
A b s t r a c t

P r e v i o u s s t u d i e s h a v e h y p o t h e s i z e d t h a t C a r b o n D i s u l f i d e (C S
j ) t o x i c i t y i s b a s e d o n t h e c h e l a t i o n

o f c o p p e r a n d z i n c i o n s b y t h e d i t h i o c a r b am a t e d e r i v a t i v e s a r i s i n g f r o m t h e r e a c t i o n o f C Sj w i t h

a m i n e s . T h e p r im a r y o bj e c t i v e o f t h i s s t u d y w a s t o i n v e s t i g a t e t h e p o t e n t i a l i n v o l v e m e n t o f t r a c e

m e t a l s i n t h e m e t a b o l i s m o f C Sj i n e x p o s e d r a t s . C Sj w a s a dm i n i s t e r e d i n a i r a t 0
,
5 0

,
15 0

,
o r 5 0 0

p p m t o s e p a r a t e g r o u p s o f 60 y o u n g a d u l t m a l e Sp r a g u e - D a w l e y r a t s f o r 6 h r / d a y ,
5 d a y s /w k ,

f o r

6 . 5 m o n t h s . T h e d i e t c o n s i s t e d o f N I H 0 7 p e l l e t s (Z i e g l e r B r o t h e r s
,
G a r d n e r

,
P A ) a n d t a p w a t e r

fr o m b o t t l e s . A f t e r t h e r a t s h a d b e e n e x p o s e d t o C S j f o r 6 . 5 m o n t h s
,
e x p o s u r e w a s d i s c o n t i n u e d .

N i n e r a t s fr o m e a c h e x p o s u r e g r o u p i n c l u d i n g c o n fr o l s w e r e c h o s e n r a n d o m l y . C u m u l a t i v e v o i d e d

u r i n e w a s c o l l e c t e d d u r i n g 0 - 8
,
8 - 16 ,

16 - 2 4
,
a n d 2 4 - 4 8 h o u r s f o l l o w i n g t he l a s t C Sj

e x p o s u r e .

T h i r t y - s e v e n m e t a l s w e r e m e a s u r e d i n t h e u r i n e by i n d u c t i v e l y c o u p l e d p l a sm a a t o m i c e m i s s i o n

s p e c t r o s c o p y (I C P - A E S ) . L i n e a r r e gr e s s i o n a n a l y s i s u s i n g c r e a t i n i n e n o r m a l i z e d c o n c e n t r a t i o n s

f o r e a c h e x p o s u r e g r o u p o v e r t im e r e v e a l e d s t a t i s t i c a l l y s i g n i fi c a n t (p < 0 . 0 5 ) c o r r e l a t i o n

c o e f fi c i e n t s f o r B
,
C a

,
I

,
M g ,

P
,
P t

,
a n d Sr i n t h e c o n t r o l g r o u p ; C a

,
I
,
M g ,

M n
,
a n d P i n t h e 5 0

p p m g r o u p ; S e a n d Si i n t h e 1 50 p p m g r o u p ; a n d B
,
C a ,

M g ,
M n

, a n d P i n t h e 5 0 0 p p m g r o u p .

W i t h t h e e x c e p t i o n o f Pt
,
S e

,
a n d Si

,
t h e m e t a l c o n c e n t r a t i o n s w e r e d e c r e a s i n g o v e r t im e . L i n e a r

r e g r e s s i o n a n a l y s i s u s i n g t o t a l m e t a l (n g ) p e r t im e p e r i o d i n s t e a d o f c r e a t i n i n e n o r m a l i z e d (|j g / m g )

c o n c e n t r a t i o n s
, y i e l d e d s im i l a r r e s u l t s .

S i n c e t h e m a j o r i t y o f m e t a l s w i t h a s i g n i f i c a n t c o r r e l a t i o n

c o e f fi c i e n t i n b o t h a n a l y s i s w e r e i n t h e n o n - e x p o s e d g r o u p ,
i t i s u n l i k e l y t h a t t h e v a r i a t i o n s w e r e a

r e s u l t o f C S
2
e x p o s u r e . F u t u r e s t u d i e s s h o u l d c o n c e n t r a t e o n d e t e r m i n i n g th e n a t u r a l fl u c t u a t i o n s

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

s u p p o r t a n d e n c o u r a g e m e n t . F i r s t
,
I a m t h a n k fu l f o r D r

. C l i n t C o x a n d D r
. Sh a n e Qu e

H e e w h o p r o v i d e d th e d a t a t h a t w a s t h e b a s i s f o r t h i s t e c h n i c a l r e p o r t . I e s p e c i a l l y w a n t

t o t h a n k D r . C o x f o r t h e u n s e l fi s h m e n t o r i n g a n d s u p p o r t y o u h a v e g i v e n m e o v e r t h e l a s t

s e v e r a l y e a r s . Y o u k n e w w h e n t o p u s h m e a n d w h e n I n e e d e d e n c o u r a ge m e n t .
I w i l l

a l w a y s b e g r a t e f ia l f o r y o u r g e n e r o s i t y o f t im e a n d y o u r b e l i e f i n m e . T h a n k s f o r s e r v i n g

o n m y c o m m i t t e e !

T o D r . M i k e Sym o n s , I w a n t t o s a y a s p e c i a l t h a n k s f o r a g r e e i n g t o b e a m e m b e r o f m y

c o mm i t t e e e v e n t h o u gh I w a s n e v e r a s t u d e n t o f y o u r s . T h a n k s f o r y o u r g r a c i o u s a t t i t u d e

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

T o D r . B a l l
,
m y c o m m i t t e e c h a i r a n d a d v i s o r

,
I a m d e e p l y i n d e b t e d t o y o u fo r y o u r

e n c o u r a g e m e n t a n d i n c r e d i b l e p a t i e n c e . N o t o n c e d i d I h e a r a n e g a t i v e o r d i s c o u r a g i n g

w o r d fr o m y o u e v e n t h o u gh I m o s t a s s u r e d l y d e s e r v e d i t . Y o u r s u p p o r t a n d s e n s e o f

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

T o C . L . L a s s i t e r
,
I w a n t t o s ay t h a n k s f o r a l w a y s b e i n g w i l l i n g t o h e l p m e w i t h r e g i s t r a t i o n

s e m e s t e r a ft e r s e m e s t e r . Y o u w e r e a l w a y s a p l e a s u r e t o d e a l w i t h . T h a n k y o u fo r a l l y o u r

h e l p .

T o m y p a r e n t s
,
I w a n t t o s a y th a n k s fo r t e a c h i n g m e t o

"
N e v e r Qu i t " . T h a n k s f o r a l l

y o u r s u p p o r t a n d e n c o u r a g e m e n t . I c o u l d n o t h a v e b e t t e r p a r e n t s . F i n a l l y ,
t o m y w i f e

K im a n d m y s o n L o g a n . T h a n k s f o r y o u r l o v e a n d u n d e r s t a n d i n g . Y o u b o th h a v e

s a c r i fi c e d m o r e t h a n a n y b o d y th e l a s t s e v e r a l m o n t h s .
I l o v e y o u b o t h !
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T a b l e o f C o n t e n t s

P a g e

L i s t o f T a b l e s v i

L i s t o f F i g u r e s v i i

1 . 0 B a c k g r o u n d 1

1 . 1 S o u r c e a n d U s e s o f C S 2 1

1 . 2 C h e m i c a l a n d P h y s i c a l P r o p e r t i e s 2

1 . 3 M e t a b o l i s m 2

1 . 4 T o x i c E f f e c t s 7

1. 5 U r i n a r y M a r k e r s 1 1

1 . 5 . 1 I o d i n e A z i d e 1 1

1 . 5 . 2 T h i o e t h e r s 12

1 . 5 . 3 T T CA 12

2 . 0 M a t e r i a l s a n d M e t h o d s 13

3 . 0 R e s u l t s 18

4 . 0 D i s c u s s i o n a n d C o n c l u s i o n s 2 8

5 . 0 S u g g e s t i o n s f o r F u r t h e r St u d y 3 3

6 .
0 R e f e r e n c e s 3 5

7 . 0 A p p e n d i c e s 4 8

7 . 1 A p p e n d i x A L a b o r a t o r y D a t a A - 1

7 . 2 A p p e n d i x B C r e a t i n i n e A dj u s t e d D a t a B - 1

7 . 3 A p p e n d i x C L i n e a r r e g r e s s i o n P l o t s o f M e t a l s ( jx g /m g ) v s T im e C - 1

7 . 4 A p p e n d i x D L i n e a r R e g r e s s i o n P l o t s o f M e t a l s (|i g / m g) v s E x p o s u r e D - 1

7 . 5 A p p e n d i x E L i n e a r R e g r e s s i o n P l o t s o f M e t a l s ((a g ) v s T im e E - 1

7 . 6 A p p e n d i x F L i n e a r R e g r e s s i o n P l o t s o f M e t a l s (|. i g ) v s E x p o s u r e F - 1
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L I ST O F T A B L E S

P a g e

T a b l e 1- 1 T h e C h e m i c a l l d e n t i t y o f C a r b o n D i s u l f i d e 3

T a b l e 1 - 2 P hy s i c a l a n d Ch e m i c a l P r o p e rt i e s o f C a r b o n D i s u l fi d e 4

T a b l e 3 - 1 M e t a l s w i t h S i g n i f i c a n t C o r r e l a t i o n w i t h T im e (c r e a t i n i n e a dj u s t e d ) 1 8

T a b l e 3 - 2 0 p p m L i n e a r R e g r e s s i o n A n a ly s i s R e s u l t s (c r e a t i n i n e a dj u s t e d ) 1 9

T a b l e 3 - 3 5 0 p p m L i n e a r R e g r e s s i o n A n a l y s i s R e s u l t s (c r e a t i n i n e a dj u s t e d ) 2 0

T a b l e 3 - 4 15 0 p p m L i n e a r R e g r e s s i o n A n a ly s i s R e s u l t s (c r e a t i n i n e a dj u s t e d ) 2 0

T a b l e 3 - 5 50 0 p pm L i n e a r R e g r e s s i o n A n a l y s i s R e s u l t s (c r e a t i n i n e a dj u s t e d ) 2 1

T a b l e 3- 6 2 4 - 4 8 h r L i n e a r R e g r e s s i o n A n a l y s i s R e s u l t s (c r e a t i n i n e a dj u s t e d ) 2 2

T a b l e 3 - 7 M e t a l s w i t h Si g n i fi c a n t C o r r e l a t i o n w i t h T i m e (t o t a l m e t a l |i g ) 2 4

T a b l e 3 - 8 Op p m L i n e a r R e g r e s s i o n A n a l y s i s R e s u l t s (t o t a l m e t a l |i g ) 2 5

T a b l e 3 - 9 50 p pm L i n e a r R e g r e s s i o n A n a l y s i s R e s u l t s (t o t a l m e t a l \i g) 2 5

T a b l e 3 - 10 1 50 p pm L i n e a r R e g r e s s i o n A n a l y s i s R e s u l t s (t o t a l m e t a l ^ g ) 2 6

T a b l e 3 - 1 1 5 0 0 p p m L i n e a r R e g r e s s i o n A n a l y s i s R e s u l t s ( t o t a l m e t a l |a g ) 2 6

T a b l e 3 - 12 16 - 2 4 h r L i n e a r R e g r e s s i o n A n a l y s i s R e s u l t s (t o t a l m e t a l |i g ) 2 7

T a b l e 4 - 1 C o m p a r i s o n o f L i n e a r R e g r e s s i o n R e s u l t s f o r C a (c r e a t i n i n e a dj ) 2 9

V I
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L I ST O F F I G U R E S

P a g e

F i g u r e 1- 1 P r o p o s e d M e t a b o l i c P a t h w a y s f o r C a r b o n D i s u l f i d e 6

V l l
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M e t a l s a s P o t e n t i a l B i o m a r k e r s o f E x p o s u r e t o C a r b o n D i s u l fi d e .

b y
A l a n G . P a r h a m

1 . 0 B a c k g r o u n d

1. 1 So u r c e s a n d U s e s o f C Sj

C Sj i s r e l e a s e d fr o m b o t h n a t u r a l a n d m a n m a d e s o u r c e s . C S j i s r e l e a s e d i n sm a l l

a m o u n t s fr o m s e v e r a l n a t u r a l s o u r c e s i n c lu d i n g v o l c a n o e s , s o i l m i c r o b e s , a n d o c e a n

s e d im e n t s (A T SD R , 19 9 6 ) .
C o m b u s t i o n o f c a r b o n a c e o u s m a t e r i a l s c o n t a i n i n g s u l fi i r

a l s o r e l e a s e s C S j . U n t i l a b o u t 19 5 0 , C Sj w a s p r o du c e d c o m m e r c i a l l y by h e a t i n g

c h a r c o a l t o 7 5 0 - 9 0 0 ° C i n t h e p r e s e n c e o f v a p o r i z e d l o w a s h s u l fi j r (A T SD R
,
19 9 6 ) .

S i n c e t h e e a r l y n i n e t e e n t h c e n t u r y ,
C S 2 h a s b e e n u s e d i n t h e m a n u fa c t u r e o f s u l fi i r

m a t c h e s ,
e x t r a c t i o n o f f a t s ,

c o l d v u l c a n i z a t i o n o f r u b b e r
,
s y n t h e s i s o f o t h e r c h e m i c a l s

(e . g .

,
c a r b o n t e t r a c h l o r i d e ) ,

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

c o n v e r s i o n o f c e l l u l o s e i n t o r a y o n f i b e r s (A T S D R ,
19 9 6

,
G r a h a m

,
e t a l . 19 9 5

,
K l a a s s e n

,

19 9 6 ) .
M a n y o f t h e s e u s e s h a v e b e e n p h a s e d o u t o v e r t h e y e a r s b y r e p l a c i n g C S2

w i t h

o t h e r s o l v e n t s . W h i l e t h e C h e m i c a l m a n u f a c t u r i n g i n d u s t r y s t i l l u s e s C S j t o s y n t h e s i z e

o t h e r c h e m i c a l s , t h e l a r g e s t u s e r o f C Sj i s s t i l l t h e v i s c o s e - r a y o n i n d u s t r y . S i n c e C Sj

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

l e s s t o x i c c o m p o i m d s a r e n o t c u r r e n t l y a v a i l a b l e (D r e x l e r , e t a l . 19 9 3 ) . A c c o r d i n g t o

t h e l a t e s t d a t a a v a i l a b l e fr o m t h e T o x i c R e l e a s e I n v e n t o r y (T R I , 19 9 8) ,
o v e r

4 3
,
4 4 6

,
4 15 p o u n d s o f C S2 w e r e r e l e a s e d t o t h e a i r d u r i n g t h a t y e a r ; h o w e v e r

,
t h e m o s t

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

t h r o u g h i n h a l a t i o n a l t h o u g h s i g n i fi c a n t a b s o r p t i o n t hr o u gh t h e s k i n c a n a l s o o c c u r . I n

o c c u p a t i o n a l s e t t i n g s ,
a c o m b i n a t i o n o f t h e s e t w o r o u t e s i s l i k e l y .

1
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1
.
2 C h e m i c a l a n d P h y s i c a l P r o p e r t i e s

C S2 i s v e r y v o l a t i l e
,
a n d a n y r e l e a s e s t o t h e e n v i r o n m e n t r e s u l t s i n q u i c k v o l a t i l i z a t i o n

t o t h e a t m o s p h e r e (A T SD R
,
19 9 6 ; K l a a s s e n

,
1 9 9 6 ) . H o w e v e r , C Sj h a s a l o w a f fi n i t y

f o r s o i l ; t h e r e f o r e
,
i f l a r g e a m o u n t s a r e s p i l l e d ,

s o m e m a y b e t r a n s p o r t e d i n t o

g r o u n dw a t e r . T h e c h e m i c a l i d e n t i t y a n d t h e p h y s i c a l a n d c h e m i c a l p r o p e r t i e s o f C Sj

c a n b e f o i m d i n T a b l e s 1- 1 a n d 1- 2
,
r e s p e c t i v e ly .

1 . 3 M e t a b o l i s m

Wh e t h e r t h e e x p o s u r e t o C S2 o c c u r s t h r o u g h i n h a l a t i o n , o r a l ,
o r d e r m a l r o u t e

,
t h e

a b s o r p t i o n i s s u b s t a n t i a l a n d r a p i d . T h e C Sj i s t a k e n u p i n t h e b l o o d a n d d i s t r i b u t e d

t h r o u g h o u t t h e b o d y (A T SD R ,
19 9 6 ) . D u e t o t h e l i p o p h i l i c n a t u r e o f C S

2 ,
i t i s m a i n l y

d e p o s i t e d i n l i p i d - r i c h o r g a n s s u c h a s t h e b r a i n a n d l i v e r w h e r e i t i s m e t a b o l i z e d t o

t h i o c a r b a m a t e s . (A T SD R
,
19 9 6 ; C o x e t a l .

,
1 9 9 2 ) .

T e i s i n g e r a n d S o u c e k ( 19 4 9 )

r e p o r t e d th a t r a p i d a b s o r p t i o n o c c u r r e d i n h u m a n s u bj e c t s . Su bj e c t s w e r e e x p o s e d b y

i n h a l a t i o n t o 1 7 - 5 1 p p m f o r 1 - 4 h o u r s . T h e a m o i m t o f C S j a b s o r b e d w a s m e a s u r e d b y

d e t e r m i n i n g l e v e l s i n i n s p i r e d a i r
,
e x p i r e d a i r

,
b l o o d a n d u r i n e u n t i l i t h a d d i s a p p e a r e d

f r o m t h e b l o o d a n d u r i n e . T e i s i n g e r a n d So u c e k ( 19 4 9 ) f o u n d th a t 8 0% o f t h e i n h a l e d

C Sj w a s r e t a i n e d d u r i n g t h e f i r s t f i ft e e n m i n u t e s o f e x p o s u r e a n d t h e n d e c r e a s e d t o

a b o u t 4 0% a ft e r 4 5 m i n u t e s . V e r y l i tt l e (0 . 0 6% ) o f t h e C S
j
w a s e l im i n a t e d i n t h e u r in e .

So u c e k (1 9 5 7 ) d i d a n o t h e r s t u dy a n d r e p o r t e d t h a t 10 - 3 0% o f
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T a b l e 1 - 1 . C h e m i c a l I d e n t i t y o f C a r b o n D i s u l fi d e
*

C h a ra c t e ri s t i c I n f o r m a t i o n R e f e r e n c e

C h e m i c a l n a m e

Sy n o n y m (s )

R e g i s t e r e d t ra d e n a m e (s )

C h e m i c a l f o r m u l a

C h e m i c a l s t r u c t u r e

C a r b o n d i s u l fi d e H SD B 1 9 9 5

C a r b o n b i s u l p h i d e ; c a r b o n H SD B 19 9 5

d i s u lp h i d e ; c a r b o n s u l fi d e ;
c a r b o n s u l p h i d e ; d i t h i o c a r b o n i c

a n h y d ri d e ; s u l p h o c a r b o n i c a n h y d ri d e

We e v i l t o x ® H SD B 1 9 9 5

C a s w e l l N o . 1 6 2 ® H SD B 1 99 5

C S ,

S= C = S

I d e n t i fi c a t i o n n u m b e r s :

C A S r e g i s t r y

N I O S H R T E C S

E PA h a z a r d o u s w a s t e

O H M /T A D S

D O T / U N /N A / I MC O s h i p p i n g

H S D B

N C I

7 5 - 15 - 0

F F 6 6 50 0 00

P 0 2 2 (p u r e )
F - 00 5 (a s a m ix t u r e c o m p o n e n t )
7 2 16 6 3 3

U N 1 13 1 ; I M C O 6 1

5 2

C 04 5 9 1

H SD B 19 9 5

H SD B 19 9 5

H SD B 19 9 5

H SD B 199 5

H SD B 19 9 5

H SD B 19 9 5

H SD B 19 9 5

C A S = C h e m i c a l A b s t ra c t s S e r v i c e s ; D O T / U N / N A / I M C O = D e p a r t m e n t o f T r a n s p o r t a t i o n / U n i t e d

N a t i o n s / N o r th A m e ri c a / I n t e m a t i o n a l M a ri t i m e D a n g e r o u s G o o d s C o d e ; E PA = E n v i r o n m e n t a l P r o t e c t i o n

A g e n c y ; H S D B = H a z a r d o u s S u b s t a n c e s D a t a B a n k ; N C I = N a t i o n a l C a n c e r I n s t i t u t e ; N I O SH = N a t i o n a l

I n s t i t u t e f o r O c c u p a t i o n a l S a f e t y a n d H e a l th ; O H M / T A D S = O i l a n d H a z a r d o u s M a t e ri a l s/ T e c hn i c a l

A s s i s t a n c e D a t a S y s t e m ; R T E C S = R e gi s t r y o f T o x i c E ff e c t s o f C h e m i c a l S u b s ta n c e s

* So u r c e : A T S D R T o x i c o l o g i c a l P r o fi l e 19 9 6
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T a b l e 1 - 2 *

P hy s i c a l a n d C he m i c a l P r o p e r t i e s o f C a r b o n D i s u l f i d e

P r o p e rt y I n f o r m a t i cm R e f e r e n c e

M o l e c u l a r w e igh t
C o lc M -

P h y s i c a l s t a te

M e l ti n g p o i n t

B o i l in g p o in t

De n s i t y
a t l S X
a t 20

°
C

a t 3 0
°

C

O d o r

O d o r th r e s h o ld :

Wa t e r

A i r

So l u b i l it y :

W a te r

a t 2 0
° C

a t 2 2
°

C

O r g a n i c s o l v e n t s

7 6 . 14

C l e a r , c o l o r l e s s , o r

f a in t ly y e l l o w

C o lo r le s s

H i g h l y r e fr a c t i v e , m o b il e

l iq u i d
- 1 10 . 8

°

C
- 1 11 . 5 ° C

4 6 . 5 "'

C (a t 7 6 0 to r r )

1 . 2 7 0 55 g /m L

1 .2 6 32 g /m L
1 .2 4 8 1 g /m L

P u r e s t d is t i ll a t e s h a v e

s w e e t
, p l e a s i n g , a n d

e t h e r e a l o d o r ; c o m m e r c i a l

a n d r e a g e n t g r a d e s a r e

f o u l s m e ll i n g

0 . 0 0 2 6 m g /L (f a i n t o d o r )
0 . 3 1 - 0 . 6 5 m g /m

^
(0 . 1- 0 . 2 p p m )

lo w = 0 . 0 2 4 3 m g /m
^
(0 . 0 0 8 p p m )

h i g h
= 23 . 1 m g /m

^
( 7 . 3 9 p p m )

0 . 3 1 m g / m
^ ( 0 . 1 p pm )

(r e s p o n s e i n 5 0% o f

s u bj e c t s )
0 . 6 5 m g/ m

^
( 0 . 2 p pm )

(r e s p o n s e i n 10 0% o f

s u bj e c t s )
0 . 0 5 m g /m

^
(0 . 0 2 p p m )

( pe r c e p t i o n i n h u m a n s )

0 . 0 4 m g /m
^ (0 . 0 1 pp m )

(n o n p e r c e p t i o n w i t h a d v e r s e

r e f le x r e s p o n s e in h u m a n s )

2 9 4 0 m g / L

2 3 0 0 mg / L

M i s c Jb l e w i t h a n h y d r o u s

m e t h a n o l , c t h a n o l ,
e t h e r , b e n z e n e , c h lo r o ¬

f o r m , c a r b o n t e t r a c h l o r i d e ,

a n d o i l s

W i n dh o l z 19 83

Sa x a n d L e w is 19 8 7

W in t to o l z 19 83

W in d h o lz 19 8 3

W e a st 19 89

H SD B 199 5

W in dh o lz 19 83

W i n dh o lz 19 8 3
W i n t Ui o l z 19 8 3
W i n dh o lz 1983

F l i c k 19 8 5 ;
Wi n dh o l z 19 83

V e r s c h u e r e n 19 83

A C G I H 198 6

R u t h 19 8 6

R u t h 19 86

M C A 19 68

M C A 19 6 8

V e r s c h u e re n 198 3

V e r s c h u e r e n 19 83

W i n d h o l z 19 83

V e r s c h u e r e n 19 83

W in d h o l z 19 8 3

* S o u r c e : A T SD R T o x i c o l o g i c a l Pr o fi l e 19 9 6

NEATPAGEINFO:id=D53F48BA-C6EF-42D0-A3A1-F91622EC0017



T a b l e 1- 2 *

Ph y s i c a l a n d C h em ic a l P r o p e rt i e s o f C a r b o n D i s u l f i d e (c o n t i n u e d )

P r o p e r t y In f o r m a t io n R e f e r e n c e

Pa r t it i o n c o e f fi c i e n t s :

L o g K «

V a p o r p r e s s u r e

a t l O
'
C

a t I C C

a t 2 0
°
C

a t l O
'

C

a t 2 5
'

C

a t 30 ° C

H e n r y
'
s la w c o n s t a n t

A u t o i g n i t i o n t e m p e r a m r e

Fl a s h p o in t

F la o u n a b i l it y l i m i t s in a i r

C o n v e r s i o n f a c t o r s

Ex p lo s iv e l im i t s

1 . 8 4 - 2 . 1 6 (c a l c u l a t e d )
1 . 8 0

12 7 . 0 n u n H g

200 m m H g
26 0 m m H g

2 97 . 5 m m H g
3 5 2 . 6 mm H g
4 30 m mH g
1 . 2 2x 10

- ^
a t m mV m o l

10 0
°

C

125 - 13 5 ' C
- 3 0 ° C (c lo s e d c u p )

1- 5 0 % (v / v )
*

( e x p l o s i v e

r a n g e )
1 . 3 - 50 %

0 . 3 2 ppm
= 1 m g /m

^

l o w e r = 1%
u pp e r = 5 0 %

V e r s c h u e re n 19 7 8
H S D B 19 9 5

Fl i c k 1985

V e r s c h u e re n 19 8 3
V e r s c h u e re n 19 8 3
T i m m c r m a n 19 7 8

W o r t h i n g 19 8 7

V e r s c h u e r e n 1983
EPA 19 81

W i n dh o l z 1 9 83 ; Sa x

a n d L e w i s 19 8 7

W o rt h i n g 19 8 7

N F PA 19 8 6 ; Sa x a n d
L e w is 19 8 7 ;
W i n d h o l z 19 83

F l i c k 19 85 ;
W i n d h o lz 19 83

N F P A 19 8 6 ;
W e i ss 19 80

B e a u c h a m p e t a l . 19 8 3

O H M T A D S 199 5

"

v / v = p e r c e n t
"
v o l u m e in v o l u m e ,

"
w h ic h e x p r e s s e s t h e n u m b e r o f m i l li l i t e r s o f p u re a n a ly t e v a p o r in

100 m i l ii l i t e re o f a i r m ix t u r e ( A C G IH 19 9 5 )

♦ S o u r c e : A T S D R T o x i c o l o g i c a l P r o f i l e 19 9 6
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t h e r e t a i n e d C S j w a s e x h a l e d a n d l e s s t h a n 1% w a s e x c r e t e d i n t h e u ri n e . T h i s i n d i c a t e d

th a t 7 0 - 9 0% o f th e c a r b o n d i s u l fi d e w a s m e t a b o l i z e d . P h y s i c a l e x e r t i o n i n c r e a s e s t h e

i n h a l a t i o n a n d a s a r e s u l t i n c r e a s e s t h e i n t e r n a l d o s e o f C S j (D r e x l e r
,
e t a l .

,
1 9 9 3 ; C o x

,

19 9 2 ) .

St u d i e s o f r a t s a l s o i n d i c a t e C S j i s q u i c k l y a b s o r b e d a ft e r i n h a l a t i o n e x p o s u r e (A T SD R ,

19 9 6 ) . M c K e n n a a n d D i St e f a n o ( 19 7 7 a ) e x p o s e d m a l e Sp r a g u e - D a w l e y r a t s t o 6 4 0p p m

C Sj .
T h e y r e p o r t e d a n e x p o n e n t i a l i n c r e a s e i n C S2

i n b l o o d w h i c h r e a c h e d s t e a dy s t a t e

a ft e r 9 0 m i n u t e s . A ft e r e x p o s u r e s t o p p e d , t h e e l im i n a t i o n o f b l o o d C Sj w a s b i p h a s i c

w i t h h a l f - l i v e s o f 6 a n d 8 5 m i n u t e s . C Sj c o n c e n t r a t i o n s r e a c h e d s t e a d y s t a t e a r o u n d 4 - 5

h o u r s . L o s s o f fi "

e e C S
j
w a s r a p i d in a l l t i s s u e s e x c e p t t h e l i v e r a n d k i d n e y s (M c K e rm a

a n d D i St e f a n o ,
1 9 7 7 a ) .

B e a u c h a m p e t a l ( 19 8 3 ) p u b l i s h e d a c r i t i c a l r e v i e w o f l i t e r a t u r e o n C Sj t o x i c i t y i n 19 83 .

F i g u r e 1 - 1 d e p i c t s t h e m e t a b o l i c p a t h w a y s p r o p o s e d b y B e a u c h am p e t a l . R e a c t i o n (i )

h a s b e e n d e m o n s t r a t e d i n v i v o a n im a l s t u d i e s
,
r e a c t i o n s (i i - v ) i n v i t r o s t u d i e s , a n d

r e a c t i o n s (v i - i x ) a r e p r o p o s e d m e t a b o l i c p a t h w a y s i n a n i m a l s a n d h i m i a n s . A c c o r d i n g t o

B e a u c h a m p e t a l . , C S j i s fi r s t m e t a b o l i z e d b y c y t o c hr o m e P - 4 5 0 t o a n u n s t a b l e o x y g e n

i n t e r m e d i a t e (r e a c t i o n i ) .
T h e o x y g e n i n t e r m e d i a t e e i t h e r d e g r a d e s t o a t o m i c s u l f u r a n d

c a r b o n y l s u l fi d e (r e a c t i o n i i ) o r h y d r o l y z e s t o f o r m a t o m i c s u l fi i r a n d m o n o t h i o c a r b o n a t e

(r e a c t i o n i i i ) .
T h e A t o m i c s u l f ia r e i t h e r c o v a l e n t l y b i n d s t o m a c r o m o l e c u l e s (r e a c t i o n i v )

o r i s o x i d i z e d t o p r o d u c t s s u c h a s s u l f a t e (r e a c t i o n v ) . U n l i k e a n im a l s
,
t h e o x i d a t i o n o f
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O N

F ig u r e 1 - 1 . P r o p o s e d M e t a b o l i c P a t h w a y s f o r C a r b o n D i s u l fi d e
*

G S H A m i n o a c i d s
^ H S - C - N H - RH S - C - SG * ^

C H ,
- C H - C O O H

S N H

C y s te i n e -

H S - C - S - R (i )

(t h ia z o l id i n e > 2 -

th i o n e - 4 - c a r b o x y l i c

a c i d )
?

C H - C H - C O O H

S N H

\ /
C

li
o

G S H

(2 - o x o th i a z o l i d i n e - 4 -

c a r b o x y l i c a c i d) S = C = 0

U r e a I \_
c y c l e I

O
j ,
N A D P

M FO

S= C = S^
.
0

(» )/ C o v a l e n t b i n d i n g
m a c r o m o l e c u l e s

(V
C a r b o n i c a n hy d i

I I

(D i t h i o c a r b a r m a t e s )

i
A

o = c c = s

C H
j
- N H

(2 - th io - 5 - th i a 2 o l i d i n o n e )

" S= C - 0 - : H S - C = 0

S

t
T h i o u r e a

H
2
N - d N H

2

( i x )

H
j
O

^ S o u r c e : B e a u c h a m p e t a l . 1 98 3
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s u l f u r t o s u l f a t e i n h u m a n s d o e s n o t 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 t h e m e t a b o l i s m o f C S j .

