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ENVIRONMENTAL ASSESSPENT . 
FOR 

APRAL.AN@ PREI-IIX FOR swrm 

1. DATE J u l y  1985 

2 .  APPLICANT Elanco   P roduc t s  Company. 
A D i v i s i o n   o f  E l i  L i l l y  and Company 

3 .  ADDRESS L i l l y  Corpora te   Center  
I n d i a n a p o l i s ,   I n d i a n a   4 6 2 8 5  

4 .  DESCRIPTION OF THE PROPOSED  ACTION 

N e w  An ima l   Drug   approva l   has   been   r eques t ed   fo r  APRALAN  PREMIX t o  

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

About 165 ppm (150   g rams .   pe r   t on   o f  fe.-d) of  a p r a m y c i n   a c t i v i t y  a s  t h e  

s u l f a t e   s a l t  wou ld   be   u sed   fo r  a maximum o f  1 4  d a y s   i n   t h e   f e e d   o f   y o u n g  

s w i n e .   D a i l y   i n t a k e   o f   a p r a m y c i n   a c t i v i t y   w o u l d   b e   a b o u t  13 mg p e r  

k i l o g r a m   b o d y   w e i g h t   f o r   t h e   1 4 - d a y   p e r i o d .  

Use o f  APRALANO  SOLUBLE  POWDER i n   t h e   d r i n k i n g   w a t e r  o f  swine h a s  

a l r e a d y   b e e n   a p p r o v e d  by t h e  Food a n d   D r u g   A d m i n i s t r a t i o n   f o r   t h e   t r e a t -  

ment o f  p o r c i n e   c o l i b a c i l l o s i s .   T h e   a c t i v e   i n g r e d i e n t   i n  APRALm SOLUBLE 

POWDER i s  a l s o   a p r a m y c i n   s u l f a t e .   D a i l y   i n t a k e   o f   a p r a m y c i n   a c t i v i t y   i n  

wa te r   by   swine  i s  about   25  mg pe r   k i log ram  body   we igh t   fo r  a seven-day 

p e r i o d .  N e w  Animal   Drug  approval   for   apramycin  premix  would  then  a l low'  

s w i n e   t o   i n g e s t  APRAL.W  PREXIX i n   t h e i r   d i e t   a t   a b o u t   o n e - h a l f   t h e   d a i l y  

i n t a k e   r a t e   o f  APRALAN  SOLUBLE PONIER. APRALAN  PREMIX would  be  adminis- 

t e r e d  twice a s   l o n g   a s  APRALAN  SOLUBLE  POWDER. The t o t a l   e s t i m a t e d  

i n t a k e  of a p r a m y c i n   a c t i v i t y   a s  APRALAN  PREMIX o r   a s  APRALAN  SOLUBLE 

POWDER would  be  about   the  same.  

A?RALAN@ PREMIX (apramycin s u l f a t e ,  Elanco)  
APMLAN@  SOLUBLE POWDER ( a p r a m y c i n   s u l f a t e ,   E l a n c o )  

___I_L____ 
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Approval of t h e   p r o p o s e d   a c t i o n   w o u l d   a u t h o r i z e   t h e   f e r m e n t a t i o n  

p l a n t s   o f  E l i  L i l l y   a n d  Company a t   C a r o l i n a ,   P u e r t o   R i c o ,   a t   I n d i a n a p o -  

l i s ,  I n d i a n a ,   a t   L a f a y e t t e ,   I n d i a n a  , and a t   . L i v e r p o o l ,   E n g l a n d ,  t o  

m a n u f a c t u r e   a p r a m y c i n   s u l f a t e   f o r   s a l e   i n   t h e   U n i t e d   S t a t e s   a s  APRALAN - 
PREMIX. Formulat ion  and  packaging  of  APRASAN  PREMIX may be   per formed i n  

E l i  L i l l y   a n d  Company f a c i l i t i e s   a t  Omaha, Nebraska.  

Based on t h e   p r o p o s e d   a c t i o n ,   a p r a m y c i n   c o u l d   p o t e n t i a l l y   b e   i n t r o -  

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

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

Swine  farms  where  res idues may b e   f o u n d   i n   a n i m a l   w a s t e .  . 

A g r i c u l t u r a l   l a n d s   w h e r e   w a s t e   p r o d u c t s   f r o m   s w i n e  are used as  

f e r t i l i z e r .  - . .  ..,. . 

Aqua t i c . sys t ems   where   runof f  may c o l l e c t   f r o m  s i t e s  r e c e i v i n g   w a s t e  

products   f rom  swine .  

5 .  IUENTIFICATION OF CHEMICAL SUBSTANCES 

A. PRODUCT DESCRIPTION 

APRALAN  PREMIX w i l l  b e   i n c o r p o r a t e d   i n t o   t h e   f e e d  of swine. 

A p r a m y c i n   s u l f a t e  i s  t h e  ac t ive  i n g r e d i e n t   o f  APRALfiN PRENIX.  APULAN 

PRXPIIX w i l l  c o n t a i n  165 g o f   a p r a m y c i n   a c t i v i t y   p e r   k i l o g r a m  o f  premix. 

APRALAN PREflIX w i l l  a l s o   c o n t a i n   a p p r o v e d   c a r r i e r s   s u c h  as  soybean mill 

r u n  o r  ground r ice  hulls. 



cete  St rep tomyces   t enebrar ius .   Apramycin  i s  ex t rac ted   f rom  the   fe rmen-  

t a t i o n  medium and  produced a s  a p r a m y c i n   s u l f a t e  a t  a p u r i t y  o f  a t   l e a s t  

85%. A m i c r o b i o l o g i c a l   a s s a y  i s  u s e d   t o   d e t e r m i n e   a p r a m y c i n   a c t i v i t y  a s  

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

Chemical Name: D - S t r e p t a m i n e , 4 - 0 - [ ( 8 R ) - 2 - a m i n o - 8 - 0 - ( 4 - a m i n o - 4 - d ~ 0 ~ ~ ~ - ~ - ~ -  - - - - - 

I 

a c i d   s a l t .  

CAS Registry Sumher: 

f lo lecular   Formula :  

Molecular  L e i g h t :  

S t r u c t u r e  of  Apranycin Base: 

H,N 

I’ 

. 
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f le l t ihg   E 'o in t :  

S o l u b i l i t y   i n   W a t e r :  

pKa Values:  

n - O c t a n o l / W a t e r   P a r t i t i o n  
C o e f f i c i e n t :  

V a p o r  P r e s s u r e :  
-.____I_ 

U l t r a v i o l e t   a n d   V i s i b l e  
Absorp t ion   Spec t r a  : 

Apramycin  sulfate  and  amorphous  aprarnycin 
decompose  before   mel t ing .' A s h a r p  
m e l t i n g   p o i n t   o f  245-247OC h a s  been 
repor ted   for   apramycin   monohydra te  (1). 

G r e a t e r   t h a n  300 g/L . .  
- 

Aqueous t i t r a t i o n   p r o v i d e d  pKa v a l u e s  
of  5 . 4 ,   6 . 2 ,  7.2, 7 . 8  and  8 .5   (1) .  

T h e   n - o c t a n o l / w a t e r   p a r t i t i o n   c o e f f i -  
c i e n t s   f o r   a p r a r n y c i n   a t  pH 5 - 0 ,  7 . 0  and 
9 . O  ranged  from 0.00022 to 0.0011 
(Appendix  A). 

N o n - v o l a t i l e   s o l i d   b a s e d  on molecular 
w e i g h t   a n d   m e l t i n g   p o i n t .  Ti1ermograv.i- 
metric a n a l y s i s  o f  ap ramyc in '   i nd ica t ed  
w e i g h t  loss beginning  at 25OC r e s u l t i n g  
i n  a 3.6% l o s s  a t  106OC. Another loss 
b e g i n s   a t  221OC and  cont inues   th rough 
decomposi t ion.  

Apramyc in   does   no t   con ta in   any   spec i f i c  
u l t r a v i o l e t   o r   v i s i b l e   a b s o r p t i o n  maxima. 
End a b s o r p t i o n  i s  observed  below 250 nm: 



8 
L 

3 
6 .  INTRODUCTION OF SUBSTANCES' INTO THE ENVIRONXENT 

A .  INTRODUCTION OF SUBSTANCES  FROM THE P W A C T U R I N G  SITE 
. -  

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

e n t   i n  APRALAN PREMIX, i n   c o n j u n c r i o n   w i t h   t h e   c o r r e s p o n d i n g   p o l l u t i o n  

c o n t r o l   p r a c t i c e s   a t   e a c h   o f   t h e   p l a n t  s i t es ,  i s  des igned   t o   have   min ima l  

envi ronmenta l   impact .  . Apramycin s u l f a t e  i s  produced  by a f e r m e n t a t i o n  

p r o c e s s   a n d   u n i t   o p e r a t i o n s  such a s   s o r p t i o n   a n d   e l u t i o n   b y   i o n   e x c h a n g e ,  

c o n c e n t r a t i o n ,   d r y i n g ,   g r i n d i n g ,   s c r e e n i n g   a n d   b l e n d i n g .  APRALAN PREMIX 

i s  manufac tu red   u s ing   ope ra t ions   such   a s   fo rmula t ing   and   ' packag ing . .  

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

, . . . , . . . .  tii;~-.s may-. bc i n   s p e n t   f e r m e n t a t i o n   b r o t h ,   s p e n t   i o n   e x c h a u g c   r e s e n e r a n t s ,  

o r  i n  d i lu t e   washwa te r s .   These   ap ramyc in -con ta in ing   p rocess   was t ewa te r s  

f r o m   t h e   f e r m e n t a t i o n   p l a n t s  i n  P u e r t o   R i c o   o r   I n d i a n a   w o u l d   b e   t r e a t e d  

b y   m i c r o b i o l o g i c a l   d e g r a d a t i o n ,   b y   l a n d   a p p l i c a t i o n ,   b y   c o n c e n t r a t i o n   a n d  

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

The   d i scha rge   o f   such   p rocess   was t ewa te r s   f rom  the   p roduc t ion  site i n  

England w i l l  be performed i n  a c c o r d a n c e   w i t h   t h e   p e r t a i n i n g   e n v i r o n m e n t a l  

c o n t r o l   l a w s   o f   t h e   U n i t e d  Kingdom, t h e   C o n t r o l  of  P o l l u t i o n  Act (1974) 

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

Any one of t h e  E l i  L i l l y  and Company f e r m e n t a t i o n   p l a n t s ,   w h i c h   a r e  

l o c a t e d   a t   C a r o l i n a ,   P u e r t o   R i c o ,   a t   I n d i a n a p o l i s ,   I n d i a n a ,  o r  a t  

L a f a y e t t e ,   I n d i a n a ,  may become t h e   p r i n c i p a l  s i t e  for   p roducing   aprarnycin  

s u l f a t e   i n   t h e   U n i t e d   S t a t e s .   F o r m u l a t i n g   a n d   p a c k a g i n g  o f  APRALAN 

PREpJXX may b e   p e r f o r m e d   i n  E l i  L i l l y  and Company f a c i l i t i e s   a t  Omaha, 
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Nebraska.  The p l a n t   i n   C a r o l i n a ,   P u e r t o   R i c o ,   a l r e a d y   p r o d u c e s   a p r a m y c i n  

s u l f a t e   f o r  APMLAN SOLUBLE POWDER ,and   the  Omaha p l a n t   b l e n d s   a n d   p a c k -  

a g e s   t h a t   p r o d u c t .   A l t e r n a t i v e l y ,   t h e  E l i  L i l l y   p l a n t   a t   L i v e r p o o l ,  

England,  may become t h e   m a j o r  s i t e  fo r   p roduc ing   ap ramyc in   su l f a t e   and  __  

may produce APRALAV PREMIX a s   w e l l   a s  APR4L.W  SOLUBLE  POWDER. 

T h e   h i g h e s t   e s t i m a t e d   c o n c e n t r a t i o n  o f  apramycin i n   s u r f a c e   w a t e r s  

wou ld   occu r   du r ing   an   acu te   l ow- f low  pe r iod   fo r   t he   su r f ace   wa te r   body  

which receives w a s t e w a t e r s   o r i g i n a t i n g   f r o m   t h e   s o r p t i o n   o f   a p r a m y c i n  

from i t s  f e r m e n t a t i o n   b r o t h   o r   f r o m   t h e   s u b s e q u e n t   p u r i f i c a t i o n   o p e r a -  

t i o n s .  The p l a n t   i n   C a r o l i n a ,   P u e r t o   R i c o ,   d i s c h a r g e s  i t s  microbio logi -  

c a l l y   t r e a t e d   w a s t e w a t e r s   t o   t h e   R i o   G r a n d e   d e   L o i z a   a b o u t   n i n e  miles 

_ .  . . A.y.- . . c A r o m  t h e   A t l a n t i c   O c e a n .   T h e   l o w   f l o w   i n   t h i s   K - i v e r  i s  lssler t h a c  flows 

i n   t h e  rivers t o  w h i c h   t h e   o t h e r   L i l l y   f e r m e n t a t i o n   p l a n t s ,   r e f e r r e d  

a b o v e ,   d i s c h a r g e   t h e i r   w a s t e w a t e r s ,   w h e t h e r   d i r e c t l y   o r   i n d i r e c t l y  

through  publ ic ly-owned  t rea tment   p lan ts .   The   lowes t   measured  flow in t h e  

R i o   G r a n d e   d e   . L o i z a   j u s t   u p s t r e a m   o f   t h e   C a r o l i n a   p l a n t  i s  11.7 f t3/sec.  

(U.S. G e o l o g i c a l   S u r v e y ) .  I t  may be   a s sumed   t ha t   was t ewa te r s  a t  t h i s  

p l a n t   m i g h t   c a r r y   a s  much a s  5 0  kg of apramycin  each day t o  i t s  t r e a t m e n t  

f a c i l i t i e s   u n t i l   S e p t e m b e r ,  1986, when t h i s   p l a n t   s h o u l d  t o  be   connec ted  

t o   t h e   p u b l i c l y - o w n e d   C a r r o l i n a   r e g i o n a l   w a s t e w a t e r   f a c i l i t y   t h a t  is now 

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

a e r a t e d   s e w a g e   s l u d g e  t o  t r e a t   b i o d e g r a d a b l e   s u b s t a n c e s  when  compared t o  

nega t ive   con t ro l s   (Append ix  N ) ,  t h e r e  i s  n o   i n f o r m a t i o n   t o   i n d i c a t e   t h e  

r a t e   a t  wh ich   ap ramyc in   i t s e l f   wou ld   b iodegrade   ‘ i n   any   o f   t he   mic rob io -  

l o g i c a l   t r e a t m e n t   p l a n t s   w h i c h  may r e c e i v e   w a s t e w a t e r s   f r o m   t h e  manu- 

f a c t u r e  of ap ramyc in .   S ince  t h e  apramycin  removal efficiency of  



m i c r o b i o l o g i c a l   t r e a t m e n t  i s  n o t  known, i t  may b e   a s s u m e d   t h a t ,   i n   t h e  

wors t   case ,   apramycin   would   no t   be   removed  by   such   t rea tment .   Under   such  

an   a s sumpt ion ,  i f  a s  much a s  50 kg of  apramycin were discharged  each  day 

t o   t h e  Rio Grande   de   Lo iza   and   mixed   w i th   t he   r i ve r   wa te r   a t  i t s  l o w e s t  

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

- 

r ive r  would   be   about   1 .75  mg/L. 

C a l c u l a t i o n :  

50 kg apramycin/day x 1,000,000 mg/kg 
~ 1 . 7 5  mg a p r a m y c i n / l i t e r  

11.7 f t3 / sec  x 28.32 l i t e r s / f t 3  x 86,400 s e c / d a y  

T h e   h i g h e s t   e s t i m a t e d   c o n c e n t r a t i o n  of apramycin   dur ing   such   an  

a c u t e   l o w - f l o w   p e r i o d   i n   t h e   R i o   G r a n d e   d e   L o i z a  i s  s u b s t a n t i a l l y   b e l o w  

concen t r a t ions   wh ich   have   been   found  t o  .have .no a c u t e   e f f e c t  o n   a q u a t i c  

organisms.  A nomina l   ap ramyc in   concen t r a t ion   o f  300 mg/L d i d   n o t   a f f e c t  

t h e   b e h a v i o r   o r   s u r v i v a l   o f   e i t h e r   b l u e g i l l   ( A p p e n d i x  K)  o r  r a i n b o w   t r o u t  

(Appendix L ) .  A nominal   apramycin   concent ra t ion  of  28 .4  mg/L d i d   n o t  

- . -  

a f f e c t   t h e   b e h a v i o r   o r   s u r v i v a l  o f  Daphnia magna (Appendix M ) .  These 

v a l u e s   a r e   1 7 1   a n d  16 times h i g h e r ,   r e s p e c t i v e l y ,   t h a n   t h e   h i g h e s t  

e s t i m a t e d   c o n c e n t r a t i o n  o f  apramycin i n   t h e   R i o   G r a n d e   d e   L o i z a  a t  a c u t e  

low  flow. 

The   ave rage   e s t ima ted   concen t r a t ion   o f   ap ramyc in   i n  a r ive r   wh ich  

r e c e i v e s   a p r a m y c i n - c o n t a i n i n g   w a s t e w a t e r s ' d a i l y   f o r  a p e r i o d  o f  time from 

p r o d u c t   i s o l a t i o n   a n d   p u r i f i c a t i o n   o p e r a t i o n s   a t   o n e  o f  the   above  refer- 

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

c o n s e r v a t i v e   e s t i m a t e  of the   ave rage   f l ow  in   t f i e   R io   Grande   de   Lo iza ,  

based  on d a t a  f o r  a po in t   ups t r ea rn   o f   t he   Ca ro l ina  p l a n t ,  i s  232 f t3 / sec  

(U.S. Geological Survey and P u e r t o  Rico Aqueduct  and  Sewer  Authority).  

T h i s  i s  lower :   t han   t he   ave rage   f l ows   i n   t he   su r f ace   wa te r s   t o   wh ich   t he .  
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o t h e r   L i l l y   f e r m e n t a t i o n   p l a n t s ,   r e f e r r e d   t o  above,  d i s c h a r g e   t h e i r  

w a s t e w a t e r s ,   w h e t h e r   d i r e c t l y   o r   i n d i r e c t l y   t h r o u g h   p u b l i c l y - o w n e d  
/ 

t r e a t m e n t   p l a n t s .   A g a i n ,   b a s e d  on a w o r s t   c a s e   a s s u m p t i o n ,   i f   a s  much a s  

50 kg apramycin/day were con t inuous ly   d i scha rged   t o   t he   R io   Grande  d e  
- 

L o i z a   a n d   m i x e d   w i t h   t h e   r i v e r   w a t e r   a t  i t s  average   f low f o r  a p e r i o d  of  . 

t ime,  t h e   a v e r a g e   e s t i m a t e d   c o n c e n t r a t i o n  of ap ramyc in - in   t he   R io   Grande  

de   Loiza   would   be   about  0.088 mg/L. 

C a l c u l a t i o n :  

50 kg apramycin/day x 1,000,000 mg/kg 
- =0.088 mg a p r a m y c i n j l i t e r  

232 f t3 / sec  x 28.32 l i t e r s / f t 3  x 86 ,400  sec /day  

The   average   es t imated   concent ra t ion   of   apramycin ,   based   on   es t imated  

a v e r a g e   f l o w   i n   t h e   R i o  Grancle d e  L o i z z ,  i s  s u b s t a n t i a l l y   b e l o w   c o n c e n t r a -  

t i o n s   w h i c h   c a n   b e   c a l c u l a t e d   t o   h a v e  no c h r o n i c   e f f e c t s   o n   a q u a t i c  

organisms.  An a p p l i c a t i o n   f a c t o r  o f  100   can   be   used   wi th   median   e f fec t  

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

h a v e   n o   o b s e r v e d   e f f e c t s   o n   t h e  t e s t  organisms  dur ing   chronic   exposure .  

