g a t e d  o t h e r  C r - n u c l e o t i d e  complexes and found t h a t  t h e  enzyme 
s p e c i f i c i t i e s  f o r  t h e  n u c l e o t i d e  b a s e s  were unchanged b u t  t h e  
Cr d e r i v a t i v e s  bonded more s t r o n g l y  t o  t h e  enzymes t h a n  d i d  
t h e  c o r r e s p o n d i n g  n a t u r a l  Mg n u c l e o t i d e s .  While i t  has  n o t  
been c o n c l u s i v e l y  shown t h a t  C r - n u c l e o t i d e  complexes a r e  
formed in v i v o ,  t h e  h igh  c o n c e n t r a t i o n s  of  Cr i n  R N A  from 
d i v e r s e  s o u r c e s  (Wacker and V a l l e e  1959)  a r e  a s t r o n g  i n d i c a -  
t i o n  o f  t h e i r  e x i s t e n c e .  

Cr i n t e r a c t s  w i t h  t h e  u n s a t u r a t e d  f a t t y  a c i d s  o f  
c e r t a i n  f o o d s  a n d ,  i n  t h e  p r e s e n c e  of oxygen ,  a c c e l e r a t e s  t h e  
f o r m a t i o n  of  r a n c i d  f l a v o r i n g  compounds by a f r e e  r a d i c a l  me- 
chanism ( B e r g e r  1 9 7 5 ) .  As l i t t l e  a s  1 . 2  ppm Cr i s  r e q u i r e d  
t o  h a l v e  t h e  s t a b i l i t y  o f  f a t s  p r e s e n t  a s  s o a p s  ( O h l s o n ,  
q u o t e d  i n  Be rge r  1 9 7 5 ) .  Research  i s  needed t o  d e t e r m i n e  whe- 
t h e r  t h i s  f r e e  r a d i c a l  mechanism i s  o p e r a t i v e  in v i v o ,  e . g .  
i n  t h e  mammalian r e s p i r a t o r y  t r a c t .  

The most  i m p o r t a n t  n a t u r a l  Cr complex from t h e  s t a n d -  
p o i n t  o f  mammalian n u t r i t i o n  i s  t h e  g l u c o s e  t o l e r a n c e  f a c t o r  
( G T F ) ,  a complex o f  C r ( I I I ) ,  s e v e r a l  amino a c i d s  a n d  n i c o t i n i c  
a c i d  ( M e r t z  e t  aZ. 1 9 7 4 ) .  T h i s  complex ,  u n l i k e  o t h e r  C r ( I I 1 )  
complexes ,  i s  r e a d i l y  a b s o r b e d  a c r o s s  t h e  g u t  (10-15% v e r s u s  
0 . 5 %  f o r  i n o r g a n i c  C r ( I I 1 ) )  a n d  r a p i d l y  e q u i l i b r a t e s  w i t h  b o d y  
s t o r e s  of  C r ( I I 1 )  (Mer t z  1 9 6 9 ) .  Cr d e f i c i e n c y  i n  mammals l e a d s  
t o  a s t a t e  r e s e m b l i n g  d i a b e t e s  m e l l i t u s ,  No o t h e r  C r ( I I 1 )  
complex,  even when i n j e c t e d  i n t r a v e n o u s l y ,  c o u n t e r a c t s  Cr de -  
f i c i e n c y  a s  e f f e c t i v e l y  a s  G T F .  Cr s u p p l i e d  by G T F ,  o r  some 
i n f e r i o r  a l t e r n a t e  s o u r c e ,  a s s i s t s  i n  b i n d i n g  i n s u l i n  t o  t h e  
c e l l  membrane o f  f a t  c e l l s ,  p o s s i b l y  by i n i t i a t i n g  d i s u l f i d e  
exchange  between i n s u l i n  a n d  membrane r e c e p t o r s .  The membrane- 
bound i n s u l i n  o f  f a t  c e l l s  t h e n  s t i m u l a t e s  t h e s e  c e l l s  t o  ab -  
s o r b  g l u c o s e  from t h e  b l o o d s t r e a m  t o  form g lycogen  (Mer t z  and 
Rog insk i  1 9 7 1 ) .  Cr and i n s u l i n  a p p e a r  t o  a c t  i n  u n i s o n  t o  
i n f l u e n c e  many b i o l o g i c a l  f u n c t i o n s  such  a s  t h e  i n c o r p o r a t i o n  
o f  d i e t a r y  amino a c i d s  i n t o  p r o t e i n s  ( R o g i n s k i  a n d  Mertz  1 9 6 7 ) .  
G T F  e a s i l y  c r o s s e s  t h e  p l a c e n t a l  b a r r i e r  w h i l e  o t h e r  C r ( I I 1 )  
complexes  do n o t  (Mer t z  1 9 6 9 ) .  In  view o f  i t s  h i g h  a v a i l a b i -  
l i t y ,  GTF i s  a p o s s i b l e  s o u r c e  o f  t o x i c  amounts o f  C r ( I I 1 ) ;  
however ,  i n s u f f i c i e n t  q u a n t i t i e s  o f  t h e  pu re  m a t e r i a l  have 
been i s o l a t e d  t o  per form f e e d i n g  e x p e r i m e n t s  ( M e r t z  e t  aZ.  
1 9 7 4 ) .  

C r ( I I 1 )  h a s  been shown t o  i n t e r a c t  s t r o n g l y  w i t h  
t h e  membrane:; o f  n e r v e  axons (Goldman 1 9 7 0 ) .  The i o n i c  p e r -  
m e a b i l i t y  of  t h e  membrane i s  changed t o  produce  a marked r e d u c -  
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t i o n  i n  axon e x c i t a b i l i t y .  The a c c u m u l a t i o n  of  i n j e c t e d  C r ( I I 1 )  
complexes i n  s k e l e t a l  t i s s u e  ( A n g h i l e r i  1970)  i s  a g a i n  an 
i n d i c a t i o n  of  t h e  a f f i n i t y  of  C r ( I I 1 )  f o r  c e r t a i n  b i o l o g i c a l  
membranes. I' 

I t  
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Cr(II1)-PROTEIN INTERACTIONS 

The b e s t  known i n t e r a c t i o n  of  Cr w i t h  a b i o l o g i c a l  
molecule  i s  t h e  c r o s s - l i n k i n g  of  c o l l a g e n  molecu le s  t h r o u g h  
t h e i r  c a r b o x y l  s i d e  g r o u p s  (Mer t z  1969;  Hormann 1974)  i n  t h e  
t a n n i n g  o f  l e a t h e r .  Cr+3 i s  t h e  o n l y  meta l  i o n  which forms 
s t a b l e  enough complexes such t h a t  t r u e  c r o s s - l i n k s  a r e  formed.  
P h y s i o l o g i c a l  Cr l e v e l s  (0 .1  p p m )  a r e  much lower  t h a n  t h o s e  
r e q u i r e d  f o r  t a n n i n g  ( l o 4  p p m )  b u t  even a t  t hese  low l e v e l s  
t h e r e  i s  e v i d e n c e  t h a t  C r ( I I 1 )  may s t a b i l i z e  p r o t e i n s  i n  t h e i r  
p rope r  c o n f i g u r a t i o n s  (Mertz 1 9 6 9 ) .  Higher t h a n  normal Cr 
c o n c e n t r a t i o n s  may a1 t e r  p r o t e i n  c o n f i g u r a t i o n s  by n o n s p e c i f i c  
b i n d i n g .  These a l t e r e d  p r o t e i n s  a r e  p o s t u l a t e d  t o  c a u s e  Cr 
d e r m a t i t i s  by an i m m u n e  r e s p o n s e  of  t h e  body a g a i n s t  a l t e r e d  
forms of i t s  own p r o t e i n s  ( S h m u n e s  et aZ. 1 9 7 3 ) .  

In mammals Cr i s  p r e s e n t  i n  t h e  blood complexed t o  
t r a n s f e r r i n  ( s i d e r o p h i l i n )  which i s  p o s t u l a t e d  t o  be t h e  no r -  
mal c a r r i e r  p r o t e i n  f o r  u p  t o  80% of serum Cr (Hopkins and 
Schwarz 1 9 6 4 ) .  J e t t  et aZ. ( 1 9 6 8 )  have s h o w n  t h a t  C r ( I I 1 )  
i n j e c t e d  i n t r a v e n o u s l y  i n  i n c r e a s i n g  q u a n t i t i e s  b i n d s  t o  
s i d e r o p h i l i n ,  serum a l b u m i n ,  t w o  a l p h a  p r o t e i n s  and gamma 
g l o b u l i n .  These d i v e r s e  p r o t e i n s  t o g e t h e r  p r o b a b l y  s e rve  t h e  
doub le  purpose  of Cr t r a n s p o r t  and l i m i t i n g  t h e  a v a i l a b i l i t y  
of Cr f o r  n o n s p e c i f i c  b i n d i n g .  The o v e r f l o w  of t h e i r  c o l l e c t -  
i v e  b i n d i n g  c a p a c i t y  l e a d s  t o  n o n s p e c i f i c  b i n d i n g  t o  p r o t e i n s  
and membranes ( s e e  above )  o r  t o  t h e  f o r m a t i o n  o f  c o l l o i d a l  
hydrous o x i d e s  which a r e  f i l t e r e d  o u t  by t h e  l i v e r  ( V i s e k  et 
aZ.  1 9 5 3 ) .  

Cr has  been shown t o  be c a p a b l e  of  i n c r e a s i n g  t h e  
a c t i v i t y  of  c e r t a i n  enzymes, e . g .  s u c c i n i c - c y t o c h r o m e  C de-  
hydrogenase ,  o r  s a t i s f y i n g  t h e  r e q u i r e m e n t  of  a me ta l  c o f a c t o r  
i n  o t h e r  enzymes,  e . g .  phosphoglucomutase  (Mertz 1 9 6 9 ) .  Cr 
in vitro has  been shown t o  be a c t i v e  a s  t h e  meta l  c o f a c t o r  i n  
c h o l e s t e r o l  s y n t h e s i s  and i n  m a i n t a i n i n g  t h e  a c t i v i t y  of t r y p -  
s i n  and r enn in ,  two p r o t e i n - s p l i t t i n g  enzymes (Mer t z  1 9 6 9 ) .  

E x c e s s i v e  l e v e l s  of Cr p r e d i c t a b l y  i n h i b i t  t h e  ac-  
t i o n  of enzymes and hormones a l m o s t  c e r t a i n l y  t h r o u g h  nonspe-  
c i f i c  b i n d i n g  which changes  t h e  t h r e e - d i m e n s i o n a l  c o n f i g u r a -  
t i o n  of t h e  a c t i v e  s i t e ,  e . g .  C r - t r y p s i n  and C r - i n s u l i n  r a t i o s  
of 1 : l  a r e  o p t i m a l  w h i l e  C r - p r o t e i n  r a t i o s  of 1O:l  in vitro 
a r e  s u f f i c i e n t  t o  i n i t i a t e  t h e  f o r m a t i o n  of c r o s s - l i n k s ,  
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Cr(II1)-NUCLEIC ACID INTERACTIONS 

The h i g h e s t  n a t u r a l  c o n c e n t r a t i o n  of  Cr e v e r  r e p o r t -  
ed i n  an imal  t i s s u e  was 1080 ppm i n  a bee f  l i v e r  f r a c t i o n  
c o n s i s t i n g  of  70% R N A  a n d  30% p r o t e i n  (Wacker and V a l l e e  1 9 5 9 ) .  
S i n c e  t h e n ,  Cr h a s  been shown t o  be r e g u l a r l y  p r e s e n t  i n  n u -  
c l e i c  a c i d  f r a c t i o n s  from d i v e r s e  s o u r c e s  r e g a r d l e s s  of  t h e  
e x c l u s i o n  o f  exogenous Cr d u r i n g  p u r i f i c a t i o n .  E i s i n g e r  e t  
a l .  ( 1 9 6 2 )  s t u d i e d  t h e  i n t e r a c t i o n  of  C r ( I I 1 )  w i t h  D N A  u s i n g  
a p u l s e d  N M R  t e c h n i q u e  a n d  conc luded  t h a t  t h e  Cr+3 was bound 
t o  t h e  D N A  a t  e x t e r i o r  s i t e s ,  p r o b a b l y  t h e  p h o s p h a t e  g r o u p s .  
In  t h i s  c a s e ,  t h e  CrS3 was added t o  a s o l u t i o n  c o n t a i n i n g  t h e  
D N A .  C r + 3  bound n a t u r a l l y  t o  D N A  cou ld  c o n c e i v a b l y  be bound 
a t  o t h e r  s i t e s .  As w i t h  t h e  p r o t e i n s ,  Cr a p p e a r s  t o  h e l p  
m a i n t a i n  t h e  o r d e r e d  t h r e e - d i m e n s i o n a l  s t r u c t u r e  of t h e  n u -  
c l e i c  a c i d s  (Mertz 1 9 6 9 ) ;  however ,  i t  i s  n o t  y e t  p o s s i b l e  t o  
p o s t u l a t e  a s p e c i a l  r o l e  f o r  Cr i n  t h e  f u n c t i o n i n g  o f  D N A  and 
R N A .  

Cr i n  v i v o  i n t e r a c t s  w i t h  o t h e r  e s s e n t i a l  t r a c e  
m e t a l s .  O ' F l a h e r t y  e t  a Z ,  ( 1 9 7 4 )  s t u d i e d  t h e  e f f e c t  o f  Cr on 
serum c e r u l o p l a s m i n  a c t i v i t y ,  c o p p e r ,  and z i n c  i n  male  r a t s  
and r e p o r t e d  t h e  f o l l o w i n g :  

1 )  Cr-supplemented  d r i n k i n g  w a t e r  ( 1 0  ppm Cr) 
s i g n i f i c a n t l y  r educed  serum copper  l e v e l s  a n d  
c e r u l o p l a s m i n  a c t i v i t y ;  z i n c  s u p p l e m e n t a t i o n  
r e v e r s e d  t h i s  t r e n d .  

2 )  Manganew ( 5 0  p p m )  i n  t h e  p r e s e n c e  of Cr ( 1 0  ppm)  
i n  t h e  w a t e r  s i g n i f i c a n t l y  r a i s e d  serum c o p p e r  
and c e r u l o p l a s m i n  a c t i v i t y  even though t h e r e  was 
no coppe r  s u p p l e m e n t a t i o n ,  i . e .  manganese r e v e r s -  
e d  t h e  e f f e c t  caused  by Cr. 

In o n t r  t ,  Popov (1969)  r e p o r t e d  t h a t  some d i s o r d e r s  caused  
by l a c k  o f  manganese can  be t r e a t e d  w i t h  Cr. C r ( I I 1 )  p r o b a b l y  
b i n d s  t o  t h e  same s i t e  on t h e  t r a n s f e r r i n  ( s i d e r o p h i l i n )  mole- 
c u l e  as  does  i r o n  ( H o p k i n s  a n d  Schwarz 1 9 6 4 ) ,  b u t  i n t e r f e r e s  
w i t h  i r o n  b i n d i n g  o n l y  a s  t h e  p r o t e i n  becomes s a t u r a t e d  w i t h  
i r o n  and Cr. 

F a c t o r s  o t h e r  t h a n  t r a c e  m e t a l s  can a f f e c t  Cr meta-  
b o l i s m ,  e . g .  Pekarek  e t  a Z .  (1974)  obse rved  a d e c r e a s e  i n  t h e  
b a s e l i n e  f a s t i n g  serum Cr l e v e l  from 1 . 4 9  p p b  i n  c o n t r o l s  t o  
0 .45  p p b  i n  s u b j e c t s  i n f e c t e d  w i t h  s a n d  f l y  f e v e r .  The r a t e s  
o f  g l u c o s e  c l e a r a n c e  from t h e  b lood  p a r a l l e l l e d  t h e  d e c r e a s e  
i n  b lood  Cr l e v e l .  
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BIOCHEMISTRY O F  Cr(V1) 

Some p l a n t s  g r o w n  i n  s o l u t i o n s  c o n t a i n i n g  Na2Cr04 
were shown t o  c o n t a i n  Na2Cr04 i n  t h e i r  xylem s a p ;  however,  
a l l  t h e  Cr p r e s e n t  i n  t h e  r o o t ,  stem and l e a f  t i s s u e s  was i n  
t h e  form of C r ( I I 1 )  complexes (Lyon e t  aZ. 1 9 6 9 a ) .  Chromate 
i n j e c t e d  i n t o  t h e  mammalian blood s t r e a m  r a p i d l y  d i f f u s e s  i n t o  
the  red  blood c e l l s  where i t  r e a c t s  t o  form C r ( I I 1 )  which t h e n  
b inds  t o  t h e  g l o b i n  f r a c t i o n  o f  hemoglobin (Gray  and S t e r l i n g  
1950) .  Cr(V1) has  no proven b i o l o g i c a l  f u n c t i o n  and C r ( I I 1 )  
i s  assumed t o  be t h e  b i o l o g i c a l l y  a c t i v e  form o f  Cr i n  n a t u r e .  

C r ( V I ) ,  n e v e r t h e l e s s ,  d o e s  i n t e r a c t  w i t h  b i o l o g i c a l  
m a t e r i a l ,  b u t  n e v e r  w i t h  b e n e f i c i a l  e f f e c t s ,  e . g .  b a c t e r i a l  
u r e a s e  i s  i n h i b i t e d  by 1-10 ppm Cr(V1) (Mertz 1 9 6 9 ) .  Cr(V1) 
does n o t  i n t e r a c t  a s  s t r o n g l y  w i t h  p r o t e i n s  a s  does  C r ( I I 1 ) .  
This i s  b e c a u s e  CrO;, b e i n g  an a n i o n ,  i s  n o t  a t t r a c t e d  t o  t h e  
n e g a t i v e l y  cha rged  s u r f a c e s  of p r o t e i n  m o l e c u l e s .  T h i s  a c -  
c o u n t s  f o r  t h e  g r e a t e r  m o b i l i t y  of  Cr(V1) o v e r  C r ( I I 1 )  i n  b i o -  
l o g i c a l  s y s t e m s ,  i . e .  t h e  p r o t e c t i v e  b i n d i n g  of Cr by m e t a l -  
b ind ing  p r o t e i n s  and o t h e r  m o l e c u l e s  i s  n o t  e f f e c t i v e  f o r  Cr (V1) .  
Hence, Cr(V1)  can d i f f u s e  i n t o  t i s s u e s  n o t  n o r m a l l y  a c c e s s i b l e  
t o  C r ( I I I ) ,  p e r h a p s  a s  t h e  monovalen t  a n i o n  H C r O ;  (Trama and 
Beno i t  1 9 6 0 ) .  Once Cr(V1) has  d i f f u s e d  i n t o  the  t i s s u e s  i t  
may r e a c t  t o  form C r ( I I 1 )  and p a r t i c i p a t e  i n  p o t e n t i a l l y  harm- 
f u l  n o n s p e c i f i c  b i n d i n g  t o  i m p o r t a n t  b i o l o g i c a l  m o l e c u l e s .  
I t  i s  the g r e a t e r  m o b i l i t y  of C r ( V I ) ,  coup led  w i t h  i t s  s t r o n g  
o x i d i z i n g  a b i l i t y ,  t h a t  makes i t  g e n e r a l l y  more t o x i c  t h a n  
Cr( I I I ) .  

h e a r t  m i t o c h o n d r i a  have shown t h a t  even low l e v e l s  of Cr(V1)  
can p o w e r f u l l y  i n h i b i t  r e s p i r a t o r y  c h a i n  a c t i v i t y  ( B r o u g h a l l  
a n d  Reid 1 9 7 4 ) :  

- 
In v i t r o  s t u d i e s  u s i n g  i s o l a t e d  r a t  l i v e r  or ox 

1 )  1 . 5 6  ppm Cr(V1) c o m p l e t e l y  i n h i b i t e d  w i t h i n  
2-3 minutes  t h e  r e s p i r a t i o n  of g l u t a m a t e  and 
a l p h a - o x o g l u t a r a t e ;  i n h i b i t i o n  of t h e  enzymes 
a l p h a - o x o g l u t a r a t e  dehydrogenase  and g l u t a m a t e  
dehydrogenase  i s  r e s p o n s i b l e  f o r  t h i s  o b s e r v a -  
t i o n .  

2 )  21  ppm Cr(.VI) c o m p l e t e l y  i n h i b i t e d  r e s p i r a t i o n  
o f  b e t a - h y d r o x y b u t y r a t e ,  m a l a t e  a n d  p y r u v a t e ,  
p o s s i b l y  th rough  i n h i b i t i o n  of N A D H  dehydrogen-  
a s e .  

3 )  156 ppm Cr(V1) c o m p l e t e l y  i n h i b i t e d  s u c c i n a t e  
dehydrogenase .  

All t h e  above  enzymes p l a y  a v i t a l  r o l e  i n  t h e  e x t r a c t i o n  of 
energy  from t h e  chemica l  breakdown o f  f o o d s .  
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Another  i n  v i t r o  s t u d y  (Ch i ra seveenuprapund  and 
Rosenberg 1974)  i n d i c a t e d  t h a t  5 2  ppm Cr(V1) was s u f f i c i e n t  
t o  i n h i b i t  g l u t a t h i o n e  r e d u c t a s e  i n  bovine  t h y r o i d  s l i c e s ,  
T h i s  c a u s e d  d e c r e a s e d  t i s s u e  g l u t a t h i o n e  l e v e l s  and u p s e t  
normal me tabo l i sm by s t i m u l a t i n g  o r g a n i c  b i n d i n g  of  i o d i n e ,  
i . e .  a c t i n g  i n  t h e  manner o f  a t h y r o t r o p i c  a g e n t .  

V e n i t t  and Levy ( 1 9 7 4 )  s t u d i e d  t h e  e f f e c t  of Cr(V1) 
on b a c t e r i a l  D N A  and conc luded  t h a t  ch romates  a c t e d  i n  a m u -  
t a g e n i c  manner by d i r e c t l y  mod i fy ing  D N A  b a s e s  i n  such  a way 
t h a t  b a s e  p a i r  e r r o r s  a r i s e  a t  s u b s e q u e n t  c e l l  d i v i s i o n s .  
These  i n v e s t i g a t o r s  p o s t u l a t e d  t h a t  a t t a c k  o c c u r r e d  a t  G - C  
b a s e  p a i r s ,  c a u s i n g  G - C  t o  A-T t r a n s i t i o n s  a t  a s u b s e q u e n t  
round o f  DNA r e p l i c a t i o n .  T h e  Cr(V1) l e v e l s  f o r  s u c h  e f f e c t s  
t o  be r e a d i l y  o b s e r v a b l e  were r a t h e r  h i g h  ( l o 3  p p m ) .  

Cr AND MICROSCOPIC ORGANISMS 

In n a t u r e ,  m i c r o s c o p i c  o r g a n i s m s  ( b a c t e r i a ,  p r o t o -  
z o a n s ,  e t c . )  form i m p o r t a n t  p a r t s  of a q u a t i c  and s o i l  food  
c h a i n s .  These  o rgan i sms  a r e  now be ing  used t o  b i o l o g i c a l l y  
d e g r a d e  i n d u s t r i a l  and d o m e s t i c  w a s t e s .  A t  p p b  l e v e l s  Cr can 
f i l l  t h e  m e t a l  i o n  r e q u i r e m e n t  o f  some mic roorgan i sms  fo r  
c o n t i n u e d  growth  (Mer t z  1 9 6 9 ) .  Higher  l e v e l s  of Cr i n  t h e  
aqueous  growth  medium may be t o x i c  t o  t h e s e  mic roorgan i sms  
i f  t h e r e  a r e  n o t  s u f f i c i e n t  n a t u r a l  l i g a n d s  p r e s e n t  t o  r e d u c e  
t h e  Cr a v a i l a b i l i t y ,  i . e .  an i n c r e a s e  i n  t he  d i s s o l v e d  a n d / o r  
suspended  s o l i d s  i n  the  aqueous  growth medium u s u a l l y  d e c r e a s e s  
Cr t o x i c i t y  f o r  bo th  CF(V1) and C r ( I I 1 )  ( W P R  1 9 7 0 ) .  

T h e  r e s u l t s  o f  l a b o r a t o r y  t e s t s  on v a r i o u s  m i c r o o r -  
ganisms a r e  shown i n  T a b l e  7-1.  E f f e c t s  r a n g e  from d e p r e s s e d  
growth and i n a b i l i t y  t o  u t i l i z e  v a r i o u s  n u t r i e n t s  t o  i r r e v e r -  
s i b l e  i n a c t i v a t i o n  and i n a b i l i t y  t o  r e p r o d u c e .  

T a b l e  7 -2  g ives  t h e  r e s u l t s  o f  l a b o r a t o r y  and f i e l d  
s t u d i e s  aimed a t  ' d e t e r m i n i n g  t h e  e f f e c t s  of  Cr on b i o l o g i c a l  
o x i d a t i o n  i n  sewage s l u d g e .  S i n g l e  e x p o s u r e s  o f  u p  t o  500 ppm 
Cr(V1) have been t o l e r a t e d  f o r  s h o r t  p e r i o d s  o f  t ime,  i . e .  
upon c l e a r a n c e  o f  Cr(V1) the mic roorgan i sms  were s t i l l  a b l e  
t o  r e p r o d u c e .  Maximum p e r m i s s i b l e  c o n t i n u o u s  l e v e l s  of Cr(V1) 
and C r ( I I 1 )  a r e  much lower  ( 1  and 1 5  ppm r e s p e c t i v e l y )  i n  
o r d e r  t h a t  d i g e s t i o n  p r o c e s s e s  n o t  be a d v e r s e l y  a f f e c t e d .  The 
p a p e r  by B a i l e y  e t  aZ. ( 1 9 7 0 )  r ev iews  some of  t h e  p r e v i o u s  
work i n  t h e  f i e l d  and t h e  r e a d e r  i s  r e f e r r e d  t o  t h i s  work f o r  
f u r t h e r  i n f  orma t i  on. 

By i n h i b i t i n g  oxygen a b s o r p t i o n  by s l u d g e  m i c r o o r -  
g a n i s m s ,  t h e  p r e s e n c e  of  C r ( I I 1 )  t e n d s  t o  p roduce  a r t i f i c i a l l y  
low v a l u e s  f o r  B O D ,  e . g .  3 ppm and 20 ppm C r ( I I 1 )  r educed  B O D  
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i , - 1 3 4 1  

by 50% and o v e r  90% r e s p e c t i v e l y ,  b u t  normal B O D  v a l u e s  were 
o b t a i n e d  a f t e r  a d d i t i o n  o f  E D T A  t o  complex w i t h  t h e  Cr (Morgan 
a n d  Lackey 1 9 5 8 ) .  

Cr A N D  FERMENTATION T E C H N O L O G Y  

Y e a s t s ,  c e r t a i n  b a c t e r i a ,  and some f u n g i  have t he  
c a p a b i l i t y  o f  f e r m e n t i n g  w a s t e  o r g a n i c  m a t e r i a l  i n t o  u s e f u l  
b y - p r o d u c t s  ( p r o t e i n ,  a l c o h o l s ,  e t c . ) .  C r o s s l a n d  ( 1 9 7 4 )  and 
Gorman ( 1 9 7 4 )  have p o i n t e d  t o  t h e  p o s s i b i l i t y  of  p roduc ing  
l a r g e  q u a n t i t i e s  o f  e d i b l e  p r o t e i n s  from s o l i d  wastes. How- 
e v e r ,  t h e  p r e s e n c e  o f  s i g n i f i c a n t  l e v e l s  o f  Cr and o t h e r  heavy 
m e t a l s  i n  a l m o s t  a l l  d o m e s t i c  and i n d u s t r i a l  w a s t e s  c o u l d  pose  
s e r i o u s  p rob lems .  The f e r m e n t a t i o n  p r o c e s s  cou ld  be a d v e r s e l y  
a f f e c t e d ,  e .g .  a s  l i t t l e  a s  0 .1  p p b  Cr(V1) (Henry and S m i t h  
1 9 4 6 )  and 2 0 0  ppm C r ( I I 1 )  (Mer t z  1 9 6 9 )  can be t o x i c  t o  some 
y e a s t s .  F u r t h e r m o r e ,  t o x i c  compounds c o u l d  be s y n t h e s i z e d  by 
the f e r m e n t i n g  o rgan i sms  w h i l e  d e t o x i f y i n g  o r  r e a c t i n g  t o  t h e  
Cr, e . g .  b r e w e r s '  y e a s t  m e t a b o l i z e s  C r ( I I 1 )  i n t o  t h e  G T F  which 
i s  20 t i m e s  more a v a i l a b l e  t o  mammals t h a n  i n o r g a n i c  C r ( I I 1 )  
(Mer tz  a n d  Roginski  1 9 7 1 ) ;  a s  l i t t l e  a s  1 ppm Cr caused  a d o u b -  
l i n g  o f  t he  amounts o f  a f l a t o x i n  produced  by Asper iZZus f Z a v u s  
growth on d e f a t t e d  co rn  germ ( L i l l e h o j  e t  aZ. 19743.  
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C H A P T E R  8 E F F E C T S  O F  Cr O N  AQUATIC ORGANISMS 

INTRODUCTION 

Three  e x c e l l e n t  r e v i e w s  d e a l i n g  w i t h  t h e  measure-  
ment of p o l l u t a n t  t o x i c i t y  t o  f i s h  h a v e  been p u b l i s h e d  by 
S p r a g u e  ( 1 9 6 9 ,  1970 ,  1 9 7 1 ) .  Skidmore ( 1 9 7 4 )  r e c e n t l y  d i s c u s -  
s e d  some o f  t h e  f a c t o r s  a f f e c t i n g  t h e  t o x i c i t y  o f  p o l l u t a n t s  
t o  f i s h .  The f o l l o w i n g  i s  a p a r t i a l  summary of  t h e  g e n e r a l  
i d e a s  p r e s e n t e d  i n  t h e s e  a r t i c l e s .  

Al though t h e  i n c i p i e n t  LC50a i s  t h e  e f f e c t  u s u a l l y  
measured i n  l a b o r a t o r y  t r i a l s ,  o t h e r  e f f e c t s  may be b e t t e r  
i n d i c a t o r s  o f  t o x i c i t y :  growth r a t e ,  r e s p i r a t i o n  r a t e ,  swim- 
m i n g  s p e e d ,  b e h a v i o r ,  r e p r o d u c t i v e  a b i l i t y .  S h o r t - t e r m  ( 2 4 -  
t o  7 2 - h o u r )  s t u d i e s  y i e l d  m i s l e a d i n g  i n f o r m a t i o n  on t h e  r e l a -  
t i v e  t o x i c i t i e s  o f  v a r i o u s  c h e m i c a l s .  M i x t u r e s  of  t o x i c  
s u b s t a n c e s  can e x h i b i t  l e s s - t h a n - a d d i t i v e ,  a d d i t i v e ,  or more- 
t h a n - a d d i t i v e  e f f e c t s ,  Some p r o g r e s s  has  been made i n  c a l c u -  
l a t i n g  t h e  j o i n t  t o x i c i t y  of  a m i x t u r e  of p o l l u t a n t s .  I n c r e a s -  
i n g  t h e  w a t e r  h a r d n e s s  u s u a l l y  d e c r e a s e s  heavy metal t o x i c i t y .  
T h e  e f f e c t  o f  t e m p e r a t u r e  i s  u n p r e d i c t a b l e  b e c a u s e  bo th  a b s o r p -  
t i o n  a n d  e x c r e t i o n  o r  d e t o x i f i c a t i o n  a r e  t e m p e r a t u r e  dependen t  
p r o c e s s e s .  F i g u r e  8-1 i l l u s t r a t e s  h o w  t h e  t i m e  a t  which t h e  
e f f e c t  i s  measured can y i e l d  e i t h e r  i n c r e a s i n g  o r  d e c r e a s i n g  
t o x i c i t y  w i t h  i n c r e a s i n g  t e m p e r a t u r e .  On t h e  o t h e r  h a n d ,  
S c h a e f e r  a n d  P i p e s  ( 1 9 7 3 ) ,  u s i n g  t h e  r o t i f e r  a s  a t e s t  a n i m a l ,  
showed t h a t  t h e  e f f e c t  o f  t e m p e r a t u r e  on t h e  LC50 f o r  Cr(V1) 
d e c r e a s e d  a s  e x p o s u r e  t i m e  was l e n g t h e n e d  ( s e e  F i g .  8 - 2 ) .  
Water t e m p e r a t u r e  can a l s o  a f f e c t  t h e  a p p a r e n t  t o x i c i t y  of a 
g i v e n  Cr l e v e l  b e c a u s e  t h e  s o l u b i l i t y  of oxygen,  e s s e n t i a l  f o r  
f i s h  l i f e ,  i s  t e m p e r a t u r e  d e p e n d e n t .  The pH of  t h e  w a t e r  h a s  
a marked e f f e c t  on t h e  r e l a t i v e  amounts of C r ( H 2 0 ) 6 + 3  a n d  
C r ( O H ) ,  p r e s e n t .  
c o n c e n t r a t i o n  by a f a c t o r  o f  1000.  