T h e c a r b o n y l s u l f i d e f o r m e d i n r e a c t i o n (i i ) m a y b e c o n v e r t e d t o m o n o t h i o c a r b o n a t e b y

c a r b o n i c a n h y dr a s e (r e a c t i o n v i i i ) .
M o n o t h i o c a r b o n a t e m a y d e g r a d e i n r e a c t i o n (i x ) ,

r e g e n e r a t i n g c a r b o n y l s u l fi d e o r f o r m i n g c a r b o n d i o x i d e a n d s u l fi d e b i s u l fi d e i o n (H S
"

)

(r e a c t i o n v i i ) . T h e H S
"

c a n t h e n b e o x i d i z e d t o s u l f a t e o r o t h e r n o n v o l a t i l e m e t a b o l i t e s

(r e a c t i o n v i ) .

1 . 4 T o x i c E f f e c t s

C S2
h a s b e e n a h e a l t h c o n c e r n i n t h e v i s c o s e r a y o n fi b e r p r o d u c t i o n b e c a u s e o f i t s m a n y

e f f e c t s s u c h a s c e n t r a l a n d p e r i p h e r a l n e u r o t o x i c i t y ,
i n c r e a s e d c a r d i o v a s c u l a r m o r t a l i t y ,

i n j u r y t o t h e s e n s o r y o r g a n s
,
a n d d i s t u r b a n c e s i n h o r m o n a l a n d r e p r o d u c t i v e f i m c t i o n s

(B e a u c h a m p e t a l .

,
19 8 3 ; R i i h im a k i

,
1 9 9 2 ) . S e v e r a l e p i d e m i o l o g i c a l s t u d i e s h a v e

r e p o r t e d a n i n c r e a s e i n m o r t a l i t y a m o n g v i s c o s e r a y o n w o r k e r s e x p o s e d t o c a r b o n

d i s u l fi d e . (H e m b e r g ,
e t a l .

,
19 7 0

,
19 7 3 ; T o l o n e n e t a l

.
19 7 5

,
19 7 9 ) . T h e s e w o r k e r s

w e r e p o s s i b l y e x p o s e d th r o u gh m u l t i p l e r o u t e s t o C S j
a n d t o o t h e r c h e m i c a l s ; t h e r e f o r e ,

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

H o w e v e r , s o m e o f t h e s t u d i e s a r e d i s c u s s e d f u r t h e r b e l o w .

A n i n h a l a t i o n s t u dy c o n du c t e d w i t h p r e g n a n t r a t s e x p o s e d t o 64 2 p p m C S
j p r o d u c e d

3 3% m o r t a l i t y a m o n g d a m s .
P r e g n a n t r a t s e x p o s e d t o 2 2 5 p p m C S2 p r o du c e d 3 5%

m o r t a l i t y a m o n g p u p s (L e h o t z ky e t a l . 19 8 5 ; A T SD R
,
19 9 6 ) .
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Sp y k e r e t a l r e p o r t e d t h a t 2 7 p e o p l e w e r e e x p o s e d t o C S 2 a ft e r a r a i l r o a d a c c i d e n t .

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

a r t e r i a l o x y g e n . (Sp y k e r ,
19 82 ) . N o i n f o r m a t i o n o n e x p o s u r e c o n c e n t r a t i o n s w a s

a v a i l a b l e .

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

d i s e a s e a m o n g C Sj
e x p o s e d w o r k e r s (H e m b e r g ,

1 9 7 0 ; T i l l e r
,
19 6 8 ; B a l c a r o v a

,
1 9 9 1) .

T i l l e r e t a l . ( 19 6 8) ,
c o n d u c t e d a r e t r o s p e c t i v e s t u dy o f 2 2 3 v i s c o s e r a y o n w o r k e r s a n d

r e p o r t e d a s t a t i s t i c a l l y s i g n i fi c a n t i n c r e a s e (2 . 5 - f o l d ) i n d e a t h s d u e t o c o r o n a r y h e a r t

d i s e a s e fr o m 19 3 3 t o 19 62 b e t w e e n C Sj - e x p o s e d a n d n o n e x p o s e d w o r k e r s i n t h e s a m e

p l a n t . T h e w o r k e r s w e r e e x p o s e d f o r m o r e t h a n 10 y e a r s t o C Sj l e v e l s a b o v e 2 0 p p m

(T i l l e r , 19 6 8 ; C o x , 19 92 ) . T o l o n e n e t a l ( 19 7 9 ) , c o n d u c t e d a p r o s p e c t i v e m o r t a l i t y s t u d y

( 19 6 7 - 1 9 7 7) i n w h i c h 3 4 3 v i s c o s e r a y o n w o r k e r s w e r e i n d i v i d u a l l y m a t c h e d w i t h

w o r k e r s fr o m a l o c a l p a p e r m i l l . T h i s s t u d y r e p o r t e d n o s i gn i f i c a n t d i f f e r e n c e s i n

l i f e s t y l e s o f t h e t w o g r o u p s . T hi s s t u d y a l s o r e p o r t e d a 2 . 5 - f o l d i n c r e a s e i n d e a t h d u e t o

c o r o n a r y h e a r t d i s e a s e a m o n g v i s c o s e r a y o n w o r k e r s . N u r m i n e n a n d H e m b e r g ( 19 8 5 )

d i d a f o l l o w - u p s t u d y o f t h e s a m e w o r k e r s t o d e t e r m in e t h e i n c i d e n c e o f c a r d i o v a s c u l a r

m o r t a l i t y fr o m 19 6 7 t o 19 8 2 . T h e e x p o s u r e s r a n g e d fr o m 2 2 - 1Op p m w i t h a d e c r e a s e

i n e x p o s u r e a ft e r 19 7 2 . F o r t h i s r e a s o n d i f f e r e n t y e a r s w e r e g r o u p e d f o r a n a l y s i s . F r o m

19 6 7 - 19 74 t h e r e w a s a 4 . 7 - f o l d i n c r e a s e i n m o r t a l it y c o m p a r e d t o t h e p a p e r m i l l

w o r k e r s . D u r i n g t h e p e r i o d 19 7 2 - 19 7 4
,
t h e r i s k r a t i o d r o p p e d t o 3 . 2 . W o r k e r s w i t h

h i g h c o r o n a r y r i s k f a c t o r s w e r e r e m o v e d fr o m e x p o s v i r e
,
w h i c h r e s u l t e d i n a r i s k r a t i o o f

8
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1 . 0 d u ri n g t h e y e a r s 1 9 7 4 - 1 9 8 2 . B a l c a r o v a e t a l . ( 1 9 9 1 ) ,
a l s o r e p o r t e d s i g n i fi c a n t l y

h i gh e r m o r t a l i t y fr o m c a r d i o v a s c u l a r d i s e a s e a m o n g e x p o s e d v e r s e s u n e x p o s e d

w o r k e r s . T h e y a l s o r e p o r t e d t h a t a m o n g t h o s e e x p o s e d
,
t h e w o r k e r s w i t h " h i g h

"

e x p o s u r e s h a d a h i g h e r m o r t a l i t y r a t e t h a n t h o s e w i t h l o w e x p o s u r e s t o C S
j

. Se v e r a l

s t u d i e s h a v e d e m o n s t r a t e d t h a t C S
j
a f f e c t s l i v e r e n z y m e s . Se r u m c h o l e s t e r o l s o m e t im e s

i n c r e a s e s a ft e r e x p o s u r e t o C S
j p e r h a p s a s a r e s u l t o f i n c r e a s e d h e p a t i c c h o l e s t e r o l

s y n t h e s i s (A T S D R ,
19 9 6) .

T h e m o s t c o m m o n a n d w e l l d o c u m e n t e d t a r ge t o f C Sj s e e m s t o b e t h e n e r v o u s s y s t e m .

A lm o s t e v e r y p a r t o f t h e p e ri p h e r a l a n d c e n t r a l n e r v o u s s y s t e m h a s b e e n s h o w n t o b e

a f f e c t e d b y c hr o n i c C Sj e x p o s u r e (A T S D R
,
1 9 9 6 ) . P h y s i o l o g i c a l , a s w e l l a s b e h a v i o r a l

,

c h a n g e s h a v e b e e n r e p o r t e d i n p e r s o n s e x p o s e d t o C S2 . R e p o r t e d b e h a v i o r a l c h a n g e s

i n c l u d e c o n f u s i o n
,
i r ri t a b i l i t y ,

i n s o m n i a
,
o v e r t p s y c h o s i s

,
s u i c i d a l t e n d e n c i e s

,
m e m o r y

d e f e c t s
,
a n d r a p i d c h a n g e s i n m o o d (B a k e r

,
19 8 3 ) . G r a h am e t a l . ( 19 9 5 ) r e p o r t e d t h a t

t h e m o s t c o mm o n c hr o n i c p h y s i o l o g i c a l e f f e c t i s a d i s t a l s e n s o ri m o t o r n e u r o p a t h y .
T h i s

h a s b e e n c o n f i r m e d i n a n im a l s t u d i e s a s n e u r o fi l a m e n t o u s a x o n o p a t h y p ri m a ri l y

a f f e c t i n g l o n g a x o n s . (G r a ha m
,
19 9 5 ) . E n c e p h a l o p a t h y h a s a l s o b e e n r e p o r t e d a ft e r

c h r o n i c l o w - l e v e l e x p o s u r e s ; h o w e v e r
,
i t i s s t i l l u n c l e a r i f t h i s i s a d i r e c t t o x i c o l o g i c a l

e f f e c t o f C Sj e x p o s u r e o r a r e s u l t o f t h e i n c r e a s e i n c h o l e s t e r o l a n d h i gh e r b l o o d

p r e s s u r e r e l a t e d t o C S
j
e x p o s u r e (G r a h a m

,
19 9 5 ) .
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O n e o f t h e m a i n h e a l t h e f f e c t s r e s u l t i n g fr o m C S 2 i n h a l a t i o n e x p o s u r e i s n e u r o t o x i c

e f f e c t s (A T SD R
,
19 9 6 ) . A lm o s t e v e r y p a r t o f t h e c e n t r a l a n d p e r i p h e r a l n e r v o u s

s y s t e m s i s a f f e c t e d b y c h r o n i c C Sj e x p o s u r e (B a k e r
,
19 8 3 ) . T h e r e h a v e b e e n a n u m b e r

o f s t u d i e s ,
b o t h c l i n i c a l a n d e x p e r im e n t a l

,
t h a t c o n s i d e r e d t h e m e c h a n i s m w h e r e b y C S

j

p r o d u c e s n e u r o t o x i c l e s i o n s (M c K e n n a a n d D i St e f a n o
,
1 9 7 7 ; B u s

,
1 9 8 5 ; M a g o s

,
1 9 7 2 ) .

S o m e o f t h e h y p o t h e s e s f o r C Sj n e u r o p a t h y i n c l u d e d i r e c t e n z y m a t i c i n h i b i t i o n
,
t o x i c

e f f e c t o f C S2 m e t a b o l i t e s
,
a n d c h e l a t i o n o f o l i g o e l e m e n t s (M a r o n i e t a l .

,
1 9 7 9 ) . A s

e a r l y a s 19 5 6
,
S o u c e k a n d M a d l o r e p o r t e d t h a t C Sj i n t h e b o d y r e a c t s w i t h a m i n o a n d

t h i o l g r o u p s r e s u l t i n g i n t h e f o r m a t i o n o f d i t h i o a n d t r i t h i o c a r b a m a t e s (M a g o s , 19 7 2 ) .

T h e s e m e t a b o l i t e s a r e k n o w n t o f o r m n o n - i o n i z e d c o m p l e x e s w i t h p o l y v a l e n t m e t a l i o n s

(D j u r i c
,
19 6 7 ) . C o h e n e t a l ( 19 5 6) a n d S c h e e l ( 19 6 5 ) s u s p e c t e d th a t c h e l a t i n g

s t r u c t u r e s o f t h e s e c o m p o u n d s r e p r e s e n t e d a b a s i c m e c h a n i sm o f C Sj t o x i c i t y . C o h e n

e t a l a n d S c h e e l c o n fi r m e d b i o l o g i c a l c h a n g e s i n v o l v i n g m e t a l - s h i f t s i n a n i m a l s e x p o s e d

t o C S 2 (M a g o s , 1 9 7 2 ) t hr o u g h a n e x p e r im e n t w h e r e r a b b i t s w e r e c h r o n i c a l l y e x p o s e d t o

7 5 0 p p m C S 2 (B r i e g e r ,
1 9 6 7 ) . T h e p r e s e n c e o f d i t h i o c a r b a m a t e s a n d t h i a z o l i d o n e w a s

c o n fi r m e d by u l t r a v i o l e t s p e c t r o p h o t o m e t r y (B r i e g e r ,
1 9 6 7 ) . T h e d i s t r i b u t i o n o f c o p p e r

a n d z i n c i n t h e t i s s u e s o f e x p o s e d r a b b it s d i f f e r e d g r e a t l y t h a n t h e c o n t r o l s . R a b b i t s t h a t

w e r e g i v e n d i e t a r y s u p p l e m e n t s c o n t a i n i n g c o p p e r ,
z i n c

,
c o b a l t

,
m a n g a n e s e

,
i r o n

,
a n d

c a l c i u m s h o w e d l e s s w e i gh t l o s s a n d n o t o x i c i n j u r y (B r i e g e r ,
1 9 6 7 ) . M c K e n n a a n d

D i s t e f a n o ( 19 7 7 ) r e p o r t e d a d e c r e a s e i n t h e a c t i v i t y o f c o p p e r
- r e q u i r i n g e n z y m e ,

d o p a m i n e - P- h y d r o x y l a s e
,
i n r e s p o n s e t o i n c r e a s e d C S

j
i n h a l a t i o n e x p o s u r e (A T SD R

,

19 9 6 ) . L u k a s e t a l . ( 19 7 4 ) m e a s u r e d z i n c a n d c o p p e r c o n c e n t r a t i o n s i n t h e n e r v e
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t i s s u e s o f C S 2
e x p o s e d r a t s . W h i l e h e d i d n o t f i n d a s i g n i f i c a n t d i f f e r e n c e i n t h e a m o u n t

o f z i n c i n e x p o s e d v e r s e s t h e c o n t r o l r a t s
,
t h e r e w a s a s i g n i f i c an t d i f f e r e n c e i n t h e l e v e l

o f c o p p e r f o u n d i n t h e n e r v e t i s s u e (L u k a s e t a l . ,
1 9 7 4 ) . L u k a s ( 19 7 0 ) a l s o c o n fi r m e d i n

a n e a r l i e r s t u dy t h a t r a t s s u p p l e m e n t e d w i t h m e t a l s a l t s w e r e l e s s l i k e l y t o d e v e l o p

p e r i p h e r a l n e u r o p a t h y . L u k a s e t a l ( 19 7 4 ) r e p o r t e d th a t c h a n g e s i n m e t a l m e t a b o l i s m o f

p e r i p h e r a l n e r v e t i s s u e m i g h t b e a p a t h o l o g i c a l l i n k i n t h e d e v e l o pm e n t o f C Sj

i n t o x i c a t i o n . B r i e g e r ( 1 9 4 9 ) n o t e d t h a t d e p l e t i o n o f b i o l o g i c a l l y a c t i v e t r a c e m e t a l s

c o u l d i n t e r f e r e w i t h e n z ym a t i c f u n c t i o n (B r i e g e r ,
1 9 4 9 ) . Z i n c , f o r e x a m p l e , i s a n

e s s e n t i a l c o - f a c t o r o f c y t o c hr o m e o x i d a s e
,
t y r o s i n a s e

,
m o n o a m i n e

, p h e n o l
,
a n d o t h e r

t i s s u e o x i d a s e s w h i l e c o p p e r i s im p o r t a n t f o r l a c t a t e de h y d r o g e n a s e
,
c a r b o n i c a n h y d r a s e ,

g l u t am a t e d e h y d r o g e n a s e , a l c o h o l d e h y d r o ge n a s e , a n d o t h e r e n z y m e s .

1 . 5 U r i n a r y M a r k e r s

1 . 5 . 1 I o d i n e A z i d e

B e a u c h a m p e t a l . ( 19 8 3 ) r e p o r t e d t h a t 10 - 30 % o f t h e a b s o r b e d C S2 w a s e x c r e t e d b y t h e

l u n g a n d k i d n e y i n e x p o s e d h u m a n s . T h e r e m a i n d e r w a s e x c r e t e d a s v a r i o u s

m e t a b o l i t e s b y t h e k i d n e y . D j u r i c e t a l . ( 19 6 7 ) e s t a b l i s h e d a c o r r e l a t i o n b e t w e e n C S j

e x p o s u r e a n d u r i n a r y e x c r e t i o n o f m e t a b o l i t e (s ) t h a t c a t a l y z e d t h e r e a c t i o n o f i o d i n e

w i t h s o d i u m a z i d e i n h i m i a n s . C o x ( 19 9 5 ) c o n f i r m e d th i s c o r r e l a t i o n i n C S
j
- e x p o s e d

r a t s . W h i l e t h e i o d i n e - a z i d e t e st c a n r e l i a b l y d e t e c t e x p o s u r e s t o C S j a b o v e l 6 p p m i n

a i r
,
i t d o e s n o t i d e n t i fy s p e c i f i c m e t a b o l i t e s

,
a n d i t d o e s n o t c o r r e l a t e w e l l w i t h

e x p o s u r e s a t l e v e l s o f c o n c e r n (b e l o w 16 p p m ) f o r o c c u p a t i o n a l e x p o s u r e s .

1 1
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1 . 5 .
2 T h i o e t h e r s

T o t a l c o n c e n t r a t i o n m e a s u r e m e n t s o f i hi o c o m p o u n d s (g l u t a t h i o n e c o n j u g a t e s ,

m e r c a p t u r i c a c i d s , a n d o t h e r s u l f u r - c o n t a i n i n g C S j m e t a b o l i t e s ) c a n a l s o s e r v e a s a

m a r k e r o f e x p o s u r e . T o t a l c o n c e n t r a t i o n s o f t h i o c o m p o u n d s c o r r e l a t e w e l l w i t h C S
2

e x p o s u r e d o w n t o a b o u t 6 p p m C S j i n a i r in C Sj - e x p o s e d h u m a n s (B e a u c h a m p e t a l .

,

1 9 8 3 ; V a n D o o m e t a l . ,
19 8 1; C o x e t a l . ,

19 9 5 ) . W h i l e t o t a l t h i o c o m p o u n d s c o r r e l a t e

w e l l w i t h C S2 e x p o s u r e
,
t h e c o m p o u n d s a r e n o t a b s o l u t e l y s p e c i f i c f o r C S, e x p o s u r e

(A T SD R ,
19 9 6 ) .

1
. 5 .
3 T T CA

I n 19 8 1 ,
v a n D o o m e t a l . , ( 19 8 1) i d e n t i f i e d 2 - t h i o t h i a z o l i d i n e - 4 - c a r b o x y l i c a c i d (T T C A )

a s a c o n j u g a t i o n p r o du c t o f C S2 a n d g l u t a t h i o n e i n t h e u r i n e o f w o r k e r s e x p o s e d t o C S2 .

F u r t h e r s t u d i e s h a v e d e t e r m i n e d th a t e x c r e t i o n r a t e s o f T T C A i n t h e i i r i n e o f e x p o s e d

i n d i v i d u a l s c o r r e l a t e s w e l l w i t h a i r l e v e l s o f C Sj e s p e c i a l l y o n c e t h e l e v e l s a r e n o r m a l i z e d

t o u r i n a r y c r e a t i n i n e c o n t e n t (A T SD R ,
19 9 6 ; T o l o s a n d C o x

,
1 98 9 ) . C S

j
l e v e l s o f 2 . 5

p p m a n d a b o v e c a n b e d e t e c t e d w i t h th i s m e t h o d (A T SD R
,
1 9 9 6 ) . T h i s m a k e s t h e

T T CA t e s t m o r e s e n s i t i v e a n d s p e c i f i c t h a n t h e i o d i n e - a z i d e t e s t (C o x
,
19 9 5) .
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2 . 0 M a t e r i a l s a n d M e t h o d s

"
/ « 19 8 6,

N a t i o n a l I n s t i t u t e f o r O c c u p a t i o n a l S a f e ty a n d H e a l t h (N I O SH) r e s e a r c h e r s

c o n d u c t e d a s t u dy (L y n c h,
1 9 8 5) t o i n v e s t i g a t e i n a r a t a n i m a l m o d e l a p o s s i b l e

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

C S
2

T o x i c ef fe c t s o n t h e t hy r o i d w e r e t h o u g h t t o l e a d t o a hy p o t hy r o id c o n d i t i o n
,

w h i c h t r i g g e r e d i n c r e a s e d s e r u m l ip i d s
, a p r e d i c t i v e b i o m a r k e r o f a t h e r o s c l e r o t i c

d i s e a s e
' ^

(C o x , 19 9 8 ) A s u b s e t o f t h e s e s a m e a n im a l s w e r e u s e d f o r a n o t h e r s t u d y by

C o x e t a l . ( 19 9 8) t o m e a s u r e u r i n a r y T T CA i n t h e u r i n e a s a n i n d i c a t o r o f a i r b o r n e

e x p o s u r e t o C Sj . I n o r d e r t o c o l l e c t a s m u c h i n f o r m a t i o n a s p o s s i b l e fr o m u r in e

" l e f to v e r
" fr o m t h e s t u dy b y C o x e t a l .

,
i n d u c t i v e l y c o u p l e d p l a sm a a t o m i c e m i s s i o n

s p e c t r o s c o p y (I C P - A E S) w a s u s e d t o m e a s u r e 3 7 m e t a l s i n t h e u r i n e . T h i s t e c h n i c a l

r e p o r t i s b a s e d o n t h e IC P- A E S m e t a l a n a l y s i s . S i n c e m u c h o f t h e b a c k g r o u n d

i n f o r m a t i o n c o n c e r n i n g t h e r a t s i s i d e n t i c a l t o t h e s t u d y b y C o x e t a l . ( 19 9 8 ) ,
t h e

i n f o r m a t i o n i n c l u d e d b e l o w w a s t a k e n d i r e c t l y f r o m t h a t s t u d y (w i th p e r m i s s i o n ) a n d i s

t h e r e f o r e e x p r e s s e d i n q u o t a t i o n s .

' ' A d u l t m a l e Sp r a g u e - D a w l e y [ C r l C D ®
(SD) B R] r a t s w e ig h i n g 2 0 0 - 2 5 0 g w e r e

p u r c h a s e d fr o m C h a r l e s R i v e r B r e e d i n g L a b o r a t o r i e s
,
I n c . (Wi lm i n g t o n , MA ) Th e

a n i m a l s w e r e c e r t if i e d m u r i n e v i r u s a n d M y c o p l a s m a p u lm o n i s f r e e o n r e c e ip t a n d j u s t

b ef o r e e x s a n g u i n a t i o n Th e r a t s w e r e h o u s e d i n s t a i n l e s s s t e e l c a g e s i n s i d e 4 5 - m
^
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s t a i n l e s s s t e e l a n d g l a s s in h a l a t i o n c h a m b e r s (H i n n e r s e t a l .
1 9 6 8) . T h e r a t s w e r e f e d

N I H 0 7-

p e l l e t d i e t (Z i ef l e r B r o t he r s , G a r d n e r , P A ) a n d C Sj
-fr e e w a t e r a d l i b i t u m

e x c e p t d u r i n g e x p o s u r e s
'

'
'

'

(C o x
,
1 9 9 8)

^ ^A n i m a l c a g e s w e r e c h a n g e d a n d s a n i t i z e d w e e k ly A u t o m a t i c l ig h t i n g c y c l e s (1 2 h r o n

[ 0 7 0 0 t o 1 9 0 0 h r ] / 1 2 h r off ) w e r e m a i n t a i n e d C h a m b e r c a g e l o c a t i o n s w e r e r o t a t e d

w e e k ly . T h e r a t s w e r e i n d i v i d u a l ly o bs e r v e d o n c e in t h e m o r n i n g a n d a g a i n i n t h e

a f t e r n o o n f o r c l i n i c a l s i g n s
,
m o r b i d i ty ,

a n d m o r t a l i ty .

'

' ^

(C o x
,
19 9 8)

^ ^

R e a g e n t G r a d e C S2 w a s p u r c h a s e d fr o m Ma t h e s o n C o l e m a n & B e l l (N o r w o o d , O H) .

P r i o r t o , d u r i n g , a n d a f t e r r a t e x p o s u r e , a n a ly s i s of t h e CS2 t o e n s u r e i t s s t a b i l i ty a n d

p u r i ty w a s p e rf o r m e d by g a s c hr o m a t o g r a p hy / m a s s s p e c t r o m e t r y (G C /MS) u s i n g

N I O SH Me t h o d 1 6 0 0, u p d a t e d 15 Ma y 1 9 8 5 (N I O SH 1 9 8 4) - e x c e p t t ha t m a s s

s p e c t r o m e t r y w a s a l s o u s e d ; a n d t o l u e n e - d i l u t e d, 5 -

f i L v o l u m e s o f C Sj
w e r e i n j e c t e d .

C S
2 p u r i ty e x c e e d e d 9 9 % : '

(C o x
,
19 9 8)

' ^ I n h a l a t i o n e x p o s u r e s w e r e c o n d u c t e d u n d e r dy n a m i c f l o w c o n d i t i o n s a t a c ha m be r

p r e s s u r e of - 0 2 5 4 c m o f w a t e r r e l a t i v e t o a m b i e n t a t m o sp h e r i c p r e s s u r e T a n g e n t i a l

a i r f e e d s w e r e m a i n t a i n e d a t a b o u t 1
.
1 m Vm i n

,
i . e

. ,
1 2 - 1 5 a i r c h a n g e s / h r ,

t o m i n i m iz e

a m m o n i a b u i l d u p . CS2 a t m o sp h e r e s w e r e g e n e r a t e d by i nj e c t i n g C S2
l iq u i d w i t h a fl u i d

m e t e r i n g p u mp (F l u i d Me t e r i n g , I n c , Oy s t e r B a y , N Y) a t a c o n s t a n t r a t e (w i t h i n + o r -

1 0% o f s e t r a t e ) i n t o t h e t a n g e n t i a l a ir f e e d m a n if o l d a i r s t r e a m s l o c a t e d a t t h e t o p o f
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t h e i n h a l a t i o n c h a m b e r s t o p r o v i d e t a r g e t e d a i r b o r n e c o n c e n t r a t i o n s . C h a m b e r

a t m o sp h e r e s w e r e s a mp l e d a n d a n a ly z e d a t l e a s t h o u r ly w i t h a c a l i br a t e d Wi l k e s - M i r a n

1 - A p o r t a bl e i n f r a r e d a n a ly z e r (F o x b o r o - Wi l k e s ,
N o r w a l k ,

C T) t o c o n f i r m CS2

c o n c e n t r a t i o n , l a c k of c o n t a m i n a t i o n
,
a n d u n if o r m i n d i v i d u a l c h a m b e r C S

2
d i s t r i b u t i o n .

T e mp e r a t u r e a n d h u m i d i ty w e r e m e a s u r e d h o u r l y T a r g e t e d a i r b o r n e c o n c e n t r a t i o n s

w e r e a c h i e v e d by c h a n g i n g t h e m e t e r i n g a n d t h e e x t e n t o f d i l u t i o n w i t h fi l t e r e d

c h a m b e r a ir A s e c o n d a r y a n a ly t i c a l m e t h o d w a s u s e d f o r t h e d e t e r m i n a t i o n of t h e CS 2

c h a m b e r c o n c e n t r a t i o n s Th i s m e t h o d w a s b a s e d o n t h e r e a c t i o n of CS
2
w i t h

d i e t hy l a m i n e a n d c u p r i c a c e t a t e t o f o r m y e l l o w - b r o w n c u p r i c d i e t hy l d i t h i o c a r b a m a t e

(Mc K e e 19 4 1 a n d T i s c h l e r 1 9 3 2) . T h e c o n c e n t r a t i o n o f t h e l a t t e r w a s d e t e r m i n e d o n a

B e c k m a n D U - 6 s p e c t r o p h o t o m e t e r (B e c km a n I n s t r u m e n t s , I n c , F u l l e r t o n , CA ) a t 5 0 0

n m w i t h a 1 - c m c e l l T h e r e s u l t s o f t w o a n a ly t i c a l m e t h o d s a g r e e d w i t h i n 10 % - 9 6 . 5 %

(5 0 p p m) ,
9 9. 5% (1 5 0 p p m) ,

a n d 9 5 0 % (5 0 0 p p m)
"

(C o x
,
1 9 9 8)

' '

S ep a r a t e g r o u p s of 6 0 r a t s w e r e e x p o s e d t o a i r c o n c e n t r a t i o n s o f CS 2 a t 0, 5 0, 1 5 0,

a n d 5 0 0 p p m f o r 6 h r / d a y a n d 5 d a y / w k o v e r 6 m o n t hs .
B o dy w e i g h t s o f t h e r a t s w e r e

m e a s u r e d a n d r e c o r d e d p r i o r t o e x p o s u r e
,
w e e k ly ,

a n d a t t e r m i n a t i o n .

' ' ' '

(C a \
, 1 9 9 8 )

' '

R a t s w e r e e x p o s e d f o r t h r e e c o n s e c u t i v e d a y s p r i o r t o t e r m i n a t i o n o f CS 2
e x p o s u r e

N i n e r a t s f r o m e a c h o f t h e f o u r e x p o s u r e g r o u p s w e r e r a n d o m ly s e l e c t e d f o r u r i n e

c o l l e c t i o n , a n d h o u s e d i n N a l g e n e
^
m e t a b o l i s m c a g e s c o n t a i n i n g f o o d a n d w a t e r . T h e

e n z y m e s y s t e m s o f t h e r a t s w e r e t h e r ef o r e f u l ly i n d u c e d O v e r a 2 - d a y t i m e p e r i o d ,
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s e q u e n t i a l
,
c u m u l a t i v e u r i n a r y v o i d s f o r e a c h r a t w e r e c o l l e c t e d i n 1 0 0 - m L

p o ly m e h ty lp e n t e n e c o n t a i n e r s f o r t i m e p e r i o d s o f 0- 8 , 8 - 1 6, 1 6- 2 4, a n d 2 4 - 4 8 h r af t e r

c e s s a t i o n o f CS 2
e x p o s u r e

'
'

'

(C o x
,
19 9 8 )

^ ' C r e a t i n i n e c o n c e n t r a t i o n w a s d e t e r m i n e d f o r e a c h f r e s h u r i n e s a m p l e by t h e a l k a l i n e

p i e r a t e J a ff e r e a c t i o n (T i e t z 1 9 76) . C r e a t i n i n e m e a s u r e m e n t s a n d d ir e c t o b s e r v a t i o n

i n d i c a t e d t h a t s o m e u r i n a r y v o i ds h a d be e n d i l u t e d w i t h sp i l l e d d r i n k i n g w a t e r .

