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Environmental  Assessment 
f o r  

Chloramphenicol Oral Solu t ion  
Notice of Opportunity  for  Hearing 

Proposa l   to  Withdraw NADAs 

A. Descr ipt ion of the  proposed  action. 

1. 

2. 

Proposed  act ion and r egu la to ry   au tho r i ty :  

The Director  of the  Center  for  Veterinary  Medicine,  Food and 
Adminis t ra t ion.  (FDA), i s  providing  an  opportuni ty   for   hear ing 
on a proposal  to  withdraw  approval of new animal  drug 
app l i ca t ions  (NADAs) for   ch loramphenicol   o ra l   so lu t ion   for  
animal  use. The proposed  withdrawal i s  based upon new 
information  which  demonstrates  that   the  products  have  not  been 
used, and are n o t   l i k e l y   t o  be used,  under  the  conditions of 
u s e   f o r  which the   app l i ca t ions  were approved.  Therefore,   the 
drugs are deemed unsafe   under   the  provis ions of s ec t ion  
512(e)(l)(A)  and ( B )  of the   Federa l  Food,  Drug,  and  Cosmetic 
Act, 21 U.S.C. 360b(e)( l ) ,  and in   accordance  with  the 
provis ions  of s e c t i o n  512  of the  Act (21 U.S.C. 360b). Under 
au tho r i ty   de l ega ted   t o   t he   D i rec to r  by  21 CFR 5.84, the  
Director   provides   an  opportuni ty   for   hear ing  to  show why 
approval of t h e  new animal   drug  appl icat ions  should  not  be 
withdrawn. 

The underlying  purpose and  need for   the   p roposed   ac t ion :  

Chloramphenicol  oral   solutions are approved and labe led   for  
t rea t ing   dogs   for   can ine   in fec t ions   caused  by organisms 
suscept ible   to   chloramphenicol .  It i s  recommended i n   t h e  
labe l ing   tha t   the   p roduct   should  be administered by stomach 
intubat ion  because of i t s  b i t t e r  taste. The l abe l ing   fo r   t he  
product   a l so   bears   the   s ta tement   " th i s   p roduct  is n o t   t o  be 
used in   an imals  which are raised  for  food  production." 

Cont rary   to   l abe led   use  and  warnings,   avai lable   data   es tabl ish 
t h a t  most ch loramphenicol   o ra l   so lu t ion   tha t   has  been 
d i s t r ibu ted   i n   r ecen t   yea r s   has  been so ld   t o   l a rge   an ima l  
v e t e r i n a r i a n s  (IMS, 1981)  and in j ec t ed   (o r   i n fused )   i n to  food- 
producing  animals. No chloramphenicol  preparation is approved 
for   use  in   food-producing  animals .  The in jec tab le   use  of t he  
o r a l   s o l u t i o n  is thought   to   occur   for   severa l   reasons :   the  
o r a l   s o l u t i o n  i s  less expensive  than  the  product  approved  for 
pa ren te ra l   admin i s t r a t ion ;   o ra l   admin i s t r a t ion  is i n e f f e c t i v e  
in   ruminants ;  and t h e   o r a l   s o l u t i o n  i s  d i f f i c u l t   t o   a d m i n i s t e r  
ora l ly   because  of i t s  b i t t e r  tas te .  It i s  u n l i k e l y   t h a t   t h e  
o r a l   s o l u t i o n  is used i n  dogs by the   pa ren ta l   rou te   o r   t ha t  
stomach intubat ion  occurs   rout inely  because it i s  more 
p rac t i ca l   t o   admin i s t e r   t he   d rug  by i n j e c t i o n  of the  approved 
pa ren ta l   p roduc t s ,   o r  by the   o ra l   rou te   us ing   the   approved  
forms of   capsules   o r   t ab le t s .   I f   the  NADAs f o r  chloram- 
p h e n i c o l   o r a l   s o l u t i o n  are withdrawn,  the  drug will not  be 
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B. 

avai lable   to   producers   of   food-producing  animals   in   an 
economical and p r a c t i c a l  form. Therefore,   the  agency  believes 
the  withdrawal of NADAs f o r   t h i s   d o s a g e  form will r e s u l t   i n  a 
cur ta i lment   o f   the   i l l ega l   use  of chloramphenicol i n  
food-producing  animals. 

Environmental  Consequences of Proposed  Action. 

1. Uses fo r   t he   p roduc t   fo r  which  approval would  be withdrawn: 

Chloramphenicol is a natura l ly   occur r ing   an t imicrobia l   agent  
(Malik,  1972). It is approved  for   use  in   t reat ing  dogs  for  
canine  infect ions  caused by organism  suscept ible   to  
chloramphenicol.  1t:s  use i s  contraindicated  in  food-producing 
an imals .   In format ion   ava i lab le   to  FDA i n d i c a t e s   t h a t  
choramphenicol  has  been  used i l l ega l ly   i n   food-p roduc ing  
animals. The agency  found  evidence of such  unapproved  use or 
intended  use  of  chloramphenicol  in  nearly 70 inspec t ions   o f  
an imal   p roducers ,   ve te r inar ians ,  and re ta i l  d i s t r i b u t o r s ,  
conducted i n  1982, 1.983, and 1984. The drug had been 
adminis tered  or  was in tended   to  be adminis te red   to   da i ry  and 
beef cat t le  and ca lves   ( i nc lud ing   f eed lo t   ca t t l e  and ca lves ,  
and l a c t a t i n g   d a i r y  cows),  and t o  young  and mature  swine. The 
drug was reportedly  used t o  t reat  t h o s e   c o n d i t i o n s   l i s t e d   i n  
Table 1. It i s  bel i .eved  that   chloramphenicol   oral   solut ion,  
because  of i t s  low  c.ost  and p r a c t i c a l i t y  of   adminis t ra t ion,  is 
the  primary  dosage form of chloramphenicol   used  in   t reat ing 
these   condi t ions .  

Table 1. Reported  unapproved  uses of chloramphenicol   in  
f ood-producing  animals. 

Calves P igs  Cattle Dairy ca t t le  

Salmonel losis   Salmonel losis   Pasteurel la  Mastitis 
hemolytica 

( sh ipping   fever )  

Col i form  infec t ion  

Scours 

"Toxic cow syndrome" 

Pneumonia 

Shipping  fever  

Other   resp i ra tory  
problems 

Haemophilus i n f e c t i o n  

Disease prevention 

Scours  (baby 
Pigs  1 
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This   act ion is being  taken  to  cu r t a i l  i l l e g a l   u s e s  of 
chloramphenicol   oral   solut ion  formulat ion.  No approved claim f o r  
chloramphenicol w i l l  be withdrawn by t h i s   a c t i o n .  

2. Magnitude  of  such  uses  for which approval would be withdrawn: 

Chloramphenicol   oral   solut ion i s  be l i eved   t o  be the  dosage  form 
most of ten  abused  in   t reat ing  food-producing  animals .   There are 
f i v e  NAD& known t o  FDA which w i l l  be a f f ec t ed  by the  withdrawal 
no t i ce .  Those NADAs and sponsors are l i s t e d   i n   T a b l e  2. According 
t o   i n f o r m a t i o n   a v a i l a b l e   t o  FDA, t h e  1981 production of 
chloramphenicol   oral   solut ion was est imated a t  28,987 kg (See 
Appendix A). X t  i s  poss ib l e   t ha t   t h i s   p roduc t ion  rate has   decl ined 
because of decreased  usage  resul t ing  f rom  effor ts  by FDA, before and 
s ince  1981, t o  limit the  use of chloramphenicol  in  food-producing 
animals. The production and sales of the  28,987 kg of 
"chloramphenicol   oral   solut ion" would be e l i m i n a t e d   i f   t h i s  
withdrawal   act ion is f ina l ized .   Subsequent   increases   in   the  
production of  chloramphenicol  in  other  dosage  forms,  ( i .e. ,  
i n j ec t ab le ,   t ab l e t ,   c apsu le s ,   suspens ions )  may be expec ted   to   o f fse t  
some of   the  product ion  decreases   resul t ing from this   withdrawal .  
Veter inar ians  who lega l ly   use   ch loramphenicol   o ra l   so lu t ion   in   the i r  
practice t o  t reat  dogs would  be expected t o  continue  treatment  with 
chloramphenicol,  but  with  alternative  approved  dosage  forms. 

Firm 
NADA Date 

Number Approved 

John D. Copanos & Co., Inc. 65-364 
Baltimore,  MD 21225 

9/07/73 

Medico Indus t r ies ,   Inc .  65-487 4/10/81 

Elwood, KS 66024 
(a  Tech-America Co.) 

Michael Gordon 65-484 8/19/80 
San Francisco, CA 94118 

Pf i z e r  , Inc . 
New York, NY 10017 

Ph i l ip s  Roxanne, Inc.  
St.  Joseph, MO 64502 

f 

3. Uses of subs t i t u t e   p roduc t s :  

65-464 8/19/80 

65-477 12/27/77 

a. Uses of   a l ternat ive  dosage forms of  chloramphenicol: 

Veter inar ians  who current ly   use  chlorampheni .co1  oral   solut ion  in  
t h e i r   p r a c t i c e   f o r   t r e a t i n g   c a n i n e   i n f e c t i o n s   s u s c e p t i b l e   t o  
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c i.. 

Of t h e   p o s s i b l e   s u b s t i t u t e   d r u g s   l i s t e d   i n   T a b l e  3, t h e  
agency   expec ts   the   penic i l l ins ,   the   t e t racyc l ines ,   and  
gentamicin  to  be the  pr imary  subst i tute   drugs  used.  

4. Magnitude  (production/sales) of the   subs t i tu te   p roducts :  

The 1981 U.S. production of ch loramphenicol   o ra l   so lu t ion   for  
ve te r inary   use  was es t imated   to  be 28,987 kg. The 1983 U.S. 
productions of va r ious   t e t r acyc l ines  and p e n i c i l l i n s  are 
provided  in  Appendices B and C. The to ta l   p roduct ion  ( a l l  
uses   inc luding   ve te r inary ,  human, p e s t i c i d e ,   e t c . )  of 
t e t r a c y c l i n e s  i s  e s t ima ted   t o  be 3,274,090.9 kg and of 
pen ic i l l i n s   ( s emisyn the t i c  and o t h e r )  i s  e s t ima ted   t o  be 
3,605,909.1 kg. On a weight  per  weight  basis  chloramphenicol 
o ra l   so lu t ion   p roduc t ion   cons i s t s  of only 0.4 percent  of t h e  
combined production of t e t r a c y c l i n e s  and p e n i c i l l i n s .  
Therefore ,   the   subs t i tu te   use  of t h e   t e t r a c y c l i n e s  and 
pen ic i l l i n s   fo r   ch lo ramphen ico l   o ra l   so lu t ion  would not be 
expec ted   to   s ign i f icant ly   increase   the   overa l l   p roduct ion   and  
sales of  these  products. No information on the  production and 
the  sales of  gentamicin was ava i l ab le .  However, s i g n i f i c a n t  
i n c r e a s e s   i n  i t s  production and sales would not be expected 
because  gentamicin  treatment i s  l imi ted   to   swine  and o the r  
an t imicrobia l   agents  are a l s o   a v a i l a b l e  as s u b s t i t u t e s .  

It should  a lso be noted   tha t   th i s   conc lus ion  assumes t h a t  
decreased  production of chloramphenicol   oral   solut ion w i l l  be 
to t a l ly   man i fe s t ed  as i n c r e a s e s   i n   t h e   p r o d u c t i o n  of 
t e t r a c y c l i n e s  and p e n i c i l l i n s .  The impact w i l l  a c t u a l l y  be 
spread  over a l l  of  the  alternative  chloramphenicol  dosage 
forms  and a l te rna t ive   an t imicrobia l   p roducts .   Therefore ,   the  
impact on production.  and sales o f   subs t i t u t e s  w i l l  be less 
than  implied by the  above  f igures.  

5. Uses f o r  which  no subs t i tu te   p roduct  is ava i l ab le :  

The agency i s  not aware of   uses   for  which s u b s t i t u t e s  are not 
ava i l ab le .  

6. Environmental   impact  of  the  action: 

The agency  has  considered  environmental  information  for 
chloramphenicol  (Appendix A ) ,  t e t r a c y c l i n e s  (Appendix B) , 
p e n i c i l l i n s  (Appendix C ) ,  and gentamicin  (Appendix D) and has 
careful ly   considered  the  potent ia l   environmental   impact  of 
t h i s   a c t i o n  and  conc;ludes  that i t  w i l l  not  have a s i g n i f i c a n t  
impact on the   qua l i ty   o f   the  human environment. 