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

Daphnia magna i s  1 . 0 2  mg/L. Median l e t h a l   c o n c e n t r a t i o n s  were n o t  

c a l c u l a t e d   f o r   t h e   s t u d i e s   w i t h   b l u e g i l l   a n d   r a i n b o w   t r o u t   b e c a u s e  no 

m o r t a l i t i e s  were found.  When t h e   a p p l i c a t i o n   f a c t o r  i s  a p p l i e d   t o   t h e  

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

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

3.0 rng/L. T h e s e   c a l c u l a t e d  NOEC v a l u e s   a r e   1 1 . 6   a n d  34.1  times h i g h e r  

t h a n   t h e   a v e r a g e   e s t i m a t e d   c o n c e n t r a t i o n  o f  apramycin i n   t h e   R i o  Grande 

. d e   L o i z a   a t  i t s  c o n s e r v a t i v e l y   e s t i m a t e d   a v e r a g e   f l o w .  After connec t ing  

t h e   C a r o l i n a   f e r m e n t a t i o n   p r o d u c t s   p l a n t   i n   P u e r t o   R i c o   t o   t h e . .  pub i c l y -  

owned C a r o l i n a   r e g i o n a l   w a s t e w a t e r   f a c i l i t y ,   t h e   d i s c h a r g e . o f   w a s t e w a t e r s  
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wastewaters   f rom  the   manufac ture  o f  a p r a m y c i n   i n t o  a r i v e r   w i t h  a h i g h e r  

f low t h a n   t h a t   o f   t h e   R i o   G r a n d e   d e   L o i z a .   T h e   L i l l y   f e r m e n t a t i o n   p l a n t  

i n   I n d i a n a p o l i s   d i s c h a r g e s  i t s  p rocess   was t ewa te r s   t o   t he   pub l i c ly -owned  

I n d i a n a p o l i s   B e l m o n t   S t r e e t   s e w a g e   t r e a t m e n t   f a c i l i t y ,   w h i c h   i n   t u r n  

- 

d i s c h a r g e s   i n t o   t h e   W h i t e   R i v e r .   T h e   t h r e e - d a y - a v e r a g e   l o w   f l o w   f o r   t h e  

White River t h a t  w o u l d   o c c u r   o n c e   i n   t e n   y e a r s  is 46 f t3/sec.  ( U . S .  

G e o l o g i c a l   S u r v e y ) .   I n c r e a s e d   m a n u f a c t u r i n g   r e q u i r e m e n t s   a t   t h e  time any 

manufac tur ing   of   apramycin  i s  done i n   I n d i a n a p o l i s  may r e s u l t   i n   a s  much 

a s  91 kg of apramyc in   be ing   d i scha rged   each   day   t o   t ha t   pub l ’ i c ly -owned  

t r e a t m e n t   w o r k s   a n d   t o   t h e  r i ve r ,  a g a i n   a s s u m i n g   a s  a w o r s t   c a s e   t h a t  

apramycin  would not. . . t i c :  remowwi b y   s u c h   t r e a t m e n t .  I n  thLs w o r s t  c a s e ,  . , . . .r . 

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

f l o w ,   t h e   h i g h e s t   e s t i m a t e d   c o n c e n t r a t i o n  of apramycin i n   t h e  White River 

would  be  about   0 .808 mg/L. The   average  f l o w  f o r   t h e   W h i t e   R i v e r   f r o m  50 

y e a r s  of d a t a  i s  1,388 f t3 / sec  (U.S. Geologica l   Survey)  - I f  as  much a s  

91  kg of apramycin were c o n t i n u o u s l y   d i s c h a r g e d   i n t o   t h e  r iver  each   day ,  

t h e   a v e r a g e   e s t i m a t e d   c o n c e n t r a t i o n   o f   a p r a m y c i n   i n   t h e   W h i t e  River would 

be  0 .0268 mg/L. Apramyc in   concen t r a t ions   wh ich   r e su l t ed   i n  no m o r t a l i -  

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

( 2 8 . 4  mg/L) and   r a inbow  t rou t   and   b lueg i l l   ( 300  nlg/L) a r e  3 1 . 1  and  371 

times h i g h e r ,   r e s p e c t i v e l y ,   t h a n   t h e   h i g h e s t   e s t i m a t e d   c o n c e n t r a t i o n  of 

apramycin i n   t h e   W h i t e   R i v e r   a t   a c u t e  low f low.   The   prev ious ly   ca lcu-  

l a t e d  NOEC v a l u e s  for t hese   o rgan i sms ,   1 .02  mg/.L for   Daphnia  magna and 

3 .0  mgfL f o r   r a i n b o w   t r o u t   a n d   b l u e g i l l s ,   a r e  38.1 and  112 times h i g h e r ,  

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

the   Whi t e  R i v e r .  . 
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T h e   m a n u f a c t u r i n g   f a c i l i t y   a t   L a f a y e t t e ,   I n d i a n a   d ' i s c h a r g e s  i t s  

m i c r o b i o l o g i c a l l y - t r e a t e d   w a s t e w a t e r s   i n t o   t h e  Wabash River. The t h r e e -  

day-average  low  f low  of   the Wabash River t h a t  would  occur   once in t e n  

y e a r s   n e a r   t h e   m a n u f a c t u r i n g   f a c i l i t y   d i s c h a r g e  s i t e  i s  558 f t3 / sec  (U.S. - 

Geolog ica l   Su rvey) .  As much a s  100 kg o f   ap ramyc in   cou ld   be   d i scba rged-  

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

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

I n   t h i s   c a s e ,   a f t e r   t h e   e f f l u e n t   f r o m   t h i s   p l a n t  mixes w i t h   t h e  r iver  a t  

low flow, t h e   h i g h e s t   e s t i m a t e d   c o n c e n t r a t i o n   o f   a p r a m y c i n   i n   t h e  Wabash 

River would  be  about  0.0732 rng/L. The   ave rage   e s t ima ted   concen t r a t ion  of  

apramycin i n  t h e  Wabash River i s  b a s e d  on i t s  average  f low o v e r  a f i f t y -  

> 
100 kg of   apramycin were d i s c h a r g e d   d a i l y   t o   t h e  r iver ,  t h e   a v e r a g e  

e s t i m a t e d   c o n c e n t r a t i o n   o f   a p r a m y c i n   i n   t h e  Wabash River would  be  about  

0.0064 nlg/L. A p r a m y c i n   c o n c e n t r a t i o n s   w h i c h   r e s u l t e d   i n   n o   m o r t a l i t i e s  

o r   b e h a v i o r a l   a b n o r m a l i t i e s   i n   a c u t e   s t u d i e s  with Daphnia magna 

( 2 8 . 4  rng/L) a n d   r a i n b o w   t r o u t   a n d   b l u e g i l l  (300 rng/L) a r e  388 and 4098 

times h i g h e r ,   r e s p e c t i v e l y ,   t h a n   t h e   h i g h e s t   e s t i m a t e d   c o n c e n t r a t i o n  of 

a p r a m y c i n   i n   t h e  Wabash River. T h e   p r e v i o u s l y   c a l c u l a t e d  NOEC v a l u e s   f o r  

t h e s e   o r g a n i s m s ,  1 .02  m g j L  for   Daphnia  magna and 3.0  mg/L f o r  rainbow 

t r o u t   a n d   b l u e g i l l ,   a r e  159 and 469 times h i g h e r ,   r e s p e c t i v e l y ,   t h a n   t h e  

a v e r a g e   e s t i m a t e d   c o n c e n t r a t i o n   o f   a p r a m y c i n   i n   t h e  Wabash River. 

T h e   h i g h e s t   e s t i m a t e d  and t h e   a v e r a g e   e s t i m a t e d   c o n c e n t r a t i o n s  of 

aprarnycin   tha t   might   be   found  in  a r i v e r   w h i d  may r e c e i v e   t r e a t e d   o r  

untreated  wastewaters   f rom  the  manufacture   of   aprarnycin  appear   to   be 

a c u t e l y   a n d   c h r o n i c a l l y   s a f e   t o   a q u a t i c   o r g a n i s m s .   E v e n   u n t e s t e d   a q u a t i c  
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organisms,   which  could be somewhat  more s e n s i t i v e   t o   a p r a m y c i n   t h a n   t h o s e  

organisms t e s t e d ,  s h o u l d   b e   s a f e .  

Res idua l   b iodegradab le   f e rmen ta t ion   nu t r i en t s   f rom  the   manufac tu re  

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

t o   r e c e i v i n g   w a t e r s   a t   r a t e s   s i g n i f i c a n t l y   b e l o w   p e r m i t t e d   1 i m i t a t . i o n s .  

S ince   apramycin  w i l l  no t   be   t he   on ly   f e rmen ta t ion -based   p roduc t   manufac -  

- -  

- 

. .  

t u r e d   a t   a n y   o f   t h e   a b o v e - r e f e r e n c e d   p l a n t  s i t es ,  it w i l l  a c c o u n t   f o r  

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

e x p r e s s e d   a s   b i o l o g i c a l   o x y g e n  demand (BOD).  A t  t h e   p l a n t   i n   P u e r t o  

R i c o ,   s p e n t   f e r m e n t a t i o n   b r o t h   a n d   c e r t a i n  wash   wa te r s ,   bo th  of which   a re  

") 

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

~ .. ~ A , ~ : E K  tcr-tk publ ic ly-owned  Puer to  Nuevo regional  waste!- ,atc% . - r sc l l i t -y -  - .  i n  

o r d e r   t o  comply   wi th   water -qua l i ty -based  BOD l i m i t a t i o n s   f o r   t h e   p l a n t ' s  

w a s t e w a t e r   d i s c h a r g e   t o   t h e   R i o   G r a n d e  d e  Loiza.  

E s s e n t i a l l y  no o t h e r   w a s t e w a t e r   p o l l u t a n t s   o r   l i q u i d ,   s o l i d   o r  

gaseous   po l lu t an t s   f rom  the   manufac tu re   o f   ap ramyc in  w i l l  b e   a l l o w e d   t o  

e n t e r   t h e   e n v i r o n m e n t .   T h e r e f o r e ,   t h e   m a n u f a c t u r e  o f  apramycin w i l l  have 

a minimal e f f e c t  on t h e   e n v i r o n m e n t   a t   a n y   o f   t h e s e   p l a n t  s i t e s .  

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

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

w a s t e s   a p p l i c a b l e   t o   t h e   P u e r t o   R i c o   a n d   t h e   I n d i a n a   p l a n t  s i t e s ,  a r e  

d e f i n e d   b y   r e g u l a t i o n s   a d m i n i s t e r e d   b y   t h e  U . S .  Envi ronmen ta l   P ro tec t ion  

Agency (EPA) a n d ,   a s   a p p r o p r i a t e ,   e i t h e r   b y   P u e r t o   R i c o ' s   E n v i r o n m e n t a l  

Qua l i ty   Boa rd  (EQB) o r  b y   I n d i a n a ' s  Air P o l l u t i o n   C o n t r o l   B o a r d  (APCB), 

S t r e a m   P o l l u t i o n   C o n t r o l   B o a r d  (SPCB), or   Envi ronmenta l  Management  Board 
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The  fo l lowing  l i s t  shows t h e   o p e r a t i n g   p e r m i t s  i s s u e d  by EQB and by 

APCB f o r  those   manufac tu r ing   and   emis s ion   con t ro l   f ac i l i t i e s   wh ich   wou ld  

produce  apramycin a t   t h e   C a r o l i n a ,   P u e r t o   R i c o ,   a n d   L a f a y e t t e ,   I n d i a n a ,  

p l a n t s  , r e s p e c t i v e l y :  

L o c a t i o n   P e r m i t   I d e n t i f i c a t i o n  No. I s s u e d   E x p i r a t i o n  

C a r o l i n a  PFE-16-0383-0157-1-11-0 June  28,  1984 June  2 8 ,  1986 
L a f a y e t t e  79-01-86-0264 Mar.  22, 1982 Jan. 1 ,  1986 
L a f a y e t t e  79-01-86-0277 Mar. 22,  1982 J a n .  1, 1986 

The EPA and SPCB h a v e   i s s u e d   t h e   f o l l o w i n g  NPDES p e r m i t s   f o r   t h e  

d i s c h a r g e  of  was tewaters  f rom C a r o l i n a   a n d   L a f a y e t t e ,   r e s p e c t i v e l y :  
_ -  ... . - , .~ ,-. ~ -.- .*. . ._ . 

L o c a t i o n  NPDES P e r m i t  No. I s s u e d  E x p i r a t i o n  

C a r o l i n a  PR 0021423 September  28,   1984 October  31, 19S9* 
L a f a y e t t e  I N  0002861 March 10, 1982 Dec. 3 1 ,  1982::+; 

( “Th i s   pe rmi t  was i s s u e d   w i t h   i n t e r i m   l i m i t a t i o n s   u n d e r   a n   a d m i n i s -  

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

w a t e r - q u a l i t y - b a s e d   l i m i t a t i o n s ,   w h i c h   s h o u l d   o c c u r   b y   S e p t e m b e r ,  

1986, by c o n n e c t i n g   t h i s   p l a n t ’ s   d i s c h a r g e  t o  the   publ ic ly-owned 

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

(;>;:A r enewa l   pe rmi t  i s  p e n d i n g   o n   t h e   b a s i s  of  t ime ly   submiss ion  of  

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

t n e   a b o v e   p e r m i t  i s  b e i n g   e x t e n d e d   a d m i n i s t r a t i v e l y   u n t i l  a renewal 

p e r m i t  i s  i s s u e d . )  c 

On July 2 5 ,  1983 ,   t he   Ind ianapo l i s   Depa r tmen t   o f   Pub l i c  Works i s s u e d  

J a p e r m i t ,  No.. 283004, f o r   t h e   d i s c h a r g e  of  was tewaters  from the   Kentucky 



4 A v e n u e   f e r m e n t a t i o n   f a c i l i t y  of E l i  L i l l y   a n d  Company t o   t h e   m u n i c i p a l  

sewer s y s t e m   f o r   t r e a t m e n t .   T h i s   p e r m i t   e x p i r e s   o n   J u l y  31, 1986. 

Emiss ions   o f   non-haza rdous   pa r t i cu la t e   ma t t e r   t o   t he   a tmosphe re   f rom 

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

r e q u i r e  a p e r m i t ;   s u c h   p e r m i t s   a r e   n o t   i s s u e d   f o r   e m i s s i o n s  o f  p a r t i c u -  

l a t e   m a t t e r  less  t h a n   d e   m i n i m i s   r a t e s   o f  5 l b s / h o u r   o r  25 l b s / d a i l y .  

L imi t a t ions   fo r   a tmosphe r i c   po l lu t an t   emis s ions   f rom  Nebraska   p l an t  

s i t e s  a r e   d e f i n e d   b y   r e g u l a t i o n s   p r o m u l g a t e d   b y   t h e  EPA and by Nebraska ' s  

Env i ronmen ta l   Con t . ro l   Counc i l .   Under   au tho r i ty   g ran ted   by   Nebraska   t o  

t h e   c i t y   o f  Omaha, t h e   l a t t e r ' s  A i r  Q u a l i t y   C o n t r o l   D i v i s i o n   ' h a s  issued 

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

package APRALM?  PREHIX a t  Omaha L a b o r a t o r i e s   o f  E l i  L i l l y  and Company. 

1 T h e s e   c e r t i f i c a t e s   a r e   a s   f o l l o w s :  

C e r t i f i c a t e  No. 

2440/CR23545 
25331/CR95881 

I s s u e d  

March 3,  1971 
J a n u a r y  27 ,  1982 

E x p i r a t i o n  

No t   S t a t ed  
No t   S t a t ed  

The  Nebraska  Department   of   Environmental   Control   has   provided l e t t e r  

a u t h o r i z a t i o n   w i t h  no s t a t e d   e x p i r a t i o n   f o r  Omaha L a b o r a t o r i e s   o f  E l i  

L i l l y   a n d  Company t o  d i s p o s e  o f  p a c k a g i n g   m a t e r i a l s   a n d   a n i m a l   h e a l t h  

p r o d u c t s ,   s u c h   a s   a n t i b i o t i c s   i n   f e e d   p r e m i x e s ,   b y   l a n d f i l l i n g .  NO o t h e r  

e n v i r o n m e n t a l   p e r m i t s   a r e   r e q u i r e d   f o r   f o r m u l a t i n g   a n d   p a c k a g i n g  APRUAN 

PREMIX a t  Omaha L a b o r a t o r i e s  

No h a z a r d o u s   w a s t e s   a n d   e s s e n t i a l l y   n o   s o l i d   w a s t e s  w i l l  be   gene ra t -  

ed i n   t h e   m a n u f a c t u r e  oE ap ramyc in .   Packag ing   ma te r i a l s ,   nonrecyc lab le  

t a i l i n g s   a n d   f l o o r   s w e e p i n g s   f r o m   t h e   m a n u f a c t u r e   o f   a p r a m y c i n   a t   t h e  
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P u e r t o   R i c o   o r   t h e   I n d i a n a   p l a n t s  w o u l d   b e   i n c i n e r a t e d   w i t h   i n d u s t r i a l  

and   domes t i c   t r a sh   f rom  o the r   sou rces   o r   wou ld   be   l and f i l l ed .   Manufac -  

t u r e   o f   a p r a i n y c i n   i n   t h e   p r o d u c t i o n   f a c i l i t y   a t   . L i v e r p o o l ,   E n g l a n d ,   a n d  

d i sposa l   o f   was t e s   f rom  ap ramyc in   p rocess ing   pe r fo rmed   t he re ,  w i l l  comply 

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

Based   on   t he   i n fo rma t ion   above ,   any   a tmosphe r i c   emis s ions ,   was t e -  

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

t h e   m a n u f a c t u r i n g   p r o c e s s   f o r   n a r a s i n  w i l l  comply   wi th   appropr ia te  

s t a t u t e s ,   r e g u l a t i o n s ,   a n d   p e r m i t s .  

B.  INTRODUCTION OF SUBSTAKCE F'T,dYi--T€lE USE ;7ITE . . 

The  Uni ted   S ta tes   Depar tment  o f  A g r i c u l t u r e   s t a t i s t i c s  show t h a t  

t h e r e   a r e   a b o u t  85 m i l l i o n   p i g s   p r o d u c e d   i n   t h e   U n i t e d   S t a t e s   a n n u a l l y .  

Most  of t h i s   p r o d u c t i o n  i s  c e n t e r e d   i n   t h e   s t a t e s  of  I o w a ,   I l l i n o i s ,  

Ind iana ,   Oh io ,   Minneso ta ,   Mis sour i ,   Sou th   Dako ta ,   Nebraska ,   Nor th  

Carol ina  and  Georgia .   About  85% o f   a l l   t h e s e   p i g s  ( 7 2 . 3  m i l l i o n )  w i l l  

c o n t r a c t  a d i a r r h e a l   d i s e a s e   f o l l o w i n g   w e a n i n g .  APRALAN PREflIX can be 

mixed i n   t h e   d i e t   o f   t h e s e  young  swine f o r  up t o  14 d a y s   f o r   t h e   t r e a t -  

ment o f  p o r c i n e   c o l i b a c i l l o s i s .  A pig   f rom 28 t o  4 2  d a y s   o l d   c a n   e a t  

21 .7  p o u n d s   o f   t r e a t e d   f e e d   i n  14 days .   ,T rea t ed   f eed   wou ld   con ta in  75 mg 

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

1628 mg o f   ap ramyc in   ac t i -v i ty .  If a l l  o f   t h e   s w i n e   t h a t   c o n t r a c t e d  

d i a r r h e a l   d i s e a s e   a n n u a l l y  i n  t h e   U n i t e d   S t a t e s  were t r e a t e d   w i t h  APRALAN 

. PREMIX, a s  much a s  0.118 x l o 6  kg of  aprarnycin a c t i v i t y  would  be  used 

(1.628 g per p i g  x 7 2 . 3  x l o6  p i g s ) .   T h i s  i s  e q u i v a l e n t   t o   t h e   u s e   o f  

0.715 x 10" kg of APKAL.AN PREPIIX i n  a Year  (165 g a c t i v i t y / k g   p r e m i x ) .  A ) 
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more r e a l i s t i c   m a r k e t   p e n e t r a t i o n   o f  24% c o u l d   r e s u l t ,   a t   m o s t ,   i n  a n  

annua l   u se  of a b o u t  0.028 x l o 6  kg o f   a p r a m y c i n   a c t i v i t y   a n d  0.172 x 

l o 6  kg of  AElLZLAN PREPIIX. 

Swine  farms w i l l  be t h e   p r i m a r y  s i t e  from  which  apramycin could be 

in t . roduced   i n to   t he   env i ronmen t .  APRALAN PREPlIX w i l l  b e   m i x e d   i n t o  fee.d 

- 

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

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

Most of  t he   ap ramyc in   i nges t ed   by   swine  i s  e x c r e t e d  as p a r e n t  

compound i n   t h e  feces and less  t h a n  10% a p p e a r s   i n   t h e   u r i n e   ( A p p e n d i c e s  

B and C ) .  There i s  v e r y  l i t t l e  metabol ism o f  a p r a m y c i n   f o l l o w i n g   o r a l  

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

i n  swine   was te ,   i t .  crarr.-’t,e. .assumed t h a t ,   a t   m o s t ,  a11 apramyc in   f c5  t c  . .. 

s w i n e   p a s s e s   u n c h a n g e d   i n t o   t h e   w a s t e .   T h e   h i g h e s t   p o s s i b l e   c o n c e n t r a -  

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

young  swine   could   inges t ,  at most,  1628 mg of  a p r a m y c i n   a c t i v i t y   a n d   t h a t  

a f a r r o w   t o   f i n i s h   o p e r a t i o n   s e l l i n g  20 ,000  pigs /year   p roduces   19 ,984  

t o n s  of  m a n u r e / y e a r   ( s e m i - s o l i d   o r   l i q u i d   w a s t e ) .   T h e   h i g h e s t   p o s s i b l e  

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

ope ra t ion   wou ld   t hen   be  1 . 7 9  mg a c t i v i t y / k g   w a s t e  ( ( 2 0 , 0 0 0  p i g s / y e a r  x 

1628  mg/pig) + 18.17 x lo6 kg manure).  The  primary  manner by  which 

a p r a m y c i n   a c t i v i t y   c o u l d   b e   i n t r o d u c e d   i n t o   t h e   e n v i r o n m e n t  i s  by use of .  

s w i n e   m a n u r e   a s   f e r t i l i z e r  on c r o p l a n d .  
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7 .  FATE OF EHITTED SUBSTANCES IN TXE ENVIRONL-ENT 

The use of  la rge   amounts  o f  s w i n e   w a s t e   a s   f e r t i l i z e r   f o r   c r o p s  

c o u l d   r e s u l t   i n   m e a s u r a b l e   a m o u n t s  of apramycin i n   s o i l .  Because of  i t s  

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

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

thermal   decomposi t ion,   aprarnycin i s  c o n s i d e r e d   t o   b e  a n o n - v o l a t i l e  

s o l i d .   P l e a s u r a b l e   c o n c e n t r a t i o n s   o f  f ree  a p r a m y c i n   a c t i v i t y  will n o t ,  

t h e r e f o r e ,   o c c u r   i n   t h e   a t m o s p h e r e .  I t  may be   poss ib l e ,   however ,  t o  f i n d  

a p r a m y c i n   a c t i v i t y   i n   s o i l   t o   w h i c h  i t  has   been   appl ied ,   and  i n  a d j a c e n t  

a q u a t i c   s y s t e m s .  