"

(C o x
,

1 9 9 8)

A p p e n d i x A c o n t a i n s t h e o ri g i n a l a n a l y s i s r e s u l t s fr o m th e I C P - A E S a n a l y s i s i n c l u d i n g ;

r a t i d e n t i f i c a t i o n n u m b e r
,
C S2 e x p o s u r e

,
t im e (h o u r s ) a f t e r e x p o s u r e s t o p p e d ,

i n i t i a l a n d

f i n a l r a t w e i g h t (g ) ,
u ri n e v o l u m e (m L ), u ri n e p H ,

c r e a t i n i n e (m g/ L ) a n d m e t a l

c o n c e n t r a t i o n (|i g /m L ) . T a b l e s i n A p p e n d i x A a r e c o l o r - c o d e d f o r o b s e r v a t i o n a l

p u r p o s e s . M i s s i n g d a t a p o i n t s a p p e a r i n r e d
,
d a t a p o i n t s b e l o w t h e L QL f o r t h a t

p a r t i c u l a r m e t a l a r e y e l l o w ,
a n d v a l i d d a t a p o i n t s a r e p r e s e n t e d i n b l u e . V i s u a l

o b s e r v a t i o n o f t h e s e d a t a r e v e a l n u m e r o u s m i s s i n g d a t a p o i n t s a n d m a n y m o r e b e l o w

L QL s (a s r e p o r t e d i n Qu e H e e
,
19 8 8) . T h e m i s s i n g d a t a p o i n t s o c c u r r e d b e c a u s e fi r s t

p ri o ri t y f o r t h e c o l l e c t e d u ri n e w a s T T CA a n a l y s i s f o r t h e C o x ( 19 9 8) s t u d y . O ft e n
,

t h e r e w a s n o t e n o u gh v o l u m e o f u ri n e l e ft t o a l s o r u n t h e I C P - A E S a n a l y s i s ; t h e r e f o r e
,

l im i t i n g t h e d a t a p o i n t s f o r t h i s s t u d y . M e t a l s w i t h 50% o r m o r e d a t a p o i n t s b e l o w

L QL s w e r e t h e s a m e f o r a l l e x p o s u r e gr o u p s i n c l u d i n g c o n t r o l s . E a c h m e t a l w i t h 5 0%

o r m o r e d a t a p o i n t s b e l o w th e L QL w a s r e m o v e d fr o m f u r t h e r a n a l y s i s . T h e r e m a i n i n g
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d a t a p o i n t s t h a t w e r e b e l o w t h e L QL w e r e r e p l a c e d w i t h V^ o f t h e L Q L f o r t h a t s p e c i fi c

m e t a l . A p p e n d i x B c o n t a i n s t h e r e m a i n i n g m e t a l s w i t h < L QL v a l u e s r e p l a c e d .

F u r t h e r a n a l y s i s w a s b a s e d o n t h i s d a t a s e t i n A p p e n d i x B . S t a t i s t i c a l a n a l y s e s w e r e

p e r f o r m e d u s i n g c o m p u t e r i z e d s o ft w a r e - S t a t M o s t
^ ^^ V e r s i o n 3 . 00 (D a t a M o s t

C o r p o r a t i o n
, S a l t L a k e C it y , U T ) .
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3 . 0 R e s u l t s

L i n e a r r e gr e s s i o n a n a l y s i s w a s u s e d t o d e t e r m i n e i f t h e r e w a s a s i gn i f i c a n t c o r r e l a t i o n

(p < 0 . 0 5 ) b e t w e e n t h e c o n c e n t r a t i o n o f e a c h m e t a l (|j g /m g c r e a t i n i n e ) e x c r e t e d o v e r t im e

(0 - 8
,
8 - 16

,
16 - 2 4

,
2 4 - 4 8 h o u r s a ft e r C S

j
e x p o s u r e c e a s e d ) fo r e a c h e x p o s u r e g r o u p (0 ,

5 0
,
15 0

,
a n d 5 0 0 p pm ) . Si n c e t h e m e t a l c o n c e n t r a t i o n r e s u l t s r e p r e s e n t e d a g i v e n t im e

p e r i o d (e . g . 0 - 8 h o u r s ) r a t h e r t h a n a s p e c i f i c t i m e p o i n t , t h e m i dp o i n t o f e a c h t i m e p e r i o d

w a s u s e d fo r r e g r e s s i o n a n a l y s i s p u r p o s e s . T h e r e f o r e 4
,
12

,
2 0

,
a n d 3 6 w e r e u s e d t o

r e p r e s e n t h o u r s a ft e r e x p o s u r e s t o p p e d r a t h e r t h a n 8
,
16

,
2 4

,
a n d 4 8 . T a b l e 3 . 1 l i s t s t h e

m e t a l s fr o m e a c h e x p o s u r e g r o u p t h a t h a d a c o r r e l a t i o n w i t h t im e (0 - 8 , 8 - 1 6 , 16 - 2 4 , a n d

2 4 - 4 8 h r s ) a t a s t a t i s t i c a l l y s i gn i fi c a n t l e v e l o f p < 0 . 0 5 .

T a b l e 3 . 1

M e t a l s (|a g /m g c r e a t i n i n e ) w i t h
Si g n i fi c a n t (p < 0 . 0 5) C o r r e l a t i o n w i t h T im e

O p p m

B

C a

5 0 p p m

C a

1 5 0 p p m 5 0 0 p p m

B

C a

M g M g

M n

M g

M n

P t

S r

Se

S i

1 8
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R e g r e s s i o n a n a l y s i s r e s u l t s f o r e a c h o f t h e s e m e t a l s b y e x p o s u r e g r o u p a r e p r e s e n t e d i n

T a b l e s 3 . 2 - 3 . 5 . R e s u l t s f o r e a c h m e t a l i n c l u d e t h e p r e d i c t i v e e q u a t i o n
,
c o r r e l a t i o n

c o e f fi c i e n t
,
a n d p v a lu e .

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

c o n c e n t r a t i o n s w e r e d e c r e a s i n g o v e r t im e a ft e r e x p o s u r e s t o p p e d . O n l y P t , Se ,
a n d S i

i n d i c a t e d i n c r e a s i n g c o n c e n t r a t i o n s o v e r t im e . C o r r e s p o n d i n g g r a p h s f o r t h e s e a n a l y s e s

a r e f o u n d i n A p p e n d i x C .

T a b l e 3 .
2

O p pm
L i n e a r R e gr e s s i o n A n a l y s i s R e s u l t s

M e t a l (|a g / m g c r e a t i n i n e ) v s T i m e (t )

C o r r e l a t i o n L i n e a r R e g r e s s i o n E q u a t i o n C o r r e l a t i o n

C o e f fi c i e n t
p v a l u e

B v s T i m e B ^ g / m g c r e a t i n i n e = 0 . 4 8 2 8 - 0 . 0 1 0 0 t 0 . 6 1 0 . 0 1 17

C a v s T im e C a [ i g / m g c r e a t i n i n e = 1 3 . 0 89 5 - 0 . 2 5 16 1 0 . 74 0 . 0 0 12

I v s T i m e I |i g /m g c r e a t i n i n e = 1 . 9 3 2 8 - 0 . 0 4 5 8 t 0 . 5 6 0 . 0 2 4 2

M g v s T im e M g n g /m g c r e a t i n i n e = 3 3 . 6 3 - 0 . 7 8 24 1 0 . 7 1 0 . 0 0 2 2

P v s T im e P li g /m g c r e a t i n i n e = 17 5 . 54 - 1. 6 18 3 t 0 . 6 2 0 . 0 10 2

Pt v s T im e P t ^ g /m g c r e a t i n i n e = - 0 . 0 0 5 9 + 0 . 0 0 0 8 t 0 . 7 3 0 . 0 0 13

Sr v s T im e S r ^ g /m g c r e a t i n i n e = 0 . 0 3 19 - 0 . 0 0 0 5 1 0 . 6 7 0 . 0 0 4 0
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T a b l e 3
. 3

50 p pm

L i n e a r R e g r e s s i o n A n a l y s i s R e s u l t s

M e t a l ( |a g /m g c r e a t i n i n e ) v s T im e (t )

C o r r e l a t i o n P r e d i c t i v e E q u a t i o n C o r r e l a t i o n

C o e f fi c i e n t
p v a l u e

C a v s T im e C a i^ g / m g c r e a t i n i n e = 8 . 5 6 5 4 - 0 . 1 2 0 6 1 0 . 5 5 0 . 0 2 6 5

I v s T im e I n g /m g c r e a t i n i n e = 1 . 9 4 18 - 0 . 0 4 9 1 1 0 . 5 4 0 . 0 3 17

M g v s T im e M g ^ g /m g c r e a t i n i n e = 2 8 . 4 72 9 - 0 . 64 7 8 t 0 . 6 2 0 . 0 10 1

M n v s T i m e M n n g /m g c r e a t i n i n e = 0 . 0 1 3 6 - 0 . 00 0 3 t 0 . 5 7 0 . 0 19 5

P v s T im e P n g / m g c r e a t i n i n e = 1 8 4 . 7 2 0 4 - 2 . 4 6 0 7 1 0 . 5 3 0 . 0 3 3 0

T a b l e 3 . 4

150 p pm

L i n e a r R e g r e s s i o n A n a l y s i s R e s u l t s

M e t a l (n g / m g c r e a t i n i n e ) v s T im e (t )

C o r r e l a t i o n P r e d i c t iv e E q u a t i o n C o r r e l a t i o n

C o e f f i c i e n t
p v a l u e

S e v s T im e S e n g /m g c r e a t i n i n e = 0 . 0 0 5 7 + 0 . 0 0 0 9 1 0 . 59 0 . 0 1 10

S i v s T im e Si i^ g /m g c r e a t i n i n e = 0 .
2 5 0 7 + 0 . 0 1 1 3 t 0 . 5 7 0

. 0 1 8 0

2 0
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T a b l e 3 . 5

5 0 0 p pm
L i n e a r R e g r e s s i o n A n a l y s i s R e s u l t s

M e t a l ( n g /m g c r e a t i n i n e ) v s T im e (t )

C o r r e l a t i o n P r e d i c t i v e E q u a t i o n C o r r e l a t i o n

C o e f f i c i e n t

p v a l u e

B v s T im e B ^ g /m g c r e a t i n i n e = 0 . 5 12 8 - 0 . 0 0 8 6 1 0 . 5 3 0 . 0 2 2 4

C a v s T im e C a \i g / m g c r e a t i n i n e = 9
.
16 7 5 - 0 . 14 4 7 1 0 . 5 7 0 . 0 13 4

M g v s T im e M g |i g /m g c r e a t i n i n e
= 2 8 . 3 7 6 4 - 0

. 66 9 6 1 0 . 7 2 0 . 0 0 0 8

M n v s T im e M n (J g /m g c r e a t i n i n e = 0 . 0 2 2 0 - 0 . 00 0 4 1 0 . 6 3 0 . 0 0 4 9

P v s T im e P ^ g /m g c r e a t i n i n e = 19 3 . 4 14 5 - 1 . 66 9 6 1 0 . 4 7 0 . 0 4 8 2

Sr v s T im e Sr u g /m g c r e a t i n i n e = 0
. 02 3 8 - 0 . 0 0 0 3 t 0 . 5 7 0 . 0 14 2

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

(0 - 8
,
8 - 16

,
16 - 2 4

,
2 4 - 4 8 h o u r s ) a c r o s s e x p o s u r e g r o u p s (0 ,

5 0
,
15 0

,
a n d 50 0 p pm ).

M e t a l s w i t h s i g n i fi c a n t (p < 0 . 0 5 ) c o r r e l a t i o n w i t h e x p o s u r e g r o u p s (0 ,
5 0

,
15 0

,
5 0 0 p p m )

a r e p r e s e n t e d i n T a b l e 3 . 6 . R e s u l t s f o r e a c h m e t a l i n c l u d e t h e p r e d i c t i v e e qu a t i o n
,

c o r r e l a t i o n c o e f fi c i e n t
,
a n d p v a l u e . A l l f o u r s i g n i fi c a n t c o r r e l a t i o n s o c c u r r e d i n t h e 2 4 -

4 8 h o u r u r i n e c o l l e c t i o n p e r i o d a n d i n d i c a t e i n c r e a s e d e x c r e t i o n a s C Sj e x p o s u r e

i n c r e a s e d . C o r r e s p o n d i n g g r a p h s f o r t h e s e a n a l y s e s a r e i n A p p e n d i x D .

2 1
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T a b l e 3 . 6

L i n e a r R e g r e s s i o n A n a l y s i s

2 4 - 4 8h r U r i n e C o l l e c t i o n P e r i o d

M e t a l s li g /m g c r e a t i n i n e w i t h p < 0 . 0 5

C o r r e l a t i o n P r e d i c t i v e E q u a t i o n C o r r e l a t i o n

C o e f fi c i e n t

p v a l u e

K v s C S
2

E x p o s u r e

K [i g / m g c r e a t i n i n e = 4 0 7 . 7 1 7 1 + 0 . 1 4 0 2 C S j 0 . 3 7 0 . 0 3 84

P v s C S2
E x p o s u r e

P ii g j m g c r e a t i n i n e = 10 6 . 8 87 3 + 0 . 0 4 9 6 C Sj 0 . 3 9 0 . 0 2 89

L i v s C S
2

E x p o s u r e

L i ^ g /m g c r e a t i n i n e = 0 . 02 6 5 + 0 . 0 0 0 0 C S
2

0 . 3 9 0 . 0 3 0 5

S v s C S 2
E x p o s u r e

S n g / m g c r e a t i n i n e = = 1 7 6 . 6 3 5 8 + 0 . 0 62 5 C S^ 0 . 4 1 0 . 0 2 3 2

B e c a u s e u r i n e p r o d u c t i o n c a n v a r y fr o m a n i m a l t o a n i m a l a n d e v e n d a y t o d a y w i t h t h e

s a m e a n im a l
,
c o n c e n t r a t i o n s a r e r o u t i n e l y

"
n o r m a l i z e d "

u s i n g u r i n e p r o p e r t i e s t h a t

f l u c t u a t e l e s s t h a n w a t e r v o l u m e . H i s t o r i c a l l y c r e a t i n i n e h a s b e e n u s e d a s o n e s u c h

"
n o r m a l i z e r " . A n o t h e r m e t h o d o f te n u s e d i s t o r e p o r t t h e t o t a l a m o u n t c o l l e c t e d o v e r a

g i v e n t im e p e r i o d . O b s e r v a t i o n o f t h e m e a n c r e a t i n i n e l e v e l s f o r t h i s s t u d y i n d i c a t e s v e r y

l i t t l e f lu c t u a t i o n a m o n g s a m p l e s ; h e n c e
, t h e u s e o f c r e a t i n i n e n o r m a l i z e d d a t a . W h i l e

c r e a t i n i n e i s m o s t l i k e l y t h e b e s t n o r m a l i z e r f o r t h e s e d a t a
,
a n a t t e m p t w a s a l s o m a d e t o

e x a m i n e t h e d a t a u s i n g t o t a l m e t a l ((x g ) p e r t im e p e r i o d . I n o r d e r t o d o t h i s , t h e t o t a l

m e t a l ( |a g ) f o r t h e 2 4 - 4 8 u r i n e c o l l e c t i o n p e r i o d h a d t o b e d i v i d e d b y 3 s o t h a t

c o m p a r i s o n s c o u l d b e m a d e w i t h th e o t h e r t h r e e ( 8 h o u r ) c o l l e c t i o n p e r i o d s . L i n e a r

r e g r e s s i o n w a s u s e d t o d e t e r m i n e t h e c o r r e l a t i o n b e tw e e n m e t a l s (t o t a l m e t a l i n |j ,g p e r

t im e p e r i o d ) a n d t i m e a f t e r e x p o s u r e s t o p p e d f o r e a c h e x p o s u r e g r o u p .
F o r t h e 2 4 - 4 8
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h o u r p e ri o d
,

"
4 0 " w a s u s e d r a t h e r t h a n 4 8 s i n c e t o t a l m e t a l m a s s h a d b e e n d i v i d e d b y

t hr e e a n d "
4 0

"

r e p r e s e n t s t h e m i d d l e 8 h o u r t im e p e ri o d o f 2 4 - 4 8 . T a b l e 3 . 7 i s a l i s t o f

m e t a l s b y e x p o s u r e g r o u p w i t h s i g n i fi c a n t (p < 0 . 0 5) c o r r e l a t i o n s o v e r t i m e . R e gr e s s i o n

a n a l y s i s r e s u l t s f o r e a c h o f t h e s e m e t a l s b y e x p o s u r e g r o u p a r e p r e s e n t e d i n t a b l e s 3 . 8 -

3 . 1 1 . R e s u l t s f o r e a c h m e t a l i n c l u d e t h e p r e d i c t i v e e q u a t i o n
,
c o r r e l a t i o n c o e f fi c i e n t

,
a n d

p v a l u e . R e g r e s s i o n e q u a t i o n s i n d i c a t e t h a t t h e m a j o r i t y o f m e t a l c o n c e n t r a t i o n s w e r e

d e c r e a s i n g o v e r t im e a ft e r e x p o s u r e s t o p p e d . O n c e a g a i n ,
o n l y P t

,
Se

,
a n d S i i n d i c a t e d

i n c r e a s i n g c o n c e n t r a t i o n s o v e r t im e
. C o r r e s p o n d i n g g r a p h s f o r t h e s e a n a l y s e s a r e i n

A p p e n d i x E .
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T a b l e 3 . 7

M e t a l s (t o t a l \i g ) w i t h
Si g n i f i c a n t (p < 0 . 0 5 ) C o r r e l a t i o n w i t h T im e

O p p m

B

5 0 p p m 1 50 p p m 50 0 p p n j l
B

C a C a

C u

K K

L i L i

M n M n

M g M g M g

N a

P t

Se

S i

Sr Sr

Z n
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T a b l e 3 . 8

O p p m
L i n e a r R e g r e s s i o n A n a l y s i s R e s u l t s

M e t a l (t o t a l |Li g ) v s T im e (t )

C o r r e l a t i o n P r e d i c t i v e E q u a t i o n C o r r e l a t i o n

C o e f f i c i e n t
p v a l u e

B v s T im e B la g
= 5 . 1 1 3 7 - 0 . 1 1 5 8 t 0 . 5 8 0 . 0 1 6 3

C a v s T im e C a ^ g
= 1 1 3 . 5 0 2 3 - 2 . 3 7 80 1 0 . 7 9 0 . 0 0 0 3

C u v s T im e C u î g
= 0 . 6 5 14 - 0 . 0 13 1 1 0 . 5 5 0 . 0 2 6 9

I v s T im e I ^ g
= 13 . 2 6 6 1 - 0 .

2 92 1 1 0 . 6 4 0 . 0 0 7 3

K v s T im e K î g = 5 4 5 6 .
4 4 - 8 9 . 9 3 16 1 0 . 5 1 0 . 0 4 3 2

L i v s T im e L i ^ g = 0 . 3 6 3 5 - 0 . 0 0 6 0 1 0 . 5 8 0 . 0 16 8

M n v s T im e M n u g
= 0 . 13 3 8 - 0 . 0 0 2 8 t 0 . 5 5 0 . 0 2 6 3

M g v s T im e M g ^ g = 2 8 5 . 2 4 6 7 - 6 . 4 5 19 1 0 . 7 5 0 . 0 0 0 7

N a v s T im e N a î g
= 2 3 16 . 9 6 13 - 3 3 . 9 6 0 8 t 0 . 6 2 0 . 0 1 14

P v s T im e P |i g = 16 7 6 . 1 7 17 - 2 9 . 0 3 9 1 t 0 . 6 4 0 . 0 0 6 6

Pt v s T im e P t u g = - 0 . 0 13 3 + 0 . 0 0 3 7 1 0 . 5 5 0 . 0 2 5 4

S v s T im e S ^ g
= 17 6 0 . 9 3 7 6 - 2 3 . 3 9 3 1 1 0 . 5 0 0 . 0 4 7

Sr v s T im e S r ^ g = 0 . 2 89 5 - 0 . 0 0 5 6 1 0 . 7 3 0 . 0 0 12

Zn v s T im e Z n n g
= 0 . 2 8 9 5 - 0 . 0 0 5 6 1 0 . 7 3 0 . 0 0 12

T a b l e 3 . 9

5 0 p pm

L i n e a r R e g r e s s i o n A n a l y s i s R e s u l t s

M e t a l (t o t a l ^ g )) v s T im e (t )

C o r r e l a t i o n P r e d i c t i v e E q u a t i o n C o r r e l a t i o n

C o e f f i c i e n t
p v a l u e

I v s T im e I ^ g = 12 . 4 4 4 0 - 0 . 2 8 3 0 1 0 . 5 3 0 . 0 3 12

M g v s T i m e M g ^ g
= 19 7 . 2 18 8 - 3 . 9 62 8 1 0 . 5 2 0 . 0 4 0 8
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T a b l e 3 . 1 0

15 0 p p m

L i n e a r R e g r e s s i o n A n a l y s i s R e s u l t s

M e t a l (t o t a l \i g ) v s T im e (t )

C o r r e l a t i o n P r e d i c t iv e E q u a t i o n C o r r e l a t i o n

C o e ffi c i e n t

P
v a l u e

C v s T im e C n g
= 12 0 1 8 8 . 7 9 9 3 - 19 8 9 . 6 2 6 4 1 0 . 54 0 . 0 2 6 4

S e v s T i m e S e Ji g
= 0 . 0 3 3 0 + 0 . 0 0 5 6 1 0 . 5 7 0 . 0 1 74

S i v s T i m e S i ^ g = 1
. 7 34 8 + 0 . 0 6 85 t 0 . 5 2 0 . 0 32 3

T a b l e 3 . 1 1

5 0 0 p pm
L i n e a r R e g r e s s i o n A n a l y s i s R e s u l t s

M e t a l (t o t a l j^ g ) v s T im e (t )

C o r r e l a t i o n P r e d i c t i v e E q u a t i o n C o r r e l a t i o n

C o e ffi c i e n t
p v a l u e

B v s t i m e B |x g
= 3 . 7 0 4 6 - 0 . 0 7 30 1 0 . 7 4 0 . 0 0 04

C a v s t im e G a n g
- 5 9 . 9 2 0 5 - 1

. 0 2 5 1 1 0 . 72 0 . 0 0 0 8

I v s t im e I ^ g = 1 1 . 3 3 32 - 0 . 2 50 7 1 0 . 5 0 0 . 0 32 1

K v s t im e K Ji g
= 3 9 4 2 . 0 2 3 3 - 4 3 . 9 4 16 1 0 . 5 8 0 . 0 1 10

L i v s t im e L i i^ g
= 0 . 2 4 0 0 - 0 . 0 0 2 3 t 0 . 5 9 0 . 0 0 92

M g v s t im e M g ^ g
= 18 6 . 6 16 7 - 4 . 10 7 6 1 0 . 7 7 0 . 0 0 0 2

M n v s t im e M n Ji g
= 0 .

1 4 4 2 - 0 . 0 0 2 8 t 0 . 6 8 0 . 0 0 19

P v s t im e P u g = 13 2 9 . 6 9 1 5 - 1 7 . 72 3 1 1 0 . 7 4 0 . 0 0 04

Sr v s t i m e S r Ji g
= 0 . 1 5 94 - 0 . 0 0 2 3 t 0 . 8 3 0 . 0 0 0 0 2
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L i n e a r r e g r e s s i o n w a s a l s o u s e d f o r e a c h u r i n e c o l l e c t i o n p e r i o d (0 - 8
,
8 - 1 6

,
1 6 - 2 4

,
2 4 -

4 8 h o u r s ) a c r o s s e x p o s u r e g r o u p s (0 ,
5 0

,
15 0

,
a n d 5 0 0 p p m ) u s i n g t o t a l m e t a l s (|j g ) .

T h e o n l y m e t a l w i t h a s i g n i f i c a n t (p < 0 . 0 5 ) c o r r e l a t i o n w i t h e x p o s u r e g r o u p s (0 , 5 0 ,
1 5 0 ,

5 0 0 p pm ) w a s m a n g a n e s e (M n ) a n d o n l y i n t h e 16 - 2 4 1i r u r i n e c o l l e c t i o n p e r i o d .
R e s u l t s

a r e p r e s e n t e d i n T a b l e 3 . 1 2 . R e s u l t s i n c l u d e t h e p r e d i c t i v e e q u a t i o n
,
c o r r e l a t i o n

c o e f fi c i e n t , a n d p v a l u e .
T h e r e g r e s s i o n e q u a t i o n i n d i c a t e s i n c r e a s i n g e x c r e t i o n a s C S j

e x p o s u r e i n c r e a s e s . A c o r r e s p o n d i n g g r a p h c a n b e f o u n d i n A p p e n d i x F
.

T a b l e 3 . 1 2

L i n e a r R e g r e s s i o n A n a ly s i s

1 6 - 2 4 h r U r i n e C o l l e c t i o n P e r i o d

M e t a l (t o t a l n g ) w i t h p < 0 . 0 5

C o r r e l a t i o n P r e d i c t i v e E q u a t i o n C o r r e l a t i o n

C o e f f i c i e n t
p v a l u e

M n v s C S 2
e x p o s u r e M n ^ g

= 0 . 0 15 1 + 0 . 0 0 0 2 C S2 0 . 9 8 0 .
0 172
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4 . 0 D i s c u s s i o n a n d C o n c l u s i o n s

T h e p r im ar y o bj e c t i v e o f t h i s s t u dy w a s t o i n v e s t i g a t e t h e p o t e n t i a l i n v o l v e m e n t o f t r a c e

m e t a l s i n t h e m e t a b o l i s m o f C Sj
i n e x p o s e d r a t s b y m e a s u r i n g m e t a l c o n c e n t r a t i o n s i n

t h e u r i n e . U r i n e a n a l y s i s ,
e s p e c i a l l y i n r a t s

, p r e s e n t s d i f fi c u l t i e s n o t o n l y i n s a m p l e

c o l l e c t i o n b u t a l s o i n s a m p l e a n a l y s i s . S am p l e c o l l e c t i o n c a n b e d i ffi c u l t b e c a u s e r a t s d o

n o t d r i n k o r v i r i n a t e o n c o m m a n d . T h i s s t u d y w a s l im i t e d m a i n l y d u e t o t h e f a c t t h a t t h e

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

m e t a l s i n C S
j
- e x p o s e d r a t s . C o l l e c t i o n o f t h e m e t a l d a t a w a s

"
a d d e d

"
o n t o t h e e n d o f

a n o t h e r s t u d y . A s a r e s u l t
,
t h e r e w a s n o t a l w a y s e n o u gh u r i n e l e ft o v e r a ft e r t h e i n i t i a l

a n a l y s i s t o r u n m e t a l a n a l y s i s .
T h i s s e v e r e l y l im i t e d th e n u m b e r o f v a l i d d a t a p o i n t s .

A s d i s c u s s e d e a r l i e r
,
c o n c e n t r a t i o n s a r e r o u t i n e l y

"
n o r m a l i z e d "

u s i n g u r i n e p r o p e r t i e s

t h a t fl u c t u a t e l e s s t h a n w a t e r v o l u m e . F o r t h i s s t u d y ,
l i n e a r r e g r e s s i o n a n a l y s i s w a s

p e r f o r m e d u s i n g b o t h c r e a t i n i n e n o r m a l i z e d (|i g /m g) d a t a a n d t o t a l m e t a l m a s s (fi g ) p e r

t im e p e r i o d . . O n e b a s i c a s s u m p t i o n i n u s i n g l i n e a r r e g r e s s i o n i s t h a t t h e m e a s u r e m e n t s

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

m e t a l c o n c e n t r a t i o n (o r m a s s ) o v e r t im e v i o l a t e s t h i s a s s u m p t i o n d u e t o t h e f a c t t h a t t h e

c o m p a ri s o n s a r e w i t h i n t h e s a m e r a t s i n e a c h t im e p e ri o d . H o w e v e r
,
i n t h i s e x p e r i m e n t

,

e v e r y e f f o r t w a s m a d e t o e l im i n a t e a n y v a ri a b l e s t h a t m i gh t e f f e c t t h e r e s u l t s o v e r t im e

s u c h a s c o n s t a n t f o o d a n d w a t e r s o u r c e s , l i g h t /d a r k s c h e d u l e
,
i d e n t i c a l h o u s i n g ,

e t c .

U s i n g l i n e a r r e g r e s s i o n f o r d e t e r m i n i n g th e c o r r e l a t i o n b e tw e e n m e t a l c o n c e n t r a t i o n (o r

m a s s ) a c r o s s e x p o s u r e g r o u p s d o e s s a t i s fy t h e a s s u m p t i o n o f i n d e p e n d e n c e b e c a u s e t h e

c o m p a ri s o n s a r e b e tw e e n d i f f e r e n t g r o u p s o f r a t s .
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A s d e p i c t e d i n T a b l e 3 .
1

,
l i n e a r r e g r e s s i o n u s i n g c r e a t i n i n e n o m i c i l i z e d d a t a r e v e a l e d

s e v e r a l m e t a l s t h a t c o r r e l a t e d w i t h t i m e (8 - 4 8 h r ) a ft e r e x p o s u r e s t o p p e d f o r e a c h

e x p o s u r e g r o u p (0 ,
5 0

,
1 5 0

,
a n d 50 0 p pm ). C o r r e l a t i o n c o e f fi c i e n t s f o r t h e s e m e t a l s

r a n g e d fr o m 0 . 4 7 - 0 . 7 4 s i g n i fy i n g a w e a k t o m o d e r a t e c o r r e l a t i o n . Wh i l e t h e r e d o e s

s e e m t o b e s o m e c h a n g e i n m e t a l c o n c e n t r a t i o n s o c c u r r i n g o v e r t im e
,
i t i s d i f fi c u h t o

a t t r i b u t e t h e c h a n g e t o C Sj e x p o s u r e b e c a u s e o f t h e l a r g e n u m b e r o f m e t a l s w i t h

s i g n i f i c a n t c o r r e l a t i o n s i n t h e u n e x p o s e d (0 p pm c o n t r o l ) g r o u p . W hi l e s t a t i s t i c a l l y

s i g n i f i c a n t ,
t h e q u e s t i o n i s w h e th e r t h e r e i s a r e a l d i f f e r e n c e b e tw e e n t h e c o n t r o l s a n d th e

e x p o s e d g r o u p s ? h i o t h e r w o r d s
,
i s t h e r e a b i o l o g i c a l s i g n i f i c a n c e ? I n o r d e r t o m a k e a

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

g r o u p w e r e p o o l e d t o g i v e a m e a n m e t a l c o n c e n t r a t i o n (a n d s t a n d a r d d e v i a t i o n ) . T h e

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

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

d e p i c t e d i n T a b l e 4 . 1 b e l o w .

T a b l e 4 . 1

C o m p a ri s o n o f L i n e a r R e g r e s s i o n R e s u l t s f o r C a (u g /m g c r e a t i n i n e )

E x p o s u r e G r o u p P r e d i c t i v e E q u a t i o n V a l u e a t t im e 3 6 h T

50 p p m C a u g / m g c r e a t i n i n e
= 8 . 5 6 5 4 - 0 .