A change of  one pH u n i t  changes  t h e  Cr(H20)6 '3  

Envi ronmenta l  c o n c e n t r a t i o n s  o f  t o x i c  s u b s t a n c e s  
v a r y  w i t h  t i m e ;  i n  the  l a b o r a t o r y ,  c o n c e n t r a t i o n s  a r e  u s u a l l y  
k e p t  c o n s t a n t  t h r o u g h o u t  t h e  t e s t  p e r i o d .  Some s u c c e s s  has 
been a c h i e v e d  a t  e s t i m a t i n g  t h e  e f f e c t i v e  t o x i c i t y  of  w a t e r  

a Median l e t h a l  t h r e s h o l d  c o n c e n t r a t i o n ,  t h e  l e v e l  of  t h e  t o x i c  
s u b s t a n c e  which i s  l e t h a l  f o r  50% o f  t h e  i n d i v i d u a l s  exposed 
f o r  p e r i o d s  s u f f i c i e n t l y  long  t h a t  a c u t e  l e t h a l  a c t i o n  h a s  
c e a s e d .  
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v 
Soxici ty increases with 
ncreasing temperature 

I 
tox i c it y i n creases w it h 
decreasing tern pera t ure 

Time of Observation 

F i g .  8-1. Time-temperature dependence o f  toxicity. 
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F i g .  8 - 2 .  Diminished  e f f e c t  o f  t e m p e r a t u r e  w i t h  i n c r e a s i n g  

a A f t e r  S c h a e f e r  a n d  P i p e s  ( 1 9 7 3 ) .  

t ime  b e f o r e  measurement .a  
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c o n t a i n i n g  f l u c t u a t i n g  l e v e l s  of c h e m i c a l s  by i n t e g r a t i n g  t h e  
e f f e c t  a s  a f u n c t i o n  o f  c o n c e n t r a t i o n  o v e r  t h e  s p e c i f i e d  p e r i o d  
o f  t i m e .  A c c l i m a t i o n  o f  t h e  t e s t  o rganism t o  s u b l e t h a l  l e v e l s  
of  Cr may r e d u c e  t h e  a p p a r e n t  t o x i c i t y  of  Cr b u t  may a l s o  i n -  
c r e a s e  t h e  s u s c e p t i b i l i t y  t o  o t h e r  t o x i c  c h e m i c a l s .  

The problems w i t h  e x p e r i m e n t a l  c o n d i t i o n s  a n d  d e s i g n  
such a s  d e s c r i b e d  above have d o u b t l e s s  c o n t r i b u t e d  t o  t h e  
c o n f l i c t i n g  c a u s e / e f f e c t  d a t a  on Cr c o n t a i n e d  i n  t h e  e a r l i e r  
l i t e r a t u r e .  Improvements may be e x p e c t e d  a s  i n c r e a s i n g  a t t e n -  
t i o n  i s  pa id  t o  t h e  s t a n d a r d i z a t i o n  of  the  t e s t  o rganism 
( s p e c i e s ,  s e x ,  a g e ) ,  t he  compos i t ion  of t h e  b a s i c  g r o w t h  me- 
dium, t h e  t e s t  c o n d i t i o n s  ( t e m p e r a t u r e ,  n u t r i t i o n ,  e t c . ) ,  and 
t h e  a c t u a l  e f f e c t  m o n i t o r e d .  The d a t a  r ep roduced  i n  T a b l e  
8-1 were chosen t o  i n d i c a t e :  

1 )  t h e  r e l a t i v e  t o x i c i t y  o f  Cr compounds; 

2 )  t h e  r e l a t i v e  s u s c e p t i b i l i t y  of a q u a t i c  o rgan i sms  
t o  Cr t o x i c i t y ;  

3 )  Cr l e v e l s  f o r  compar ison  w i t h  t h o s e  f o u n d  i n  
uncon tamina ted  and p o l l u t e d  w a t e r s .  

Of ten  t h e  " s a f e "  c o n c e n t r a t i o n  of  a t o x i c  s u b s t a n c e  i s  t a k e n  
as  0 . 1  t o  0 .03  t i m e s  t he  96-hour  LC50. 

S e v e r a l  g e n e r a l  p o i n t s  can b e  drawn from T a b l e  8 -1 :  

1 )  S m a l l e r  or-ganisms, w i t h  t h e  e x c e p t i o n  of most of 
t h e  i n s e c t s ,  a r e  more s u s c e p t i b l e  t o  Cr t o x i c i t y  
t h a n  l a r g e r  o r g a n i s m s ,  

C r ( I I 1 )  t o x i c i t y  b u t  does  n o t  have a s  l a r g e  a n  
e f f e c t  on Cr(V1) t o x i c i t y .  ( C r ( I I 1 )  forms s t a -  
b l e  complexes w i t h  many a n i o n s ,  P i c k e r i n g  and 
Henderson ( 1 9 6 6 )  r e p o r t  t h e  p r e s e n c e  of a v i s i -  
b l e  p r e c i p i t a t e  a f t e r  the  a d d i t i o n  of C r ( I I 1 )  
t o  h a r d  (360  m g / l )  w a t e r . )  

2 )  I n c r e a s i n g  w a t e r  h a r d n e s s  d r a s t i c a l l y  r e d u c e s  

MICROSCOPIC ORGANISMS 

These o rgan i sms  o f t e n  form i m p o r t a n t  l i n k s  i n  t h e  
food c h a i n ,  e.g. .  t h e  r o t i f e r  i s  e x c e l l e n t  f i s h  food  ( S c h a e f e r  
a n d  P i p e s  1 9 7 3 ) .  Buikema e t  aZ. ( 1 9 7 4 )  a l s o  p o i n t  o u t  t h a t  
r o t i f e r s  a n d  s i m i l a r  o rgan i sms  consume l a r g e  amounts of  b a c t e r i a  
a n d  a l g a e ;  hence ,  t h e i r  d i s a p p e a r a n c e  c o u l d  l e a d  t o  a blooming 
o f  f o u l i n g  m i c r o b i a l  o r g a n i s m s .  

1, 
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The d a t a  c o n t a i n e d  i n  T a b l e s  7-1 a n d  8-1 i n d i c a t e  
t h a t  c e r t a i n  s p e c i e s  of t h e s e  m i c r o s c o p i c  o rgan i sms  a r e  q u i t e  
s e n s i t i v e  t o  Cr, w i t h  Cr(V1) e x h i b i t i n g  g r e a t e r  t o x i c i t y  t h a n  
Cr( 11 I ) .  

OLIGOCHAETES (WORMS), C R U S T A C E A N S ,  A N D  MOLLUSCS 

These o rgan i sms  u s u a l l y  l i v e  i n  bottom s e d i m e n t s .  
S i n c e  C r ( I I 1 )  c o n c e n t r a t e s  i n  sediments and i n t e r s t i t i a l  wa- 
t e r  (Onondaga County 1 9 7 1 ) ,  t h e s e  b e n t h i c  o rgan i sms  a r e  s u b -  
j e c t e d  t o  h i g h e r  C r ( I I 1 )  c o n c e n t r a t i o n s  t h a n  o t h e r s  found 
o n l y  i n  t h e  w a t e r  column o r  i n  f l o w i n g  s t r e a m s .  

C e r t a i n  s p e c i e s ,  e . g .  Daphnia ( c r u s t a c e a n ) ,  e x h i b i t  
h igh  s e n s i t i v i t y  t o  Cr. Biesinger and C h r i s t e n s e n  ( 1 9 7 2 )  
r e p o r t e d  a 16% r e p r o d u c t i v e  impai rment  i n  D a p h n i a  due t o  0 .33  
pprn C r ( I I I ) . Q  Tox ic  t h r e s h o l d s  r a n g i n g  from 0 .016  t o  0 . 7  ppm 
Cr(V1)  have been r e p o r t e d  f o r  Daphnia magna (McKee a n d  Wolf 
1 9 6 3 ) .  More r e s i s t a n t  s p e c i e s  have t o x i c  t h r e s h o l d s  approach-  
i n g  1 ppm Cr(V1).  Cr(V1) t h r e s h o l d  t o x i c i t i e s  f o r  mar ine  
b e n t h i c  o r g a n i s m s  a r e  o f  t h e  same o r d e r  of magni tude  a s  t h o s e  
f o r  f r e s h w a t e r  o r g a n i s m s :  e . g .  mar ine  p o l y c h a e t e  worm - 1 pprn, 
prawn - 5 ppm,  c r a b  - 10 ppm (Raymont and S h i e l d s  1 9 6 3 ) .  

M o l l u s c s  a r e  k n o w n  t o  a c c u m u l a t e  heavy m e t a l s ,  i n c l u d -  
i n g  Cr, and some s p e c i e s  have been used a s  b i o l o g i c a l  p recon-  
c e n t r a t o r s  i n  p o l l u t i o n .  s t u d i e s  t o  f o l l o w  t h e  movement of heavy 
m e t a l s  ( N a v r o t  e t  aZ.  1 9 7 4 ) .  Over a p e r i o d  of  2 y e a r s ,  o y s t e r s  
a c c u m u l a t e d  l a r g e  enough amounts of  Cr from w a t e r  c o n t a i n i n g  
10 p p b  Cr t o  e x h i b i t  t o x i c  and even l e t h a l  e f f e c t s  i n  t h e  summer 
when t h e i r  p h y s i o l o g i c a l  a c t i v i t y  was a t  i t s  h i g h e s t  (Haydu 
1 9 7 2 ) .  

INSECTS A N D  L A R V A E  

The v a l u e s  quo ted  i n  T a b l e  8-1 i n d i c a t e  t h a t  i n s e c t s  
a r e  l e s s  s u s c e p t i b l e  t o  Cr t o x i c i t y  t h a n  most o t h e r  a q u a t i c  
o r g a n i s m s .  I n g o l s  e t  aZ.  ( 1 9 6 4 )  s t u d i e d  t h e  d i v i s i o n  o f  i n -  
s e c t  egg c e l l s  i n  s o l u t i o n s  c o n t a i n i n g  Cr(V1) a t  pprn l e v e l s  
and found t h a t  w h i l e  many o f  t h e  c e l l s  began t o  d i v i d e ,  t h e y  
c o u l d  n o t  c o m p l e t e  t h e  d i v i s i o n  a n d  h a d  chromosome damage. 
I n t e r e s t i n g l y  enough,  t h e  c e l l s  c o n t i n u e d  t o  r e s p i r e  a t  t h e  
normal r a t e  f o r  s e v e r a l  h o u r s ,  which was 3 t o  5 t i m e s  t h e  no r -  
mal p e r i o d  between c e l l  d i v i s i o n s .  T h u s ,  a n  e x a m i n a t i o n  of 
t h e  r e s p i r a t i o n  r a t e  a l o n e  c o u l d  l e a d  t o  t h e  e r r o n e o u s  con-  
c l u s i o n  t h a t  Cr(V1) was w i t h o u t  e f f e c t .  

A C r ( I I 1 )  c o n c e n t r a t i o n  o f  0 . 1 7  pprn i n  i n t e r s t i t i a l  w a t e r s  h a s  
been r e p o r t e d  (Onondaga C o u n t y  1971 ) .  

a 
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FISH 

The complex s e r i e s  of e v e n t s  i n v o l v e d  i n  t h e  t o x i c  
a c t i o n s  o f  Cr on f i s h  and t h e  l a c k  of c r i t i c a l  s t u d i e s  make 
i t  i m p o s s i b l e  t o  be c e r t a i n  o f  t h e  r e l a t i v e  t o x i c i t i e s  of 
C r ( I I 1 )  and Cr(V1) a s  w e l l  a s  what would c o n s t i t u t e  s a f e  l e -  
v e l s  of t h e s e  c h e m i c a l s  (Trama and B e n o i t  1 9 6 0 ) .  The 96-hour  
LC50 v a l u e s  l i s t e d  i n  T a b l e  8-1 i n d i c a t e  t h a t  C r ( I I 1 )  i s  more 
t o x i c  t h a n  Cr (V1) .  Olson (1958)  exposed  a l a r g e  number of 
chinook salmon f i n g e r l i n g s  t o  low l e v e l s  o f  C r ( I I 1 )  and Cr(V1) 
f o r  1 2  weeks and o b t a i n e d  s t r i k i n g l y  d i f f e r e n t  r e s u l t s ,  Under 
t he  t e s t  c o n d i t i o n s  ( w a t e r  h a r d n e s s  70 mg/ l ,  pH 7 . 7 - 8 . 0 ,  temp- 
e r a t u r e  8-16"C) ,  0 . 2  pprn C r ( I I 1 )  d i d  n o t  i n c r e a s e  t h e  m o r t a l i t y  
over c o n t r o l s  ( 0 . 8 %  m o r t a l i t y ) ,  whereas  0 . 2  pprn Cr(V1) caused  
a 53% m o r t a l i t y ,  The f u l l  t o x i c  e f f e c t  of Cr(V1) became e v i -  
d e n t  o n l y  a f t e r  5 weeks, o r  n e a r l y  9 t i m e s  l o n g e r  t h a n  t h e  
common 96-hour  LC50 t e s t .  T h u s ,  i t  would a p p e a r  t h a t  t h e  96- 
h o u r  t e s t  i s  s t i l l  a measure  of a c u t e  and n o t  c h r o n i c  t o x i c  
e f f e c t s .  While i n d i c a t i o n s  a r e  t h a t  salmon may be more s e n s i -  
t i v e  t o  Cr t o x i c i t y  t h a n  most f i s h ,  t h i s  a p p e a r s  t o  be g e n e r a l l y  
t r u e  of t h e  more h i g h l y  p r i z e d  game and food  f i s h .  

Olson a l s o  found t h a t  a r e t a r d e d  growth r a t e  c o u l d  
s e r v e  a s  an e a r l y  i n d i c a t o r  of c h r o n i c  t o x i c  e f f e c t s  i n  f i s h .  
A s h a r p  r e t a r d a t i o n  i n  g rowth  was o b s e r v e d  a f t e r  o n l y  2 weeks 
in  f i s h  exposed  t o  0 . 2  pprn Cr (V1) .  S i g n i f i c a n t  growth r e t a r -  
d a t i o n  was o b s e r v e d  a t  l e v e l s  a s  low a s  0 .016  ppm Cr(V1). 
Reducing t h e  t e m p e r a t u r e  had t h e  e f f e c t  o f  i n c r e a s i n g  t h e  
a p p a r e n t  t o x i c i t y  o f  Cr(V1).  

Trama and B e n o i t  (19601 deve loped  e q u a t i o n s  d e s c r i b -  
i ng  t h e  e q u i l i b r i u m  between Cr205,  CrO' ,  and t h e i r  v a r i o u s  
p r o t o n a t e d  forms  a s  a f u n c t i o n  of  pH o f  t h e  w a t e r ,  There 
was a s t rong  c o r r e l a t i o n  between t h e  c a l c u l a t e d  H C r O i  concen-  
t r a t i o n  and t h e  f i s h  m o r t a l i t y .  T h i s  a p p e a r s  r e a s o n a b l e  
s i n c e  t h e  monovalen t  a n i o n  HCr0; would be e x p e c t e d  t o  c r o s s  
b i o l o g i c a l  membranes more e a s i l y  tha! t h e  doub ly  cha rged  
CrOT a n i o n .  In  d i l u t e  s o l u t i o n  Cr207 r e a c t s  w i t h  w a t e r  t o  
fo rm CrOt and p r o t o n s  ( H t ) .  Al though t h e  c a l c u l a t i o n s  of 
Trama and B e n o i t  ( 1 9 6 0 )  a r e  n o t  e x a c t  b e c a u s e  t h e y  do n o t  
t a k e  i n t o  a c c o u n t  t h e  e f f e c t s  of  i o n i c  s t r e n g t h  on i o n i c  
e q u i l i b r i a ,  t h e i r  u s e  i n  e x t r a c t i n g  c o r r e l a t i o n s  i s  e n t i r e l y  
v a l i d  because  o n l y  r e l a t i v e  c o n c e n t r a t i o n  v a l u e s  a r e  c o n s i d e r e d .  

Knoll and Fromm (1960)  s t u d i e d  t h e  a c c u m u l a t i o n  and 
e l i m i n a t i o n  o f  Cr(V1)  by t h e  rainbow t r o u t .  The f i s h  were 
exposed f o r  1 2  days  t o  2 . 5  pprn Cr(V1) ( c o n t a i n i n g  some 51Cr 
t r a c e r )  i n  t a p  w a t e r  h e l d  a t  14°C. A t  t h e  e n d  of  t h i s  p e r i o d  
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t h e  f i s h  were r e t u r n e d  t o  f r e s h  t a p  w a t e r  u n t i l  a n a l y s i s .  
The p r i n c i p a l  f i n d i n g s  may be summarized a s  f o l l o w s :  

1 )  The main p a t h  of a b s o r p t i o n  o f  Cr(V1) was 
t h r o u g h  t h e  g i l l s ,  w i t h  l i t t l e  Cr be ing  t a k e n  
u p  t h r o u g h  t h e  g u t  or t h e  s k i n .  

2 )  The Cr l e v e l s  i n  t h e  blood were a l m o s t  a lways  
lower  t h a n  i n  t h e  s u r r o u n d i n g  w a t e r ,  i n d i c a t i n g  
t h a t  Cr(V1) p r o b a b l y  e n t e r e d  t h r o u g h  t h e  g i l l s  
by p a s s i v e  d i f f u s i o n .  However, some t i s s u e s  
such  a s  t h e  k idney  accumula t ed  1 5  ppm Cr o r  
more.  

3 )  A f t e r  Cr(V1) e x p o s u r e  s t o p p e d ,  b l o o d ,  l i v e r ,  
s tomach ,  p y l o r i c  c a e c a  a n d  p o s t e r i o r  g u t  l o s t  
Cr r a p i d l y .  

4 )  .Kidney  and s p l e e n  were s l o w e r  t o  l o s e  Cr; s p l e e n  
e x h i b i t e d  no s i g n i f i c a n t  d e c r e a s e  even a f t e r  
t h e  f i s h  had been i n  f r e s h  w a t e r  f o r  25 d a y s ,  

While t h e  u p t a k e  and e l i m i n a t i o n  o f  C r ( I I 1 )  by f i s h  
has  n o t  been s t u d i e d  e x t e n s i v e l y ,  i t  i s  known t h a t  f i s h ,  when 
i r r i t a t e d  by t o x i c  l e v e l s  o f  C r + 3 ,  s e c r e t e  l a r g e  amounts of  
mucus which complexes w i t h  t h e  me ta l  i o n  and t h u s  r e d u c e s  t h e  
i o n i c  d i f f u s i o n  t h r o u g h  t h e  sk in  ( C a r p e n t e r  1 9 2 7 ) .  The m a i n  
t o x i c  a c t i o n  o f  C r + 3  i s  presumed t o  a r i s e  from t h e  c o a g u l a t i o n  
o r  c r o s s - l i n k i n g  of  t h e  mucus s e c r e t e d  by t h e  g i l l s ,  o r  from 
damage t o  t h e  g i l l  t i f s u e  which i n  t u r n  i n t e r f e r e s  w i t h  r e s -  
p i r a t o r y  f u n c t i o n ,  r e s u l t i n g  i n  d e a t h  by s u f f o c a t i o n  (Doudo- 
r o f f  and Katz 1 9 5 3 ) .  I n c r e a s e d  mucus s e c r e t i o n  t e n d s  t o  p ro -  
t e c t  t h e  g i l l s .  

O t h e r  t o x i c  e f f e c t s  o f  Cr. have been r e c o r d e d :  

1 )  N e c r o s i s  o f  g u t  t i s s u e  has  been o b s e r v e d  i n  
b a s s  exposed  t o  65 ppm Cr(V1) f o r  6 days  
(Fromm and Sch i f fmann  1 9 5 8 ) .  

2 )  As l i t t l e  a s  2 ppm Cr(V1) produced s i g n i f i c a n t  
changes  i n  t h e  h e m a t o c r i t a  of  t h e  ra inbow t r o u t  
(Sch i f fmann  a n d  Fromm 1959)  and i n  t h e  blood 
s p e c i f i c  g r a v i t y  of  t h e  b l u e g i l l  (Abegg 1 9 5 0 ) .  

The f r a c t i o n  of whole blood volume o c c u p i e d  by blood c e l l s .  a 
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S U M M A R Y  

Water h a r d n e s s ,  t e m p e r a t u r e ,  d i s s o l v e d  oxygen,  s p e c i e s ,  
as  wel l  a s  age  of t h e  t e s t  o r g a n i s m ,  a l l  p l a y  a r o l e  i n  modi fy ing  
Cr e f f e c t s  i n  f i s h  and o t h e r  a q u a t i c  l i f e .  T r i v a l e n t  Cr a p -  
p e a r s  t o  be more a c u t e l y  t o x i c  t o  f i s h  t h a n  h e x a v a l e n t  Cr; t h e  
r e v e r s e  i s  t r u e  i n  l o n g - t e r m  c h r o n i c  s t u d i e s .  

I, 
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C H A P T E R  9 CHROMIUM A N D  VEGETATION 

INTRODUCTION 

P l a n t s  t a k e  p a r t  i n  t h e  t r a n s m i s s i o n  of Cr from t h e  
s o i l  t o  man by a c t i n g  a s  food  f o r  man and f e e d  f o r  a n i m a l s  
consumed by man. Low l e v e l  Cr s u p p l e m e n t a t i o n  has  been r e p o r t -  
ed t o  s t i m u l a t e  p l a n t  growth i n  some c a s e s  ( P r a t t  1 9 6 6 ) ,  b u t  
t h i s  i s  n o t  s u f f i c i e n t  t o  p r o v e  t h e  e s s e n t i a l i t y  o f  Cr t o  
p l a n t s .  (See Bowen 1966,  page 1 0 2 ,  f o r  a d i s c u s s i o n  of  e s s e n -  
t i a l i t y . )  Higher  l e v e l s  of Cr a p p l i e d  t o  s o i l  b o t h  a s  C r ( I I 1 )  
and Cr(V1)  c a u s e d  t o x i c  symptoms b u t  t h e  s o i l  t y p e  had a 
marked e f f e c t  on t h e  i n t e n s i t y  of  t h e s e  t o x i c  e f f e c t s .  Seve- 
r a l  e x c e l l e n t  reviews have been w r i t t e n  on t h e  c h e m i s t r y  o f  
t r a c e  e l e m e n t s  i n  t h e  s o i l  ( M i t c h e l l  1964;  Swaine and M i t c h e l l  
1960;  Lisk 1 9 7 2 ) .  

AVAILABILITY O F  Cr TO PLANTS 

Recent l a b o r a t o r y  s t u d i e s  ( B r e e z e  1973;  Huffman and 
Allaway 1 9 7 3 )  have shown t h a t  C r ( I I 1 )  and Cr(V1) a r e  e q u a l l y  
a v a i l a b l e  t o  p l a n t s  g r o w n  i n  n u t r i e n t  s o l u t i o n s  ( i . e .  n o  s o i l  
was p r e s e n t ) .  W h e n ,  however ,  i n o r g a n i c  and o r g a n i c  s o i l  com- 
p o n e n t s  a r e  added t o  t h e  s y s t e m ,  Cr(V1) r ema ins  m o b i l e  and 
a v a i l a b l e  w h i l e  C r ( I I 1 )  i s  l e s s  a v a i l a b l e  because  i t  becomes 
a d s o r b e d  o r  complexed.  Cr(V1) i s  so m o b i l e  i n  s o i l s  t h a t  i t  
has  been used a s  a t r a c e r  i n  t h e  s t u d y  o f  g roundwate r  move- 
ment ( T o d o r o v i c  and F i l i p  1 9 6 7 ) .  Most forms  of C r ( I I 1 )  a r e  
so r e a d i l y  i m m o b i l i z e d  by s o i l s  having  modera t e  t o  h igh  i o n  
exchange  c a p a c i t y  t h a t  Wentink and E t z e l  ( 1 9 7 2 )  have s u g g e s t e d  
t h a t  C r ( I I 1 )  be removed from e l e c t r o p l a t i n g  e f f l u e n t s  by per- 
c o l a t i o n  t h r o u g h  beds of  s o i l .  The m o b i l i t y  o f  C r ( I I 1 )  i n  
s o i l s  can be g r e a t l y  i n c r e a s e d  by fo rming  s o l u b l e  a n i o n i c  
complexes such  a s  C r - E D T A  ( T o d o r o v i c  and F i l i p  1 9 6 7 ) .  

F i e l d  s t u d i e s  by P r i n c e  ( 1 9 5 7 )  showed t h a t  t h e  t o t a l  
Cr c o n t e n t  o f  t h e  s o i l  i s  a poor  measu re  o f  t h e  Cr a v a i l a b i l i t y  
t o  c o r n .  In  f a c t ,  T a b l e  4-7 shows t h a t  one of  t h e  h i g h e s t  
Cr c o n t e n t s  i n  c o r n  l e a v e s  was o b t a i n e d  from t h e  s o i l  c o n t a i n -  
i n g  t h e  l e a s t  t o t a l  Cr. Var ious  i o n  e x t r a c t i n g  s o l u t i o n s ,  
e . g .  2 .5% a c e t i c  a c i d ,  have been used i n  a t t e m p t s  t o  s i m u l a t e  
t h e  a c t i o n  o f  p l a n t s  i n  a b s o r b i n g  t r a c e  e l e m e n t s  from s o i l s  
( M i t c h e l l  1 9 6 4 ) ,  b u t  se ldom w i t h  c o m p l e t e  s u c c e s s ,  The f o l l o w -  
i n g  g e n e r a l i z a t i o n s  can be made: 

1 )  P o o r l y - d r a i n e d  s o i l s  c o n t a i n i n g  d e c a y i n g  o r g a n i c  
m a t t e r  u s u a l l y  have more e x t r a c t a b l e  Cr t h a n  
w e l l - d r a i n e d  s o i l s  (Kee and B loomf ie ld  1 9 6 2 ) .  
C r ( I I 1 )  p r e s e n t  i n  n a t u r a l  o x i d e  form i s  q u i t e  
i n e r t  a n d  i s  n o t  m o b i l i z e d  under t h e s e  c o n d i -  
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t i o n s .  However, Cr p r e s e n t  i n  l a t t i c e  imper-  
f e c t i o n s  i n  more e a s i l y  wea the red  m i n e r a l s  and 
i n  hydrous o x i d e  form ( e . g .  land-dumped i n d u s -  
t r i a l  w a s t e )  i s  s u b j e c t  t o  l i m i t e d  m o b i l i z a t i o n  
under  t hese  c o n d i t i o n s .  

The c l a y  c o n t e n t  o f  t h e  s o i l  c o n t r i b u t e s  s i g n i -  
f i c a n t l y  t o  t h e  e x t r a c t a b l e  Cr. G e n e r a l l y ,  
40 -50% o f  t h e  e x t r a c t a b l e  Cr i s  c o n t a i n e d  i n  
t h e  c l a y  f r a c t i o n  even t h o u g h  t h i s  f r a c t i o n  
c o n t a i n s  o n l y  10-20% of  t h e  t o t a l  amount o f  Cr 
i n  t h e  s o i l  ( M i t c h e l l  1 9 6 4 ) .  

Cr abso rbed  by p l a n t s  t ends  t o  remain p r i m a r i l y  
( > g o % )  i n  t h e  r o o t s  and i s  p o o r l y  t r a n s l o c a t e d  
t o  t h e  l e a v e s  (Huffman and Allaway 1 9 7 3 ) .  Hence, 
c o r r e l a t i o n s  between Cr l e v e l s  i n  p l a n t  t o p s  
and Cr l e v e l s  i n  t h e  s o i l  a r e  poor  because  t h e  
w r o n g  t i s s u e s  a r e  be ing  m o n i t o r e d .  

S a n d y  s o i l s  w i t h  l i t t l e  o r g a n i c  c o n t e n t  have 
ve ry  low i o n  exchange  c a p a c i t y  and hence t h e  
a v a i l a b i l i t y  of  C r ( I I 1 )  from such  s o i l s  t e n d s  
t o  be ve ry  h i g h .  

OF Cr O N  PLANTS 

P r a t t  (1966)  rev iewed t h e  l i t e r a t u r e  on  t h e  i n t e r -  
a c t i o n  o f  Cr w i t h  p l . an t s ,  I n f o r m a t i o n  from t h i s  r e v i e w ,  a l o n g  
w i t h  more r e c e n t  d a t a ,  i s  g i v e n  i n  Tab le  9-1 .  The d a t a  i n d i -  
c a t e  t h a t  1 - 5  ppm present  i n  a v a i l a b l e  form i n  t h e  s o i l  s o l u -  
t i o n  e i t h e r  a s  C r ( I I 1 )  o r  Cr(V1) i s  t h e  t o x i c  t h r e s h o l d  f o r  a 
n u m b e r  o f  p l a n t  s p e c i e s .  

When Cr was added t o  v a r i o u s  s o i l s  t h e  t o x i c  l i m i t  
f o r  Cr(V1) v a r i e d  from 5 ppm ( p g / g  a i r - d r i e d  s o i l )  f o r  t o b a c c o  
grown i n  sandy s o i l  (Soane and Saunder  1959)  t o  500 ppm f o r  
L. p e r e n n e  g r o w n  i n  a p o t t i n g  compost ( B r e e z e  1 9 7 3 ) .  Tox ic  
l i m i t s  f o r  C r ( I I 1 )  v a r i e d  from 8 ppm f o r  s u g a r  b e e t s  grown 
i n  sand  ( H e w i t t  1953)  t o  5000 ppm f o r  L. p e r e n n e  grown i n  
p o t t i n g  compost ( B r e e z e  1 9 7 3 ) .  The sand  i s  r e l a t i v e l y  i n e r t  
and does n o t  change t h e  C r ( I I 1 )  o r  Cr(V1) t o x i c  t h r e s h o l d s  
much from t h e  v a l u e s  obse rved  i n  s o l u t i o n  c u l t u r e .  The p o t t i n g  
compost c o n t a i n s  o r g a n i c  m a t e r i a l  which b i n d s  C r ( I I 1 )  t o  
r educe  i t s  a v a i l a b i l i t y ,  and which a l s o  r e d u c e s  some o f  t h e  
Cr(V1) t o  C r ( I I 1 )  which i s  s u b s e q u e n t l y  bound and d e t o x i f i e d .  
F i g u r e  9-1 g i v e s  a s c h e m a t i c  view of  t h e  e f f e c t  t h a t  a d d i t i o n  
o f  C r ( I I 1 ) - b i n d i n g  m a t e r i a l  has  on t h e  c o n c e n t r a t i o n  a x i s  of 
a c a u s e l e f f e c t  d iagram f o r  Cr and p l a n t s .  
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F i g .  9 -1 .  Schemat i c  g r o w t h - r e s p o n s e  c u r v e  f o r  p l a n t s  exposed  
t o  C r ( I I 1 )  i n  d i f f e r e n t  growth media .  