A . - *  IZ0TENT;i;Y. -Cr?F!CENTRATION OF APRQNCIN ACTIVITY IN SOIL . . -. ,-.> . 

T h e   h i g h e s t   e x p e c t e d   i n i t i a l   a c t i v i t y  l eve l  of apramycin i n  s o i l  

can be e s t i m a t e d .   T h e   h i g h e s t   e x p e c t e d   a c t i v i t y   l e v e l  of  apramycin i n  

swine feces used t o  f e r t i l i z e  c r o p l a n d  i s  1.79  mg/kg- A r e a s o n a b l e  

e s t i m a t e  of t h e  a p p l i c a t i o n   r a t e  of swine  manure  as f e r t i l i z e r  i s  

10 tons/A ( 2 2 . 4  x l o 3  kg/ha) . I t  i s  s t a n d a r d   p r a c t i c e  t o  i n c o r p o r a t e  

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

r u n o f f .  A s i x - i n c h   d e e p   s o i l   l a y e r  in one   hec ta re   weighs   about  2.25 x 

l o 6  k g .   T h e   h i g h e s t   i n i t i a l   a c t i v i t y   l e v e l  o f  apramycin i n  s o i l  i s ,  

t h e r e f o r e ,   a b o u t  0.018 ppm ((1.79 mg/kg x 2 2 . 4  x l o 3  kg/ha) + 2.25 x lo6  

kg of  s o i l / h a ) .  

Apramycin a c t i v i t y  ' may a c c u m u l a t e   i n   s o i l   w h i c h   r e c e i v e s   y e a r l y  

a p p l i c a t i o n s  o f  swine  was,te.  Apramycin  does n o f  leach  (Appendix D )  and 

s t r o n g   c h e m i c a l   p r o c e d u r e s   a r e   r e q u i r e d   t o  remove  apramycin  residue  from 

s o i l  (Appendices E ,  E and  G )  . T o t a l   a c t i v i t y .  o f  ap ramyc in   dec l ines  

s l o w l y   i n   s o i l .   A p p r o x i m a t e l y   t w o - t h i r d s   ( A p p e n d i x  E )  and 75%  (Appen- 

d i x  F) of  t h e   a p r a m y c i n   a c t i v i t l y   i n i t i a l l y   a p p l i e d   t o  soils i n  t h e  



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

t h e   d e c l i n e  of a p r a m y c i n   i n   f i e l d   s o i l   i n d i c a t e d   t h a t   a b o u t  75% of t h e  

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

a f t e r  two years   (Appendix G ) .  U s i n g   t h e   s l o w e s t   d e c l i n e   r a t e   f o u n d  f o r  

a p r a m y c i n   a c t i v i t y  i n  s o i l   ( a b o u t  25% i n  two y e a r s ) ,   t h e   e x p e c t e d   a p r a - .  

m y c i n   a c t i v i t y   w o u l d   b e ,   a t   m o s t ,  87% o f  t h e   i n i t i a l   l e v e l  one y e a r   a f t e r  

a p p l i c a t i o n .  If apramycin i s  r e a p p l i e d   i n   s w i n e   w a s t e  t o  c ropland  

a n n u a l l y ,   a p r a m y c i n   a c t i v i t y  would  accumulate t o  some a s y m p t o t i c   v a l u e  

T h e   h i g h e s t   e x p e c t e d   a s y m p t o t i c   c o n c e n t r a t i o n  o f  a p r a m y c i n   a c t i v i t y  

i n   f i e l d   s o i l ,   w h i c h   h a s   r e c e i v e d   r e p e a t e d   a p p l i c a t i o n s  of  swine  waste  

c o n t a i n i n g   a p r a m y c i n ,   c a n   b e   c a l c u l a t e d   u s i n g  a y e a r l y   d e c l i n e   r a t e  of  

13% a n d   t h e   h i g h e s t   e x p e c t e d   - l e v e l   f o r   t h e   a n n u a l   a d d i t i o n  of apramycin 

a c t i v i t y   t o   f i e l d   s o i l ,  0.018 rng/kg. A d i f f e r e n t i a l   e q u a t i o n ,   w h i c h  

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

w r i t t e n   t o   a c c o u n t  f o r  t h e   y e a r l y  loss a n d   a d d i t i o n  of apramycin i n  

s o i l  - 

where : 

c = C o n c e n t r a t i o n  of a p r a m y c i n   a c t i v i t y  i n  s o i l  (mg a c t i v i t y /  

r = D e c l i n e   r a t e   c o n s t a n t   f o r   a p r a m y c i n   a c t i v i t y   ( y r - ' )  
I = I n p u t   r a t e  o f  a p r a m y c i n   a c t i v i t y  (mg a c t i v i t y / k g   s o i l / y e a r )  
t = Time ( y e a r s )  

kg s o i l )  

c 
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S o l u t i o n  o f  t h i s   d i f f e r e n t i a l   e q u a t i o n   y i e l d s   t h e   f o l l o w i n g ’ e q u a t i o n :  

(i) c = Coe f - [ l - C - r t ]  - r t  I 
r 

where : 

C = C o n c e n t r a t i o n   o f   a p r a m y c i n   a c t i v i t y   i n   t h e   s o i l   a t  time t 

Co= I n i t i a l   c o n c e n t r a t i o n   o f   a p r a m y c i n   a c t i v i t y   i n   t h e   s o i l  
(mg a c t i v i t y l k g   s o i l )  

(mg a c t i v i t y / k g   s o i l )  when swine  waste  with  apranlycin i s  f i r s t  
a p p l i e d   t o   t h e   s o i l  

r = D e c l i n e   r a t e   c o n s t a n t   f o r   a p r a m y c i n   a c t i v i t y   ( y r - l )  
I = I n p u t   r a t e   o f   a p r a m y c i n   a c t i v i t y  (mg a c t i v i t y / k g   s o i l / y e a r )  
t = Time ( y e a r s )  

s e t t i n g  t ( y e a r s )   t o   i n f i n i t y .  

T h e   a s y m p t o t i c   c o n c e n t r a t i o n  o f  apramycin i n   s o i l   c a n   b e   c a l c u l a t e d  by 

T h i s   s i m p l i f i e s   E q u a t i o n  2 t o :  

I 

r 
c = -  

U s i n g   t h e   p r e v i o u s l y   d e s c r i b e d   v a l u e s   f o r  I (C.018 mg a c t i v i t y / k g   s o i l /  

yea r )   and  r ( 0 . 1 3   p e r  y e a r ) ,  t h e   h i g h e s t   e x p e c t e d   a s y m p t o t i c   c o n c c n t r a -  

t i o n   o f   a p r a m y c i n   a c t i v i t y   i n   c r o p l a n d   c a n   b e   c a l c u l a t e d   t o   b e  138.5 pg 

a c t i v i t y / k g   s o i l .  

B. POTENTIAL CONCENTRATION OF APWlYCIN ACTIVITY I N  AQUATIC SYSTEHS 

1 )  Surface   Water  

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

some a p r a m y c i n   a c t i v i t y   i n t o   s u r f a c e   w a t e r s .   E v e n   t h o u g h   a p r a m y c i n   c a n  

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

p a r t i c l e s   w i t h   w a t e r   ( A p p e n d i x  D ) .  Strong  chemical   procedures   must   be 

u t i l i z e d  t o  e x t r a c t   a p r a m y c i n   f r o m   s o i l .   T h i s   i n f o r m a t i o n   a n d   p h y s i c a l -  

c h e m i c a l   p r o p e r t i e s ,   s u c h   a 5   f i v e  pKa va lues   r ang ing   f rom 5 . 4  ‘to 8.5, 11 

e t h e r  or hydroxy l   g roups ,  and  a n - o c t a n o l / w a t e r   p a r t i t i o n   c o e f f i c i e n t  - 

from 0.00022 t o  0.0011, a l l   s u p p o r t   t h e   c o n c l u s i o n   t h a t   a p r a n l y c i n  is v e r y  
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t i g h t l y  bound t o   c h a r g e d   s o i l   p a r t i c l e s .  An' e s t i m a t e   o f  0.5% has  been 

made f o r  t h e  l o s s  o f   s o i l - i n c o r p o r a t e d   p e s t i c i d e s   f r o m   a p p l i c a t i o n  s i t e s  

d u r i n g  a season   i n to   runof f   wa te r   (2 ,3 ) .   However ,   i f  a l a r g e   r u n o f f  

e v e n t   o c c u r s  soon a f t e r   a p p l i c a t i o n ,   a s  much a s   t h r e e   t i m e s   t h i s   a m o u n t -  

may be l o s t  ( 2 , 3 ) .  Apramycin l o s t   i n   r u n o f f  wou ld   p robab ly   be   t i gh t ly .  

bound t o   s o i l   p a r t i c l e s .  

Based   on   the  s l o w  d e c l i n e  of  a p r a m y c i n   a c t i v i t y   i n   s o i l   ( S e c t i o n  

7 A ) ,  it  i s  p o s s i b l e   t h a t   t h e   d e c l i n e   o f   a p r a m y c i n   a c t i v i t y   i n   w a t e r '  

would a l s o   b e  s low.  G iven   t ha t   ap ramyc in   cou ld   be   l eached   f rom  so i l  

p a r t i c l e s  washed i n t o   s u r f a c e   w a t e r   a n d   a s s u m i n g   t h a t   t h e r e  is no degra-  

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

. t i o n  0 5  . - a p r a m y c i n   i n   s u r f a c e   w a t e r   c a n   b e   c a l c u l a t e d   c s i c g  2 ;!Q-zcre 

(16 .2   hec t a re s )   wa te r shed   w i th  a 2 .5-acre  pond ( ave rage   dep th ,   2 .5  f t )  a s  

t h e   s u r f a c e   w a t e r   r e c e i v i n g   r u n o f f  ( 4 ) .  Yearly runoff  can be   p resumed  to  

e q u a l   a t   l e a s t   a n   a v e r a g e   o f  0.5 a c r e - i n j a c r e l y r  ( 4 ) ,  a l t h o u g h  more 

runoff   might  be n e e d e d   t o   c a r r y   e n o u g h   s o i l   p a r t i c l e s   t o   a c t u a l l y   d i s -  

charge  1.5% of   the   aprarnycin   in   the   so i l   in to   the   pond.   The   pond  would  

c o n t a i n  7 .71  x 1Q6 l i t e rs  ( 6 . 2 5   a c r e - f t  x 4 3 ,  5 6 0   f t 3 / a c r e - f t  x 28.32 

l i t e r s / f t 3 ) .  An a v e r a g e   r u n o f f   o f  0 .5  a c r e - i n / a c r e / y r  would f i l l   t h e  

pond i n   f o u r   y e a r s  ( (6 .75  a c r e - f t  x 1 2   a c r e - i n / a c r e - f t )  i (40 a c r e s  x 0 . 5  

a c r e - i n / a c r e / y r ) )  . The  16.2-hectar .e   watershed  would  contain,  a t  most ,  

5.05 kg o f   a p r a m y c i n   a c t i v i t y  when t h e   h i g h e s t   e x p e c t e d   a s y m p t o t i c  

ap ra rnyc in   concen t r a t ion  was r e a c h e d   i n   s o i l   ( ( 1 3 8 . 5  1-18 a c t i v i t y l k g   s o i l  x 

2.25  X l o 6  kg s o i l l h a  X 16.2  ha)  l o 9  pg /kg) .  T h e   l o s s e s  of  apranlycin 

a c t i v i t y  f rom  the   watershed   over  a y e a r   c o u l d   b e   a s   h i g h   a 5   7 6  g (5.05 k g  

x 1.5%). Given no   deg rada t ion  of  apramycin i n   w a t e r ,   t h e   c o n c e n t r a t i o n  

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

a s y m p t o t i c   c o n c e n t r a t i o n  of apramycin i n   s u r f a c e   w a t e r   c a n   t h e n   b e  

e s t i m a t e d   t o  be 0 . 0 4 0  pprn ( ( 7 6  g a p r a m y c i n   a c t i v i t y / y r )  4 (40  a c r e s  x 0.5 

a c r e - i n / a c r e / y r  x 1.02% x IO5 l i t e r s / a c r e - i n ) .  Even i f  i t  were p a s s i b l e -  

f o r   a l l   o f   t h e   a p r a r u y c i n   a c t i v i t y   i n   t h i s   w a t e r s h e d  (5.05 kg) to be 

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

would  only  be 0.655 ppm (5.05 kg + 7 .71  x 10" L) . 

2) Occurrence o f  Apramycin   Act iv i ty   in   Groundwater  

Apramyc in   does   no t   l each   f rom  so i l  when a p p l i e d   t o   s o i l   w i t h   o r  

w i t h o u t   s w i n e   f e c e s .  A l a b o r a t o r y   l e a c h i n g   s t u d y  shows t h a t  14C-apramy- 

< . * i i t  ..<Gsorbs - t i g h t l y   t o   s a n d y  loam  and s i l t  loam . s o i l  B : z ~ . '  u x m o t  be  . .  

l eached   w i th   wa te r   (Append ix  D ) .  When apramycin was i n c o r p o r a t e d   w i t h  

swine feces i n   t h e   s u r f a c e  s o i l  l a y e r  (0-8 cm) i n   t h e   f i e l d ,   o n l y  7.2% of  

t h e   r a d i o a c t i v i t y  moved t o   t h e   n e x t  s o i l  l a y e r  (8-16 cm) a f t e r  two y e a r s  

(Appendix G ) .  

G iven   t he   immobi l i t y   o f   ap ramyc in   demons t r a t ed  i n  t h e   l a b o r a t o r y  

and i n   t h e   f i e l d  and   g iven   the   s t rong   chemica l   p rocedures   needed  t o  

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

a c t i v i t y  would be   found   i n   g roundwate r .  
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c. FATE OF A P M l Y C I N  I N  TERRESTRIAL AND A Q U A T I C  ORGANISMS 

, A p r a m y c i n   w o u l d   n o t   b i o c o n c e n t r a t e   i n   t e r r e s t r i a l   o r   a q u a t i c   o r g a n -  

isms. A p r a m y c i n   a d s o r b s   t i g h t l y   t o   s o i l  s o  v e r y  l i t t l e  would   be   ava i l -  

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

(>300 g/L) ,  v e r y  low - n - o c t a n o l / w a t e r   p a r t i t i o n   c o e f f i c i e n t   a n d   r e l a t i v e l y  

l a r g e   m o l e c u l a r   s i z e  of  a p r a m y c i n   i n d i c a t e s   t h a t  it w o u l d   n o t   b e   e a s i l y  

a b s o r b e d   b y   a n i m a l s   t h a t  may i n g e s t   s o i l   o r   b y   p l a n t s .  Most  of t h e  

a p r a m y c i n   a c t i v i t y  f e d  t o   s w i n e  i s  excreted i n   t h e   f e c e s   ( A p p e n d i c e s  B 

and C ) .  Any a p r a m y c i n   t h a t  may r u n  o f f  v i a   s o i l   p a r t i c l e s   i n t o   r e c e i v i n g  

wa te r   wou ld   no t   b ioconcen t r a t e   i n   f i sh .   Nee ly ,   Branson   and   B lau  (5) 

developed a r e g r e s s i o n   e q u a t i o n   f o r   p r o j e c t e d   s t e a d y - s t a t e   r e s i d u e  

- c o n c e n t r a t i o n s   i n   t r o u t   m u s c l e   v e r s u s   m e a s u r e d  - c * c d z a n c l / w a t e r   p a r t i t i o n  

c o e f f i c i e n t s   f o r  a v a r i e t y  of  s y n t h e t i c  compounds: 

Log BCF ( b i o c o n c e n t r a t i o n   f a c t o r )  = 0 .542  ( l o g  K ) + 0.124 ow 

U s i n g   t h i s   e q u a t i o n ,   a n d   t h e   e x p e r i m e n t a l l y   d e r i v e d   l o g  K v a l u e   o f  

-2.66 (Appendix A ) ,  t h e   p r e d i c t e d  BCF i s  less  t h a n  0.  Based on the  

ow 

p r e d i c t e d  BCF v a l u e ,  fish would n o t   b e   e x p e c t e d   t o   b i o c o n c e n t r a t e  

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

i s  s l o w ,  t e r r e s t r i a l  and   aqua t i c   o rgan i sms   wou ld   be   exposed   t o   ve ry   l ow '  

c o n c e n t r a t i o n s  of aprarnycin  and  apramycin  would  not be expec ted  t o  biocon- 

c e n t r a  t e  . 



8. ‘ENVIROhTlENTAL EFFECTS  OF  RELEASED  SUBSTANCES -- 

A .  flAPPlALIAN TOXICITY TESTS 

I An in -dep th   t e s t ing   p rog ram  has   been   comple t ed   w i th   va r ious   l abo r - .  

a t o r y   a n i m a l   s p e c i e s   t o   d e t e r m i n e   t h e   t o x i c o l o g i c a l   p r o p e r t i e s  o f  apra-  

mycin .   Comple te   repor t s  of a l l  o f  t h e s e   s t u d i e s   h a v e   b e e n   s u b m i t t e d  

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

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

desc r ibed   be low.  A more  complete summary of mammalian t o x i c o l o g y  i n f a r -  

ma t ion   can   be   found   i n  a Freedom o f  I n f o r m a t i o n  (FOI) Summary . f o r  APRALAN 

PREMIX ( 6 ) .  

Acute   S tud ie s  

O r a l  LDo f o r  I C R  Mice: > 5 . 2  g a p r a m y c i n   a c t i v i t y i k g   b o d y   w e i g h t  

( > l o  g apramyc in   su l f a t e /kg   body   we igh t )  f o r  both   males   and   females .  

O r a l  LDo f o r   W i s t a r  Ra t s :  > 4.16 g apramyc in   ac t iv i ty /kg   body   we igh t  

(>8  g apramyc in   su l f a t e /kg   body   we igh t )  f o r  both  males   and  females .  
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H a z a r d   E v a l u a t i o n   S t u d i e s  

Gu inea   P ig   Derma l   Sens i t i za t ion :  No s e n s i t i z a t i o n   w i t h  a 40% aqueous 

s o l u t i o n  o f  apramycin.  - 

Dermal I r r i t a t i o n   i n   R a b b i t s :  No s i g n s  of t o x i c i t y   w i t h  1040 mg 

ap ramyc in   ac t iv i ty /kg   body   we igh t  (2000 mg ap ramyc in   su l f a t e /kg ) .  

S l i g h t   e r y t h e m a  was recorded  when t h e   o c c l u s i v e   d r e s s i n g s  were 

removed.  The  erythema  cleared i n   f i v e   d a y s .  

O c u l a r   I r r i t a t i o n   i n   R a b b i t s :   O n l y   s l i g h t   i r r i t a t i o n  was found i n   r a b b i t  

e y e s   t r e a t e d   w i t h  36 mg of aprarnycin   su l fa te .   The   s l igh t   conjunc-  

t i v a l   r e d n e s s   c l e a r e d   i n  a l l  eyes   by  96 hours ,   even   though  the   eyes  

were n o t   r i n s e d .  

I n h a l a t i o n  by W i s t a r  R a t s :  No a d v e r s e   e f f e c t s  were o b s e r v e d   i n   r a t s  

exposed f o r   o n e   h o u r   t o   a n   a t m o s p h e r i c   c o n c e n t r a t i o n   o f  211 k 14 mg 

apramyc in   ac t iv i ty /m3  of  a i r .  The appearance  and  behavior  of  a l l  

r a t s  were normal   th roughout   the   14-day   observa t ion   per iod .  