12 0 6 1 4 . 2 2

15 0 p pm C a u g/ m g c r e a t i n i n e - 8 . 2 8 10 - 0 . 0 7 3 3 t 5 . 64

5 0 0 p pm C a \i g / m g c r e a t i n i n e = 9 . 16 7 5 - 0 . 14 4 7 1 3 . 9 5

M e a n C a (u g / m g c r e a t i n i n e ) f o r c o n fr o l r a t s = 7 . 3 (+ / - 4 . 6 7 )
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Wh i l e l i n e a r r e g r e s s i o n a n a l y s i s f o r C a c o n c e n t r a t i o n s o v e r t im e i n t h e 5 0 a n d 5 0 0 p p m

e x p o s u r e g r o u p s i n d i c a t e d a s i g n i fi c a n t c o r r e l a t i o n (p < 0 . 0 5 ) , T a b l e 4 .
1 r e v e a l s t h a t t h e

y
- i n t e r c e p t a n d p r e d i c t e d v a l u e s f o r e a c h e x p o s u r e g r o u p a r e w i t hi n o n e s t a n d a r d

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

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

o f o n e s t a n d a r d d e v i a t i o n o f t h e c a l c u l a t e d m e a n f o r t h e c o n t r o l g r o u p . I , Se , a n d M n

w e r e t h e e x c e p t i o n s d u e t o t h e y
- i n t e r c e p t b e i n g j u s t o u t s i d e o n e s t a n d a r d d e v i a t i o n o f

t h e c a l c u l a t e d m e a n . W i t h th e e x c e p t i o n o f M n
, Se , a n d S i , t h e m e t a l s w i t h s i g n i fi c a n t

c o r r e l a t i o n s o v e r t im e i n t h e e x p o s e d g r o u p s (5 0 , 150 , a n d 5 0 0 p pm ) a r e t h e s a m e

m e t a l s a s t h o s e w i t h s i g n i fi c a n t c o r r e l a t i o n s i n t h e u n e x p o s e d g r o u p . T h i s s e e m s t o

i n d i c a t e t h a t t h e r e i s s o m e n a t u r a l v a r i a t i o n i n t h e s e m e t a l c o n c e n t r a t i o n s o v e r t im e
.

T h i s m a k e s i t d i f fi c u l t t o a t t r i b u t e t h e s e c h a n g e s t o C S
2 e x p o s i i r e .

L i n e a r r e g r e s s i o n u s i n g t o t a l m e t a l s ( ^ g ) v s t im e a ft e r e x p o s u r e s t o p p e d ,
r e v e a l e d

s i m i l a r r e s u l t s (T a b l e 3 . 7 ) . A l a r g e n u m b e r o f t h e m e t a l s w i t h s i g n i fi c a n t c o r r e l a t i o n s

w e r e i n t h e n o n e x p o s e d g r o u p . C o m p a r i s o n o f t h e r e g r e s s i o n e q u a t i o n s f o r m e t a l s

i n d i c a t i n g a s i g n i fi c a n t c o r r e l a ti o n (p < 0 . 0 5 ) w i t h ti m e a g a i n r e v e a l e d t h a t m o s t y
-

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

v a l u e o f t h e c o n t r o l r a t s . P h o s p h o r u s (P ) s e e m e d t o b e th e o n l y e x c e p ti o n t o t h i s d u e t o

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

A s d e p i c t e d i n T a b l e 3 . 6 , l i n e a r r e g r e s s i o n a n a l y s i s o f m e t a l c o n c e n t r a ti o n (|J g /m g ) f o r

e a c h u r i n e c o l l e c ti o n p e r i o d (0 - 8
,
8 - 16 , 16 - 2 4 , a n d 2 4 - 4 8 hr ) a c r o s s e x p o s u r e gr o u p s

3 0
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(0 , 5 0 ,
1 5 0 , a n d 50 0 p p m ) r e v e a l e d w e a k b u t 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 < 0 . 0 5 )

c o r r e l a t i o n s w i t h i n c r e a s i n g c o n c e n t r a t i o n s o f K ,
P

,
L i

,
a n d S

,
a s C S 2 e x p o s u r e

i n c r e a s e d , b u t o n l y i n t h e 2 4 - 4 8 h r t im e p e r i o d . U s i n g t o t a l m e t a l s (^ g ) , l i n e a r

r e g r e s s i o n r e v e a l e d a s t a t i s t i c a l l y s i g n i fi c a n t c o r r e l a t i o n o v e r e x p o s u r e g r o u p s o n l y f o r

M n i n t h e 16 - 2 4 h r u r i n e c o l l e c t i o n p e r i o d (T a b l e 3 . 12 ) . T o d e t e r m i n e i f t h e s e

d i f f e r e n c e s w e r e b i o l o g i c a l l y s i g n i fi c a n t
,
a s t u d e n t t t e s t u s i n g 0 . 9 5 c o n fi d e n c e i n t e r v a l

l e v e l s w a s u s e d t o c o m p a r e t h e c o n t r o l g r o u p (0 p p m ) m e a n w i t h t h e m e a n fr o m e a c h

e x p o s e d g r o u p (5 0 , 15 0 , a n d 5 0 0 p p m ). T h i s w a s d o n e f o r e a c h m e t a l u s i n g b o t h t h e

c o n c e n t r a t i o n (\i g /m g ) m e a n s a n d t o t a l m e t a l m a s s m e a n s ( n g ) f o r e v e r y m e t a l . N o n e

o f t h e s t u d e n t t t e s t s r e v e a l e d a s i g n i fi c a n t d i f f e r e n c e b e tw e e n t h e m e a n s .

W h i l e t h i s s t u d y d o e s i n d i c a t e t h a t t r a c e m e t a l s c h a n g e d (s t a t i s t i c a l l y ) o v e r t im e a n d

o v e r e x p o s u r e g r o u p s , t h e c h an g e s s e e m t o b e w i t h i n t h e v a r i a t i o n s s e e n i n t h e

u n e x p o s e d r a t s . W i t h t h e e x c e p t i o n o f P t
,
S i

,
a n d S e

,
l i n e a r r e g r e s s i o n o v e r t im e

r e v e a l e d a d e c r e a s e i n m e t a l c o n c e n t r a t i o n o v e r t im e . T h i s s e e m i n g l y n a t u r a l

fl u c t u a t i o n o f m e t a l e x c r e t i o n m a k e s i t d i f fi c u l t t o d e t e r m i n e i f t h e c h a n g e s i n t h e

e x p o s e d g r o u p s a r e du e t o C Sj e x p o s u r e . B a s e d o n t h e r e s u l t s o f t h i s s t u d y ,
t h e r e i s

n o i n d i c a t i o n o f s t r o n g e f f e c t s o n u r i n a r y e x c r e t i o n o f m e t a l s i n C S2
e x p o s e d r a t s .

T h e r e f o r e , e v e n t h o u gh t h e r e s e e m s t o b e a s t a t i s t i c a l l y s i g n i fi c a n t c h a n g e i n s o m e

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

s i g n i fi c a n c e s i n c e t h e y d o n o t d i ff e r g r e a t l y fr o m t h e n o n e x p o s e d r a t s .
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F u r t h e r , a s t h e t e s t s i n v o l v e d m u l t i p l e m e t a l s ( 3 7 ) , i t i s a p p r o p r i a t e t o a p p l y t h e

B o n f e r r o n i c o r r e c t i o n (0 . 0 5 / n u m b e r o f m e t a l s a n a l y z e d ) t o d e t e r m i n e t h e t r u e

s i gn i fi c a n c e l e v e l . W i t h t h i s c o r r e c t i o n , m a n y f e w e r v a l u e s s a t i s fy t h e s t r i c t e r c r i t e r i o n

o f s t a t i s t i c a l s i g n i fi c a n c e (P < 0 . 0 5 / 3 7 ) .
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5 . 0 S u g g e s t i o n s f o r F u r t h e r S t u d y

A s d i s c u s s e d a t t h e b e g i n n i n g o f t h i s r e p o r t
, t h i s e x p e r im e n t w a s n o t o r i g i n a l l y d e s i g n e d

t o s t u dy e x c r e t i o n o f m e t a l s i n C S j e x p o s e d r a t s . T h e m e t a l e x c r e t i o n d a t a w e r e

c o l l e c t e d a t t h e e n d o f t h e C o x ( 19 9 2 ) s t u dy d u e t o e x c e s s u r i n e a n d t h e d e s i r e t o

m a x im i z e t h e a m o u n t o f i n f o r m a t i o n g a t h e r e d fr o m t h e e x p o s e d r a t s . I f t h e e x p e r im e n t

w a s d e s i g n e d t o g a t h e r m e t a l e x c r e t i o n d a t a f r o m C S2 e x p o s e d r a t s
,
t h e r e a r e s e v e r a l

t h i n g s t h a t m i g h t im p r o v e t h e s t u d y .

F i r s t
,
i t w o u l d b e b e n e fi c i a l t o b e t t e r u n d e r s t a n d t h e n a t u r a l f l u c t u a t i o n s o f m e t a l s i n

u n e x p o s e d r a t s . T h i s c o u l d b e a c c o m p l i s h e d b y c o l l e c t i n g u r i n e fr o m u n e x p o s e d r a t s

o v e r a n e x t e n d e d t im e p e r i o d . I t m i g h t a l s o b e a c c o m p l i s h e d b y s e a r c h i n g th e l i t e r a t u r e

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

s t u d i e s . S e c o n d
,
i f t h e s t u d y w a s d o n e a g a i n , t h e C S2 d o s e a n d/ o r t h e e x p o s u r e t i m e s

c o u l d b e i n c r e a s e d i n o r d e r t o g e t t h e r e s p o n s e t o
"
s t a n d o u t

"
a s c o m p a r e d t o t h e

c o n fr o l s . I n t h e c u r r e n t s t u d y ,
i f t h e r e w e r e r e s p o n s e s , t h e y w e r e a m o n g th e "

n o i s e "
o r

b a c k g r o u n d o f t h e u n e x p o s e d gr o u p a n d d i ffi c u l t t o d i s t i n g u i s h . In c r e a s i n g t h e do s e

m a y n o t b e a n o p t i o n d u e t o t h e p o s s i b i l i t y t h a t d o s e s a b o v e 5 00 p p m m a y b e l e t h a l .

A n o t h e r p o s s i b l e im p r o v e m e n t w o u l d b e t o u s e a m o r e a c u t e e x p o s u r e (e . g .

,
2 w e e k s )

r a t h e r t h a n t h e 6 m o n t h s t h a t t h e r a t s w e r e e x p o s e d i n t h i s s t u d y . O n e o f t h e b e s t w a y s

t o im p r o v e t h i s s t u d y w o u l d b e t o i n c r e a s e t h e n u m b e r o f r a t s . T h i s w o u l d i n c r e a s e t h e

c o s t s i gn i fi c a n t l y b u t w o u l d a l s o h e l p m a k e s u r e t h a t t h e r e w a s e n o u g h u ri n e t o r u n t h e
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n e c e s s a r y a n a l y s i s a n d d e c r e a s e t h e v a r i a t i o n t h a t c o m e s w i t h s m a l l n u m b e r s . F i n a l l y ,

u s i n g a l o n g e r f o l l o w - u p t im e m i g h t d e t e r m i n e i f t h e f lu c t u a t i o n s s e e n i n t h i s s t u d y

c o n t i n u e o r s t a b i l i z e .
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6 . 0 R e f e r e n c e s

1 .
A d k i n s

,
B .

,
Jr .

,
V a n St e e

,
E . W .

,
S im m o n s J . E .

,
e t a l .

.
O n c o g e n i c R e sp o n s e o f

S t r a i n A / J M i c e t o I n h a l e d C h e m i c a l s
,
J o u r n a l o f T o x i c o l o g y a n d

E n v i r o n m e n t a l H e a l t h
,
V o l . 1 7 , p p . 3 1 1- 3 2 2 , (1 9 8 6 ) .

2 . A T SD R
,
l e x i c o l o g i c a l P r o fi l e f o r C a r b o n D i s u lf i d e ,

U SD H H S
,
P H S

,

A T SD R
,
A t l a n t a

,
G A , ( 1 9 9 6)

3 . B a k e r
,
E . L .

,
J r .

,
N e u r o l o g i c a l D is o r d e r s

,
I n : R o n

,
W . N . , e d . . E n v ir o n m e n t a l

a n d O c c u p a t i o n a l M e d i c i n e .

,
1 . E n v i r o n m e n t a l a n d O c c u p a t i o n a l D i s e a s e . ,

B o s t o n
,
M A : L i t t l e

,
B r o v ra a n d C o .

, p p . 3 13 - 3 2 7
, ( 19 8 3 ) .

4 . B a l a b a e v a , L . , T a b a c o v a
, S .

,
C o r r e l a t i o n of C a r b o n D is u lf i d e E x p o s u r e L e v e l s

w i t h T i s s u e l e v e ls a n d s o m e B i o c h e m i c a l I n d i c e s i n M a t e r n a l a n d F e t a l

O r g a n i s m . .
P r o c e e d i n g s .

I n t e r n a t i o n a l C o n g r e s s o f O c c u p a t i o n a l H e a l t h
,
19 t h

,

V o l . 1 , p p . 4 8 9 - 4 9 5 , ( 19 7 9 ) .

5 . B a l c a r o v a
,
O .

,
H a l i k

,
J .

,
T e n -

y e a r E p i d e m i o l o g i c a l St u dy o f l s c h a e m i c H e a r t

D i s e a s e (I H D) i n w o r k e r s e x p o s e d t o C a r b o n D i s u lp h i d e .

,
S c i T o t a l E n v i r o n . .

V o l . 10 1( 1- 2 ) .

, p p 9 7 - 9 9 .

, ( 19 9 1).

6 . B a r t o n i c e k ,
V

. ,
T h e D i s t r i b u t i o n of F r e e C a r bo n D i s u lf i d e a n d B o u n d C a r b o n

D i s u lfi d e L i b e r a t e d by A c i d Hy d r o ly s i s i n t h e O r g a n s of W h i t e R a t s
,
P r a c L e k .

V o l . 1 0 , p p . 5 0 4 - 5 10 , ( 1 9 5 9 ) . (C z e c h , E n g l i s h s u m m a r y ) .

7 . B a s e l t
,
R . C .

,
B i o l o g i c a l Mo n i t o r i n g M e t h o d s f o r I n d u s t r i a l Ch e m i c a l s

,

B i o m e d i c a l P u b l i c a t i o n s
.
D a v i s

,
C a l i f o r n i a , p p . 6 4 - 6 7 , ( 19 8 0 ) .

8 . B e a u c h a m p ,
R . D .

,
J r .

,
B u s

,
J . S .

,
a n d P o p p , J .

A
. ,

e t a l . , A C r i t i c a l R e v i e w o f t h e
L i t e r a t u r e o n C a r b o n D i s u lfi d e T o x ic i t y . , C R C C r i t i c a l R e v i e w s i n T o x i c o l o g y .

V o l . 1 1
, p p . 16 9 - 2 7 8 , ( 19 8 3 ) .

9 . B e r gm a n
,
K .

,
D a n i e l s s o n

,
B . R .

,
d ' A r g y ,

R .

,
T is s u e D i s p o s i t i o n of C a r b o n

D i s u lfi d e : I Wh o l e - b o dy a u t o r a d i o g r a p hy o f 3 5 S- a n d 1 4 C - l a b e l l e d c a r b o n

d i s u lfi d e i n a d u l t m a l e M i c e .

,
A c t a P h a r m a c o l T o x i c o l . V o l . 5 4 , p p . 1 4 1- 1 5 0 ,

( 19 8 4 ) .
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10 . B o e n i g e r ,
M . F .

,
L o w r y ,

L . K .

,
R o s e n b e r g ,

J .

,
I n t e r p r e t a t i o n o f U r i n e R e s u l t s

U s e d t o A s s e s s Ch e m i c a l E x p o s u r e w i t h E mp h a s i s o n C r e a t i n i n e A dj u s t m e n t s :

A R e v i e w
,
J o u r n a l o f A m e ri c a n I n d u s tri a l H y g i e n e A s s o c i a t i o n

,
V o l . 5 4

,
N o .

1 0
, p p . 6 1 5 - 62 7 (O c t . 1 9 9 3 ) .

1 1 . B o k i n a
,
A . I .

,
M e r k u r

'

y e v a
,
R . V .

,
E k s l e r

,
N . D .

,
e t a l .

.
E x p e r i m e n t a l s t u dy o f t h e

m e c h a n i s m a n d i n d i c e s o f h a r mf u l eff e c t s o f c e r t a i n c h e m i c a l s u bs t a n c e s o n

t h e c e n t r a l n e r v o u s sy s t e m . E n v i r o n m e n t a l H e a l t h P e r sp e c t . V o l . 3 0 , p p . 3 1 -

3 8
, ( 1 9 7 9 ) .

12 . B o n d
,
E . J .

,
D e M a t t e i s

,
F .

,
B i o c h e m i c a l c h a n g e s i n r a t l i v e r a f t e r

a d m i n is t r a t i o n o f c a r bo n d is u lp h i d e ,
w i t h p a r t i c u l a r r ef e r e n c e t o m i c r s o m a l

c h a n g e s . B i o c h e m i c a l P h a r m a c o l o g y . V o l .
18 , p p . 2 5 3 1- 2 5 4 9

, ( 19 6 9 ) .

13 .
B o n d , E . J . , B u t l e r

,
W . H .

,
a n d D e M a t t e i s ,

F .

, e t a l .

.
E ff e c t s o f C a r b o n

D i s u lp h i d e o n t h e L i v e r o f R a t s .

, B ri t i s h Jo u r n a l o f I n d u s t ri a l M e d i c i n e , V o l .

2 6 , p p . 3 3 5 - 3 3 7
, ( 196 9) .

14 . B ri e g e r ,
H .

,
/ / / . Eff e c t s of C a r b o n D i s u lf i d e o n B l o o d C e l l s a n d B o n e

M a r r o w
,
J o u r n a l o f I n d u s t ri a l H y g i e n e T o x i c o l o g y .

V o l . 3 1
, p p . 9 8- 10 5

,

( 19 4 9 ) .

15 . B ri e g e r ,
H .

,
C h r o n i c C a r b o n D i s u lp h id e P o is o n i n g .

Jo u r n a l o f O c c u p a t i o n a l

M e d i c i n e . V o l . 3
, p p . 3 0 2 - 3 0 8

, ( 19 6 1 ) .

16 . B r i e g e r ,
H .

,
C a r b o n D is u lp h i d e i n t h e L i v i n g O r g a n is m . , I n : B ri e g e r H

,

T e i s i n g e r
,
J .

,
e d . I n t e r n a t i o n a l S y m p o s i u m o n T o x i c o l o g y o f C a r b o n

D i s u lp h i d e . , A m s t e r d a m , T h e N e th e r l a n d s : E x c e r p t a M e d i c a F o u n d a t i o n
, p p .

2 7 - 3 1, ( 19 6 7 ) .

17 . B u s
,
J . S . , Th e R e l a t i o n s h ip of C a r b o n D i s u lf id e M e t a bo l i s m t o D e v e l o p m e n t o f

T o x i c i ty .

,
N e u r o t o x i c o l o g y , V o l . 6

, p p . 7 3 - 80
, ( 1 9 8 5) .

18 . B u t l e r , W . H . , M a g o s , L . , L i v e r D a m a g e a n d E x c r e t i o n o f B i v a l e n t Su lf u r a f t e r
E x p o s u r e t o C a r b o n D i s u lfi d e [ A b s t r a c t] . B ri t i s h P h a r m a c o l o g i c a l So c i e t y ,

V o l . 4 0
, p p . 17 1 - 17 2

, ( 19 7 0) .

19 . C h e n g e l i s ,
C . P .

,
C ha n g e s i n H e p a t i c G l u t a t h i o n e C o n c e n t r a t i o n s D u r i n g

C a r b o n D i s u lfi d e I n d u c e d H ep a t o t o x i c i ty i n t h e R a t .

,
R e s C o m m u n C h e m

P a t h o l P h a r m a c o l .
V o l 6 1

, p p . 9 7 - 1 0 9
, ( 19 8 8a )
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2 0 . C h e n g e l i s ,
C . P .

,
P a r a d o x i c a l Eff e c t of C o b a l t o u s C h l o r i d e o n C a r b o n

D i s u lf id e I n d u c e d H e p a t o t o x i c i ty i n R a t s .

,
R e s C o mm u n Ch e m P a t h o l

P h a r m a c o l . V o l 6 1
, p p . 8 3 - 9 6 , ( 19 8 8 b ) .

2 1 . C o h e n ,
A

. E . , Sc h e e l , L . D .

,
a n d K o p p , J .

F
. ,

e t a l .

.
B i o c h e m i c a l M e c h a n i s m s i n

C h r o n i c C a r b o n D i s u lf i d e P o is o n i n g ,
A m e ri c a n I n d u s t ri a l H y g i e n e A s s o c i a t i o n

J o u r n a l .
V o l . 2 0 , p p . 3 0 3 - 3 2 7 . ( 1 9 59 ) .

2 2 . C o h e n
,
A . E .

,
P a u l u s

,
H . J .

,
K e e n a n

,
R . G .

,
e t a l .

,
S k i n a b s o r p t i o n o f C a r b o n

D i s u lf i d e v a p o r i n R a b b i t s I A s s o c i a t e d C h a n g e s i n B l o o d P r o t e i n a n d Z i n c
,

A MA A r c h i v e s I n d u s t ri a l H e a l t h . . V o l . 17
, p p . 16 4 - 16 9

, ( 19 5 8 ) .

2 3 .
C o o p e r ,

P
. , C a r b o n D i s u lp h i d e T o x i c o l o g y : T h e P r e s e n t P i c t u r e . ,

F o o d
C o s m e t T o x i c o l . V o l .

1 4
, p p . 5 7 - 59

, ( 19 7 6 ) .

2 4 . C o p p o c k
,
R . W .

,
B u c k

,
W . B .

,
M a b e e

,
R . L .

,
T o x i c o l o g y of C a r b o n D is u lp h i d e :

A R e v i e w .

,
V e t H u m T o x i c o l . V o l . 4 9

, p p . 3 5 9 - 3 6 6
, ( 19 8 1) .

2 5 . C o s t a
,
L . G .

,
I n t e r a c t i o n s o f N e u r o t o x i c a n t s w i t h N e u r o t r a n s m i t t e r Sy s t e m s .

,

T o x i c o l o gy .
V o l . 4 9

, p p . 3 5 9 - 3 6 6
, ( 19 8 8) .

2 6 . C o x
,
C

,
L o w r y ,

L . K .

,
a n d Qu e H e e

, S . S . , U r i n a r y 2 - t h i o t h i a z o l i d i n e - 4 -

c a r b o x y l i c a c i d a s a b i o l o g i c a l i n d i c a t o r o f e x p o s u r e t o c a r b o n d i s u lf i d e :

D e r i v a t i o n of a B i o l o g i c a l E x p o s u r e I n d e x .

,
A p p l i e d O c c u p a t i o n a l

E n y i r o n m e n t a l H y g i e n e . V o l . 1 , p p . 6 7 2 - 6 7 6
, ( 19 9 2 ) .

2 7 . C o x
,
C

,
U r i n a r y 2 - t h i o t h i a z o l i d i n e - 4 - c a r b o x y l i c a c id

,
t h i o e t h e r s , a n d

c o mp o u n d s r e s p o n s i v e t o t h e i o d i n e - a z i d e t e s t a s b i o m a r k e r s f o r c a r b o n

d is u lf i d e e x p o s u r e o f r a t s a n d h u m a n s .

.
D i s s e r t a t i o n

,
D o c t o r o f P h i l o s o p h y ,

U n i y e r s i t y o f C i n c i n n a t i
, ( 19 9 5) .

2 8 . C o x
,
C

, Qu e H e e , S . ,
L y n c h

,
D .

,
U r i n a r y 2 - t h i o t h i a z o l i d i n e - 4 - c a r b o x y l i c a c i d

(T T CA ) i n r a t s a s t h e p r i m a r y b i o l o g i c a l I n d i c a t o r o f c a r b o n d i s u lf id e

a i r b o r n e e x p o s u r e . . D e p a r t m e n t o f E n y i r o n m e n t a l H e a l t h
,
K e t t e r i n g

L a b o r a t o r y ,
U n i y e r s i t y o f C i n c i n n a t i

, ( 19 9 5 ?)

2 9 . D a l y i
,
R . R .

,
C y t o c h r o m e P - 4 5 0 - d ep e n d e n t c o v a l e n t b i n d i n g o f c a r bo n d i s u lf i d e

t o r a t l i v e r m ic r o s o m a l p r o t e i n i n v i t r o a n d i t s p r e v e n t i o n by r e d u c e

g l u t a t h i o n e . , A r c h i y e s T o x i c o l o g y . V o l . 6 1
, p p . 1 5 5 - 15 7

, ( 19 8 7 ) .

3 7
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3 0 .
D a l v i

,
R . R .

,
N e a l

,
R . A .

,
M e t a b o l i s m i n v i v o of C a r b o n D is u lf i d e t o C a r b o n y l

S u lfi d e a n d C a r b o n D i o x i d e i n t h e R a t . , B i o c h e m i c a l P h a r m a c o l o g y . V o l . 2 7 ,

p p . 16 0 8 - 1 6 0 9
, ( 19 7 8 ) .

3 1 . D a l v i
,
R . R .

,
H u n t e r

,
A . L .

,
N e a l

,
R . A .

,
T o x i c o l o g i c a l i m p l i c a t i o n s o f t h e Mi x e d -

f u n c t i o n o x i d a s e c a t a l y z e d m e t a b o l i s m o f C a r bo n D i s u lfi d e .

,
C h e m B i o l

h i t e r a c t . V o l . 1 0
, p p . 3 4 9 - 3 6 1

, ( 1 9 7 5 ) .

3 2 . D a l v i
,
R . R .

,
P o o r e

,
R . E .

,
a n d N e a l

,
R . A .

,
S t u d i e s o f t h e Me t a b o l i s m o f C a r b o n

D i s u lfi d e by R a t L i v e r Mi c r o s o m e s .

,
L i f e Sc i . V o l . 1 4

, p p . 1 7 8 5 - 1 7 9 6
, ( 19 7 4 ) .

3 3 . D e M a t t e i s
,
F .

,
H e p a t o t o x i c i ty o f C a r b o n D i s u lfi d e a n d o f o t h e r s u lf u r -

c o n t a i n i n g C h e m i c a l s : P o s s i b l e S ig n ifi c a n c e of t h e i r M e t a b o l i s m by O x i d a t i v e

D e s u lf u r a t i o n . I n : J o Uo w
,
D . J .

,
K o c s i s

,
J . J .

,
Sn y d e r ,

R .

,
e d s .

.
B i o l o g i c a l R e a c t

I n t e r m e d .

,
N e w Y o r k

,
N Y : P l e n u m P r e s s

, p p . 3 14 - 3 19
, ( 19 7 7 ) ,

3 4 .
D e M a t t e i s

,
F .

,
Se a w r i gh t , A . A .

,
Ox i d a t i v e M e t a b o l i s m o f C a r b o n D i s u lp h i d e

by t h e r a t : Eff e c t o f T r e a t m e n t s w h i c h Mo d if y t h e L i v e r T o x i c i ty of C a r b o n

D i s u lp h i d e .

,
C h e m B i o l I n t e r a c t . V o l . 6 , p p . 37 5- 3 8 8

, ( 19 7 3 ) .

3 5 . D e m u s
,
H .

,
Th e M e c h a n is m o f a bs o r p t i o n , Me t a b o l i s m

,
a n d E x c r e t i o n of

C a r b o n D is u lp h i d e i n t h e H u m a n B o dy .

,
T o x i c o l o g y o f C a r b o n D i s u l p h i d e .

Pr o c e e d i n g s o f a Sy m p o s i u m . . P r a gu e
,
C z e c h o s l o v a k i a

, p p . 4 2 - 4 9
, ( 19 6 7 ) .

3 6 . D j e r a s s i , L . S . , L u m b r o s o , R . , C a r b o n D i s u lp h i d e P o i s o n i n g w i t h I n c r e a s e d

E t h e r e a l S u lp h a t e E x c r e t i o n
,
B r i t i s h J o u r n a l o f I n du s t r i a l M e d i c i n e . V o l . 2 5

,

p p . 2 2 0 - 2 2 2 , ( 19 6 8 ) .

3 7 . D j u r i c
,
D .

,
D e t e r m i n a t i o n o f C a r b o n D i s u lp h i d e a n d i t s M e t a b o l i t e s i n

B i o l o g i c a l Ma t e r i a l . ,
I n : B r i e g e r ,

H .

,
T e s i n g e r ,

J
. , e d s . .

T o x i c o l o gy o f C a r b o n

D i s u l f i d e . , A m s t e r d a m
,
T h e N e t h e r l a n d s : E x c e r pt a M e d i c a F o u n d a t i o n

, p p . 5 2 -

6 1
, ( 19 6 7 ) .

3 8 . D j u r i c , D . , A n t i b u s e , C a r b o n D i s u lp h i d e , a n d E t hy l a l c o h o l Me t a b o l i s m .

,
A r h

H i e R a d a T o k s i k o l . V o l . 2 2
, p p . 17 1- 1 7 7

, (19 7 1) .

3 9 . D j u r i c
,
D .

,
St o j a d i n o v i c

,
L . Z .

,
B o j o v i c ,

V .

,
e t a l .

.
E x c r e t i o n of Z i n c i n t h e

U r i n e o f P e r s o n s E x p o s e d t o C a r b o n D is u lp h i d e I n : B r i e g e r , H . ,
T e s i n g e r , J . ,

e d s . . T o x i c o l o gy o f C a r b o n D i s u l fi d e . , A m s t e r d a m
,
T h e N e t h e r l a n d s : E x c e r pt a

M e d i c a F o u n d a t i o n
, p p . 1 18 - 22 1

, (1 9 6 7 ) .
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4 0 . D r e x l e r
,
H .

,
e t a l

,
C a r b o n D i s u lp h i d e : I . E x t e r n a l a n d I n t e r n a l E x p o s u r e t o

C a r b o n D i s u lp h i d e o f Wo r ke r s i n t h e V i s c o s e I n d u s t r y , I n t e rn a t i o n a l A r c h i v e s

o f O c c u p a t i o n a l a n d E n v i r o n m e n t a l H e a l t h , V o l . 6 5 , p p . 3 5 9 - 3 6 5
, (D e c . 19 9 3 ) .

4 1. D r e x l e r
,
H .

,
e t a l

.
C a r b o n D i s u lf i d e : 11 I n v e s t ig a t i o n s i n t h e u p t a k e o f C S2 a n d

t h e E x c r e t i o n o f i t s m e t a b o l i t e 2 - t h i o t h i a z o l i d i n e - 4 - c a r b o x y l i c a c i d A f t e r
O c c u p a t i o n a l E x p o s u r e

,
I n t e r n a t i o n a l A r c h i v e s o f O c c u p a t i o n a l E n v i r o n m e n t a l

H e a l t h . V o l . 6 7
, p p . 5 - 1 0

, (O c t . 1 9 9 4 ) .

4 2 . E l - M a s r y ,
Z .

,
M e h a n i

,
S .

,
E l - H a b a s h i , A . , e t a l .

.
Eff e c t s of C a r b o n D i s u lf i d e o n

t h e L i v e r s o f R a t s P r e - t r e a t e d w i t h P h e n o ba r b i t o n e . , A i n Sh a m s M e d Jo u r n a l .

V o l . 2 7
, p p . 2 0 1

, ( 19 7 6 ) .

4 3 .
E l a t t a l , M . M .