The potential   environmental   impact  associated  with  reduced 
use   o f   ch loramphenicol   o ra l   so lu t ion   or   increased   uses   o f  
alternative  dosage  forms  of  chloramphenicol is not   expected  to  
be s i g n i f i c a n t .  Between 10 and 20% of the   adminis tered  dose 
of c h l o r a m p h e n i c o l   o r a l   s o l u t i o n , i s   e x c r e t e d   i n   t h e   u r i n e   i n  a 
b i o l o g i c a l l y   a c t i v e  form. The remainder is repor ted ly  
excreted as biological ly   inact ive  metabol i tes   (Hird,  1979; 



Clark,  1978;  Knight,  1981).  Chloramphenicol is r a p i d l y  
degraded by b io l ,og ica l ,   chemica l ,  and g h o t o l y t i c  means. Upon 
d i r e c t   a p p l i c a t i o n  t ,o  so i l - f eces  a t  25 C i t  l o s e s  i t s  
b i o l o g i c a l   a c t i v i t y   w i t h i n  one week (Singer,  1984).  There are 
no r epor t ed   env i ronmen ta l ly   bene f i c i a l   e f f ec t s   de r ived   f rom 
t h e   a p p l i c a t i o n  of ch lo ramphen ico l   t o   so i l s   w i th  manure. 

As noted  from  Appendix B, 10 t o  25% of t h e   o r a l   d o s e  of 
o x y t e t r a c y c l i n e  (OTC) and c h l o r t e t r a c y c l i n e  (CTC) are 
exc re t ed .  Both are r e l a t i v e l y   s u s c e p t i b l e   t o   b i o l o g i c a l ,  
chemical,  and p h o t o l y t i c   d e g r a d a t i o n ,   a l t h o u g h   c h l o r t e t r a -  
c y c l i n e   a p p e a r s   t o   p e r s i s t   i n   t h e   e n v i r o n m e n t   f o r   l o n g e r  
pe r iods  of  time. In  one in s t ance  a h a l f - l i f e  of greater than  
20 days was c a l c u l a t e d   f o r   c h l o r t e t r a c y c l i n e  (Elmund, e t  al., 
1971).  Both OTC and CTC are adsorbed   to   c lay  and s o i l .  While 
complexed i n   t h i s   f a s h i o n ,   d e g r a d a t i o n  may not   occur .   This  
may accoun t   fo r   t he   r e l a t ive ly   l ong   ha l f - l i f e   obse rved   fo r  
CTC. Both OTC and CTC appear   to   a f fec t   p lan t   g rowth ,   and  
t h e s e   e f f e c t s   a p p e a r   t o  be r e l a t e d   t o   s o i l   c h a r a c t e r i s t i c s  and 
p l a n t   s e n s i t i v i t y .  The growth  and  development  of  pinto  beans 
appears to  b e   a f f e c t e d   g r e a t e s t .  OTC and CTC a l so   appea r  t o  
a f f e c t   s o i l   m i c r o b i a l   p o p u l a t i o n s ,   b u t   t h e   e f f e c t s  were 
t r a n s i t o r y .  In one i n s t a n c e   ( P a t t e n ,  e t  a l .  (1980)) OTC was 
found t o  be b e n e f i c i a l   t o   s o i l   m i c r o o r g a n i s m s .   N e i t h e r ,  OTC 
nor CTC are expec ted   to   b ioaccumula te   in   l ip id   o r   o rganic  
material. Although CTC and OTC a t  ve ry   h igh   concen t r a t ions  
may have a d e t r i m e n t a l ,   b u t   t r a n s i t o r y ,  impact on t h e  
envi ronment ,   the   increased   use   expec ted   f rom  th i s   ac t ion  
s h o u l d   r e s u l t   i n  no i m p a c t ,   e i t h e r   b e n e f i c i a l   o r   d e t r i m e n t a l .  

P e n i c i l l i n s  are a l so   exc re t ed   i n to   t he   env i ronmen t .  The 
amounts exc re t ed  as the   ac t ive   d rug   subs tance   range   f rom a low 
of 30% f o r   c l o x i c i l l i n   t o  as much as 90% f o r   a m p i c i l l i n   a n d  
p e n i c i l l i n  G (See  Appendix C ) .  Environmental   degradation of 
p e n i c i l l i n ,  however,  should  be  rapid. . In s o l u t i o n   c l o x i c i l l i n  
had t h e   g r e a t e s t   r e p o r t e d   h a l f - l i f e  ( 6  h r s  ., pH 2) of t hose  
considered.  Althoug:h, no s t u d i e s  on t h e   e f f e c t s  of 
p e n i c i l l i n s  on environmental  microorganisms were found, 
p e n i c i l l i n s  would no t   be   expec ted   t o   s ign i f i can t ly  a l ter  
microbial   populat ions  because of the i r   sho r t   env i ronmen ta l  
ha l f - l i ves .   Add i t iona l ly ,  no bioaccumulation of t h e  
p e n i c i l l i n s  would  be expected. No e f f e c t s  on i n s e c t s ,   p l a n t s  
o r   a q u a t i c  organisms; were repor t ed .  

Gentamicin i s  be l ieved  to  be e x c r e t e d   i n   t h e   u r i n e   i n   a n  
a c t i v e  form  (See  Appendix D). Although  gentamicin i s  
re la t ive ly   water   so l .ub le ,  98% of gentamicin a p p e a r s  to  be 
bound to  s o i l .  Only 2% of  the bound gentamicin  could be 
e x t r a c t e d .  In its bound form  gentamicin  did  not show evidence 
of a n t i b a c t e r i a l   a c t : i v i t y   a g a i n s t . h i g h l y   s e n s i t i v e   b a c t e r i a .  
There  appears to  be l i t t l e  impact on env i ronmen ta l   bac t e r i a ,  
a lgae   o r   p l an t s   f rom  gen tamic in .   The re fo re ,   f rom  the   da t a  
a v a i l a b l e ,   g e n t a m i c i n  is not  expected  to  have adverse, nor 
b e n e f i c i a l   e f f e c t s  upon the  environment. 



C. 

The environmental   impact on t h e   u t i l i z a t i o n  of resources   and 
energy   resu l t ing   f rom  the   ac t ion  would not  be s i g n i f i c a n t .  As 
previous ly   no ted ,   the   p roduct ion   of   ch loramphenicol   represents  
only 0.4% of the  tot.al p roduc t ion   o f   pen ic i l l i n s  and 
t e t r a c y c l i n e s .   T h i s   f i g u r e  would a c t u a l l y  be lower i f   t h e  
product ion  of a l t e rna t ive   dosage  forms of  chloramphenicol  and 
the   subs t i t u t e   gen tamic in   a r e   cons ide red .   Add i t iona l ly ,  
r e source  and e n e r g y   u t i l i z a t i o n   c a n  be expec ted   t o  be similar 
f o r  a l l  an t imicrobia , l   p roduct ion .   Therefore ,   any   decrease  i n  
r e source  and e n e r g y   u t i l i z a t i o n   r e s u l t i n g   f r o m   d e c r e a s e s  i n  
ch loramphenicol   o ra l   so lu t ion   product ion  may be expected t o  be 
o f f s e t  by i n c r e a s e s   i n   t h e   p r o d u c t i o n  of s u b s t i t u t e   p r o d u c t .  
Overa l l   changes   in   resource  and e n e r g y   u t i l i z a t i o n . w i l 1   n o t  be 
a l t e r e d .  

Mi t iga t ion   measu res   t o   o f f se t   adve r se   env i ronmen ta l   e f f ec t s .  

No a d v e r s e   e n v i r o n m e n t a l   e f f e c t s   a s s o c i a t e d   w i t h   t h i s   a c t i o n  
are expected.   Therefore ,   no  mit igat ion  measures  are 
necessary .  

D. Regu la to ry   a l t e rna t i . ves  and the i r   expec ted   envi ronmenta l  
consequences.  

1. No a c t i o n :  The ex t r a - l abe l   u se  of ch loramphenicol   o ra l  
s o l u t i o n  would cont inue  and may increase.   Subsequent ly ,  
e n v i r o n m e n t a l   e f f e c t s  would  remain as they  are, o r  
i n c r e a s e  . However, because l i t t l e  chloramphenicol is ' 

re leased  into  the  environment   and it is  r a p i d l y  
i n a c t i v a t e d ,  no s i g n i f i c a n t   e f f e c t s  would  be expected  from 
the  increased  use  of   chloramphenicol .  

2. Voluntary  compliance  and  education: The ex t r a - l abe l   u se  
of  ch1oramphenic:ol o r a l   s o l u t i o n  may decrease .  Use of 
s u b s t i t u t e   a n t i n l i c r o b i a l   a g e n t s  would  be expected t o  
i n c r e a s e .  However, as discussed  above  and i n  Appendices 
A, B, C, and D, no s ign i f i can t   adve r se   env i ronmen ta l  
e f f e c t s  are expected  from  chloramphenicol or t h e  
s u b s t i t u t e   p r o d u c t s .   T h e r e f o r e ,   t h i s   a c t i o n  would not   be  
e x p e c t e d   t o   s i g n i f i c a n t l y   a f f e c t   t h e   e n v i r o n m e n t .  

E. Comparative  analysis of proposed  action and a l t e r n a t i v e s .  

Decreases and i n c r e a s e s   i n   t h e   e n v i r o n m e n t a l  release of 
ch lo ramphen ico l   t o   t he   ex t en t   r e su l t i ng   f rom  th i s   ac t ion ,  or 
f r o m   t h e   l i s t e d   a l t e r n a t i v e s  w i l l  not  have a s i g n i f i c a n t  
impact '   on  the  environment .   Similar ly ,   moderate   _increases   and 
dec reases  in t h e  use of   a l te rna t ive   dosage   forms  of 
c h l o r a m p h e n i c o l   o r   s u b s t i t u t e   p r o d u c t s ,   r e s u l t i n g  from t h i s  
a c t i o n  or t h e   l i s t e d   a l t e r n a t i v e s  will n o t   s i g n i f i c a n t l y  
e f fec t   the   envi ronment  . Resource'. and e n e r g y   u t i l i z a t i o n  is 
expec ted  to remain  izpproximately  the same. 
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Therefore ,   th i s   ac t : lon  and t h e   l i s t e d   a l t e r n a t i v e s  will n o t  
d i f f e r   s i g n i f i c a n t 1 : y  i n  t h e i r   a f f e c t  on the  environment.  None 
of t h e   a c t i o n s  are e x p e c t e d   t o   s i g n i f i c a n t l y  affect  the  
environment. 
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Appendix A: Environmental  Assessment  Data  for  Chloramphenicol 

1. Chemical  identity: 

a. Trade  name and  common or generic  name: 

Chloramphenicol  oral  solution 

b. Chemical  names:  (USAN, 1984) 

Acetamide,  2,  2-Dichloro-N 
[2-hydroxy-l-(hydroxy-methyl)-2-(4-nitrophenyl) ethyl] 
acetamide , [R- (R* , R*) ] ; 
D-threo-(--)-z, 2-Dichloro-N-[B-hydroxy- 
(hydroxymethy1)-p-nitrophenethyl] acetamide. 

registration  number:  CAS-56-75-7 

d. Structural  diagram:  (USAN, 1984) 

e. Chemical  formula:  C12H12C12N205 

f . Molecular  weight  (USAN, 1984):  323.14 
g. Melting  point  (Merck, 1983):  150.5°-151.50C 

- _  2. Introduction  into  the  environment  through  manufacture: 

Chloramphenicol I s  a naturally  occurring  product  first 
isolated  from  Streptomyces  venezuelae  (Malik, 1972). Since 
its  initial  isolation,  several  strains of chloramphenicol- 
producing  streptomyces  have  been  identified  (Malik, 1972). 
Synthetic  chemical  methods  for  producing  chloramphenicol  have 
been  developed  which  have  replaced  fermentation  procedures . 
Chloramphenicol  is  the  only  antibiotic  commercially  produced 
in  the  United  States  by  purely  synthetic  means  (Malik, 1972). 

Several  synthetic  methods of production  are  known.  One  method 
-is described in Remington's  Pharmaceutical  Sciences  (Harvey, 
1980). Data  available  to FDA from the  antibiotic  certifi- 
cation  program,  conducted by FDA through 1981, indicates  that 
28,987 kg of  chloramphenicol  oral  solution  was  produced in 
1981 for  veterinary use.  Production of injectable,  tablet, 
and  capsule  dosage forms of  chloramphenicol  amounted to 81, 
3,156  and 26,747 kg. No other  United  States  production  of 
chloramphenicol  for  other  uses  is  known. No information was 
available  on  the  nature  or  quantity  of  environmental 
pollutants  emitted  during  the  manufacture  of  chloramphenicol. 
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3. Introduction  into  the  environment  through  use: 

Ten  to  20%  of  the  administered  dose  of  chloramphenicol is 
excreted  in  a  biologically  active  form  in  the  urine  of  most 
mammalian  species  (Hird,  1979;  Clark,  1978;  Knight, 1981). 
The  remainder is excreted  as  biologically  inactive 
metabolites.  If  all of the  oral  solution of chloramphenicol 
(28,987  kg)  were  used  in  the  treatment  of  food-producing 
animals,  the  maximum  amount  of  active  chloramphenicol  which 
could  be  expected  in  the  excreta is 5,797.4  kg  (20%). 