3 

i 
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One-Year  Beagle Dog Study:  Dogs were g i v e n   d a i l y   o r a l   d o s e s   o f  up t o  

100 mg a p r a m y c i n   a c t i v i t y / k g   b o d y   w e i g h t / d a y   f o r   o n e   y e a r .   T h e r e  

Were no s i g n i f i c a n t   s i g n s  o f  t o x i c i t y .   A n a l y s i s  of body  weight .  

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

.~ 

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

a d m i n i s t r a t i o n  o f  apramycin.  

Two-Year R a t   S t u d y :   S i g n i f i c a n t   t o x i c i t y   a n d   c a r c i n o g e n i c i t y  were n o t  

found i n   r a t s   f e d   d i e t s   c o n t a i n i n g  10,000 mg a p r a m y c i n   a c t i v i t y / k g  

d i e t .  . T h i s   c o n c e u t r a . t i o n .   - p r o v i d e d  time we igh ted   ave rage   da i ly  . -  

d o s e s  o f  488 and 610 mg a p r a m y c i n   a c t i v i t y j k g   r a t   f o r   m a l e s   a n d  

f e m a l e s ,   r e s p e c t i v e l y .  

Rat   Mul t igenera t ion   Reproduct ion   and   Tera to logy   S tudy:   Apramycin  was 

a d m i n i s t e r e d   t o   f o u r   s u c c e s s i v e   g e n e r a t i o n s  i n  t h e i r   d i e t .  No 

s i g n i f i c a n t   r e p r o d u c t i v e   o r   t e r a t o g e n i c   e f f e c t s  were found a t  a 

d i e t a r y   C o n c e n t r a t i o n   o f  10,000 mg a p r a m y c i n   a c t i v i t y / k g   d i e t ,   t h e  

h i g h e s t   l e v e l   t e s t e d .   T h i s  was e q u i v a l e n t   t o   a n   a v e r a g e   d a i l y   d o s e  

of  785 mg ac t iv i ty /kg   body   we igh t /day .  

Rabbi t   Tera to logy   S tudy:   Apramycin  was a d m i n i s t e r e d   o r a l l y  by g a v a g e   t o  

r a b b i t s  i n  d a i l y   d o s e s  o f  2 ,  8 ,  and 32 mg/kg o n   g e s t a t i o n  days 6 

through 18. A Low i n c i d e n c e  of f e t a l   d e f e c t s  was o b s e r v e d   i n   t h i s  

s t u d y .   T h e s e   f i n d i n g s   o c c u r r e d   i n  fetuses from t h e   c o n t r o l   a s   w e l l  

a s  t h e  apramycin- t rea tment  g r o u p s .  I n  t h e   a p r a m y c i n   g r o u p s ,   t h e  

I 



f e t u s e s   w i t h   d e v i a t i o n s   f r e q u e n t l y   w e r e   s m a l l   a n d  were from  females 

w i t 1 1  m a r k e d   s i g n s   o f   t o x i c i t y .  I t  was concluded   tha t   apramycin  was 

n o t   t e r a t o g e n i c   t o   t h e   r a b b i t   a t   d o s e s   w h i c h   p r o d u c e d   m a t e r r l a 1  

t o x i c i t y .  - 

B. POTENTIAL ADVERSE EFFECTS OF THE PROPOSED ACTION ON HUMAN HEALTH 

1) Product ion  of   Apramycin  and  Manufacture   of  APRALAN  PRENIX 

Apramycin  and APRALAN  PREMIX w i l l  b e   p r o d u c e d   i n   o n l y  two p l a n t s  

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

i n   m i n i m i z i n g   e x p o s u r e .   C o n s i d e r i n g   t h e   e x t e n t   o f   t h e s e   m e a s u r e s ,   t h e  

m3gnLtud-2 - o f -  thc a c u t e  LDS0 v a l u e s   w i t h   a p r a m y c i n ,   a n d   t h e   f n c t   t k * +  I c. b -:-. 4.1 . - -- - * .  

l abo ra to ry   an ima l s   ap ramyc in  i s  n o t  a t e r a t o g e n ,   c a r c i n o g e n ,  o r  

a r e p r o d u c t i v e   t o x i n ,  it i s  concluded   tha t   workers   p roducing   apramycin  

and APRALAN  PREMIX wou ld   no t   be   adve r se ly   a f f ec t ed   by   t he   p roposed  

a c t i o n .  

2)  Human Exposure t o  Apramycin  Via  the  Food  Supply 

Exposure  of humans t o  la rge   amounts  of  ap ramyc in   v i a   t he   food   supp ly  

i s  u n l i k e l y .  A s  d i s c u s s e d   i n   p r e c e d i n g   s e c t i o n s  (7B1  and 7B2) ,  it i s  

improbable   tha t   measureable   amounts  o f  a p r a m y c i n   a c t i v i t y   w o u l d   o c c u r   i n  

d r ink ing   wa te r   f rom  g roundwate r  o r  s u r f a c e   w a t e r   s o u r c e s .   D e t a i l s  of 

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

Freedom  of   Information (FOI) Sununary (6) .  A d v e r s e   e f f e c t s   a r e   n o t  

e x p e c t e d   f o r  humans e x p o s e d   t o   a n y   s m a l l   r e s i d u e s  of apramycin.  Based on 

t h i s   i n f o r m a t i o n ,  i t  i s  c o n c l u d e d   t h a t   t h e   p r o p o s e d   a c t i o n  'would not 

a d v e r s e l y   a f f e c t  human h e a l t h   t h r o u g h   t h e   f o o d   s u p p l y .  

I 
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C.  EFFECTS OF A P R A W C I N  ON NONTARGET ORGANISflS 

S tud ie s   have   been   conduc ted   t o   de t e rmine   t he  e f f e c t s  of  apramycin 

on n o n t a r g e t   o r g a n i s m s .   T h e   r e s u l t s   o f   t h e s e .  s t u d i e s  a r e  summarized 

b e l o w   a n d   a r e   l i s t e d   i n   t h e   r e f e r e n c e d   a p p e n d i c e s .  

Avian   Spec ies  

Bobwhite   Quai l   14-day  Acute   Oral   Toxici ty   Study  (Appendix H ) :  Adul t  

b o b w h i t e   q u a i l   ( C o l i n u s   v i r g i n i a n u s )  were g i v e n   s i n g l e   o r a l   d o s e s  

of 0 ,  250, and 500 mg ap ramyc in   ac t iv i ty /kg   and  0 ,  700, 1000, 

1400,  and 2000 mg a p r a m y c i n   a c t i v i t y / k g   i n  two 14-day   s tud ie s ,  A t  

. .. . . . . ,.&se+.; .oi. 2513 and 503 mg apramyc-in a c t i v i t y / k g   t h e r e  'c:.erc LC.' s ? ~ b s i a l ? -  - 
t i a l  changes i n  mean body  weights   or   food  consumption  and  no  be-  

h a v i o r a l   e f f e c t s   o r   m o r t a l i t i e s  were found .   E f fec t s   f rom  t r ea tmen t  

were found a t   d o s e s   o f  700 ,  1000, 1400,  and  2000 rng/kg. These 

e f f e c t s   i n c l u d e d   d i a r r h e a ,   a t a x i a ,   l e t h a r g y ,   r u f f l e d   f e a t h e r s ,   a n d  

d e a t h .  One, f i v e ,  s i x ,  and f o u r  c u m u l a t i v e   m o r t a l i t i e s   o c c u r r e d   a t  

d o s e s   o f  700, 1000,  1400 and 2000 mg a p r a m y c i n   a c t i v i t y / k g ,   r e s p e c -  

t i v e l y .  No d e a t h s   o c c u r r . e d   a f t e r   d a y   t h r e e .  All survivors d i s -  

p l a y e d   n o r m a l   b e h a v i o r   b y   d a y   e i g h t .   M a l e   b i r d s   i n i t i a l l y   l o s t  

w e i g h t   a t   d o s e s  of  1400 and 2000 mg a c t i v i t y / k g   a n d  females shawed 

s u b s t a n t i a l  loses i n  mean body  weight a t   d o s e s   o f   1 0 0 0 ,  1400, and 

2000 mg a c t i v i t y / k g .  An e q u a l  number  of  males  and  females  died  from 

s i n g l e   o r a 1   d o s e s  of  apramycin,  S O  t h e   m o r t a l i t i e s ,  were combined t o  

c a l c u l a t e  a s ing le   dose- response   curve .   The   14-day  LDS0, t h e  95% 

c o n f i d e n c e   i n t e r v a l   f o r   t h e   1 4 - d a y  LD50, a n d   t h e   s l o p e  o f  t h e  d o s e  
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r e s p o n s e   c u r v e   f o r   a d u l t   b o b w h i t e   w e r e  1669 mg ap ramyc in   ac t i -  

,~ v i t y / k g ,  857 t o  3253 m g  a p r a m y c i n   a c t i v i t y j k g ,   a n d  1.8, respec-  

t i v e l y .  

Bobwhite   Quai l   5-day  Dietary  Study  (Appendix I ) :  Bobwhi te   qua i l  

( C o l i n u s   v i r g i n i a n u s ) ,   1 1 - d a y s   o l d ,  were f e d   d i e t s   f o r   f i v e   d a y s  

t h a t   c o n t a i n e d   n o m i n a l   a p r a m y c i n   a c t i v i t y  levels  of  0 . 0 ,  625, 1250, 

2500, and  5000 mg/kg of  d i e t .   T h e s e   b i r d s  were o b s e r v e d   € o r   a n o t h e r  

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

b i r d s  consumed s l i g h t l y  more d i e t   t h a n   t h e   t r e a t e d   b i r d s ,  body 

w e i g h t   g a i n s  f o r  t r e a t e d   a n d   c o n t r o l   b i r d s .  were n o t   s t a t i s t i c a l l y  

. . . -. . -. . . d l i c f e r e n t .  No m o r t a l i t i e s   o r   a n y   o v e r t  sigus of- ' . t$xici t j . ,  ;;lch as 

a t a x i a  o r  l e t h a r g y ,  were s e e n   i n   c o n t r o l   o r   i n   a n y   t r e a t m e n t  group. 

There  were n o   a p p a r e n t   t o x i c   e f f e c t s   i n   b o b w h i t e   q u z f :  ^ e t ~ ~ ~ - - ~ w : s n ; ; t i - & ~ -  

d i e t s   c o n t a i n i n g   a s  much a s  5000 mg apramyc in   ac t iv i ty /kg   ( a s sayed  

as 5000 mg ap ramyc in   ac t iv i ty /kg ) .   Based .  on food  consumption  and 

b o d y   w e i g h t   d a t a ,   t h i s   d i e t a r y   c o n c e n t r a t i o n   p r o v i d e d   a n   a v e r a g e  

dose   o f  1050 mg a p r a m y c i n   a c t i v i t y / k g  of body   we igh t /day   fo r   t he  

b o b w h i t e   q u a i l .  

Mal la rd  Duck 5-day  Dietary  Study  (Appendix 3): Mallard  ducks (+E 

p la ty rhyn ,chos ) ,   10 -days   o ld ,  were f e d  d i e t s   f o r   f i v e   d a y s  that:  

c o n t a i n e d   n o m i n a l   a p r a m y c i n   a c t i v i t y   l e v e l s  of 0 - 0 ,  1250 , 2500, and 

5000 mg/kg of  d i e t .   T h e s e   b i r d s  were o b s e r v e d   f o r   a n o t h e r   t h r e e  

d a y s   w h i l e   b e i n g   f e d   a n   u n t r e a t e d   d i e t .  A d e c r e a s e  i n  food  con- 

sumption  and a s i g n i f i c a n t   r e d u c t i o n .   i n   b o d y   w e i g h t  g a i n  were ob- 

s e r v e d  when b i r d s   t h a t   r e c e i v e d   t h e   d i e t   t r e a t e d   w i t h  5000 mg 

a c t i v i t y l k g  were f e d   a n   u n t r e a t e d   d i e t   f o r   t h r e e   d a y s .  No o t h e r  



d i f f e r e n c e s   i n  body  weight   gain o r  food  consumption were E’ound. No 

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

, l e t h a r g y ,  were s e e n   i n   c o n t r o l   o r   i n   a n y   - t r e a t m e n t  group. There  

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

c o n t a i n i n g   a s  much a s  5000 mg o f  nominal   aprarnycin   ac t iv i ty /kg  

( a s s a y e d   a s  4700 mg apramyc in   ac t iv i ty /kg ) .   Based   on   food  consump- 

t i o n   a n d   b o d y   w e i g h t   d a t a ,   m a l l a r d s  consumed an   average   dose  of 

1838 rng aprarnycin   ac t iv i ty /kg   of   body  weight /day .  

A q u a t i c   S p e c i e s  

96-Hour   Bluegi l l   Toxic i ty   S tudy   (Appendix  K ) :  A s t a t i c   t o x i c i t y  t e s t  

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

b l u e g i l l  (Lepomis  macrochirus) .  - J u v e n i l e   b l u e g i l l  were e x p o s e d   f o r  

96 hours t o   n o m i n a l   a p r a r n y c i n   a c t i v i t y  levels  o f  0 ,  100, and 300 

mg/L. A n a l y z e d   a c t i v i t y  levels averaged  116 and 331 mg/L. No 

m o r t a l i t i e s   a n d  no b e h a v i o r a l   a b n o r m a l i t i e s  were found i n  t h e  

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

96-Hour  Rainbow  Trout   Toxici ty   Study  (Appendix I,): A s t a t i c   t o x i c i t y  

t e s t  was c o n d u c t e d   t o   d e t e r m i n e   t h e   a c u t e   e f f e c t s  of apramycin on 

the r a i n b o w   t r o u t   ( S a l m o   g a i r d n e r i ) .   3 u v e n i l e   t r o u t  were exposed 

t o   n o m i n a l   a p r a m y c i n   a c t i v i t y   l e v e l s  o f  50; 100,  and 300 mg/L, No 

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

c o n t r o l   o r   i n   t h e   t r e a t m e n t  g r o u p s .  
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48-Hour Daphnia   Toxici ty   Study  (Appendix M ) :  F i r s t - i n s t a r   D a p h n i a  magna 

S 18 hours  o f  age  were exposed   fo r  48 hours   t o   nomina l   ap ramyc in  

l e v e l s   o f  0 . 0 ,  1 7 . 8 ,   2 8 . 4 ,   4 4 . 4 ,   7 1 . 0  .and 106.5 mg apramycin 

a c t i v i t y / L .  No immobile  daphnids  and no h y p o a c t i v e   o r   p r o s t r a t e  

daphnids  were found a t  a p r a m y c i n   a c t i v i t y   l e v e l s  5 28.4 mg/L. A t  48 

hours ,   s even   daphn ids  were hypoact ive   and  24 were normal a t   a n  

ap , ramycin   l eve l  o f  44.4  mg/L. A t  an   ap ramyc in   l eve l   o f  7 1  .O mg/L, 

24 daphnids  were h y p o a c t i v e ,  two were p r o s t r a t e   a n d  s i x  were i m -  

mobi le .  A t  t h e   h i g h e s t   a p r a m y c i n   l e v e l ,  11 daphnids  were.  hypo- 

a c t i v e ,   t h r e e  were p r o s t r a t e ,   a n d  16 were immobile. The  4 8 - h ~ u r  

ECS0 (based on immobi l i ty )  was 101.6 mg a p r a m y c i n   a c t i v i t y / L ,   w i t h  

95% c o n f i d e n c e  limits of  5 8 . 3  ,.to ,116. E n g  a c t i v i t y / L   a n d  a s l o p e  cf 

6.483 f o r   t h e   c o n c e n t r a t i o n - r e s p o n s e   l i n e .  

Sewage  Microorganisms  (Appendix N ) :  Aprarnycin  had l i t t l e  e f f e c t  on 

sewage-d iges t ing   organisms  as   de te rmined   by   s tandard   methods  for 

examining   was te   water .   Us ing  a l a b o r a t o r y   s c a l e ,   s e m i c o n t i n u o u s  

aerated  sewage  system,  apramycin was t e s t e d   a t   a n   i n i t i a l  concen- 

t r a t i o n  o f  0 . 1  ppm a n d   g r a d u a l l y   i n c r e a s e d   t o  102.4 ppm. In 26 

days ,   changes   t ha t   occu r red   i n   t he   b iochemica l   oxygen   demand ,  

b a c t e r i a l .   p o p u l a t i o n s ,  pH and sol5d's c o n t e n t  of t r e a t e d   s y s t e m s  

a l s o  o c c u r r e d   i n   t h e   n e g a t i v e   c o n t r o 1 , s .  

c 



4 T e r r e s t r i a l   S p e c i e s  

Earthworm  14-day  Toxicity  Study  (Appendix 0 )  : .  Earthworms  (Lumbricus 

t e r res t r i s )  w e r e   e x p o s e d   t o   n o m i n a l   s o i l   c o n c e n t r a t i o n s  o f  0 .0 ,  10, 

and 100 mg a p r a m y c i n   a c t i v i t y / k g   s o i l   f o r  14 d a y s .   M o r t a l i t i e s ,  

changes   i n   appea rance ,   and   r educ t ions   i n   body   we igh t   ga in  were n o t  

f o u n d   i n   c o n t r o l   o r   i n , t h e   t r e a t m e n t   g r o u p s .   T h e r e  were no   apparent  

signs of t o x i c i t y   a t   t h e  t w o   c o n c e n t r a t i o n s   o f   a p r a m y c i n   a c t i v i t y  

t h a t  were t e s t e d .  

Greenhouse   Phy to tox ic i ty   S tudy   o f  Manure  from  Apramycin-treated  Swine 

(Appendix 2): Ras: fc-ccr; fror; un t rea ted   swine   and   f rom  swine  treairci 

wi th   apramycin  were m i x e d   w i t h   g r e e n h o u s e   p o t t i n g   s o i l   t o  t e s t  t h e  

p h y t o t o x i c i t y  o f  apramycin.   Feces   f rom  the  apramycin- t reated  swine 

c o n t a i n e d   a b o u t  50 t o  60 mg ap ramyc in   ac t iv i ty /kg   was t e .   Feces   f rom 

c o n t r o l   a n d   t r e a t e d   a n i m a l s  were mixed i n   s o i l   a t   l e v e l s   e q u i v a l e n t  

t o  m a n u r e   a p p l i c a t i o n   r a t e s   o f  11.2 and 22.4 metric t o n s  o f  f r e s h  

feces p e r   h e c t a r e .  Nominal  apramycin a c t i v i t y   l e v e l s   i n   t h e   s o i l  

wou ld   t hen   be   a t   l ea s t   0 .249   and   0 .498  ppm. Twenty-one  days a f t e r  

seeds of  a l f a l f a ,   f e s c u e ,   c u c u m b e r ,   r i c e ,   p e p p e r ,   c o t t o n ,   t o m a t o e s ,  

c o r n ,   s u g a r  bee ts ,  ba r l ey ,   soybeans ,   whea t ,   so rghum,   and   oa t s  were 

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

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

a n d   t r e a t e d   s w i n e ,  some s t u n t i n g  was n o t e d   f o r   p e p p e r s .  No o t h e r  - 
s t u n t i n g   o r   c r o p   i n j u r y  was n o t e d   f o r   p l a n t s   e x p o s e d   t o   f e c e s   f r o m  

c o n t r o l   o r   t r e a t e d   s w i n e .   . T h e r e  was no   apramycin- re la ted   phyto-  

t o x i c i t y  in t h e   s p e c i e s   t e s t e d .  
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Nitrogen-f ixing  Pf icrootganisnls   (Appendix Q )  : Apralnycin  was t e s t ed  

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

c u l t u r e .   T h e   b l u e g r e e n   a l g a )  Anabaena - .  f l o s  aquae was i n h i b i t e d   b y  

c o n c e n t r a t i o n s  of  0 . 1  and 1 . 0  mg a p r a m y c i n / L ,   y e t   c u l t u r e   g r o w t h  

a n d   n i t r o g e n   f i x a t i o n  were uni .nh ib i ted   by   an   apramycin   concent ra t ion  

of  0.01 mg/L. An ap ramyc in   concen t r a t ion  of 0 .1  mg/L appeared to 

i n h i b i t   g r o w t h   o f   t h e   f r e e - l i v i n g   h e t e r o t r o p h   A z o t o b a c t e r   c h r o o c o c -  

E, whi le  a c o n c e n t r a t i o n  o f  0 .01 mg/L i n h i b i t e d  growth i n  one 

e x p e r i m e n t   a n d   d i d   n o t   i n h i b i t   t o t a l   g r o w t h   i n   a n o t h e r   ' r e p l i c a t e d  

experiment.   Rhizobia  leguminosarum was a l s o   i n h i b i t e d   b y   a n   a p t a -  

Ftycin 1 onct-81f-ration of 0 .1  ppm. The growth of  three st;-zinr, ax.? 

a f i e l d   i s o l a t e  of  Rhizobia  japonicum, a s y m b i o t i c   n i t r o g e n - f i x i n g  

organism,  was i n h i b i t e d  by an   ap ramyc in   concen t r a t ion  of 1 and 

10 ppm, b u t   n o t   b y  a c o n c e n t r a t i o n   o f  0 . 1  ppm. An apramycin  concen- 

:a t ion   o f  0 . 0 1  ppm can  be c o n s i d e r e d   t h e   c o n c e n t r a t i o n   w h i c h   s h o u l d  

r e s u l t   i n  no r e d u c t i o n   i n   t o t a l   c u l t u r e   g r o w t h  f o r  a l l  of  t h e  

s p e c i e s   t e s t e d .  
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D .  POTENTIAL ADmRSE EFFECTS OF THE PROPOSED ACTION ON AQUATIC A\Q 

WILDLIFE ORGtkVISNS 

1) P o t e n t i a l   A d v e r s e   E f f e c t s  on Aquatic  Organisms 
- 

Based  on  the s l o w  d e c l i n e  o f  a p r a m y c i n   a c t i v i t y   i n   s o i l  (minimum o f  

13% a c t i v i t y   l o s s / y e a r )  , i t  i s  p o s s i b l e   t h a t   a n y   d e c l i n e   o f   a p r a r n y c i n  

a c t i v i t y   i n   w a t e r  would a l s o   b e  s low.  I n   f a c t ,   t h e   h i g h e s t   p o s s i b l e  

a s y m p t o t i c   c o n c e n t r a t i o n  of  a p r a m y c i n   a c t i v i t y   i n   w a t e r  was e s t i m a t e d  

based  on no degrada t ion   of   apramycin  i n  wa te r   (Sec t ion   7B1) .   Th i s  

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

t h a t   a l l   a p r a m y c i n   c o u l d   b e   l e a c h e d   f r o m   s o i . 1   p a r t i c l e s   w a s h e d   i n t o  

s x f a :  ..e... w a t e r t  ar! u n l i k e l y   e v e n t   g i v e n   t h a t   s t r o n g   c h e m i c & :  i>rei---dGLe; 

a r e   r e q u i r e d   t o  remove  apramycin  from s o i l .  Assuming t h a t  aprarnycin 

m i g h t   n o t   d e g r a d e   i n   w a t e r   a n d   t h a t  it c o u l d   b e   l e a c h e d   i n t o   w a t e r ,  

a q u a t i c   o r g a n i s m s  may b e   c h r o n i c a l l y   e x p o s e d   t o  low c o n c e n t r a t i o n s  of 

aprarnycin. 