, Vi s c o s e ,
E n c v c l o p e d i a o f O c c u p a t i o n a l H e a l t h a n d S a f e t y .

.
V o l

.

2
, p p . 2 2 6 3 - 2 2 6 4 , ( 19 8 3 ) .

4 4 . E P A . , C a r b o n D i s u lf i d e , C a r b o n y l S u lf i d e : L i t e r a t u r e R e v i e w a n d

E n v i r o n m e n t a l A s s e s s m e n t . W a s h i n g t o n
,
D . C . : U . S . E n v i r o n m e n t a l P r o t e c t i o n

A g e n c y . E P A - 6 0 0/ 9 - 7 8 /0 0 9
, ( 19 7 6 )

4 5 . E P A
,
T r e a t a b i l i t y M a n u a l .

,
I . T r e a t a b i l i t y D a t a .

,
U . S . E n v i r o n m e n t a l P r o t e c t i o n

A g e n c y .

,
E P A - 6 0 0 / 2 - 8 2/ 0 0 1A

,
6 4 6 .

, ( 19 8 1 )

4 6 . E P A
,
U . S . I n t e r i m M e t h o d s f o r D e v e l o p m e n t of I n h a l a t i o n R ef e r e n c e D o s e s .

U . S .
E n v i r o n m e n t a l Pr o t e c t i o n A g e n c y . ,

E P A / 6 0 0/ 8- 8 8 / 0 6 6F . , ( 19 8 9 b ) .

4 7 . F l i c k , L . J . , I n d u s t r i a l S o l v e n t s H a n d b o o k , 3
' ' '

e d .

,
P a r k R i d g e ,

N J .

,
N o y e s

P u b l i c a t i o n s , 1 7 3 .

, ( 19 8 5)

4 8 . F r e u n d t
,
K . J .

,
S c hn a p p ,

E .

,
D r e h e r

,
W .

,
P h a r m a c o k i n e t i c s of I n h a l e d C a r b o n

D i s u lp h i d e i n R a t s i n R e l a t i o n t o i t s I n h i b i t o r y Eff e c t o n t h e s i d e - c h a i n

O x i d a t i o n o f H e x a b a r b i t a l ,
I n t e m a t i o n a l A r c h i v e s o f O c c u p a t i o n a l a n d

E n v i r o n m e n t a l H e a l t h . V o l . 3 5
, p p . 1 73 - 1 86

, ( 19 7 5 ) .

4 9 . G a g n a i r e
,
F .

,
Sim o n

,
P .

,
B o n n e t

,
P .

,
e t a l .

.
T h e i n f l u e n c e o f S i m u l t a n e o u s

E x p o s u r e t o C a r b o n D i s u lf i d e a n d H y d r o g e n S u lf i d e o n t h e P e r ip h e r a l N e r v e

T o x i c i ty a n d M e t a b o l i s m of C a r b o n D is u lf i d e i n R a t s . ,
T o x i c o l L e t t .

V o l . 3 4 ,

p p . 1 7 5 - 1 84
, ( 1 9 86 ) .

5 0 .
G r a h a m

,
D . G .

, e t a l .
P a t h o g e n i c St u d i e s of H e x a n e a n d C a r b o n D i s u lfi d e

N e u r o t o x i c i ty , C r i t i c a l R e v i e w s in T o x i c o l o g v . V o l . 2 5 (2 ) ? , p p . 9 1 - 1 1 2
,

( 19 9 5 ) .

3 9
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5 1 . Gr e e n , E . C . , B i o t r a n sf o r m a t i o n ,
D i s t r i b u t i o n , a n d T o x i c i ty o f C a r b o n D is u lf i d e

i n I m m a t u r e R a t s [A b s t r a c t ] . ,
D i s s e r t a t i o n A b s t r a c t s I n t e r n a t i o n a l

, V o l 4 6 , p p .

2 2 6 8 - B
, ( 19 8 6) .

5 2 . G r e e n
,
E . G .

,
H u n t e r

,
A .

,
T o x i c i ty of C a r b o n D i s u lf i d e i n D e v e l o p i n g R a t s :

L D 5 0 V a l u e s a n d E f f e c t s o n t h e H ep a t i c Mi x e d - F u n c t i o n O x i d a s e E n z y m e

Sy s t e m .

,
T o x i c o l A p p l P h a r m a c o l . V o l . 7 8

, p p . 1 3 0 - 13 8 , ( 1 9 8 5 ) .

5 3 . H e r b e r
,
R . F .

,
P o p p e ,

H .

,
A N e w Me t h o d f o r t h e e s t i m a t i o n o f e x p o s u r e t o

C a r b o n D i s u lfi d e .

,
J o u r n a l o f C hr o m a t o g r a p h y .

V o l . 1 18 , p p . 2 3 - 34
, ( 19 7 6 ) .

5 4 . H e m b e r g ,
S .

,
H o w e

,
G .

,
V i r k o l a

,
P .

,
e t a l .

.
Ma g n e s i u m a n d Z in c V a l u e s of

E r y t h r o c y t e s a n d P l a s m a f o r w o r k e r s E x p o s e d t o C a r b o n D i s u lfi d e .

,
W o r k

E n v i r o n H e a l t h
.
V o l . 6

, p p . 9 - 1 3
, ( 19 6 9 ) .

5 5 . H e m b e r g , S . , P a r t a n e n ,
T

. ,
N o r d m a n , C . H . , e t a l . . C o r o n a r y H e a r t D i s e a s e

A m o n g Wo r k e r s E x p o s e d t o C a r b o n D i s u lfi d e ,
B r J I n d M e d V o l . 2 7 , p p 3 13 -

3 2 5 .

, ( 19 7 0 ) .

5 6 . H e m b e r g ,
S .

,
N u r m i n e n

,
M .

,
T o l o n e n

,
M .

,
E x c e s s M o r t a l i t y f r o m C o r o n a r y

H e a r t D i s e a s e i n V i s c o s e R a y o n W o r k e r s E x p o s e d t o C a r b o n D i s u l f i d e .

,
W o r k

E n v i r o n H e a l t h .

,
V o l . 8

, p p 9 3 - 9 9 .

, ( 19 7 3 ) .

5 7 .
H o m u n g , R . W . , R e e d , L .

D
. ,
E s t i m a t i o n of A v e r a g e C o n c e n t r a t i o n i n t h e

P r e s e n c e o f N o n d e t e c t a b l e Va l u e s ,
A p p l i e d O c c u p a t i o n a l E n v i r o n m e n t a l

H y g i e n e . V o l . 5 ?
,
N o . l

, p p . 4 6 - 5 1 (J a n . 19 9 0) .

5 8 . H SD B . , H a z a r d o u s Su b s t a n c e s D a t a B a n k .

,
B e t h e s d a

,
M D : N a t i o n a l I n s t i t u t e s

o f H e a l t h
,
N a t i o n a l L i br a r y o f M e d i c i n e .

, (2 0 0 1)

5 9 . H u n t e r
,
A . L .

,
N e a l

,
R . A .

,
I n h i b i t i o n o f H ep a t i c Mi x e d F u n c t i o n Ox id a s e

A c t i v i ty i n V i t r o a n d i n V i v o by v a r i o u s T h i o n o - s u lf u r - c o n t a i n i n g c o mp o u n d s . .

B i o c h e m i c a l P h a r m a c o l . V o l . 2 4 , p p .
2 19 9 - 2 2 0 5 , ( 19 8 5 ) .

6 0 . J a r v i s
,
J . A .

,
M a g o s

,
L .

,
Ef f e c t s o f P h e n o b a r b i t o n e a n d St a r v i n g o n t h e

D o p a m i n e C o n t e n t o f t h e A d r e n a l G l a n d s of R a t s E x p o s e d t o C a r b o n

D i s u lp h i d e .

,
N a u v n Sc hm i e d e b e r g A r c h P h a rm a c o l

.
V o l . 2 7 8

, p p . 2 0 7 - 2 13
,

( 19 7 3 ) .

4 0
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6 1.
J a r v i s a l o

,
J .

,
Sa v o l a i n e n

,
H .

,
E l o v a a r a

,
E .

,
T h e i n v i v o T o x i c i ty o f CS2 t o L i v e r

M i c r o s o m e s : B i n d i n g o f L a b e l l e d C S2 a n d Ch a n g e s o f t h e M i c r o s o m a l E n z y m e

A c t i v i t i e s .

,
A c t a Ph a r m a c o l o g y T o x i c o l o g y Su p p l ,

V o l . 4 0 , p p . 3 2 9 - 3 3 6
,

( 19 7 7b ) .

6 2 .
J a r v i s a l o

,
J .

,
S a v o l a i n e n

,
H .

,
V a i n i o

,
H .

,
Ef f e c t s o f A c u t e CS 2 I n t o x i c a t i o n o n

L i v e r P r o t e i n a n d D r u g Me t a b o l i s m .

,
C h e m B i o l I n t e ra c t V o l . 1 7

, p p . 4 1 - 4 0
,

( 19 7 7 c ) .

6 3 . J a r v i s a l o
,
J .

,
G i b b s , A . H .

,
D e M a t t e i s , F . , A c c e l e r a t e d C o n v e r s i o n of H e m e t o

B i l e P ig m e n t s C a u s e d i n t h e L i v e r by C a r b o n D i s u lf i d e a n d o t h e r Su lf u r -

c o n t a i n i n g Ch e m i c a l s . , M o l P h a r m a c o l
,
V o l . 14

, p p . 1 0 9 9 - 1 10 6
, (19 7 8) .

6 4 . J e n s o n
,
J . C

,
F a im a n

,
M . D .

,
D e t e r m i n a t i o n o f D i s u lf i r a m a n d Me t a b o l i t e s f r o m

B i o l o g i c a l F l u i d s by H ig h P e r f o r m a n c e L i q u i d C h r o m a t o g r a p hy .

,
J

C hr o m a t o e r B i o m e d A p p l . V o l . 1 8 1 , p p . 4 0 7 - 4 16 , ( 19 8 0 ) .

6 5 . J i r m a n o v a , 1. , L u k a s , E .

,
U l t r a s t r u c t u r e of C a r b o n D i s u lf i d e N e u r o p a t hy .

,
A c t a

N e u r o p a t h o l . V o l . 6 3
, p p . 2 5 5 - 2 6 3

, ( 19 8 4 ) .

6 6 . K e p p e l , G . E .

,
M o d if i c a t i o n o f t h e C a r b o n D is u lfi d e E v o l u t i o n Me t h o d f o r

D i t h i o c a r b a m a t e R e s i d u e s .

,
J A O A C

,
V o l . 5 2

, p p . 16 2 - 16 7
, ( 19 6 9) .

6 7 . K i t a m u r a
,
S .

,
e t a l

.
B i o l o g i c a l M o n i t o r i n g o f Wo r k e r s O c c u p a t i o n a l ly E x p o s e d

t o C a r b o n D i s u lfi d e i n a R a y o n P l a n t i n B r a z i l : V a l i d i ty o f 2 - t h i o t h i a z o l i d i n e -

4 - c a r b o x y l i c A c i d (T TCA ) i n U r i n e Sa mp l e s T a k e n i n D iff e r e n t T i m e s , D u r i n g
a n d Af t e r t h e R e a l E x p o s u r e P e r i o d

,
I n t e r n a t i o n a l A r c h i v e s o f O c c u p a t i o n a l

E n v i r o n m e n t a l H e a l t h . V o l . 6 5
, p p . S 17 7 - S 18 0 ( 19 9 3 ) .

6 8 . K i v i s t o
,
H .

,
e t a l

,
E ff e c t of C y t o c h r o m e P 4 5 0 I s o z y m e I n d u c t i o n a n d

G l u t a t h i o n e D e p l e t i o n o n t h e M e t a b o l is m o f CS2 t o T T CA i n R a t s ,
A r c h

T o x i c o l
.
V o l . 6 9

, p p . 1 8 5 - 19 0 (A u g . 19 9 4 ) .

6 9 . K l a a s s e n , C D
. , C a s a r e t t & D o u l l

'

s , T h e B a s i c Sc i e n c e of P o is o n s
,
5 " '

e d .

,

M c G r a w f - H i l l C o m p a n i e s ,
I n c .

, ( 19 9 6 ) .

7 0 . K r o U R . B .

,
Ef f e c t of C a r b o n D i s u lfi d e o n R e n a l F u n c t i o n i n t h e R a t .

,

T o x i c o l o g i s t .
V o l . 8

, p p . 8 5 3
, ( 1 9 8 8 ) .

7 1 . L a m , C .W . ,
P h a r m a c o k i n e t i c s a n d b i n d i n g C h a r a c t e r i s t i c s of C a r b o n -

D i s u lfi d e i n B l o o d . [A b s t r a c t ] .

,
D i s s e r t a t i o n A b s t r a c t s I n t e rn a t i o n a l . 36 7 5 - B

,

( 19 8 4) .

4 1
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72 . L a m , C .
W

. , D i S t e f a n o ,
V

. ,
B l o o d - bo u n d c a r bo n d i s u lfi d e : A N I n d i c a t o r of

C a r b o n D i s u lfi d e E x p o s u r e
,
a n d i t s A c c u m u l a t i o n i n R e p e a t e d ly E x p o s e d

R a t s . ,
T o x i c o l A p p l P h a r m a c o l V o l

. 6 4 , p p . 32 7 - 3 34
, ( 19 82 ) .

7 3 . L a m , C .W . , D i St e f a n o , V . ,
B l o o d - b o u n d C a r b o n D is u lfi d e : A n I n d i c a t o r of

C a r b o n D i s u lfi d e E x p o s u r e , a n d i t s a c c u m u l a t i o n i n R e p e a t e d ly E x p o s e d R a t s .

,

T o x i c o l A p p l P h a r m a c o l . V o l . 7 0 , p p . 4 02 - 4 10 , ( 19 83 ) .

7 4 . L a m
,
C .W .

,
D i S t e f a n o

,
V .

,
C h a r a c t e r i z a t i o n o f C a r b o n D i s u lfi d e B i n d i n g i n

B l o o d a n d t he o t h e r B i o l o g i c a l Su b s t a n c e s , T o x i c o l A p p l P h a r m a c o l . V o l . 86 ,

p p .
2 3 5 - 2 4 2 , ( 1 9 8 6 ) .

7 5 .
L a m

,
C . W

. ,
D i S t e f a n o ,

V .

,
M o r k e n

,
D

.
A

. ,
T h e R o l e of t h e R e d B l o o d C e l l i n

t h e T r a n sp o r t of C a r b o n D is u lfi d e , Jo u r n a l o f A p p l i e d T o x i c o l o gy . V o l . 6 , p p .

8 1 - 8 6 , ( 1 9 8 6 ) .

7 6 . L e h o t z ky , K .

,
Sz e b e r e n y l , J . M . , U n g v a r y G

,
e t a l .

.
B e h a v i o r a l E f f e c t s o f

P r e n a t a l E x p o s u r e t o C a r b o n D i s u l f i d e a n d t o A r o m a t o l i n R a t s .

,
A r c h T o x i c o l

Su p p l .

,
V o l . 8

, p p 4 4 2 - 4 4 6 .

, ( 19 8 5 ) .

7 7 . L u k a s ,
E

. , K o t a s , P . , O b r u e n i k , I . , C o p p e r a n d Z i n c L e v e l s i n P e r ip h e r a l N e r v e

T i s s u e s o f R a t s w i t h E x p e r i m e n t a l C a r b o n - D i s u lfi d e N e u r o p a t hy .

,
B r i t i s h

J o u r n a l o f I n d u s t ri a l M e d i c i n e . V o l . 3 1
, p p . 2 8 8- 2 9 1

, ( 19 7 4 ) .

7 8 . M a g o s
,
L .

,
B u t l e r

,
W . H .

,
W h i t e

,
I . N .

,
H e p a t o t o x i c i ty of CS2 i n R a t s : R e l a t i o n

t o P o s t e x p o s u r e L i v e r w e ig h t a n d P r e - e x p o s u r e Cy t o c h r o m e P - 4 5 0 L e v e l ,

B i o c h e m P h a r m a c o l
,
V o l . 2 2

, p p . 9 9 2 - 9 9 4
, ( 19 7 3 ) .

7 9 .
M a r o n i

, M . , C o l o m b i , A . , R o t a , E . , e t a l . . B i o c h e m i c a l a n d M o r p ho l o g i c a l
I n v e s t ig a t i o n s o n N e r v o u s T i s s u e of r a t s i n h a l i n g C a r b o n D is u lfi d e . , M e d L a v

,

V o l . 7 0
, p p . 4 4 3 - 4 5 1

, ( 19 7 9 ) .

8 0 . M a r t i n i
,
R . M .

,
A c u t e eff e c t s of C a r b o n D is u lfi d e o n H e p a t i c L ip i d Me t a b o l i s m

i n F i s c h e r R a t s ,
A c t a C i e n t V e n e z

. V o l . 3 8
, p p . 3 6 2 - 3 6 5 , (1 9 8 7)

8 1.
M a s u d a , Y . , Y a s o s h im a , M . , L o s s of 3 - m e t hy l c h o l a n t h r e n e - i n d u c i b l e f o r m o f
c y t o c h r o m e P - 4 5 0 i n l i v e r Mi c r o s o m e s f o l l o w i n g a d m i n is t r a t i o n o f C a r b o n

D i s u lfi d e i n C5 7B L / 6 C r m i c e .

.
B i o c h e m i c a l P h a r m a c o l o gy .

V o l . 37
, p p . 2 3 63 -

2 3 7 1
, ( 19 8 8 ) .

4 2
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8 2 . M a s u d a
,
Y .

,
Y a s o s h i m a

,
M .

,
N a k a y a m a

,
N .

,
E a r ly , S e l e c t i v e a n d r e v e r s i b l e

S u p p r e s s i o n o f Cy t o c hr o m e P - 4 5 0- d e p e n d e n t m o n o x y g e n a s e o f l i v e r
m i c r o s o m e s F o l l o w i n g t h e A d m i n is t r a t i o n o f L o w D o s e s o f C a r b o n D is u lf i d e i n

M i c e
,
B i o c h e m i c a l P h a r m a c o l o g y . V o l . 3 5

, p p . 3 9 4 1 - 3 94 7
, ( 19 8 6 ) .

8 3 . M a s u d a
,
Y .

,
Y a s o s h im a

,
M .

,
Sh i b a t a

,
K .

,
Ejf e c t s of C a r b o n D is u lf id e ,

D i e t hy l d i t h i o c a r b a m a t e
,
a n d D i s u lf i r a m o n D r u g M e t a b o l i s m i n t h e P e rf u s e d

R a t L i v e r
,
R e s C o mm u n Ch e m P a t h o l P h a r m a c o l . V o l . 6 1 , p p . 6 5 - 8 2

, ( 19 8 8 ) .

8 4 .
M C A .

,
R e s e a r c h o n C h e m i c a l O d o r s : P a r t L , O d o r T h r e s h o l d f o r 5 3

C o m m e r c i a l C h e m i c a l s . , W a s h i n gt o n , D C , M a n u f a c t u r i n g C h e m i s t s
A s s o c i a t i o n .

, ( 19 6 8) .

8 5 . M c K e n n a
,
M . J .

,
D i St e f a n o

,
V .

,
C a r b o n D i s u lf i d e : L Th e Me t a b o l i s m o f

I n h a l e d C a r b o n D i s u lf i d e i n t h e R a t .

,
Jo u r n a l o f P h a r m a c o l E x p T h e r . V o l .

2 0 2 , p p . 2 4 5 - 2 5 2 , ( 19 7 7 ) .

8 6 . M c K e n n a , M . J . , D i St e f a n o
,
V .

,
C a r b o n D is u lf i d e : I L A p r o p o s e d Me c h a n i s m

f o r t h e A c t i o n of C a r b o n D is u lfi d e o n D o p a m i n e B e t a - hy d r o x y l a s e .

,
Jo u r n a l o f

P h a r m a c o l E x p T h e r . V o l . 2 0 2
, p p . 2 5 3 - 2 6 6

, ( 1 9 7 7 ) .

8 7 . M e u l i n g , W . J . , B r a g t , P . C
,
B r a u n

,
C . L .

,
B i o l o g i c a l Mo n i t o r i n g o f C a r b o n

D i s u lfi d e .

,
A m e r i c a n J o u r n a l o f h i d u s t ri a l M e d i c i n e

.
V o l . 17 (2 ) , p p . 2 4 7 - 2 5 7

,

( 19 9 0 ) .

8 8 . N u r m i n e n , M .

,
H e m b e r g ,

S .

,
E f f e c t s of I n t e r v e n t i o n o n t h e C a r d i o v a s c u l a r

Mo r t a l i t y o f Wo r k e r s E x p o s e d t o C a r b o n D is u lfi d e : A 1 5 - y e a r f o l l o w - u p .

,
B r J

h i d M e d . . V o l 4 1 .

, p p . 3 2 - 3 5
, (1 9 8 5) .

8 9 . N F P A .

,
F i r e P r o t e c t i o n G u i d e o n H a z a r d o u s M a t e r i a l s .

,
9* e d . , B o s t o n , M A

. ,

N a t i o n a l F i r e P r o t e c t i o n A s s o c i a t i o n
,
3 2 5M - 2 4 .

9 0 . N IO S H . ,
N I O SH P o c k e t G u i d e t o C h e m i c a l H a z a r ds , W a s h i n g t o n , D C : U . S .

D e p a r tm e n t o f H e a l t h a n d H u m a n s e r v i c e s
,
N a t i o n a l I n s t i t u t e f o r O c c u p a t i o n a l

s a f e t y a n d H e a l t h . D H H S (N I O S H ) p u b l i c a t i o n
,
6 0

, (19 9 0 ) .

9 1 . O b r e b s k a
,
M . J .

,
P a r k e

,
D . V .

,
E ff e c t s of C a r b o n D is u lfi de o n R a t L i v e r

Mi c r o s o m a l m ix e d -f u n c t i o n o x i d a s e s
,
i n v i v o a n d i n v i t r o .

,
B i o c h e m J .

V o l .

18 8 , p p . 10 7 - 1 12 .

4 3
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9 2 .
O g a t a ,

M .

,
T a g u c h i

,
I .

,
D e t e r m i n a t io n of U r i n a r y 2 - t h i o t h i a z o l i d i n e - 4 -

c a r b o x y l i c A c i d by a u t o m a t e d h i g h p e r f o r m a n c e l i q u i d c h r o m a t o g r a p hy a s a n

i n d e x of c a r b o n d i s u lp h id e e x p o s u r e
,
I n d H e a l t h .

V o l . 2 7
, p p . 3 1- 3 5 , ( 19 8 9 ) .

9 3 .
P a p p o Ua ,

M .

,
P e n t o n

,
R .

,
W e i s s

,
H . S .

,
e t a l .

,
C a r b o n D is u lf i d e A x o n o p a t hy .

A n o t h e r E x p e r i m e n t a l M o d e l C h a r a c t e r i z e d by A c c e l e r a t i o n of N e u r o f i l a m e n t

Tr a n sp o r t a n d D i s t i n c t C h a n g e s o f A x o n a l S iz e , B r a i n R e s . V o l .
4 2 4 , p p . 2 72 -

2 8 0 .

9 4 .
P e r g a l ,

M .

,
V u k o j e v i c ,

N .

,
C i r i n - P o p o v ,

N .

, e t a l .

.
C a r b o n D i s u lf id e

Me t a b o l i t e s e x c r e t e d i n t h e U r i n e o f E x p o s e d Wo r k e r s I I s o l a t i o n a n d

I d e n t if i c a t i o n of 2 - m e r c a p t o - 2 - t h i a z o l i n o n e - 5 , A r c h i v e s o f E n v i r o n m e n t a l

H e a l t h . V o l . 2 5 , p p . 3 8 - 4 1 , ( 19 7 2 ) .

9 5 . Q u e H e e
, S .

, B o y l e , J . Si m u l t a n e o u s M u l t i e l e m e n t a l A n a ly s i s o f So m e

E n v i r o n m e n t a l a n d B i o l o g i c a l Sa mp l e s by I n d u c t i v e ly C o u p l e d P l a s m a A t o m i c

E m i s s i o n Sp e c t r o m e t r y , J o u r n a l o f A n a l v t i c a l C h e m i s t r v .
V o l . 6 0

, p p 10 3 3 -

10 4 2
, ( 19 8 8 ) .

9 6 . R i i h im a k i , V . , e t a l . A s s e s s m e n t of E x p o s u r e t o C a r b o n D i s u lf i d e i n Vi s c o s e

P r o d u c t i o n Wo r k e r s F r o m U r i n a r y 2 - T h i o t h i a z o l i d i n e - 4 - C a r b o x y l i c A c i d

D e t e r m i n a t i o n s
,
A m e ri c a n J o u r n a l o f I n d u s t r i a l M e d i c i n e . V o l . 2 2 ?

, p p . 8 5 - 8 7

( 19 9 2 ) .

9 7 . R o s i e r
,
J .

,
V e u l e m a n s

,
H .

,
M a s s c h e l e i n

,
R .

,
e t a l .

.
E x p e r i m e n t a l H u m a n

E x p o s u r e t o C a r b o n D i s u lf i d e : I I U r i n a r y E x c r e t i o n of 2 - t h i o t h i a z o l i d i n e - 4 -

c a r b o x y l i c a c i d (T T CA) d u r i n g a n d a f t e r E x p o s u r e
,
I n t e r n a t i o n a l A r c h i v e s o f

O c c u p a t i o n a l a n d E n v i r o n m e n t a l H e a l t h
.
V o l . 5 9

, p p . 2 4 3 - 2 50
, (19 87 ) .

9 8 . R u ij t e n , M .W . M . M . , e t a l . V e r if i c a t i o n of Eff e c t s o n t h e N e r v o u s Sy s t e m of
L o w L e v e l O c c u p a t i o n a l E x p o s u r e t o CS 2

,
B ri t i s h J o u r n a l o f I n du s t ri a l

M e d i c i n e . V o l . 5 0
, p p . 3 0 1 - 3 0 7

, ( 1 9 9 3) .

9 9 . R u t h
,
J . H .

,
O d o r T h r e s h o l d s a n d I n i t i a t i o n L e v e l s o f S e v e r a l Ch e m i c a l

Su b s t a n c e s : A R e v i e w .

,
A m I n d H y g A s s o c J 4 7 : A 14 2 - A 15 1 .

, ( 19 8 6 )

10 0 . Sa v o l a i n e n , J .

,
J a r v i s a l o

,
J .

,
E l o v a a r a , E .

,
e t a l .

.
T h e B i n d i n g o f CS2 i n C e n t r a l

N e r v o u s Sy s t e m of C o n t r o l a n d P h e n o b a r b i t o l - p r e t r e a t e d r a t s .

.
T o x i c o l o gy .

V o l . 7
, p p . 2 0 7- 2 14

, ( 19 7 7 ) .

4 4

NEATPAGEINFO:id=B9AAC1C7-AB7C-44E8-9FDD-5C09854204C6



10 1 . S i m o n
,
P

.

,
a n d N i c o t

,
T .

,
A u t o m a t e d C o l u m n - s w i t c h i n g H i g h P e rf o r m a n c e

L iq u i d C h r o m a t o g r a p hy f o r t h e D e t e r m i n a t i o n o f 2 - t h i o t h i a z o l i d i n e - 4 -

c a r b o x y l i c A c i d i n U r i n e , J o u r n a l o f C h r o m a t o g r a p h y . V o l . 6 2 0 , p p .
4 7 - 5 3 ,

(Ju l y ,
1 9 9 3) .

10 2 . S imm o n s , J . E . , Sl o a n e
,
R . A . , V a n St e e , E . W . , H ep a t i c C h o l e s t e r o l Me t a b o l i s m

a s a f u n c t i o n of C a r b o n D i s u lf i d e C o n c e n t r a t i o n a n d t r e a t m e n t w i t h

P h e n o ba r b i t o l
,
A m e r i c a n I n d u s t r i a l H y g i e n e A s s o c i a t i o n J o u r n a l , V o l . 4 9 , p p .

4 2 7 - 4 3 3 , ( 1 9 8 8 ) .

10 3 . So k a l , J .
A .

,
I n t r a c e l l u l a r D i s t r i b u t i o n o f P y r i d i n e N u c l e o t i d e s i n t h e L i v e r o f

R a t s a f t e r L o n g
- t e r m e x p o s u r e t o c a r b o n - d i s u lf i d e , B i o c h e m i c a l P h a r m a c o l .

V o l . 17
, p p . 2 4 8 9 - 2 4 9 3

, ( 19 6 8 ) .

10 4 . So u c e k
,
B .

,
T r a n sf o r m a t i o n o f C a r b o n D i s u lf i d e i n t h e O r g a n is m

,
J H v g

E p i d e m i o l M i c r o b i o l I m m u n o l
.
V o l . 1

, p p . 1 0 - 2 2
, ( 1 9 5 7 ) .

10 5 . So u c e k
,
B .

,
Pa v e l k o v a

,
E .

,
A b s o r p t i o n

,
Me t a b o l i s m a n d A c t i o n o f C a r b o n

D i s u lf i d e i n t h e O r g a n is m P a r t T V : Th e a b s o r p t i o n a n d e x c r e t i o n o f c a r b o n

d is u lf i d e i n h u m a n s d u r i n g l o n g
- t e r m e x p e r i m e n t s . , P r a c o v n i L e k r s t v i , V o l . 5 ,

p p . 1 8 1- 1 9 1
, ( 19 5 3 ) .

10 6 . Sp y k e r , D . A .

,
G a l l a n o s a

,
A . G .

,
Su r a t t

,
P . M .

,
H e a l t h Eff e c t s of A c u t e c a r b o n

D i s u lf i d e E x p o s u r e .

,
J T o x i c o l C l i n .

.
V o l 19 .

, p p 8 7 - 9 3 .

, (19 82 ) .

10 7 . T e i s i n g e r , J . So u c e k , B . , A bs o r p t i o n a n d E l i m i n a t i o n of C a r b o n D i s u lf i d e i n

Ma n
,
J o u r n a l o f I n d u s t ri a l H y g i e n e T o x i c o l . V o l . 3 1

, p p . 6 7 - 7 3
, ( 19 4 9 ) .

10 8 . T e i s i n g e r , J . So u c e k , B . , T h e I mp o r t a n c e of Me t a b o l i s m of So m e T o x i c

Va p o u r s C o n s i d e r i n g t h e i r T r a n s m i s s i o n a n d e x c r e t i o n in m a n .

,
C s L e k C e s

.

V o l . 9 1
, p p . 13 7 2 - 1 3 7 5

, ( 19 5 2 ) . (C z e c h )

10 9 . T h i e n p o r t
,
L . M .

,
D e p o u r c q ,

G . C .

,
N e l i s

,
H . J .

,
e t a l . .

L i q u i d C h r o m a t o g r a p h i c

D e t e r m i n a t i o n o f 2 - t h i o x o t h i a z o l i d i n e - 4 - c a r b o x y l i c a c i d i s o l a t e d f r o m u r i n e by
a ff i n i ty c hr o m a t o g r a p hy o n o r g a n o m e r c u r i a l a g a r o s e g e l

.
A n a l C h e m

.
V o l .

6 2 (2 4 ) , p p . 2 6 7 3 - 2 6 7 5
, ( 19 9 0 ) .

1 10 . T i l l e r
,
J . R .

,
S c h i l l i n g ,

R . S .

,
M o r ri s

,
J . M .