*Note: Due t o  l a c k  o f  d a t a ,  s c a l e s  may d i f f e r  from t h a t  f o r  
t h e  n u t r i e n t  s o l u t i o n .  
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The main t o x i c  a c t i o n  o f  Cr i s  c o n s i d e r e d  t o  o c c u r  
i n  t h e  r o o t s  where t h e  Cr c o n c e n t r a t i o n  i s  t h e  h i g h e s t  ( P r a t t  
1 9 6 6 ) .  Turner a n d  Rust ( 1 9 7 1 )  found t h a t  Cr(V1) i n t e r f e r e d  
w i t h  t h e  u p t a k e  and t r a n s l o c a t i o n  o f  e s s e n t i a l  e l e m e n t s  i n  
p l a n t s :  

1 )  More t h a n  0 .1  ppm Cr(V1) i n  n u t r i e n t  s o l u t i o n  
d e c r e a s e d  c o n c e n t r a t i o n s  and t o t a l  c o n t e n t s  o f  
c a l c i u m ,  p o t a s s i u m ,  phosphorus ,  i r o n ,  and m a n -  
g a n e s e  i n  t h e  t i p s ,  and of magnesium, phospho- 
rus ,  i r o n ,  and manganese i n  t h e  r o o t s .  

2 )  Cr i n t e r f e r e d  w i t h  t he  a c c u m u l a t i o n  of  c a l c i u m ,  
p o t a s s i u m ,  magnesium, phosphorus ,  bo ron ,  and 
c o p p e r  by p l a n t  t o p s .  

Hewitt  ( 1 9 5 3 )  showed t h a t  C r ( I I 1 )  a g g r a v a t e d  i r o n  d e f i c i e n c y  
c h l o r o s i s ,  i . e .  i n t e r f e r e d  w i t h  i r o n  me tabo l i sm,  P a i n t i n g  
the  p l a n t  l e a v e s  w i t h  an FeS04 s o l u t i o n  p e r m i t t e d  r e c o v e r y  
from c h l o r o s i s  i n  5 d a y s .  The v i s u a l  symptoms of Cr t o x i c i t y  
a r e  c o n s i s t e n t  w i t h  i n h i b i t e d  r o o t  f u n c t i o n :  s t u n t e d  g r o w t h ,  
c u r l e d  and d i s c o l o r e d  l e a v e s ,  and p o o r l y  deve loped  r o o t  s y s -  
tems ( P r a t t  1 9 6 6 ) .  

Hunter and Vergnano ( 1 9 5 3 )  o b s e r v e d  t h a t  s u b t o x i c  
l e v e l s  o f  Cr ( 2  ppm Cr(V1) i n  sand  c u l t u r e )  i n c r e a s e d  t h e  
d e g r e e  of  s p e c i f i c  n i c k e l  symptoms i n  o a t s  a s  w e l l  a s  t h e  d e g r e e  
of n i c k e l  u p t a k e  by t h e  p l a n t s ;  however ,  t h e  Cr l e v e l s  i n  t h e  
p l a n t  t o p s  were n o t  r a j s e d  above t h o s e  obse rved  i n  h e a l t h y  
p l a n t s  growing on  s o i l  o f  "no rma l"  Cr c o n t e n t .  Hence, f o r  low 
l e v e l s  o f  Cr i n  t h e  growth medium ( 0 - 1 5  p p m ) ,  l i t t l e  Cr was 
t r a n s p o r t e d  t o  t h e  t o p s  even  though modera t e  t o x i c i t y  was 
obse rved .  A t  h i g h e r  l e v e l s  o f  Cr i n  t h e  growth m e d i u m  ( 2 5  p p m ) ,  
t h e  c o n c e n t r a t i o n  of  Cr i n  t h e  p l a n t  t o p s  was i n c r e a s e d  by 
a l m o s t  two o r d e r s  o f  m a g n i t u d e ,  p o s s i b l y  i n d i c a t i n g  t h a t  some 
h o m e o s t a t i c  mechanism had been overcome.  

In  most  of  t h e  e n v i r o n m e n t  t h e r e  i s  n o  problem w i t h  
Cr t o x i c i t y  i n  l a n d  p l a n t s .  In  f a c t ,  i t  i s  q u i t e  p o s s i b l e  f o r  
p l a n t s  t o  t h r i v e  on s o i l s  s o  low i n  Cr t h a t  a n e g a t i v e  Cr ba- 
l a n c e  r e s u l t s  i n  a n i m a l s  which consume t h o s e  p l a n t s ,  As A l l a -  
way ( 1 9 6 8 )  s t a t e s :  "Cr i s  one  o f  t h e  few e s s e n t i a l  e l e m e n t s  
f o r  which no a c c u m u l a t i o n  a g a i n s t  a c o n c e n t r a t i o n  g r a d i e n t  i s  
e v i d e n t  a t  any p o i n t  i n  t h e  b i o l o g i c a l  c y c l e  from s o i l  t o  
p l a n t  t o  an imal  ... A c o n t r o l l e d  i n c r e a s e  i n  t h e  amount of Cr 
moving from s o i l s  t o  p l a n t s  t o  man would be d e s i r a b l e  and 
m i g h t  r e s u l t  i n  a d e c r e a s e d  i n c i d e n c e  o f  d i a b e t e s . . ,  None of 
t h e  food  o r  f e e d  c r o p s  a t  t h e  p re sen t  t ime has  been i d e n t i f i e d  
as an e f f e c t i v e  Cr a c c u m u l a t o r " .  Hence, i t  would a p p e a r  t h a t  
w h i l e  t h e r e  i s  a t endency  f o r  i n s u f f i c i e n t  Cr t o  be p a s s e d  
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from p l a n t s  t o  a n i m a l s  i n  t h e  food  c h a i n ,  t h i s  c a n n o t  be r e c t i -  
f i e d  by add ing  Cr t o  t h e  s o i l  b e c a u s e  t o x i c  l e v e l s  of Cr 
w i l l  be r e a c h e d  b e f o r e  s i g n i f i c a n t l y  l a r g e r  q u a n t i t i e s  of  Cr 
a r e  t r a n s l o c a t e d  from t h e  r o o t s  t o  t h e  e d i b l e  p o r t i o n s ,  

S i g n i f i c a n t  growth i n h i b i t i o n  o f  d i a t o m s  and a l g a e  s t a r t s  i n  
t h e  c o n c e n t r a t i o n  r a n g e  of  0 .03  t o  6 .4  ppm (Hervey 1949;  
B u i  e t  aZ.  1 9 7 1 ) .  Diatoms e x h i b i t e d  t h e  l o w e s t  t o x i c i t y  
t h r e s h o l d  ( 0 . 0 3 - 0 . 3  p p m )  w h i l e  e u g l e n o i d s  (0 .32 -1 .6  pprn) and 
c h l o r o c o c c a l e s  ( 3 . 2 - 6 . 4  pprn)  were l e s s  s e n s i t i v e .  G i a n t  k e l p  
e x h i b i t e d  a 20-30% r e d u c t i o n  i n  p h o t o s y n t h e s i s  a f t e r  7-9 days  
e x p o s u r e  t o  1 ppm Cr (V1) ;  5 ppm produced 50% i n a c t i v a t i o n  of 
p h o t o s y n t h e s i s  i n  4 days  (C lendenn ing  and N o r t h  1 9 6 0 ) .  

A q u a t i c  p l a n t s  a r e  s t r o n g l y  a f f e c t e d  by Cr (V1) .  

FIELD STUDIES OF Cr TOXICITY 

There a r e  no r e c o r d e d  examples  o f  d i r e c t  d e l e t e r i o u s  
e f f e c t s  on p l a n t s  which can be a t t r i b u t e d  p r i m a r i l y  t o  Cr 
t o x i c i t y  ( P r a t t  1966;  Anderson e t  aZ.  1 9 7 3 ) .  U l t r a b a s i c  s o i l s  
c o n t a i n  h igh  c o n c e n t r a t i o n s  of  Cr and n i c k e l .  In most c a s e s ,  
t h e  n i c k e l  i s  r e s p o n s i b l e  f o r  t h e  bu lk  of  t h e  t o x i c  e f f e c t s  
a l t h o u g h  Cr has  been shown t o  be a p o t e n t i a t o r  of n i c k e l  t o x i -  
c i t y  (Hunter  and Vergnano 1 9 5 3 ) .  S t u d i e s  on Rhodesian c h r o -  
m i t e - b e a r i n g  s o i l s  and p l a n t s  (Wild 1974)  i n d i c a t e d  t h a t  c e r -  
t a i n  a c c u m u l a t o r  p l a n t s  c o n t a i n e d  u p  t o  48,000 pprn Cr and 
5200 ppm n i c k e l  i n  t h e  a sh  of t h e i r  l e a v e s .  However, t hese  
a c c u m u l a t o r  p l a n t s  do n o t  form an i m p o r t a n t  p a r t  o f  t h e  food  
c h a i n .  U l t r a b a s i c  s o i l s  a r e  found i n  h i g h l y  l o c a l i z e d  a r e a s  
because  t h e y  a r e  formed'from nar row d i k e s  of i n t r u s i v e  u l t r a -  
b a s i c  r o c k .  Hemphill ( 1 9 7 2 )  s t a t e d  t h a t  a p p l i c a t i o n s  of  l ime-  
s t o n e  i n c r e a s e d  t h e  s o i l  pH s u f f i c i e n t l y  t h a t  C r ( I I 1 )  a v a i l -  
a b i l i t y  was lowered  t o  s u b t o x i c  l e v e l s .  

ADDITION O F  Cr TO SOIL: FERTILIZERS, S E W A G E  SLUDGES, 
INDUSTRIAL WASTES 

FERTILIZERS 

Swaine (1962)  r e p o r t e d  t h e  Cr c o n t e n t  of v a r i o u s  
f e r t i l i z e r  m a t e r i a l s ;  T a b l e  9-2 l i s t s  some of  t h e s e  which 
c o n t a i n e d  h igh  l e v e l s  of  Cr, m o s t  p r o b a b l y  i n  t h e  form of  
C r ( I I 1 ) .  I n c l u d e d  i n  t h e  l i s t  a r e  some i n d u s t r i a l  by -p roduc t s  
and w a s t e s  which have some v a l u e  a s  phospha te  f e r t i l i z e r s .  
In some of  t h e s e  m a t e r i a l s  Cr i s  p re sen t  i n  t h e  r e l a t i v e l y  
u n a v a i l a b l e  form of C r ( I I 1 )  mixed o x i d e s ;  however,  t h i s  i s  
n o t  c o n s i d e r e d  t o  be t h e  c a s e  w i t h  t h e  phospha te  m a t e r i a l s ,  
While s o i l s  of  h i g h  o r g a n i c  c o n t e n t  and r e l a t i v e l y  h i g h  pH 
(mos t  s o i l s  a r e  n e u t r a l  t o  s l i g h t l y  a c i d i c )  can c o n t a i n  u p  t o  
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T a b l e  9 - 2 .  F e r t i l i z e r s  h i g h  i n  Cr c o n t e n t " .  

Ferti ' l  i ze r  C o n c e n t r a t i o n  (ppm) 

P h o s p h o r i c  a c i d  
Waste p h o s p h o r i c  a c i d  from 

m e t a l  e l e c t r o p l a t i n g  
Phospha te  r o c k  
S e r p e n t i n e  s u p e r p h o s p h a t e  
B a s i c  fu rnace  s l a g s  
Aluminum indus t ry  was te  

600 

7000 

100-1000 
1000-5000 

500-1 000 

1000-100,000 

a Data from Sw-afne (1962) .  

.. 
b T a b l e  9 - 3 .  Cr c o n t e n t  o f  t y p i c a l  mun ic ipa l  sewage s l u d g e s  . 

S l u d g e  type Cr Cppm d r y  w e i g h t )  

M i l o r g a n i t e  
Raw sewage s l u d g e  

1400-3900 
31 - 1  0 , 0 0 0  

Data f rom Swaine (19621 and Nadkarni  and Mor r i son  ( 1 9 7 4 )  
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5000 ppm C r ( I I 1 )  and s t i l l  s u p p o r t  h e a l t h y  p l a n t  l i f e  because  
of t h e  low Cr a v a i l a b i l i t y  ( B r e e z e  1 9 7 3 ) ,  s i g n i f i c a n t  Cr t o x i -  
c i t y  can be e x p e c t e d  i f  t h e r e  i s  a change  i n  c o n d i t i o n s .  
S ince  m o s t  food  c r o p s  a r e  h a r v e s t e d  by c o l l e c t i n g  t h e  p l a n t  
t o p s ,  t h e  bu lk  of t h e  Cr ( > g o %  o f  t h e  Cr i n  t h e  p l a n t )  remains  
in t h e  s o i l  w i t h  t h e  r o o t s ,  i . e .  s u c c e s s i v e  c ropp ing  i s  an 
i n e f f e c t i v e  way t o  lower  Cr l e v e l s  i n  s o i l .  F u r t h e r m o r e ,  
r e p e a t e d  c r o p p i n g  may e v e n t u a l l y  i n c r e a s e  t h e  a v a i  l a b i  1 i t y  of  
Cr by i n c r e a s i n g  t h e  f r a c t i o n  of t h e  Cr p r e s e n t  a s  low mole- 
c u l a r  w e i g h t  o r g a n i c  complexes i n  d e c a y i n g  r o o t  t i s s u e s .  

S E W A G E  SLUDGES (WASTES HAVING S O M E  V A L U E  AS FERTI- 
LIZER) 

Sewage s l u d g e s  have been used a s  f e r t i l i z e r s  on a 
commercial  b a s i s  f o r  o v e r  30 y e a r s  (Swaine  1 9 6 2 ) .  T a b l e  9 -3  
l i s t s  t h e  Cr c o n t e n t  o f  v a r i o u s  w a s t e  s l u d g e s .  These w a s t e s  
a r e  d e s i r a b l e  a s  f e r t i  1 i z e r s  because  of  t h e i r  n i t r o g e n  and 
phosphorus c o n t e n t  (Webber 1 9 7 2 b ) ;  however ,  t h e  p r e s e n c e  of  
heavy m e t a l s  i n  t h e s e  s l u d g e s  can more t h a n  c o u n t e r a c t  t h e  
a d v a n t a g e s  o f  t h i s  c o n v e n i e n t  means of w a s t e  d i s p o s a l  (Purves 
1972; Horvath 1972;  Kick e t  aZ.  1 9 7 1 ) .  Le Riche  ( 1 9 6 8 )  showed 
t h a t  t h e  t r e a t m e n t  of ga rden  s o i l  w i t h  m u n i c i p a l  sewage s l u d g e  
r a i s e d  t h e  a c i d - e x t r a c t a b l e  s o i l  Cr from 0 . 2 - 0 . 7  ppm t o  2 . 0 -  
3 . 5  ppm.  

F u j i h a r a  e t  aZ. ( 1 9 7 3 )  r e p o r t  t h a t  a s  l i t t l e  a s  10- 
100 ppm C r ( I I 1 )  i n  loam s o i l  s i g n i f i c a n t l y  a f f e c t e d  t h e  popu- 
l a t i o n s  of s o i l  mic roorgan i sms  and d e c r e a s e d  t h e  e v o l u t i o n  of  
carbon d i o x i d e  ( i  . e .  i n t - e r f e red  w i t h  m ic robe  r e s p i r a t i o n ) .  
M o r r i s s e y  e t  aZ. ( 1 9 7 4 )  showed t h a t  1000 ppm C r ( I I 1 )  i n t r o d u c e d  
i n t o  t h e  s o i l  by s l u d g e  s i g n i f i c a n t l y  r educed  ammonium i o n  
u t i l i z a t i o n  and n i t r a t e  p r o d u c t i o n  i n  t h e  s o i l .  Af te r  a p e r i o d  
of  6 weeks,  t h e  i n h i b i t o r y  e f f e c t s  of Cr were no l o n g e r  e v i -  
d e n t ,  i . e .  t h e  s o i l  mic roorgan i sms  had e i t h e r  a d a p t e d  t o  t h e  
h i g h e r  Cr l e v e l ,  o r  t h e  a v a i l a b i l i t y  of  Cr had d e c r e a s e d ;  how- 
e v e r ,  10 ,000  ppm Cr c o m p l e t e l y  b locked  t h e  above n i t r o g e n  
t r a n s f o r m a t i o n s .  O n  t h e  o t h e r  hand ,  Webber ( 1 9 7 2 a )  r e p o r t e d  
t h e  a b s e n c e  o f  t o x i c i t y  t o  p l a n t s  f rom s l u d g e s  c o n t a i n i n g  
4400-8800 ppm C r ( I I 1 )  when a p p l i e d  e i t h e r  a s  a s i n g l e  heavy 
d r e s s i n g  of  125  m e t r i c  t o n s  p e r  h e c t a r e  o r  a s  annual  d r e s s i n g s  
of 31 m e t r i c  t o n s  p e r  h e c t a r e .  S i m i l a r l y ,  Andrezewski ( 1 9 7 0 )  
used g r o u n d  Cr - t anned  l e a t h e r  ( c o n t a i n i n g  3-5% Cr,O,) a s  a 
n i t r o g e n  supp lemen t  f o r  s o i l s  w i t h o u t  t o x i c  e f f e c t s .  Because 
c h a r a c t e r i s t i c s  of  s o i l s  va ry  w i d e l y ,  i t  i s  a d v i s a b l e  t h a t  
each c a s e  shou1.d be c a r e f u l l y  i n v e s t i g a t e d  b e f o r e  a d e c i s i o n  
i s  t a k e n  o n  t h e  p o s s i b l e  a p p l i c a t i o n  of a p a r t i c u l a r  s l u d g e .  
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LANDFILL O F  INDUSTRIAL WASTES (HAVING N O  T R U E  
FERTILIZER V A L U E )  

L a n d f i l l  a p p e a r s  t o  be a f e a s i b l e  means f o r  d i s p o s -  
i n g  of w a s t e  c o n t a i n i n g  l a r g e  amounts of C r ( I I 1 ) .  The low 
m o b i l i t y  a n d  a v a i l a b i l i t y  of C r ( I I I ) ,  e s p e c i a l l y  i n  o x i d e  fo rm,  
e . g .  s l a g s  and i n c i n e r a t e d  s l u d g e s ,  make i t  r e l a t i v e l y  harm-  
l e s s  t o  p l a n t s  and underground w a t e r  s u p p l i e s .  The s i t u a t i o n  
i s  d i f f e r e n t  w i t h  Cr (V1) ;  i f  Cr(V1) i s  n o t  r educed  t o  C r ( I I 1 )  
b e f o r e  l a n d  d u m p i n g ,  u n c o n t r o l l a b l e  s i t u a t i o n s  may a r i s e .  
P e r l m u t t e r  e t  aZ. (1963)  and P inde r  (1973)  d e s c r i b e d  t h e  ex- 
t e n t  and movement o f  Cr (V1) -con tamina ted  g roundwate r  r e s u l t i n g  
from r e c h a r g e  b a s i n  s e e p a g e  a t  a Long I s l a n d  p l a t i n g  p l a n t .  
The s l u g  o f  C r ( V 1 ) - c o n t a m i n a t e d  g r o u n d w a t e r ,  f i r s t  d i s c o v e r e d  
i n  1942,  c o n t a i n e d  u p  t o  1 4  ppm C r ( V I ) ,  ex t ended  1400 m e t r e s  
f rom t h e  r e c h a r g e  b a s i n  and r e a c h e d  d e p t h s  of  20 metres o r  
more below t h e  l a n d  s u r f a c e .  P i n d e r  ( 1 9 7 3 )  e s t i m a t e d  t h a t  a 
n e a r b y  s t r e a m  would c o n t i n u e  t o  be c o n t a m i n a t e d  w i t h  Cr(V1) 
from g roundwate r  s e e p a g e  f o r  a p e r i o d  of  7 y e a r s  a f t e r  f u r t h e r  
Cr(V1) d i s c h a r g e  i n t o  t h e  ground was h a l t e d .  

Breeze  ( 1 9 7 3 )  and Gemmel (1972 ,  1973)  d e s c r i b e d  l a n d  
and r i v e r  p o l l u t i o n  caused  by t h e  dumping on l a n d  o f  w a s t e  
m a t e r i a J  f rom t h e  p r o c e s s i n g  of c h r o m i t e  o r e  i n t o  ch romate .  The 
h i g h l y  a l k a l i n e  w a s t e  w h i c h  c o n t a i n e d  l a r g e  amounts of C r ( V I ) ,  
m o s t l y  CaCrO?, was e x t r e m e l y  t o x i c  t o  p l a n t s ;  200 ppm of  t h i s  
m i x e d  waste  i n  sand  i n h i b i t e d  p l a n t  growth by 50%. Runoff f rom 
t h e  w a s t e  heaps  c a r r i e d  3-5 t o n s  of Cr(V1) per  y e a r  i n t o  a 
nea rby  r i v e r ,  ~ t r o n g l y ~ a f f e c t i n g  t h e  downstream a l g a l  and macro- 
p h y t e  f l o r a .  E v e n  1 . 5  km downstream t h e  f l o r a  showed l i t t l e  
s i g n  of r e c o v e r y  and t h e  c o n c e n t r a t i o n  of Cr(V1)  i n  t h e  r i v e r  
w a t e r  ( 0 . 2 - 0 . 5  ppm)  had undergone  n e g l i g i b l e  d i l u t i o n .  D i l u t i o n  
of t h e  land-dumped s o l i d  w a s t e  w i t h  s o i l  o r  a p p l i c a t i o n  of  a 
t h i c k  t o p s o i l  c o v e r i n g  were i n e f f e c t i v e  i n  a l l e v i a t i n g  t h e  p o l -  
l u t i o n  problem.  Gemmel ( 1 9 7 3 )  conc luded  t h a t  t h e  key t o  r e d u c -  
i n g  t h e  p o l l u t i o n  problem was comple t e  chemica l  r e d u c t i o n  of  
t h e  Cr (V1) .  

Wilms e t  aZ. ( 1 9 7 3 )  proposed  t o  t r e a t  me ta l  p i c k l i n g  
w a s t e  l i q u o r  by a d s o r b i n g  t h e  Cr(V1) o n t o  f e r r i c  h y d r o x i d e  
f l o c k s  and r e d u c i n g  t h e  r ema in ing  Cr(V1) t o  C r ( I I 1 )  which would 
be p r e c i p i t a t e d  a s  C r ( - O H ) 3 .  WhiJe t h i s  permits l i q u i d  e f f l u -  
e n t s  t o  p a s s  s t a n d a r d s  and p roduces  a m i n i m u m  o f  s l u d g e  per 
u n i t  o f  Cr(V1) o r i g i n a l l y  p r e s e n t ,  a p r o b l e m  rema ins  w i t h  t h e  
C r ( V 1 ) - c o n t a i n i n g  s o l i d  w a s t e s  which w i l l  e v e n t u a l l y  be 
d u m p e d  on l a n d .  
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ABSORPTION O F  Cr BY FOLIAGE 

While t h e  p redominan t  r o u t e  of Cr a b s o r p t i o n  i s  v i a  
t h e  r o o t s ,  s t u d i e s  by Levi e t  aZ. ( 1 9 7 3 )  showed t h a t  C r ( I I 1 )  
and Cr(V1) a p p l i e d  t o  l e a v e s  remained a t  t h e  t r e a t e d  a r e a s  
w i t h o u t  any s i g n i f i c a n t  t r a n s l o c a t i o n s .  A s o l u t i o n  c o n t a i n i n g  
a s  l i t t l e  as 50 ppm Cr(V1) produced v i s i b l e  l e a f  n e c r o s i s  2 4 - 4 8  
hours  a f t e r  a p p l i c a t i o n .  In  most l o c a l i t i e s ,  i t  i s  u n l i k e l y  
t h a t  t h e  a b s o r p t i o n  o f  Cr from a e r o s o l s  by l e a v e s  w i l l  add 
s i g n i f i c a n t l y  t o  Cr l e v e l s  i n  p l a n t s .  N e v e r t h e l e s s ,  Cr i n  
d u s t f a l l  and a c i d  r a i n f a l l  i n  a r e a s  where i n d u s t r i e s  a r e  
i n v o l v e d  w i t h  Cr c h e m i c a l s  cou ld  damage f o l i a g e  or s i g n i f i -  
c a n t l y  r a i s e  Cr l e v e l s  i n  p l a n t s .  

I, 
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C H A P T E R  10  Cr A N D  ANIMALS 

INTRODUCTION 

Cr i s  a n  e s s e n t i a l  e l e m e n t  i n  mammals. S c h r o e d e r  
( 1 9 6 8 )  and Mertz (1969)  i n d i c a t e d  t h a t  a d e q u a t e  Cr n u t r i t i o n  
improved growth a n d  l o n g e v i t y  a n d ,  a l o n g  w i t h  i n s u l i n ,  he lped  
t o  m a i n t a i n  c o r r e c t  g l u c o s e ,  l i p i d ,  a n d  p r o t e i n  me tabo l i sm.  Two 
r e p o r t s  p r e s e n t e d  e v i d e n c e  t h a t  Cr s u p p l e m e n t a t i o n  o f  animal  
d i e t s  r educed  t h e  i n c i d e n c e  o f  a t h e r o s c l e r o s i s  ( S c h r o e d e r  e t  aZ. 
1970;  Novakova e t  aZ. 1 9 7 4 ) .  S c h r o e d e r  e t  aZ. ( 1 9 6 2 )  showed 
t h a t  w i l d  and d o m e s t i c  a n i m a l s  had h i g h e r  t i s s u e  l e v e l s  of Cr 
(0 .15 -0 .20  ppm)  t h a n  man (0 .02 -0 .03  p p m ) ;  b u t ,  i n  view of t he  
v e r y  s m a l l  amounts o f  Cr r e q u i r e d  t o  f i l l  m e t a b o l i c  n e e d s ,  t h e  
s i g n i f i c a n c e  o f  t h e s e  d i f f e r i n g  l e v e l s  i s  u n c e r t a i n .  

To d a t e ,  t o x i c  e f f e c t s  o f  Cr i n  a n i m a l s  have a l m o s t  
e n t i r e l y  been o b s e r v e d  i n  c o n t r o l l e d  e x p e r i m e n t s  i n  o r d e r  t o  
e v a l u a t e  t he  e f f e c t s  o f  such  v a r i a b l e s  a s  c o n c e n t r a t i o n ,  chem- 
i c a l  fo rm,  d u r a t i o n ,  a n d  r o u t e  o f  a d m i n i s t r a t i o n .  E x t r a p o l a -  
t i o n  of  s u c h  d a t a  t o  man may be u n j u s t i f i e d  u n l e s s  a d j u s t m e n t s  
a r e  made f o r  d i f f e r e n c e s  i n  p h y s i c a l  c h a r a c t e r i s t i c s  ( s i z e ,  
s h a p e ,  e t c . ) ,  b iochemica l  me tabo l i sm and m e t a b o l i c  r a t e ,  a n d  
d i f f e r e n c e s  i n  l i v i n g  h a b i t s  ( s e e  C h a p t e r  6 ) .  

The re  a r e  t h r e e  main r o u t e s  by which Cr can e n t e r  
t h e  body o f  an a n i m a l :  ( 1 )  t h e  r e s p i r a t o r y  s y s t e m ,  ( 2 )  t h e  
g a s t r o i n t e s t i n a l  t r a c t ,  and ( 3 )  t h e  s k i n .  

RESPIRATORY SYSTEN 

B r e a t h i n g  o f  a e r o s o l s  l e a d s  t o  d e p o s i t i o n  o f  a p o r -  
t i o n  of  t h e  a e r o s o l  p a r t i c l e s  i n  t h e  r e s p i r a t o r y  t r a c t .  A k a t -  ’ 

s u k a  and F a i r h a l l  ( 1 9 3 4 )  e s t i m a t e d  t h a t  17-20% of t h e  200 mg 
of ch romic  c a r b o n a t e  d u s t  i n h a l e d  by d o m e s t i c  c a t s  o v e r  a pe- 
r i o d  of  4 months was r e t a i n e d  i n  t h e  r e s p i r a t o r y  t r a c t ,  Na- 
t u s c h  and Wal l ace  ( 1 9 7 4 )  c a l c u l a t e d  t h e  p r o b a b l e  r e l a t i v e  de -  
p o s i t i o n  of  a e r o s o l  p a r t i c l e s  i n  v a r i o u s  r e g i o n s  o f  the  r e s p i -  
r a t o r y  t r a c t  o f  man ( a n d  l i k e  s p e c i e s )  a s  a f u n c t i o n  o f  p a r t i -  
c l e  s i z e .  T h e i r  r e s u l t s ,  shown i n  F i g .  1 0 - 1 ,  i n d i c a t e d  t h a t  
p a r t i c l e s  w i t h  a d i a m e t e r  of  2 m i c r o m e t r e s  ( p m )  o r  g r e a t e r  
were d e p o s i t e d  i n  t h e  upper  r e s p i r a t o r y  t r a c t  ( n o s e  and pha- 
r y n x ) ,  w h i l e  s m a l l e r  p a r t i c l e s  p e n e t r a t e d  more d e e p l y  i n t o  t h e  
s y s t e m  and hence  had a g r e a t e r  p r o b a b i l i t y  o f  d e p o s i t i o n  i n  
t h e  t r a c h e a ,  b r o n c h i a l  t u b e s ,  and a l v e o l i ,  C i l i a r y  a c t i o n  t e n d -  
ed t o  remove p a r t i c l e s  from a l l  pulmonary r e g i o n s  e x c e p t  t h e  
a l v e o l i .  Because  of t h i s  d i f f e r e n c e  i n  d e p o s i t i o n  e f f i c i e n c i e s ,  
b u l k  a n a l y s i s  o f  p a r t i c u l a t e  m a t t e r  f i l t e r e d  from a i r  w i t h o u t  
d e t e r m i n i n g  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  i s  i n s u f f i c i e n t  t o  
d e s c r i b e  t h e  a v a i l a b i l i t y  o f  Cry e . g .  10 n g  o f  ZnCr04, e q u i v a -  
l e n t  t o  106 p a r t i c l e s  0 .1  pm i n  d i a m e t e r ,  would have a h i g h  
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PARTICLE DIAMETER (MICROMETRES) 

F i g .  10-1.  R e s p i r a t o r y  d e p o s i t i o n  e f f i c i e n c i e s  f o r  i n h a l e d  
p a r t i c l e s  (Na tusch  and Wal l ace  1 9 7 4 ) .  
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p r o b a b i l i t y  of  p e n e t r a t i n g  d e e p l y  i n t o  t h e  r e s p i r a t o r y  t r a c t ,  
The same 10  n g  Z n C r O , ,  p r e s e n t  a s  a s i n g l e  p a r t i c l e  10 pm i n  
d i a m e t e r ,  would p r o b a b l y  n o t  even r e a c h  t h e  lower  r e s p i r a t o r y  
t r a c t .  