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

was c a l c u l a t e d   t o   b e  0 .040  mg/L f o r  a pond. No m o r t a l i t i e s  and BO be- 

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

9 6 - h o u r   e x p o s u r e s   t o   c o n c e n t r a t i o n s  o f  a p r a m y c i n   a s   h i g h   a s  331 and 

300 mg a c t i v i t y / L ,   r e s p e c t i v e l y .  The  48-hour EC50 f o r   d a p h n i d s  was 

101.6 rng ap ramyc in   ac t iv i ty /L ,   based  o,n immobi l i ty .  NO b e h a v i o r a l  

a b n o r m a l i t i e s   a n d  no immobile  daphnids were found a t  a p r a m y c i n   a c t i v i t y  

l e v e l s  5 28.4 mg/L. The   concen t r a t ions  o f  aprarnycin  which  resul ted i n  no 

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

t r o u t   a n d   d a p h n i d s   a r e   8 2 7 5 ,  7500, and 710 times g r e a t e r ,   r e s p e c t i v e l y ,  

t h a n   t h e   h i g h e s t   p o s s i b l e   a s y m p t o t i c   c o n c e n t r a t i o n  of  apramycin   in   pond 

wa te r .   Even   s ewage   mic roorgan i sms   a r e   una f fec t ed   by   an   ap ramyc in   cnncen-  
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t r a t i o n  (102 .4  ppm) t h a t  i s  2560 times l a r g e r   t h a n   t h e   h i g h e s t   p o s s i b l e  

a s y m p t o t i c   c o n c e n t r a t i o n  of a p r a m y c i n   i n   s u r f a c e   w a t e r .  

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

s u r f a c e   w a t e r  i s  s u b s t a n t i a l l y   b e l o w   c o n c e n t r a t i o n s   w h i c h   c a n  be calcu- 

l a t e d   t o   h a v e  no c h r o n i c   e f f e c t s   o n   a q u a t i c   o r g a n i s m s .  An a p p l i c a t i o n  

f a c t o r  of 100 can   be   u sed   w i th   med ian   e f f ec t   concen t r a t ions   f rom  acu te  

s t u d i e s   t o   e x t r a p o l a t e   t h e   c o n c e n t r a t i o n s   w h i c h   h a v e  no observed e f f ec t s  

on t h e  t e s t  o rgan i sms   du r ing   ch ron ic   exposure .   Med ian ' l e tha l   concen t r a -  

t i o n s  were n o t   f o u n d   f o r   r a i n b o w   t r o u t   o r   f o r   b l u e g i l l ,  so t h e   a p p l i c a -  

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

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

.. . ,. . *.. Czlcul -a ted   chrqnic   no-observed-ef fec t   copcent ra l ic  f - - -  f o r .   S l u e g i l t ,  

r a i n b o w   t r o u t ,   a n d   d a p h n i d s   a r e  3.31 mg/L (331 mg/L f l o o ) ,  3 .0  mg/L 

(300 mg/L 5 l o o ) ,  and 1 . 0 2  (101.6 mg/L f l o o ) ,  r e s p e c t i v e l y .   T h e s e  

c o n c e n t r a t i o n s   a r e   b e t w e e n  26 and 83 times h i g h e r   t h a n  the  h i g h e s t  

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

r u n o f f   f r o m   s o i l   f e r t i l i z e d   w i t h   s w i n e   m a n u r e .  

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

s u r f a c e   w a t e r   a p p e a r s   t o  be a c u t e l y   a n d   c h r o n i c a l l y   s a f e   t o   a q u a t i c  

organisms.   Even   un tes ted   aquat ic   o rganisms,   which   might  be somewhat 

shou ld   be  more s e n s i t i v e   t o   a p r a m y c i n   t h a n   t h o s e   o r g a n i s m s  t e s t e d ,  

s a f e .  

2 )   P o t e n t i a l   A d v e r s e   E f f e c t s  on  Avian  Species 

Apranlycin i s  n o t   e x p e c t e d   t o   b i o a c c u m u l a t e   i n   p l a n t s   ( S e c t i o n  7c) 

a n d   c o u l d   o c c u r   i n   o n l y   v e r y  low c o n c e n t r a t i o n s   i n   s u r f a c e   w a t e r   ( S e c t i o n  

7 0 1 ) .  T h e   h i g h e s t   c o n c e n t r a t i o n  of apramycin i n  a n y   m a t e r i a l . w i l l  be i n  

swine f eed .  ' The  recommended c o n c e n t r a t i o n  of a p r a m y c i n   a c t i v i t y   i n   s w i n e  



feed  i s  165 ppm. No c o m p o u n d - r e l a t e d   m o r t a l i t y ,   r e d u c t i o n   i n   b o d y   w e i g h t  

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

behav io r   occu r red   fo r   n l a l l a rd   ducks   o r   bobwhi t e   qua i l   f ed   d i e t s   con ta in -  

i n g  4700 and 5000 ppm o f   a p r a m y c i n   a c t i v i t y ,   r e s p e c t i v e l y .   T h e s e   d i e t a r y  

l e v e l s   a r e  28 t o  30 times h i g h e r   t h a n   t h e   c o n c e n t r a t i o n   o f   a p r a m y c i n  

a c t i v i t y   i n   s w i n e   f e e d .  Even i f   w i l d   b i r d s   w e r e   a l l o w e d   t o   f o r a g e   s w i n e  

I 

feed f o r   s e v e r a l   d a y s ,   a n   i m p a c t  on b i r d   p o p u l a t i o n s  would n o t  be  ex-  

pect.ed. 

. -.-, * 

> 

3) P o t e n t i a l   A d v e r s e  Effe:ts on T e r r e s t r i a l   S p e c i e s  

The   h ighes t   expec ted   a sympto t i c   concen t r a t ions   o f   ap ramyc in  in s o i l  

(138.5 pg/kg  s o i l )   a n d   s u r f a c e   w a . t e r  (40 pr:'.'..:~ wo~l;!: - n o t -  b e  ex;-..;I-cted t o  

c a u s e   t o x i c   e f f e c t s   i n  mammals, e a r t h w o r m s ,   o r   f o u r t e e n   s p e c i e s   o f   c r o p s .  

A t  t h e s e   c o n c e n t r a t i o n s ,   a p r a m y c i n  i s  n o t  a c u t e l y   t o x i c  t o  mammals, 

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

i r r i t a t i o n   i n  mammals, and  apramycin i s  n o t  a t e r a t o g e n ,   c a r c i n o g e n  o r  a 

r e p r o d u c t i v e   t o x i n   i n  mammals ( S e c t i o n  8 A ) .  No m o r t a l i t i e s ,   c h a n g e s   i n  

a p p e a r a n c e ,  o r  r e d u c t i o n s  i n  body  weight   ga in   would  be f o u n d   f o r   e a r t h -  

worms e x p o s e d   t o   1 3 8 . 5  pg a p r a m y c i n / k g   s o i l ,   o r   t o   s o i l   c o n c e n t r a t i a n s  

722 times h i g h e r   ( S e c t i o n  8 C ) .  No t r e a t m e n t - r e l a t e d   e f f e c t s   o n   g e r m i n a -  

t i o n ,   s t u n t i n g ,   o r   p h y t o t o x i c i t y  were ( f o u n d   f o r   a l f a l f a ,   f e s c u e ,  cu- 

cumber, r i c e ,  peppe r ,   co t ton ,   t oma toes , ,   co rn ,  s u g a r  b e e t s ,   b a r l e y ,  

soybeans ,   wheat ,  sorghum, a n d   o a t s  when e x p o s e d   t o   c o n c e n t r a t i o n s  of 

a p r a m y c i n   i n  s o i l  (0 .249 and 0.498 ppm) t h a t  were a s  much a s  3 . 6  times 

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

c r o p l a n d   ( S e c t i o n  8 C )  - 

B Apranlyc in   does   inh ib i t   g rowth  o f  n i t r o g e n - f i x i n g   o r g a n i s m s  when i t  

i s  f r e e l y   a v a i l a b l e   i n   b r o t h   c u l t u r e .   A p r a m y c i n  i s  however ,   s t rongly  
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adsorbed  to  soil arld strong  chemical  procedures  must be utilized  to 

extract  the  compound f rom soil  (Section 7B). Because adso rbed  aprarnycin 

would  not  be  available  to  microbiological  organisms,  the  compound  would 

not be expected  to  adversely  affect  populations of nitrogen-fixing- 

microorganisms  in  soil. 

820****/******/EASSES/US/****/38 
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9 - USE OF P!SOIJRCES AMI ENERGY -- 
f l a n u f a c t u r i n g  APRALAN PFGNIX w i l l  r equ i r e   an   amoun t  of energy 

s i m i l a r  t o  t ha t   u sed   t o   p roduce   and   package   any   conven t iona l   f e rmen ta t ion  

p r o d u c t   f o r   a n i m a l s .   D i s p o s a l  o f  w a s t e  washwater   and   mater ia l s  from t h e  

manufact-ur ing p r o c e s s  w i l l  n o t   r e q u i r e   u s e  o f  unusual   amounts   of   energy 

o r   n a t u r a l   r e s o u r c e s .   M a n u f a c t u r e  o f  APRALU PREMIX w i l l  o c c u r   a t  

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

U n u s u a l   l e v e l s  of n o i s e ,   o d o r s ,   c o n s t r u c t i o n ,   o r   o t h e r   d i s r u p t i o n s   s h o u l d  

n o t   b e   r e q u i r e d   i n   t h e   m a n u f a c t u r e   o f   t h i s   p r o d u c t .  

10.  PlITIG.4TlOS KEAS!JTZS . I - - -  

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

a d v e r s e   e f f e c t   o n  human h e a l t h   o r   o n   t h e   e n v i r o n m e n t .   T h e r e f o r e ,  no 

m i t i g a t i o n   m e a s u r e s   a r e   n e c e s s a r y .  

11. ALTERNATIVES TO THE PROPOSED ACTION 

The   p roposed   ac t ion   wou ld   no t   be   expec ted  t o  h a v e   a n y   s u b s t a n t i a l  

a d v e r s e   e f f e c t   o n  human h e a l t h  O K  o n   t h e   e n v i r o n m e n t .   T h e r e f o r e ,   a l t c r -  

n a t i v e s   t o   t h e   p r o p o s e d   a c t i o n  do n o t   n e e d   t o   b e   c o n s i d e r e d .  
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APPENDIX A :  Repor t  Summary 

T i t l e  : N - O c t a n o l - t o - W a t e r   P a r t i t i o n   C o e f f i c i e n t  o f  Apramycin a t  pH 
5 . 0 ,   7 . 0 ,  and 9 . 0 ,  

S tudy  Number:  I-EAD-7901 

Date  : J u l y   1 9 8 1  

Test Ar t ic le :  ‘“C Labe led   ap ramyc in   c rys t a l l i ne  ( 2 . 7 0  pCi/mg) 

N a m e s  and   Addres ses   o f   Inves t iga to r s :  G .  K .  D o r u l l a ,   L i l l y   R e s e a r c h  
L a b o r a t o r i e s ,   D i v i s i o n  of  E l i  L i l l y   a n d  Company, Box 7 0 8 ,  
G r e e n f i e l d ,   I n d i a n a  46140 

- 

- Tes t   Sys t em:   N-Oc tano l - to -wa te r   pa r t i t i on  - 

Summary of Experimental   Design:  

The d e s i g n  of  t h i s   s t u d y  was b a s e d * o n   p r o t o c o l s   d e s c r i b e d   i n   t h e   F e d e r a l  
R e g i s t e r ,  - Vol.  4 5 ,  N O .  2 2 7 ,  Nov. 21, 1980,  pp . 77350-77352 which   provides  

mycin was quan t i f i ed   r ad iochemica l ly   f rom  aqueous   and   n -oc tano l   expe r i -  
m e n t a l   s a m p l e s   a f t e r   p a r t i t i o n i n g .  

* .  f z r  ;.he use o f   s t a n d a r d i ~ z e d   b u f f e r s   a t  .pIi  5.3;7.:; ani: 5.C. 14 c apxa- 
- 

Summary o f  R e s u l t s :  

The p a r t i t i o n   c o e f f i c i e n t  ( K )  i s  d e f i n e d   a s :  

K = -  Conc.  of  aprarnycin i n   n - o c t a n o l  a t  e q u i l i b r i u m  - Cnoct 
Conc. of a p r a r n y c i n   i n   w a t e r   a t   e q u i l i b r i u m  

- 
Caq 

T h e   e x p e r i m e n t a l   d a t a   a n d   t h e   d e t e r m i n e d   p a r t i t i o n   c o e f f i c i e n t  f o r  
apramycin i s  shown i n  t h e   f o l l o w i n g   t a b l e :  

A t  e q u i l i b r i u m  
No. - mH- Cnoct  (mcg/ml) Caq (mcg/ml)  CnoctICaq 

5 . 0  
5 . 0  
7 . 0  
7 . 0  
7 . 0  
7 . 0  
9 . 0  
9 . 0  

0.416 
0.427 
0 . 3 2 6  
0.356 
0.108 
0.103 
0.197 
0 .200  

931 
9 14 
938 
9 10 

98 
95 

911 
908 

0.00045 
0 - 00047 
0.00035 
0.00039 
0.0011 
0.0011 
0.00022 
0 - 00022 

The p a r t i t i o n   c o e f f i c i e n t  (K)  of apramycin was de t e rmined   t o   have  a 
range o f .  0.00022 t o   0 .0011   and  a mean of 0.0005. T h e s e   r e s u l t s   i n d i c a t e  
tha t   ap ramyc in   shou ld   no t   b ioaccumula t e   i n   t he   env i ronmen t .  
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APPEKDIX B: Repor t  Summary 

T i t l e :  1 4 C  Apramycin  Tissue  Residue  Levels   in   Swine a t  Zero Time and 
Seven  Days  Following  Oral  Dosing. 

S tudy  Number: ARC-0024 

Study  Dates:   March 1, 1979 t o  November 2 ,  1979 

Name and  Address of  I n v e s t i g a t o r s :  R.  J. Herberg,  L. L.   Zornes,  R .  I,. 
Van Duyn,  and A .  L .  Donoho, L i l l y   R e s e a r c h   L a b o r a t o r i e s ,   D i v i s i o n   o f  E l i  
L i l l y   a n d  Company, Box 7 0 8 ,  G r e e n f i e l d ,  I N  46140.  

T e s t  Art ic le :  1 4 C  A p r a m y c i n   ( s u l f a t e   s a l t )  

! Test System:  Swine 
1 
f Summary of Exper imenta l   Des ign:  

! 

- 

i 

I 

i S i x   p i g s , w e i g h i n g   a p p r o x i m a t e l y  8 kg e a c h  were d o s e d   o r a l l y   w i t h  1 4 C  
apramycin (25  mg/kg) d a i l y   f o r  f ive  days .  One female  and  two  males were 

dose)   and a s i m i l a r   g r o u p  was s a c r i f i c e d   a t   s e v e n   d a y s '   w i t h d r a w a l .  
E d i b l e   t i s s u e s  were a s s a y e d   f o r   t o t a l   r a d i o a c t i v i t y   a n d   s e l e c t e d   s a m p l e s  

.. . * .. s a c r i f i c e d   a t .  a p r a c t i c a l   z e r o   w i t h d r p w e l .  ::our h c u r s .   a f t e r  Che l a s t  

i 
1 were   a s sayed   fo r   ap ramyc in .  

Summary of R e s u l t s :  

The t o t a l   r a d i o a c t i v i t y  levels e x p r e s s e d   a s   n e t   p a r t s   p e r   m i l l i o n  (ppm) 
a r e   g i v e n   i n   t h e   f o l l o w i n g   t a b l e :  

Zero  Withdrawal 7-Day Withdrawal 

Female  Male  Male Male  Male  Female - - 

Muscle 0.059 0.215 0.107 0.039 0.055 0.037 
L i v e r  0.202 4.011 I. 939 0.099 0.190 0 .078  
Kidney 1.388 70.990 9.735 0.106 0 -524 0 - 165 
F a t  0.126 0 .303  0.132 0 - 094 0.123 0.114 

V i r t u a l l y   a l l   o f   t h e   t o t a l   k i d n e y   r a d i o a c t i v i t y   a t   z e r o   w i t h d r a w a l  was 
1 4 C  apramycin.   Approximately 80% o f   t h e  0 .524  ppm seven-day  withdrawal  
kidney  sample was 1 4 C .  apramycin.   The  remaining  two  kidney  samples were 
t o o  low i n   t o t a l   r e s i d u e   f o r   q u a n t i t a t i v e   e v a l u a t i o n  o f  t h e  1 4 C  apramycin 
l eve l .   Approx ima te ly  85% o f   t h e   t o t a l   r a d i o a c t i v i t y   i n   t h e  l i ve r s  o f   t h e  
two male p i g s  a t   z e r o   w i t h d r a w a l  was 1 4 C  a p c a m y c i n .   . L i v e r   f r o m   t h e  
f e m a l e   p i g   c o n t a i n e d  a l o w e r   t o t a l   r e s i d u e  (0.202 ppni) and 14C apramycin 
accounted  f o r  a t   l e a s t   h a l f   o f   t h e   t o t a l .  None of t h e   o t h e r   t i s s u e s  
c o n t a i n e d   s u f f i c i e n t   r a d i o a c t i v i t y   € o r   a p r a m y c i n   d e t e r m i n a t i o n .   T h e s e  
dat:a s u p p o r t :   t h e   c o n c l u s i o n   t h a t  t h e  apramycin l e v e l  i n   t h e   k i d n e y  i s  a 
r e l i a b l e   i n d e x   t o   a p r a m y c i n - d e r i v e d   r e s i d u e s   i n   a p r a m y c i n - f e d   s w i n e .  

B a l a n c e - e x c r e t i o n   d a t a  were de r ived  f o r  t h e  f e m a l e   i n   t h e   s e v e n - d a y  
withdrawal   group.   Recovery of r a d i o a c t i v i t y  was 86 .93%  of   the   adminis -  
t e r ed   dose   w i th   81 .61% in t h e   f e c e s   a n d   5 . 3 2 %   i n   t h e   u r i n e .  



I 

I .  

3 

45 

APPENDIX C :  Repor t  Summary 

T i t l e  : Excre t ion   and  T i s s u e  D i s t r i b u t i o n  of  I4C Apramycin i n  Swine 
Fol lowing  O r a l  Dosing. 

S tudy  Number: ABC-0013 

S t u d y   D a t e s :   A p r i l  15, 1978 t o  December 15, 1978 

Name and  Address of  I n v e s t i g a t o r s :  15. L. Zornes,  A .  L .  Donoho,  and R .  J. 
H e r b e r g   L i l l y   R e s e a r c h   L a b o r a t o r i e s ,   D i v i s i o n   o f  E l i  L i l l y   a n d  Company, 
Box 708,  G r e e n f i e l d ,  I N  46140.  