,
O c c u p a t i o n a l T o x i c F a c t o r s i n

M o r t a l i ty F r o m C o r o n a r y H e a r t D i s e a s e .

,
B r M e d J . V o l . 4 . , p p 4 0 7 - 4 1 1

. ,

( 19 6 8) .
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1 1 1 . T i m m e r m a n
,
R . W . , C a r b o n D i s u l f i d e .

,
I n : G r a y s o n M ,

e d .

,
K i r k - O t hm e r

E n c y c l o p e d i a o f C h e m i c a l T e c hn o l o g y . ,
V o l .

4
, 3

" *
e d .

,
N e w Y o r k

,
N Y

,
J o h n

W i l e y ,
74 3 .

, ( 19 7 8)

1 1 2 . T o l o n e n , H . , H e m b e r g , S . , N u r m i n e n , M . , e t a l . , A F o l l o w - u p s t u dy o f
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V o l u m e
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T o t a l

U r i n e

V o l u m e
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10 5
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16
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0 0 1 4 3
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'
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'
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5 0

5 0

5 0

5 0

5 0

5 0

5 0

5 0

5 0

5 0

1 17

1 5 5

1 9 8

2 2 3

1 15

0 3 7
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'
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'
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22 59

^ 3^ 7
2 3 2 1

2 3 2 1

2 32 1

1 5 0

J 5 0
1 5 0

1 5 0

1 5 0

0 57
"

o ^
1 2 5

0 4 7
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I
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Mg / m L

- 0 1 7 3 1

K

Mg / m L

5 24 2

L i

Mg /m L

0 029 5

M g Mg /m L

M n

g / m L M o Mg /m L

N a

Mg /m L IMi Mg /m L

- 3 9 4 1 - O 0O7 3

2 007 15 0 2 17 1 0 5 16

2 007 15 0 2 0 2 1 3 5 24

2 00 7 1 5 0 1 0 3 1 7 5 3 1 4 8 0 0 23 5 0 1 5 8 4 - 0 0 0 6 2 - 0 2 5 9 8 0 1 4 1 3 56 9 0 0 2 3 1 3 0 5 3 0 0477 0 07 1 1 1 7 2 6 - 0 00 2 1

2 05 8 1 50 0 5 8 1 2 1 2 0 07 1 9 0 033 1 - 0 0 0 3 - 0 3 7 22 - 0 0 0 9 9 40 5 2 0 02 1 5 1 2 8 7 0 0 1 0 4 0 0 5 57 - 2 5 16 O 02O2
2 05 8 1 5 0 0 2 7 2 0 3 2 16 0 02 4 3 0 0 22 4 - 0 0 1 4 9 1 397 0 0 5 4 4 15 3 1 0 . 0 10 4 1 0 4 4 0 0 0 7 0 0 2 22 - 3 7 25 O 0O3 2

2 05 8 15 0 0 7 5 5 3 7 5 24

2 05 8 1 5 0 0 76 4 0 5 7 8 4 8 0 029 1 0 0 37 3 - 0 0 0 3 1 84 2 - 0 0 6 2 9 3 6 7 1 0 022 5 0 26 1 5 0 00 17 0 0 6 69 - 3 2 8 6 O 0Q3 6

2 08 0 1 5 0 1 34
2 080 15 0 0 82 5 5 1 1 5 16

2 080
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'

1 50 1 7 1 4 5 2 4

1 5 0 0 9 9 2 4 5 3 9 4 8 0 059 1 0 09 13 0 00 31 0 0 184 - 0 08 33 4 13 8 0 0277 0 172 8 0 0009 0 080 8 2 549 O 0O3 4

2 1 0 5 150 7 5 7 5 0 0 1 5 0 033 6 - 0 0 1 0 4 - 0 0 5 0 5 - 0 0 7 16 4 0 3 8 0 02 0 8 1 3 7 0 009 0 05 34 - 2 1 59 0 0117
2 1 0 5 1 5 0 0 5 3 2 9 5 3 7 16 0 005 4 0 0 14 4 - 0 0 1 9 3 1 4 9 6 0 10 7 9 14 4 6 0 0 0 9 4 10 13 0 004 5 0 0 19 4 - 2 8 2 4 - O 0O5 7 >
2 1 05 1 5 0 0 9 1 5 5 4 2 5 2 4

2 1 05

2 14 4

2 14 4

2 14 4

2 14 4

2 1 7 1

2 17 1

2 17 1

2 17 1

222 3

222 3

222 3

222 3

22 5 9

225 9

225 9
225 9

232 1

23 2 1

232 1

232 1

15 0

15 0

1 50

1 50
1 5 0

1 5 0

15 0

1 5 0

1 5 0

15 0

1 5 0

1 5 0
1 5 0

1 5 0

1 5 0

1 5 0
1 5 0

J SO
1 5 0

15 0

1 50

0 4 8

1 4 7

2 4 1

1 64

J
1̂ 8

1 7 2

2 07

1 4 9

1 7 7

1 5
1 88

0 99

0 3

0 65

0 57

^ ^
1 2 5

0 4 7

0 79

4 6 5

1 1 5

4 5

4 5

5 5

4 5

38 5

7 5

29 5

7 5

2 4 5

7 5

25 5

8 9

1 8 5

1 0 5

1 4 5

4 5

6 5

1 2

1 8

4 5

4 3

50 5

80

7 5

3 2

39 5

65

4 8

J 6

J 4

4 8

16

J 4

4 8

16
"

2 4

4 8

2 4

4 8

J 6

_
2 4

4 8

0 0 19 7

0 0 42 6

0 0 24 2

0 1 0 9 4

- 0 0 0 1 5

- 0 020 9

1 9 23

2 4 19

- 0 0 2 0 7

- 0 13 9 5

2 4 5 4

70 5 4

0 0 16 4

0 0439

0 73 3

50 5 8

0 00 18

0 048 3

0 04 1 9

0 14 3 1

1 506

96 3 5

0 0 212

0 0 172

0 0 08
"

a 0 1 9 9

0 0 1 4 1

0 00 9 5

0,
0 1 97

0 0 166

0 0 58 6

0 0 31 1
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0 0 2 0 1

0 0 31 2

- 0 02 6 8
- 0 0 1 1 1
- 0 0 1 8 5
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- 0 0 2 3 8
- 0 0 1 0 4

0 0 0 15

2 05 6

1 63 9
- 0 4 6 3 8

"

a 28o 7
2 8 7 8

0 4 6 5 3

0 0 2 7 2

0 16 08
- 0 0 2 7 2

0 J22 6
T ^ 1 9 8

0 1 1 6
- 0 0 6 4 3
- 0 0 0 8 1

16 0 7

24 5 7

24 6 7

38 0 5
1 5 1 7

1 3 1 5

33 0 .
6

0 0 1 14

0 0 1 8 9

0 0 1 67

0 0 17 2
0 0 1 15

0 0 10 3

Q. fi 204

9 58 1

1 1 9

0 ^ 08 8
9 04 7
7 76 6

5 7 9

2 . 24 9

0 0065

0 0 0 6 5

0 0 05 1
0 0 04 2

0 0 0 54

0- 00 12

0 025 1

0 0 3 3 4

0 0 4 34

0
. 04 6 2

0 02 2 5

0 0 17 8
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- 1 7 7 4
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m g / m L
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Vo l u m e

(m L )

T o t a l

U r i n e

V o l u m e

( m L )

T im e

(h r ) P j i g l m L P b MQ/m L R Mg /m L S (j g / m L

Sb

Se (j g / m L S i |j g / m L

S n S r

|j g / m L T i [ i g l m i T i Mg ^m l- V \ i g l m L Z n (j g / m L C (j g/ m L

2 0 07 15 0 1 1 8 6 5 6 5 1 78 7 0 00 4 8 0 03 9 6 15 8 2 - 0 0 10 2 0 0 2 1 6 0 16 5 - 0 1 9 8 5 0 0 16 5 - 0 0 0 25 - 0 0 5 6 6 0 0 0 0 7 0 0 4 3 5 28 99 2

2 0 07 15 0 2 1 7 1 0 6 1 6

2 0 0 7 15 0 2 0 2 1 3 5 2 4

2 0 0 7 15 0 1 0 3 17 5 3 1 4 8 1 34 2 - 0 0 0 3 0 0 64 1 18 9 5 0 0 16 7 0 02 5 6 0 7 15 2 - 0 15 92 0 0 18 4 - 0 0 0 05 0 15 9 2 0 00 0 8 0 06 5 7 2 1 43

2 0 5 8 15 0 0 5 8 12 1 2 1 08 3 - 0 0 0 0 5 0 0 34 9 13 1 1 - 0 0 0 5 2 - 0 0 2 16 0 3 0 4 3 - 0 1 90 1 0 0 1 39 - 0 0 0 18 0 0 4 2 6 0 00 0 7 0 0 4 11 8 46 0

2 12 12 0 5 8 15 0 0 2 7 2 0 3 2 1 6 6 5 4 6 - 0 0 0 19 - 0 0 30 6 6 4 2 4 - 0 0 0 9 5 - 0 02 16 0 0 8 9 2 - 0 08 72 0 0 14 3 - 0 00 2 0 0 4 9 1 0 0 0 1 4 0 0 3 9 5

2 0 5 8

2 0 5 8

15 0

1 5 0

0 7 5 5 3 7 5

0 7 6 4 0 6 7 8 9 9 2 9 - 0 0 0 1 - 0 00 6 5 1 7 5 2 - 0 0 0 6 9 0 4 2 7 6 - 0 0 76 1 0 0 15 6 - 0 0 0 18 0 0 6 6 8 0 0 0 1 0 0 4 6 4 4 5 76

2 0 8 0

2 0 8 0
"

1 5 0 1 3 4

15 0 0 8 2 5 5 1 1 5 16

2 0 8 0

2 0 8 0

1 5 0

15 0

1 7 1 4 5

0 9 9 2 4 5 3 9 8 5 4 8 - 0 00 15 0 06 8 6 16 3 7 - 0 0 0 3 6 0 02 6 2 0 4 4 6 - 0 2 1 07 0 0 1 22 0 0 00 1 0 0 5 6 9 0 00 0 6 0 0 8 3 8 7 96 8

2 10 5 15 0 0 6 6 7 5 7 5 1 12 . 1 0 0 00 5 - 0 00 74 11 9 5 - 0 0 2 0 14 5 5 - 0 1 8 0 1 0 00 75 - 0 0 0 19 0 0 5 9 2 0 00 0 5 0 0 2 9 2 19 78 2
2 105 15 0 0 5 3 29 5 3 7 16 4 3 3 7 - 0 0 03 8 - 0 02 2 9 5 1 59 0 0 0 9 8 - 0 00 5 4 0 0 8 17 - 0 1 43 0 00 6 5 - 0 0 0 2 6 0 0 9 6 9 0 00 0 2 0 02 6 4 2 3 55
2 105 15 0 0 9 1 5 5 4 2 5 2 4

2 105 1 5 0 0 4 8 4 6 5 8 9 4 8 4 6 5 7 - 0 0 14 7 0 04 0 1 9 5 8 5 - 0 0 0 3 6 0 0 3 6 6 0 19 9 3 - 0 1 0 24 0 0 1 15 0 0 0 06 0 0 6 3 2 0 00 1 1 0 0 4 11 4 04 5

2 14 4 1 5 0 8

2 14 4 1 5 0 1 4 7 1 6

2 14 4 1 5 0 2 4 1 2 4

2 14 4 1 5 0 1 6 4 1 1 5 1 8 5 4 8 26 1 8 0 00 75 - 0 0 3 7 7 3 1 6 1 - 0 0 0 3 9 0 0 4 8 1 2 2 0 0 13 3 0 02 8 6 - 0 0 00 4 0 0 9 1 1 0 0 0 1 0 0 7 2 8 4 18 0

2 17 1 1 5 0 1 6 1
2 17 1

2 17 1

1 5 0

1 5 0

1 8

1 7 2 4 5 10 6

16

24
H -

2 17 1 15 0 2 0 7 14 6 48

2 22 3 15 0 1 4 9 4 5 4 6

2 22 3 1 5 0 1 7 7 6 5 16

2 22 3 15 0 1 6 5 5 12 24

2 22 3 15 0 1 8 8 18 48

2 25 9 15 0 0 9 9 4 5 4 5

2 2 6 9 15 0 0 3 3 8 5 4 3 16 5 5 1 6 - 0 0 0 1 0 0 1 0 3 59 73 - 0 0 1 74 - 0 0 4 3 2 0 1 90 7 - 0 0 4 8 2 0 0 0 9 2 - 0 0 02 6 0 0 7 79 0 0 0 1 3 0 0 3 3 8 20 3 5

2 2 5 9 15 0 0 6 5 7 6 6 0 6 24 8 4 0 7 0 0 0 5 0 0 1 4 5 1 54 2 0 0 03 3 0 0 33 6 0 6 8 1 3 - 0 04 16 0 0 18 8 - 0 0 00 7 0 08 7 - 0 0 00 2 0 0 2 2 8 3 32 0

2 2 5 9 1 5 0 0 57 2 9 6 8 0 4 8 5 7 1 - 0 0 0 4 6 0 0 8 6 2 10 4 7 0 (X )72 0 0 2 56 0 5 4 4 3 - 0 1 18 6 0 0 0 7 6 - 0 0 00 6 0 0 86 5 - 0 0 0 0 5 0 0 2 5 1 4 7 11

2 32 1

2 3 2 1

2 3 2 1

2 3 2 1

1 5 0

15 0

15 0

15 0

0 6 7

1 2 5

0 4 7

0 7 9

7 5

2 4 6

7 5

2 6 5

7 5

3 2

3 9 5

6 5

t 10 2 3

5 5 6 8

2 8 56

7 8 2 2

0 0 0 6 2
- 0 0 0 4 3

0 0 1

0 0 0 2

0 0 2 5 5

0 0 0 3 2

0 0 0 9 7

0 0 4 96

12 1

59 15

6 0 72

14 8 8

- 0 0 02 3
- 0 0 08 2
- 0 0 08 5

0 0 13 1

- 0 0 2 16
- 0 0 2 16
- 0 0 3 7 8

0 0 4 19

0 1 8 3 7

0 0 9 5 4

0 2 2 6 6

0 4 6 69

- 0 09 9 8
- 0 16 7 9
- 0 1 5 8 7
- 0 0 6 1 8

0 0 0 8 2

0 0 0 6

0 0 0 5 3

0 0 1 11

- 0 00 2 3
- 0 0 0 18
- 0 0 0 1 6

0 0 4 7 5

0 0 8 6 1

0 0 88 7

0 0 8 5 9

0 0 0 1 4

0 00 2

0 0 0 2 6

0 0 0 1 2

0 0 3 5 5

0 0 2 4 7
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- 0 0 1 28
- 0 0 2 4 8

A l

n g / m L

0 0 26 5
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0 033 8
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B n g / m L
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0 205 1
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B e [i g l m L
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- 0 0 0 5 7

- 0 0005
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204 3 5 00 0 6 6 2 2 2 4
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2 1 14 5 00 2 0 3

21 1 4 50 0 1 0 3 7 5 1 0 5 1 6 0 0 17 9 0 0 25 6 - 0 0 0 1 8 0 5 0 0 0 3 9 - 0 0 0 0 1 4 27 9 0 00 11 - 0 0 0 1 0 0 0 0 6

21 1 4 50 0 1 2 1 1 7 5 2 4

21 1 4 50 0 0 7 8 24 5 4 2 4 8 0 0 139 0 02 1 0 03 3 2 0 0 0 53 - 0 3 6 8 3 0 00 23 0 0 0 0 5 2 6 95 - 0 0 00 1 0 00 52 0 00 2

21 38 5 0 0 0 9 9 - 0 0 7 3 1 0 036 4 - 0 5 722 0 0 0 1 7 0 2 28 1 0 006 - 0 0 0 0 3 7 6 21 0 00 16 0 00 1 5 - 0 0 059
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21 4 7 50 0 1 0 6 1 3 5 24

21 4 7 50 0 2 1 9 7 5 2 1 4 8 0 0 1 22 0 020 2 0 0 4 0 5 - 0 0 00 9 - 0 0 2 9 2 0 0 0 3 4 0 0 0 0 5 4 0 04 0 002 1 - 0 0 0 1 3 - 0 0 0 2 1

222 5 50 0 1 7 4
2225 5 0 0 1 6 6 1 6

2 22 5 5 0 0 0 86 7 5 1 6 5 2 4 - 0 0 2 3 2 0 0 2 3 9 0 0 2 0 4 0 0 0 0 8 0 3 1 6 0 0 0 2 6 - 0 0 0 0 2 3 04 8 - 0 0 0 0 2 - 0 0 0 0 6 0 0 0 0 1

2 2 2 5 5 0 0 1 4 4 7 5 24 4 8 - 0 0 0 9 6 0 .0 19 3 - 0 0 14 0 000 5 - 0 30 7 6 0 0 0 2 2 0 000 4 3 25 3 - 0 0 0 0 1 0 . 003 1 - 0 00 11

2 26 1 50 0 2 2

2 26 1 5 0 0 1 24 1 6

2 26 1 5 0 0 1 1 1 2 4

2 26 1 5 0 0 2 0 1 4 5 1 2 5 4 8

2 355 50 0 1 99
2 35 5 5 0 0 0 54 8 5 1 2 5 1 6 - 0 0 0 4 3 0 0 1 3 9 - 0 0 2 0 7 0 0 0 3 5 0 1 9 4 5 0 0 0 1 6 - 0 0 0 0 2 5 7 0 0 0 0 1 0 00 27 - 0 0 01 2
2 35 5 5 0 0 1 34 1 6 5 2 4

2 355 5 0 0 1 2 3 7 5 2 4 4 8 0 0 1 6 3 0 0 26 9 - 0 0 1 0 1 0 0 0 0 6 0 4 58 5 0 0 0 66 - 0 0 0 04 5 1 0 7 0 0 0 0 9 0 00 45 - 0 0 021

2 36 4 5 0 0 1 6
2 36 4 5 0 0 0 62 1 1 1 6 - 0 1 0 1 6 0 0 12 8 - 0 80 5 9 - 0 0 0 2 5 0 3 077 0 00 2 5 - 0 0 0 0 3 5 9 5 6 0 0 0 0 2 0 00 48 - 0 0 041
2 364 5 00 0 7 9 1 7 2 4

2 364 5 00 1 49 9 5 2 6 5 4 8 0 0 0 5 2 0 0 31 2 - 0 0 2 9 9 - 0 0 0 0 6 0 6 7 32 0 0 0 3 9 - 0 0 0 0 2 5 235 0 00 15 - 0 0 0 0 7 - 0 0 0 2 7

2 36 5 5 00 1 2 8 4 5 4 5

2 36 5 500 0 7 3 7 5 1 2 1 6 - 0 0 0 17 0 0 182 0 0 0 8 3 0 0 0 1 8 0 4 0 8 5 0 0 0 2 1 - 0 00 0 3 6 352 - 0 0 0 0 2 0 0 0 4 - 0 0 0 1 5

2 36 5 5 00 1 17 1 5 2 4

2 36 5 5 0 0 1 0 2 5 4 8 - 0 0 1 4 6 0 0 2 4 3 - 0 0 6 0 5 - 0 0 0 2 0 6 1 1 5 0 0 0 3 7 - 0 0 0 0 2 3 6 4 1 0 00 18 0 00 6 - 0 0 03 1
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8
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0 0 0 9 6 0 0 16 2

Hg

- 0 00 1 4

0 0 0 8 4

I Mg /m L

0 98 25

1 96 1

In

Mg/ m L

- 0 04 9
- 0 0 1 0 7

M o u a /m L N i Mg/m L

0 01 17

185 5 0 0 1 1 7 9 198 0 0 08 0 02 27 335 - 0 0 13 9

2 04 3 50 0 0 66 2 2 2 4

2 04 3 5 0 0 1 0 1 2 1 5 4 3 5 4 8 0 03 5 6 0 07 1 5 0 0 0 7 7 0 2 4 76 - 0 1 0 3 8 4 9 8 4 0 0 32 0 4 77 1 0 0 03 0 09 0 9 305 4 - 0 0 097

2 1 14 5 0 0 2 03

2 1 14 5 00 1 03 7 5 10 5 16 0 0 589 0 08 87 0 0 0 7 1 226 - 0 2 5 7 6 5 69 6 0 0 3 09 1 7 6 3 0 0 22 1 0 0 8 74 1 1 0 4 0 01 14

2 1 14 5 0 0 1 2 1 1 7 5 2 4

2 1 14 5 0 0 0 78 24 5 4 2 4 8 0 0 292 0 0826 - 0 00 1 5 0 . 48 9 3 0 0 1 3 298 . 1 0 02 03 1 1 4 6 0 0 1 63 0 05 3 1 53 5 - 0 0 1 8 5

2 1 38

2 1 38

5 0 0

5 0 0

0 99

0 88 14

8

16

0 0 49 1 0 134 1 - 0 0 17 8 - 0 98 3 4 - 0 148 5 47 4 3 0 0 28 1 0 73 0 0 138 0 060 3 - 3 1 5 1

0 06 15 0 1 03 3 - 0 0 17 8 0 8 3 3 6 - 0 0 2 7 7 3 6 6 8 0 0 2 8 5 2 8 9 2 0 0 1 8 3 0 0 6 6 3 - 6 0 7 4

- 0 0109
0 0065

2 138 50 0 0 8 4 5 18 5 2 4

2 1 3 8 5 0 0 0 96 1 5 5 3 4 4 8 0 0 669 0 . 0942 - 0 02 3 1 - 1 6 3 8 0 0 23 5 4 1 6 7 0 02 91 0 7 0 28 0 00 1 5 0 072 1 3 250 - 0 0025

2 1 4 7 5 0 0 1 09
>

(O

2 1 4 7 5 0 0 0 89 7 5 1 0 5 16 0 0 2 7 9 0
.
02 3 4 - 0 0 1 1 1 0 203 - 0 2 4 8 5 4 9 9 1 0 0 3 4 9 19 7 0 0 0 4 9 0 08 8 7 1 1 92 - 0 0 0 1 5

2 1 4 7 50 0 1 06 13 5 2 4

2 14 7 50 0 2 1 9 7 5 2 1 4 8 0 074 0 053 7 - 0 0 2 4 7 - 1 8 2 5 - 0 2 4 2 4 98 6 9 0 0 5 76 1 6 4 0 00 12 0 1 8 53 6 2 5 1 - 0 00 8

2 2 2 5 5 0 0 1 7 4

22 2 5 5 0 0 1 6 6 16

2 2 2 5

22 25

22 6 1

22 6 1
2 2 6 1

22 6 1

23 5 5

23 5 5
23 55

"

23 55

236 4

23 64

23 64
"

236 4

23 65

236 5

23 65
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5 0 0

50 0

50 0

5 0 0

50 0

5 0 0

5 0 0

5 0 0

50 0
5 0 0

50 0

5 0 0
"

50 0
50 0

50 0

5 00
"

5 00
"

5 0 0

0 86

1 4 4

2 . 2
1 2 4
1 1 1

2 0 1

1 9 9

0 5 4
1 34

1 2 3

1 6

0 6 2

0 7 9
1 4 9

1 2 8

0 7 3
1 17

7 5

7 5

4 5

8 5

7 5

9 5

4 5

7 5

1 0

1 6 5

2 4

1 2 5

1 2 5

1 6 5

2 4

11
17

2 6 5

4 5

1 2

15
2 5

2 4

4 8

1 6
2 4

4 8

1 6
2 4

4 8

1 6

2 4

4 8

1 6

2 4

4 8

0 . 02 4

0 0 382

0 0 3 8 6

0 . 0907

- 0 0 0 8 4
- 0 0 0 9 3

0 7 3 9 7
- 1 0 67

- 0 0 6 7 8
- 0 09 1 8

27 9 4

62 3 6

0 0 2 1

0 04 07

14 4 9

8 25

0 0 1 3

0 0 08

0 0 4 8 1

0 1 3 3 3

4 8 7 4

4 422

0 0 3 4 8

0 0 7 8 2

0 0 263

0 06 3 9

0 02 8

0 0 4 4 4

0 0 4 8 6

0 1 284

0 0 368

0 0 84 9

0 0 37 5

0 0 7 6 6

- 0 0 3 1 2

- 0 00 8 4

- 0 0 0 1 5

- 0 0 1 7 8

- 0 0 0 5 9

2 38 1

- 0 9 6 1 4

0 0 3 1 2

- 0 3 6 5 1

1 0 7 4

- 1 8 4 3

0 1 1 5

- 0 1 6 0 2

- 0 2 0 5 9

- 0 2 3 6 8

- 0 0 7 7 9

- 0 2 8 3

3 ' « 2

5 2 2 9

295 4

68 8 9

4 8 1

74 9 2

0 0229

0 036 2

0 0235

0 0 4 75

0 0 33 5

0 0508

17 9

0 82 59

13 6

2 914

2 7 6

0 3 1 2

0 0 1 7 5

0 0 0 5 1

0 0 13

0 0 0 3 7

0 0 12 1

0 00 2

0 05 7

0 10 2 1

0 049 4

0 1 3 5 7

0 087 1

0 1 3 2 4

- 3 7 6 2

- 9 0 22

4 7 8 6

- 9 9 9 9

- 9 5 7 1
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- 0 0 0 3 3
- 0 01 35

0 0089
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- 0 0 1 05
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2 04 3 50 0 1 1 7 5 7 5 8 13 5 8 0 02 SS 0 02 0 8 2 2 9 4 0 . 0 1 25 0 0 2 6 8 0 78 73 - 0 0 4 0 0 1 48 0 0 2 5 7 0 0 0 0 4 0 0 3 7 5 2 33 2
2 04 3 50 0 0 4 4 1 0 5 1 8 16 : 64 5 9 0 0 0 8 0 00 0 8 5 8 69 0 0 0 24 - 0 03 8 4 0 2 18 2 - 0 04 2 9 0 00 95 0 03 6 4 0 0 1 8 5 96 1 1

2 04 3 50 0 0 6 6 2 2 24 1
2 04 3 50 0 1 0 1 2 1 5 4 3 5 48 f 10 2 3 - 0 0 66 0 06 0 9 16 9 3 0 0 0 43 0 05 7 6 0 4 5 17 - 0 09 12 0 0 1 38 0 0 0 04 0 0 9 3 4 0 0 0 2 3 0 0 6 6 8 7 37 3

2 1 1 4 50 0 2 0 3

2 1 1 4 50 0 1 0 3 7 5 10 5 1 6 1 87 1 0 0 1 55 - 0 0 0 6 188 6 0 0 0 0 6 0 6 9 3 - 0 08 8 8 0 0 1 54 0 0 0 0 1 0 0 2 2 2 - 0 0 0 0 1 0 0 4 9 4 3 72 0

2 1 1 4 50 0 1 2 1 17 5 2 4

2 1 1 4 50 0 0 7 8 24 5 4 2 4 8 86 5 2 0 00 1 0 04 2 6 15 0 3 0 . 0 1 08 0 00 5 2 0 4 6 5 3 - 0 10 8 6 0 00 89 0 0 0 08 0 0 8 5 2 0 0 0 0 8 0 0 3 1 9 24 6 1

2 1 3 8 50 0 0 9 9 16 1 1 0 0 1 24 0 0 38 4 1 5 6 9 - 0 0 0 9 2 0 0 4 3 2 0 3 0 8 - 0 22 1 1 0 02 0 9 - 0 0 0 18 0 0 9 0 0 0 0 8 0 0 99 8 3 7 42 5

2 1 38 50 0 0 8 8 1 4 16 17 7 7 - 0 0 0 3 8 - 0 0 3 0 2 1 56 2 0 0 0 26 - 0 0 3 2 4 0 7 1 2 1 - 0 1 6 6 7 0 0 2 3 5 - 0 0 0 2 2 0 0 7 1 0 00 1 0 0 84 2 5 0 2 6
2 1 3 8 50 0 0 8 4 5 1 8 5 2 4

2 1 38 50 0 0 9 6 15 5 3 4 4 8 1 2 7 - 0 00 7 1 0 0 2 9 7 1 9 1 5 0 0 4 0 9 0 5 3 95 - 0 10 9 9 0 0 15 7 - 0 0 00 6 0 1 106 0 0 00 3 0 0 86 7

2 1 4 7 50 0 1 0 9

2 14 7 50 0 0 8 9 7 5 10 5 1 6 14 6 3 0 0 10 9 - 0 0 2 3 16 9 - 0 0 1 25 0 0 2 4 0 19 7 2 - 0 1 1 2 9 0 0 13 6 - 0 0 0 0 9 0 0 5 8 6 - 0 0 0 1 3 0 0 28 2 185 5 2

2 1 4 7

2 1 4 7

2 2 2 5
2 2 2 S

2 2 2 5

2 2 2 5

2 2 6 1

2 26 1
"

2 2 6 1
'

2 2 6 1

2 3 5 5

2 3 55
'

2 3 55

2 3 55
"

2 36 4

2 36 4

2 3 6 4

2 36 4
"

2 36 5

2 36 5
"

2 36 5
"

2 3 6 5

50 0

50 0

SOO

50 0

50 0
50 0

5 0 0

SOO

50 0

50 0

50 0

50 0

50 0

50 0

50 0

50 0

50 0

50 0

50 0

50 0

50 0

1 0 6 13 5

2 1 9

1 7 4
1 6 6

0 8 6

1 4 4

2 2

1 2 4

1 1 1

2 0 1

1 9 9

0 5 4
1 3 4

1 2 3

1 6

0 6 2

0 7 9

1 4 9

1 2 8

0 7 3

1 1 7

7 5

7 5

7 5

4 5

8 5
4

7 5

9 5

4 5

7 5

10

2 1

16 S

2 4

12 5

1 2 6
1 6 S

2 4

11
1 7

2 6 5

4 5

12
1 5
2 5

J 6
2 4

48

J 6
J 4
4 8

3 4 1 4

8 0 3 8
18 5 5

0 0 0 3

0 00 2 9

0 0 0 3

0 0 3 7 9

0 0 1 9

0 0 6 7 1

4 4 3 6

1 1 1 3

2 6 9 4

0 0 00 3

0 0 00 3
0 0 0 43

0 13 2 9

0 13 2 9

0 7 5 7 1

0 3 0 64

0 9 2 16

- 0 1 9 16

- 0 0 8 1
- 0 2 5 9 2

0 02 3 3

0 0 12 5

0 0 16 7
0 0 0 04

- 0 0 0 08

0 0 6 8 4

0 0 4 0 5
0 0 4 4 4

0 0 0 4 7

- 0 0 0 1 8

0 0 03 1

0 0 99 8

0 04 3

0 0 63 9

J 6
2 4

4 8

I -

A %.