Once d e p o s i t e d  i n  t h e  r e s p i r a t o r y  t r a c t ,  C r ( I I 1 )  and 
Cr(V1)  behave  d i f f e r e n t l y .  B a e t j e r  e t  aZ.  ( 1 9 5 9 )  i n j e c t e d  
Na,CrO, a n d  CrC13 i n  powder form i n t r a t r a c h e a l l y  i n t o  g u i n e a  
p i g s  a n d  found t h a t  a f t e r  30 d a y s ,  30% of t h e  C r ( I I I ) ,  b u t  o n l y  
2 . 4 %  o f  the  Cr(.VI) were s t i l l  p r e s e n t  i n  t h e  l u n g  t i s s u e .  More 
Cr a p p e a r e d  i n  t h e  r ed  blood c e l l s ,  l i v e r ,  k i d n e y ,  a n d  s p l e e n  
f o l l o w i n g  Cr(V1) r a t h e r  t h a n  C r ( I I 1 )  i n j e c t i o n  i n t o  t h e  t r a c h e a .  
N e v e r t h e l e s s ,  B a e t j e r  e t  aZ.  ( 1 9 5 9 )  showed t h a t  an i n d i v i d u a l  
who h a d  worked i n  a ch romate -p roduc ing  p l a n t  s t i l l  had h i g h  con-  
c e n t r a t i o n s  of s o l u b l e  Cr i n  h i s  lung  t i s s u e s  23 y e a r s  a f t e r  ex -  
p o s u r e  had c e a s e d .  T h i s  was p a r t i a l l y  e x p l a i n e d  by t h e  f a c t  
t h a t  1 1 - 1 9 %  of t h e  Cr(V1) i n j e c t e d  i n t r a t r a c h e a l l y  i n t o  g u i n e a  
p i g s  was  r educed  i n  s i t u  t o  C r ( I I 1 ) .  The s c a r r i n g  e f f e c t  a c -  
companying t h e  r e d u c t i o n  of Cr(V1) t o  C r ( I I 1 )  was d e s c r i b e d  by 
N e t t e s h e i m  and S z a k a l  ( 1 9 7 2 ) .  The p o o r e r  c l e a r a n c e  of Cr from 
s c a r  t i s s u e  as compared w i t h  normal t i s s u e  may be r e l a t e d  t o  
t h e  long  r e t e n t i o n  o f  h i g h  l e v e l s  of Cr. Ne t t e she im and S z a k a l  
( 1 9 7 2 )  p o s t u l a t e d  t h a t  t h e  s c a r r i n g  o f  a l v e o l a r  t i s s u e  may be 
a p r e l i m i n a r y  s t e p  i n  c a r c i n o g e n e s i s .  

T a b l e  10-1 c o n t a i n s  a n  ove rv iew of c a u s e / e f f e c t  d a t a  
r e l a t e d  t o  t h e  i n h a l a t i o n  o f  Cr compounds, The mechanisms and 
t ime  s c a l e s  f o r  m a n i f e s t a t i o n  of  t h e s e  e f f e c t s  a r e  b u t  p o o r l y  
u n d e r s t o o d .  G e n e r a l l y , .  a c u t e  i n h a l a t i o n  of  ch romates  e l i c i t s  
an i n f l a m m a t o r y  r e a c t i m  l e a d i n g  t o  bronchopneumonia,  a l v e o l a r  
e p i t h e l i a l  c h a n g e s  and a t r o p h y ,  a s  w e l l  a s  ben ign  tumor forma- 
t i o n .  The combined e f f e c t s  of t h e s e  p a t h o l o g i c a l  changes  l e a d  
t o  r a p i d  d e a t h  i n  c a s e s  of  h i g h  e x p o s u r e  ( s e e  T a b l e  1 0 - 1 ) .  
T i s s u e s  o t h e r  t h a n  t h e  l u n g s  may be a f f e c t e d ,  e . g .  h y p e r p l a s i a  
of  lymph nodes  and a t r o p h i c  changes  i n  s p l e e n ,  l i v e r  and i n t e s -  
t i n a l  mucosa.  E x i s t i n g  s t u d i e s  i n d i c a t e  t h a t  s i m p l e  i n h a l a t i o n  
of ch romate  d u s t s  has  n o t  g e n e r a t e d  a s i g n i f i c a n t l y  h i g h e r  i n -  
c i d e n c e  of m a l i g n a n t  tumors  i n  t e s t  a n i m a l s  even when c o f a c t o r s  
such  a s  i n f l u e n z a  virus  o r  a r t i f i c i a l  smog were a l s o  i n t r o d u c e d .  
N e v e r t h e l e s s ,  e p i d e m i o l o g i c a l  s t u d i e s  of v a r i o u s  o c c u p a t i o n s  
do i m p l i c a t e  Cr(V1)  a s  c o n t r i b u t i n g  t o  t h e  i n c r e a s e d  h a z a r d  of 
l u n g  c a n c e r .  

Chromium meta l  has  been shown t o  a f f e c t  a l v e o l a r  
macrophage a c t i v i t y .  The macrophages a r e  p r e s e n t  i n  l u n g s  t o  
i n g e s t  l ung  d e b r i s  and t h e n  remove i t  by m i g r a t i n g  t o  t h e  b ron-  
c h i a l  t u b e s  where t h e y  a r e  swept  o u t  of  t h e  r e s p i r a t o r y  t r a c t  
b y  c i l i a r y  a c t i o n .  Cr me ta l  c o a t i n g  on t e f l o n  p a r t i c l e s  5 
i n  d i a m e t e r  was shown t o  s t i m u l a t e  t h e  p h a g o c y t i c  a c t i v i t y  of 
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macrophages in vitro (Camner et aZ. 1 9 7 4 ) .  I t  was p o s t u l a t e d  
t h a t  m o l e c u l e s  s u c h  a s  serum p r o t e i n s  were m o d i f i e d  by a d s o r p -  
t i o n  on t h e  Cr m e t a l  s u r f a c e  a n d  t h i s  s t i m u l a t e d  macrophage 
a c t i v i t y .  C a s a r e t t  et aZ. ( 1 9 7 1 )  s t u d i e d  in vitro t h e  phago- 
c y t i c  r e s p o n s e  of pulmonary c e l l s  t o  t he  p r e s e n c e  o f  C r 2 0 3  
p a r t i c l e s .  They r e g a r d e d  t h a t  " e a r l y  changes  i n  a l v e o l a r  
c e l l s  may be c o n s i d e r e d  a s  i n i t i a l  e v e n t s  r e l a t e d  t o  t h e  e t i o l -  
ogy of u l t i m a t e  pulmonary e f f e c t s  ( p a t h o l o g y ) f f .  N e i t h e r  Cr 
meta l  no r  C r 2 0 3 . p r o d u c e d  o b v i o u s  c y t o t o x i c  e f f e c t s  immedia t e ly  
a f t e r  a c c u m u l a t i o n  i n  a l v e o l a r  p h a g o c y t e s  (Camner et aZ.  1974;  
C a s a r e t t  et aZ. 1 9 7 1 ) .  Waters  et aZ. ( 1 9 7 5 )  found t h a t  t h e  
v i a b i l i t y  of r a b b i t  a l v e o l a r  macrophages in vitro was r educed  
a t  C r ( I I 1 )  l e v e l s  above 52 p p m ,  e . g .  40% r e d u c t i o n  i n  v i a b i l i t y  
a t  350 ppm C r ( I I 1 ) .  These Cr l e v e l s  can be r e a d i l y  a c h i e v e d  
a t  t h e  s u r f a c e  o f  a d i s s o l v i n g  p a r t i c l e  of a Cr s a l t .  Decreased  
macrophage v i a b i l i t y  i s  a l s o  accompanied by i n c r e a s e d  l y s i s  of  
t h e  c e l l s ,  S tudy  i s  r e q u i r e d  t o  d e t e r m i n e  w h e t h e r  Cr c h e m i c a l s  
can c a u s e  in vivo p h a g o c y t o l y s i s  ( p r e m a t u r e  r u p t u r e  o f  p h a g o c y t i c  
c e l l s )  o r  i n h i b i t  t h e i r  m o b i l i t y  which would i n h i b i t  t h e  c l e a r a n c e  
o f  Cr from t h e  l u n g s  a n d  p l a c e  a s t r e s s  on t h e  pulmonary immune 
r e s p o n s e  s y s t e m ,  Polak a n d  Frey  ( 1 9 7 3 )  showed t h a t  t h e  m o b i l i t y  
of macrophages  i s o l a t e d  from t h e  p e r i t o n e a l  e x u d a t e  of g u i n e a  
p i g s  made h y p e r s e n s i t i v e  t o  Cr was  i n h i b i t e d  by Cr s a l t s  regard-  
l e s s  of  t h e i r  v a l e n c y .  Hence, s i g n i f i c a n t  i n h i b i t i o n  of t h e  
c l e a r a n c e  o f  Cr p a r t i c u l a t e s  from t h e  l u n g s  may be e x p e c t e d  i n  
C r - s e n s i t i z e d  i n d i v i d u a l s .  H i g h  l e v e l s  o f  c h r o m i t e  o r e  d u s t s  
a r e  known t o  i r r i t a t e  and damage t h e  l u n g s ,  p r o b a b l y  via a medium 
i n v o l v i n g  t h e  i n t e r a c t i o n  of  p a r t i c l e  s u r f a c e s  w i t h  macrophages:  
c h r o m i t e  o r e  m i n e r s  d e v e l o p  a ben ign  pneumoconios is  ( S l u i s - C r e m e r  
and D u  T o i t  1 9 6 8 ) ;  b r o n c h i t i s  and emphysema may o c c u r  i n  c h r o m i t e  
worke r s  (Worth and S c h i l l e r  1 9 5 4 ) .  Some f r a c t i o n s  o f  t h e  c h r o -  
m i t e  d u s t  may c a u s e  Cr s e n s i t i z a t i o n  i n  t h e  l u n g s :  

1 )  Hueper ( 1 9 5 2 )  r e p o r t e d  t h a t  r a t s  e x h i b i t e d  e l e -  
v a t e d  Cr l e v e l s  i n  b lood a f t e r  1 8  m o n t h s  of i n -  
h a l i n g  f i n e l y  powdered c h r o m i t e  d u s t ,  i . e .  s i g n i -  
f i c a n t  q u a n t i t i e s  of Cr may be m o b i l i z e d  from 
t h e  c h r o m i t e  o v e r  a p e r i o d  of t i m e .  

2 )  Grogan ( 1 9 5 7 )  o b t a i n e d  e v i d e n c e  t h a t  c h r o m i t e  
o r e  unde rgoes  o x i d a t i v e  d i s s o l u t i o n  i n  a e r a t e d  
p h y s i o l o g i c a l  m e d i a  t o  form Cr(V1). T h i s  Cr(V1) 
may t h e n  c a u s e  Cr h y p e r s e n s i t i v i t y  a n d  i n h i b i t  
macrophage m o b i l i t y  f o r  c l e a r a n c e  of Cr from t h e  
1 u n g s .  

Further  i n f o r m a t i o n  a n d  d i s c u s s i o n  o f  Cr i n h a l a t i o n  
s t u d i e s  u s i n g  t e s t  a n i m a l s  a r e  c o n t a i n e d  i n  N A S  ( . J 9 7 4 ) ,  on 
pages  74 t o  7 9 .  Long-term ( >  5 y e a r s )  l o w - l e v e l  c h r o n i c  i n h a -  
l a t i o n  s t u d i e s  on Cr o r  any of  i t s  compounds have n o t  y e t  been 
r e p o r t e d .  T h e  o n l y  long- t e rm d a t a  a r e  t h o s e  conce rned  w i t h  
t h e  e p i d e m i o l o g y  o f  Cr i n j u r y  i ' n  worke r s  h a n d l i n g  and p r o c e s s -  
i n g  v a r i o u s  Cr m a t e r i a l s  ( s e e  Chap te r  1 1 ) .  
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In  g e n e r a l ,  i n o r g a n i c  C r ( I I 1 )  and Cr(V1) a r e  p o o r l y  
abso rbed  by t h e  g a s t r o i n t e s t i n a l  t r a c t  (Mer t z  1 9 6 9 ) .  Approxi-  
m a t e l y  0 . 5 %  of an o r a l  d o s e  of  C r C 1 3  was abso rbed  by man and 
2-3% was abso rbed  by r a t s .  Chromate was abso rbed  t o  a s l i g h t l y  
h i g h e r  e x t e n t :  2 . 1 %  o f  an o r a l  dose  by man and 3-6% by r a t s .  
S i n c e  t h e s e  v a l u e s  were o b t a i n e d  by a n a l y s i s  of  u r i n e  samples  
a s s u m i n g  t h a t  n e g l i g i b l e  e x c r e t i o n  o f  Cr o c c u r r e d  i n  t h e  g u t ,  
t r u e  a b s o r p t i o n  v a l u e s  may be s l i g h t l y  h i g h e r .  Never the less ,  
Mackenzie e t  aZ. ( 1 9 5 8 )  showed t h a t  r a t s  f e d  CrC13 or  K , C r O ,  
abso rbed  9 times more Cr(V1) t h a n  C r ( I I 1 ) .  Huffman a n d  
Allaway (1973)  grew bean p l a n t s  i n  51Cr (VI )  s o l u t i o n  a n d  then 
fed  t h e  l e a v e s  t o  r a t s .  Less  t h a n  0 . 5 %  o f  t h e  51Cr f e d  t o  t h e  
r a t s  i n  t h e  l e a v e s  was r e t a i n e d  a f t e r  48 h o u r s .  Mertz  (1969)  
examined t h e  d a i l y  t o t a l  i n t a k e  of Cr by man ( 8 0  u g )  and t h e  
d a i l y  t o t a l  o f  Cr e x c r e t e d  i n  t h e  u r ine  ( 3 . 4  p g )  and concluded  
t h a t  t h e  o v e r a l l  p e r c e n t  a b s o r p t i o n  f o r  Cr must have been 
h i g h e r  t h a n  0 . 5 % .  Complexat ion of  t h e  Cr, e s p e c i a l l y  the  
C r ( I I I ) ,  can change  i t s  p e r c e n t  a b s o r p t i o n .  C h e n  e t  aZ.  (1973)  
showed t h a t  complexa t ion  w i t h  o x a l a t e  caused  a s i g n i f i c a n t  
i n c r e a s e  i n  C r ( I I 1 )  a b s o r p t i o n  w h i l e  p h y t a t e  s i g n i f i c a n t l y  
d e c r e a s e d  C r ( I I 1 )  a b s o r p t i o n .  C i t r a t e  and E D T A  had no e f f e c t .  
I t  i s  i n t e r e s t i n g  t o  no te  t h a t  Lyon e t  aZ. (1969b)  has  proved 
t h e  e x i s t e n c e  o f  a C r ( 0 x a 1 a t e ) ~  complex i n  one  p l a n t  s p e c i e s .  
The most r e a d i l y  a b s o r b e d  C r ( I I 1 )  complex and t h e  one which e q u i -  
l i b r a t e s  t h e  most q u i c k l y  w i t h  body s t o r e s  o f  Cr i s  t he  g l u c o s e  
t o l e r a n c e  f a c t o r ,  GTF ( e s t i m a t e d  p e r c e n t  a b s o r p t i o n  v a r i e s  
from 1 0 - 2 0 % ) .  Other d e t a i l s  o f  a b s o r p t i o n ,  t i s s u e  d i s t r i b u t i o n ,  
and e x c r e t i o n  o f  Cr have  r e c e n t l y  been rev iewed (NAS 1 9 7 4 ) .  

T a b l e  10-2 presents  r e p r e s e n t a t i v e  c a u s e / e f f e c t  d a t a  
i n v o l v i n g  t h e  i n g e s t i o n  o f  Cr by a n i m a l s ,  C r ( I I 1 )  i s  noncor ro -  
s i v e  and t e n d s  e i t h e r  t o  a d s o r b  on food  f i b r e s  o r  t o  p r e c i p i -  
t a t e  i n  an i n s o l u b l e  form i n  t h e  d i g e s t i v e  t r a c t .  Hence, l i t t l e  
t o x i c i t y  t o  mammals i s  e x p e c t e d  from i n g e s t i o n  of C r ( I I 1 )  even 
i n  c o m p a r a t i v e l y  l a r g e  amounts .  C r ( V I ) ,  i n  c o n t r a s t ,  b e i n g  a 
s t r o n g  o x i d i z i n g  a g e n t ,  i s  q u i t e  c o r r o s i v e .  T h e  h i g h  concen-  
t r a t i o n  o f  H C 1  p r e s e n t  i n  t h e  s tomach ,  a s  well a s  o r g a n i c  mate-  
r i a l  f r o m  f o o d ,  a r e  p r o b a b l y  r e s p o n s i b l e  f o r  c o n v e r t i n g  m u c h  o f  
t h e  i n g e s t e d  Cr(V1) t o  C r ( I I 1 ) .  T h i s  would a c c o u n t  f o r  t h e  
a b s e n c e  o f  a c c u m u l a t i o n  o f  Cr e x c e p t  w h e n  f e d  i n  d r i n k i n g  w a t e r  
a t  c o n c e n t r a t i o n s  e x c e e d i n g  5-6 ppm Cr(V1) ( s e e  Tab le  1 0 - 2 ) .  

Gross  and He l l e r  (1946)  r e p o r t e d  t h a t  young r a t s  were 
more s u s c e p t i b l e  t h a n  ma tu re  a n i m a l s  t o  Cr(V1) t o x i c i t y ,  H i g h  
l e v e l s  of  Cr(V1) ( above  0.125% i n  f e e d )  were needed t o  i m p a i r  
r e p r o d u c t i v e  f u n c t i o n  and c a u s e  s t e r i l i t y .  S t u n t e d  growth and 
roughness  of  fur  were a l s o  n o t e d .  Kucher and Shabanov (1967)  
found t h a t  i n  r a b b i t s  po i soned  by a d d i t i o n  o f  K,Cr207 t o  f e e d ,  
h y a l u r o n a t e s ,  c h o n d r o i t i n  s u l f a t e s  and n e u t r a l  mucopolysaccha-  
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r i d e s  accumula t ed  i n  s o f t  t i s s u e s  c a u s i n g  p e r i c a p i l l a r y  s c l e -  
ros i s .  B l o o d - t i s s u e  b a r r i e r s ,  permeable  under normal c o n d i t i o n s ,  
were b locked  by t h i s  a c c u m u l a t i o n ,  p r e v e n t i n g  normal t r a n s p o r t  
o f  m e t a b o l i t e s .  One m a n i f e s t a t i o n  o f  t h i s  c o n d i t i o n  was t h e  
i n h i b i t i o n  o f  i n s u l i n  p r o d u c t i o n  i n  t h e  p a n c r e a t i c  i s l e t s  b e c a u s e  
o f  damage t o  t h e  8 - c e l l s  c o n t a i n e d  t h e r e i n .  

The l o n g e s t  e x p o s u r e  o f  e x p e r i m e n t a l  a n i m a l s  t o  Cr 
was t h a t  i n  w h i c h  dogs were g i v e n  u p  t o  11.2 ppm Cr(V1) i n  
t h e i r  d r i n k i n g  w a t e r  f o r  a p e r i o d  of  4 y e a r s  (Anwar e t  aZ. 1 9 6 1 ) .  
While t he re  were s i g n i f i c a n t  i n c r e a s e s  i n  t i s s u e  l e v e l s  o f  Cr, 
t h e r e  was n o  h i s t o l o g i c a l  e v i d e n c e  o f  t o x i c i t y .  However, repro- 
d u c t i v e  f u n c t i o n  was n o t  a s s e s s e d .  

SKIN C O N T A C T  

C h r o m i u m  compounds,  even i n  small amounts ,  have pro-  
duced c o n t a c t  d e r m a t i t i s  i n  some s e n s i t i z e d  a n i m a l s .  The s e v e -  
r i t y  o f  t he  r e a c t i o n  has  been found t o  depend on two f a c t o r s :  
( 1 )  t h e  r e l a t i v e  d i f f u s i b i l i t y  o f  t h e  compounds ac ross  the  
dermis ( S a m i t z  e t  a Z ,  1 9 6 7 ) ,  and ( 2 )  t h e  d e g r e e  o f  d i s s o c i a t i o n  
o r  t h e  s o l u b i l i t y  o f  t h e  compound under p h y s i o l o g i c a l  c o n d i t i o n s  
(Gross e t  aZ. 1 9 6 8 ) .  S e n s i t i z a t i o n  i s  a c h i e v e d  by r e p e a t e d  
e x p o s u r e  t o  r e l a t i v e l y  h i g h  l e v e l s  (1000-3000 p p m )  of  C r ( I I 1 )  
o r  Cr(V1) s a l t s .  A b r a s i o n  of  t h e  s k i n  b e f o r e  o r  d u r i n g  expo-  
sure  i n c r e a s e s  t h e  s e v e r i t y  o f  t h e  r e a c t i o n .  Once s e n s i t i z e d  
by e i t h e r  C r ( I I 1 )  or C r ( V I ) ,  t he  s u b j e c t  r e a c t s  t o  b o t h  forms 
o f  Cr b u t  C r ( I I 1 )  g e n e r a l l y  e l i c i t s  t h e  g r e a t e r  r e s p o n s e .  As 
l i t t l e  a s  1 0  p g  o r . l e s s  Cr(V1) ( a s  K2Cr207)  or C r ( I I 1 )  ( a s  
C r 2 ( S 0 4 ) 3 )  e l i c i t e d  a l l e r g i c  r e s p o n s e s  i n  s e n s i t i z e d  g u i n e a  
p i g s  ( J a n s e n  and Ber rens  1 9 6 8 ) .  S e v e r a l  s t u d i e s  have i n d i c a t e d  
t h a t  complexes of  C r ( I I 1 )  w i t h  p r o t e i n s  ( K a t z  e t  aZ. 1974)  and 
w i t h  amino a c i d s  ( S h m u n e s  e t  aZ. 1973)  a n d  n o t  t h e  Cr moie ty  
i t s e l f  c a u s e  t h e  a l l e r g i c  r e a c t i o n .  While i n  ex t r eme  c a s e s  o f  
a l l e r g i c  r e s p o n s e  some t i s s u e  n e c r o s i s  was obse rved  (Shmunes 
e t  aZ. 1 9 7 3 ) ,  these  d i d  n o t  r e s u l t  i n  m a l i g n a n t  g r o w t h s .  Tis-  
sues s l o w l y  r e t u r n e d  t o  normal a f t e r  t h e  Cr was removed. Never- 
t h e l e s s ,  i n  some c a s e s  enough Cr was l e f t  a f t e r  t h e  o r i g i n a l  
r e s p o n s e  had s u b s i d e d  t o  produce  " f l a r e - u p "  r e a c t i o n s  a t  t e s t  
s i t e s  even 3 t o  4 y e a r s  a f t e r  e x p o s u r e  c e a s e d  (F rege r t  and 
Rorsman 1 9 6 4 ) .  T h i s  i s  e s p e c i a l l y  l i k e l y  w i t h  C r ( I I 1 )  which i s  
c l e a r e d  f rom t h e  s k i n  more s l o w l y  t h a n  Cr(V1) ( P e d e r s e n  and 
N a v e r s t e n  1 9 7 3 ) .  

Chromic a c i d  and i t s  a n h y d r i d e  a r e  h i g h l y  c o r r o s i v e ,  
p r o d u c i n g  s k i n  u l c e r s  and n e c r o s i s  by a mechanism i n d e p e n d e n t  
of any a l l e r g i c  response. Sami tz  and E p s t e i n  (1962)  s t u d i e d  
t h e  p r o c e s s  o f  Cr(V1) u l c e r a t i o n  and found t h a t  a 30,000 ppm 
Cr(V1) s o l u t i o n  w o u l d  c o n s i s t e n t l y  c a u s e  sk in  l e s i o n s  o n l y  i f  
t he  s k i n  was broken or h a d  i t s  n a t u r a l  o i l  reduced  b e f o r e h a n d .  
Repea ted  a p p l i c a t i o n s  of  Cr(V1) produced more c o n s i s t e n t l y  
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s e v e r e  r e s u l t s  t h a n  s i n g l e  d o s e s .  C r ( I I 1 )  i n  c o n c e n t r a t i o n s  
as  h i g h  a s  l o 5  ppm had n o  u l c e r o g e n i c  e f f e c t s .  Any u l c e r o g e n i c  
a c t i v i t y  of  C r ( I I 1 )  s o l u t i o n s  was a t t r i b u t e d  t o  t h e  a c i d i t y  of  
the s o l u t i o n  a n d  n o t  t o  t he  a c t i o n  o f  C r ( . I I I )  i t s e l f .  

Lewin ( 1 9 0 7 )  f o u n d  t h a t  d e r m a l l y  a p p l i e d  Cr(V1)  cou ld  
be t a k e n  u p  by r a b b i t s  a t  a s u f f i c i e n t  r a t e  t o  c a u s e  s y s t e m i c  
p o i s o n i n g .  Analogous examples  f o r  man a r e  g i v e n  i n  Chap te r  1 1 ,  
b u t  s k i n  u l c e r a t i o n  i s  f a r  more common t h a n  s y s t e m i c  p o i s o n i n g .  

INJECTION A N D  INSERTION 

The i n t r o d u c t i o n  of  Cr compounds e i t h e r  by i n j e c t i o n  
o f  s o l u t i o n s  o r  by i n s e r t i o n  o f  s o l i d s  i n t o  v a r i o u s  t i s s u e s  
o f  a t e s t  animal  y i e l d  e q u i v o c a l  t o x i c i t y  d a t a  because  ( 1 )  t h e  
trauma o r  s y s t e m i c  shock accompanying t h e  i n j e c t i o n  o r  i n s e r t i o n  
may be the  main c a u s e  of  d e a t h ,  masking any s p e c i f i c  e f f e c t s  
of t h e  Cr d o s e ,  ( 2 )  t h i s  p r o c e d u r e  b y p a s s e s  many of t h e  b o d y ' s  
n a t u r a l  d e f e n c e  mechanisms. N e v e r t h e l e s s ,  some v a l u a b l e  i n f o r -  
mat ion can be d e r i v e d  on t h e  a c t i o n  o f  p r e c i s e l y  known amounts 
o f  v a r i o u s  Cr compounds. T a b l e  10 -3  i n d i c a t e d  t h a t  t h e  m i n i -  
m u m  f a t a l  d o s e  of  Cr(V1) g i v e n  by d i r e c t  i n j e c t i o n  l i e s  i n  t h e  
r ange  1 -5  mg/kg-body w e i g h t  f o r  most mammals. Because of t h e  
e a s e  w i t h  which Cr(V1) p a s s e s  membranes, i n j e c t i o n  of Cr(V1) 
i s  a more r e a l i s t i c  d o s i n g  p r o c e d u r e  t h a n  i n j e c t i o n  of C r ( I I I ) ,  
i . e .  t h e  b o d y ' s  n a t u r a l  d e f e n c e  mechanisms a r e  n o t  a s  e f f e c t i v e  
i n  s t o p p i n g  t h e  i n f l u x  of  Cr(V1) a s  t h e y  a r e  f o r  C r ( I I 1 ) .  Lower 
d o s e s  of Cr(V1)  ( 0 . 2 - 0 . 5  * mg/kg-body w e i g h t )  produce  marked 
n e c r o s i s  of t h e  k i d n e y s .  Cr(V1) p o i s o n i n g  of  t h e  k idneys  l e a d s  
t o  a s i g n i f i c a n t  d e c r e a s e  i n  t h e  a s c o r b i c  a c i d  c o n t e n t  of t h e  
k idneys  (Simavoryan 1 9 7 1 ) .  T h e  a s c o r b i c  a c i d  p r o b a b l y  p r o t e c t s  
t h e  t i s s u e s  from t h e  o x i d a t i v e  a c t i o n  of C r ( V I ) ,  and d e p l e t i o n  
of  t i s s u e  l e v e l s  of a s c o r b a t e  would i n c r e a s e  s u s c e p t i b i l i t y  t o  
Cr(V1) t o x i c i t y  a t  a l a t e r  d a t e .  Evan a n d  Dai l  ( 1 9 7 4 )  s t u d i e d  
t h e  a c u t e  e f f e c t s  of i n j e c t e d  d o s e s  of  Cr(V1) i n  r a t s .  They 
f o u n d  t h e  f o l l o w i n g  sequence  o f  p r o g r e s s i v e  changes  l e a d i n g  
t o  nephron damage ( d o s a g e  l e v e l  10-20 mg/kg-body w e i g h t ) :  

1 )  s w e l l i n g  a n d  l o s s  of  m i c r o v i l l i  
2 )  f o r m a t i o n  o f  i n t r a c e l l u l a r  v a c u o l e s  of v a r i e d  

3 )  m i  t o c h o n d r i  a 1  s w e l l  i n g  
4 )  c y t o p l a s m i c  l i q u e f a c t i o n  a n d  l o s s  of  c e l l s  

s i z e s  

l i n i n g  t h e  nephron s u r f a c e .  

Berndt  ( 1 9 7 5 )  s t u d i e d  t h e  mechanism of p o t a s s i u m  
d i c h r o m a t e  n e p h r o t o x i c i t y  by u s i n g  bo th  i n  v i t r o  a n d  i n  v i v o  
methods .  Q u a n t i t a t i v e l y ,  t h e  a 1  t e r a t i o n s  i n  t i s s u e  e l e c t r o l y t e s  
a n d  w a t e r  were a lways  l a r g e r  a f t e r  i n  v i v o  r a t h e r  t h a n  i n  v i t r o  
a d m i n i s t r a t i o n ,  even when t h e  t i s s u e  c o n c e n t r a t i o n s  of  d i c h r o m a t e  
were a p p r o x i m a t e l y  t h e  same. I t  was conc luded  t h a t  d i c h r o m a t e  
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a f f e c t e d  t h e  k i d n e y  by having  an i n d i r e c t  e f f e c t  on rena l  t r a n s -  
p o r t ,  e . g .  t h e  n e p h r o t o x i n  a f f e c t e d  blood f l o w  i n  t h e  .kidney i n  
such  a way a s  t o  compromise r e n a l  t r a n s p o r t  mechanisms.  S i g n i -  
f i c a n t  changes  were o b s e r v e d  i n  k idney  f u n c t i o n  in v i t r o  a t  two  
Cr(V1)  l e v e l s :  a t  0 .1  ppm t h e r e  was a s i g n i f i c a n t  s t i m u l a t i o n  
of  t e t r ae thy lammonium c h l o r i d e  u p t a k e ;  a t  10 ppm a c c u m u l a t i o n  of 
p a r a a m i n o h i p p u r a t e  and t e t r ae thy lammonium c h l o r i d e  was s i g n i f i -  
c a n t l y  I R A i b i t e d  a n d  t he  normal d i s t r i b u t i o n  ( i n t r a c e l l u l a r /  
e x t r a c e l l u l a r )  of w a t e r  and e l e c t r o l y t e s  was d i s r u p t e d .  

Yoshikawa ( 1 9 7 0 )  showed t h a t  i t  was n o t  p o s s i b l e  t o  
i n c r e a s e  t h e  t o l e r a n c e  o f  mice  t o  i n j e c t e d  C r ( I I 1 )  by p r e t r e a t -  
ment w i t h  s u b l e t h a l  d o s e s .  I n s t e a d ,  a marked s e n s i t i z a t i o n  
was o b s e r v e d :  p r e t r e a t m e n t  o f  mice w i t h  1 2  m g / k g  caused  a 
250% i n c r e a s e  i n  m o r t a l i t y  when p r e t r e a t e d  a n d  n o n - p r e t r e a t e d  
a n i m a l s  were g i v e n  a c h a l l e n g e  dose  o f  1 2 0  m g / k g  C r ( I I 1 ) .  