Because  chloramphenicol  is  relatively  soluble  in  water 
(2.5 g/L,  Merck,  1983)  and  is  not  appreciably  bound  by  clays 
or  soils  (Pinck  et  a1 . , 1961),  it  maybe  expected  that  chloram- 
phenicol  contained  in  excreta  will  be  carried  in  runoff  to  an 
aquatic  environment. 

4 .  Fate  of  chloramphenicol  in  the  environment: 

a. 

b. 

C. 

d. 

Solubility: 

The  solubility  of  chloramphenicol  in  water  at  25OC is 
reported  as  2500 mg/L (Merck,  1983).  Significant  changes 
in the  water  solubility  of  chloramphenicol  do  not  occur 
over  a  range  of  pH  (pH  3 - pH 9; Szulczewski  and  Eng , 
1975).  Chloramp'henicol is very  soluble  in  methanol, 
ethanol,  butanol,  ethyl  acetate  and  acetone.  Smith  and 
Weber  (1983)  report  chloramphenicol  to  be  somewhat  lipid 
soluble. It is insoluble  in  benzene,  petr-ether  and 
vegetable  oils  (:Merck,  1983). 

Estimated  octanol/water  partition  coefficient: 

Chiou (1981) and  Chiou  et  al.  (1982)  provide  the  following 
equation  for  calculating  the  log  of  the  octanol/water 
partition  coefficient ( log  Kow):  log Kow = -0.862  log S + 
0.710;  where S is the  solubility  of  water  in  moles/liter. 
The  correlation  coefficient  reported  for  this  extrapolation 
by  Chiou is 0.994. Utilizing  this  equation  the  log  Kow for 
chloramphenicol (S = 0.0077  moles/L) is 2.530. 

Dissociation: 

Szulczewski  and  Eng  (1975)  report  that  chloramphenicol  is 
essentially  a  ne.utra1  compound  over  a  range  of pH's. 

Adsorption/Desorlption: 

Pinck,  et  al.  (1'961)  report  that  as  with  most  neutral 
antibiotics,  chloramphenicol is not  adsorbed to clay  or 
soil to  any  significant  degree.  They  report  that 
9 and 6 mg of  chloramphenicol  are  adsorbed  to 1 gram  of  two 
types  of  clay  and  in  3 soil types  no  adsorption  was  found. 
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e .  Biodegradation and chemical  degradation: 

Singer (1984) s t u d i e d   t h e   s t a b i l i t y  and e f f ec t s   o f  
ch lo ramphen ico l   i n   so i l  and sur face  water. Summaries of 
t h e   s t a b i l i t y ,  as measured by b i o l o g i c a l   a c t i v i t y ,  are 
p resen ted   i n  Ta 'b les  1 and 2. 

Table 1. S o i l   s t a b i l i t y  

Temperature 0 C Days % Loss t 1/2 days - 

4O  18  <lo% -- 
18-28 29% -- 

25OC  12  100%  4.5 

Table 2. Surface water 

i 
pond 

25OC s t ream 

Temperature Samples 0 
pH 

4OC stream 6.0 

7.0 

8.0 

6.0 

7.0 

8.0 

6.0 

7.0 

8.0 

37OC 

pond 

st ream 

pond 

6.0 

7.0 

8.0 

6.0 

7.0 

8.0 

6.0 

Day 

28 

28 

28 

42 

42 

42 

28 

21 

21 

14 

21 

21 

28 

28 

28 

42 

% Loss 

0 

0 

0 

0 

0 

0 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

<25% 

100% 

100% 
(approx 1 

t 1/2 day 

12 days (est.) 

10.3 days 

20.8 days 
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7.0 28 <50% - 

i 

8.0 28 . <50% -- 

At 4 O C  little  inactivation  occurred in  either  soil  or  water. 
At 25OC inactivation  ogcurred  through both  biological  and 
chemical  means. At 37 C chemical  inactivation  predominates 
(Singer, 1984)  . . 
Photodegradation: 

Shih (1971) reports  that  chloramphenicol  undergoes  oxidation, 
reduction,  and  condensation  reactions  upon  exposure  to  light 
in an aqueous solution. 

Decomposition  products of. chloramphenicol  (Szulczewski  and 
Eng , 

No . - 

1. 

2 .. 

3. 

4. 

5. 

6 .  

7.  

0. 

1975): 

Compound  Environmental  Conditions 

Acidic or basic  aqueous. 

Aqueous  solution.  ambient 
temperature. 

EN-c-cHs 
0 
.I 

5 

(I 

Aqueous  alkaline  solution, 
high  temperature. 

E 

I 

I 



9 .  ~ 5 C0,H; R, - OH , Aqueous a l k a l i n e   s o l u t i o n ,  
high  temperatures .  

10. - COzR; R, CH,OH " 

. .  

g . Bioaccumulation : 

Aqueous s o l u t i o n   a f t e r  
exposure t o  l i g h t .  

Aqueous soluthm,  high 
temperature.  

U t i l i z i n g  the equat ion  provided by Veith e t  a l .  ( 1 9 8 0 ) ,  t h e  
l o g  of t h e   b i o c o n c e n t r a t i o n   f a c t o r  (BCF) for chloramphenicol 
was calculateld to be 1.694,  i .e . , l o g  BCF = 0.76 l og  P - 
0.23, where I! = Kow = 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 .  

3. E f f e c t s  of chloramphenicol i n  the  environment:  

a . Microorganism : 

Chloramphenicol i s  8 broad   spec t rum  an t ib io t ic .  Its 
a n t i m i c r o b i a l .   a c t i v i t y  i s  presen ted   i n   Tab le  3. 

Table 3. Bacterial S u s c e p t i b i l i t y  t o  Chloramphenicol,  (Smith  and 
Weber, 1983). 

B a c t e r i c i d a l   B a c t e r i o s t a t i c   R e s i s t a n t  

A5 



The e f f e c t s  of chloramphenicol gn m i c r o b i a l   r e s p i r a t i o n  
measured as CO evo lu t ion  a t  28 C and a dose of 10 P g  
chloramphenicof   per  g of   so i l - feces  was r epor t ed  by Singer  
(1984) . A summary of   the   f ind ings  is con ta ined   i n   Tab le  4- 

Table 4. Microbial r e s p i r a t i o n  as compared w i t h   c o n t r o l .  

Day Soi l - f eces  -i chloramphenicol 

1 ' 11% lower 

3 much > 

5 

6 

approx. = 

3 1/2 times > 
>10 approx. = 

Singe r  (1984) r e p o r t e d   t h a t   m i c r o b i a l   r e s p i r a t i o n   v a r i e d   g r e a t l y  
a t  f i r s t ,   b u t   e f f e c t s  were t r a n s i e n t .  All chloramphenicol 
samples were approximate ly   equal  t o  c o n t r o l s  a f te r  10 days 
(S inge r ,  1984)  . 

b. Labora tory  animals : 

The fo l lowing   t ox ic i ty .   da t a   fo r   ch lo ramphen ico l  were r e p o r t e d   i n  
t h e  IARC Monograph (1975): 

(1) a c u t e  LD50 mice: 200 %/kg bw* ( s ing le   dose   i n t r avenous )  

1320 mg/kg bw ( s i n g l e   d o s e   i n j e c t i o n )  

rats : 170 mg/kg bw (s ingle   dose   in t ravenous)  

( 2 )  maximum t o l e r a t e d  dose : 

(a) 2-4 weeks d a i l y  

mice : 385-425 %/kg bw ( i n   d i e t )  

100 mgjkg bw ( subcu taneous .   i n j ec t ion )  

250 %/kg bw ( in t r ape r i tonea l   i n j ec t i cpn)  

. 

. guinea   p igs :  .. 250 mg/kg bw (in d i e t )  

(b) 3-5 weeks 

dogs: >7200 %/kg bw ( o r a l   c a p s u l e s )  

*bw, - body weight 



c. Algae: 

Ankistrodesmas,  Chlamydomonas and  Oocytes were u n a f f e c t e d  
by  chloramphenicol at 2.0 and 20.0 pg/ml (Fo te r ,  et al., 
1953). Ebrin.ger (1972) r e p o r t e d   t h a t   c h l o r o p h y l   s y n t h e s i s  
of  Euglena w a s  unaf fec t ed  a t  h i g h   l e v e l s  of 
chloramphenicols .  
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. .  

(, Appendix B: Environmental  Assessment  Data  for  Tetracyclines . .  

1. Chemical  identity  and  properties. 

a. Common  names : 

5-oxytetracyeline ( O T C )  
chlortetracycline  (CTC) 

b. Chemical  names: 

OTC: (1) 2-Naphthacenecarboxamide, 
4-(dlimethylamino)-l,4,4a, 5,5a, 6,11, 
12a-~octahydro-3,5,6,10,12,12a- 
hexahydroxy-6-methyl-1,ll-dioxo-, 
[4S--(4  ,4a ,5 ,5a  ,6B,12a )I- ,  dihydrate; 

(2) 4-(1~imethylamino)-l,4,4a,5,5a,6,11, 
12a-~octahydro-3,5,6,10,12,12a- 
hexalhydroxy-6-methyl-1, ll-dioxo- 
2-naphthacenecarboxamide dihydrate. 

. .  

CTC: (1) 2-Naphthacenecarboxamide, 7-chloro- 
4-(dimethylamino)-l,4,4a,5,h,6,11, 
12a-octahydr0-3,6,10,12,12a-pentahydroxy- 
6-methyl-1,ll-dioxo-monohydrochloride [4S-(4, 
4a,5a, 6B, 12a)l. 

(2) 7-Ch.loro-4-(dimethylamin0)-1,4,4a,5,5a,6,11, 
12a-octahydro-3,6,10,12,12a-pentahydroxy- 
6-methyl-l,ll-dioxo-2-naphthacenecarboxamide. 

C. CAS  registry  numbers: 

OTC: 79-57-2; 6153-64-6 
CTC: 64-72-2; 57-62-2 

d . Structures : 
The  structure  and  stereo-chemical  configuration 
of 5-oxytetracycline  (OTC)  and  chlortetracycline  (CTC)  are 
shown in  Figure 1. 

- mc -- .- 
CTC 

Figure 1. 5-Oxytetracycllne  and  Chlortetracycline (USAN, 1984). 
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e . Empir ical   formula:  

OTC: C22H24N2019 

CTC: C  H C16I2O8 22 23 

f . Molecular  weight:  

OTC: 498.49 
CTC: 515.35 

g .  Melt ing  points : :  

OTC : 1 84 . SoC 
CTC: 168-169OC 

2. In t roduct ion   in to   the   envi ronment   th rough  manufac tur ing .  

No d e t a i l s  which   quant i fy   the  release of t e t r a c y c l i n e s  and 
compounds used in   t he   manufac tu r ing   p rocess  w e r e  ' a v a i l a b l e -  
The 1983 Uni ted   S t a t e s   p roduc t ion  of t e t r a c y c l i n e s ,   f o r  a l l  
uses  was r e p o r t e d   t o  be 7,203,000 pounds or 3,274,090.9 kg. 
(Uni ted   S ta tes ,  1984). 

3. In t roduc t ion   i n to   t he   env i ronmen t   t h rough  use. 

The p r imary   rou te  of i n t r o d u c t i o n   i n t o   t h e   e n v i r o n m e n t  of the 
t e t r a c . y c l i n e s  of concern would  be through  excre t ion .  A number 
of i n v e s t i g a t o r s   h a v e   r e p o r t e d  on t h e   e x c r e t i o n  of tetra- 
cyc l ines   by   var ious   an imals .  The kidneys  seemed t o  be t h e  
major   rou te  of e l iminat ion  where  approximately 2s-30% of a 
s i n g l e   d o s e  of t e t r a c y c l i n e  was found i n  the ur ine   (Huber ,  
1977). With  repeated  adminis t ra t ion of 250-1000 mg/day t o  
swine , CTC c o n c e n t r a t i o n   i n   t h e   u r i n e   r e a c h e d  100 pgg/ml. 
Ten to   twen ty - f ive   pe rcen t  of t h e   t o t a l   d o s e  was found i n  
feces  (Feinman an.d Matheson, 1978)- In young ca t t le ,  75% of 
an o r a l   d o s e  of CTC was excre ted  (Elmund et al., 1971, Katz et 
a1 ., 1972) . 
F e c a l   e l i m i n a t i o n   o f   t e t r a c y c l i n e s  occurs r e g a r d l e s s  of t h e  
rou te   o f   admin i s t r a t ion .  The amount e l i m i n a t e d   f o l l o w i n g   o r a l  
a d m i n i s t r a t i o n  may r each  10% (Huber, 1977) to 75% (Kelly  and 
Buyske, 1960, E i s n e r  and  Wulf, 1963) of   t he   dose ,   S t ee r s   f ed  
70 mg CT.C/head/day produced  manure  with  extractable  CTC l e v e l s  
of 14 p g / g .  manure  (Elmund e t  a1 ., 1971). F r e s h  manure  from 
steers r e c e i v i n g  100 mg CTC/day was found to c o n t a i n  
approximately 1.5 vg CTC/g manure (Rumsey et *-al., 1975) . 
The t e t r a c y c l i n e   a n t i b i o t i c s  are a l s o   e l i m i n a t e d   i n   m i l k .  OTC 
a d m i n i s t e r e d   p a r e n t e r a l l y   t o  cows a t  2-4 mg/kg  produced  peak 
m i l k   c o n c e n t r a t i o n s  of 0.9-1.9 mg/d i n  6 h o u r s  . This  i s  
about   ha l f   the   Concent ra t ion  of the   materna l   se rum (Hogh and 
Rasmussen, 1964). 