T e s t   A r t i c l e :  1 4 C  A p r a m y c i n   ( s u l f a t e   s a l t )  -__ 
- Test   System:  Swine 

Summary o f  Exper imenta l   Des ign:  

Three   p igs ,   one   f ema le   (g i l t )   and   two   ma les   (ba r rows) ,   we igh ing   approx i -  
mate ly  10 kg   each  were d o s e d   o r a l l y   w i t h  1 4 C  aprarnycin (25  mg/kg) d a i l y  
f o r   f i v e   d a y s .   F o u r t e e u   d a y c   z f t e r   t h e   l a s t   d o s e ,   t h e   p i g s  were k i l l e d .  
T i s s u e s ,   u r i n e ,   a n d   f e c e s   w e r e   a s s a y e d   f o r   t o t a l   r a d i o a c t i v i t y  by l i q u i d  
s c i n t i l l a t i o n   c o u n t i n g   a n d   s e l e c t e d   s a m p l e s  were as sayed   fo r   ap ramyc in  
b y   f r a c t i o n a t i o n  of  radioactivity a n d   s e m i q u a n t i t a t i v e   t h i n - l a y e r   b i o -  
au tography.  

Summary o f   R e s u l t s :  

The r a d i o a c t i v i t y  was excreted p r i m a r i l y   i n   t h e   f e c e s  o f  t h e   t h r e e   p i g s  
(72 to 91%) .   Ur ine   con ta ined  less  t h a n  10% (1.5 t o  9.7%) T o t a l  
r e c o v e r y  of. t h e   d o s e  was 82 t o  92%. The u r i n a r y   a n d   f e c a l   r a d i o a c t i v i t y  
was predominant ly  (75% o r  more) unchanged 1 4 C  a p r a m y c i n   i n d i c a t i n g   t h a t  
t h e r e  was  v e r y  l i t t l e  metabol i sm  of   the  compound. 

K i d n e y   c o n t a i n e d   t h e   h i g h e s t  l eve l  o f   r a d i o a c t i v i t y   ( e q u i v a l e n t  t o  
0 .173,  0 .050  , and  0 .291 ppm 1 4 C  a p r a m y c i n   f o r   t h e   g i l t   a n d  two  barrows, 
r e s p e c t i v e l y ) .   M u s c l e   c o n t a i n e d  less  t h a n  0.05 ppm, and f a t  a n d   l i v e r  
c o n t a i n e d  0.150 ppm o r  less f o r   a l l   t h r e e   p i g s .   A p p r o x i m a t e l y  
t w o - t h i r d s  of  t h e   k i d n e y   r a d i o a c t i v i t y  was 1 4 C  ap ramyc in .   The re fo re ,  a 
d e t e r m i n a t i o n  of apramycin i n   k i d n e y  i s  a r e l i a b l e   i n d e x   f o r   m o n i t o r i n g  
t o t a l   a p r a m y c i n - d e r i v e d   r e s i d u e s   i n   a p r a m y c i n - f e d   s w i n e .  
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T i t l e :   L e a c h i n g   o f  l 4c  Apramycin  Through soil i n   L a b o r a t o r y   S t u d i e s ;  

D a t e  : December 1978  

T e s t  Article:  I4C l a b e l e d   a p r a m y c i n   c r y s t a l l i n e   ( 1 . 0 4  uCi/mg) 

Name and  Address o f  I n v e s t i g a t o r s :  G .  K .  Buchanan, $7. L. S u l l i v a n ,   a n d  
A .  Loh, L i l l y   R e s e a r c h   L a b o r a t o r i e s ,   D i v i s i o n  bf E l i  L i l l y   a n d  Company, 
Box 7 0 8 ,  Greenf i e ld ,   Ind iana   46140  

- T e s t   S y s t e m :   L a b o r a t o r y   s o i l   l e a c h i n g  

Summary of Exper imenta l  Desisn: .  - 

T h e   - - d e s i g n   f o r   t h i s   s o i l  co lumn  leaching   s tudy  was based   on   p ro toco l s  
d e s c r i b e d   i n   G u i d e l i n e s   f o r  -- R e g i - s t e r i n g   P e s t i c i d e s   i n   t h e  U.S'., Vol .  40, 

No. 123, June  25, 1975,  pp.  26884-26886.  Apramycin was a p p l i e d   t o   t h e  
s u r f a c e  of t h e  30 cm s o i l  columns a t  a r a t e   e q u i v a l e n t  t o  16 kg/ha  and 
l e a c h e d   w i t h  the e q u i v a l e n t  of 60 cm o f   r a i n f a l l .  TWO s o i l  types, s i l t  
loam  and  sandy l o z a ,  wezc Lccchet i   ovcr   a r ,   e igh t .   day   per iod  i n  t r i p l i c a t e .  
T h e   l e a c h a t e  was c o l l e c t e d   i n   s i x   i n c r e m e n t s   a n d   r a d i o c h e m i c a l l y   a s s a y e d  
fo r   ap ramyc in .  A t  t h e   e n d  of  t h e   e x p e r i m e n t   t h e   s o i l   c o l u m n  was d i v i d e d  
i n t o   s i x   s e g m e n t s   a n d   a s s a y e d   f o r   a p r a m y c i n .  

- 
-- 

--- Summarv of  R e s u l t s  : 

The r e s u l t s   o f   t h e   l a b o r a t o r y   l e a c h i n g   s t u d y   a r e   s u m m a r i z e d  i n  Table  I 
a n d   s t a n d a r d   r e c o v e r y   d a t a  i s  l i s t e d   i n   T a b l e  11. 

Soil pH was 7.7 f o r   s a n d y .  loam  and 7 . 0  for t h e  silt loam. Both columns 
r e q u i r e d   e i g h t   d a y s   t o   l e a c h .  All of   the   apramycin   recovered  was found 
i n   t h e   t o p  5 cm of t h e   s o i l  columns  tes ted  and  no  detectable   amount  of 
apramycin was found i n   a n y   o f   t h e   l o w e r   s o i l   s e g m e n t s   o r   i n   a n y  of the 
l e a c h a t e   f r a c t i o n s .   T h i s   e x p e r i m e n t   i n d i c a t e s   t h a t   a p r a m y c i n  does n o t  
h a v e   t h e   p o t e n t i a l   t o   l e a c h   i n t o   g r o u n d w a t e r .  
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APPENDIX D ( c o n t i n u e d )  
TABLE I 

Apramycin S o i l   L e a c h i n g  Date 

0-5 8 4 . 3  
5-10 m2 
10-15 I 1  

15-20 I 1  

20-25 
25-30 I t  

Leachate  

0-10 ND3 
10-20 I 1  

20-30 I t  

30 - 40 
40-50 11  

50-60 

11 

.. 

T o t a l   P e r c e n t  84.3  

- 

83 .3  
ND 

11 

I t  

11  

I t  

ND 
I 1  ' 
I 1  

11  

I t  

. :' 

83.3 

C - A - 

91.5 116 
ND . N D  

1 1  I 1  

I 1  I 1  

1 1  11 

11 I t  

ND ND 
I t  11  

I 1  I t  

I t  I t  

11  I1  

I 1  I 1  

9 1  - 5  116 

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

B 

None de tec t ed   above  0.15 rncg p e r   s o i l   s e g m e n t  
None de tec t ed   above  0 .08  rncg p e r   l e a c h a t e   i n c r e m e n t  

TABLE I1 
Apramycin  Standard  Recovery  Data  

M a t r i x  Mean Pe rcen t   Recove ry  

Sandy Loam S o i l  ' 108.6 l  

S i l t  Loam Soil 80 .3 l  

Sandy Loam Leachate  92 .  72 

S i l t  Loam Leachate  8 9 . 6 l  

Mean o f  3 samples  
PIean o f  2 samples  

C - 
115 
ND 

it 

I t  

I 1  

I t  

ND 
11 

I t  

I t  

I t  

I 1  

115 

- S.D. 

.5.31 

2 -36 

1.84 

3 .33  
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APPENDIX E: Repor t  Summary 

4 
T i t l e :  14C Apramycin  Greenhouse  Soi l   Decl ine  Study,  

S tudy  Number: ABC-0015 

Study  Dates:   August  18, 1978 t o  November 1, 3979 

: L.  L. Zornes  and A .  L .  Donoho, Lilly 
R e s e a r c h   L a b o r a t o r i e s ,   D i v i s i o n  of  E l i  L i l l y   a n d  Company, Box 708, 
G r e e n f i e l d ,  I N  46140 

T e s t   A r t i c l e :  1 4 C  A p r a m y c i n   ( s u l f a t e   s a l t )  

T e s t   s y s t e m :   S o i l   f l a t s   m a i n t a i n e d   i n   t h e   g r e e n h o u s e .  

Summary of   Exper imenta l   Des ign:  

14C Aprarnycin a s   t h e   s u l f a t e   s a l t  was i n c o r p o r a t e d   i n t o   n o n s t e r i l e  
g r e e n h o u s e   p o t t i n g   s o i l   a t  a nomina l   concen t r a t ion   o f  10 ppm (apramycin 
b a s e   e q u i v a l e n t s ) .  The p o t t i n g   s o i l  was a mix tu re   o f   eqka l   pa r t s   s and  
and   Brooks ton   loam.   F la t s   conta in ing   apra l lyyc in- i rea ted  hfid u;treate: 
s o i l  were p r e p a r e d   a n d   m a i n t a i n e d   i n  a greenhouse  which was n o t   r i g i d l y  
e n v i r o n m e n t a l l y   c o n t r o l l e d .   T h e   f l a t s  were watered ,   f rom  the   bo t tom a s  
needed t o   m a i n t a i n   s o i l   m o i s t u r e .  A t  i n t e r v a l s  up t o  o n e   y e a r   a f t e r  
i n i t i a t i o n ,   r e p l i c a t e d   s a m p l e s  were t a k e n   f o r   a s s a y   o f   r a d i o a c t i v i t y   a n d  
pa ren t   ap ramyc in .  

Summarv of  R e s u l t s :  

R e s u l t s   a r e   s u m m a r i z e d  i n  T a b l e  1. T o t a l   r a d i o a c t i v i t y   c o n c e n t r a t i o n s  
d i d   n o t   c h a n g e   a p p r e c i a b l y   d u r i n g   t h e   s t u d y .   T h e r e  was a d e c l i n e   i n  
e x t r a c t a b l e   r a d i o a c t i v i t y   w i t h  time and a p r o p o r t i o n a l   i n c r e a s e  of 
t i g h t l y  b o u n d   r a d i o a c t i v i t y ,  i e .  r a d i o a c t i v i t y   n o t   e x t r a c t a b l e  with 
0.5 N NaOH. S e m i q u a n t i t a t i v e   b i o a u t o g r a p h y   i n d i c a t e d   t h a t   m o s t   o f   t h e  
e x t , r a c t a b l e   r a d i o a c t i v i t y  was p a r e n t  14C apramycin.  

A m o r e   v i g o r o u s   e x t r a c t i o n   o f   t h e   5 2 - w e e k   s o i l   s a m p l e   w i t h   h o t   a l k a l i  
a f t e r   t h e   s t a n d a r d   i n i t i a l   e x t r a c t i o n   r e l e a s e d   a p p r o x i m a t e l y  18% more  of 
t h e   t o t a l   r a d i o a c t i v i t y ,   o f   w h i c h   g p p r o x i m a t e l y   o n e - t h i r d  was p a r e n t  
a p r a m y c i n .   T h e r e f o r e ,   a f t e r  one yea r   app rox ima te ly   two- th i rds  of  the 
r a d i o a c t i v i t y  i n  t h e   s o i l  was r e c o v e r e d   a s   p a r e n t   a p r a m y c i n   a n d   t h e  
remainder  was d e g r a d e d   a n d / o r   t i g h t l y   b o u n d   t o   s o i l   p a r t i c l e s .  

I 
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APPENDIX E ( c o n t i n u e d )  

TABLE 1 

Sampling Time 
(Weeks) 

R a d i o a c t i v i t y  ppm 
To t a l  E x t r a c t a b l e a  

0 
1 
2 
3 
8 

12 
20 
28 
52  

12 .9  
1 1 . 8  
10.9 
11.1 
1 0 . 8  
10 .6  
11.0 
11 .6  
10.7 

11 .o 
10 .o 
10.1  

9 . 8  
7 .5  
9.0 
7.0 
6.5  
5 . 8  

10 
9 
9 
9 

9 
7 - 8  
5-6 
5-6 

C - 

a E x t r a c t a b l e   w i t h  0 .5  N - NaOH. 

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

T h e   c a l c u l a t e d   v a l u e  of 15 pprn a p p e a r s  t o  be '   h igh  due t o  a low response 
from t h e   r e c o v e r y   s a m p l e   i n   t h a t  s e t .  

C 
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APPENDIX F: Repor t  Summary 

T i t l e :  1 4 C  Apramycin  Greenhouse  Soi l   Decl ine  Study.  

S tudy  Number: AEC-0029 

S tudy   Da tes :   June  13, 1979 to   Augus t  1, 1980 

Name and  Address of I n v e s t i g a t o r s :  L .  L.  zornes   and  A .  L. Donoho, L i l l y  
R e s e a r c h   L a b o r a t o r i e s ,   D i v i s i o n   o f  E l i  L i l l y   a n d  Company, Box 7 0 8 ,  
G r e e n f i e l d ,  I N  46140 

T e s t   A r t i c l e :  1 4 C  Apramycin ( s u l f a t e   s a l t )  

Tes t  S y s t e m :   S o i l   f l a t s   m a i n t a i n e d   i n   t h e   g r e e n h o u s e .  

- Summary of Experimental   Desi.gn: 

1 4 C  A p r a m y c i n   a s   t h e   s u l f a t e   s a l t  was i n c o r p o r a t e d   i n t o   n o n s t e r i l e   f i e l d  
so i l   (Brooks ton   l oam  f rom  Greenf i e ld ,   Ind iana )  a t  a nomina l   concen t r a t ion  
of  1.5 ppm. The s o i l  was a l s o   f o r t i f i e d   w i t h  feces f r o m   n o m e d i c a t e d  
s w i n e   e q u i v a l e n t   t o   a n   a p p l i c a t i o n  r a t e  of  7.2 metric tons p e r   h e c t a r e  
( 5  U.S. t o n s   p e r   a c r e ) .   C o n t r o l   s o i l   c o n t a i n i n g   s w i n e   f e c e s   b u t  no 14c 
apramycin was a l s o   p r e p a r e d .   D u p l i c a t e   f l a t s   o f  1 4 C  a p r a m y c i n   t r e a t e d  
s o i l  a n d   c o n t r o l  s o i l  were prepared   and   main ta ined   under   nominal   g rcen-  
house   g rowing   condi t ions .   Tempera tures   ranged   f rom  approximate ly  27O t o  
43OC w i t h  a range of 20 t o  40% r e l a t i v e   h u m i d i t y .   T h e   f l a t s  were watered  
f rom  the   bo t tom  as   needed  t o  m a i n t a i n   s o i l   m o i s t u r e .  A t  i n t e r v a l s  up t o  
one   yea r  a f t e r  i n i t i a t i o n ,   r e p l i c a t e d   s a m p l e s  were t a k e n   f o r  assay  of 
r a d i o a c t i v i t y   a n d   p a r e n t   a p r a r n y c i n .  

Summary o f  R e s u l t s :  

Data   f rom  assay  of t o t a l   a n d   e x t r a c t a b l e   r a d i o a c t i v i t y  a r e  p r e s e n t e d   i n  
Table  1. A f t e r  12 months,  t h e  t o t a l   r a d i o a c t i v i t y  was  90% of t h e   i n i t i a l  
v a l u e   a n d   t h e   e x t r a c t a b l e   r a d i o a c t i v i t y  was 87% o f   t h e   i n i t i a l   e x t r a c t -  
a b l e   v a l u e   ( a p p r o x i m a t e l y  75% o f  t h e   i n i t i a l   t o t a l   r a d i o a c t i v i t y ) .  Most 
of t h e   e x t r a c t a b l e   r a d i o a c t i v i t y  was p a r e n t  1 4 C  aprarnycin.   ThereEore,  
a f t e r  a 12 -mon th   obse rva t ion   pe r iod ,   app rox ima te ly   t h ree - fou r ths  of t h e  
t o t z l   r a d i o a c t i v i t y   i n   t h e   s o i l   a p p e a r e d  to be   pa ren t   ap ramyc in .  

TABLE 1 
T o t a l   a n d   E x t r a c t a b l e   R a d , i o a c t i v i t y   i n  

Manured S o i l  F o r t i f i e d   w i t h  15 ,ppm 1 4 C  Apramycin 

Sampling Time R a d i o a c t i v i t y  - C o n c e n t r a t i o n  (ppm) 
( m o n t h s )   T o t a l   E x t r a c t a b l e  

- - 
0 
1 
2 
ti 

17.6  
16 .6  
1 7 . 3  
1 6 . 1  

15.3 
1 4 . 3  
13 .7  
1 1 . 4  

12  15.9 1 3 . 3  
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APPENDIX G :  Repor t  Summary 

T i t l e :  1 4 C  Apramyc in   F i e ld   So i l   Dec l ine   S tudy .  

S t u d y  Number: ABC-0030 

S tudy   Da tes :   June  13 ,  1979 to August 1, 1981 

Name and  Address o f  I n v e s t i g a t o r s :  L .  L. Zornes  and A .  L.  Donoho, Lilly 
R e s e a r c h   L a b o r a t o r i e s ,   D i v i s i o n   o f  E l i  L i l l y   a n d  Company, Box 708, 
G r e e n f i e l d ,  I N  46140 

T e s t   A r t i c l e :  1 4 C  Apramyc in   ( su l f a t e  s a l t )  

Tes t   Sys tem:  F i e l d  s o i l   p l o t  

Summary of   Experimental   Design:  

1 4 C  Apramycin as  t h e   s u l f a t e   s a l t   e q u i v a l e n t   t o   a p p r o x i m a t e l y  10 ppm 
a p r a m y c i n   b a s e   a c t i v i t y  was i n c o r p o r a t e d   i n t o   t h e   t o p  8-cm s o i l   l a y e r   i n  
a f i e l d   p l o t   a t   G r e e n f i e l d ,   I n d i a n a .  The s o i l  was a l s o   f o r t i f i e d   w i t h  
f e c e s   f r o m   n o m e d i c a t e d  . ; ; w i i x  a t  an a p p 1 : i c a t i o n   r a t e  of 1 1 . 2   m e t r i c   t o n s  
p e r   h e c t a r e  (5 U.S. t o n s / a c r e ) .  The s o i l   p l o t   c o n s i s t i n g  o f  Rrookston 
loam was s u b j e c t e d   t o   c o n d i t i o n s   o f   n a t u r a l   w e a t h e r i n g  for  a p e r i o d  of 
two years .   Samples  were a s s a y e d   p e r i o d i c a l l y   f o r   t o t a l   r a d i o a c t i v i t y ,  
e x t r a c t a b l e   r a d i o a c t i v i t y   ( e x t r a c t a b l e   w i t h  1 N ammonium hydrox ide ) ,   and  
a p r a m y c i n   c o n c e n t r a t i o n s .  

- 

Summary of  R e s u l t s :  

T o t a l   r a d i o a c t i v i t y   i n   t h e   s o i l   a n d   r e l a t i v e   q u a n t i t i e s   a t  two sampling 
d e p t h s   a r e  shown i n   T a b l e  1. There was o n l y  a s m a l l   l o s s  of r a d i o a c -  
t i v i t y   o v e r  two   yea r s  (83% remained)   and   there   was   very  l i t t l e  movement 
o f   r a d i o a c t i v i t y   f r o m   t h e   t r e a t e d   s o i l   l a y e r  (0-8 cm) i n t o   t h e   l a y e r  
below (8-16 cm). Af te r  24  months, 80% o f   t h e   r a d i o a c t i v i t y  i n  t h e  0-8 cm 
l a y e r   s a m p l e  was e x t r a c t a b l e   w i t h  1 N ammonium hydroxide ,   and   mos t  of 
t h i s   r a d i o a c t i v i t y  was p a r e n t  l4C apramyc in .   The re fo re   t he  aprarnycin 
r ema in ing   a f t e r   24   mon ths  was e s t i m a t e d   t o  be a p p r o x i m a t e l y   t h r e e - f o u r t h s  
o f   t h a t   a p p l i e d .  