51CrC13,  J e t t  e t  aZ. ( 1 9 6 8 )  showed t h a t  C r ( I I 1 )  b i n d s  s u c c e s s -  
i v e l y  t o  s i d e r o p h i l i n ,  serum a lbumin ,  two a l p h a  p r o t e i n s ,  a n d  
gamma g l o b u l i n  i n  t h e  b l o o d  o f  t h e  r a t .  I n t r a c u t a n e o u s l y  
i n j e c t e d  C r C 1 3  e x h i b i t e d  a much lower  c l e a r a n c e  r a t e  t h a n  
Na,CrO,; h a l f  o f  t h e  Cr(V1)  was c l e a r e d  i n  10-15 minutes w i t h  
o n l y  1 5 %  l e f t  a f t e r  2 d a y s .  A f t e r  2 days  60% of  t h e  C r ( I I 1 )  
remained  and 5-12 days  were r e q u i r e d  f o r  d i s a p p e a r a n c e  o f  50% 
of  t h e  d o s e  ( P e d e r s e n  and N a v e r s t e n  1 9 7 3 ) .  F r e g e r t  and Rorsman 
( 1 9 6 4 )  r e p o r t e d  t h a t  C r - s e n s i t i v e  i n d i v i d u a l s  e x h i b i t e d  " f l a r e -  
u p "  r e a c t i o n s  a t  t e s t  s i t e s  a s  l ong  as  3-4 y e a r s  a f t e r  a s u b -  
c u t a n e o u s  i n j e c t i o n  of CrCl 3 ,  

C r ( I I 1 )  and Cr(V1)  i n  r a t s  a f t e r  i n t r a v e n o u s  i n j e c t i o n .  I n  
c e r t a i n  c a s e s  t h e  l i v e r ,  k i d n e y ,  and s p l e e n  were o b s e r v e d  t o  
a c c u m u l a t e  s i g n i f i c a n t  f r a c t i o n s  o f  t he  i n i t i a l  d o s e ;  however ,  
no a t t e m p t  was made t o  s t u d y  t h e  e f f e c t s  on t h e  a c c u m u l a t i n g  
o r g a n s .  Diab and Sorenmark ( 1 9 7 2 )  s tud ied  t h e  d i s t r i b u t i o n  
i n  mice  o f  i n t r a v e n o u s l y  i n j e c t e d  CrC13 and conc luded  t h a t  
t h e r e  was a s i g n i f i c a n t  t r a n s f e r  o f  Cr a c r o s s  the  p l a c e n t a l  
b a r r i e r  t o  t h e  bone and s k i n  o f  t h e  f e t u s .  The r a d i o a u t o g r a -  
p h i c  method used by Diab and Sorenmark ( 1 9 7 2 )  i s  more s e n s i t i v e  
t h a n  t h e  a n a l y t i c a l  methods used by Visek e t  aZ. (1953)  t h u s  
e x p l a i n i n g  t h e  n e g a t i v e  r e s u l t s  r e p o r t e d  by t h e  l a t t e r .  A n g h i -  
l e r i  ( 1 9 7 0 )  showed t h a t  i n t r a v e n o u s  i n j e c t i o n  of  a C r ( I I 1 ) - a l l o -  
x a n t h i n  complex r e s u l t e d  i n  a 20% r e t e n t i o n  of  t h e  d o s e  a f t e r  
24 h o u r s .  Over 50% o f  t h i s  r e t a i n e d  amount was a s s o c i a t e d  w i t h  
t h e  s k e l e t a l  t i s s u e  a n d  i t  was p o s t u l a t e d  t h a t  t h e  C r ( I I 1 )  form- 
ed a complex w i t h  t h e  c r y s t a l  l a t t i c e  of  t h e  bone.  Grogan 
( 1 9 5 8 )  found t h a t  Cr(V1)  i n j e c t e d  i n t o  l - y e a r - o l d  hens d i d  pene-  
t r a t e  i n t o  t h e  n u c l e i  of  t he  red blood c e l l s .  Repea ted  sma l l  
d o s e s  were more e f f e c t i v e  a t  i n c r e a s i n g  Cr l e v e l s  i n  t h e  n u c l e i .  
Cr(V1)  a l s o  p e n e t r a t e d  t h e  l e u k o c y t e s  and p l a t e l e t s .  The bulk  

By s u c c e s s i v e l y  l a r g e r  i n t r a v e n o u s  i n j e c t i o n s  of  

.. 
Visek  e t  aZ. ( 1 9 5 3 )  s t u d i e d  t h e  d i s t r i b u t i o n  of  
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of  t h e  i n j e c t e d  Cr was e x c r e t e d  v i a  t h e  k idneys  (Mer tz  1 9 6 9 ) ,  
a l t h o u g h  t h e r e  was e v i d e n c e  t h a t  t he  s m a l l  i n t e s t i n e  i s  a m i n o r  
e x c r e t o r y  pathway a s  we l l  (D iab  a n d  Sorenmark 1 9 7 2 ) .  

C A N C E R S  P R O D U C E D  EXPERIMENTALLY I N  ANIMALS B Y  Cr COMPOUNDS 

I /  I 
The complex s e r i e s  of p r o c e s s e s  i n v o l v e d  i n  c a r c i n o -  

g e n e s i s  i s  p o o r l y  u n d e r s t o o d  and t h i s  has  made i t  d i f f i c u l t  
t o  d e s i g n  d e f i n i t i v e  e x p e r i m e n t s .  A t t empt s  a t  p roduc ing  s i g n i -  
f i c a n t  i n c i d e n c e  of  c a n c e r  i n  t e s t  a n i m a l s  o f t e n  employed a c u t e  
d o s e s  o f  Cr. T h e  damage done by such h i g h  d o s e s  may have i n h i -  
b i t e d  t h e  growth o r  even t h e  p r o d u c t i o n  of c a n c e r s  (Hueper  1 9 5 8 ) ,  
i . e .  l o w - l e v e l  c h r o n i c  e x p o s u r e  f o r  l o n g e r  p e r i o d s  o f  t i m e  may 
be a more e f f i c i e n t  p r o c e d u r e  f o r  t h e  p r o d u c t i o n  of  c a n c e r s .  
The f o l l o w i n g  i s  a n  overv iew of t h e  a t t e m p t s  a t  p r o d u c t i o n  o f  
c a n c e r s  i n  e x p e r i m e n t a l  a n i m a l s .  

r e p o r t e d  t h a t  i n t r a o s s e o u s  sarcomas  can be e l i c i t e d  by implan-  
t a t i o n  o f  m e t a l l i c  Cr. B i s c h o f f  and Bryson ( 1 9 6 4 )  p o i n t e d  o u t  
i n  t h e i r  r ev iew t h a t  smooth m e t a l l i c  s u r f a c e s  h a v e e t h e  a b i -  
l i t y  t o  i n d u c e  tumors .  Hueper ( 1 9 5 5 )  f a i l e d  t o  o b t a i n  c o n c l u -  
s i v e  r e s u l t s  a f t e r  i n j e c t i n g  powdered Cr meta l  i n t o  v a r i o u s  
t ' i s s u e s  of  t e s t  a n i m a l s .  

Vollmann ( 1 9 4 0 )  a n d  S c h i n z  and V e h l i n g e r  (.1942) 

Hueper and Payne ( 1 9 5 9 )  r e p o r t e d  t h a t  v a r i o u s  chromate  
c h e m i c a l s  (CaCrO,, C r 0 3 ,  Z n C r O , ,  S rCrO, )  e x h i b i t e d  s i g n i f i c a n t  
c a r c i n o g e n i c  a c t i v i t y  when mixed w i t h  s h e e p  f a t  a n d  i m p l a n t e d  
i n  e i t h e r  t h e  p l e u r a l  c f iv i ty  o r  t h e  t h i g h  musc le .  The o v e r a l l  
c a r c i n o g e n i c  a c t i v i t y  appea red  t o  p a r a l l e l  the  i n c r e a s i n g  s o l u -  
b i l i t y  of  t h e  C r ( V 1 )  compounds i n  w a t e r .  

As s t a t e d  e a r l i e r ,  s i m p l e  i n h a l a t i o n  o f  v a r i o u s  Cr- 
b e a r i n g  d u s t s  has  n o t  been l i n k e d  w i t h  a s i g n i f i c a n t  i n c i d e n c e  
of m a l i g n a n t  t u m o r s ,  a l t h o u g h  benign  g rowths  were u s u a l l y  i n -  
c r e a s e d .  L a s k i n  e t  aZ. ( 1 9 7 0 )  succeeded  i n  p roduc ing  m a l i g n a n t  
l u n g  tumors i n  t h e  r a t  by i m p l a n t i n g  a p e l l e t  of  s t a i n l e s s  s t e e l  
mesh c o n t a i n i n g  t h e  Cr compound mixed w i t h  a c h o l e s t e r o l  c a r r i e r  
i n  t h e  b r o n c h i a l  t u b e .  The Cr compounds which produced c a r c i -  
nomas were:  p r o c e s s  r e s i d u e  (from chromate  p r o d u c t i o n ) ,  CaCr04,  
a n d  CrO,; however ,  Cr203  was i n a c t i v e .  

NAS ( 1 9 7 4 )  were :  
The main c o n c l u s i o n s  drawn from animal  s t u d i e s  by 

1 )  C r ( V 1 )  c h e m i c a l s  a r e  c a r c i n o g e n i c  under  

2 )  C r ( I I 1 )  c h e m i c a l s  by t h e m s e l v e s  do n o t  a p p e a r  t o  

3 )  C u r r e n t  d a t a  a r e  i n s u f f i c i e n t  t o  p e r m i t  d i r e c t  

c e r t a i n  c o n d i t i o n s ;  

be c a r c i n o g e n i c ;  

d o s e - r e s p o n s e  c o r r e l a t i o n s .  
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C H A P T E R  1 1  EFFECTS OF Cr C O M P O U N D S  O N  H U M A N  H E A L T H  

INTRODUCTION 

T o  d a t e  t h e r e  i s  no p u b l i s h e d  r e p o r t  on t h e  p o s s i b l e  
a d v e r s e  e f f e c t s  due t o  normal background l e v e l s  o f  Cr i n  a i r ,  
w a t e r ,  s o i l ,  and f o o d .  A b s o r p t i o n ,  m e t a b o l i s m ,  a n d  e x c r e t i o n  
of  C r ( I I 1 )  a n d  Cr(V1)  have been d i s c u s s e d  i n  d e t a i l  ( S c h r o e d e r  
e t  aZ. 1962;  S c h r o e d e r  1968;  Mertz  1969;  Underwood 1 9 7 1 ;  NAS 
1 9 7 4 ) .  

T h e  main h e a l t h  r i sk  i n v o l v i n g  Cr i s  i n  i n d u s t r y  
where r e s p i r a t o r y  and e p i d e r m a l  i n j u r i e s  have been caused  by 
Cr(V1)  compounds, C r ( I I 1 )  i s  c o n s i d e r e d  t o  be l e s s  h a r m f u l ,  
i t s  main e f f e c t  b e i n g  a form of  c o n t a c t  d e r m a t i t i s  i n  Cr- 
s e n s i t i v e  i n d i v i d u a l s .  

E F F E C T S  O F  Cr O N  THE R E S P I R A T O R Y  SYSTEM 

RESPIRATORY INJURY 

C r ( V I ) ,  e i t h e r  a s  f i n e l y  powdered ch romate  o r  a s  
ch romic  a c i d  mist ,  can l e a d  t o  u l c e r a t i o n  of t h e  n a s a l  mucos‘a 
and p e r f o r a t i o n  o f  t h e  n a s a l  septum. P e r f o r a t i o n  of  t h e  
n a s a l  septum r e s u l t s  when t h e  o v e r l y i n g  mucous membrane of  t h e  
septum i s  d e s t r o y e d ,  c u t t i n g  o f f  t h e  blood s u p p l y  t o  t h e  c a r t i -  
l a g e  and r e s u l t i n g  i n  n e c r o s i s  o f  t h a t  c a r t i l a g e .  A n  ove rv iew 
of t h e  d o s e - r e s p o n s e  d z t a  i n  t h e  l i t e r a t u r e  f o r  t h i s  t y p e  of  
i n j u r y  i s  c o n t a i n e d  i n  T a b l e  11-1 .  Cr(V1) l e v e l s  i n  a i r  g r e a t e r  
t h a n  0 . 0 5  mg/m3 i n d i c a t e d  a h i g h  p r o b a b i l i t y  o f  i n j u r y  t o  n a s a l  
t i s s u e s ,  w h i l e  l e v e l s  a s  low a s  0 .01 m g / m 3  produced  s t r o n g  i r -  
r i t a t i o n  of t h e  n o s e  even i f  t h e  e x p o s u r e  was of  s h o r t  d u r a t i o n  
( s ee  T a b l e  1 1 - 1 ) .  The main i n d u s t r i e s  i n v o l v e d  were t h o s e  p ro -  

Cr(V1 d u c i n 7  s o l u t i o n s  i n  t h e  e l e c t r o p l a t i n g  o f  Cr m e t a l .  
t e m p e r a t u r e s  used t o  p roduce  A1203 ( a l u m i n a )  by s i n t e r i n g  b a u x i t e  
mixed w i t h  l i m e s t o n e ,  C r ( I I 1 )  may undergo  c o n v e r s i o n  t o  Cr(V1) 
i f  s u f f i c i e n t  oxygen i s  p r e s e n t .  T h u s ,  Budanova e t  aZ. ( 1 9 7 4 )  
o b s e r v e d  t h a t  w o r k e r s  i n v o l v e d  w i t h  such  p r o c e s s e s  were indeed  
exposed  t o  Cr(V1)  i n  d u s t  e m i s s i o n s  a n d  e x h i b i t e d  t h e  f o l l o w i n g  
symptoms: a t r o p h i c  r h i n i t i s ,  a l l e r g i c  rh ino tomy,  a n d  b r o n c h i a l  
a s thma .  I t  i s  n o t  k n o w n  whe the r  s i m i l a r  Cr(V1) e x p o s u r e s  e x i s t  
i n  Canadian  p r o d u c t i o n  f a c i l i t i e s .  B i d s t r u p  (NAS 1 9 7 4 )  r e p o r t e d  
t h a t ,  i n  a d d i t i o n  t o  i n j u r y  of  t h e  n a s a l  mucosa,  i r r i t a t i o n  a n d  
redness o f  t h e  t h r o a t  and g e n e r a l i z e d  bronchospasm r e s u l t e d  from 
t h e  i n h a l a t i o n  of  Cr(V1) m i s t s  o r  d u s t .  I t  i s  d i f f i c u l t  t o  s e t  
a l ower  l i m i t  below which such  e f f e c t s  a r e  n o t  o b s e r v e d  b u t  a 
r e a s o n a b l e  e s t i m a t e  i s  i n  t h e  r a n g e  of  0 . 0 5  t o  0 .10  mg C r ( V I ) / m 3 .  
G e n e r a l i z e d  i r r i t a t i o n  of  t h e  lower  r e s p i r a t o r y  t r a c t  o c c u r r e d  
a t  t h e s e  lower  l e v e l s  i n  s e n s i t i z e d  i n d i v i d u a l s  w h i l e  h i g h e r  

c h r o m a t e ’ c h e m i c a l s  f r o m  c h r o m i t e  o r e ,  and t h o s e  u s i n g  
A t  t h e  h i g h  
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c o n c e n t r a t i o n s  were required t o  a f f e c t  u n s e n s i t i z e d  s u b j e c t s  
( B i d s t r u p ,  p r i v a t e  c o m m u n i c a t i o n ) ,  When t h e  lower  r e s p i r a t o r y  
t i s s u e s  became s e n s i t i z e d ,  a s t h m a t i c  a t t a c k s  f o l l o w e d  and t h e s e  
r e c u r r e d  on s u b s e q u e n t  e x p o s u r e  even t o  v e r y  low Cr l e v e l s ,  
e . g .  Kuperman ( 1 9 6 4 )  no ted  a r e s p o n s e  i n  s e n s i t i v e  i n d i v i d u a l s  
t o  as l i t t l e  a s  0 .0025 m g / m 3 .  Meyers ( 1 9 5 0 )  r e p o r t e d  t h a t  
a c u t e  e x p o s u r e  t o  h i g h  l e v e l s  of chromic  a c i d  mist (20 -30  m g / m 3 )  
r e s u l t e d  i n  cough ,  c h e s t  p a i n ,  d y s p n e a ,  p l e u r a l  e f f u s i o n  and 
l o s s  o f  w e i g h t .  Repeated e p i s o d e s  o f  chemica l  i r r i t a t i o n  may 
be e x p e c t e d  t o  l e a d  t o  c h r o n i c  b r o n c h i t i s .  P ro longed  i n h a l a t i o n  
o f  ch romate  d u s t  may r e s u l t  i n  c h r o n i c  i r r i t a t i o n  of  t h e  r e s p i r a -  
t o r y  t r a c t  p r o d u c i n g  t h e  f o l l o w i n g  symptoms: hype remia ,  c h r o n i c  
c a t a r r h ,  c o n g e s t i o n  o f  t h e  l a r y n x ,  p o l y p s  of t h e  upper  r e s p i r a t o r y  
t r a c t ,  c h r o n i c  i n f l a m m a t i o n  o f  t h e  l u n g s ,  emphysema, t r a c h e i t i s ,  
c h r o n i c  b r o n c h i t i s ,  c h r o n i c  p h a r y n g i t i s  a n d  bronchopneumonia 
(NAS 1 9 7 4 ) .  

C r ( I I 1 )  i n  combina t ion  w i t h  o t h e r  compounds may con-  
t r i b u t e  towards  mixed-dus t  pneumocon ios i s .  Although t h i s  t h e o r y  
has  n o t  been f i r m l y  s u b s t a n t i a t e d ,  a n u m b e r  of s t u d i e s  s u p p o r t  
i t s  h y p o t h e s i s .  S l u i s - C r e m e r  and D u  T o i t  ( 1 9 6 8 )  r e p o r t e d  t h a t  
c h r o m i t e  miners deve loped  a b e n i g n  pneumoconios is  from t h e  i n -  
h a l a t i o n  of  c h r o m i t e  d u s t  b u t  t h e r e  was no e v i d e n c e  of  pulmonary 
f i b r o s i s .  Worth and Sch i  1 l e r  ( 1  954)  r e p o r t e d  b r o n c h i  t i  s and 
emphysema i n  w o r k e r s  i n v o l v e d  i n  t h e  p r o d u c t i o n  of c h r o m i t e  r e -  
f r a c t o r i e s .  Mikov ( 1 9 6 7 )  r e p o r t e d  t h a t  o f  85 c h r o m e - r e f r a c t o r y  
worke r s  exposed  t o  4 .5 -9 .2  mg/m3 o f  C r ( I I 1 )  ( 3 . 8 - 5 . 6  x 103 p a r -  
t i c l e s / c m 3 ) ,  18.8% deve loped  c h r o n i c  b r o n c h i t i s  a f t e r  5 y e a r s  
of  e x p o s u r e  and 5 .9% deve loped  m i l d  pneumoconios is  a f t e r  9 y e a r s  
of  e x p o s u r e .  F i e r c e  and S c h e e l  ( 1 9 6 5 )  r e p o r t e d  t h a t  some workers  
engaged i n  t h e  p r o d u c t i b n  o f  f e r r o c h r o m e  e x h i b i t e d  t h e  f o l l o w i n g  
symptoms: c h r o n i c  pulmonary d i s e a s e ,  c h i l l s ,  f e v e r ,  and e l e v a t e d  
e r y t h r o c y t i c  s e d i m e n t a t i o n  r a t e .  These i n v e s t i g a t o r s  n o t e d  t h e  
p r e s e n c e  o f  s i l i c a  b u t  s t a t e d  t h a t  working c o n d i t i o n s  were n o t  
c o n d u c i v e  t o  the  p r o d u c t i o n  o f  a c u t e  s i l i c o s i s .  Graham-Jones 
and Warner ( 1 9 7 2 )  r e p o r t e d  t h a t  Cr?03  may be a c o n t r i b u t i n g  
f a c t o r  t o  t h e  m i x e d - d u s t  pneumoconios is  o b s e r v e d  fo r  meta l  
d r e s s e r s  i n  s t e e l w o r k s .  

RESPIRATORY C A N C E R  

E p i d e m i o l o g i c a l  s t u d i e s  p o i n t  t o  a n  i n c r e a s e d  risk 
of  l u n g  c a n c e r  among worke r s  engaged i n  t h e  p r o d u c t i o n  of  c h r o -  
mates  f rom c h r o m i t e  o r e .  These  s t u d i e s  were d i s c u s s e d  i n  two 
e x c e l l e n t  r e v i e w s  ( E n t e r l i n e  1974;  NAS 1 9 7 4 ) .  An ove rv iew o f  
t h e  d a t a  i s  p r e s e n t e d  i n  T a b l e  11-2 .  Al l  t h e s e  s t u d i e s  were 
h i n d e r e d  by t h e  f a c t  t h a t  t h e  long  l a t e n t  p e r i o d  f o r  ch romate  
c a n c e r i g e n e s i s  made i t  d i f f i c u l t  t o  r e t r i e v e  a c c u r a t e  r e c o r d s  
on t h e  f a t e  o f  i n d i v i d u a l s  exposed  t o  C r ( V I ) ,  e . g .  t y p i c a l  e s -  
t i m a t e s  of  t he  l a t e n t  p e r i o d  a r e  10 .6  y e a r s  (Mancuso 1 9 5 1 ) ,  
1 4 . 5  y e a r s  (Machle  and G r e g o r i o u s  1948)  and 21 y e a r s  ( B i d s t r u p  
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and Case 1 9 5 6 ) .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  B a e t j e r  e t  aZ. 
( 1 9 5 9 )  r e p o r t e d  t h a t  t h e  lung  t i s s u e s  of  a ch romate  worker s t i l l  
c o n t a i n e d  64 .8  ppm Cr ( d r y  w e i g h t )  23 y e a r s  a f t e r  e x p o s u r e  t o  
Cr(V1)  had c e a s e d .  These l e v e l s  were 300 times h i g h e r  t h a n  
t h e  v a l u e s  r e p o r t e d  f o r  normal i n d i v i d u a l s  n o t  exposed t o  Cr(V1) 
( S c h r o e d e r  e t  aZ. 1 9 6 2 ) .  Case s t u d i e s  of 10  conf i rmed  c a s e s  o f  
pulmonary c a n c e r  ( G a f a f e r  1 9 5 3 )  i n d i c a t e d  t h a t  t h e s e  worke r s  
were  exposed  t o  e s t ima ted  Cr l e v e l s  r a n g i n g  from 0 .03  t o  1 . 1  
m g / m 3  f o r  p e r i o d s  o f  4 t o  24 y e a r s .  

While t h e  m a i n  p r o c e s s  i m p l i c a t e d  i n  chromium pulmo- 
n a r y  c a r c i n o g e n e s i s  h a s  been t h e  p r o d u c t i o n  o f  ch romate  from 
c h r o m i t e  o r e ,  p e r i o d i c  r e p o r t s  of  lung  c a n c e r  i n  t h e  chromium 
p l a t i n g  i n d u s t r y  ( F a v r e  e t  aZ. 1972 ;  Royle  1975)  and i n  t h e  
chrome p igment  i n d u s t r y  ( B a e t j e r  1956)  i n d i c a t e  t h a t  chromium 
c a r c i n o g e n e s i s  may n o t  be l i m i t e d  t o  t h e  chromate  m a n u f a c t u r i n g  
i n d u s t r y .  

In  a r e c e n t  s t u d y  o f  24 worke r s  p r o d u c i n g  ch romate  
p i g m e n t s ,  Langard and Norse th  ( 1 9 7 5 )  found t h r e e  c a s e s  of  b r o n c h i a l  
ca rc inoma .  They conc luded  t h a t  such  worke r s  had 38  times h i g h e r  
r i sk  of  r e s p i r a t o r y  c a n c e r  t h a n  t h e  g e n e r a l  p o p u l a t i o n .  The 
worke r s  who d e v e l o p e d  c a r c i n o m a s  had a n  e s t i m a t e d  e x p o s u r e  o f  
0 .5  t o  1 . 5  mg Cr/m3 f o r  6 t o  9 y e a r s .  In two of  t h e  t h r e e  c a n c e r  
c a s e s  t o b a c c o  smoking may have been a c o n t r i b u t i n g  f a c t o r .  Never- 
t h e l e s s ,  Ma l ton i  ( 1 9 7 3 )  showed t h a t  ch romate  p igmen t s  were c a r -  
c i n o g e n i c  by s u b c u t a n e o u s  i n j e c t i o n  i n t o  r a t s .  

T O X I C I T Y  O F  C H R O M T C  A C I D  I N  T H E  C H R O M I U M  P L A T I N G  I N D U S T R Y  

Royle ( 1 9 7 5 )  s t u d i e d  i n  g r e a t  d e t a i l  t h e  ep idemio logy  
of t h e  e f f e c t s  of  chromic  a c i d  ( C r ( V 1 ) )  i n  t h e  chromium p l a t i n g  
i n d u s t r y .  His s u r v e y  of 54 p l a t i n g  p l a n t s  i n  England showed 
t h a t  i n  a l l  b u t  t h e  two l a r g e s t  p l a n t s  t h e  ch romic  a c i d  l e v e l s  
i n  a i r  were l e s s  t h a n  0 . 0 3  mg Cr03/m3; a i r  i n  t h e  two l a r g e s t  
p l a n t s  o f t e n  c o n t a i n e d  o v e r  0 .1  mg Cr03/m3. Automated p l a t i n g  
p l a n t s  had t h e  l o w e s t  work a r e a  e x p o s u r e  l e v e l s  t o  chromic  a c i d ,  
0 .0 -0 .009  m g / m 3 .  Dust samples  from automated  p l a t i n g  p l a n t s  
had 0 . 0 - 3 . 9  mg of  Cr03 p e r  gram of d u s t ,  w h i l e  most  o f  t h e  
o t h e r  p l a n t s  had 0 . 3 - 9 7 . 0  mg o f  Cr03  per gram of  d u s t .  

A r e t r o s p e c t i v e  m o r t a l  i t y - m o r b i d i  t y  s t u d y  among worke r s  
f rom t h e  above p l a n t s  was c a r r i e d  o u t  f o r  t h e  p e r i o d  F e b r u a r y  
1969 t o  May 1972. In  a l l ,  1238 chromium p l a t e r s  and 1248 con-  
t r o l s ,  matched f o r  a g e ,  s e x ,  and smoking h a b i t s ,  were a v a i l a b l e  
f o r  s t u d y .  The main r e s u l t s  a r e  shown i n  T a b l e  11 -3 .  T h i s  i s  
t h e  f i r s t  s t u d y  which s u g g e s t s  t h a t  e x p o s u r e  t o  ch romic  a c i d  
may c a u s e  c a n c e r  a t  s i t e s  o t h e r  t h a n  t h e  r e s p i r a t o r y  t r a c t .  
O t h e r  r e t r o s p e c t i v e  s t u d i e s  a r e  needed t o  c o n f i r m  t h e  obse rved  
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d i s e a s e  p a t t e r n s .  I t  s h o u l d  be no ted  t h a t  a l a r g e r  number o f  
c o n t r o l s  ( 9 3 ,  o r  8 . 3 % )  t h a n  p l a t e r s  ( 3 6 ,  o r  3 . 6 % )  had been engaged 
i n  a s b e s t o s  p r o c e s s i n g .  T h i s  may a c c o u n t  f o r  t h e  l a c k  of s i g n i -  
f i c a n t  d i f f e r e n c e  i n  i n c i d e n c e  o f  r e s p i r a t o r y  c a n c e r .  

A C U T E  SYSTEMIC E F F E C T S  

Cr(V1) a b s o r b e d  t h r o u g h  t h e  sk in  o r  t h e  d i g e s t i v e  
t r a c t  i n  l a r g e  amounts  can  be l e t h a l .  Cr(V1) i s  a n e p h r o t o x i n ,  
b u t  a t  h i g h  l e v e l s  i t  a p p a r e n t l y  has  a n  e f f e c t  on t h e  c e n t r a l  
nervous sys t em a s  w e l l .  B r i e g e r  (1920)  r e p o r t e d  t h e  d e a t h  o f  
12 p e r s o n s  who used a n t i - s c a b i e t i c  o i n t m e n t  i n  which s u l f u r  had 
a c c i d e n t a l l y  been r e p l a c e d  by Cr (V1) .  The e f f e c t s  i n c l u d e d  
n e c r o s i s  o f  t h e  s k i n  a t  s i t e s  o f  a p p l i c a t i o n ,  n a u s e a ,  v o m i t i n g ,  
s h o c k ,  and coma. Albumen and b lood  were p r e s e n t  i n  t h e  u r i n e .  
T h e  main f i n d i n g  a t  post-mortem was t u b u l a r  n e c r o s i s  of  t h e  
k i d n e y s .  B i d s t r u p  ( u n p u b l i s h e d  d a t a )  r e p o r t e d  t h e  d e a t h  o f  an 
i n d i v i d u a l  f rom t u b u l a r  n e c r o s i s  o f  the  k i d n e y  a f t e r  be ing  
s p l a s h e d  w i t h  l a r g e  amounts o f  chromic  a c i d .  Major ( 1 9 2 2 )  d e s -  
c r i b e s  a f a t a l  n e p h r i t i s  f o l l o w i n g  t h e  t r e a t m e n t  of  a ca rc inoma  
o f  t h e  f a c e  w i t h  c r y s t a l s  o f  C r O , .  Anur ia  deve loped  a b o u t  48 
h o u r s  l a t e r  and the  p a t i e n t  s u b s e q u e n t l y  d i e d  from t u b u l a r  n e c r o -  
s i s .  

S a n d e r  and Camp (1939)  d e s c r i b e d  t h e  c a s e  of an i n -  
f a n t  w h o  had consumed some p a i n t  c o n t a i n i n g  a p igment  made from 
a r e l a t i v e l y  i n s o l u b l e  Cr compound. T h e  symptoms, namely con-  
v u l s i o n s ,  s t u p o r  and d i l a t e d  p u p i l s ,  s u g g e s t e d  an e n c e p h a l i t i c  
c o n d i t i o n .  The u r ine  s n d  f e c e s  c o n t a i n e d  Cr b u t  t h e r e  was no  
e v i d e n c e  o f  n e p h r i t i s .  Goldman and K a r o t k i n  ( 1 9 3 5 )  descr ibed 
t h e  main symptom o f  a c u t e  K2Cr207 i n g e s t i o n  a s  an e n l a r g e d  ten-  
der  1 i v e r  . 

Kaufman e t  aZ.  ( 1 9 7 0 )  r e p o r t e d  a d e t a i l e d  c l i n i c a l  
s t u d y  of  a 1 4 - y e a r - o l d  boy who had consumed a p p r o x i m a t e l y  1 . 5  g 
K2Cr207 ( 1 0  mg C r ( V I ) / k g ) .  The f o l l o w i n g  c l i n i c a l  p a r a m e t e r s  
were found t o  d e v i a t e  s i g n i f i c a n t l y  from normal v a l u e s :  

w h i t e  b lood  c e l l  c o u n t  
plasma f i b r i n o g e n  c o n c e n t r a t i o n  
b lood  c a l c i u m  c o n c e n t r a t i o n  
b lood  phosphorus  c o n c e n t r a t i o n  
b lood  u r e a  n i t r o g e n  c o n c e n t r a t i o n  
b lood  c r e a t i n i n e  c o n c e n t r a t i o n  
b1oo.d C02 c o n c e n t r a t i o n  
b l  ood b i  1 i r u b i  n c o n c e n t r a t i o n  

i n c r e a s e d )  
d e c r e a s e d )  
d e c r e a s e d )  
i n c r e a s e d )  
i n c r e a s e d )  
i n c r e a s e d )  
d e c r e a s e d )  
i n c r e a s e d )  

I 

i 

! 

ID 
I 
'I 
i 
i 

D e s p i t e  b lood  t r a n s f u s i o n s ,  p e r i t o n e a l  d i a l y s i s  and t r e a t m e n t  
w i t h  c h e l a t i n g  a g e n t s ,  t h e  p a t i e n t  became comatose  5 days  a f t e r  
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i n g e s t i n g  t h e  Cr(V1) and d i e d  on t h e  e l e v e n t h  day .  Comparison 
of t h e  i n g e s t e d  10  mg/kg Cr(V1) dose  w i t h  o r a l  d o s e s  t o l e r a t e d  
by a n i m a l s  ( s e e  T a b l e  1 0 - 2 )  i n d i c a t e s  t h a t  man i s  by f a r  more 
s e n s i t i v e  t o  Cr(V1) p o i s o n i n g  t h a n  t e s t  a n i m a l s .  

1 :  

EFFECTS O N  DIGESTIVE T R A C T  
I 
I 
I 

C r ( I I 1 )  i s  e x p e c t e d  t o  have l i t t l e  e f f e c t  on man ' s  
d i g e s t i v e  sys t em even a t  r e l a t i v e l y  h i g h  l e v e l s  ( s e e  Chap te r  
l o ) ,  a l t h o u g h  i t s  p r e s e n c e  a t  h i g h  l e v e l s  i n  t h e  form o f  g l u -  
cose  t o l e r a n c e  f a c t o r  may c a u s e  s i g n i f i c a n t  t i s sue  a c c u m u l a t i o n  
o f  Cr (Mer tz  e t  aZ. 1 9 7 4 ) .  