E x c r e t i o n   t i m e s   a f t e r   i n g e s t i o n   o r   i n t r a m u s c u l a r   i n j e c t i o n  
(IM) .of t h e r a p e u t i c   d o s e  of OTC by seve ra l   spec ie s   o f  mammals 
and b i r d s  are shown i n   T a b l e  1 (Huber, 1977) -  

Table 1. O x y t e t r a c y c l i n e   e x c r e t i o n  by s e v e r a l  species of mammals and 
b i r d s   a f t e r   i n g e s t i o n  or  in t r amuscu la r   i n j ec t ion   (Huber ,  1977). 

Spec ie s  Dose Route  Specimen  Excretion  time  (hr.) 

' Calves 2.9 %/kg IM Urine 168-192 
3.3 %/kg IM Kidney <0.4 pg/g a t  45 

Live r  <O. 4 Pg/g at. 45 
Muscle <0.4 pg/g at 33 
Serum <O .4 pg/g at  27 

Spleen <0.4 pg/g at  27 
- .  Bile <O. 4 pg/g at 45 

Feeder  steers 5 mg/lb IM Serum 24-48 
( 6  m o s . )  Urine 96-1  20 

Feces 48-72 
3.5 m g / l b  Oral Serum 96-120 

Urine 120-144 
Feces 96-120 

Swine 5.6 m g / k g  IM Kidney >42 
Bile >4  2 
Live r  . >42 
Serum . 34-42 
Muscle 18-26 

Swine (3 m o s  . ) 5 mg/lb IM Serum 24-48 
Urine 72-96 . 

Feces 96-120 

4. F a t e  of OTC and CTC in   the   envi ronment .  

a. S o l u b i l i t y :  

OTC: The c r y s t a l l i n e  OTC base is p r a c t i c a l l y   i n s o l u b l e   i n  
d i s t i l l e d  water b u t  forms so lub le   hydroch lo r ide  salts 
r e a d i l y .  The s o l . u b i l i t y   o f  OTC ( a s   d i h y d r a t e  and 
HCl-salt) i n  water and v a r i o u s   s o l v e n t s  is shown i n   T a b l e  2 .  . 

c 
c 
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Table 2. S o l u b i l i t y  of oxytetracycl ine-dihydrate  and 
oxytetracycl ine-hydrochlor ide,  mg/mL. (Weiss, 
e t  a l . ,  1957). 

An t ib io t i c ,  mg/mL 

Solvent OTC. 2H20 OTC. H C l  

Water 
Methanol 
Ethanol 
Isopropanol 
Isoamyl  alcohol 
Cyclohexane 
Benzene 
Toluene 
Petroleum  ether  
Isooctanol  
Carbon t e t r a c h l o r i d e  

0.60 
18.5 

8.1 
0.3 
0.087 
0.055 
0.037 
0.055 
0.0 
0.00797 
0.33 

6.9 
16.35 
11.95 
7.3 
7.45 
0.055 
0.027 
0.0 
0.01 
0.025 
0.072 

CTC: Schwartzman  (1979) r e p o r t s   t h e   s o l u b i l i t y  of CTC i n  
water t o  be approximately 8 m g / m l .  It i s  more s o l u b l e   i n  
methanol  (17 mg/ml) wi th   i nc reas ing   so lub i l i t y   i n   h ighe r  
molecular  weight  alcohols (Schwartzman,  1979). It i s  
inso luble   in   a l ipha t ic   hydrocarbons ,   benzene ,   e ther ,  and 
chloroform. In d i s t i l l e d  water a t  37OC Miyazaki  (1974a) 
repor ted   the   so l lub i l i ty  of CTC-HC1 t o  be approximately 
12 m g / m l .  CTC base was s l i g h t l y  less so lub le  by 2 m g / m l  
(Miyazaki, 197421). Miyazaki  (1974b) a l s o  found  consider- 
a b l e   v a r i a t i o n   i n   t h e   s o l u b i l i t y   o f  CTC-HC1 depending on 
i t s  epimerization  (See  Table  3).  The so lub i l i t y   o f   t he  
beta  form was cons is ten t ly   h igher   than   the   a lpha  form at  
lower  temperature (15-37OC), but  both became comparatively 
c l o s e   i n   s o l u b i l i t y  a t  higher   temperatures .   Solubi l i ty  
a l so   va r i ed   w i th  pH. Both  temperature and pH e f f e c t s  
a l t e r  the  epimerizat ion of CTC-HC1; i nc reas ing   t he  rate of 
t ransformation from the  more so luble   be ta  form t o   t h e  
alpha  form  (Miyazaki, Nakamo, and Arita,  1975).  Miyazaki 
(1974a)  reports CTC-HC1 showed a maximum s o l u b i l i t y  a t  a 
pH of 2.8 i n  HC1-CH COONa buf fer  a t  37OC over a test range 
pH 1-5. 3 
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Table 3. Solubility  of  CTC-HC1  in  water  over  a  sixty-minute 
period  (Miyazaki, 1974b. 

Temperature  C 0 Epi  form 

15' 

37O 

55O 

7 0' 

Solubility  mg/ml 

28-1 2 
8-10 
18-12 
10-12 
18-18 
18-1 8 
25-25 
18-2 5 

b. Octanol/Water  partition  coefficient: 

The TC's are  ionized  throughout  the  physiological  pH 
range,  existing in cationic  form  at  acidic  pH  values, in 
anionic  form  at  alkaline pH values  and  in  zwitterionic 
form at  neutral  pH  values.  Evidence  from  a  number  of 
laboratories  has  suggested  that  lipid  solubility  of  such 
compounds  influences  their  gastrointestinal  absorption  and 
renal  clearance.  In  an  attempt  to  determine  the  relative 
lipophilicity  of  the  various  ionic  forms  of  TC's  and  thus 
to  determine  the  probable form(s) in  which  these  anti- 
biotics  are  predominantly  absorbed,  Collaizzi  and mink 
(1969) studied  the  pH-  partition  behavior  of  various 
tetracyclines.  The  apparent  partition  coefficients  of 
three TC analogs  at  several pH values  are  shown in 
Table 4. 

Table 4. Apparent  partition  coefficients (octanol/aqueous-buffer) of 
tetracycline  analogs  at 25 C. (Collaizzi  and  Klink, 1969; 
Miller,  et al., 1977). 

0 

~ ~ ~~~~~~ 

Analog  pH 2.1 pH 3.0 pH 3.9 pH 5.6 pH 6.6 pH 7.5 pH 8.5 

Tetracycline 
hydrochloride 0.014 0.0069 0.044 0.056  0.052  0.036  0.010 

Oxytetracycline 0.0035  0.018  9.078  0.075  0.087  0.025  0.0086 
hydrochloride 
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It is appa ren t   t ha t   t he   t r ans fe r  of t e t r a c y c l i n e   i n t o  
n-octanol  occurs  for  the most pa r t  when the  drug is 
p resen t   i n   t he   : zwi t t e r ion ic  form.   This   indicates   the more 
l i p o p h i l i c   n a t u r e  of t he   zwi t t e r ion ic  form. It is 
i n t e r e s t i n g   t o   n o t e   t h a t   t e t r a c y c l i n e   a n t i b i o t i c s   e x h i b i t  
t h e i r  optimum a n t i m i c r o b i a l   a c t i v i t y  between pH 5.5 and 6 
(Kunin  and Finland,  1961) .  Thus, i t  would appear   tha t  
optimum an t imic rob ia l   ac t iv i ty   occu r s   w i th in  a pH range 
provid ing   for   the  maximum concentrat ion  of   zwit ter ion.  
That would a l s o  be the  pH range of t he  maximum l i p i d  
s o l u b i l i t y  o f   t e t r acyc l ine .  However, Cooke and Gonda 
(1977)  r epor t ed   t ha t   t he   pa r t i t i on   coe f f i c i en t s  of t he  
zwitterionic  forms  of 3 TC' s '  they  s tudied  var ied  with 
temperature and with  the  drug  concentrat ions  tes ted.  Such 
v a r i a t i o n s  may be  of importance i n   c o r r e l a t i o n s   o f  
" l ipophi l ic i ty"   wi th   d rug   t ranspor t   p roper t ies  and 
b io log ica l   ac t iv i ty ,   bu t   t h i s   has   ye t   t o  be confirmed. 

c. Dissoc ia t ion  of CTC and OTC: 

Analysis of t h e  pKa va lues   i nd ica t e   t ha t  OTC and CTC are 
ionized  throughout  the pH range  and exists predominantly 
as a ca t ion  below pH 3 .3 ,  a zwi t t e r ion  between pH 3 .3  and 
7.7  and an  anion  above pH 7.7 (Vej-Hausen e t  al . ,  1978) .  
St ruc tu re  and pl<a v a l u e s   f o r   t e t r a c y c l i n e s  are g i v e n   i n  
Table 5. 

Table 5. pKa va lues   o f   t e t racyc l ines  (Wiebe  and  Moore, 1977) .  

Name R1 R2  R3  R4 PK1 PK2 PK3 

Tetracy- H 

Chlor te t ra -  C 1  

Oxytetra- H 

c l i n e  

cyc l ine  

cyc l ine  

c l i n e  

cyc l ine  

cyc l ine  

cyc l ine  

Doxycy- H 

Demeclo- c1 

Met ha- H 

Mino- N(CH3I2 

CH3 OH H 3 .30  7 . 6 8  9 .69  

CH3 OH H 3 . 3 0  7 .44  9 .27  

CH3 OH OH 3.27  7 . 3 2  9 .11  

CH3 OH 3 . 4   7 . 7   9 . 7  

H OH H 3 . 3 0   7 . 1 6   9 . 2 5  



d.  Adsorption/Desorption: 

It has been e s t ab l i shed   t ha t   ca t ion ic   an t ib io t i c s   can  be 
adsorbed by c1a:ys and s o i l s ;   n e u t r a l  and an ionic  
a n t i b i o t i c s  are not   read i ly   adsorbed   (Got t l ieb  and 
Siminoff, 1953, J e f f e rys ,  1952). As ye t ,  i t  has  not  been 
de f in i t e ly   e s t ab l i shed   whe the r   an   an t ib io t i c   ma in ta ins  i t s  
ant imicrobial   a ic t ivi ty   while  i t  is i n  an  adsorbed s ta te ,  
or  whether i t  has t o  be r e l e a s e d   f i r s t   t o   e x h i b i t  
a c t i v i t y .  

Soil and c l ay   adso rp t ion   s tud ie s   w i th  OTC, CTC, and o the r  
a n t i b i o t i c s ,  have  been  reported by a number of 
inves t iga tors   (P inck  e t  a1 ., 1961a,  b;  Gottlieb and 
Siminoff, 1952; Go t t l i eb  e t  a l . ,  1952;  Martin  and 
Go t t l i eb ,  1952  and  1955;  Siminoff  and  Gottlieb,  1951). 
Pinck, e t  a l .  (1961a)  demonstrated  that OTC was adsorbed 
s t rongly  to   mont:mori l loni te   c lay (pH 8.9-9.61, moderately 
adsorbed  to   vermicul i te  clay (pH 5.1-5.4) and i l l i t e  c l ay  
(pH  5.3-8. S ) ,  bu t   on ly   s l i gh t ly   adso rbed   t o   kao l in i t e   c l ay  
(pH 5.0). CTC is s t rongly   adsorbed   to   montmor i l l i t e  and 
i l l i t e  clays,   moderately  adsorbed  to   vermicul i te   c lay,   and 
s l igh t ly   adso rbed   t o   kao l in i t e   c l ay .  

The r e t e n t i o n  and release of OTC and CTC from t h e i r  
adsorbed  or "c.omlplexed" states was reported  (Pinck e t  a l . ,  
1961b; Soul ides  e t  a l . ,  1961; Martin and Gott l ieb,   1952) .  
When clay-OTC colmplexes were  washed with  phosphate  or 
c i t r a t e  buf fers  (0.07M, pH6.1) and bioassayed, OTC and CTC 
a c t i v i t y  was released  from a l l  types of c lays  and s o i l s  
tes ted  (Pinck e t  a l . ,  1961b; Soulides e t  a l . ,  1961). 

e. Biodegradation: 

OTC and CTC are natural   metabolic  products.   Accordingly,  
t he re  i s  expec ted   to   ex is t  a b io logica l   p rocess   tha t  w i l l  
biodegrade OTC and CTC and cont ro l   the i r   accumula t ion  and 
bu i ldup   i n   na tu re .  However, t he re  are no i d e n t i f i e d  
enzymes, t o   d a t e ,   t h a t  can  degrade  or   inact ivate   the 
t e t r a c y c l i n e s  (Robins-Brown, e t  al . ,  1979; Brander  and 
Pugh, 1977). 