J 6

2 4

4 8

1 6

2 4

4 8

13 5 4

13 9 5

1 10 5

18 4 8

1 8 3

19 2 9

0 0 1 2 9

0 0 1 13

- 0 0 0 19

- 0 0 17 2

0 0 11

- 0 0 3 4 1

- 0 0 2 3 3

0 0 3 09

- 0 0 0 8 7

0 0 3 1 1

0 0 2 1 3

1 20 2

22 5 7

10 0 4

3 16 7

1 79 9

3 12 3

- 0 0 0 1

- 0 0 0 79

- 0 0 0 5

- 0 0 2 2 6

- 0 0 0 16

- 0 0 1 5 7

- 0 0 4 3 2

0 0 0 5 4

0 11 5 2

0 0 3 7 8

- 0 0 0 5 4

0 0 6 4 9

0 3 7 34

0 8 1 83

0 2 1 07

0 6 0 16

0 3 60 2

0 6 05

- 0 1 4 2 7

- 0 1 4 3

- 0 10 5 7

- 0 0 7 5 7

- 0 2 16 5

- 0 1 3 8 8

0 0 16 6

0 0 1 8 9

0 0 15 3

0 0 2 0 3

0 0 2

0 0 19 3

- 0 0 0 1 8

- 0 00 0 4

- 0 0 0 19

- 0 0 0 2 2

- 0 0 00 6

0 0 8 74

0 0 4 55

0 0 2 9

0 0 6 5 5

0 0 7 9 9

0 . 0 5 2

0 0 02 2

0 00 3 5

0 0 02 1

0 0 0 22

0 0 0 06

0 0 4 7

0 0 9 3 9

0 0 16 8

0 0 56 1

0 05 1

0 0 6 76

5 5 8 8

18 86
82 0 6

>
I

14 98

4 3 15

45 7 5 3

7 11 7

19 0 8

9 9 0 2
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R a t ID #

206 1

204 0

2200

238 1

2 06 1

2 0 4 0

2 3 9 2

2 19 3

2 16 4

2 3 8 1

229 9

2 20 0

2 19 3

239 2

206 1

20 4 0

2 16 5

2 16 5

2 08 2

23 7 4

2 09 2

2 15 5

20 7 8

2 1 5 5

2 3 7 4

2 08 2

2 2 0 5

2 16 5

2 0 7 8

209 7

2 15 5

2092

T i m e (h o u r s )
a f t e r e x p

8

8

16

1 6

16

16

16

16

4 8

4 8

4 8

4 8

4 8

4 8

4 8

4 8

8

16

16

16

16

16

16

2 4

4 8

4 8

4 8

4 8

4 8

48

4 8

48

C S 2

e x p o s u r e

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

5 0

5 0

5 0

5 0

5 0

5 0

5 0

5 0

5 0

5 0

5 0

50

50

50

50

50

C r e a t Jn in

e m g / m [^

0 9 6

0 9 1

0 :43
0 66

0 49

j 09

0 8 7

1 7 1
^

o ;9 6
1 4 4

1 56

1 62

1 4 8

1 6 4

0 82

^ a 88

0 5 7

0 6 1

0 7

0 5 5

0 :3 7
0 7 5

0 9 9

1 2 1

1 0 5

1 36

1

0 9 9

2 23

0 8 1

1 17

T i m e U r in e

(m l)
1 9 5

7 :5
7 5

9 :5
9

15

6 5

7 5

7 :5
2 0 5

7 5

9 5

7 5

9 5

8 5

20 5

? 5

9 :5
7 :5
7

9
2 6 5

Z §
6 5

1 Z 5

2 5 5

1 0 5

2 3 5

14 :5
7 :5

3 7 :5
16 5

C u m u l a t iv e

u r i n e ( m l )
19 5

7 5

12

^ 14

28 5

2 2 5

12

14

2 2 5

3 8
^
5

19

25 5

24 :5
2 4 5

4 1 5

46 5

^ 5

1 8

1 1 5

9

J 3

32 5

10̂

3 9

24 5

4 0

2 3

4 6

^ 9

j 9 :5
7a 5

33 5

A l Ĵ g /m g
c r e a t

0 0 1 156 3

J) 0 2
0 0 16 14 3

0 0 32 326

0 0 13 18 2

0 0 0 1 8 37

0 0 2 6 6 0 6

0 0 15 7 4 7

0 0 19 9 4 2

0 :0 12 6 0 4

0 0 0 583 3

0 0 15064

a 0 09 8 7 7

0 :0 0 6 82 4
0 0 20 976

6 0 30 732
0 0 2 9 5 4 6

0 ^0 2 5 4 3 9
0 :0 0 4 2 62
0 :0 12 4 29
a 03 4 7 2 7

a 0 2 1 0 8 1

0 :0j 7 06 7
0 ;0 0 50 5 1
0 03 88 4 3

0 :0 2 1 14 3
6 02 4 0 4 4

0 0 4 3 7

0 0 119 19

a 0 09 95 5

0 0 1 76 5 4

0 :0 15 556

B pg / m g
G r e a t

a 5 67 18 7

0 2 06 8 13

0 4 2 1 7 14

0 2 34 186

6 1 112 12

0 4 84 89 8

0 5 292 66

0 5 4 3 56 3

0 3 9 6 4 9 1

0 4 3 4 4 7 9

a 0 1 7 36 1

0 0 16 026

0 0 154 3 2

0 0 16 89 2

0 0 152 44

0 0 30 4 88

0 26 18 18

0 5 980 7

0 32 13 1 1

6 062 4 2 9

0 2 6 836 4

0 2 7 8 6 4 9

0 380 13 3

6 32 4 5 4 5

6 0 2 06 6 1

0 3626 6 7

6 6 18 382

_ 0 0 2 5

0 02 52 53

0 46 54 7 1

6 0 3086 4
6 44 1 197

C a p g / m g
c r e a t

6 862 O8
11 14 29

12 5 12 9

7 3 186

5 2 3 182

16 60 82

14 7 7 06

12 2 7 59

1 5666 7

5 :9 9 6 8 7
3 :7 86 8 1
3 9 03 85

3 2 364 2

3 32 0 95

2 8 024 4

5 5 7 07 3

9 14 09 1

1 6̂ 1 2 1 1

4 8 3934

5 32 286

4 7 5 2 7 3

12 7 2 7

3 892

5 6 2 2 2 2

3 8 2 7 2 7

5 82

3 338 9 7

3 :7 6 2
3 52 82 8

3 46 00 9

7 :1 938 3
3 :3 97 4 4

C o p g /m g
c r e a t

6:664 167
0 00 2 198

0 00 8 57 1

0 0 14 4 19

0 060 7 58
0 60 1 02
0 :0 0 2 4 7 7
0 00 6 782

0 00 2 222

0 0 1 2 3 9 6

0 00 0 347

0 00 0 32 1

0 00 11 11

0 :0 0 6 8 9 2
0 00 4 6 34

6 0 006 1
6 0 04 5 4 5
0 0 0 7 3 6 8

0 0 0 2 7 87

0 0 0 07 U
0 0 0 7 6 36

0 0 12 7 0 3

0 0 00 66 7

0 0 0 0 5 05

0 0 0 4 7 1 1

0 0 0 0 4 7 6

0 0 00 368

3^ 00 05

0 00 26 26

0 00 044 8

0 :0 0 19 7 5
0 00 27 35

C u pg / m g
c j e a t

0 06 8 542

0 0 30 7 6 9

6 0 38 57 1
6 6334 8 8
0 64 0 4 5 5
0 0 19 592

6 699 266
6 1 04 9 4 3

6 62 5 5 5 6
0 0 2

6 02 3 12 5
6:0 16 4 j

0 0 59 87 7

0 0 2 3 3 1 1

6 06 3 11
6 0 15 6 1
6 06 3 182
0 0 9 98 2 5

0 07 49 18

0 63 22 86
0 0 2 92 7 3

0 1 2 4 5 9 5

0 0 1906 7

0 65 4 4 4 4
0 0 2 5 86 8

0 0 5 5 5 2 4

0 :0 2 5
0 :0 4 7 4

0 0 09 4 95

0 0 227 35

0 0 9 7 0 3 7

6 63 1197

F e pg / m g
c r e a t

6 166 4 58
0 044 2 86

0 04 7 14 3

0 06 13 95

0 06 984 9

0 050 4 08

6 02 32 1 1
0 :12 7 2 4 1
6 64 1 9 88
0 1 1 5 6 2 5

6 052 4 3 1
6 039 5 5 1
6 082 5 93
0: 0 4 5 4 0 5
6 1 117 67
6 64 0 36 6
6 1 30 90 9

0 :1 3 4 7 3 7
0 0 98 1 9 7

0 02 4 85 7

0 0 3 16 36

0 : i 5 8 10 8
0 02 0 2 6 7

0 12 7 4 7 5

0 13 1 322

6 67 16 19
6 06 536 8
6: 1 0 8 7

6 618 78 8
0 0 49 32 7

0 120 12 3

6 04 7 35

I
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R a t I D #
^

2 0 6 1

2 0 4 0

2 20 0

2 38 1

2 06 1

20 4 0

2 39 2

2 1 9 3

2 16 4

2 38 1

22 9 9

2 2 0 0

2 19 3

2 39 2

2 06 1

2 04 0

2 1 6 5

2 1 6 5

20 8 2

2 3 7 4

2 0 92

2 1 55

20 7 8

2 15 5
23 7 4

20 82

22 0 5

2 165

20 7 8

20 9 7

2 15 5

20 92

T i m e (h o u r s )
a f t e r e x p

8

8

16

1 6

1 6

16

16

j 6
4 8

4 8

4 8

4 8

4 8

4 8

4 8

4 8

8

16

16

16

16

16

16

24

48

48

4 8

48

48

4 8

4 8

4 8

C S 2

e x p o s u r e

q
0

0

0

0

0

0

q
q
q
q
0

q
q
q
0

50

5 0

50

50

50

50

50

50

s q
50

50

s q
50

50

5q
5 0

C r e a t i n in

e m g /m l

q 96

0 9 1

0 7

0 4 3

q 66
0 49

i q̂q
0 8 7

i z i
q: 96
^ A 4

1 56

1 6 2

1 4 8

1 6 4

0 82

0 8 8

q 57

0 6^"

0 7

q 5 5
0 :3 7
0 :7 5
0 9̂ 9

1 2 1

1 0 5

1 36

1

0 99

2 23

o ?l
1 1 7

T im e U r in e

1 9 5

7 5

7 5

9 5

9

J 5

6 5

7 5

7 :5
20 5

7 :5
9 5

7 5

9 5

8 5

20 :5
8 5

9 :5
7 5

7

26 5

7 5

6 5

1Z 5

2 5 :5
10 5

23 5̂

14 5

7 5

37 5

16 :5

C u m u la t iv e

u r i n e (m l )
1 9 5

7 :5
12

28 5

22 5

12

14

22 5

3 8 5

_ J ?
2 5 5

2 4 5

2 4 :5
4 1 5

I MQ/ m g
c r e a t

q^ 54 17

0
^
9 35 165

2 :2 9 143

13 369 7 7

2 087 88

2̂ 6 02 q4
5 :86 35 78
OJ05 7 4 7 I
0 0 29 2 4

1:2 8 2 2 9
0 0 34 7 22

4 6 5

8 5

1 8

11 5

9

1 3

32 5

10 5

3 9

2 4 :5
4 q
2 3

j
4 6

29

0 032 0 5 1

0 030 86 4

^ 03 3 7 8 4

0 :030 4 8 8
0 060 9 76

a 056 8 1 8

2 7 7 7 1 9

1 :60 95 1
i Ts qqq
3 98 364

1 790 8 1

J 0̂ 6 2 4

q:q505q5
q:q4 T3 22
0 :q4 76 19

0 ;q36 7 6 5
0 4 72 2

0 4 12 32 3

0 022 4 2 2

q q6 17 2 8
0 :0 42 73 5

K MQ/m g
c r e a t

6 q8 125

3 5 4 6 15

56 8

4 7 6 5 12

22 7 :7 2 7
60 6 122

50 2 38 5

6 1 8 50 6

38 9J 8 1

4 5 7 5

5 11 5 9 7

3 7 5 4 4 9

4 18 5 19

4 20 06 8

396 7 0 7

4 36 :9 5 1
5 98 q6 8

4 10

5 85 0 82

2 3 1 2 86

32 7 2 73

58 8 3 78

43 3 46 7

36 0 50 5

38 2 4 79

3 9 7 8 1

2 7 9 63 2

Z _ 37 1

4 15 :05 1
4 66 36 8

4 0 q:6 17
4 14 35 9

L i |j g /m g
c r e a t

0 0 35 3 13

0 02 4 506

0 04 185 7

0 0 4 0 23 3

0 0 18 33 3

q q4q6 i 2
0 0 4 1 009

0 0 4 0 5 7 5

0 02 66 08

0 0 3q52 1
0 0 32 9 17

0 02 39 7 4

0 026 1 11

0 02 89 87

0 024 32 9

0 02 87 8 1

0 0 32 8 4 1

0 0 3 2 2 8 1

0 0 3 4 9 18

0 :0 16 85 7
0 0 25 636

0 0 37 56 8

0 02 5 33 3

0 02 24 24

0 02 8 099

0 02 6 286

0 0 1 7 94 1
"

0 0 2 52

0 02 35 35

0 03 08 52

0 02 3 7 0 4

0 0 2 940 2

M g Mg /m g
c r e a t

2 0 94 79

2 q:q6 59
2 8 3 7 14

4 3 8 837

2 0 2 1 2 1

3 0 7 959

2 9 02 7 5

1 9 8 2 7 6

0 : i 6 9 4 i 5
3 4 3 4 38

0 26 25 69

0 09 4 4 87

q 2 2q926
0 16 4 189

1 24 7 56

0 552 80 5

22 :5 227
1 8 : 7 89 5
4 2 2 95 1

13 :3 4 7 1
19 6 7 2 7

3 7 29 73

1 0 48

0 8 5 12 12

0
:
5 44 05

14
^
8 4 7 6

0 42 5 4 4 1

0 4 137

0 52 878 8

18 6 6 37

9̂ 2 85 19

0 270 5 13

M n pg /m g
c r e a t

^"
0 0 1

6 0 1 7 6 92
0 0 2 1

0 02 3 4 88

0 0q98 48
6 0 136 74

q 00 2 3 8 5
q qq65 5 2
o oqq2 92
o qs qM S

0 00 03 4 7

o qqo3 2 i
o oqqs qq
6 oqq3 38
0 :0 0 12 8
o oqqe T

0 0 16 9 32

0 00 9 12 3

q qi qqi e
0 0 08 4 2 9

6 0 04 5 4 5
0 0 15 9 4 6

0 0 02 133

q 6q26 26
0 6q24 7 9
o oqs i q

0 00 03 68

6̂ 002 7
'

6:0 0 05 05
0 0 123 32

o oq37 q4
6 0 00 94

M o p g / m g
c r e a t

0
_ ;
1 0 8 7 5

0 0 4 85 7 1

0 1 1 2 4 2 9

O Os qgs
6 04 0 4 55

0 : 106 1 22

0 10 2 1 1

6 1 0 9 3 1

6 0 7 4 26 9

6 07 7 2 9 2

0 104 2 36

6
^
0 7 13 4 6

0 08 82 1

6:685 8 7 8

j o :q77 5
0 :0 85 73 2
6 67 0 4 5 5
6 1 6 165 3
0 0 9 7 5 4 1

q:q36 85 7
0 0 7 0 909

0 :1 0 0 5 4 1
0 07 3 4 6 7

0 05 96 9 7

0 08 49 59

0 0 7 29 5 2

6 0 4 8 6 0 3

70 0 7 14

0 064 04

0 0 7 8 96 9

0 :q72 09 9
0 0 7 923 1
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R a t I D #
^

2 0 6 1

20 4 0

22 00

2 3 8 1

2 0 6 1

204 0

2 3 92

2 1 93

2 i 6 A
23 8 1

22 99

2 2 00

2 193

2 3 92

206 1

20 4 0

2 16 5

2 1 6 5

2 0 8 2

2 3 7 4

2 0 92

2 15 5

2 0 7 8

2 1 55

2 3 7 4

2 0 82

22 05

2 16 5

20 78

2 0 9 7

2 1 5 5

2 09 2

T i m e ( h o u r s )
a f te r e x p

"

8

8

16

16

16

16

16

16

4 8

4 8

48

48

4 8

4 8

48

48

8

16

16

16

1 6

16

16

2 4

4 8

4 8

4 8

4
'

8

4 8

4 8

4 8

48

C S 2

e x p o s u r e

0

0

0

0

0

0

b
0

0

0

0

0

0

"

0

0

5 0

5 0

50

50

50

5 0

50

50

50

50

50

50

50

50

50

5 0

C r e a t in i n

e m g / m l̂

a ge

0 9 1

0 7

0 4 3

6 :6 6

0 4 9

1 0 9

0 8 7

3 17 1

o :96
"

1 4 4

1 56

i ;6 2
1 4 8

1 64

o :8 2
0 8 8

0 :5 7
0 6 1

0 7

a 55

0 3 7

0 7 5

0 99

1 2 1

1 05

1 36

1
0 99

2 2 3

0 8 1

1 17

T im e U r i n e

(m l )
19 5

7 5̂

7 5

9 5

9

15

6 5

7 5

7 :5
2 0 :5
'

7 5̂

9 :5
7 :5
9 :5
a s

2 0 :5
8 :5
9 5

7 5

7

9

26 5

7 5

6 5

12 5

25 5

10 5

23 :5
14 5

7 :5
3 7 :5

16 5

C u m u la t iv e

u r in e (m l)
1 9 5

7 5

12

J 4

2 8 5

22 5

12

14

22 5

38 5

19

2 5 5

24 5

2 4 :5
4 1 5

4 ^ 5

8 5

18

i j 5

9

_ J 3
32 5

l a s

39

24 5

4 0

2 3

4 6

^ 2 9"

1 9 5

7 6 5

33 5

N a |j g / m g

c r e a t

15 7 29 2

68 780 2

39 7 85 7

39 5 1J6
20 7 :4 2 4

3^ 1 22 4

39 1 00 9

2 3 7 7 0 1

2 1 8 7 1 3

2 02 8 1 3

2 5 3 54 2

1 7 1 0 9
"

J 7 2 16

2 1 8 7 8 4

14 0 7 32

186 :0 9 8

1 88 ^82
2 0 1 :5 7 9

^ 67 2 1 3

96 4 8 5 7

180 4 55

1 8 8 8 38

1 7 8 8

30 8 38 4

2 4 4 54 5

20 8 :5 7]
1 0 0 :8 0 9

^ 194 9

2 11 :2 12
2 5 5^5 16

J 9 9 877

2 1 2 137

P pg /m g

c r e a t

1 5 3 6 46

1 13 :7 36

18 9 2 86

16 9 6 98

1 2 2 8 7 9

164

20 2 9 36

18 2 2 99

99 ^ 3 22
13 5 52 1

12 0 4 86

10 2 :6 2 8
1 4 6 :04 9
1 09 9 32

1 19̂ 0 8 5

8 1 > * 6 34

2 16 59 1

142 5 79

2 6 5 5 7 4

7 7 7 8 5 7

108 4 1 8

22 3 1 08

10 5 17 3

6 4 8 4 85

7 1
^
9 1 74

12 9̂ 5 2 4

99
^
5 5 88

7 89 79

9 1^ 2 93
1 19^ 2 1"

1 0 7 8 4

96 153 8

P t p g / m g

c r e a t

0 00 739 6

0 :0 0 ! 2 0 9
0 00 07 14

0 00 1 16 3

0 00 0 7 5 8

0 :0 0 10 2
0 0 14 3 12

0 000 5 75

0 020 994

0 0 00 52 1

0 03 7 7 7 8

0 03 179 5

0 0 1 4 8 15

0 )̂4 2 1 62

0 :036 89
0 :

"

0 5 4 756

0 0 47 046

0 :0 3 2 10 5

b:00 082
0 0 00 7 14

0 0 009 09

0 00 13 5 1

0 00 0 66 7

0 00 050 5

0 03 066 1

0 0 2 4 09 5

0 :0 4 2 5

0 :0 4 0 9

0 042 02

0 0002 24

0 0 4 39 5 1

0 0 158 97

S pg /m g

c r e a t

1 7 3 4 38

13 8 :0 22

2 26 5 7 1

2 12 93

93 :7 12 1

2 0 1 :8 3 7

196 :6 06
2 2 0 5 7 5

1 3 2 :2 8 1

2 0 3 :7 5
2 06 0 4 2

172 4 36

2 08 76 5

1 7 2 0 9 5

190 244

16 3 6 59

165 114

2 0 1 7 5 4

3 15 :0 82
8 5 :5 5 7 j

1 30 6

2 0 6 :7 5 7
16 1 46 7

1 6 3 6 36

16 7 19

1 66 :6 6 7
1 42^ 7 9

16 Z 8
'

1 6 8 :0 8 1
198 0 2 7

183 58

176 4 1

S e p g / m g

c r e a t_

1 0^ 15

0 00 5 4 95

0 0 0 7 14 3

0 0 1 1 6 2 8

6 00 7 5 7 6

6 616 2 64
0 05 724 8

6 00 5 7 4 7
6 0 0 2 9 2 4
0 :0 0 5 2 0 8

^ 0 46 18 1

0 0 39 29 5

0 0 72 59 3

6 0 4 4 9 3 2

6:0 156 1
0 0 70 2 4 4

6 6 98 296
0 :0 50 5 26
0 0 0 8 19 7

6 60 7 1 4 3
0 60 9 09 1
0 0 135 14

0 00 666 7

0 60 50 5 i
0 0 3 380 2

6 0 5 02 8 6
6 6 4 5 0 7 4

1 o] ° Z16
0 0 634 34

0 :0 2 1 5 2 5
0 :0 06 1 7 3
0 0 138 4 6

S i p g / m g

c r e a t

6 :4 2 4 2 7 1
6 :2 1

0 4 6 6 5 7 1

1 617 4 4
0 1 9 7 8 7 9

0 4 16 7 3 5

6:82 1 5 6
0 7 9 1 1 4 9

0 4 6 ] 65 3
0 :8 1 9 7 9 2

6 5 32 56 9
0 4 75 192

6 7 16 6 6 7

6 6 3 2 5
0 59 75

6 4 1 29 27

6 19 86 36

0 :7 1 3 33 3

0 7 4 09 8 4

0 :2 7 3 14 3
"

6 :6 08
6 6 16 2 16

0 5 55 7 3 3

6:4 8 69 7
6^ 86 69 4

0 4 5 98 1

0 :3 6 7 2 7 9
a 4 5 23

6 133 3 535
0 59 3 722

0 :6 0 7 2 8 4

0 68 606 8

CD
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R a t ID #
^

2 06 1

2 0 4 0

220 0

2 38 1

2 0 6 1

20 4 0

2392

2 19 3

2 164

238 1

2 299

2 2 00

2 19 3

2392

206 1

2 040

2 1 65

2 1 6 5

20 82

2 3 7 4

20 92

2 1 5 5

2 0 7 8

2 15 5

2 37 4

20 82

22 0 5

2 165

2 0 7 8

I 2 097
2 155

20 92

T i m e ( h o u r s )
a f t e r e x p

8

8

16

16

16

16

16

16

4 8

4 8

4 8

4 8

4 8

4 8

4 8

4 8

8

1 6

16

16

1 6

16

16

24

4 8

4 8

4 8

4 8

4 8

4 8

4 8

4 8

C S 2

e x p o s u r e

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

50

5 0

50

5 0

50

5 0

5 0

5 0

5b
50

50

50

50

50

50

50

C r e a t i n in

e m g /m l̂
" "

0 9 6

0 9 1

0 7

0 4 3

0 6 6

0 4 9

1 09

0 8 7
" " "

1 7 1

0 96

1 4 4

1 56

1 6 2

1 4 8

i :6 4
o :8 2
0 8 8

0 5 7

0 6 1

0̂ 7

0 :5 5
0 3 7

0 7 5

0 9 9

1 2 1

1 05

1 36
"

J
1 0 99

I _ l 2 23

JO 8 I

1 17

T i m e U r in e

(m l)
1 9 5

7 5

7 5

9 5

9

15

6 5

7 5

7 5

20 5

7 5

9 5̂

7 :5

r 9 :5
8 :5
20 5

a s

9 5

7 5

7

9

2 6 5

7 5

6 5

12 5

2 5 5

10 5

2 1 5

14 :5
7 :5

3 7 5̂

16 5̂

C u m u l a t iv e

u r in e (m l )
'

19 :5
7 5

^ 14

2 8 5

2 2 5

12

I J ^
2 2 5

38 5

19

2 5 5

2 4 5

2 4 :5
A ^ 5

4 6 5

8 5
1 8

11 5

9

Jj 3
3 2 5

10 :5
3 9

2 4 5

4 0

23

46

29

19 5

76 :5
3 3 5

S r MQ/m g
G r e a t

0 0 2 166 7

0 :0 25 82 4
0 . 0 2 7 286

a 0 25 1 16

0 0 1 3 4 8 5

0 0 32 04 1

0 0 37 52 3

0 0 38 966

a 0 10 70 2

0 02 0 4 17

0 0 15 34 7

0 0 0 9 936

0 :0 2 09 8 8
0 ^ 10 7 4 3

0 0 1 189

0 0 16 8 29

0 0 2 6 36 4

0 0 2 7 36 8

0 0 2̂ 6 56

0 0 13

0 :0 20 7 2 7

q:0 4 2 7 0 3
0 0 14 9 33

0 0 12 92 9

a 0 14 2 i 5
0 0 226 6 7

0 0 1 1 98 5

3 0 12 5

0 0 126 26

0 0 168 6 1

0 02 02 47

0 0 1 84 62

T l p g /m g
c r e^
0 0 4 2 8 1 3

a 06 044

0 133 7 14
0 2 4 2 79 1

0 0 378 79

0] 05^02
0 0 229 36

0 0 28 736

0 0 4 92 98

0 02 6 0 4 2

0 0 1736 1

] 0 0 85

0 0154 32
0 0 6 5135
0 04 134 2

0 b8J 4 39

0 12 5

0 1 12 6 32

0 042 4 5 9

0 0794 2 9

0 1 4 58 18

0 1 6 4 59 5

0 0 4 2 26 7

0 02 525 3

0 0 66 364

0 023 8 1

0 0 566 18

^ 19 2 1

0 04 19 19

0 :0 0 34 53
0 10 07 4 1
0 02 10 26

V Mg / m g
c r e a [
0 :0 0 0 5 2 1
0 0 02 198

0 0 02 14 3

0 0 0 4 4 19

0 00 07 58

0 0 0 10 2

0 :0 004 59

^ 0 0002 3

0 0 002 92

0 00 208 3

0 00 1 18 1

0 00 243 6

0 00 13 58

0 0 0 189 2

0 00 103 7

0 002 56 1

0 000 56 8

0 0 0 0 8 7 7

0 0 0 196 7

0 0 02 57 1

0 0 02 182

0 0 00 8 11

o :o oo8
0 000 50 5

0 0 009 09

0 0 004 7 6

0 00 05 1 5

0 :0 05 3
0 00 14 14

0 00 062 8

0 00 06 1 7

0 00 153 8

Z n jj g /m g
G r e a t

0 10 7 6 04

0 :0 6 1099
0 :0 54
0 06

0 0 5 90 91

0 0 7 102

0 05 2 569

0 10 86 2 1

0 03 0 4 68

0 05 08 33

0 03 80 5 6

10 0 3 1 09

0 1 134 57

0 0 4 2 4 32

0 0 7 8232

0 0 4 3902

0 :1 12 0 4 5
0 :1 1 14 0 4
0 0 8 4 4 26

0 0 4 585 7

0 :0 7 4
0 1 9 5 13 5

0 0 2 893 3

6 09
0 06 2 3 14

0 0 4 75 24

0 05 08 09

6:07 99
0 03 57 58

0 03 2 153

0 13 30 86

0 05 632 5

C p g / m g
G r e a t

2 5 94 7 9

1464 1 8

7 65 8
"

5 7

2 96 2 7 9

516 5 15

64 79 5 9

1 98 3 1 2

1 3 83 1

6 80 3 5 1

2 16 0 4 2

38 4 1 67

9 056 4 1

8 222 2 2

1 0 80 1 4

5 913 4 1

1109 5 : 1
3 7 78 8 6
7 1 05 2 6

28 86 8 9

294 1 4 3

4 383 6 4

694 3 2 4

2 b i 7 3 3

3830 3

985 7 :02
1 3 7 99

9 063 9 7

160 59
8 2 05 :0 5
2 347 :9 8
6 040 7 4

1049 8 3

I
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R a t ID #

2 0 0 7

2 3 2 1

2 10 5

2 0 5 8

2 2 5 9

2 10 5

2 0 5 8

2 3 2 1

2 2 5 9

2 3 2 1

2 2 5 9

2 0 80

2 3 2 1

2 10 5

2 0 5 8

2 14 4

2 0 0 7

2 13 8

2 0 4 3

2 0 4 3

2 14 7

2 3 6 4

2 1 14

2 36 5

2 1 3 8

2 3 5 5

2 2 2 5

2 1 14

2 3 5 5

2 0 4 3

2 36 4

2 2 2 5

2 1 3 8

2 36 5

2 14 7

T im e (h o u r s )
a ft e r e x p

8

8

8

8

16

16

16

16

2 4

2 4

4 8

4 8

4 8
4 8

4 8

4 8

4 8

8

8

16

16

16

6

16

6

6

2 4

4 8

4 8

4 8

4 8

4 8

4 8

4 8

4 8

C S2

e x po s u r e

15 0

15 0

15 0

15 0

15 0

15 0

15 0

15 0

15 0

15 0

15 0

1 5 0

1 5 0

15 0

15 0

15 0

15 0

5 0 0

5 0 0

5 0 0

50 0

5 0 0

5 0 0

5 0 0

5 0 0

5 0 0

5 0 0

5 0 0

50 0

5 0 0

50 0

5 0 0

5 0 0

5 0 0

5 0 0

C r e a ti n in e

n i g / m j
1 18

0 6 7

J a 6 6
0

^
5 8

0 3

0 5 3
0 2 7

1 2 5

0 6 5

0 4 7

0 5 7

0 9 9

0 7 9

0 4 8

0 7 6

1 6 4

1 0 3

6 9 9

_
1 1

0 44

0 89

0 6 2

1 0 3

0 7 3

0 8 8

0 54

0 8 6

0 78

i 2 3
1 0 1

1 4 9

1 4 4

0 9 6

"

2 i 9

T im e U r i n e

(m l)
6 5

7 5

12

38 5

29 5

2 0

2 4 5

7 5

7 5

2 9 5

2 4 5

2 5 5

4 6 5

4 0 5

1 1 5

17 5

7

7 5

10 5

7 5

8

7 5

7 5

7

8 5

7 5

24 5

7 5

2 1 5

9 5

7 5

15 5

10

7 5

C u m u l a t i v e

u r i n e (m l)
6 5

7 5

7 5

12

4 3

3 7

3 2

3 2

5 0 5

3 9 5

8 0

39

6 5

8 9

7 8

1 8 5

3 1

J
7 5

18

10 5

1 1

i d 5

12

14

TZ 5

16 ^"