Oral  i n g e s t i o n  o f  Cr(V1) compounds may l e a d  t o  i n t e n s e  
i r r i t a t i o n  o f  t h e  g a s t r o i n t e s t i n a l  t r a c t  r e s u l t i n g  i n  v i o l e n t  
e p i g a s t r i c  p a i n ,  n a u s e a ,  v o m i t i n g ,  s e v e r e  d i a r r h e a ,  and hemor- 
rhage  (Kaufman e t  aZ. 1970;  P a r t i n g t o n  1950;  Goldman and Karo- 
t k i n  1 9 3 5 ) .  W i t h  l a r g e  d o s e s ,  c i r c u l a t o r y  c o l l a p s e ,  u n c o n s c i o u s -  
n e s s ,  and d e a t h  may f o l l o w  r a p i d l y .  

S t o c k s  and Davies  ( 1 9 6 0 )  d e t e r m i n e d  t h e  l e v e l s  of 
t r a c e  e l e m e n t s  i n  s o i l  s amples  t a k e n  from g a r d e n s  of  houses  
where p e o p l e  had d i e d  o f  c a n c e r s  i n  North Wales ,  C h e s h i r e  and 
Devonsh i r e ,  England .  They found h i g h  l e v e l s  of  Cr t o  be a s s o -  
c i a t e d  w i t h  e x c e s s  s tomach a n d  i n t e s t i n a l  c a n c e r .  Berg and 
B u r b a n k  ( 1 9 7 2 ) ,  on t h e  o t h e r  hand,  cou ld  f i n d  no c o r r e l a t i o n  
between t h e  l e v e l s  of  Cr i n  US w a t e r  s u p p l i e s  a n d  c a n c e r  mor- 
t a l i t y .  However, i t  i s  g e n e r a l l y  a c c e p t e d  ( S c h r o e d e r  e t  aZ. 
1 9 6 2 )  t h a t  t h e  b u l k  o f  t h e  Cr norma l ly  i n g e s t e d  i s  p r e s e n t  i n  
food and n o t  i n  w a t e r .  -Davids a n d  L i e b e r  ( 1 9 5 1 )  reported t h a t  
a f a m i l y  used C r ( V 1 ) - c o n t a m i n a t e d  w e l l  w a t e r  (1 -25  p p m )  a s  
d r i n k i n g  w a t e r  f o r  3 y e a r s  w i t h o u t  d e l e t e r i o u s  e f f e c t s .  McKee 
and Wolf ( 1 9 6 3 )  r e p o r t e d  t h e  f o l l o w i n g  e x p e r i m e n t :  

A v o l u n t e e r  used a 10  ppm s o l u t i o n  of  Cr(V1)  a s  h i s  o n l y  
f l u i d  f o r  d r i n k i n g  f o r  1 5  d a y s .  In  a l l ,  235 mg of 
Cr(V1) were i n g e s t e d .  Three  p e r i o d s  o f  nausea  were n o t e d .  
The e x p e r i m e n t  was c o n t i n u e d  f o r  1 4  more days  a t  l e v e l s  
of  2 .5 -5  ppm Cr (V1) .  A t  5 ppm,  m i l d  nausea  r e s u l t e d  from 
d r i n k i n g  f r e e l y  on an empty s tomach.  Under s i m i l a r  con-  
d i t i o n s ,  2 . 5 - 3 . 5  ppm Cr(V1) d i d  n o t  p roduce  n a u s e a .  

E F F E C T S  O N  SKIN 

I n j u r y  t o  s k i n  by Cr compounds can  be c l a s s i f i e d  
i n t o  two main c a t e g o r i e s :  c o r r o s i v e  u l c e r a t i o n  a n d  c o n t a c t  
d e r m a t i t i s .  The re  i s  no d o u b t  t h a t  h a n d l i n g  of  c e r t a i n  Cr 
compounds c a u s e s  a p p r e c i a b l e  a b s o r p t i o n  v i a  t h e  p o r e s  of t h e  
s k i n ,  e . g .  B a e t j e r  ( 1 9 5 9 )  found 11 .9  ppm Cr ( d r y  w e i g h t  b a s i s )  
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I 
I 
1 
I 

i n  t h e  s k i n  o f  a ch romate  worker  who was l a s t  exposed t o  Cr(V1) 
3 y e a r s  p r i o r  t o  t h e  t i s s u e  a n a l y s i s .  A comprehens ive  l i s t  o f  
i n d u s t r i e s  w i t h  p o t e n t i a l  o c c u p a t i o n a l  e x p o s u r e s  t o  Cr has  r e -  
c e n t l y  been compi l ed  (NAS 1 9 7 4 ) .  

I 
I 

C r D E R MAT I T I S 

T h i s  d e r m a t i t i s  may be d u e  t o  a d i r e c t  i r r i t a n t  e f -  
f e c t  o r  t o  a n  a l l e r g i c  r e a c t i o n ;  t h e  l a t t e r  a l s o  o c c u r s  i n  
p e r s o n s  who do n o t  work w i t h  h e x a v a l e n t  chromium. Di rec t  s k i n  
i r r i t a t i o n  o c c u r s  a t  p o i n t s  o f  c o n t a c t  w i t h  c l o t h i n g ,  e . g .  
neck o r  wrists where Cr(V1) d u s t  o r  m i s t  p a r t i c l e s  may g a t h e r .  
P r o p e r  i n d u s t r i a l  h y g i e n e  can e l i m i n a t e  such e x p o s u r e .  

O c c u p a t i o n a l  d e r m a t i t i s  i n  c h r o m a t e - u s i n g  i n d u s t r i e s  
i s  a t t r i b u t e d  t o  s e n s i t i z a t i o n  t o  Cr(V1) which i s  p re sen t  i n  
a t  l e a s t  t r a c e  amounts  i n  many i n d u s t r i a l  p r o c e s s e s .  Newhouse 
( 1 9 6 3 )  r e p o r t e d  t h a t  workers i n  an a u t o m o b i l e  p l a n t  e x h i b i t e d  
a h i g h e r  s e n s i t i v i t y  t o  Cr(V1) t h a n  c o n t r o l  s u b j e c t s  ( 3 6 %  r e s -  
ponse  vs .  7 . 6 % ) .  The c a u s e  o f  t h i s  h y p e r s e n s i t i v i t y  i n  assem- 
b l y  l i n e  w o r k e r s  was t r a c e d  t o  a ch romate  d i p  used on n u t s ,  
b o l t s ,  w a s h e r s ,  and s c r e w s .  Engel and Colman ( 1 9 6 3 )  found t h a t  
65 o f  250 w o r k e r s  engaged i n  wet s a n d i n g  o f  a Z n C r O , ,  primer 
p a i n t  on c a r  b o d i e s  had deve loped  d e r m a t i t i s .  Winston and 
Walsh ( 1 9 5 1 )  r e p o r t e d  Cr d e r m a t i t i s  i n  men engaged i n  t h e  s e r -  
v i c i n g  of d i e s e l  l o c o m o t i v e s ,  The recommended Cr(V1) leve ' l  
i n  t h e  d i e s e l  e n g i n e  c o o l a n t  i s  500-1000 ppm ( S h e p h e r d  and 
J o n e s  1 9 7 1 ) .  Anderson 61960) r e p o r t e d  c a s e s  o f  Cr d e r m a t i t i s  
i n v o l v i n g  cement and o i l  a s  t he  Cr c a r r y i n g  med ium,  I n  a r e -  
c e n t  s t u d y ,  Pe rone  e t  a Z .  ( 1 9 7 4 )  found a low i n c i d e n c e  of  Cr 
h y p e r s e n s i t i v i t y  i n  American cement  w o r k e r s .  

The Cr h y p e r s e n s i t i v i t y  of  i n d i v i d u a l s  may be e s t a b -  
l i s h e d  by p a t c h  t e s t s  (Denton e t  aZ. 1 9 5 4 ) .  G e n e r a l l y ,  t h e  
c o n c e n t r a t i o n  of K2Cr207 i n  t he  t e s t  s o l u t i o n  i s  0 .1-0 .5% (350-  
1750 ppm C r ( V 1 ) ) .  One v e r y  s e n s i t i v e  p a t i e n t  r e a c t e d  t o  bo th  
a 0 .005% K2Cr207 s o l u t i o n  and a more d i l u t e  s o l u t i o n  c o n t a i n -  
i n g  0 .0001-0 .0004% K2Cr207 e x t r a c t e d  from cement  ( S u l l i v a n  
1 9 6 9 ) .  

While  C r ( I I 1 )  e l i c i t s  a l l e r g i c  r e a c t i o n s  i n  C r - s e n s i -  
t i v e  i n d i v i d u a l s ,  t h e  r e a c t i o n  i s  much l e s s  pronounced t h a n  f o r  
Cr(V1)  b e c a u s e  of  t h e  s l o w e r  r a t e  of  d i f f u s i o n  of  C r ( . I I I )  a c r o s s  
t h e  sk in  ( S a m i t z  e t  aZ. 1 9 6 7 ) .  F rege r t  and Rorsman ( 1 9 6 4 )  r e -  
p o r t e d  p o s i t i v e  p a t c h  t e s t  r e a c t i o n s  i n  11 o f  1 7  ch romate - sen -  
s i t i v e  i n d i v i d u a l s  t e s t e d  w i t h  a 0 . 5  M s o l u t i o n  ( 2 6 , 0 0 0  p p m )  
C r ( I I 1 ) .  W i t h  a 0 .07  M s o l u t i o n  of  CrC13,  o n l y  4 o f  2 2  ch romate -  
s e n s i t i v e  i n d i v i d u a l s  r e a c t e d  p o s i t i v e l y .  S a m i t z  e t  aZ.  ( 1 9 6 7 )  
found t h a t  C r C 1 3  s o l u t i o n s  i n  t h e  c o n c e n t r a t i o n  r a n g e  0 .01 -0 .2  M 
r a r e l y  produced  p o s i t i v e  p a t c h  t e s t s .  

I '  

I 

I 
I 
I 
1 

I 

! 



-115- 

The t y p e  o f  sk in  r e a c t i o n  i n  Cr d e r m a t i t i s  v a r i e s  
from s u p e r f i c i a l  r e d d e n i n g  of  t h e  s k i n  t o  more s e r i o u s  e c z e -  
matous e r u p t i o n s .  The l e s i o n  may mimic c o n v e n t i o n a l  t y p e s  o f  
d e r m a t i t i s  a n d  t h e  c o n n e c t i o n  w i t h  o c c u p a t i o n a l  e x p o s u r e  t o  
ch romates  may n o t  be d i s c o v e r e d  i n  such c a s e s .  I t  has  been 
s h o w n  t h a t  C r ( I I 1 )  and Cr(V1)  p e n e t r a t e  t h e  sk in  by p a s s i v e  
d i f f u s i o n  (Sami tz  e t  aZ. 1 9 6 7 ) ;  t h e  proposed  pathway i s  v i a  
t h e  swea t  g l a n d s  t o  t he  d e e p e r  l a y e r s  of s k i n ;  Cr(V1) i s  then  
reduced  t o  C r ( I I 1 )  which r e a c t s  w i t h  t h e  s k i n  p r o t e i n  t o  form 
a n  a n t i g e n - a n t i b o d y  complex. This would e x p l a i n  t h e  t endency  
f o r  t h e s e  s k i n  l e s i o n s  t o  be l o c a l i z e d  a round swea t  g l a n d s .  
The c h r o n i c  c h a r a c t e r  of t h i s  d e r m a t i t i s  i s  e x p l a i n e d  by t h e  
f a c t  t h a t  t h e  p r imary  in f l ammato ry  l e s i o n  o c c u r s  i n  t h e  d e e p e r  
l a y e r s  of t h e  s k i n ,  t h e  a n t i g e n - a n t i b o d y  complex be ing  removed 
more s l o w l y  t h a n  i f  t he  r e a c t i o n  had o c c u r r e d  i n  t h e  s u p e r f i c i a l  
l a y e r s .  

C O R R O S I V E  U L C E R A T I O N  

U l c e r a t i o n  i s  t h e  commonest e f f e c t  of o c c u p a t i o n a l  
e x p o s u r e  t o  Cr (V1) .  I t  i s  g e n e r a l l y  a c c e p t e d  ( G a f a f e r  1953)  
t h a t  c u t s  o r  sk in  a b r a s i o n s ,  however minor ,  a r e  n e c e s s a r y  
b e f o r e  t h e  Cr(V1) can c a u s e  t h e  l e s i o n  ( S a m i t z  and E p s t e i n  
1 9 6 2 ) .  The c a u s a t i v e  a g e n t  i s  e i t h e r  a p a r t i c l e  of  Cr(V1) 
m a t e r i a l  o r  t h e  e v a p o r a t e d  r e s i d u e  of a c o n c e n t r a t e d  s o l u t i o n  
of Cr(V1) ( e . g .  e l e c t r o p l a t i n g  s o l u t i o n s  c o n t a i n  % 10% K2Cr,0, 
o r  a p p r o x i m a t e l y  1 mg Cr(V1) per d r o p .  

The l e s i o n  b e g i n s  a s  a p a i n l e s s  p a p u l e  which ,  i f  
l e f t  u n t r e a t e d ,  forms  an u l c e r  w i t h  a r a i s e d  hard  e d g e .  The 
base  i s  cove red  w i t h  e x u d a t e  o r  f i n e l y - a d h e r i n g  c r u s t i n g .  
U n t r e a t e d ,  t h e  u l c e r s  may p e n e t r a t e  d e e p l y  i n t o  s o f t  t i s s u e ,  
o r  become t h e  s i t e  of  s e c o n d a r y  i n f e c t i o n s  w h i c h  a r e  s low t o  
hea l  and l e a v e  a n  a t r o p h i c  s c a r ,  Ma l ignan t  ( c a n c e r o u s )  change  
n e v e r  o c c u r s  a s  a r e s u l t  of  chrome u l c e r a t i o n .  Chrome u l c e r a -  
t i o n  can be p r e v e n t e d  by wear ing  p r o t e c t i v e  c l o t h i n g  such  a s  
g l o v e s  o r  r u b b e r  c o a t s .  S e v e r a l  p r e p a r a t i o n s  c o n t a i n i n g  E D T A ,  
a s c o r b i c  a c i d  o r  t h i o s u l f a t e  a r e  used i n  t h e  immedia te  t r e a t -  
ment o f  t i s s u e s  exposed  t o  c o n c e n t r a t e d  Cr(V1) s o l u t i o n s ,  e . g .  
Canada Chrome and Chemica ls  L t d .  recommends sodium c a l c i u m  
e d e t a t e  a s  t h e  most e f f e c t i v e  t r e a t m e n t  f o r  chrome u l c e r a t i o n .  
On t h e  b a s i s  of p a t c h  t e s t s ,  Edmundson ( 1 9 5 1 )  conc luded  t h a t  
chrome u l c e r s  of  t he  s k i n  do n o t  c a u s e  s e n s i t i z a t i o n  t o  C r ( V 1 ) .  
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Thaye r  ( 1 9 5 6 )  presented  an e x c e l l e n t  r ev iew of t he  
m i n e r o l o g y  and e o l o g y  o f  Cr. Through an a b i l i t y  t o  s u b s t i t u t e  
f o r  A l + 3  and Feq3,  Cr o c c u r s  a s  a m i n o r  e lement  i n  such  a w i d e  
v a r i e t y  of  s i l i c a t e s  t h a t  a c o m p l e t e  l i s t  of C r - b e a r i n g  mine- 
r a l s  would be v e r y  ex tens ive .  The G e o l o g i c a l  Survey  o f  Canada 
( T r a i l 1  1 9 7 0 )  l i s t e d  o n l y  C r ( I I 1 ) - b e a r i n g  m i n e r a l s  i n  i t s  c a t a -  
l o g u e  o f  Canadian  m i n e r a l s .  G e n e r a l l y ,  these  m i n e r a l s  a r e  a s s o -  
c i a t e d  w i t h  u l t r a b a s i c  r o c k s ,  t h e  main d e p o s i t s  of  which a r e  
l o c a t e d  i n  B r i t i sh  Columbia,  Mani toba ,  O n t a r i o ,  and Quebec, 
u s u a l l y  away from urban  c e n t r e s  and farm l a n d s .  T a b l e  A-1 l i s t s  
t h e  main C r ( I I 1 ) - b e a r i n g  m i n e r a l s  i n  Canada,  Chromi te  i s  t h e  
o n l y  member of  t h e  g r o u p  which has  p o s s i b l e  economic v a l u e ,  
Most Canadian  d e p o s i t s  o f  c h r o m i t e  a r e  t o o  low i n  Cr,03 c o n t e n t  
( 1 2 - 1 6 % )  'and t o o  h i g h  i n  i r o n - t o - C r  c o n t e n t  t o  be useful  w i t h o u t  
s i g n i f i c a n t  a r e a  b e n e f i c i a t i o n .  T h e  chrome d e p o s i t  i n  Canada 
most  l i k e l y  t o  become commerc ia l ly  u s e f u l  i s  t h e  B i r d  R i v e r  
D e p o s i t  i n  Mani toba .  Downes and Morgan (1951)  d i s c u s s e d  the  
p o s s i b i l i t y  of  u t i l i z i n g  low-grade  Canadian c h r o m i t e  d e p o s i t s .  



- 1 1 7 -  

I 
1 

v) 

VI 
3 
0 
L 
-0 
h c 
X 
aJ 
a 
E 
0 
U 

w 

aJ 
c, 

n. 
(d *+ 
0 
V 

'I- 

n 

V 
aJ 
aJ 
3 
U 

n 

W 
I 
aJ 
0 
fa 
L 
c, 

j. 
0 

v, 
cv 

.I- 

n 
7 

4 
m 
L 
0 
d 
cv 
m 
E 
f 
I 

aJ 
c, 

L 
aJ 
E 
E 
ra 
bi 

.I- 

I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I, 

m 
'ra - 
*I- v 

E n  
3 aJm 
- 3 s  
o w r a  
V ?  

m T J  
C O S  
In.? 3 
L 0 

c, ra'c 
.I- c, 3 
L S a J  

naJ 

m o z  

m 
I 
a 
V 
m 
L 
c, 

3- 
0 
nl 

v, 

m 
I= 
f 

32 

.P 

m 

aJ 
E 

c, 
ET 
aJ 
SL 
L 
aJ 
v) 

.r 

V 
Q, 

aJ 
3 
0 

n 

m 

0 

L 
a 
c, 
t 
0 

-r 

v) 
v 

m 
n 
ZE 
0 

L 
V 
N 

cv 
n 

I 
0 
U 
m 
E 
v) 

U 

. 

. 
m 
0 
0 
P, 
E 
N 

aJ 
c, 

c, 
s 
V 
'I- 

c, 

.r . 

V 
aJ 

al 
3 
0 

n 

a3 
F- 

m 
n 
f 
0 

v) 
4 
cv 
n 
c 
4 

m 

L 
V 

m 
ra 
V 

d 

aJ 
c, 
'I- 

> 
0 
L 
ra 
> 



-118- 

APPENDIX B ANALYTICAL M E T H O D O L O G Y  

INTRODUCTION 

This s e c t i o n  o u t l i n e s  some of  t h e  a d v a n t a g e s  and 
drawbacks  of t e c h n i q u e s  which may be a p p l i e d  t o  t h e  a n a l y s i s  
o f  Cr. S e r f a s s  and Muraca ( 1 9 5 6 )  have rev iewed methods o f  wet 
chemica l  a n a l y s i s  w h i l e  W i l l a r d ,  M e r r i t t  and Dean ( 1 9 7 4 ) ,  i n  
a n  e x c e l l e n t  t r e a t i s e ,  have rev iewed g e n e r a l  a s p e c t s  of  i n s t r u -  
men ta l  a n a l y s i s .  F i l b y  (1973)  has  r e c e n t l y  p u b l i s h e d  a t ho rough  
d i s c u s s i o n  o f  t h e  problems i n v o l v e d  i n  t r a c e  m e t a l s  a n a l y s i s .  
D e t a i l s  o f  t he  p r o c e d u r e s  may be found i n  t h e  r e f e r e n c e s  q u o t e d .  

E R R O R S  IN Cr ANALYSIS 

E r r o r s  may be i n t r o d u c e d  a t  any o f  t h e  t h r e e  ma jo r  
s t eps  of an a n a l y s i s .  

SAMPLING A N D  S A M P L E  S T O R A G E  

I t  i s  v e r y  d i f f i c u l t  t o  o b t a i n  mean ingfu l  a n d  r e p r e -  
s e n t a t i v e  e n v i r o n m e n t a l  s a m p l e s ,  e . g . :  

( i i )  

( i i i )  

The 
o r  by s t o r a g e  

Bulk a n a l y s i s  o f  p a r t i c u l a t e  m a t t e r  f i l t e r e d  
from a e r o s o l s  does  n o t  a l l o w  a d e q u a t e  c h r a c t e r i -  
z a t i o n  o.f p a r t i c l e s  of  r e s p i r a b l e  s i z e .  I t  i s  
we l l  known t h a t  Cr i s  most h i g h l y  c o n c e n t r a t e d  
i n  t h e  s m a l l e s t  p a r t i c l e s  c o l l e c t e d  from ambien t  
a i r  (Na tusch  e t  aZ. 1 9 7 4 ) .  

The t endency  o f  Cr+3 t o  a d s o r b  on p a r t i c u l a t e  
m a t t e r  i n  n a t u r a l  w a t e r s  makes t h e  measurement 
o f  d i s s o l v e d  Cr a poor  i n d i c a t o r  o f  t h e  Cr b u r -  
den o f  t h e s e  w a t e r s .  

T h e  a s sumpt ion  t h a t  Cr i s  p r e s e n t  i n  c a t i o n i c  
form i s  n o t  j u s t i f i e d  as C r ( I I 1 )  forms  c a t i o n i c ,  
n e u t r a l  and a n i o n i c  complexes w i t h  v a r i o u s  n a t u -  
r a l l y  o c c u r r i n g  l i g a n d s .  Hence, d i r e c t  p recon-  
c e n t r a t i o n  o f  Cr i n  n a t u r a l  w a t e r s  u s i n g  a c a -  
t i o n i c  i o n  exchange  r e s i n  w i l l  l i k e l y  o c c l u d e  
much of  t h e  Cry e s p e c i a l l y  i f  a s i g n i f i c a n t  
f r a c t i o n  of  t h e  Cr i s  i n  t h e  form of  C r ( V 1 ) .  

sample  may be c o n t a m i n a t e d  by sampl ing  u t e n s i l s  
c o n t a i n e r s ,  e . g . :  

V e r s i e c k  a n d  Speecke  ( 1 9 7 2 )  found Cr con tamina -  
t i o n  from s t a i n l e s s  s t e e l  s c a l p e l s  a n d  hypoder-  
mic n e e d l e s  used i n  b iopsy  work. L i v e r  t i s s u e  
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was  c o n t a m i n a t e d  w i t h  a s  much a s  0 . 0 2  pprn and 
1 1  ppm Cr, r e s p e c t i v e l y ,  by a s t a i n l e s s  s t e e l  
s c a l p e l  and a s t a i n l e s s  s t e e l  n e e d l e .  (The 
normal Cr l e v e l  i n  human l i v e r  was quo ted  a t  
0 . 0 0 8  p p m . )  The Cr c o n t a m i n a t i o n  o f  a venous 
blood sample  withdrawn w i t h  a d i s p o s a b l e  s t a i n -  
l e s s  s t e e l  n e e d l e  was a s  h i g h  a s  85 p p b .  (The 
q u o t e d  r a n g e  of  Cr l e v e l s  i n  b lood was 2-15 p p b . )  

G l a s s  c o n t a i n e r s  c l e a n e d  w i t h  chromic  a c i d  so -  
l u t i o n  a b s o r b  Cr(V1)  and d e t e c t a b l e  amounts of  
Cr a r e  s t i l l  l e a c h e d  from such  g l a s s w a r e  even 
a f t e r  10  r i n s i n g s  w i t h  d i s t i l l e d  w a t e r  (Laug 
1934;  Henry and S m i t h  1 9 4 6 ) .  

Many f i l t e r i n g  m a t e r i a l s  c o n t a i n  a p p r e c i a b l e  
amounts o f  Cr which may be t r a n s f e r r e d  chemi- 
c a l l y  o r  p h y s i c a l l y  t o  the  sample  g i v i n g  a 
h i g h  b l ank  ( F i l b y  1 9 7 3 ) :  

Del bag 0 .19  ppm Cr 
Mi 1 1  i p o r e  17 .6  ppm Cr 
Nucl e o p o r e  0 .57  pprn Cr 

Urban a i r  may c o n t a i n  0 .03  u g / m 3  of  Cr i n  t h e  
form of p a r t i c l e s  c o n t a i n i n g  100-1000 ppm Cr, 
depend ing  on p a r t i c l e  s i z e  (Dav i son  e t  aZ. 1 9 7 4 ) .  
Hence, c o n t a m i n a t i o n  by a t m o s p h e r i c  d u s t s  may 
be s i g n i f i c a n t .  

w 

Chromium may be l o s t  by a d s o r p t i o n  on t h e  w a l l s  of  
c o n t a i n e r s .  T h i s  t e n d e n c y  i s  e s p e c i a l l y  s t r o n g  f o r  C r ( I I 1 )  
( s e e  Chap te r  3 ) .  Benes and S t e i n n e s  ( 1 9 7 5 )  showed t h a t  i n  some 
n a t u r a l  w a t e r s  a s  much a s  50% o f  t h e  C r ( I I 1 )  p r e s e n t  i s  l o s t  i n  
100 hour s  by a d s o r p t i o n  o n  t h e  w a l l s  of p o l y e t h y l e n e  c o n t a i n e r s .  
Cr(V1) can r e a c t  w i t h  t h e  s u r f a c e  of  some p l a s t i c  c o n t a i n e r s  
( i t  i s  used a s  a mordant  i n  t h e  dye ing  o f  some p l a s t i c s ) .  

Con tamina t ion  by l e a c h i n g  and l o s s  by a d s o r p t i o n  on 
c o n t a i n e r  w a l l s  a r e  e l i m i n a t e d  i f  t h e  sample i s  k e p t  i n  s o l i d  
form.  Some l a b o r a t o r i e s  f r e e z e  aqueous samples  f o r  s t o r a g e  
p u r p o s e s .  Emission s p e c t r o s c o p y ,  n e u t r o n  a c t i v a t i o n ,  s p a r k -  
s o u r c e  mass s p e c t r o m e t r y  and X-ray f l u o r e s c e n c e  a r e  c a p a b l e  of 
a n a l y z i n g  s o l i d  samples  d i r e c t l y ,  t h u s  e l i m i n a t i n g  d i s s o l u t i o n  
and s t o r a g e  p rob lems .  However, t h e r e  may be d i f f i c u l t i e s  i n -  
vo lved  i n  homogenizing c e r t a i n  s o l i d  samples .  

t h e  forms  of  Cr p resen t  i n  t h e  sample ,  e . g . :  
Improper  sampl ing  and s t o r a g e  p r a c t i c e s  may change  

( i )  Sampling of Cr(V1) by b u b b l i n g  a i r  t h r o u g h  w a t e r  
o r  v a r i o u s  a b s o r b i n g  s o l u t i o n s  i s  s u b j e c t  t o  
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I e r r o r  caused  by t h e  p r e s e n c e  o f  S O 2  i n  t h e  a i r .  
Cr(V1)  i s  reduced  by d i s s o l v e d  SO, a n d  t h i s  
would y i e l d  low Cr(V1)  r e s u l t s .  

( i i )  Halogen a n i o n s  i n  a p p r e c i a b l e  c o n c e n t r a t i o n s  
( >  100 p p m )  r e d u c e  Cr (V1) .  Hence, n a t u r a l  
w a t e r  samples  s h o u l d  be s t a b i l i z e d  w i t h  H N 0 3  
and n o t  H C 1 .  

( i i i )  Benes and S t e i n n e s  ( 1 9 7 5 )  found t h a t  t h e  r a t i o  
o f  C r ( I I 1 )  t o  Cr(V1) i n  n a t u r a l  w a t e r s  may be 
changed s u b s t a n t i a l l y  d u r i n g  s t o r a g e  f o r  one 
week o r  more.  

S A M P L E  TREATMENT P R I O R  TO ANALYSIS 

Most m e t h o d s  f o r  e l e m e n t a l  a n a l y s i s  ( e x c e p t  n e u t r o n  
a c t i v a t i o n  and X-ray f l u o r e s c e n c e )  r e q u i r e  t h a t  o r g a n i c  mate-  
r i a l  be a b s e n t  f rom t h e  sample .  Gorsuch ( 1 9 7 0 )  gave  d e t a i l e d  
p r o c e d u r e s  f o r  t h e  d e s t r u c t i o n  of  o r g a n i c  m a t t e r  i n  s a m p l e s ;  
however ,  s i g n i f i c a n t  amounts o f  Cr may be g a i n e d  o r  l o s t  i n  
t h e  p r o c e s s ,  e . g . :  

Cr l o s s e s :  

( i )  Dry a s h i n g  a t  450°C and h i g h e r  has  been shown 
t o  l e a d  t o  s i g n i f i c a n t  v o l a t i l i z a t i o n  of o r g a n i -  
c a l l y  b o u n d  Cr from p l a n t  m a t e r i a l  ( B a g l i a n o  
e t  a 2 .  1 9 7 2 )  and from v a r i o u s  s u g a r  p r o d u c t s  
(Wolf e t  aZ. 1 9 7 4 ) .  Wolf ( 1 9 7 5 )  s u g g e s t e d  t h a t  
t h e  o r g a n i c a l l y  bound Cr was t h e  b i o l o g i c a l l y  
i m p o r t a n t  s p e c i e s  and recommended t h a t  low-temp- 
e r a t u r e  (oxygen p l a sma)  a s h i n g  be used t o  m i n i -  
mize Cr l o s s e s  by v o l a t i l i z a t i o n .  

( i i )  Wet a s h i n g  t e c h n i q u e s  i n v o l v i n g  e v a p o r a t i o n  t o  
d r y n e s s  may r e s u l t  i n  t h e  f o r m a t i o n  o f  chromyl 
c h l o r i d e  (CrO2Cl2 ,  b o i l i n g  p o i n t  117°C) .  
Chromyl c h l o r i d e  m a y  be formed by t h e  a c t i o n  
of  H C 1  on Cr03  o r  by h e a t i n g  d i c h r o m a t e  i n  s u l -  
f u r i c  a c i d  s o l u t i o n s  c o n t a i n i n g  c h l o r i d e s .  
Losses  o f  Cr may be minimized by keeping  t h e  
c h l o r i d e  c o n c e n t r a t i o n  low ( <  100 p p m )  or by 
m a i n t a i n i n g  Cr i n  t h e  C r ( I I 1 )  s t a t e .  

( i i i )  Cr l o s s e s  may a l s o  be i n c u r r e d  d u r i n g  p recon-  
c e n t r a t i o n  s t e p s  which do n o t  r e c o v e r  Cr quan- 
t i t a t i v e l y .  The use  o f  i s o t o p e  d i l u t i o n  methods 
( e i t h e r  r a d i o a c t i v e  t r a c e r  o r  a s t a b l e  i s o t o p i c  
s p i k e )  p e r m i t s  such  l o s s e s  t o  be q u a n t i f i e d  and 
c o r r e c t e d  f o r .  