In  one  study, Ellnund, e t  a l .  (1971)  found  the  half-l ife of 
CTC excreted from ca t t le  t o  be grea te r   than  20 days.  This 
is, however,  probably a r e s u l t  of chemical ,   photolyt ic ,  
and biological   degradat ion.  
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f .  Chemical  degradation: 

All t e t r a c y c l i n e s  are suscept ib le   to   degrada t ion   under  
bas ic  and ac id ic   condi t ions   (Cl ives ,  1968). The 
condi t ions   for   degrading   te t racyc l ines  are shown i n  Table 6. 

Table 6. Conditions for degradation of t e t r acyc l ines   (C l ive ,  1968). 
~~ ~~~ 

Type of te t racyc l ine   Condi t ions  Temp Hal f - l i fe  

Te t racyc l ine  
4-Epi 
7-Chloro 
7-Chloro-4-epi 

4-Epi-5-oxy 
Tet racyc l ine  
Tet racyc l ine  
7-Chloro 
Tet racyc l ine  
7-Chloro 
5-OXY 

5-OXY 
Tet racyc l ine  
4-Epi 
7-Chloro 
7-Chloro-4-epi 

4-Epi-5-0xy* 
7-Chloro 
5-OXY 

5-oxy 

5-oxy 

S-oxy" 

5-oxy 
5-oxy 
5-oxy 
5-0xy 

0.. 1N-NaOH 
0.1N-NaOH 
Buf fer/pH  8.8 
Buf fer/pH 8.8 
0 I, 1N-Na OH 
0 1N-Na OH 
O,, 1N-NaOH 
5:K NaHCO 
5% NaHCO 3 

Buff e r /pd  8.85 
pH 8.5 
Buffer/pH 7 
Buff er/pH 8.5 
Buffer/pH 10 
1 ON-H2S04 
1 ON-H2S04 
1 ON-H2S04 
1 ON-H2S04 
1 ,, ON-H2S04 
1 ON-H2S04 

'Buffer/pH 1 
Buffer/pH 2.5 
Buffer/pH 4.6 
Buffer/pH 5.5 
Buffer/pH 7.0 

** 

60 
60 
29 
29 
23 
23 
25 
R 
R 
R 
R 

37 
37 
37 
24 
24 
50 
50 
50 
50 

37 
37 
37 
37 
37 

101 min . 
225  min. 

53  min. 
154 min. 

10.9 hr .  
21.8 h r .  

30-34 hr.  
24-30 h r .  
1-3 h r .  

ca. 12 h r .  
4 h r .  

26 h r .  
33 h r .  
14 h r .  

15.5 h r .  
24 h r .  

7.3 h r .  
12.8 h r .  

6.3 h r .  
6.0 h r .  

14 day 
114 h r .  
134 h r .  
45 h r .  
45  hr.  
26 h r .  

*The r e s u l t s  are approximat:e;  they were obtained by measuring  changes i n  
bio-act ivi ty .  Aqueous sol.utions were used  throughout and products were 
no t   i so l a t ed .  R = room temperature.  

**Solution of hydrochloride (pH  2.5 - 2.8). 

g.  Photodegradation: 

Dony-Crotteux  (1957)  reported  that CTC,  TC, and OTC l o s t  
s i g n i f i c a n t   a n t i b i o t i c   p o t e n c y  when i r r ad ia t ed   w i th  
v i s i b l e   l i g h t  in so lu t ion   w i th   r i bo f l av in .  It was 
reported la ter  (Lessen and Weidenheimer,  1969), t ha t   t he  
l o s s  of t e t r a c y c l i n e   a c t i v i t i e s   c o u l d  be suppressed by t h e  
add i t ion  of ascorb ic   ac id  at pH 4.5. Thus,  an  oxidation 
pathway was impl ied   for   degrada t ion  of t e t r a c y c l i n e   a f t e r  
i r r a d i a t i o n .  ThLe k i n e t i c   c h a r a c t e r i s t i c s   f o r   t h e  



photooxidation  of  tetracyclines  were  studied  by  Wiebe  and 
Moore  (1977)  and  were  found  to  be  those  that  are  normally 
associated  with  a  sensitized  photooxygenation  mechanism 
rather  than  a  free  radical  process.  The  initial  rates  of 
photooxidation  of  tetracyclines  at  3OoC  and  various  pH 
values  as  measured  by  the  rate  of O2 uptake,  are  given  in 
Table 7. 

Table 7. Initial  rates  of  photooxidation  of  tetracyclines  at  3OoC  and 
various  pH  values  (Wiebe  and  Moore, 1977). 

moles/liter/min  x 10 (*I 6 

Conc . -. 

Tetracycline 0.5 0 0.23  0.82  1.72  2.08 1.67 

2.0 0 0.24 1.40 5.3  6.2 4.4 

Oxytetracycline 0.5 0 0.10 0.60 1.44 1.76 - 
2.0 0 0.24 1.35  3.1  4.2 - 

Chlortetracycline 0.5 0 0.32  1.02  1.70 1.84 - 
(*)Mean  of  three  determinations  from  initial  slope  of  PO2  recorder  trace. 

In  summary,  tetracyclines  are  decomposed  to  biologically 
inactive  components  upon  exposure  to  strong  sunlight  or  to 
near U.V. region.  The  loss  of  the  antibiotic  potency 
could  be  suppressed  by  oxidizing  agents  such  as  ascorbic 
acid  at  pH  4.5.  Although  in  vitro  photodecomposition  of 
TC's  is evident,  the  time  required  and  the  extent  of  the 
photodecomposition  of  TC's  in  soil  has  not  been 
determined. 

-- 

h . Bioaccumulation : 
CTC  and  OTC  are  complexed  with  Ca  and  deposited  in 
bones.  Kelly  and  Buyske  (1960)  eflimated  that  one  week 
after  an  intraperitoneal  dose  of  C-CTC (60 %/kg  body 
weight)  to  rats,  3  to 6% of  the  dose  was  chelated  by  the 
skeleton.  After a similar  oral dose, they  estimated  that 
only 0.1% of  the  dose  was  complexed.  The  concentration  in 
bone  appeared  to  be  directly  related  to  concentration  in 
blood.  Because  of  the  high  affinity  for  calcium 
chelation,  therapeutic  doses  of  tetracylines  are 
deposited  in  calcified  tissues  resulting  in  staining  and 
even  impairment  of  the  structure of bone  and  teeth. 
Because  of  the  persistence of CTC  in  skeletal  tissue  it 
has  been  used  as  a  marker  of  both  long  bone  growth in 

ft 
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v e r t e b r a t e s  and  growth i n   c a l c i f e r o u s   i n v e r t e b r a t e s ,   s u c h  
as sea urchins  {(Ebert ,  1977; Buyscke e t  a1 ., 1960). 
To tes t  for   accumulat ion and deplet ion  of  OTC i n  
cu l t i va t ed   c rus t aceans ,   Cor l i s s  (1979) fed OTC i n  a 
formulated  feed  to   juveni le   white   shr imp  (Penaeus 
s e t i f e r u s )  a t  concentrations  ranging  from 1000-10,000 mg 
OTC/kg of   feed   for  3 weeks.  Oxytetracycline was 
d e t e c t a b l e   a f t e r  24 h of feeding a t  5,000 and 10,000 %/kg 
of   feed ,   and   a f te r  48 h when 1,000 mg/kg was fed  . Peak 
concentrat ions i n t  5,000 and 10,000 mg OTC were reached 
w i t h i n   t h e   f i r s t  week of  feeding  in  one  group  of  shrimp 
while   the  other   group  required 2 weeks a t  5,000 and 
3 weeks a t  10,000 mg OTC t o   r e a c h  maximum l e v e l s .  A t  
1,000 mg OTC maximum re ten t ion   occur red   dur ing   the   th i rd  
week of   feeding  in   both  groups.  When food  containing OTC 
was discont inued,  OTC in   the   shr imp was undetectable  
wi th in  3 days   for   the  ,1,000 mg group  and  within 2 weeks 
for   the   g roups  on 5,000 and 10,000 mg/OTC/kg d i e t s .  These 
resu l t s   demonst ra te   the   deple t ion  of OTC from  exposed 
crustaceans.  

The b ioconcent ra t ion   fac tor  (BCF) f o r  OTC and CTC was 
ca lcu la ted   accord ing   to   the   fo l lowing   equat ions  which 
u t i l i z e   o c t a n o l   t o  water p a r t i t i o n   c o e f f i c i e n t s  (K ): 

(1) For  flowing water ecosystems (Voerman, 1969): 

ow 

log  BCF = 0.124 + 0.542 l og  K 
ow 

(2) For s t a t i c  water ecosystem  (Fuj i t a  et a1 ., 1964): 
l og  BCF = 0.7285 + 0.635 l og  Kow 

Using the  above  two equat ions,  OTC and CTC 
b i o c o n c e n t r a t i o n   i n   t i s s u e s  of aquat ic   animals   has  been 
ca lcu la ted  and :is shown in   Table  8 .  

Table 8. Calcula ted   b ioconcent ra t ion   fac tor   o f  OTC and CTC in 
t i s s u e s .  

Bioconcentration  Factor i n  Ecosystems 

PH K *  Flowing S t a t i c  ow 

OTC CTC 
2.1 0.0035 0.15 

- OTC CTC 
0 3  0 x 6  

OTC CTC 
0- 1.604 

3.0 0.018 0.18 0.15 0.525 0.42 1.801 
3.9 0.078 0.27 0.33 0.654 1.06 2.329 
5.6 0.075 0.41 0.33 0.821 1.03 3.039 
6.6 0.087 0.32 0.35 0.717 1.14 2.595 

$:2 8:86k 8: b?1 8: 18 0:S'i9 8:3  b:dH 
*Apparent G~ f i g u r e s  are those  reported by Collaizzi   and  Klink, 
(1969). 
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From the  calculated  bioconcentration  it  seems  that OTC or 
CTC are  not  expected  to  accumulate  to  any  significant 
amounts in tissues.  Additionally,  chemicals  with 
n-octanol/water  partition  coefficients  less  than 10 are 
not  expected  to  significantly  bioconcentrate  or  sorb  onto 
organic  particles (U.S. Environmental  Protection  Agency, 
1980) . However,  because  of  the  high  affinity  for  calcium 
and  other  metal  chelation,  they  can  be  deposited in 
calcified  tissues  and  its  bioconcentration  is  not 
reflected  or  calculated  by  the  equations  indicated  above. 

5. Effect of OTC and CTC in the  environment . 
a. Microorganism : 

Oxytetracycline  and  chlortetracycline  are  broad-spectrum 
antibiotics that  affect  rapidly  growing  microorganisms. 
Considerably  higher  concentrations  are  required  to  kill 
microorganisms  than  to  prevent  multiplication.  The 
spectrum  of  ,activity  for  tetracyclines  is  given  in  Table 9. 
In  humans,  tetracyclines  are  useful  against  organisms  not 
affected by other  antibiotics,  such  as  Rickettsia, 
Mycoplasma,  (Chlamydia  and  amoebae.  Bacillary  infections 
treated  with-  tetracyclines  include  brucellosis  (Brucella) 
and  cholera  (Vibrio  cholerae).  Tetracyclines  are  also 
sometimes  useful in tularemia  (Francisella  tularensis)  and 
in penicillin-resistant  anthrax.  They  are  also  sometimes 
effective  as  antiprotozoal  (Wilson, et al., 1971). 

Table 9. Sensitivity  of  important  pathogenic  bacteria  to 
tetracyclines.  Usual  minimum  inhibitory  concentration , 

(pg/ml=ppm) . (Garrod,  et al., 1973) . 
‘Tetra-  Te t ra- 

Bacteria  cycline  Bacteria  cycline 

Staph.  aureus 2. 
Staph.  aureus b. - 
Str . pyogenes 
Str. f  aecalis 
- 

~ ~ ~~ - 
Str . pneumoniae 
C. welchii 
B . anthracis 5. insidiosa 

7 

- 

- L. monocytogenes 
A. israeli 
zyco.  tuberculosis 
- N. gonorrhoeae 
- N. meningitidis 
- H .  influenzae 
Bord.  pertussis 
Esch.  coli. 
Klebsiella- 
-- 
Aerobacter -. 