4 2

2 4

4 3 5

2 6 5

2 4

34

2 5

2 \

A ! pg / m g

c r e a t

0 0 04 4 0 7

a 0 18 0 6

0 0 2 2 2 7 3

0 0 2 53 4 5

0 0 34 6 6 7

0 0 2 6 2 2 6

0 0 4 18 5 2

0
,
0 0 9 6 8

0 0 4 8 6 15

0 0 2 2 12 8

0 0 13 3 3 3

0 0 4 9 19 2

0 0 2 2 2 7 9

0 0 2 4 5 8 3

0 0 2 17 1 1

0 0̂ 15 12 2

0 0 3 6 6 9 9

0 0 3 6 7 6 8

0 0 17 8 18

0 0 6 0 2 2 7

0 0 10 5 6 2

0 0 2 0 6 4 5

0 0 17 3 7 9

0 0 2 4 9 3 2

0 0 1 2 84 1

0 0 2 5 74 1

0 0 2 7 79 1
0 0 26 92 3

0 0 2 18 7

OJ0 30 79 2

0 0 2 0 9 4

0 0 13 4 0 3
0 0 2 6 2 5

0 0 2 4 3

0 0 0 9 2 2 4

B p g / m g

c r e a l
0 2 i i 7 8
0 2 16 8 6 6

^ 3 6 2 1 2 1

0 3 1 10 3 4

0 J) 8 3 3 3 3'

0 0 4 7 17

0 ^ 8 6 2 9 6
a 0 4 8 7 2

0 3 5 8 4 6 2

0 1 16 3 8 3

0 0 4 3 8 6

a 0 2 5 2 5 3

0 0 3 16 4 6

0 0 5 2 0 8 3

0 3 5 3 5 5 3

0 4 2 5 7 9 3

0 0 2 4 2 7 2

0 2 3 04 0 4

0 4 9 9 8 1 8

0 4 66 1 36

0
^
4 7 1 1 24

0 4 9 6 2 9

0 4 8 54 3 7

0 5 59 5 89

0 3 15 1 14

0 36 0 18 5

0 3 6 7 4 4 2

0 0 3 2 0 5 1

0 3 7 2 7 6 4

0 0 2 4 7 5 3

0 4 5 18 12

0 0 1 7 3 6 1

0 0 2 6 04 2

0 6 1 1 5

0 0 1 14 16

C a p g / m g

c r e a l
3

"

5 0 0 8 5

r A 4

3 J 7 7 2 7

10 3 6 0 3

i z s e

3 6 7 17

2 4 5 6 3

2 13 2

14 0 0 3 1

2 9̂ 7 0 2 1

3 . 2 6 56 6

3 3 9 4 9 4

5 8 5 2 0 8

7
^
5 1 0 5 3

3 7 12 8

5 5 06 8

7 6 9 7 9 8

4 7 5 1 8 2

1 1 2 0 9 1

3 5 26 9 7

9 6 0 6 4 5

4 1 54 3 7

8 7 0 13 7

12 3 8 6 4

i a 5 5 5 6

3 5 4 4 19

3 4 5 5 13

4 15 2 0 3

4 3 7 3 2 7

3 5 13 4 2

2 2 5 9 0 3
7 7 7 6 04

3 6 4 1

1 8 2 8 3 1

C o p g / m g

c re a l
0

:
0 0 0 4 2 4

0 0 0 4 0 3

0 0 0 0 7 5 8

0 0 13 2 7 6

0 0 0 16 6 7

0 0 0 7 9 2 5

0 0 0 6 2 9 6

0 0̂ 0 5 12

_ 2P P0 2
0 0 0 10 6 4

0 0 0 5 0 8 8

0 0 0 0 5 0 5

0 0 0 0 6 3 3

0 0 0 10 4 2

0 0 0 46 0 5

0 0 0 0 7 9 3

0 0 0 04 8 5

0 0 0 1 5 1 5

0 0 0 04 5 5

0 00 f i 36
0 0 0 0 5 6 2

0 0 0 77 4 2

0 0 0 0 4 8 5

0 0 0 5 4 7 9

0 0 0 2 8 4 1

I P 0 0 5

0 0 0 0 5 8 1

0 0 0 6 6 6 7

0 0 0 3 6 5 9

0 0 0 04 9 5

0 0 0 0 3 3 6

0 0 0 2 1 5 3
0 0 00 5 2 1

^ 0 0 6

0 0 00 2 2 8

C u pg / m g

c r e a l
0 0 30 9 3 2
0 02 9 7 0 2

a 0 2 2 7 2 7

0 12 3 9 6 6

0 0 7 0 6 6 7

0 0 10 18 9

0 0 9

0 0 1 12 8

0 02 6 4 6 2

0 02 0 2 13

0 0 14 0 3 5

0 0 5 9 6 9 7

0 0 2 4 9 3 7

0 0 4 10 4 2

0 0 3 8 2 9

0 0 2 5 9 7 6

0 0 2 2 8 16

0 0 4 9 5 9 6

0 0 2 5 4 5 5

0 0 2 1 8 18

0 0 3 1 3 4 8

0 0 4 2 4 1 9

0 0 5 7 1 8 5

0 0 3 8 3 56

0 0 6 9 8 86

0 06 4 4 4 4

0 02 79 0 7

0 0 37 4 36

0 06 3 5 77

0 03 5 2 4 8

0 04 2 8 8 6

0 0 2 6 5 2 8

a 0j B9 6 8 8
a 0 4 4 4

0 0 3 3 7 9

F e p g /m g

c r e a l
bX) 3 7 8 8 1
0̂
^
0 3 5 9 7

0 0 50 9 0 9

0 0 5 70 6 9

0 0 5 5 3 3 3

6!02 7 1 7
0 0 8 2 96 3

0 0 16 0 8

d :0 9 0 1 54
0 0 66 3 8 3

0 0 54 56 1

0 0 92 2 2 2

0 0 76 9 6 2

0 0 50 4 1 7

0 0 49 0 79

0 0 6 6 7 0 7

0 1 537 8 6

0 1 35 4 5 5

0 0 37 4 5 5

0 :0 36 8 i 8
0 0 2 6 2 9 2

0 0 5 9 3 5 5

0 0 8 6 1 17

0 0 5 13 7

a i 17 3 8 6
0 0 9

0 0 4 4 8 84

0 1 0 5 8 9 7

0 104 3 9

0 0̂ 7 0 79 2

0 0 56 9 8

0 0 6 2 9 8 6

0 0 9 8 12 5

0 0 7 6 6

0 0 2 4 5 2 1

I p g / m g

c r e a t

6
^
0 4 2 3 7 3

0 4 18 0 6

0 70 7 5 7 5 8
0 ^ 8 6 2 0 7
§ 8 5 3 3 3
2 8 2 2 6 4

5 17 4 0 7

2 3 0 2 4

2 5 2 15 4

5 9 9
0 0 8 7 7 19

0 0 5 0 5 0 5

0 0 6 3 2 9 1

4 0 0 6 2 5

2 4 2 3 6 8

1 4 7 5

0 0 4 8 5 4 4

0 0 5 0 5 0 5

0
^
8 9 3 1 8 2

4 4 5 6 8 2

0 2 2 8 0 9

0 0̂ 5 0 3 2 3

1^ 9 0 2 9

i 4 7'

1 2 3

0 9 4 72 7 3

4 4 0 9 26

0 86 0 1 16

0 6 2 73 08

0 0 4 0 6 5

0 2 4 5 14 9

0 0 3 3 5 5 7

0 0 3 4 7 2 2

0 0 5 2 0 8 3

0 0 5

0 0 2 2 8 3 1

0 3

O n
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R a t ID #

2 0 0 7

2 3 2 1

2 10 5

2 0 5 8

2 2 5 9

2 1 0 5

2 0 5 8

2 3 2 1

2 2 5 9

2 32 1

22 5 9

2 08 0

2 32 1

2 1 0 5

2 0 5 8

2 14 4

2 00 7

2 1 3 8

2 04 3

2 04 3

2 14 7

2 36 4

2 1 1 4

2 36 5

2 1 3 8

2 3 5 5

2 22 5

2 1 1 4

2 35 5

2 04 3

2 36 4

2 22 5

2 1 3 8

2 3 6 5

2 14 7

T i m e (h o u r s )
a ft e r e x p

8

8

8

8

16

1 6

16

16

2 4

2 4

4 8

4 8

4 8

4 8

4 8

4 8

4 8

8

8

16

16

16

16

16

16

16

2 4

4 8

4 8

4 8

4 8

4 8

4 8

4 8

4 8

C S 2

e x p o s u r e
"

15 0

15 0

15 0

15 0

15 0

15 0

15 0

15 0

15 0

1 5 0

1 5 0

15 0

15 0

15 0

15 0

15 0

1 5 0

5 0 0

5 0 0

5 0 0

5 0 0

5 0 0

50 0

50 0

50 0

50 0

50 0

5 0 0

5 0 0

5 0 0

5 0 0

5 0 0

5 0 0

5 0 0

5 0 0

C re a t in i n e

m g / m l

1 18

0 6 7

0 6 6

0
^
5 8

0 3

0 5 3

0 2 7

1 2 5

0 6 5

0 4 7

0 5 7

a 9 9

0 7 9

a 4 8

0 7 6

1 6 4

1 0 3

0 9 9

1 1

0 4 4

0 8 9

0 6 2

1 0 3

0 7 3

0 8 8

0 5 4

0 8 6

0 7 8

1 2 3

1 0 1

1 4 9

1 4 4

o ;9 6
1

2 1 9

T im e U r i n e

(m l)
6 5

Z 5
7 5

12

3 8 5

2 9 5

2 0

2 4 5

7 5

7 5

2 9 5

2 4 5

2 5 5

4 6 5

4 0 5

1 1 5

17 5

7

7 5

10 5

7 5

8

7 5

7 5

_
7

8 5

7 5

24 5̂

7 5

2 1 5

9 5

7 5

15 5

10

7 5

C u m u la t i v e

u r i n e (m l)
6 5

7 5

7 5̂

12

4 3

3 7

3 2

3 2

50 5

K p g / m g

G r e a t

4 4 4 2 3 7

3 9
^
5

8 0

3 9

6 5

8 9

7 8

18 5

3 1

7

7 5

18

10 5

1 1

10 5

12

14

1 2 5

1 6 5

4 2

2 4

4 3 5

2 6 5

2 4

3 4

2 5

2 1

56 7̂ 9 1

6 1 1 8 18

6 98 6 2 1

5 35 6 6 7

2 7 2 8 3

5 6 7 0 3 7

12 1 3 6

3 7 8

2 7 9 78 7

4 3 2 ;80 7
4 17̂ 9 8

4 18 >t 8 1'

5 1 1 2 5

4 8 3 02 6

4 3 0 12 2

3 4 6 5 0 5

4 7 9 0̂ 9 1

6 2 5 36 4

4 2 1 59 1

5 6 0 78 7

4 7 6 ^ 5 2
5 5 3 0 1

6 5 8 9 0 4

4 1 6 8 18

6 4 6 6̂ 6 7

3 24 8̂ 8 4

3 8 2 1 7 9

4 2 5 1 2 2

4 9 3 4 6 5

4 6 2 34 9

4 3 3 0 5 6

4 3 4 0 6 3

7 4 9 2

4 5 0 6 3 9

L i Mg / m g

c r e a t

0 0 2 5 6 72

a 0 3 15 i 5
0 0 3 7 0 6 9

0 0 3 8

0 0 17 7 3 6

0 0 3 8 5 19

r 0 0 0 9 2

0 0 2 9 0 7 7

0 0 2 19 15

0 !0 2 9 2 9 8
0 ^ 2 7 9 8

0 0 2 5 8 2 3

0 0 3 4 1 6 7

0 0 2 9 6 0 5

0 0 2 6 7 6 8

0 0 2 2 4 2 7

0 0 2 8 2 8 3

0 0 3 0 0 9 1

0 0 26 5 9 1

0 0 3 8 2 0 2

0 0 3 7 9 0 3

0 0 3

0 0 4 5 8 9

0 0 3 2 38 6

0 0 4 2 4 0 7

0 0 2 4 4 19

0 0 2 6 0 2 6

0 0 2 9 4 3 1

0 0 3 16 8 3

a 0 3 1 8 7 9

0 !0 2 8 2 6 4
0 0 3 0 3 1 3

0 0 5 0 8

0 0 2 6 3 0 1

M g Mg / m g

c r e a t

8 6 4 4 0 7

1 3̂ 5 0 3

2 0 7 5 7 6

2 2 18 9 7

3 1 9 3 6 7

19 ^1 3 2
3 8 6 6 6 7

6 2 12 8
18 3 0 7 7

12 3 19 1

0 3 6 6 3 16

0 1 7 4 54 5

2 8 4 6 84

1 5 2 7 0 8

0 3 4 4 0 7 9

3 0 8 4 1 5

2 9 6 4 0 8

10 8 38 4

15 8 36 4

2 0 9 04 5

10 3 3 3 7

2 1 9 3 55

1 7 1 16 5

3 7 8 0 8 2

3 2 8 6 3 6

3 3 14 8 1

16 8 4 8 8

14 6 9 2 3

0 6 7 14 6 3

0 4 7 2 3 7 6

1 9 5 5 7

5 7 2 9 1 7

0 7 3 20 8 3

0 3 12

0 74 8 8 5 8

M n Mg / m g

c r e a t
^

0 0̂ 0 3 3 0 5

0 0 0 7 6 1 2

0 0 13 6 3 6

0 0 17 9 3 1

0 0 2 16 6 7

0 0 0 84 9 1

0 0 2 5 92 6

0 0 0 3 36

r 0 0 1

0 0 1 14 8 9

0 00 08 7 7

0 00 0 9 0 9

0 ^ 915 19
0 0 0 3 7 5

0 0 0 22 3 7

0 02 94 5 1

0 0 4 6 3 1 1

0 0 1 39 3 9

0 0 10 3 6 4

0 0 18 18 2

0 0 0 55 0 6

0 ;0 2 0 9 6 8
0 0 2 14 5 6

0 0 16 5 7 5

0 0 2 0 7 9 6

0 0 3 2 4 0 7

0 0 15 1 1 6

0 :0 2 08 9 7
0

:
0 04 14 6

0J 02 9 7

0 0 0 2 4 8 3

0 0 0 55 5 6

0 0 0 15 6 3

^ 0 0 0 2

0 0 0 0 5 4 8

M o pg / m g
c r e a t

0 0 4 8 3 0 5

0 0 6 8 9 5 5

0 0 8 0 9 0 9

0 0 9 6 0 3 5

0 0 8 3 6 6 7

0 0 3 6 6 0 4

6 0 8 2 2 2 2
0 0 18

0 0 5 13 8 5

0 0 3 7 8 7 2

0 0 7 6 14

0 0 8 1 6 1 6

0 0 7 4 5 5 7

0 0 8 7 2 9 2

0 0 8 8 0 2 6

0 0 8 7 2 5 6

0 0 6 9 02 9

0 0 6 0 9 0 9

0 0 9 34 5 5

0 0 5 1 5 9 1

0 0 9 96 6 3

0 0 7 96 7 7

0 0 84 8 5 4

0 1 1 93 1 5

0 0 7 5 34 1

0 10 5 55 6

6 0 5 70 9 3
0 0 6 7 9 4 9

0 0 8 3 0 0 8

0 0̂ 9

0 0 9 10 7 4

0 0 9 2 56 9

a 0 7 5 l 64
0 13 24

6 0 84 6 12

N a p g /m g
c r e a t

12 5 16 9

6 5 ;1 34 3
12 2 5

16 178 79
2 2 3 0 6 7

19 5 2 8 3

5 63 7 0 4

8 2̂ 5 6

2 6 5 ^ 8 5
1 7 5̂ 8 3

2 1 7 ^ 6 8
18 2 3 2 3

m i 6 5

2 2 1 0 4 2

1 5 0 9 2 1

17 6 j 8 5
1 1 9 3̂ 2

12 6 7 6 8

64 17 2 7

2 2 7 5

4 16 7 4 2

2 52 9 0 3

30 9 6 1 2

4 8 0 1 3 7

2 5 8 6 3 6

2 5 4 6 3

2 9 5 2̂ 3 3

13 6 5 3 8

2 4 4 3̂ 0 9

2 13 7 6 2

24 0 5 3 7

2 1 7 9 8 6

2 5 1 3 5 4

36 5 2

19 9 0 8 7

p Mg /m g

c r e a t

1 5 1 4 4 1

1 5 Z 6 8 7

16 9 8 4 8

1 8 6 7 2 4

1 8 3 8 6 7

8 1 8 3 0 2

2 4 2 4 4 4

4 4 5 4 4

1 2 9 3 3 8

6 0 7 6 6

10 6̂ 1 7 5

8 6 3 4 34

9 9 0 1 2 7

9 7 0 2 0 8

1 36 6 4 5

1 59 6 3 4

13 0 2 9 1

16 2 7 2 7

12 3 4 5 5

14 6 7 9 5

16 4 3 8 2

17 8
^
2 26

18 1 6 5

2 5 6 6 8 5
2 0 1 93 2

2 5 6 74 1

9 3 4 6 5 1
'

1 10 9 2 3

1 1 3 4 15

16 1 2 8 7

12 4 0 2 7

12 8 8 1 9

13 2 ^ 2

19 2 9

15 5 8 9
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I
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R a t ID #
"

20 0 7

23 2 1

2 10 5

2 0 5 8

2 2 5 9

2 1 0 5

2 0 5 8

2 3 2 1

2 2 5 9

2 3 2 1

2 2 5 9

2 0 8 0

2 3 2 1

2 10 5

2 0 5 8

2 14 4

2 0 0 7

2 1 3 8

2 04 3

2 04 3

2 14 7

2 36 4

2 1 1 4

23 6 5

2 13 8

2 3 5 5

22 2 5

2 1 1 4

23 5 5

20 4 3

23 6 4

22 2 5

2 1 3 8

2 36 5

2 14 7

T im e (h o u r s )
a ft e r e x p

8

8

8

8

16

1 6

1 6

1 6

2 4

2 4

4 8

4 8

4 8

4 8

4 8

4 8

4 8

8

8

16

16

16

16

16

16

16

2 4

4 8

4 8

4 8

4 8

4 8

4 8

4 8

4 8

C S2

e x po s u r e

l 5 0
15 0

15 0

15 0

15 0

15 0

15 0

15 0

15 0

15 0

15 0

15 0

15 0

15 0

15 0

15 0

1 50

50 0

50 0

50 0

50 0

50 0

5 0 0

5 0 0

5 0 0

5 0 0

5 0 0

5 0 0

5 0 0

5 0 0

5 0 0

5 0 0

5 0 0

5 0 0

5 0 0

C re a t i n i n e

m g / m l

1 18

a 6 7

0 6 6

0 5 8

6 3

0 5 3

0 2 7

1 2 5

0 6 5

0 4 7

0 5 7

0 9 9

2 0 7 9

0 4 8

0 7 6

1 64

1 0 3

0 9 9

1 1

0 4 4

0 8 9

0 6 2

1 0 3

0 7 3

0 8 8

0 5 4

0 8 6

0 7 8

1 2 3

1 0 1

1 4 9

j 44

0 96

z ^

2 19

T im e U r i n e

(m l)
6 5

7 5̂

7 5

12

38 5

2 9 5

2 0

2 4 5

7 5

7 5

2 9 ;5
2 4 5

2 5 5

4 6 5

4 0 5

11 5

17 :5
7

7 5

10 5

7 5

8

7 5

7 5
'

7

8 5

7 5

2 4 5

7 5

2 1 5

9 5

7 . 5

15 5

10

7 5

C u m u la t i v e

u r i n e (m l)
6 5

Z 5
7 5

12

4 3

3 7

3 2

3 2

5 0 5

3 9 5

8 0

3 9

6 5

8 9

7 8

18 5

3 1

Z
7 5

18

10 5

1 1

10 5

12

J 4

12 5

16
^
5

4 2

4 3 5

2 6 5

24

34

2 5

2 1

P t M9 / m g

c r e a t

0 0 3 3 5 59

0 0 3 8 06

0 0 0 0 7 58

0 0 6 0 1 72

0 0 3 4 33 3

s Mg / m g

c r e a t

0 0 0 0 9 4 3

0 0 0 18 5 2

0 0 0 2 5 6

0 0 2 2 3 0 8

0 0̂ 2 0 6 3 8

0 15 12 2 8

0 0 6 9 2 9 3

0 0 6 2 7 8 5

0 0 8 3 5 4 2

0 0 0 0 6 5 8

0 0 0 0 3 0 5

0 0 6 2 2 3 3

0 0 3 8 7 8 8

0 0 1 8 9 0 9

0 0 0 11 36
0 0 0 0 56 2

0 !04 9 8 39
0 0 0 04 8 5

0 0 4 2 6 0 3

0 0̂ 0 0 5 6 8

0 0 0 0 9 2 6

a 0 2 2 0 9 3

0 0̂ 5 4 6 15

0 0 0 0 4 0 7

0 06 0 2 9 7

0 :0 0 0 3 3 6
0 0 4 6 5 9 7

0 0 3 0 9 3 8

0 0 2 1 3

0 0 17 3 0 6

1 3 4 0 6 8

1 8 0 5 9 7

1 8 1 0 6 1

2 2 6 0 3 4

^ 19 9 1

9 7 3 3 9 6

^ 3 7 ^ 2 6

4 7 3 2

2 3 7 2 3 1

12 9 1 9 1

18 3 6 8 4

16 5 3̂ 5 4

J 8 8 3 5 4

19 9 6 8 8

2 3 0 5̂ 2 6

19 2 7 44

1 8 3 9 8 1

1 5 8 4 8 5

2 0 8 5 4 5

1 3 3 3 8 6

1 8 9 8 8 8
"

1 6 1 9 3 5

1 8 3 10 7

2 4 6 4 3 8

2 1 77 5

2 2 2 5 9 3

12 9 4 19

J 9 2 6 9 2

18 3 4 96

16 7
^
6 24

"

2 1Z 5 5

18 7 0 8 3

19 9 4 7 9

3 1 2 3
"

2 0 2 r5 5 7

S e p g / m g

c r e a t

0 0 18 3 0 5
0 0 0 7 4 6 3

0 0 0 7 5 7 6

0 00 8 6 2 1
0 0 16 6 6 7
0 0 0 9 4 34

0 0 18 5 19

0 0 0 4

0 0 5 16 9 2

0 0 1 06 3 8
0 0 4 4 9 12

0 0 2 6 4 6 5
0 0 5 30 38

0 0 76 2 5

0 0 0 6 5 79

0 0 2 9 2 6 8

0 0 2 4 8 5 4
0 0 4 3 6 3 6

0 0 2 6 18 2

0 0 1 13 6 4
0 0 2 6 9 6 6

0 18 5 8 0 6

0 0 0 4 8 5 4

0 0 06 84 9

0 0 0 56 82

0 0 09 2 5 9

o o qse u
0 00 6 4 1

0 ^ 0 4 0 6 5
0 0 5 7 0 3

0 0 2 5 3 6 9

0 0 9 2 2 9 2
0 0 4 2 6 0 4

0 0 6 4 9

0 0 6 0 6 8 5

S i p g / m g

c re a t

0 1 4 0 3 3 9

0 2 7 4 17 9

0 2 2 0 4 5 5

0 5 2 4 6 5 5

0 6 3 5 6 6 7

0 1 54 15 1

0 3 30 3 7

0 0 76 3 2

1 04 8 15

0 4 82 12 8

0 :9 54 9 12
0 4 50 50 5

0 5̂ 9 10 13

0 4 1 52 0 8

0 5̂6 2 6 3 2

0 7 4 3 9 0 2

0 6 9 4 3 6 9

0 3 1 1 1 1 1

0 7 15 7 2 7

0 4 9 5 9 0 9

0 2 2 15 7 3

0 3 3 9 8 3 9

0 6 7 2 8 16

0 4 9 3 42 5

0 8 0 9 20 5

0 6 9 14 8 1

0 3 56 2 7 9

0 5 96 5 3 8

0 6 6 5 2 8 5

0 4 4 7 2 2 8

0 4 0 3 7 5 8

0 6 4

0 5 6 19 7 9

_
0

_

6 0 5

6 3 4 5 7 0 8

S r pg / m g

c r e a t

0 0 13 9 8 3

0 0 12 2 3 9

0 0 1 13 6 4

0 02 3 9 6 6

0 0 30 6 6 7

0 0 12 2 64

0 0 5 2 9 6 3

0 0 0 4 8

6 0 2 8 9 2 3
0 0 1 12 7 7

0 0 13 3 3 3

0 0 12 3 2 3

0 0 14 0 5 1

0 0 2 3 9 5 8

0 0 2 0 5 2 6

0 0 1 74 3 9

0 0 1 78 6 4

0 0 2 1 1 1 1

0 0 13 4 55

0 02 1 59 1

0 0 15 2 8 1

0 02 4 6 77

6 0 14 9 5 2

0 02 7 3 9 7

0 0 2 6 7 0 5

0 0 3 0 7 4 1

0 0 14 5 3 5

0 0 1 14 1

6 0 1 5 36 6

0 0̂ 1 36 6 3

0 0 1 36 2 4

0 0 1 1 59 7

0 0 16 3 54

0 0 1 9 3

6 6
'

1 06 3 9

CO
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R a t I D #
2 0 0 7-
2 3 2 1
2 10 5

2 0 5 8
"

2 2 5 9

2 10 5

2 0 5 8

2 3 2 1

2 2 5 9

2 3 2 1
2 2 5 9

2 0 8 0

2 32 1

2 10 5

2 0 5 8

2 14 4

2 0 0 7

2 13 8

2 0 4 3

2 0 4 3

2 14 7

2 3 6 4

2 1 14

2 3 6 5

2 13 8

2 3 5 5

2 2 2 5
"

2 1 14

2 3 5 5

2 0 4 3

2 36 4

2 22 5

2 1 38

2 36 5
" ~

2 14 7

T im e (h o u rs )
a f te r e x p

8

8

8
"

8

16

16

16

16

2 4

2 4

4 8

4 8

4 8

4 8

J
"

4 8
"

^
8

8
"

16

16

16
"

J6~

16

16

16
' "

2 4

4 8

4 8

4 8

4 8

4 8

4 8

4 8

4 8

C S 2

e x p o s u r e
"

15 0

15 0

15 0

15 0

15 0

15 0

150
150
15 0

15 0

Z 15 0

15 0

15 0

J 5 0

15 0

15 0

15 0

5 0 0

5 0 0

5 0 0
5 0 0
5 0 0

5 0 0

5 0 0

5 00

50 0

5 00

50 0

50 0

5 0 0

^ 0

5 0 0

C r e a t i n i n e

m g / m l

! 1 8

0 6 7

0 66

0 ^ 8

0 3

a 5 3

0 2 7

1 2 5

0 6 5

0 4 7

0 5 7

0 9 9

0 79

0 4 8

0 J 6

1 6 4

1 0 3

0 9 9
"

l
'

1

0 4 4

a 8 9
0 6 2

1 0 3

0 J 3

0 8 8

0 54

a 86

0 7 8

l !2 3
1 0 1

1 4 9

1^
0 9 6

1

2 J 9

T im e U r i n e

(m l)
6 5

7 5

7 5

12

3 8 5

29 5

Jo
24 5

7 ^
7 5

C u m u la ti v e

u r in e (m l)

2 9 5

24 6

25 5

4 6 5

4 0 5

J 1 5

17 ^
2

7 5

10 5

7 6
8

7 5

7 5

7

a s

l A
24 5

7 5

2 1 5

9 5

7 5

15 5

10

7 5

6 5

7 5

7 5

12

4 3

3 7

3 2

3 2

5 a 5

3 9 5

8 0

3 9

6 5

8 9

J 8

1 8 5
"

3 1

7

7 5

18

10 5

J 1

10 5
"

12

14

12 5

16 5

4 2

2 4

4 3 ^
2 6 5

2 4

34

2 5

2 1

T l \i Ql m g

c r e a t
"

0 0 0 2 11 9

0 0 0 3 7 3 1

0 X ) 8 9 6 9 7

0 0 0 4 3 1

0 2 5 9 66 7

0 18 2 8 3

0 0 0 9 2 5 9

0 0 6 8 8 8
a 13 3 84 6

0 18 8 72 3

0 15 1 7 54

0 0 5 74 75

0 10 8 73 4

0 13 16 6 7

0 0 8 78 9 5

0 0 5 5 54 9

O ;15 4 5 6 3
0 0 9 0 9 0 9

0 0 2 2 7 2 7

0 0 5 6 8 18

0 0 6 5 8 4 3

0 0 4 0 3 2 3
0 0 2 4 2 7 2

0 1 0 9 4 5 2

0 0 8 06 82
a 1 6 1 8 52

0 0 2 9 0 7

0 1 0 9 2 3 1

0 0 2 0 3 2 5

0 0̂ 9 2 4 7 5

0 0 4 3 9 6

0 0 17 3 6 1

0 1 15 2 0 8

0 0 6 2
0 0 3 12 3 3

V (j g / m g

c r e a t

0 0 00 4 2 4

0 0 02 0 9

0 70 00 75 8
0 0 00 8 6 2

0 0 04 3 3 3

0 0 0 0 9 4 3

0 0 0 5 18 5

0 0 0 16

0 0 0 0 7 6 9

0 0 0 5 5 3 2

0 0 0 0 8 7 7

0 0 0 0 5 0 5

0 0 0 15 19
0 0 0 2 2 9 2

0 0 0 13 16

0 0 0 0 6 1

0 0 0 0 4 8 5

0 0 0 0 5 0 5

0 0 0 04 5 5

0 0̂ 0 1 1 3 6

0 0 0 0 56 2

0 0 0 0 8 0 6

0 0 0 04 8 5

0 0 0 3 0 14
0 00 l

"

l 3 6
0 0̂ 0 4 0 7 4

0 00 0 5 8 1

a 0 0 0 6 4 1
0 0 0 2 8 4 6

0 0 0 2 2 7 7

0 0 0 14 0 9

0 0 0 2 1 5 3

0 0 0 0 5 2 1

0 0 0 0 5

0 0 0 2 1 4 6

Z n |j g / m g

c r e a t

0 0 3 6 8 64

0 0 5 2 9 8 5

0 0 4 4 2 42

0 0 7 0 8 62

0 1 12 6 6 7

0 64 9 8 i l
0 / 14 6 2 96

0 0 1 9 76
0 0 3 5 0 77

0 0 4 8 7 23

0 0 4 4 0 35

0 0 8 4 6 4 7

a 0 5 84 8 1

0 0 8 5 6 25

0 0 6 1 0 53

0
_ i
0 4 4 39

a 06 3 7 86

0 10 0 8 0 8

0 0 3 4 0 9 1

0 0 4 2 0 4 6

0 0 3 16 8 5
0 0 2 70 9 7

0 0 4 79 6 1

0 0 6 9 8 6 3

0 0 9 5 6 8 2

0 0 8 7 0 3 7

_
0 p5

0 0 4 0 8 9 7

0 0 7 6 34 2

0 06 6 1 39

0 0 3 76 5 1
0 0 4 4 3 7 5

C |j g / m g

c r e a t

0 0 9 0 3 13

0 . 06 7 6

0 0 4 55 7 1

2 4 56 9 5

104 1 1 9

2 9 9 7 2 7

14 58 6 2

6 7 8 3 3̂ 3

4 4 4 3 4

7 8 5 5
'

5 6

12 4 0
5 10 7 6 9

4 5 5 74 5

8 26 4 9 1

8 04 8 ;4 8
4 5 8 6 0 8

8 4 2 7 0 8

6 0 2 1 0 5

2 54 8 7 8

2 0 8 0
^
5 8

3 7 8 0 3

2 1 2 0

2 18 0 2

2 0 8 4 4 9

7 3 7 9 5 2

3 6 1 176 5
2 6 13 7

5 7 1 1 3 6

2 7 7 4 0 7

2 1 9 3 0 2

3 1 5 5 13

3 5 0 8 1̂3

7 3 0 0

4 7 7 6
"

5 1

5 6 9 8 6 1

8 9 6 7 7 1

9 9 0 2

2 5 5 1 6

CD
I
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