1 
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Cr c o n t a m i n a t i o n :  

Most a s h i n g  a i d s ,  e . g .  n i t r i c ,  s u l f u r i c  and 
p e r c h l o r i c  a c i d s ,  sodium a n d  po ta s s ium n i t r a t e ,  
c o n t a i n  p p b  l e v e l  Cr i m p u r i t i e s  which may s i g -  
n i f i c a n t l y  c o n t r i b u t e  t o  t h e  r e a g e n t  b lank  a n d  
c a u s e  t h e  t h e o r e t i c a l  d e t e c t i o n  l i m i t  t o  be 
u n a t t a i n a b l e ,  Wolf e t  aZ. ( 1 9 7 2 )  r e p o r t e d  
t h a t  i n  t h e  a n a l y s i s  of  blood f o r  Cr t h e  b l ank  
from such s o u r c e s  a s  d i s t i l l e d  w a t e r  and g l a s s  
s u r f a c e s  amounted t o  a l m o s t  50% of  t h e  a n a l y t i c a l  
s i g n a l .  

E R R O R S  IN ANALYSIS 

Even i f  t h e  s e n s i t i v i t y  a n d  p r e c i s i o n  o f  t h e  chosen 
t e c h n i q u e  a r e  s a t i s f a c t o r y  f o r  a g i v e n  a n a l y s i s ,  e r r o r s  may 
s t i l l  r e s u l t  i f  sample a n d  s t a n d a r d  a r e  s u f f i c i e n t l y  d i f f e r e n t  
i n  c o m p o s i t i o n  ( m a t r i x  e f f e c t ) .  P e t e r s o n  and M a n n i n g  ( 1 9 7 1 )  
showed t h a t  i n  a t o m i c  a b s o r p t i o n  s p e c t r o s c o p y  the  s e n s i t i v i t y  
of Cr i n  r i v e r  w a t e r  i s  s u p p r e s s e d  compared t o  Cr s t a n d a r d s  
p r e p a r e d  i n  d i s t i l l e d  w a t e r  ( s e e  F i g .  B - 1 ) .  While s t a n d a r d  
a d d i t i o n  methods may minimize  m a t r i x  e f f e c t s  i n v o l v i n g  i n t e r -  
e l e m e n t  e f f e c t s ,  e r r o r s  a s s o c i a t e d  w i t h  i n t e r f e r e n c e  w i l l  p e r -  
s i s t .  Some env i ronmen ta l  s t a n d a r d  r e f e r e n c e  m a t e r i a l s  a r e  
l i s t e d  i n  T a b l e  B - 1 .  

METHODS F O R  T H E  ANACYSIS O F  CHROMIUM 

The c h o i c e  o f  a n a l y t i c a l  method i n  any d e t e r m i n a t i o n  
i s  governed  by t h e  t y p e  and q u a l i t y  of  t h e  i n f o r m a t i o n  r e q u i r e d ,  
t h e  r a t e  a t  which t h e  a n a l y s e s  must be pe r fo rmed ,  and t h e  c o s t  
l i m i t a t i o n s  i n v o l v e d .  T a b l e  B - 2  compares v a r i o u s  a s p e c t s  o f  
t h e  major  t e c h n i q u e s  f o r  t h e  a n a l y s i s  of  Cr. These t e c h n i q u e s  
a r e  c l a s s i f i a b l e  by t h e  t y p e  o f  i n f o r m a t i o n  o r  d a t a  r e s u l t i n g  
from t h e i r  a p p l i c a t i o n .  B u l k  a n a l y s i s  t e c h n i q u e s  o n l y  y i e l d  
e l e m e n t a l  c o n c e n t r a t i o n s  a v e r a g e d  o v e r  t h e  whole o f  t h e  sample .  
T h i s  i n f o r m a t i o n  i s  o f t e n  n o t  enough t o  c h a r a c t e r i z e  t h e  sample ,  
e . g .  i n  F i g .  3 - 2  i t  i s  shown t h a t  o i l  s o o t  a n d  s o i l  p a r t i c l e s  
i n  a t m o s p h e r i c  a e r o s o l s  have a l m o s t  i d e n t i c a l  e l e m e n t a l  a n a l y s e s  
a n d  cou ld  be confused  wi th  one a n o t h e r  i f  t he  morphology of t h e  
p a r t i c l e s  i s  n o t  t a k e n  i n t o  a c c o u n t  a s  w e l l .  Some t e c h n i q u e s  
can y i e l d  more s p e c i f i c  i n f o r m a t i o n  u s e f u l  i n  c h a r a c t e r i z i n g  a 
s ample ,  e . g .  t h e  b u l k  c o n c e n t r a t i o n  o f  v a r i o u s  compounds o r  
o x i d a t i o n  s t a t e s  of t h e  e l e m e n t  i n  t h e  sample ,  o r  t h e  p h y s i c a l  
l o c a t i o n  a n d  c o n c e n t r a t i o n  of v a r i o u s  e l e m e n t s  i n  l o c a l i z e d  
r e g i o n s  o f  t h e  t h r e e - d i m e n s i o n a l  s t r u c t u r e  of  t he  sample .  



- 1 2 2 -  

Cr:  3579 i 
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Cr concentration @g/l) 

F i g .  B - 1 .  C a l i b r a t i o n  curves  f o r  Cr, i n d i c a t i n g  a m a t r i x  e f f e c t .  
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T a b l e  B - 1 .  Recommended e n v i r o n m e n t a l  s t a n d a r d  r e f e r e n c e  
m a t e r i a l s .  

M a t r i x  Recommended s t a n d a r d  
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Rock, s o i l  USGS g e o l o g i c a l  s t a n d a r d s '  

P l a n t  NIBS o r c h a r d  l e a v e s  

Animal t i s s u e  NBS bov ine  1 i ver 

Coal NBS c o a l  

F ly  ash NBS Fly a s h  

b 

BCR-1 

(SRM 1571)  

(SRM 1577)  

(SRM 1630)  

(SRM 1631)  

a U . S .  G e o l o g i c a l  Su rvey .  

' Cr v a l u e  i s , p r o v i s i o n a l  a n d  n o t  y e t  c e r t i f i e d .  
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The q u a l i t y  of t h e  d a t a ,  i . e .  t h e  d e g r e e  of  p r e c i s i o n  
a n d  a c c u r a c y ,  may v a r y  from o r d e r - o f - m a g n i t u d e  d a t a  used i n  
s c r e e n i n g  p r o c e d u r e s  t o  h i g h  p r e c i s i o n  and a c c u r a c y  d a t a  re -  
q u i r e d  i n  r e s e a r c h  and c l i n i c a l  a p p l i c a t i o n s .  The d e t e c t i o n  
l i m i t s  l i s t e d  i n  T a b l e  B - 2  a r e  d e f i n e d  a s  f o l l o w s :  

( 1 )  The a b s o l u t e  d e t e c t i o n  l i m i t  i s  t h e  s m a l l e s t  
amount of Cr which y i e l d s  a n  a n a l y t i c a l  s i g n a l  
e q u i v a l e n t  t o  t w i c e  t h e  background o r  n o i s e .  

( i i )  The r e l a t i v e  d e t e c t i o n  l i m i t  i s  t h e  s m a l l e s t  
c o n c e n t r a t i o n  of Cr which s u p p l i e s  e n o u g h  Cr 
t o  equa l  o r  exceed t h e  a b s o l u t e  d e t e c t i o n  l i m i t  
when t h e  l a r g e s t  p r a c t i c a l  sample s i z e  i s  used, 

The d e t e c t i o n  l i m i t s  i n  Tab le  B - 2  a r e  a p p l i c a b l e  where s i g n i -  
f i c a n t  i n t e r f e r e n c e s  a r e  n o t  p r e s e n t  and where s t a t e - o f - t h e - a r t  
equipment  i s  used .  Depending on t h e  c o m p o s i t i o n  o f  t h e  sample 
and t h e  equipment  u s e d ,  t h e s e  nominal d e t e c t i o n  l i m i t s  may 
v a r y  by s e v e r a l  o r d e r s  of  magn i tude .  

s i t i o n )  o f  t h e s e  methods may r a n g e  from s e v e r a l  hundred t o  
s e v e r a l  hundred thousand  samples  p e r  y e a r  depending  on t h e  
t e c h n i q u e  i t s e l f  and t h e  d e g r e e  of a u t o m a t i o n  a t t a i n e d ,  The 
c o s t  of  an a n a l y t i c a l  sys tem w i l l  i n c r e a s e  a s :  1 )  t h e  r e q u i r e d  
i n f o r m a t i o n  o r  d a t a  becomes more s p e c i f i c ,  2 )  t h e  r e q u i r e d  
q u a l i t y  o f  t h e  d a t a  i n c r e a s e s ,  a n d  3 )  t h e  v e r s a t i l i t y  and 
d a t a  a c q u i s i t i o n  r a t e  i n c r e a s e .  

The sample  t h r o u g h p u t  ( i . e .  t he  r a t e  of d a t a  a c q u i -  

.I 

MET H 0 D 0 L 0 G Y 

B U L K  A N A L Y S I S  METHODS 

Wet Chemical P r o c e d u r e s  

A1thoug.h wet chemica l  p r o c e d u r e s  have f a l l e n  o u t  of 
f a v o r  because  o f  t h e  amount o f  t i m e  a n d  t e c h n i c a l  e x p e r t i s e  
r e q u i r e d ,  t h e y  a r e  t h e  o n l y  a b s o l u t e  methods ( i . e .  n o t  r e q u i r -  
i n g  a c o m p a r a t i v e  s t a n d a r d )  a v a i l a b l e  f o r  u s e  a s  r e f e r e e  t e c h -  
n i q u e s .  F u r t h e r m o r e ,  sample p r e t r e a t m e n t  a n d  p r e c o n c e n t r a t i o n  
a r e  based on wet  chemica l  p r o c e d u r e s .  

G r a v i m e t r i c  d e t e r m i n a t i o n  o f  Cr i n v o l v e s  t h e  d i s s o l u -  
t i o n  of t h e  sample ,  i s o l a t i o n  o f  Cr by a s t a n d a r d  s e p a r a t i o n s  
scheme, p r e c i p i t a t i o n  of  hydrous Cr o x i d e  a n d  c o n t r o l l e d  i g n i -  
t i o n  t o  C r 2 0 3 .  
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V o l u m e t r i c  p r o c e d u r e s  i n v o l v e  removal o f  i n t e r f e r i n g  I 
I 
I 
I 

e l e m e n t s ,  such  a s  c e r i u m ,  f o l l o w e d  by o x i d a t i o n  o f  Cr w i t h  
sodium p e r o x i d e  t o  form Cr( .VI)  ( C r , 0 7 = ) .  The d i c h r o m a t e  i s  
r educed  w i t h  e x c e s s  i r o n ( I 1 )  which i s  t h e n  b a c k t i t r a t e d  w i t h  
pe rmangana te .  T u n g s t e n ,  vanadium, molybdenum, a r s e n i c ,  u ran ium,  
n i c k e l ,  c o b a l t ,  o r  i r o n  i n  sma l l  amounts do n o t  i n t e r f e r e  a s  
t h e y  a r e  a l l  o x i d i z e d  t o  t h e i r  h i g h e s t  v a l e n c e  b e f o r e  t h e  i r o n ( I 1 )  
i s  added a n d  a r e  r e o x i d i z e d  by t i t r a t i o n  w i t h  pe rmangana te .  
Large  amounts o f  t h e s e  e l e m e n t s  ( r e l a t i v e  t o  t h e  amount o f  Cr) 
must be removed by a p p l i c a t i o n  o f  a s u i t a b l e  chemica l  s e p a r a -  
t i o n s  scheme. 

C o l o r i m e t r y  and S p e c t r o p h o t o m e t r y  

C o l o r i m e t e r s  a n d  s p e c t r o p h o t o m e t e r s  a r e  amongst t h e  
m o s t  r e l i a b l e  and b e s t  c a l i b r a t e d  a n a l y t i c a l  i n s t r u m e n t s .  
V a n d e r l i n d e  e t  aZ. ( 1 9 7 5 )  s u r v e y e d  63 d i f f e r e n t  i n s t r u m e n t s  
and found t h a t  80% of  t h e s e  i n s t r u m e n t s  gave  r e a d i n g s  which 
d i f f e r e d  by 4 %  o r  l e s s .  

Cr may be d e t e r m i n e d  d i r e c t l y  by o x i d i z i n g  Cr t o  
Cr(V1)  and measu r ing  t h e  a b s o r b a n c e  of t h e  a l k a l i n e  Cr(V1) 
s o l u t i o n  n e a r  366 nanomet re s  ( n m ) .  The c o n c e n t r a t i o n  d e t e c t i o n  
l i m i t s  l i s t e d  i n  T a b l e  B - 2  can be improved by u s i n g  l a r g e r  
p a t h  l e n g t h  c e l l s .  T h e  ce r ium(V1)  a n d  u r a n y l  i o n s  i n t e r f e r e  
b e c a u s e  t h e i r  s p e c t r a l  a b s o r p t i o n  b a n d s  o v e r l a p  t h a t  of Cr(V1). 

A method .whicJ improves  s e n s i t i v i t y  by n e a r l y  an 
o r d e r  o f  magn i tude  i n v o l v e s  t h e  f o r m a t i o n  of a magen ta -co lo red  
Cr(V1)-diphenylcarbazide complex. The f o l l o w i n g  e l e m e n t s  may 
i n t e r f e r e  w i t h  t h e  d e t e r m i n a t i o n ,  depend ing  on t h e i r  c o n c e n t r a -  
t i o n s  r e l a t i v e  t o  Cr: vanadium, i r o n ,  molybdenum, c o p p e r ,  a n d  
mercu ry ;  t h e y  may be removed be fo rehand  by e x t r a c t i o n  a s  cup- 
f e r r a t e s  ( S a n d e l l  1 9 6 5 ) .  

The c o l o r i m e t r i c  a n a l y s i s  of aqueous  samples  r e q u i r -  
i n g  l i t t l e  p r e t r e a t m e n t  may be au tomated  such  t h a t  s e v e r a l  
s amples  can be p r o c e s s e d  p e r  m i n u t e .  The Technicon  Autoana- 
l y z e r  ( W i l l a r d ,  b l e r r i t t  and Dean 1974)  i s  a commerc ia l ly  a v a i l -  
a b l e  u n i t  which may be m o d i f i e d  t o  per form a l l  t h e  chemica l  
m a n i p u l a t i o n s  a n d  c o l o r i m e t r i c  measurements  i n v o l v e d  i n  t h e  
d i p h e n y l c a r b a z i d e  a n a l y s i s  of  Cr. A s  many a s  seven  o t h e r  ana-  
l y s e s  may be per formed s i m u l t a n e o u s l y  on t h e  same sample u s i n g  
t h e  a u t o a n a l y z e r .  A t y p i c a l  a p p l i c a t i o n  of  t h e  d i p h e n y l c a r b a -  
z i d e  method i s  t h e  d e t e r m i n a t i o n  o f  Cr(V1) i n  a e r o s o l s  (Abel l  
and C a r l b e r g  1 9 7 4 ) .  O the r  c o l o r i m e t r i c  Cr methods a r e  d e s c r i b -  
ed by S e r f a s s  and Muraca ( 1 9 5 6 )  a n d  S a n d e l l  (1965) .  
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Kneebone and F r e i s e r  ( 1 9 7 5 )  d e s c r i b e d  a c a t a l y t i c  
method f o r  t h e  d e t e r m i n a t i o n  of Cr(V1) i n  a i r .  The method i n -  
vo lves  t h e  c a t a l y t i c  e f f e c t  o f  Cr(V1) i n  t h e  sample  on the  o x i -  
d a t i o n  r a t e  of 3 , 3 - d i m e t h o x y b e n z i d i n e  by hydrogen p e r o x i d e .  
The r a t e  o f  t h e  r e a c t i o n ,  measured by f o l l o w i n g  t h e  a b s o r b a n c e  
o f  t h e  r e a c t i n g  m i x t u r e  a t  450 n m ,  i s  d i r e c t l y  p r o p o r t i o n a l  t o  
t h e  Cr(V1) p r e s e n t  i n  t h e  sample .  However, l e a d ( I I ) ,  C r ( I I I ) ,  
c o p p e r ( I I ) ,  i r o n ( I I 1 )  and vanadium(V) a r e  major  i n t e r f e r e n c e s  
a n d  h y d r o c h l o r i c  a c i d  has a marked e f f e c t  on t h e  o x i d a t i o n  
r a t e .  I n  t h e  a b s e n c e  of  i n t e r f e r e n c e s ,  t h e  d e t e c t i o n  l i m i t  i s  
1 n g  Cr (V1) .  

Gas ChromatoaraDhv 

S o l v e n t  e x t r a c t i o n  of t h e  Cr(II1)-trifluoroacetyl- 
a c e t o n e  complex f o l l o w e d  by g a s  chromatography can be used f o r  
a n a l y z i n g  b i o l o g i c a l  f l u i d s  such  a s  blood and u r i n e  c o n t a i n i n g  
subnanogram amounts of Cr. The e l e c t r o n  c a p t u r e  d e t e c t o r  i s  
s e n s i t i v e  down t o  1 0 - l 1  g of  Cr i n  complexed form (Savory  e t  
aZ .  1 9 7 2 ) ;  however,  t h i s  d e t e c t o r  i s  no t  v e r y  s e l e c t i v e  and 
r e s p o n d s  t o  e x t r a n e o u s  o r g a n i c  s p e c i e s  i n  a d d i t i o n  t o  t h e  Cr 
complex.  More r e l i a b l e  a n a l y s e s  o f  picogram q u a n t i t i e s  o f  Cr 
u s i n g  a g a s  chromatograph-mass s p e c t r o m e t e r  sys t em were r e p o r t -  
ed by Wolf e t  aZ. ( 1 9 7 2 ) .  Ross a n d  S h a f i k  ( 1 9 7 3 )  d e s c r i b e d  
a s i m i l a r  sys t em w i t h  a f l a m e  p h o t o m e t r i c  d e t e c t o r  f o r  t h e  
d e t e r m i n a t i o n  of nanogram q u a n t i t i e s  of Cr i n  u r i n e .  

The m a i n  drawback i n  t h e  above p r o c e d u r e s  i s  t h e  
d i f f i c u l t y  of  a c h i e v i n g  q u a n t i t a t i v e  e x t r a c t i o n  of Cr from t h e  
b i o l o g i c a l  sample .  T h i s  can r e s u l t  i n  a 25% e r r o r  and a r e l a -  
t i v e l y  poor  a n a l y t i c a l  p r e c i s i o n  of  + 1 4 %  (Savory  e t  aZ. 1 9 7 2 ) .  

E l e c t r o c h e m i c a l  Methods 

E l e c t r o c h e m i c a l  methods r e spond  t o  uncomplexed Cry 
i . e .  t h e  a c t i v i t y  of  Cr i n  t h e  s o l u t i o n ,  and hence m e t a l - b i n d -  
i n g  m o l e c u l e s  a n d  i o n s ,  must be avo ided  when t o t a l  Cr i s  d e s i r e d .  
On t h e  o t h e r  h a n d ,  e l e c t r o c h e m i c a l  p r o c e d u r e s  p r o v i d e  a v e r y  
e l e g a n t  a n d  p r e c i s e  means o f  measu r ing  uncomplexed o r  a v a i l a b l e  
Cr i n  aqueous  media.  G i l b e r t  ( 1 9 7 2 )  p u b l i s h e d  a n  e x c e l l e n t  
r ev iew which emphasized t h e  g r e a t  improvements i n  d e t e c t i o n  
l i m i t s  r e s u l t i n g  from r e c e n t  advances  i n  t h e  f i e l d  o f  e l e c t r o n -  
i c s .  T a b l e  B-3 i n d i c a t e s  t h e  approx ima te  c o n c e n t r a t i o n  r a n g e s  
o v e r  which v a r i o u s  e l e c t r o a n a l y t i c a l  methods a r e  a p p l i c a b l e  
i n  t h e  a n a l y s i s  o f  Cr. 
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Tab1 e B - 3 .  A n a l y t i c a l  ranges f o r  e l e c t r o c h e m i c a l  methodsa .  

Method 
C o n c e n t r a t i o n  r a n g e  

(mo 1 a r i t y  1 b 

Titrimetry: z e r o - c u r r e n t  p o t e n t t o m e t r y  
c o n s t a n t  I' 

n u l  1 - p o i n t  
II 

II 

Amperometry 

Coul ome t ry  

E 1 e c t r o g r a v tme t ry 

Direct c o u l o m e t r y  

D i  r ec  t p o t  en t Tometry 

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

Anodtc s t r i : p p i n g  vol  t a m e t r y  

Conduc tance  

10-1-1 0 - 3  
10-1-10-3 
10-2-1 0-6 

10-3 -1 0-6 

10-2-1 0-6 

10-1-10-2 

10-2-10-5 

1 0-1 - 1 0- 7 

10-3-1 0-6 
10-4-10-7 
10-4-1 0-6 

10-4-1 0-9 

10-1-10-5 

a Afte r  G i l b e r t  (1972)  

M = 52 ppm Cr. 
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There  i s  no s p e c i f i c  i o n  e l e c t r o d e  f o r  C r ( I I 1 )  (Buck 
1 9 7 4 ) ,  b u t  p o t e n t i o m e t r i c  measurements  can be made i n d i r e c t l y ,  
e . g .  w i t h  a N i + 2 - s e n s i t i v e  e l e c t r o d e  a f t e r  removal o f  N i + 2  
from t h e  s o l u t i o n  by u s i n g  d i m e t h y l g l y o x i m e .  

The m a i n  drawback of  t h e  e l e c t r o a n a l y t i c a l  methods 
i s  t h e  amount o f  e x p e r i e n c e  a n d  sample  p r o c e s s i n g  r e q u i r e d  t o  
a c h i e v e  mean ingfu l  r e s u l t s .  N e v e r t h e l e s s ,  t h e s e  methods y i e l d  
r e s u l t s  t h a t  s u r p a s s  t h e  p r e c i s i o n ,  a c c u r a c y  a n d  d e t e c t i o n  
l i m i t s  of t h e  m o s t  s o p h i s t i c a t e d  s p e c t r o s c o p i c  t e c h n i q u e s  a t  
a f r a c t i o n  o f  t h e  c o s t ,  e , g .  R o s s l e y  a n d  H igg ins  ( 1 9 7 4 )  d e s -  
c r i b e  t h e  c o n s t r u c t i o n  of  a r e s e a r c h  q u a l i t y  p o l a r o g r a p h  u s i n g  
o n l y  $33 w o r t h  of components .  

Walker (1971)  d e s c r i b e d  t h e  c o n s t r u c t i o n  o f  s p e c i f i c  
i on  m i c r o e l e c t r o d e s  c a p a b l e  of  i o n i c  measurements  i n s i d e  a 
s i n g l e  l i v i n g  c e l l  ( e l e c t r o d e  t i p  d i a m e t e r  was 1-5  m i c r o n s ) .  
Purdy ( 1 9 6 5 )  d i s c u s s e d  a n d  rev iewed t h e  a p p l i c a t i o n  o f  p o l a r o -  
graphy and amperomet r i c  t i t r a t i o n s  t o  t h e  s t u d y  o f  Cr i n  b i o -  
l o g i c a l  s y s t e m s .  Crosmun and M u e l l e r  ( 1 9 7 5 )  p r e s e n t e d  a s i m p l e  
method f o r  t h e  d e t e r m i n a t i o n  of  Cr(V1)  i n  n a t u r a l  w a t e r s  by 
d i f f e r e n t i a l  p u l s e  p o l a r o g r a p h y .  The method p e r m i t s  d e t e r m i n a -  
t i o n  of 35-2000 p p b  Cr(V1)  i n  t h e  p r e s e n c e  of u p  t o  0 . 6 2  ppm 
C u ( I 1 )  and 0 .55  ppm F e ( I I 1 ) .  

Emission SPect roscoDv 

Bedros i an  e t  aZ. ( 1 9 6 8 )  r e p o r t e d  a method f o r  t h e  
d i r e c t  a n a l y s i s  o f  unashed ,  d r i e d  b i o l o g i c a l  samples  u s i n g  a 
D C  a r c  e x c i t a t i o n  s o u r c e  w i t h  p h o t o p l a t e  d e t e c t i o n .  The p r e -  
s e n c e  o f  m o l e c u l a r  i n t e r f e r e n c e s  r e q u i r e d  t h a t  t h e  l e s s  s e n s i -  
t i v e  Cr e m i s s i o n  l i n e  a t  283 .5  nm be used .  The a b s o l u t e  and 
r e l a t i v e  d e t e c t i o n  l i m i t s  were 10-8 g and 0 . 5  ppm r e s p e c t i v e l y ,  
w h i l e  t he  p r e c i s i o n  was a p p r o x i m a t e l y  515%. The samples  ana -  
lyzed  were 25 mg each of  d r i e d  l i v e r ,  b l o o d ,  bone,  and p l a n t  
l e a v e s .  

Morr i son  e t  aZ. ( 1 9 6 9 )  d e s c r i b e d  t h e  use  of a s h i n g  
t e c h n i q u e s  t o  a c h i e v e  sample p r e c o n c e n t r a t i o n .  Using t h e  same 
a n a l y t i c a l  sys t em a s  above ,  t h e y  improved t h e  r e l a t i v e  d e t e c -  
t i o n  l i m i t  by two o r d e r s  of  magn i tude  ( 1 - 5  p p b ) .  The r e d u c t i o n  
o f  m o l e c u l a r  i n t e r f e r e n c e s  by a s h i n g  p e r m i t t e d  use  of t h e  p r i n -  
c i p a l  e m i s s i o n  l i n e  a t  4 2 5 . 4  n m .  

Sugimal ( 1 9 7 5 )  used D C  a r c  ( 1 5  amp) e m i s s i o n  s p e c t r o s -  
copy w i t h  p h o t o p l a t e  d e t e c t i o n  t o  d e t e r m i n e  1 9  e l e m e n t s  i n -  
c l u d i n g  Cr i n  p a r t i c u l a t e  m a t t e r  f i l t e r e d  o n t o  g l a s s  f i b r e  mats 
from t h e  a i r .  A t  a Cr c o n c e n t r a t i o n  of  0 .031 u g / m 3  i n  a i r  t h e  
r e l a t i v e  s t a n d a r d  d e v i a t i o n  of  t h e  method was 7 % .  T h e  u s e f u l  
r ange  o f  t h e  method was 0 .005-0 .15  p g / m 3  Cr i n  a i r .  

a- 
m 
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The use  of  a p h o t o p l a t e  o r  a bank of  p h o t o m u l t i p l i e r s  
f o r  d e t e c t i n g  s p e c t r a l  l i n e  i n t e n s i t i e s  p e r m i t s  s i m u l t a n e o u s  
a n a l y s i s  o f  30 o r  more e l e m e n t s .  I t  i s  now p o s s i b l e  t o  per form 
s e v e r a l  m u l t i e l e m e n t  a n a l y s e s  p e r  minute  ( t h e  e q u i v a l e n t  of 10 
t o  50 i n d i v i d u a l  d e t e r m i n a t i o n s  p e r  minute) u s i n g  p h o t o m u l t i -  
p l i e r  d e t e c t i o n  and compute r i zed  d a t a  a c q u i s i t i o n  and c a l c u l a -  
t i o n .  

While t h e  p r e c i s i o n  of  a n a l y s i s  u s i n g  t he  DC a r c  i s  
c h a r a c t e r i s t i c a l l y  lower  t h a n  o p t i m u m  ( 2 1 5 - 3 0 % ) ,  t he  t e c h n i q u e  
r e t a i n s  i t s  p o p u l a r i t y  because  t h e  s e n s i t i v i t y  i s  h i g h ,  s o l i d  
samples  can  be a n a l y z e d  d i r e c t l y ,  and t h e r e  i s  r e l a t i v e  freedom 
from m a t r i x  e f f e c t s .  Dickinson  and Fasse l  ( 1 9 6 9 )  d e s c r i b e d  an 
i n d u c t i o n - c o u p l e d  plasma e x c i t a t i o n  s o u r c e  f o r  u se  i n  e m i s s i o n  
s p e c t r o s c o p y  o f  a s p i r a t e d  s o l u t i o n s .  The r e p o r t e d  d e t e c t i o n  
l i m i t  was 1 p p b .  The h i g h  t e m p e r a t u r e  o f  t he  plasma minimizes 
m a t r i x  e f f e c t s ,  e .g .  the  e m i s s i o n  s i g n a l  observed f o r  e x c i t e d  
Cr atoms a t  425.4 nm changed by l e s s  t h a n  10% w h e n  t h e  Na con- 
c e n t r a t i o n  o f  t h e  s o l u t i o n  was v a r i e d  f rom 0 t o  7000 ppm (La r son  
e t  aZ. 1 9 7 5 ) .  

Morrison and Talmi ( 1 9 7 0 )  d e s c r i b e d  a r a d i o - f r e q u e n c y  
i n d u c t i o n  f u r n a c e  s o u r c e  f o r  e m i s s i o n  s p e c t r o s c o p y  w h i c h  u t i l i z e s  
the rma l  v o l a t i l i z a t i o n  and he l ium plasma e x c i t a t i o n  t o  produce  
an e m i s s i o n  s p e c t r u m .  A n  a b s o l u t e  Cr d e t e c t i o n  l i m i t  of 10-9 g 
was r e p o r t e d .  A p r e c i s i o n  o f  1-4% f o r  e v a p o r a t e d  l i q u i d  samples  
and 4-10% f o r  powdered samples  was r o u t i n e l y  o b t a i n e d .  Hambidge 
( 1 9 6 9 )  used a s t a t i c  a rgon  a r c  t o  d e t e r m i n e  Cr i n  ashed  blood 
serum. The a b s o l u t e  d e t e c t i o n  l i m i t  was l o e 9  g Cr. Further 
deve lopmen t s  i n  plasma excitation s o u r c e s  may be e x p e c t e d .  

Atomic AbsorDtion Spec t roscoDv 

T h i s  t e c h n i q u e  i s  one o f  t h e  most  r a p i d ,  s e n s i t i v e ,  
and i n e x p e n s i v e  s i n g l e - e l e m e n t  t e c h n i q u e s  a v a i l a b l e .  I t  i s  
t h e  m e t h o d  o f  c h o i c e  when o n l y  a few e l e m e n t s  need be d e t e r -  
m i n e d  i n  each  sample .  

I n  t h e  a n a l y s i s  of  Cr by f l ame  a t o m i c  a b s o r p t i o n  a 
f u e l - r i c h  a i r - a c e t y l e n e  f l ame  i s  u s u a l l y  used t o  l i m i t  t h e  
f o r m a t i o n  o f  Cr o x i d e s .  Absorbance  i s  measured a t  357.9 n m .  
Large  amounts of  Fe i n  t h e  sample  i n t e r f e r e  w i t h  Cr a t o m i z a -  
t i o n  i n  t h e  f l a m e  and s u p p r e s s  t h e  Cr s i g n a l .  T h i s  e f f e c t  may 
be r educed  by a d d i n g  ammonium c h l o r i d e  (1000 p p m )  t o  t h e  aque-  
o u s  samples  and s t a n d a r d s .  In  a l l  c a s e s  t h e  o x i d a t i o n  s t a t e  
of  Cr s h o u l d  be t h e  same i n  sample  and s t a n d a r d .  Depres s ion  
o f  t h e  Cr s i g n a l  by phospha te  i s  overcome by t h e  a d d i t i o n  o f  
Ca (1000 p p m ) .  T h e  u s e  of  a n i t r o u s  o x i d e - a c e t y l e n e  f l a m e  
r e d u c e s  m a t r i x  o r  i n t e r - e l e m e n t  e f f e c t s  because  of t h e  h i g h e r  
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flame t e m p e r a t u r e ,  b u t  does  n o t  improve t h e  Cr d e t e c t i o n  l i m i t  
s i g n i f i c a n t l y  o v e r  t h e  a i r - a c e t y l e n e  f l a m e .  The d e t e c t i o n  
l i m i t  f o r  d i r e c t  a s p i r a t i o n  i n t o  t h e  a i r - a c e t y l e n e  f l a m e  i s  
approx ima te ly  10  p p b  ( C C I W  1 9 7 4 ) .  I f  t h e  Cr i s  f i r s t  o x i d i z e d  
t o  Cr(V1) a n d  t h e n  e x t r a c t e d  i n t o  m e t h y l i s o b u t y l  ke tone  b e f o r e  
a s p i r a t i o n ,  t h e  r e p o r t e d  d e t e c t i o n  l i m i t  i s  improved f i f t y f o l d  
(0.2 p p b )  (CCIW 1 9 7 4 ) .  

a r e  based on t h e  a t o m i z a t i o n  o f  t he  e n t i r e  sample i n  a s i n g l e  
p u l s e .  T h i s  p roduces  a h i g h  c o n c e n t r a t i o n  of Cr atoms which ,  
w i t h  modern e l e c t r o n i c  t e c h n i q u e s ,  can  be measured q u i t e  accu -  
r a t e l y .  Davidson and S e c r e s t  ( 1 9 7 2 )  d e s c r i b e d  t h e  , u s e  o f  a 
g r a p h i t e  f u r n a c e  a t o m i z e r  f o r  t h e  a n a l y s i s  of  Cr i n  b i o l o g i c a l  
f l u i d s .  The a b s o l u t e  a n d  r e l a t i v e  d e t e c t i o n  l i m i t s  were 2 x 

i n  t h e  r a n  e 0 .3-0 .7  n g  Cr was 5 % .  K a h n  ( 1 9 7 2 )  and Pekarek  e t  
aZ.  (1974b 3 a c h i e v e d  s i m i l a r  r e s u l t s .  
t h a t  a s  much a s  80% of t h e  Cr i n  a sample  may be l o s t  d u r i n g  
t h e  a s h i n g  s t e p  i n  t h e  g r a p h i t e  f u r n a c e .  They minimized t h i s  
by p r e a s h i n g  t h e  sample b e f o r e  i n t r o d u c i n g  i t  i n t o  t h e  f u r n a c e .  