10. 12 
,o. 12 
(0.25 
0 .5  
0 .05  
0.25 
(0.12 
0.12 
0.25 

2 
10 
1 
1 
1 
2 
1 

1-4 

- Pr . mirabillis a. 
Pr. mirabillia b. 
Pr . vulgaris 
Pr . ret  tgeri - Pr . morgani 
S . marcescens 
Providencia 
Salmonella 
Shigella x- 
- Ps. aeruginosa 
Br . abortus 
Past. septica 
Bact . f ragilis 

- - 
- 
- 
- 

- - 
.- 

32 
32 
4-32 
R 
4-R 
16-R 
2-R 
1 
1-2 
3 2-R 
1 

0.5 
0.5-2 



As previous ly   no ted ,  OTC and CTC are e x c r e t e d   b o t h   i n  
u r i n e  and feces  from most animals.  As a resu l t ,  l a r g e  
quan t i t i e s   have   been   demons t r a t ed   i n   ca t t l e   f eed lo t s .  
This may have   t he   e f f ec t   o f   s e l ec t ing   fo r  a mic rob ia l  
p o p u l a t i o n   r e l a t i v e l y   i n e f f i c i e n t   i n   s t a b i l i z i n g   a n i m a l  
.waste.   Ingested CTC f o r   i n s t a n c e ,  alters catt le d i g e s t i v e  
p r o c e s s e s ,   r e s u l t i n g   i n  manures  which a r e  less 
biodegradable  (Elmund , e t  a1 . , 1971 ; Morrison, et a1 . , 
1969). The decomposition  of manure depends upon mic rob ia l  
p rocesses  and is r e l a t e d   t o   t h e   t y p e s  and  numbers  of 
mic roorgan i sms   ac t ive ly   pa r t i c ipa t ing .   Pa t t en ,  e t  a l .  
(1980)  found b a c t e r i a l   c o u n t s  of t e s t ed   f eces   d id   no t  
a p p e a r   t o   v a r y   t o  a s ign i f i can t   deg ree .   Ga lva lch in  
(1983), i n   t e s t i n g  10 mg CTC-feces/gram s o i l ,  found CTC 
t r e a t e d   s o i l s   c o n t a i n e d  similar t o t a l   m i c r o b i a l   c o u n t s  
over two weeks. In   cont ro ls   versus  treated samples, G r a m  
nega t ive   l ac tose- fe rment ing   bac te r ia   increased   ten- fo ld  
over  seven  weeks, Pseudomonas species   decreased 
twenty-fold i n   b o t h   c o n t r o l  and samples, Clos t r id ium and 
B a c i l l u s  species were depressed  twenty-fold in samples, 
and  acetinomycetes  were  not  al tered  (Galvalchin,   1983).  
T o t a l   s o i l   r e s p i r a t i o n  at 28OC was found t o  be only 78.9% 
o f   u n t r e a t e d   s o i l s ,   b u t   n i t r o g e n   f i x a t i o n  and 
d e n i t r i f i c a t i o n  were n o t   a l t e r e d .   N i t r i f i c a t i o n ,  
phosphorus   so lubi l iza t ion ,   and   ox ida t ion   of   su l fur  were 
lowered   s l igh t ly ,   bu t  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  
(Galvalchin,   1983) .   These  s tudies   suggest   that  CTC may 
inc rease   t he   env i ronmen ta l   po l lu t ion   po ten t i a l  of  animal 
wastes . 
The impact  of  the  addition of  OTC-containing f e c e s  on S o i l  
b io logica l   parameters  was s tud ied  by Pa t ten ,  e t  ale 
(1980).  Feces  from catt le fed  70 mg OTC/head/day f o r  10 
days were found t o  contain 11.3 Vg a n t i b i o t i c / g   s o l i d  
waste, increa:sed members of   fungi ,   increased   concent ra t ion  
of potassium  and  decreased  levels of v o l a t i l e   s o l i d s .  

OTC i n   t h e   f e e d  had  no e f f e c t  on  number of t o t a l   b a c t e r i a  
on t o t a l  and fecal co l i forms ,  on f e c a l   s t r e p t o c o c c i ,  on 
concen t r a t ions  of NH,,-N, NO -N, P, Ca, Mg, Na, Zn, Mn, Fe, 
or Cu; on  pH; on percent  mo?sture;  or on chemical 0 
demand i n   t h e   f e c e s .   I n   t h e   s o i l ,  wastes from catt 3 e on 
OTC-supplemented d i e t  decomposed 20% f a s t e r   t h a n  wastes 
from  control   animals   during a 70-day carbon  mineral izat ion 
s tudy   (Pa t t en ,  et al., 1980). Therefore ,  i t  appears   tha t  
the  use of OTC a t  t h e   l e v e l s   i n d i c a t e d  do  not  pose  any 
s i g n i f i c a n t   a d v e r s e   e f f e c t s  on s o i l   m i c r o b i a l  decomposi- 
t i o n  of  animal wastes . 

b. P lan t s  : 

In  pot  experiments,  when o a t s  were grown i n   s o i l   i n t o  
which  manure  from pigs   fed OTC had  been incorpora ted ,  
t h e r e  w a s  an  jincrease i n   t h e   p e r c e n t   n i t r o g e n   i n   d r y  
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matter from g r a i n  and straw compared to   d rug- f ree  con- 
t r o l s .  Crop y i e ld  was, however, decreased.  Applied 
a l o n e ,   t h e   a n t i b i o t i c  had l i t t l e  e f f e c t  on e i t h e r  
parameter  (Tietjen,   197s).  

Greenhouse  experiments  using 0, 4.2, and  8.4 mill igrams 
feces  from OTC-fed ca t t le  p e r  gram  of soil ( equ iva len t   t o  
0, 20, and 40 U.S.  wet tons/acre)  demonstrated no  changes 
r e l a t e d   t o   t h e   a n t i b i o t i c   i n   t h e   g r o w t h ,   y i e l d   o r  
elemental  composition  of 30-day old  corn  seedl ings grown 
i n  Evesboro  sandy loam (Pat ten  et a l . ,  1980). S imi l a r ly  
when OTC fermentation  wastes were a p p l i e d   t o  a 
sand-loam-peat  mixture, Bewick (1979)  found no e f f e c t s  on 
tomatoes. . However, oa t s  grown i n  a soil amended with 
manure  from pigs   fed OTC contained 20% more ni t rogen  than 
oa t s  grown i n   s o i l  amended with  comparable rate of  manure 
from control   animals   (Tiet jen,  1975). 

Batchelder  (1982)  reported on the   e f f ec t   o f  OTC and CTC on 
plant  growth  and  development i n  Ascalon  sandy loam and 
Nunn c lay  loam. A t  an OTC concentrat ion  of  160 ppm, i n  
the  sandy loam, ed ib l e   r ad i sh   y i e lds  were about  40%,  and 
the   nu t r ien t   up take  of  wheat  and corn was about 50-70%, 
grea te r   than  were those from the   cont ro l   t rea tments .  A t  
the  same concentrations  of CTC, wheat  and  corn  did  not 
show a l t e r a t i o n s   i n  growth. Growth and  development  of 
pinto  beans,  on the  other   hand,  were seve re ly   i nh ib i t ed  by 
both OTC and CTC. Growth and development of pinto  beans 
i n   a e r a t e d   n u t r i e n t  media were observed  to  be severe ly  
a f fec ted   wi th  OTC and CTC concentrat ions as low as 10 ppm 
(Batchelder,  1981). Norman (1955)  found  that  root  growth 
of severa l   c rops  was inh ib i t ed  by  5-10 ppm OTC i n  
so lu t ion ,   bu t  t 'he  e f f e c t s  were not   observed   in   vermicul i te  
s o i l  a t  those  concentrations.   Also OTC and CTC had no 
observable   e f fec t  on the  pinto  beans when grown i n   t h e  
c lay  loam soil   (Batchelder,   1982).   Therefore,   the  growth 
and  development e f f e c t s  of OTC and CTC appear   to  be 
r e l a t e d   t o   b o t h  soil cha rac t e r i c s  and p l a n t   s e n s i t i v i t i e s .  

In   aquat ic   p lan ts ,   Nicke l l  and Finlay  (1954)  described a 
work by Havinga, e t  a l . ,  (1953) i n  which CTC increased 
photosynthes is   in  Scendesmus (an  a lga)  two t o   s i x  times. 
In   cont ras t ,   Nicke l l  and Finlay  (1954)  report  the  growth 
of duckweed (Lema  minor) was reduced  from  control a t  
var ious  CTC l e v e l s .  No information on t h e   e f f e c t s  of OTC 
t o   a q u a t i c   p l a n t s  was ava i l ab le .  

-- - 

c. Animals: 

In  humans the   che la ted   t e t racyc l ines   depos i ted   in   bones  
may inhibi t   neonatal   skeletal   growth,   cause  hypoplasia  of 
permanent t e e t h ,   o r   d i s c o l o r   b o t h  permanent  and  deciduous 
teeth  (Garrod, let al . ,  1973;  Weinstein,  1975). 
Te t racyc l ine   depos i t s   have   a l so  been  observed i n  .the  bones 
of   pigs ,   calves ,  and chickens  which  received small 
q u a n t i t i e s ,  5 t o  20 ppm, o r a l l y  (Bruggemann, e t  a l . ,  1966). 
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In humans the   t e t r acyc l ines   have  produced pho toa l l e rg i c  
and photoxic   react ions.   Hypersensi t ivi ty   react ions  range 
from sk in  rashers t o  angioedema  and anaphylaxis.  
Cross-sens i t iza t ion  among t h e   t e t r a c y c l i n e s  is commonly 
observed.   Alth 'ough  hypersensi t ivi ty   react ions are rare, 
they are occasionally  extremely  severe  (Schindel,   1965).  
Al le rg ic   . reac t i lons   to   sk in   contac t   wi th   t e t racyc l ines  are 
common i n  man and  sometimes  found in   an imals .  

When groups  of (dogs were fed 250 %/kg body weight  of OTC 
o r  CTC f o r  3 months, 6 of 10 dogs on CTC d i e d ,   w h i l e   a l l  
10 on OTC survived.  In  another  study,  dogs  given 100 
mg/kg body weight CTC d a i l y   f o r  2 weeks followed by 100 
%/kg body weight twice d a i l y   f o r  14  weeks did  not  develop 
toxic   effects   (Yeary,   1975) .  

d .   Insec ts  : 

In   a t tempts   to   determine  "safe"   levels  of an t imicrobia l  
compounds f o r   u s e   i n   t h e   s y n t h e t i c   d i e t  of insects ,   Singh 
and House (1970)  fed OTC, among o t h e r   a n t i b i o t i c s ,   t o  
larvae of t h e   f l y   A g r i a   a f f i n i s .  The authors   reported 
t h a t  40 mg OTC/100 m l  d i e t  was considered  "safe".  It was 
observed   tha t   the  rate of  growth  and  development  of la rvae  
was not  prolonged more than 25%  of t h a t   i n   t h e   c o n t r o l  and 
the   y i e ld  of  pupae  and adu l t s  was normal. A t  OTC l e v e l s  
of 50-100 m g / l O O  m l  d i e t ,  a n   i n h i b i t o r y   l e v e l  was observed 
where  compared to   t he   con t ro l ,   t he   l a rva l   pe r iod  was 
prolonged more than 25%. When 120-200 mg OTC/100 m l  d i e t  
was used ,   an   inh ib i tory   l eve l  was reported where less than 
25%  of the   l a rvae   d ied .   Concent ra t ions  of OTC t h a t  
exceeded 200  mg/100 m l  d i e t  were considered  toxic  because 
the  larvae  suff lered 25% or   h igher   mor ta l i ty   (S ingh  and 
House, 1970). . 