- 

T h e   a p r a m y c i n   a p p l i c a t i o n   r a t e   i n   t h i s   s t u d y  was  one t o  two o r d e r s   o f  
m a g n i t u d e   h i g h e r   t h a n   t h a t   e x p e c t e d   u n d e r   a c t u a l   u s e   c o n d i t i o n s .  
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- APPENDIX G (continued) 
TABLE 1 

Total  Radioactivity  in  Field  Soil  Treated  with 
'"C Apramycin  and  Relative  Quantities of Radioactivity 

at  Two  Sampling  Depths 
- 

To ta 1 of Initial  Radioactivitv 
Sampling  Period Radioactivity . in 2 soil layers ~ - J  

(months) dpm/cm2 0-8 cm 8-16 cm 

0 7 6 . 5  X 103 97.5  2 .5 ' 

2 7 5 . 1  X 103 9 2 . 8   5 . 4  

1 2  69 .6  x I O 3  8 2 . 4  8 .6  
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APPENDIX H: Repor t  Surnninry 

T i t l e :  The T o x i c i t y  of Compound 47657 (apramycin)   to   Bobwhite   Quai l  
i n   a n   A c u t e  O r a l  S tudy .  

- Study  Numbers: 7039-78 and 7004-79 

Study  Dates :  November 13 t o  November 27 ,   I978  and  February 13 t o  
Februa ry  2 7 ,   1 9 7 9 .  

Names and   Addres ses   o f   Inves t iga to r s :  R .  E .  Karnak,  C. C .  Kehr  and 
J. L. H a m e l i n k i '   T o x i c o l o g y   D i v i s i o n ,   L i l l y   R e s e a r c h   L a b o r a t o r i e s ,  
D i v i s i o n   o f  E l i  L i l l y   a n d  Company, P. 0 .  Box 7 0 8 ,  G r e e n f i e l d ,  
I n d i a n a  46140.  

-.- 

T e s t   A r t i c l e  : Apramycin 

Lo t  Number: X-24144,  c o n t a i n s  71.4% a p r a m y c i n   a c t i v i t y  

S p e c i e s  : A d u l t   b o b w h i t e   q u a i l   ( C o l i n u s   v i r g i n i a n u s )  

-____ Leve l s  of  Dosing:   Doses  of  0 . 0 ,  7 0 0 ,  1000, 1400,  and 2000 mg apramycin 
a c t i v i t y / k g   b i r d  were a d m i n i s t e r e d  i n  a q u e o u s   s o l u t i o n   f o r   S t u d y  
7039-78.  Doses o f  0 . 0  , 250 and 500 mg a p r a m y c i n   a c t i v i t y / k g   b i r d  were 
a d m i n i s t e r e d   i n   a q u e o u s   s o l u t i o n  f o r  S tudy  7004-79.  

Length  o f  Obse rva t ion :  14 d a y s   f o r   b o t h   s t u d i e s .  

R o u t e :   S i n g l e   o r a l   g a v a g e .  

Pa rame te r s   S tud ied :  -4- 
Food  consumpt ion ,   body  weight ,   over t   s igns  o f  

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

Summary o f   R e s u l t s :  

S tudy  7039-78:  S u b s t a n t i a l   d e c r e a s e s   i n  mean body  weight   were  found f o r  
f ema les   g iven   doses  of: 1000, 1400, and 2000 mg a c t i v i t y l k g   b o d y  
we igh t .  Males t r e a t e d   w i t h  1400 and 2000 mg a c t i v i t y l k g  body  weight 
showed s l i g h t   d e c r e a s e s   i n  mean body  weight up t o   d a y  3 ,  t h e n   s t e a d i l y  
i n c r e a s i n g   b o d y   w e i g h t s   f o r  tkle res t  ,.,of t h e  t e s t .  No d o s e - r e l a t e d  
p a t t e r n   i n   f o o d   c o n s u m p t i o n  was f o u n d . ' ,   E f f e c t s   f r o m   t r e a t m e n t  were 
found a t   d o s e s   o f  700 , 1000, 1400,  arid 2000 mg/kg.   These   e f fec ts  
i n c l u d e d   d i a r r h e a ,   a t a x i a ,   l e t h a r g y ,   r u f f l e d   f e a t h e r s ,   a n d   d e a t h .  One, 
f i v e ,  s i x ,   a n d   f o u r   c u m u l a t i v e   m o r t a l i t i e s   o c ' c u r r e d   a t   d o s e s  o f  7 0 0 ,  
1000, 1400 and 2000 mg a p r m y c i n   a c t i v i t y / k g ,   r e s p e c t i v e l y .  No d e a t h s  
o c c u r r e d   a f t e r   d a y   t h r e e .  A l l  s u r v i v o r s   d i s p l a y e d   n o r m a l   b e h a v i o r   b y  
d a y   e i g h t .  An equal  number oE m a l e s   a n d   f e m a l e s   d i e d   f r o m   s i n g l e  o r a l  
doses   o f   apramycin ,  s o  t h e   m o r t a l i t i e s  were combined t o  c a l c u l a t e  a 
s ing le   dose - re sponse   cu rve .   The   14 -day  LD50 , t h e  95% conf idence  
i n t e r v a l .  f o r  the   14-day  L D 5 0 ,  a n d   t h e   s l o p e  of t h e   d o s e   r e s p o n s e   c u r v e  
f o r   a d u l t   b o b w h i t e  were 1669 mg a p r a m y c i n   a c t i v i t y l k g ,  857 t o  3253 mg 
ap ra rnyc in   ac t iv i ty /kg ,   and  1 . 8 ,  r e s p e c t i v e l y .  
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APPENDIX H ( c o n t i n u e d )  

S tudy  7004-79: A t  d o s e s  of 250 and 500 mg a p r a r n y c i n   a c t i v i t y / k g   t h e r e  
were no s u b s t a n t i a l   c h a n g e s   i n  mean  body  weights o r   f o o d  consumption and 
no behavioral e f f e c t s   o r   m o r t a l i t i e s   w e r e   f o u n d .  . 

.- ._ . 



T i t l e :  The T o x i c i t y   o f  Compound 47657  (Apramycin) t o  Bobwhi te   Quai l  
i n  a 5-Day D i e t a r y   S t u d y .  

S tudy  Number: AOll-79 
- 

Study  Dates :  May 17 t o  flay 25, 1979 

Names and  Addresses  o f  I n v e s t i g a t o r s :  R .  E. Xarnak, C .  C .  Kehr,   and J. 
L .  Hamel ink ,   Toxicology  Div is ion ,  L i l l y  Resea rch   Laboa ra to r i e s  , D i v i s i o n  
of  E l i  L i l l y   a n d  Company, P. 0. Box 708 ,   Greenf i e ld ,  I N  46140 

Test Ar t ic le :   Apramycin  

> 

L o t  Number: X-31385, c o n t a i n s  78.7% a p r a m y c i n   a c t i v i t y  

S p e c i e s  :’ B o b w h i t e   q u a i l   ( C o l i n u s   v i r g i n i a n u s ) ,  11 days   o ld  

R o u t e :   D i e t a r y  

Length o f  Exposure: 

Pa rame te r s   S tud ied :  

Summary of  R e s u l t s :  

l O / t r e a t m e n t  

T r e a t e d   d i e t ,  5 d a y s ;   b a s a l   d i e t ,  3 days 

Food consumpt ion ,   body  weight   ga in ,   over t  s i g n s  of 
t o x i c i t y   ( i e . ,   a t a x i a ,   l e t h a r g y ,   a n d   r u f f l e d   f e a t h e r s ) ,  
a n d   m o r t a l i t y .  

A l t h o u g h   c o n t r o l   b i r d s  consumed s l i g h t l y  more d i e t   t h a n   t h e   t r e a t e d  
b i r d s ,   b o d y   w e i g h t   g a i n s   f o r   t r e a t e d   a n d   c o n t r o l   b i r d s  were n o t   s t a t i s -  
t i c a l l y   d i f f e r e n t .  No m o r t a l i t i e s   o r  any  o v e r t   s i g n s   o f   t o x i c i t y ,   s u c h  
a s   a t a x i a   o r   l e t h a r g y ,  were s e e n   i n   c o n t r o l   o r  i n  any   t r ea tmen t   g roup .  
There were no a p p a r e n t   t o x i c   e f f e c t s  i n  b o b w h i t e   q u a i l   t h a t  consumed 
d i e t s   c o n t a i n i n g  a s  much a s  5000 mg apramyc in   ac t iv i ty /kg   ( a s sayed  a s  
5000 mg apra rnyc in   ac t iv i ty /kg ) .   Rased  OK-I food  consumption  and  body 
w e i g h t   d a t a ,   t h i s   d i e t a r y   c o n c e n t r a t i o n   p r o v i d e d  an a v e r a g e  d o s e  o f  
1050 rng ap ra rnyc in   ac t iv i ty /kg   o f   body   we igh t /day   fo r   t he   bobwhi t e   qua i l .  
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APPENDIX J: Repor t  Summary 

T i t l e :  The T o x i c i t y  of  Compound 47657 (Apramycin) t o   M a l l a r d   D u c k s   i n  
a 5-Day D i e t a r y   S t u d y .  

Study  Dates:   December 13 t o  December 21, 1978 

Study Number: 7043-78 

Names and  Addresses of  I n v e s t i g a t o r s :  R .  E. Karnak, C .  C. Kehr,   and i. 
L.  H a m e l i n k ,   T o x i c o l o g y   D i v i s i o n ,   L i l l y   R e s e a r c h   L a b o r a t o r i e s ,   D i v i s i o n  
of  E l i  L i l l y   a n d  Company, P .  0 .  Box 7 0 8 ,  G r e e n f i e l d ,  I N  46140 

T e s t   A r t i c l e :   A p r a m y c i n  

L o t  Number: X-30881, c o n t a i n s  83.2% aprarnycin a c t i v i t y  

S p e c i e s  : Mallard   ducks   (Anas   p la tyrhynchog) ,  10 d a y s   o l d '  

Number o f  Animals :   lO/ t rea tment  

. - .  . .. . Levelr: cf ExFosure: 0 . 0 ,  0 .125  I 0 
a c t i v i t y  

Route  : D i e t a r y  

Length - o f  E x p o s u r e :   T r e a t e d   d i e t ,  5 d a y s ;   b a s a l   d i e t ,  3 days 

~- Parameters   S tudied :   Food  consumpt ion ,   body  weight   ga in ,   over t   s igns  of 
t o x i c i t y  ( i . e - ,  a t a x i a   a n d   l e t h a r g y ) ,   a n d   m o r t a l i t y .  

Summary o f  R e s u l t s :  

A dec rease   i n   food   consumpt ion   and  a s i g n i f i c a n t   r e d u c t i o n   i n   b o d y   w e i g h t  
g a i n  were observed when b i r d s   t h a t   r e c e i v e d   t h e   d i ' e t   t r e a t e d   w i t h  5000 mg 
a p r a m y c i n   a c t i v i t y / k g  were f e d   a n   u n t r e a t e d   d i e t   f o r   t h r e e   d a y s .  No 
o t h e r   d i f f e r e n c e s  in body  weight   ga in  o r  food  consumption were found.  No 
m o r t a l i t i e s   o r   a n y   o v e r t   s i g n s  o f  t o x i c i t y ,   s u c h   a s   a t a x i a   o r   l e t h a r g y ,  
were s e e n   i n   c o n t r o l   o r   i n   a n y   t r e a t m e n t   g r o u p .   T h e r e  were no a p p a r e n t  
t o x i c   e f f e c t s   i n   m a l l a r d   d u c k s   t h a t  consumed d i e t s  c o n t a i n i n g  a s  much a s  
5000 mg ap ramyc in   ac t iv i ty /kg   ( a s sayed  as 4700 mg a p r a m y c i n   a c t i v i t y / k g ) .  
Based on food  consumption  and  body  weight   data ,   mal lards   consumed  an 
ave rage   dose  o f  1838 Ing a p r a m y c i n   a c t i v i t y / k g  o f  body  weight/day. 

c 
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APPENDIX K :  Repor t  Summary 

T i t l e :  -- The T o x i c i t y   o f  Compound 47657 (Apramycin) t o   E l u e g i l l s   i n  a 
96-Hour S t a t i c   T e s t .  

S t u d y  D a t e s :  November 27 t o  December 1, 1978 

Study Number: 2142-78 

- 

Names -x- and  Addresses o f  I n v e s t i g a t o r s :  E .  A .  Yinger ,  C .   C .  Kehr,  and J. 
L .  H a m e l i n k ,   T o x i c o l o g y   D i v i s i o n ,   L i l l y   R e s e a r c h   L a b o r a t o r i e s )   D i v i s i o n  
of E l i  L i l l y  and Cornpany, P .  0 .  Box 7 0 8 ,  G r e e n f i e l d ,   I n d i a n a  46140 

Tes t   Ar t i c l e :   Apramyc in  --- 
Lot Number: X-24144,  c o n t a i n s  71.4% a p r a m y c i n   a c t i v i t y  

S p e c i e s  : Blueg i l l   (Lepomis   mac roch i rus )  

Exper imenta l   Des ign:  

Zrc;ups o f  terL j u v e n i l e   b l u e g i l l  (mea;; weig'ii and length.: ' 0.X; i; ziid 
27.8  mm, r e s p e c t i v e l y )  were e x p o s e d   t o  t e s t  s o l u t i o n s   w i t h   n o m i n a l  
ap ramyc in   concen t r a t ions   o f  0 ,  100 and 300 mg/L f o r  96 h r s   ( a v e r a g e  
a s s a y e d   a p r a m y c i n   a c t i v i t y   l e v e l s  o f  0 ,  116,   and 331 mg/L). J a r s   w i t h  
15 L o f   t e s t   o r   c o n t r o l   s o l u t i o n  were used   t o   con ta in   each   g roup  o f  t e n  
f i s h .   T h r e e   r e p l i c a t e s   o f   t e n   f i s h  were used f o r  t h e   h i g h e s t   c o n c e n t r a -  
t i o n   t e s t e d .   D i s s o l v e d   o x y g e n   c o n c e n t r a t i o n ,  pH and  temperature  were 
r e c o r d e d   d a i l y   f o r   e a c h  j a r .  T o t a l   h a r d n e s s ,   t o t a l   a l k a l i n i t y ,   a n d  
c o n d u c t i v i t y  were r e c o r d e d   o n c e   f o r   t h e   d i l u t i o n   w a t e r .   B e h a v i o r a l   s i g n s  
o f  t o x i c i t y   ( h y p o a c t i v i t y ,   m i n i m a l  swimming b e h a v i o r ,   d i s o r i e n t e d   a n d / o r  
l a b o r e d   r e s p i r a t i o n ,   a n d   p r o s t r a t i o n )   a n d   m o r t a l i t i e s  were n o t e d   f o r   f i s h  
i n   e a c h   j a r   o n  a d a i l y   b a s i s .   T e s t   a n d   c o n t r o l   s o l u t i o n s  were a e r a t e d  
d u r i n g   t h e   l a s t  24 h o u r s  of  t h e   s t u d y .  

R e s u l t s  : 

The w a t e r '   q u a l i t y   c h a r a c t e r i s t i c s  were a s   f o l l o w s :  pH, 7 . 7  t o  8 . 4 ; -  
d i s so lved   oxygen ,  47.5% t o  98.6% s a t u r a t i o n ;   t e m p e r a t u r e  22.5  t o  24°C; 
t o t a l   h a r d n e s s ,  239.4  mg/L a s  CaC03; total a l k a l i n i t y ,  285 mg/L a s  CaC03; 
a n d   c o n d u c t i v i t y ,  510 pnhos/cm. No m o r t a l i t i e s   a n d   n o   b e h a v i o r a l  
a b n o r m a l i t i e s  were found i n   t h e   c o n t r o l   o r   i n   t h e   t r e a t m e n t   g r o u p s .  
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APPENDIX L: Repor t  Summary 

T i ' t l e :   T h e   T o x i c i t y  o f  Compound 47657 (Apramycin) t o  Rainbow  Trout   in  
a 96-hour  S t a t i c - T e s t .  

S tudy   Dates :  Play 31  t o   J u n e  4 ,  1978 

Study Number: 2073-78 

Names and A d d r e s s e s  o f   I n v e s t i g a t o r s :  E .  .A.  Yinger ,  C .  C. Kehr,  and J. 
L .  Hamel ink ,   Tox ico logy   D iv i s ion ,   L i l l y   Resea rch   Labora to r i e s ,   D iv i s ion  
o f  E l i  L i l l y   a n d  Company, P. 0. Box 7 0 8 ,  G r e e n f i e l d ,   I n d i a n a  46140.  

T e s t  Art ic le :  Apramycin 

Lot  Number: X-24144,  c o n t a i n s  71.4% a p r a m y c i n   a c t i v i t y  

3 e c i e s :  Rainbow  Trout   (Sa lmo  ga i rdner i )  

Experiment   Design:  

Groups   o f   t en  j u v e n i L e  ra2-rbc.g t r o u r  (near1 weighc  and  lengti:: C . 3 i 5  6: 
and 33.3  mm, r e s p e c t i v e l y )  were e x p o s e d   t o  t e s t  s o l u t i o n s   w i t h   n o m i n a l  
a p r a m y c i n   a c t i v i t y   l e v e l s  of  0 ,  50 ,  100 ,  and 300 mg/L f o r  96 h o u r s .  J a r s  
w i t h  15 L of  t es t  o r   c o n t r o l   s o l u t i o n  were u s e d   t o   c o n t a i n   e a c h   g r o u p  of 
t e n   f i s h .   T h r e e   r e p l i c a t e s  o f  t e n   f i s h  were u s e d   f o r   t h e   h i g h e s t   c o n c e n -  
t r a t i o n s   t e s t e d .   D i s s o l v e d   o x y g e n   c o n c e n t r a t i o n ,  pH and   t empera tu re  were 
r e c o r d e d   d a i l y   f o r   e a c h   j a r .   T o t a l   h a r d n e s s ,   t o t a l   a l k a l i n i t y ,   a n d  
c o n d u c t i v i t y  were r e c o r d e d   o n c e   f o r   t h e   d i l u t i o n   w a t e r .   B e h a v i o r a l   s i g n s  
o f  t o x i c i t y   ( h y p o a c t i v i t y ,   m i n i m a l  swimming b e h a v i o r ,   d i s o r i e n t e d   a n d / o r  
l a b o r e d   r e s p i r a t i o n ,   a n d   p r o s t r a t i o n )   a n d   m o r t a l i t i e s  were n o t e d   f o r   f i s h  
i n   e a c h   j a r  on a d a i l y   b a s i s .  

R e s u l t s  : 

The w a t e r   q u a l i t y   c h a r a c t e r i s t i c s  were a s   f o l l o w s :  pH, 8 .2  t o  8.7; 
d i s s o l v e d  oxygen, 67.6% to 97.2% s a t u r a t i o n ;   t e m p e r a t u r e  12 t o  12.5OC; 
t o t a l   h a r d n e s s ,  239 mg/L as CaC03; t o t a l   a l k a l i n i t y ,  310 mg/L a s  CaC03; 
a n d   c o n d u c t i v i t y ,  450 pmhos/cm. N o  m o r t a l i t i e s  and no b e h a v i o r a l  abnor- 
m a l i t i e s  were found i n  t h e   c o n t r o l   o r   i n   t h e   t r e a t m e n t   g r o u p s .  



APPENDIX fl  : Repor t  Summary 

T i t l e :  The T o x i c i t y   o f  Compound 47657 (Apramycin) t o  Daphnia magna i n  
a 48-Hour S t a t i c  Tes t .  

S tudy   Dates :  November 28 t o  November 3 0 ,  1978 

Study Number: 5058-78 

Names and AGdresses o f  I n v e s t i g a t o r s :  E .  A .  Yinger ,  C. C .  Kehr,   and J. 
L .  H a m e l i n k ,   T o x i c o l o g y   D i v i s i o n ,   L i l l y   R e s e a r c h   L a b o r a t o r i e s ,   D i v i s i o n  
of E l i  L i l l y  and Company, P .  0. Box 7 0 8 ,  G r e e n f i e l d ,   I n d i a n a  46140.  

Tes t   Ar t i c l e :   Apramyc in  

L o t  Number: - X-24144,  c o n t a i n s  71.4% a p r a m y c i n   a c t i v i t y  

S p e c i e s  : Daphnia magna 

Exper imenta l   Des ign:  

Croups of  23 t o  31. Dag2nia;’ $“,18 -i-ours - I  o ld ,   were  . exposed tc, L ” , , , ~ , G G ~  . .  
aprarnycin   l eve ls   o f  0 . 0 ,  1 7 . 8 ,   2 8 . 4 ,   4 4 . 4 ,   7 1 . 0 ,  and 106.5 mg a c t i v i t y / L  
f o r  48 hours .   Each  o f  t h r e e   b e a k e r s   w i t h  200 m l  o f  s o l u t i o n  were u s e d   t o  
c o n t a i n  9 t o  11 D a p h n i a ,   f o r   e a c h   t r e a t m e n t  o r  c o n t r o l   s o l u t i o n .   T e s t  
s o l u t i o n s   w e r e   m a i n t a i n e d   a t  18OC a n d   h a d   t h e   f o l l o w i n g   w a t e r   q u a l i t y  
c h a r a c t e r i s t i c s :   d i s s o l v e d   o x y g e n ,   a t  l e a s t  83% o f   s a t u r a t i o n ;  pH, 8 . 2 ;  
t o t a l   h a r d n e s s ,  240 mg/L a s  CaC03; t o t a l   a l k a l i n i t y ,  290 mg/L a s  CaC03; 
and  c o n d u c t i v i t y ,  450 pmhos/cm.  Daphnia were a s s e s s e d   f o r   h y p o a c t i v i t y ,  
p r o s t r a t i o n ,   a n d   i m m o b i l i t y .  