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

g and 0.01 p p b  r e s p e c t i v e l y .  The p r e c i s i o n  of  a n a l y s i s  

Wolf e t  aZ. ( 1 9 7 4 )  s t a t e d  

To a v o i d  m a t r i x  and background e f f e c t s  w i t h  f l a m e l e s s  
a t o m i c  a b s o r p t i o n  s p e c t r o s c o p y ,  t h e  sample  and s t a n d a r d  must 
be c l o s e l y  matched ( s e e  F i g .  B - 1 ) .  T e s s a r i  and T o r s i  ( 1 9 7 2 )  
r e p o r t e d  s i g n i f i c a n t  i n t e r - e l e m e n t  e f f e c t s  i n  t h e  d e t e r m i n a t i o n  
o f  Cr u s i n g  a ca rbon  r o d  a n a l y z e r .  H i g h  l e v e l s  o f  p h o s p h a t e ,  
i r o n  and c o b a l t  c a u s e d  a s i g n i f i c a n t  d e c r e a s e  i n  Cr s i g n a l  
s t r e n g t h .  

Monkman e-€ a27 ( 1 9 7 2 )  d e s c r i b e d  t h e  p r o c e d u r e s  used 
by t h e  Canadian Air P o l l u t i o n  Con t ro l  D i r e c t o r a t e  f o r  t he  
d e t e r m i n a t i o n  of  Cr i n  a i r b o r n e  p a r t i c u l a t e  m a t t e r  by f l ame  
and g r a p h i t e  f u r n a c e  a t o m i c  a b s o r p t i o n  s p e c t r o m e t r y .  

Atomic F1  u o r e s c e n c e  

I:: f ! z c r e s c e n c e  c p e r t r n c r n p y  ?R extern;r! l i g h t  s o u r c e  
i s  used t o  e x c i t e  t h e  atoms o f  t h e  sample  which t h e n  e m i t  t h e i r  
c h a r a c t e r i s t i c  e m i s s i o n  s p e c t r a .  T h i s  e m i s s i o n  s p e c t r u m  o r  
f l u o r e s c e n c e  i s  measured by p l a c i n g  t h e  monochromator a x i s  a t  
r i g h t  a n g l e s  t o  t h e  i n c i d e n t  o r  e x c i t i n g  r a d i a t i o n .  The lower  
background s i g n a l  s t r e n g t h  a c h i e v e d  by u s i n g  t h i s  c o n f i g u r a -  
t i o n  l e a d s  t o  a n  improved d e t e c t i o n  l i m i t .  

I n  p r i n c i p l e ,  any a t o m i c  a b s o r p t i o n  i n s t r u m e n t a t i o n  may 
be c o n v e r t e d  t o  pe r fo rm a t o m i c  f l u o r e s c e n c e  s i m p l y  by t h e  a d d i -  
t i o n  of an e x t e r n a l  l i g h t  s o u r c e  a t  r i g h t  a n g l e s  t o  t h e  a x i s  of 
t h e  monochromator .  T h u s ,  Johnson e t  aZ. ( 1 9 7 5 )  used a xenon a r c  
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e x c i t a t i o n  s o u r c e  w i t h  f l a m e  a t o m i c  a b s o r p t i o n  i n s t r u m e n t a t i o n  
t o  a n a l y z e  s i m u l t a n e o u s l y  f o r  18  e l e m e n t s ,  i n c l u d i n g  Cry i n  
aqueous  s o l u t i o n s .  The r e p o r t e d  Cr d e t e c t i o n  l i m i t  ( u s i n g  t h e  
357 .9  n m  f l u o r e s c e n c e  l i n e )  was 0 .0015 pprn compared t o  0 .005 
pprn f o r  c o n v e n t i o n a l  f l a m e  a t o m i c  a b s o r p t i o n  s p e c t r o s c o p y .  

,1 
I !I I 

Neutron  A c t i v a t i o n  

Neutron a c t i v a t i o n  w i t h  gamma r a y  s p e c t r o m e t r y  has  
o f t e n  been used  a s  a r e f e r e e  t e c h n i q u e  b e c a u s e  t h e r e  i s  no 
m a t r i x  e f f e c t  and p r a c t i c a l l y  any sample can be a n a l y z e d  w i t h -  
o u t  p r e t r e a t m e n t .  T h i s  means t h a t  t h e  p o s s i b i l i t y  of  sample 
l o s s  o r  c o n t a m i n a t i o n  i s  g r e a t l y  r e d u c e d .  Upwards of 40 e l e -  
ments may be d e t e r m i n e d  s i m u l t a n e o u s l y .  Once the  sample  i s  
i r r a d i a t e d  i t  may be coun ted  w i t h o u t  f u r t h e r  chemica l  t r e a t -  
ment ;  however ,  i t  i s  o f t e n  n e c e s s a r y  t o  a l l o w  s h o r t - l i v e d  
h i g h - a c t i v i t y  n u c l i d e s  t o  decay  t o  n e g l i g i b l e  l e v e l s  ( 1 - 3  
weeks )  i n  o r d e r  t o  r e d u c e  s p e c t r a l  background ,  S i n c e  t h e  
r a d i o i s o t o p e  measu red ,  51Cr, has  a 27.7-day h a l f - l i f e ,  t h e  
decay  p e r i o d  r e s u l t s  i n  an a c c e p t a b l e  l o s s  of a n a l y t i c a l  s e n -  
s i t i v i t y .  D e t e c t i o n  l i m i t s  f o r  Cr a f t e r  i r r a d i a t i o n  ( 4  hour s  
a t  1 0 l 2  n e u t r o n s / c m 2  f l u x )  and a 1-  t o  3-week d e c a y  p e r i o d  
a r e  i n  t h e  r a n g e  0 .04 -0 .65  ppm and 10-500 n g  f o r  v a r i o u s  e n v i -  
ronmen ta l  s amples  (Eckhof f  e t  aZ. 1 9 7 1 ) .  Improved d e t e c t i o n  
l i m i t s  can be a c h i e v e d  by c h e m i c a l l y  s e p a r a t i n g  t h e  Cr from 
t h e  o t h e r  e l e m e n t s ,  hence r e d u c i n g  t h e  s p e c t r a l  background and 
v a s t l y  improv ing  t h e  s i g n a l - t o - n o i s e  r a t i o  ( B e c k e r  and La F l e u r  
1 9 7 1 ) .  Because o n l y  51Cr (gamma r a y  e n e r g y  0 .320  MeV) i s  mea- 
s u r e d ,  s u b s e q u e n t  c o n t a m i n a t i o n  of t h e  sample  w i t h  Cr i n  t h e  
chemica l  s e p a r a t i o n  s t e p  does  n o t  a f f e c t  t h e  a n a l y t i c a l  r e s u l t s ,  
i . e .  u s e  of e x p e n s i v e  h i g h  p u r i t y  c h e m i c a l s  i s  n o t  r e q u i r e d  
p r o v i d e d  a l l  chemica l  m a n i p u l a t i o n s  a r e  per formed a f t e r  i r r a -  
d i a t i o n  o f  t h e  sample .  H i g h  f l u x  i r r a d i a t i o n  coup led  w i t h  
r a d i o c h e m i c a l  s e p a r a t i o n  o f  Cr and s o p h i s t i c a t e d  c o u n t i n g  
a p p a r a t u s  can  lower  t h e  a b s o l u t e  d e t e c t i o n  l i m i t  t o  t h e  p i c o -  
gram r a n g e  9 ) .  S e v e r a l  symposia  have f e a t u r e d  t h e  use  
of  n u c l e a r  a c t i v a t i o n  t e c h n i q u e s  i n  e n v i r o n m e n t a l  and c l i n i c a l  
a p p l i c a t i o n s  (IAEA 1967 ,  1972;  Vogt e t  aZ. 1 9 7 1 ) .  

S p a r k - S o u r c e  Mass S p e c t r o m e t r y  

This method a c c e p t s  i n o r g a n i c  m a t e r i a l  f o r  d i r e c t  
a n a l y s i s  w h i l e  o r g a n i c  m a t r i c e s  must be ashed  p r i o r  t o  a n a l y s i s .  
D u r i n g  a n a l y s i s ,  the  sample  i s  v o l a t i l i z e d  and i o n i z e d  by a 
h i g h  v o l t a g e  d i s c h a r g e  between two e l e c t r o d e s  composed o f  a 
compressed  m i x t u r e  o f  sample  a n d  g r a p h i t e .  More t h a n  50 e l e -  
ments  can be d e t e r m i n e d  s i m u l t a n e o u s l y  i n  a g i v e n  s a m p l e ,  
The r e l a t i v e  a n d  a b s o l u t e  d e t e c t i o n  l i m i t s  f o r  d i r e c t  a n a l y s i s  
a r e  50 p p b  a n d  5 n g  r e s p e c t i v e l y .  The p r e c i s i o n  of  t h e  method 
i s  a p p r o x i m a t e l y  10-15%.  
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I s o t o p e  d i l u t i o n  s p a r k - s o u r c e  mass s p e c t r o m e t r y  i n -  
v o l v e s  t h e  a d d i t i o n  o f  a known amount o f  a s t a b l e  i s o t o p e  
( e . g .  5 3 C r )  t o  t h e  sample .  Measurement of t h e  a l t e r e d  i s o t o -  
p i c  r a t i o s  y i e l d s  t h e  o r i g i n a l  amount o f  Cr p r e s e n t .  Detec-  
t i o n  l i m i t s  remain r o u g h l y  t h e  same a s  above b u t  t h e  p r e c i s i o n  
i s  b e t t e r  ( + 3 - 5 % ) .  

The main a d v a n t a g e  of the s p a r k - s o u r c e  method i s  
t h a t  t h e  h i g h  e n e r g y  s p a r k  r e d u c e s  m a t r i x  e f f e c t s  t o  i n s i g n i -  
f i c a n t  l e v e l s ,  i . e .  t h e  r e l a t i v e  s e n s i t i v i t i e s  of  t h e  e l e m e n t s  
remain c o n s t a n t  d e s p i t e  ma jo r  changes  i n  t h e  c o m p o s i t i o n  of 
t h e  sample .  Hence, t h e r e  i s  no need t o  c a r e f u l l y  match t h e  
sample and s t a n d a r d  a s  i n  a t o m i c  a b s o r p t i o n .  T h ' i s  f a c t o r ,  
a long  w i t h  t h e  s i m u l t a n e o u s  m u l t i e l e m e n t  c a p a b i l i t y ,  make the  
method i d e a l  f o r  t r a c e  e l e m e n t  s u r v e y  work (Brown and Vossen 
1 9 7 1  ) ,  

X-Ray F l u o r e s c e n c e  

The sample  i s  bombarded w i t h  h i g h  e n e r g y  X-rays and 
t h e  e l e m e n t s  i n  t h e  sample  a r e  induced  t o  e m i t  t h e i r  c h a r a c -  
t e r i s t i c  X-rays .  The method e s s e n t i a l l y  d e t e r m i n e s  the  e l e -  
menta l  c o m p o s i t i o n  of  a d e n s e  sample ( m e t a l ,  r o c k )  t o  a d e p t h  
of s e v e r a l  m i c r o m e t r e s  w i t h o u t  c h e m i c a l l y  o r  p h y s i c a l l y  a l t e r i n g  
t h e  sample .  The a b s o l u t e  Cr d e t e c t i o n  l i m i t  i s  s e v e r a l  n g ,  b u t  
t h e  r e l a t i v e  d e t e c t i o n  l i m i t  i s  u s u a l l y  100 ppm b e c a u s e  o f  t h e  
sma l l  volume of  t h e  sample  a c t u a l l y  b e i n g  a n a l y z e d .  M a t e r i a l s  
which a r e  e i t h e r  v e r y  t h i n  o r  n o t  d e n s e ,  e . g .  f r e e z e - d r i e d  p l a n t  
o r  animal  t i s s u e ,  a r e  more e f f i c i e n t l y  sampled t h a n  d e n s e  
m a t e r i a l s  b e c a u s e  t h e  e x c i t i n g  X-rays p e n e t r a t e  t h e  e n t i r e  
t h i c k n e s s  of  t h e  sample .  Hence, R e u t e r  ( 1 9 7 5 )  r e p o r t e d  a con- 
c e n t r a t i o n  d e t e c t i o n  l i m i t  of  1 0  ppm Cr i n  f r e e z e - d r i e d  p l a n t  
m a t e r i a l .  Ana lyses  of  d e n s e  samples  c o n t a i n i n g  l e s s  t han  100 
ppm Cr may be per formed by c h e m i c a l l y  s e p a r a t i n g  t h e  Cr from 
t h e  sample m a t r i x  and d e p o s i t i n g  i t  i n  a t h i n  l a y e r  on a s u i t -  
a b l e  s u b s t r a t e .  T h i s  p r e c o n c e n t r a t i o n  p l a c e s  enough Cr i n  t h e  
vn!ume s a m p l e d  t o  g i v e  a m e a s u r a b l e  s i g n a l .  T h u s ,  t h e  method 
may a l s o  be used t o  p r e c o n c e n t r a t e  Cr from aqueous  s o l u t i o n s .  
Campbell e t  aZ.  ( 1 9 6 6 )  r e p o r t e d  a n  a b s o l u t e  d e t e c t i o n  l i m i t  
o f  0 . 2 2  p g  f o r  Cr c o l l e c t e d  from aqueous  s o l u t i o n  i n  a n  i o n -  
e x c h a n g e - r e s i n - l o a d e d  f i l t e r  p a p e r ,  Beyermann e t  aZ. ( 1 9 6 9 )  
r e p o r t e d  an improved a b s o l u t e  d e t e c t i o n  l i m i t  o f  5 n g  f o r  Cr 
e x t r a c t e d  from u r i n e  a s  t h e  o x i n a t e  complex and s u b s e q u e n t l y  
e v a p o r a t e d  o n t o  a b r a s s  s u b s t r a t e .  Wobrauschek a n d  A i g i n g e r  
( 1 9 7 5 )  used a s p e c i a l  i n s t r u m e n t  geometry  t o  per form t o t a l -  
r e f l e c t i o n  X-ray f l u o r e s c e n c e  on e v a p o r a t e d  s o l u t i o n s .  The 
r e d u c t i o n  i n  background s i g n a l  a c h i e v e d  by u s i n g .  t h i s  t e c h n i q u e  
p e r m i t t e d  t h e  a n a l y s i s  of  a s  l i t t l e  as  5 n g  of Cr i n  5 vl  of 
s o l u t i o n  ( i . e .  a 1 ppm s o l u t i o n ) .  
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Birks and G i l f r i c h  ( 1 9 7 2 )  rev iewed the  a p p l i c a t i o n  o f  
X-ray f l u o r e s c e n c e  t o  t h e  a n a l y s i s  o f  p a r t i c u l a t e  m a t t e r  f i l t e r e d  
from a i r  and w a t e r  a s  we l l  a s  t h e  p r e p a r a t i o n  o f  s u i t a b l e  C a l i -  
b r a t i o n  s t a n d a r d s .  

P R O B E  A N A L Y S I S  METHODS 

Probe  t e c h n i q u e s  p e r m i t  m u l t i e l e m e n t  a n a l y s i s  t o  be 
per formed on m i c r o n - s i z e  p a r t i c l e s  o r  l o c a l i z e d  r e g i o n s  of  
l a r g e r  s a m p l e s .  The d i a m e t e r  of t h e  s p o t  a n a l y z e d  v a r i e s  w i t h  
t he  t e c h n i q u e  used: e l e c t r o n  mic roprobe  - 0.2-300 u m ,  l a s e r  
m i c r o p r o b e  - 5-35 urn, i on  mic roprobe  - 1-10  urn. Microscope  a t -  
t achmen t s  p e r m i t  s e l e c t i o n  o f  sampl ing  s i t e  t o  a h i g h  d e g r e e  o f  
p r e c i s i o n  ( 2 1 - 2  p m ) .  Andersen (1973)  e d i t e d  an e x c e l l e n t  
r e v i e w  o f  m i c r o p r o b e  a n a l y s e s .  

E l e c t r o n  Microprobe  

In t h i s  method t h e  sample i s  bombarded w i t h  an i n -  
t ense  beam o f  h i g h  e n e r g y  e l e c t r o n s  which c a u s e s  each  e l e m e n t  
i n  t h e  sample  t o  e m i t  i t s  c h a r a c t e r i s t i c  X - r a y s ,  C o r r e c t i o n  
must be made f o r  t h e  a b s o r p t i o n  of X-rays b e f o r e  t h e y  emerge 
from t h e  s u r f a c e  of  t h e  sample .  The volume sampled i s  u s u a l l y  
1-10 c u b i c  m i c r o m e t r e s  (1 -10  pm2 a r e a ,  1 urn d e p t h ) ,  which t r a n s -  
l a t e s  i n t o  1 0 - l l - l O - l o  g of sample .  S i n c e  t h e  r e l a t i v e  d e t e c -  
t i o n  l i m i t  i s  u s u a l l y  100-2000 ppm,  o r  0 .01 -0 .2% ( H e i n r i c h  
1 9 6 6 ) ,  t h e  a b s o l u t e  d e t e c t i o n  l i m i t  f o r  most e l e m e n t s ,  i n c l u d i n g  
Cry i s  10-15-10-14  g .  T h i s  amount can be o b s e r v e d  in s i t u  and 
n o n d e s t r u c t i v e l y  because  t h e  method,  b e i n g  a c l o s e  a n a l o g  of  
X-ray f l u o r e s c e n c e ,  does  n o t  a l t e r  t h e  chemica l  o r  p h y s i c a l  
form of  t h e  s a m p l e .  In many c a s e s  t h e  Cr i n  a sample i s  
l o c a l i z e d  i n  t h e  form o f  a p r e c i p i t a t e  o r  a n  i n c l u s i o n  ( e . g .  
p a r t i c u l a t e  m a t t e r  i n  t h e  l u n g ) .  O n  a bu lk  s c a l e  t h e  Cr c o n t e n t  
may be a t  t h e  ppm o r  p p b  l e v e l  b u t  on a m i c r o s c o p i c  l e v e l  Cr 
may c o m p r i s e  s e v e r a l  p e r c e n t  of t h e  i n c l u d e d  p a r t i c l e ,  r e a d i l y  
p e r m i t t i n g  e l e m e n t a l  c h a r a c t e r i z a t i o n  by e l e c t r o n  m i c r o p r o b e ,  
e . g .  Natusch  and Wal lace  ( 1 9 7 4 )  r e p o r t e d  t h a t  Cr l e v e l s  on t h e  
s u r f a c e  o f  f l y  a s h  p a r t i c l e s ,  compared t o  t h o s e  i n  t h e  b u l k  o f  
t h e  p a r t i c l e s ,  were h i g h  enough t o  make e l e c t r o n  probe  a n a l y s i s  
p o s s i b l e .  

P r o t o n  Mi c r o p r o b e  

Horowi tz  and Grodz ins  ( 1 9 7 5 )  d e s c r i b e d  t h e  u s e  of  a 
c o l l i m a t e d  beam o f  h i g h  e n e r g y  p r o t o n s  t o  e x c i t e  X-rays from 
a sampl ing  s p o t  a s  small  a s  1 um i n  d i a m e t e r .  H i g h  e n e r g y  pro-  
t o n s ,  when compared w i t h  h i g h  e n e r g y  e l e c t r o n s ,  have a much 
g r e a t e r  p r o b a b i l i t y  of i n t e r a c t i n g  w i t h  m a t t e r  t o  produce  X-rays .  
Hence, i t  was p o s s i b l e  t o  d e t e r m i n e  a s  l i t t l e  a s  0 .1  ppm Cr i n  a 
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sample a r e a  1 pm i n  d i a m e t e r  ( . a b s o l u t e  d e t e c t i o n  l i m i t  a b o u t  

t o  f o l l o w  Cr c o n c e n t r a t i o n  changes  a l o n g  t h e  l e n g t h  o f  s i n g l e  
human h a i r s .  

9 ) .  U s i n g  t h i s  method the  above i n v e s t i g a t o r s  were a b l e  

L a s e r  MicroDrobe 
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A h i g h  e n e r g y  p u l s e  of l a s e r  ( c o h e r e n t )  l i g h t  i s  
used t o  v a p o r i z e  10-12-10 '6  g of s ample .  The i n t e n s e  h e a t  
from t h e  e n e r g y  of  t h e  l a s e r  p u l s e  c a u s e s  a m u l t i e l e m e n t  emis-  
s i o n  spec t rum t o  be produced by t h e  v a p o r i z e d  e l e m e n t s .  Second- 
a r y  e x c i t a t i o n  s o u r c e s  may be used t o  i n c r e a s e  t h e  s t r e n g t h  
of  t h e  s i g n a l  o b s e r v e d ,  Using an u l t r a s e n s i t i v e  d e t e c t i o n  sys-  
tem t h e  a b s o l u t e  d e t e c t i o n  l i m i t  f o r  Cr f a l l s  i n  t h e  r ange  
10-16-10-8 g .  T h i s  t r a n s l a t e s  i n t o  a r e l a t i v e  d e t e c t i o n  l i m i t  
o f  0 .1 -10  p p m .  The amount of sample  v a p o r i z e d  by each l a s e r  
p u l s e  v a r i e s  w i d e l y  a n d  r e s u l t s  i n  poor  p r e c i s i o n  ( 5 3 0 - 6 0 % ) .  
N e v e r t h e l e s s ,  t h e  l a s e r  mic roprobe  may be used a s  a r e l a t i v e l y  
i n e x p e n s i v e  a t t a c h m e n t  ($5000-10 ,000)  t o  e x i s t i n g  e m i s s i o n  
s p e c t r o s c o p i c  equipment  p e r m i t t i n g  s i m u l t a n e o u s  m u l t i e l e m e n t  
a n a l y s i s  of  i n t e r e s t i n g  i n c l u s i o n s  i n  a sample .  

Ion Microprobe 

The ion  mic roprobe  i s  c a p a b l e  of a n a l y z i n g  s u c c e s s i v e  
a tomic  l a y e r s  o f  a sample s u r f a c e .  I n e r t  g a s  o r  oxygen i o n s  
a r e  a c c e l e r a t e d  t o  h i g h  e n e r g i e s  and a r e  used t o  bombard t h e  
sample s u r f a c e  p roduc lng  s e c o n d a r y  i o n s  from the sample mate-  
r i a l .  These  s e c o n d a r y  i o n s  a r e  t h e n  a n a l y z e d  a c c o r d i n g  t o  
t h e i r  mass t o  g i v e  t he  e l e m e n t a l  c o m p o s i t i o n  o f  t h e  sample .  
Organ ic  m a t e r i a l  p roduces  m a j o r  i n t e r f e r e n c e s ,  b u t  t h e s e  may 
be minimized by improvements  i n  t h e  r e s o l u t i o n  of t h e  i n s t r u -  
ment.  Most work t o  d a t e  has  been done on g e o l o g i c a l  and me- 
t a l l u r g i c a l  m a t r i c e s .  McHugh a n d  S t e v e n s  ( 1 9 7 2 )  used t h i s  me- 
thod i n  t h e  a n a l y s i s  of  s i n g l e  o i l  s o o t  p a r t i c l e s .  

The v a r i o u s  e l e m e n t s  e x h i b i t  w i d e l y  d i f f e r i n g  s e n s i -  
t i v i t i e s  i n  a g i v e n  m a t r i x .  F u r t h e r m o r e ,  t h e s e  s e n s i t i v i t i e s  
change d r a s t i c a l l y  when t h e  m a t r i x  i s  changed .  Hence, w e l l -  
c h a r a c t e r i z e d  s t a n d a r d s  a r e  a b s o l u t e l y  n e c e s s a r y  f o r  each  ma- 
t r i x  t y p e  a n a l y z e d .  

Some i o n  mic roprobes  a c t  a s  i o n  m i c r o s c o p e s ,  i . e .  
t h e y  u s e  t h e  s e c o n d a r y  i o n s  t o  p roduce  a n  image of  t h e  sample 
s u r f a c e  which i n d i c a t e s  t h e  s p a t i a l  l o c a t i o n  o f  t h e  d e s i r e d  
e l emen t  on t h e  s u r f a c e  o f  t h e  sample .  C o r r e l a t i o n  of t h e  s p a -  
t i a l  l o c a t i o n s  o f  s e v e r a l  e l e m e n t s  i m p l i e s  compound f o r m a t i o n .  
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D e p e n d i n g  on t h e  m a t r i x  and i n s t r u m e n t a t i o n  u s e d ,  
t h e  a b s o l u t e  d e t e c t i o n  l i m i t  f o r  Cr r a n g e s  from t o  
10'12 g .  This t r a n s l a t e s  i n t o  a r e l a t i v e  d e t e c t i o n  l i m i t  of  
1-100 ppm b e c a u s e  o f  t h e  s m a l l  s i z e  of s ample  (10 -12-10-8  9 ) .  
C u r r e n t l y ,  t h e  method i s  s t i l l  be ing  deve loped  a n d  i s  b e s t  
used t o  o b t a i n  q u a l i t a t i v e  o r  s e m i q u a n t i t a t i v e  d a t a  on minute 
sampl e s  o r  s ample  s u r f a c e s .  

E L E C T R O N  S P E C T R O S C O P Y  F O R  CHEMICAL ANALYSIS ( E S C A )  

I n  t h i s  s u r f a c e  a n a l y s i s  t e c h n i q u e ,  h i g h - e n e r g y  
p h o t o n s ,  u s u a l l y  X- rays ,  bombard t h e  sample a n d  c a u s e  t h e  
v a r i o u s  e l e m e n t s  p r e s e n t  t o  e j e c t  e l e c t r o n s .  T h e  e n e r g y  of 
t h e  i n c i d e n t  r a d i a t i o n  i s  p r e c i s e l y  k n o w n  a n d  hence  measure-  
ment o f  t h e  r e s i d u a l  ene rgy  of  t h e  e j e c t e d  e l e c t r o n s  g i v e s ,  
by d i f f e r e n c e ,  t h e i r  b i n d i n g  e n e r g i e s .  I n  t h i s  way i t  i s  
p o s s i b l e  n o t  o n l y  t o  pe r fo rm e l e m e n t a l  a n a l y s i s  b u t  a l s o  t o  
d e t e r m i n e  t h e  o x i d a t i o n  s t a t e s  o f  t h e  e l e m e n t s  p r e s e n t  ( B a i t -  
i n g e r  and Amy 1 9 7 4 ) .  The method i s  n o n d e s t r u c t i v e  a n d  samples  
t o  a d e p t h  o f  a p p r o x i m a t e l y  30 a n g s t r o m s ,  The a b s o l u t e  and 
r e l a t i v e  d e t e c t i o n  l i m i t s  a r e  comparab le  t o  X-ray f l u o r e s c e n c e ,  
10-9-10-6 g and 1 %  (by  w e i g h t )  r e s p e c t i v e l y .  

INTERLABORATORY COMPARISONS 

S y s t e m a t i c  e r r o r s  p r e s e n t  i n  a method may l e a d  t o  
v e r y  p r e c i s e  b u t  i n a c c u r 3 t e  r e s u l t s .  Because t h e  deve lopment  
of  c e r t i f i e d  s t a n d a r d s  f o r  many c l a s s e s  o f  m a t e r i a l s  i s  s c i e n -  
t i f i c a l l y  e x a c t i n g  and q u i t e  e x p e n s i v e ,  v e r y  few a r e  a v a i l a b l e .  
T h i s  has  made i t  d i f f i c u l t  t o  uncove r  a n d  c o r r e c t  s y s t e m a t i c  
e r r o r s .  Hence, a t t e m p t s  have been made t o  check a n a l y t i c a l  
methods t h r o u g h  i n t e r l a b o r a t o r y  compar i sons  of a n a l y s e s  p e r -  
formed on c a r e f u l l y  homogenized samples  r e p r e s e n t i n g  v a r i o u s  
e n v i r o n m e n t a l  m a t r i c e s .  T a b l e  B-4 l i s t s  some t y p i c a l  r e s u l t s  
of  i n t e r l a b o r a t o r y  c o m p a r i s o n s .  The f o l l o w i n g  p o i n t s  can be 
made: 

1 )  Agreement among t h e  v a r i o u s  l a b o r a t o r i e s  de -  
c r e a s e s  a s  t h e  l e v e l  of Cr d e c r e a s e s  i n  t h e  
s a m p l e .  

2 )  F ly  a s h ,  c o a l  a n d  o t h e r  s o l i d s  a r e  more d i f f i -  
c u l t  t o  homogenize t h a n  l i q u i d s  such  as  f u e l  
o i l .  

3 )  The p r e s e n c e  of  complex o r g a n i c  m a t e r i a l  d r a s -  
t i c a l l y  i n t e r f e r e s  w i t h  Cr a n a l y s i s  making i t  
i m p o s s i b l e  t o  a c h i e v e  t h e  optimum d e t e c t i o n  
J i m i t s .  T h i s  i s  e x e m p l i f i e d  by t h e  a n a l y s i s  
of  Cr i n  b lood s a m p l e s .  
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T a b l e  B - 5  l i s t s  c o n c e n t r a t i o n s  o f  Cr i n  d i f f e r e n t  
s a m p l e s  of  b lood  d e t e r m i n e d  by v a r i o u s  t e c h n i q u e s .  Even a l -  
l owing  f o r  a c o n s i d e r a b l e  r a n g e  o f  Cr v a l u e s  i n  t h e  b lood  o f  
normal i n d i v i d u a l s ,  i t  i s  s t i l l  o b v i o u s  t h a t  c e r t a i n  v a l u e s  a r e  
i n  e r r o r .  The v a l u e s  r e p o r t e d  b e f o r e  1967 a r e  i n d i c a t i v e  o f  
p rob lems  i n v o l v i n g  c o n t a m i n a t i o n ,  s t a n d a r d i z a t i o n ,  a n d  s p e c t r a l  
i n t e r f e r e n c e .  On t h e  o t h e r  h a n d ,  t h e  v a l u e  r e p o r t e d  by Peka rek  
e t  aZ.  ( 1 9 7 4 b )  may r ep resen t  t h e  l o s s  by v o l a t i l i z a t i o n  of  a 
s i g n i f i c a n t  p o r t i o n  o f  o r g a n i c a l l y  complexed Cr a s  d i s c u s s e d  by 
Wolf e t  aZ. ( 1 9 7 4 ) .  
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