<- 

Moffet t ,  e t  a l .  (1958)  reported  that  TC-treated  bee 
co lonies  [3.6 g of TC-Vet (conta in ing  25 g of a c t i v e  
TC/pound) added t o  26.4 g of powdered sugar]  produced 20% 
more brood i n  one ap ia ry  and 11% less i n  a second  apiary 
than   the   cont ro l   co lonies .  The honey production of these  
TC-treated  colonies  averaged 40 pounds more i n  one ap ia ry  
and 3 pounds less in   the   second  ap i ray .  The au thors  
concluded  that TC has given   exce l len t   cont ro l  of  American 
foulbrood  and  reasonably "good" con t ro l  of  European 
foulbrood and t h a t  TC seemed t o  be nontoxic  to  the  bees 
and may be  even  stimulatory a t  the  dosage  used  (Moffett,  
e t  al.,  1958). 

e. Aquatic  organisms: 

I n   f i s h  and s h e l l f i s h   c u l t u r e s ,  OTC a t  3 mg/150-400 g f i s h  
body weight or 75 %/kg f i sh /day   i n   f eed ,  was u t i l i z e d   t o  
t reat  bacter ia l   hemorrhagic   sept icemia,   furunculosis   and 
u lcer   d i sease   ( f rom Herman, 1970).  Likewise, when 
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hatchery- reared   f i sh  are t o  be s tocked,   feeding OTC a t  
2.5-3.5 g/100 pound of f i s h / d a y   f o r  10  days  before 
handl ing  protected  the  f ish  f rom  bacter ia l   pathogens i n  
t h e i r  new environment and  from t h e i r  own subacute 
i n f e c t i o n s  (Meyer,  1971). No information on adverse 
e f f e c t s  were reported.  
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Appendix C: Environmental  assessment d a t a  for t h e   p e n i c i l l i n s  

1. Chemical i d e n t i 2  

a. Trade,  common o r   g e n e r i c  names: 

The name " p e n i c i l l i n "   d e s i g n a t e s  s e v e r a l  a n t i b i o t i c  
subs t ances   p roduced  by the f e r m e n t a t i o n  of various 
p e n i c i l l i n   s p e c i e s   a n d  by s e m i s y n t h e t i c  means. Among those 
o f  concern i n   t h i s   a s s e s s m e n t  are: 

P e n i c i l l i n  G. 
Ampic i l l i n  
Amoxic i l l i n  
C l o x a c i l l i n ,  
H e t a c i l l i n  

b. Chemical na.me: . .  . .  
The p a r e n t  compound t o  t h e   " p e n i c i l l i n s "  -is. 
(25-cis)-4-~thio-l-azabicyclo I3.2.0 ]heptane-2-carboxyl acid. 
The 3-3 dimethyl-7-oxo d e r i v a t i v e  of t h i s  compound is 
commonly known as p e n i c i l l a n i c  acid (Harvey, 1980) -  

C. S t r u c t u r a l  diagrams (Merck, 1983): 

. .  . .  

P e n i c i l l i n  G Benza th ine  (USAN, 1984) 

Ampic i l l i n  (Herck, 1983) 

Amoxic i l l in  (Herck, 1983) 

. -  C1 



Hetacillln  (Herck, 1983): 

d. Molecular  weights  (Merck, 1983): 

Penicillin G Benzathine: 909.11 
Ampicillin: 349.42 
Amoxicillin: 365.41 
Cloxacillin : 435.88 
Hetacillin:  389.48 . .  

2. Introduction  of  penicillins  into  the  environment  through 
manufacture : 

a. No details  of  production  processes  and  their  effluents  for 
the  penicillins  were  available.  In  general,  the  batch 
fermentation  process  is  used for producing  the  penicillins 
and  other  antibiotics.  This  process  requires  large 
quantities  of  water  and  yields  as  primary  liquid  wastes 
the  spent  fermentation  beers  or  culture  medium;  inorganic 
solids,  such  as  diatomaceous  earth,  used  as  filter  aids; 
flow  and  equipment  washings;  and  chemical  wastes, 
including  solvents  used  for  extracting  the  antibiotics 
from  fungal  mycelia (EPA, 1976). It is  probable  that 
small  quantities  of  penicillin  also  escape  in  released 
fungal  mycelia,  culture  media,  and  equipment  washings. 
The  quantities  of  these  pollutants  reaching  receiving 
waters  depend on the  degree  of  wastewater  treatment 
applied,  which  varies  from  one  manufacturing  facility  to 
another.  Much  of  the  penicillin  produced  today is a 
product  of a  two  stage  process.  6-aminopenicillanic  acid 
is  first  produced  by  the  fermentation  of  cultures of 
- P. chrysogenum.  Specific  side  chains  are  then  added 
synthetically  (Mandell, 1980). 

The  manufacture  and  mixing  of  these  compounds may also 
present  an  occupational  hazard  through  the  introduction of 
potentially  allergenic  compounds  into  the  worker's 
environment  (Pototski et al., 1962; Caplan, 1969). 
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3. 

b. Total  (all  uses,  veterinary,  human,  etc.) U.S. production 
(United  States, 19183 : 

Penicillins  (semisynthetic): 1,866,000 lbs . (848,181.8 kg) 
Amoxicillin: 789,000 lbs (358,636.4 kg) 
Ampicillin: 576,000 lbs. (261,818.2 kg) 
Cloxacillin,  sodium 46,000 lbs. (20,909.1 kg) 
All others 455,000 lbs. (206,818.2 kg) 
Penicillin  (except  semisynthetic) 

for all  uses 6,067,000 lbs .( 2,757,727.2 kg) 

Introduction  of  penicillins  into  the  environment  through  use: 

The  primary  use  of  penicillins  in  veterinary  practice  is  in 
the  treatment  of  diseases  caused  by  organisms  susceptible  to 
the  drug.  Primary  introduction  into  the  environment  through 
use  would  result  from  excretion  in  treated  animals.  The 
amount  of  penicillin  excreted  as  the  active  drug  substance 
after  oral  administration in man  varies  considerably. For 
example, 50-70% of  amoxicillin, 90% of ampicillin, and 30% of 
cloxocillin  are  excreted  in  the  urine  (Harvey, 1980). 
Approximately 60-90% of  the  intramuscular  dose  of  penicillin G 
is  eliminated  in  the  urine  (Mandell, 1980). The  biological 
half-life  of  penicillin in the  body  is short; 2-5 hours for 
the  drugs  in  question  (Harvey, 1980). 

4. Fate  of  penicillins  in  the  environment: 

a.  Solubility: 

In general, the  water  solubility  of  the  penicillins  vary 
considerably.  The  solubilities  for  those  of  concern  are: 

Ampicillin:. 2.7 g/L  water  (Harvey, 1980) 
Amoxicillin: 11.1 g/L  water  (Harvey, 1980) 
Cloxacillin: 400 g/L  (Bergan, 1978) . -  

Hetacillin: insoluble  in  water  (Harvey, 1980) 

b. Octanol/water  partition  coefficient: 

Little  information  on  the  octanol/water,  or  other  lipid 
solubility,  of  the  penicillins  is  available.  Estimated 
octanol/water  partition  coefficients  using  the  water 
solubilities  prov.lded  above  in  the equation provided  by 
Chiou et  al. (1982) and  Chiou (1981), i.e., log KDW = 
-0.862 log S + 0.710 (correlation  .coefficient 0.994; S = 
solubility  moles/L)  gives  the  following  values: 
ampicillin = 2.53; amoxicillin = 2.02; and  cloxocillin = 
0.7422. 
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C .  

d .  

e .  

Dissociat ion  calnstants   a t  25 C; (Bergan, 1978): 0 

Ampici l l in  41.66;  2.64;  2.68  7.24;  7.25 
2!. 52; 2.53 

Amoxicil l in i!. 4 7.4  9.6 

Cloxac i l l i n  2!. 73; 2.70 

Adsorption/Desalrption: 

In  one  study,  F’inck,  Holton,  and  Allison (1961) found t h a t  
p e n i c i l l i n  was not  adsorbed by clays,   such as montmor- 
i l l o n i t e ,   v e r m i c u l i t e ,  i l l i t e ,  and k a o l i n a t e ,   t o  any 
extent  because  of i ts  ac id i c   na tu re .  It was a l s o   n o t  
adso rbed   t o   so i l s .   Th i s   f i nd ing ,   p lus   t he   r e l a t ive ly   h igh  
s o l u b i l i t y  of p e n i c i l l i n   i n  water, sugges ts   tha t  
p e n i c i l l i n   r e a c h i n g   t h e   s o i l   c o u l d  be r ead i ly   mob i l e   i n  
s o i l  water and runoff .  

Biodegradation: 

P e n i c i l l i n  and o t h e r   a n t i b i o t i c s   a r e  produced by s o i l  
f u n g i   i n  small quan t i t i e s .   B io log ica l ly  produced 
molecules are olften  biodegradable  and  penicillin- 
des t roying  enzymes are p resen t   i n   na tu re .  For example, 
they are present   in   the  blue-green  a lgae  (Kushner   and 
Breui l ,  1977) and i n  numerous soil   microorganisms,  such as 
Alca l igenes   o r  Pseudomonas. Of ten   penic i l l in  is converted 
t o   t h e   i n a c t i v e   p e n i c i l l o i c   a c i d  (Harvey, 1980). 
Breakdown of penic i l l in   occurs   th rough  enzymat ic  
hydro lys is  (Fig: .  1). Few s tud ie s  are known t h a t  examine 
the  period  of time r e q u i r e d   f o r   p e n i c i l l i n   t o  be 
i n a c t i v a t e d   a f t e r   a d d i t i o n   t o   v a r i o u s   s o i l   t y p e s   o r   a n i m a l  
wastes. In  one in s t ance  when ampic i l l i n  was incubated 
w i t h   f e c a l   f l o r a   o f  rats only 36.7% of i t s  a c t i v i t y  
remained a f t e r  4 hours   ( Ivashkiv,  1973). 

This   information  plus   the  presence of p e n i c i l l i n -  
i n a c t i v a t i n g  enzymes i n  a v a r i e t y  of  microorganisms  and 
the   na tura l   p roduct ion   of   penic i l l in  by so i l   fungi   imply  
tha t   the   envi ronmenta l   ha l f - l i fe  of p e n i c i l l i n  i s  s h o r t .  
It should  be  nolted,  however, t h a t  some p e n i c i l l i n s ,  e .g , 
c l o x a c i l l i n ,  are r e s i s t a n t   t o   d e g r a d a t i o n  by  some 
microbial  enzymes (Bergan, 1978; May, 1975). 
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Figure  1. S t r u c t u r e  of p e n i c i l l i n s  and  products   of   their  
enzymatic   hydrolysis   (Weinstein,  1975). 

Chemical  dlegradation : 

The main cour se  of t h e   d e t e r i o r a t i o n  of p e n i c i l l i n s  i s  
hydro lys i s   ( Ivashk iv ,  1973). P e n i c i l l i n   d e t e r i o r a t e s  
s l o w l y   i n   s o l u t i o n  and upon heat ing  (Garrod,  e t  al., 
1973). A l k a l i n e   i n a c t i v a t i o n  is also known t o   occu r  
(Simberhoff,  e t  al.,  1970). G e n e r a l l y ,   p e n i c i l l i n   i n  
s o l u t i o n  i s  very   uns t ab le  a t  pH 5 or less, o r  a t  pH 8 or 
above ,   and   beg ins   t o   de t e r io ra t e  upon s t a n d i n g   f o r  a few 
days  (Harvey, 1980). C l o x a c i l l i n  had t h e   g r e a t e s t  
h a l f - l i f e  ( 6  hrs . ,  pH21 of t h e   p e n i c i l l i n s  of concern 
(Bergan, .1978). 

Photodegradat ion:  

There i s  no i n f o r m a t i o n   a v a i l a b l e  on the  photodegradat ion 
of t h e   p e n i c i l l i n s .  

Bioaccumu1,ation : 

Es t ima tes   o f   t he   b ioconcen t r a t ion   f ac to r  (BCF) can be 
ob ta ined   f rom  oc t ano l /wa te r   pa r t i t i on   coe f f i c i en t s .  Using 
the   e s t ima ted   l og  Kow's reported  above and the   equat ion  
provided by Vei th ,  et a1 . (1980) , 1 .e . log BCF - 0.76 
l o g  P - 0,23, where log P e q u a l s   l o g  Kow and the  
c o r r e l a t i o n   c o e f f i c i e n t  is 0.907, the   es t imated   log  BCF's 
f o r  ampicillin, a m o x i c i l l i n ,  and c l o x a c i l l i n  are 1.69, 
1.31, and 0.33. Based on t h e s e   t h r e e  BCF va lues  , t he  
p e n i c i l l i n s  of concern would not  be expec ted   t o  
b ioconcen t r a t e  . 
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Few s c i e n t i f i c   s t u d i e s  are known which   ind ica te   the   degree  
t o  w h i c h   p e n i c i l l i n  and i t s  m e t a b o l i t e s  may a c t i v e l y  
accumulate  i n   p l a n t s ,   m i c r o o r g a n i s m ,  or lower animals. 

h i g h e r   p l a n t s  (Royse et al., 1975). Uptake of a c i d i c  
p e n i c i l l i n  i n  c h e r r y   l a u r e l   l e a v e s  w a s  shown 
e x p e r i m e n t a l l y   ( C h a r l e s ,  1953). Absorpt ion  of p e n i c i l l i n  
i n  low q u a n t i t i e s  was a l s o   d e m o n s t r a t e d   i n  t he  c e l l  sap of 
vacuo les   f rom  the   l a rge -ce l l ed   f r e sh  water a l g a e  Nitella 
c l ava ta   (P ramer ,  1955). The p r e s e n c e   o f   p e n i c i l l i n  in 
t i s s u e   r e s i d u e s  of some an ima l s   upon   s l augh te r   i nd ica t e s  
t h a t  some s h o r t  term s to rage   occu r s .  However, the  agency 
has  no knowkedge  of  long-term  bioaccumulation in t h e s e  o r  
o t h e r   o r g a n i s m s .  