Resu l t s :  

No immobi l e   daphn ids   and   no   hypoac t ive   o r   p ros t r a t e   daphn ids  were found 
a t  a p r a m y c i n   a c t i v i t y  l eve ls  5 28 .4  mg/L. A t  48 hours ,   s even   daphn ids  
were  hypoact ive  and 24 were normal a t   a n   a p r a m y c i n   l e v e l  of 4 4 . 4  rng/I,. 
A t  an   apramycin   l eve l   o f  71.0 mg/L, 24 daphnids  were h y p o a c t i v e ,  two 
were p r o s t r a t e   a n d   s i x  were immobile. A t  t h e   h i g h e s t   a p r a m y c i n   l e v e l ,  
11 daphnids  were h y p o a c t i v e ,   t h r e e  were p r o s t r a t e ,   a n d  16 were immobile. 
The  48-hour EC50 (based  on immobi l i ty )  was 101.6 mg a p r a m y c i n   a c t i v i t y / L ,  
w i t h  95% c o n f i d e n c e  limits o f  88 .3  t o  116.8 mg ac t ; i v i ty /L   and  a s l o p e   o f  

. 6.483 fo r  t h e   c o n c e n t r a t i o n - r e s p o n s e   l i n e .  
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APPENDIX N :  R e p o r t  Summary 

T i t l e :  The E f f e c t  of Apramycin on Microorganisms i n  A e r a t e d  Sewage 

Study Number: S-AAC-79-06 and  T93-230 

Studv  Dates :  S-AAC-79-06 - February ,   1979  to   October ,   1979 
I 

T9J-230 - January ,   1979  to   October ,   1379 

Name and  Address o f  I n v e s t i g a t o r :  R .  M .  K l i n e ,   L i l l y   R e s e a r c h   L a b o r a -  
t o r i e s ,   D i v i s i o n   o f  E l i  L i l l y   a n d  Company, P .  0.  Box 7 0 8 ,   G r e e n f i e l d ,  
I n d i a n a  46140 

T e s t  Art ic le :  Apramycin s u l f a t e   c o n t a i n i n g  14C apramycin   base  

Tes t   Sys t em:   Labora to ry   ae ra t ion   chambers   and   s t anda rd   l abo ra to ry  - 
methods   o f   ana lys i s  

Summary of  Exper imenta l   Des ign:  

Inoculum  from a sewage p l a n t ' s   a e r a t e d   l a g o o n  was t r e a t e d   w i t h   a p r a m y c i n .  

t o  a maximurn of 102 .4  mcg/ml. T o t a l  volume i n   t h e   a e r a t i o n  vessels was 
he ld   cons t an t   by   r emov ing  a p o r t i o n  o f  t h e   s u p e r n a t e   b e f o r e   r e p l a c i n g  i t  
w i t h  a n u t r i e n t   s o l u t i o n .  The vessels were a e r a t e d   w i t h   l a b o r a t o r y   a i r  
a t  3 f t 3 / h r .  

Tzeajrmepts ?:ex::-. P a d ?   d a i l y   v i t h   i s c r e a s i n g   c o n c c z t r a t i o z s  of sprzm;rzi:.- C;; ..- . I- 

The e f f e c t   o f   t h e  compound on  sewage  microorganisms  was  determined  by 
measuring  biochemical   oxygen demand (BOD-5 d a y ) ,   v i a b l e  c e l l  c o u n t s ,  pH, 
a n d   s o l i d s   c o n t e n t   ( d r y   w e i g h t ) .  

hp ramyc in   con ten t   du r ing   t he   expe r imen t  was de t e rmined   by   mic rob io log ica l  
a s say   and   r ad iochemica l   ana lyses .  

Dissolved  oxygen  consumption  using  an  acql imated  inoculum, was determined 
i n   c l o s e d  t e s t  sys t ems   w i th   ap ramyc in   concen t r a t ions   f rom 0.1 t o  102.4 
mcg/ml.  The t e s t  e x t e n d e d   f o r  14 days .  

Summarv of  R e s u l t s :  

Us ing   the   s tandard   methods  f o r  m e a s u r i n g   b i o l o g i c a l   a c t i v i t y   i n   s e w a g e  
s y s t e m s ,   t h e   e f f e c t  of aprarnycin  was  minimal  even a t   h i g h   c o n c e n t r a t i o n s .  

BOD-5 d a y   a n a l y s e s  on ap ramyc in   t r ea t ed   sys t ems   pe r fo rmed   i n   t he  same 
manner a s   n e g a t i v e   c o n t r o l s .   H i g h  BOD v a l u e s  were observed  immediately 
a f t e r   f e e d i n g   a n d   r e d u c e d   t o  low l e v e l s   f o l l o w i h g   i n c u b a t i o n .   V e r y  low 
"0 - t ime"   va lues  were o b t a i n e d   i n   l a t t e r   s t a g e s   o f   t h e   e x p e r i m e n t ,   b u t   t h e  
m i c r o b i a l   p o p u l a t i o n s   r e m a i n e d   v i a b l e   a s   d e t e r m i n e d   b y   a d d i n g   g l u c o s e -  
g l u t a m i c   a c i d   t o   t h e  t e s t  c o n t a i n e r s .  

A t  day 26 in   Experiment   T33-230 when t h e   a p r a m y c i n   c o n c e n t r a t i o n  was 
measured to be 78.6 t 2 . 0  mcg/L t h e  BODS a t  "0-time" and 4 days  p o s t  
t r e a t m e n t  a r e  shown i n   t h e   f o l l o w i n g   t a b l e .  
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APPENDIX N ( c o n t i n u e d )  

3 BOD-5 day (mg/L) 

Post. Treatment  
Day Ti.mc (Days ) 

I_ 

26 0 
4 

T r e a t e d  Negat ive  
Systems C o n t r o l s  

2 . 3 k 1 . 4  1 . 5 5 . 7 5  
0 .981t. 88 

R e s u l t s  o f  a s e p a r a t e   e x p e r i m e n t   ( s t u d y  7 9 - 0 6 )  were a s   f o l l o w s :  

BOD-5 day (mg/L) 

Pos t   T rea tmen t   T rea t ed   Nega t ive  
Dav 
-L Time(Days) Sys t ems   Con t ro l s  

0 
3 

131232 334k11 .6  
7 . 8 2 . 8  3 .752 .5  

A p r a m y c i n   a s s a y   r e s u l t s   a t  23 days were 7 9 . 7 2 3 . 9  mcg/ml. 

V i a b l e   c e l l  c o u n t s  a t  t he   end  o f  b o t h   e x p e r i m e n t s   a r e   l i s t e d  i n  t h e  
r -  2.l.f 1<.:.. r -1g La;:: - - .. . . .  . . . . . .. . - .  . . .. 

V i a b l e   C e l l   C o u n t s  ( x 1 0 5  cel ls /ml)  

Pos t   T rea tmen t   T rea t ed   Nega t ive  
Day Time (Days)   Systems  Controls  

Exp. T93-230 
26 0 

4 
62 .0211  23.925.7 
18 .425 .3  . 2.72.15 

Exp. 79-06 
26 0 1 8 . 1 k 3 . 1   1 3 . 6 2 5 . 0  

4 17.026.6  199+12.8;? 

"Only one   t ank  was sampled. 

There were also no s i g n i f i c a n t   d i f f e r e n c e s   b e t w e e n   t h e  pH v a l u e s  of 
c o n t r o l s   a n d   t r e a t e d   s y s t e m s  as  shown  below. 

',, pH 
79-06  T93-230 

C o n t r o l   T r e a t e d   C o n t r o l   T r e a t e d  -- 

I n i t i a l  7 . 8  7 - 8 5  * 7 . 4 0  7 .45  
Terminal  6 . 1  6.25 8 . 3 0  8 .55  

D i s s o l v e d   o x y g e n   u t i l i z a t i o n  by apramycin  accl imated  sewage  organisms was 
n o t   a f f e c t e d   u n t i l   c o n c e n t r a t i o n s  ' o f  6 . 4  mcg/ml w e r e  reached .  'A range o f  
c o n c e n t r a t i o n s  from 0.1 t o  102.4 mcg/ml  was t e s t e d .   T h e s e  resu l t s  
r e f l e c t   t h e  low i nocu lum  l eve l   and   t he   b road   spec t rum o f  t h e   a n t i b , i o t i c .  



! .' 
.s 

*- 

3 

62 

APPENDIX 0: Repdr t  Summary 

T i t l e :  The T o x i c i t y  of Conlpound 47657 (Apramycin) t o  Earthworms i n  a 
14-Day S o i l   I n c o r p o r a t e d   S t u d y .  

S t u d y   D a t e s :   J u l y  14 t o  J u l y  2 8 ,  1978 

Study Number: 6015-78 

Names and   Addres sed   o f   Inves t iga to r s :  E .  A .  Yinger ,  C .  C .  Kehr,  and J. 
L .  Hamel ink ,   Tox ico logy   D iv i s ion ,   L i l l y   Resea rch   Labora to r i e s ,   D iv i s ion  
of E l i  L i l l y   a n d  Company, P.  0. Box 708, G r e e n f i e l d ,   I n d i a n a  46140. 

T e s t   A r t i c l e :  - Apramycin 

Lot  Number: X-24144,  c o n t a i n s  71.4% a p r a m y c i n   a c t i v i t y  

S p e c i e s  : Lumbricus 

A v e r a g e   I n i t i a l   W e i g h t :  

Xurnb-:: o f  !wimals: 

L e v e l s  of  Exposure: 

Length o f  Exposure : 

terrestris  

3 . 9  g 

10 a n i m a l s / t r e a t x e n c ,  
15 a n i m a l s   i n   u n t r e a t e d   c o n t r o l ,  
15 a n i m a l s   i n   s o l v e n t   c o n t r o l  

. .  . . i: . 

0 .0  ( c o n t r o l   a n d   s o l v e n t   c o n t r o l ) ,  
10,  and 100 ppm (nominal)  

14 days 

R o u t e :   I n c o r p o r a t e d   i n t o  t e s t  m e d i a   ( r a b b i t   f e c e s ,   w a t e r ,   a n d  
n o n - s t e r i l e   p o t t i n g   s o i l ) .  

P a r a m e t e r s   S t u d i e s  : - Body w e i g h t   g a i n ,   m o r t a l i t y ,   p h y s i c a l  
a p p e a r a n c e   ( f l a c c i d ,   s o f t   a n d   f l a c c i d ,   m o r i b u n d ) .  

Experimental   Design:  

Test   media  was  p l a c e d   i n  2 L c y l i n d r i c a l   g l a s s   j a r s .   T h r e e   j a r s  were 
used f o r  c o n t r o l   a n d  f o r  t h e   s o l v e n t   c o n t r o l  (0 .02% Tween 80 was used a s  a 
w e t t i n g   a g e n t )   a n d  two j a r s  were used a t   e a c h  of  t h e   t r e a t m e n t   l e v e l s .  
F i v e  worms were p l a c e d   i n t o   e a c h   j a r   a t   t h e   b e g i n n i n g  o f  e a c h   s t u d y .  The 
s t u d y  was conducted a t  12.5OC. Worms were weighed  and t h e i r   a p p e a r a n c e  
was noted  on t e s t  days 0 ,  3 ,  7 ,  and  14.  

R e s u l t s  : 

f l o r t a l i t i . e s ,   c h a n g e s   i n   a p p e a r a n c e ,   a n d   r e d u c t i o n s   i n   b o d y   w e i g h t   g a i n  
were n o r   f o u n d   i n   c o n t r o l ,   s o l v e n t   c o n t r o l ,   o r   i n   t h e   t r e a t m e n t   g r o u p s .  
There  were no a p p a r e n t   s i g n s  o f  . t o x i c i t y   a t   t h e  two c o n c e n t r a t i o n s  of  
a p r a m y c i n   a c t i v i t y   t h a t  were t e s t e d .  

* 
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APPEh'DIX P:  Repor t  Summary 

Ti t le :   Greenhouse   Phyto toxic i ty   S tudy   of   Manure   f rom  Apramycin-Trea ted  
Swine . 

Study Number: ABC-0011 

Study  Dates:   March 1, 1978 t o  Play 1, 1978 

Name and A d d r e s s  of I n v e s t i g a t o r s :  L .  L. Z o r n e s ,   L i l l y   R e s e a r c h  
L a b o r a t o r i e s ,   D i - v i s i o n  of  E l i  L i l l y  and Company, P .  0. Box 7 0 8 ,  
G r e e n f i e l d ,   I n d i a n a  46140.  

Test   Art ic le . :   Manure  f rom  aprarnycin- t reated  swine 

Test   System:  Plants   grown  f rom seed i n   g r e e n h o u s e   s o i l   f l a t s .  

Summary o f  Exper imenta l   Des ign:  

Feces   f rom  swine  which  had  been  fed  110 ppm 14C apramycin ( a s  t h e  
s u l f a t e   s a l t )   s e r v e d   a s   t h e  t e s t  a r t i c l e   a n d  feces f rom  swine   fed  a 
c c r . t r o 1   r a t i o n   s e r v e d   a s   t h e   f e c e s ' - c c ; n t r o l :  .The test ' a r t i i , l e  ~ ~ i , ~ ' a i ~ t d  
71% mois ture   and   approximate ly  5 4  ppm apramycin  on a w e t  b a s i s  or 
a p p r o x i m a t e l y  186 ppm on a d r y   w e i g h t   b a s i s .   A i r - d r i e d   f e c e s  were 
i n c o r p o r a t e d   i n t o   g r e e n h o u s e   p o t t i n g   s o i l   a t  rates e q u i v a l e n t  to 11.2 
and 22.4  metric t o n s   o f  wet f e c e s   p e r   h e c t a r e  ( 5  and 10 U . S .  t o n s   p e r  
a c r e ) .   G r e e n h o u s e   f l a t s  were p r e p a r e d   a t   t h e s e   r a t e s   f o r   b o t h   t h e  
t r e a t e d   a n d   c o n t r o l   f e c e s ,  a s  w e l l  a s   c o n t r o l   s o i l   t o   w h i c h   n o  feces 
were  added. 

A s t a n d a r d   g r e e n h o u s e   p h y t o t o x i c i t y  t e s t  was conducted i n  which 14 mono- 
a n d   d i c o t y l e d o n o u s   p l a n t s   w e r e   g r o w n   f r o m   s e e d   i n   t h e   t r e a t e d   a n d .  
u n t r e a t e d   s o i l s .  The p l a n t   s p e c i e s  were a l f a l f a  (Medicago  sat iv: \ ) ,  
f e s c u e   ( F e s t u c a   e l a t i o r ) ,   c u c u m b e r   ( C u c u m i s   s a t i v u s )  , r i c e  (Oryza 
-~ sa t iva ) ,   co t ton   (Gossyp ium  h i r su tum) ,   t oma to   (Lycoper s i con   e scu len tu rn ) ,  
pepper  (Capsicum  annuum),  corn (= mays) ,   suga r   bee t   (Be ta   *a r i s ) ,  
b a r l e y  (Hordeum vu lga re ) ,   soybean   (G lyc ine  E ) ,  whea t   (T r i t i cum 
aes t ivum) ,   g ra in   so rghum (Sorghum b i c o l o r ) ,   a n d   o a t s  (Avena s a t i v a ) .  
P l a n t s   w e r e   r a t e d  € o r  p h y t o t o x i c   i n j u r y  (0 = no i n j u r y , .   t o  10 = 
c o m p l e t e   k i l l )  a n d ,  i n j u r y ,   d e s c r i b e d   a s   c h l o r o s i s ,   b u r n i n g ,   s t u n t i n g ,  o r  
r educed   ge rmina t ion ,  was no.ted 21 d a y s   a f t e r   p l a n t i n g .  

l_l -- 
- 

Summary o f  R e s u l t s :  .. _-___ 

A l l  r a t i n g s   w e r e   z e r o   ( n o   i n j u r y )   c o m p a r e d   t o   t h e   u n t r e a t e d  s o i l  c o n t r o l  
w i t h   t h e   e x c e p t i o n  o f  p e p p e r s .   P e p p e r s   i n   t h e  22.4  m t / h a   f l a t s  for b o t h  
c o n t r o l '  feces a n d   t r e a t e d   f e c e s   h a d   r a t i n g s  of 2s ( s l i g h t   s t u n t i n g  
i n j u r y ) .  The f a c t   t h a t   t h i s   s t u n t i n g   o c c u r r e d  in b o t h   t h e   c o n t r o l   f e c e s  
a n d   t r e a t e d   f e c e s   f l a t s   d e m o n s t r a t e s   t h a t  i t  was n o t   d u e   t o   a p r a m y c i n  
t r e a t m e n t .   T h e r e f o r e ,   t h e r e  was ' no   ap ramyc in - re l a t ed   phy to tox ic i t -y   due  
to growing   t hese  14 p l a n t   s p e c i e s   i n  s o i l  manured w i t h  feces from 
ap tamyc in - t r ea t ed   swine .  
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APPENDIX Q:  Repor t  Summary 

T i t  l e  : The S u s c e p t i b i l i t y  of S e l e c t e d   S p e c i e s   o f   N i t r o g e n   F i x i n g   O r g a n -  
isms t o  Apramycin 

S tudy  Number:  I-BSD-79-03,  I-BSD-79-05,  I-BSD-79-10 

Study  Dates:   March,  1979 - September,  1979 

Name and  Address of I n v e s t i g a ~ o r :  R .  M .  Kline, L i l l y   R e s e a r c h  Labors- 
to r i e s  , Uivisior l  o f  E l i  L i l l y  and Company, P. 0. Box 7 0 8 ,  G r e e n f i e l d ,  
Indiana  46140 

T e s t   A r t i c l e :   C r y s t a l l i n e   a p r a m y c i n  

- T e s t   S y s t e m :   P u r e   c u l t u r e   t e c h n i q u e s   u n d e r   l a b o r a t o r y   c o n d i t i o n s   u s i n g  
s t a n d a r d   l a b o r a t o r y   p r o c e d u r e s .  

Summary o f  Exper imenta l   Des ign:  - 

The e f f e c t  o f  apramycin  on  growth of the   fGl lowing   organisms was d e t e r -  
minsi!: . .  

Azotobacter  chroococcum A . T . C . C .  9043 
Anabaena  f los-aquae 
Rhizobium  japonicum (1) 
Rhizobium  japonicum - ( 2 )  

-- IJ.TEX. 1444 
31 l b  110 
31 l b  142 

Rhizobium  japonicum ( 3 )  A . T . C . C .  10311 
Rhizobium  japonicum ( 4 )  F i e l d  I s o l a t e  
E.  ~ e g u m i n o s a r i m  128C53 

A l l  were s t u d i e d   i n   p u r e   c u l t u r e   a n d   t h e   b l u e - g r e e n   a l g a e  was a x e n i c .  

N i t r o g e n   f i x a t i o n ,   a s   d e t e r m i n e d   b y   a c e t y l e n e   r e d u c t i o n  was determined 
us ing  c u l t u r e s  o f  4. f los-aquae  and  Azotobacter   chroococcum. 

c 
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APPENDIX Q ( con t inued)  

Summary o f   R e s u l t s :  

Growth o f  the   g ram-negat ive   o rganisms showed d i f f e r e n t   d e g r e e s  of . s ens i ;  - 

t i v i t y   t o   a p r a m y c i n   a s  shown i n  t h e   f o l l o w i n g   t a b l e :  
- 

Concentrat ion  Showing 
Organism  Growth  .Reduction / .  

- R .  japonicum (2 )  1 .0  mcg/rnl 
R .  japonicum (3) 10.0 mcg/ml 
E. - japonicum ( 4 )  10.0 mcgjrnl 
R .  - leguminosarurn 0 . 1  rncg/rnl 

A l l  r e a d i n g s  were made a t  72 h o u r s   p o s t t r e a t m e n t .  

N i . t r o g e n a s e   a c t i v i t y   a s   m e a s u r e d   b y   t h e   c o n v e r s i o n   o f   a c e t y l e n e  t o  
.-tF:;-?ene wzs v s r l a b l e  b u t  ap ramyc i l ;   vas   e f f ec t ive  in rc3acin;; E ~ ~ Z G ~ C F .  

f i x a t i o n   b y  A .  chroococcum a t  0 - 0 1  ppm i n  v i t r o .   T h e r e  was a l s o  a 
r e d u c t i o n  i n  a c e t y l e n e   r e d u c t i o n  by A. f l o s - a q u a e   a t  1 ppm b u t   a f t e r  96 
hour s  t he  r e s p o n s e   a p p e a r e d   e q u a l   t o   n o n t r e a t e d   c o n t r o l s .  

-- 