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

5. E f f e c t s   o f   p e n i c i l l i n s   i n   t h e   e n v i r o n m e n t :  

a. Microorganisms . .  : 

i 
' r , 

The minimum i n h i b i t o r y   c o n c e n t r a t i o n s  ( M I C s )  -of p e n i c i l l i n  
r e q u i r e d  to prevent  growth of v a r i o u s   b a c t e r i a  are 
summarized i n   T a b l e  1. P e n i c i l l i n  G i s  e s p e c i a l l y   a c t i v e  
aga ins t   Gram-pos i t i ve   bac t e r i a  and  Gram-negative  cocci. 
As can   be   seen  i n  Table  1, a m p i c i l l i n ,  a semi-synthe t ic  
d e r i v a t i v e  of p e n i c i l l i n  which is widely  used i n  human 
medicine,  is b e t t e r   a b l e   t o   p e n e t r a t e  the Gram-negative 
cel l  wall t h a n   p e n i c i l l i n ;   t h u s  i t  has  a 4- t o  8- f o l d  
lower MIC a g a i n s t  - -  E. c o l i  and Sa lmone l l a   t han   pen ic i l l i n .  
However, It is somewhat less ac t ive   aga ins t   Gram-pos i t ive  
organisms.  MICs of p e n i c i l l i n s   i n   h i g h l y   s e n s i t i v e  
s p e c i e s   r a n g e   f r o m  -015 t o  -06 pg/mL (ppm). Salmonella 
typhi ,   Hemophi lus   in f luenzae  and S t r e p t o c o c c u s   f a e c a l i s  
are i n h i b i t e d  by 1-8 pg/mL. 

Table  1. S e n s i t i v i t y  of b a c t e r i a   t o   t h e   p e n i c i l l i n s :  
Usual minimum concent ra t ion   (pg /ml)   caus ing  
c o m p l e t e   b a c t e r i a s t a s i s   w i t h  a moderate 
inoculum.  (Garrod, et a l ,  1973) . 

Benzyl 
P e n i c i l l i n  . Ampic i l l i n  

S taph .   aureus*  
S t r  . pyogenes 

B. a n t h r a c i s  
CL . w e l c h i i  

- - S t r  . pneumoniae 

- N. Bonorrhoeae 

- - 
N. m e n i n g i t l d i s ,  
N - catarrhalls - 

0.03 0.06 
0.015 0.03 
0.015 0.06 
0.008 0.06 
0.06 
0.015 0.125 
0.03 0.06 
0.03 0. 015 
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- S t r .  faecalis 
- H . inf   luenzae 
Salmonella -. 
Salm. tvDhi - J L  

Shige l l a  w. 
Esch. c o l i  -- 
Proteus   mirab i l i s  
Pro teus   mirab i l i s+  
vu lga r i s  >250 
P r o t e u s   r e t t g e r i  
Proteus morgani 
Klebsiel la   aerogenes - 

2 
1 
8 
4 

16 
64 

32 
>250 

64 
4->250 

>250 
>250 

2 
0.25 

2 
1 
4 
8 

4 
>250 Proteus 

2->250 
128->256 

16->250 

*Non-penicillinase-forming; +Penicil l inase-forming 

The ac t ion   o f   pen ic i l l i n  on bacter ia   in   the  environment  i s  
more d i f f i c u l t   t o  assess. Application of va lues   fo r  
b a c t e r i a   t e s t e d   i n   v i t r o   t o   b a c t e r i a   i n   n a t u r e  are not  
p r e c i s e   b e c a u s e   b a c t e r i a   t e s t e d   i n   v i t r o  are sometimes 
s e n s i t i v e   t o   v e r y  low q u a n t i t i e s  of p e n i c i l l i n .  
P e n i c i l l i n   e x e r t s   a n   e f f e c t  upon b a c t e r i a l   p l a n t  and 
animal  pathogens as well as upon the   f r ee - l iv ing   bac t e r i a  
and  symbiotic  bacteria  involved i n  n i t rogen-f ixa t ion .  No 
s t u d i e s  are known t h a t  have  examined the   e f fec t   o f  
p e n i c i l l i n  on the   spec ies   composi t ion   o f   so i l   bac te r ia ,  
b u t   p e n i c i l l i n   r e s i d u e s   i n   s o i l  would  be tox ic  t o  some 
s e n s i t i v e   b a c t e r i a ,  e .go  Erwinia  (Grula and Grula, 1965) .  

-- 
-- 

b. Insec t s  : 

Benzylpenici1li .n  has  been  fed  to  larvae of a f l y ,  Agria 
a f f i n i s .  A t  s u f f i c i e n t   l e v e l s  i t  produced prolongation  of 
l a r v a l   l i f e ,   i n h i b i t i o n  of  development,  and  increased 
m o r t a l i t y   i n   l a r v a l  and pupal  stages  (Singh and  House, 
1970) .  In  another  study,  the  green  peach  aphid Myzus 
pe r s i cae  was t r e a t e d   w i t h   p e n i c i l l i n  G, which had only a 
s l i g h t   e f f e c t  upon the   su rv iva l  and reproduction of 
a d u l t s ,  and  upon the  growth  and  development  of l a rvae  
(Mittler, 1971; Harries and Wiles, 1966) .  

<-. 

Simi lar ly ,  when la rvae  of the  r ice-weevi l ,   Si tophi lus  
oryzae,  were feld p e n i c i l l i n  G t o   e l i m i n a t e   b a c t e r o i d  
microorganisms,  larval  growth and  development were not  
a f f ec t ed  (Baker  and Lum, 1973) .  

c. Vertebrates  : 

Modern p e n i c i l l i n   p r e p a r a t i o n s  are genera l ly   regarded  as 
non-toxic t o  man and t o  most mammals other   than  the  guinea 
p i g .  Concentrations of benzy lpen ic i l l i n  of 59 mg/lOO m l  
i n  serum  and t i s s u e s  have  caused no symptoms i n  humans. 
(Stewart ,  1964) .  
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Most c o n c e r n s   r e g a r d i n g   a d v e r s e   e f f e c t s   o f   p e n i c i l l i n  
cen te r   a round   hype r sens i t i v i ty   r eac t ions   t o  i t .  Some 
'authors,  (Huber,  1971;  Merck  Vet.  Manual,  19731,  believe 
t h e s e   r e a c t i o n   o c c u r   i n   a n i m a l s   a s  w e l l  as i n  man- 
Extremely s m i a l l  q u a n t i t i e s  of penic i l l in   can   produce  human 
hype r sens i t i v i ty   r eac t ions .   Fo r   example ,  a case  of 
d e r m a t i t i s  Wi3S r e p o r t e d   a f t e r   i n g e s t i o n  of  0.03 u n i t s  
(0.18 yg) of , p e n i c i l l i n   ( S t e w a r t ,  1973). As much as 10% 
of the  Korth  American human popula t ion  may be allergic t o  
pen ic i l l i n   ( :S t ewar t  and McGovern,. 1970).  Degradation 
p roduc t s   f rom  ac id   and   a lka l ine  breakdown,  and i m p u r i t i e s  
i n   s t o r e d  or f r e s h   p e n i c i l l i n   a p p e a r   t o  be r e spons ib l e  fo r  
h y p e r s e n s i t i v i t y   r e a c t i o n s   ( P a r k e r ,  1963;  Levine  and 
Ovary,  1961) . 
P e n i c i l l i n  as a u n i q u e   t o x i c i t y . f o r   t h e   g u i n e a   p i g   ( F a r r a r  
and  Kent ,   1965) .   This   toxici ty   has   been  a t t r ibuted t o  
i n h i b i t i o n  of Gram-posi t ive  gut   microf lora  and t o  
increased   preva lence  of Gram-negative i n t e s t i n a l  
o r g a n i s m s ,   r a t h e r   t h a n   t o   a n y   i n h e r e n t   t o x i c i t y  Of 
p e n i c i l l i n  o'r i ts  degrada t ion   products  (Maleta and 
Storozhev,   1968;   Fort i  and Guerra,  1969)- 

I n   a q u a t i c   v e r t e b r a t e s  a mix tu re   o f   p roca ine   pen ic i l l i n  G, 
d ihydros t r ep tomyc in   su l f a t e   and   oxy te t r acyc l ine  HC1 
adminis tered  subcutaneously to the   adul t   spr ing   ch inook-  
salmon,  Oncorhynchus  tshawytscha, was shown n o t   t o  be 
t o x i c  . 
The m i x t u r e   c o n t r o l l e d   b a c t e r i a l   d i s e a s e s   c a u s e d  by 
Corynebacterium  and Aeromonas salmonicida,  and  produced a 
3 - f o l d   i n c r e a s e   i n   a d u l t   s u r v i v a l  and  production  of  viable 
eggs.  However, b i r t h   d e f e c t s ,   s u c h  as mandible  and f i n  
t e r a t o g e n e s i s   o c c u r r e d  i n  progeny of t r e a t e d   a d u l t s ;  t h i s  
could be  reduced by provid ing  a 32-day in te rva l   be tween 
inject ion  and  spawning (DeCew, 1972). 

- 

d. P l a n t s :  

P e n i c i l l i n  is u n l i k e l y  to  e x e r t   a n y   d i r e c t   e f f e c t  upon 
h ighe r   p l an t s   because  i t s  ac t ion .aga ins t   microorganisms 
r e s u l t s  f rom  in t e r f e rence   w i th   t he   fo rma t ion  of c e l l  walls 
containing  acetylmuramic  acid.  Cell walls of h ighe r  
p l an t s   do   no t   con ta in   ace ty lmuramic   ac id .  Mter  
p e n i c i l l i n   t r e a t m e n t   ( a b s o r p t i o n  after soaking i n  
p e n i c i l l i n  and  dichloromethane) ,   the   germinat ion  and 
s e e d l i n g   v i g o r  of the  soybean,  Glycine Gax, were n o t  
affected  (Royse,  e t  al., 1975). 

- 
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Appendix D: Environmental  Assessment  Data  for  Gentamicin. 

1. Chemical  identity: 

a.  Trade  name  and  common  names: 

Gentamicin 

b. Chemical  name  (USAN, 1984 ): 

Gentamicin  is  a  complex  antibiotic  substance  with  three 
components:  sulfates  of  gentamicin  C 1s C2,  and  CIA.  The 
chemical  name  of  gentamicin  C  is  0-3-Deoxy-4-C-methyl- 
3-(methylamino)-B-L-arabinopyranosyl-(l 6)-0-[2,6-diamino- 

1A 

2,3,4,6-tetradeoxy- -D-erytheo-hexopyranosyl-(1 4)]-2-deoxy- 
D-streptamine. 

c. C A S  registration  numbers:  1405-41-0;  1403-66-3 

d. Structural  diagram:  See  attached  FONSI 

e.  Melting  point  (Merck,  1983) 

C1:  94-100°C 

C2:  107-124OC 

2. Gentamicin  is  manufactured  and  marketed  for  use in swine  by 
Schering  Corporation  under  approved  New  Animal  Drug 
Applications  103-037,  130-464,  and  133-836.  The  agency  has 
considered  the  potential  environmental  impact  of  each  of  those 
actions.  A  copy  of  the  agency's  Finding  of No Significant 
Impact  and  Environmental  Assessment  for NADA 133-836  is 
attached.  Addition,al  information  on  the  environmental  impact 
of  gentamicin  is  available  in  the  Docket  Management  Branch 
(HFA-305),  Food  and  Drug  Administration.  No  information  on  the 
amount  of U.S. production is available. 
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USAN  and  the USP Dictionary  of  Drug  Names.  Rockville,  MD:  The  USP 
Pharmacopeia1  Convention  Inc.  1983. 

The  Merck  Index.  Rahway,  NJ:  Merck & Co , Inc ; 1983. 
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FINDING OF NO SIQJIFICANT lMPACT 

FOR 

Use of   Gentamicin  (Gentocin ) Oral -der i n  s w i n e  R 

Schering  Cbrporati .on  (Kenilvmrth,  New Jersey) h a s  filed an 
E n v i r o m e n t a l  Impict Analysis   Report  (EIAR)  ( a t t ached)  for the 
manufacture   and  use of t h i s  g e n t a n i c i n   c o n t a i n i n g  product u d e r  a 
new a n i m a l  d r u g   a p p l i c a t i o n  (NADA) 133-836, The Wlreau of 
Veter inary  Medicine (BVM) has  reviewed this EIAR (and i ts  apperded 
s u p p o r t i n g   m a t e r i a l s )   a r d . f i n d s   t h a t  this i n f o r m a t i o n   ( i n  
c o n j u n c t i o n   w i t h   a d d i t i o n a l   m a t e r i a l  to be p r e s e n t e d   i n  this 
FobSI) is adequa te  to m e e t  t h e   e n v i r o r m e n t a l   r e q u i r m e n t s   u n d e r   2 1  
CFR 25.1.( j) , 

Gentamicin oral  p d e r  c o n t a i n s   g e n t a m i c i n   s u l f a t e   v e t e r i n a r y   a n d  
i s t o  be used 5 n swine   u rde r  two cordi ti ons  : 1) for t h e   c o n t r o l  
of colibacillosi s i n   w a n l i n g   s w i n e  (5-8 weeks  of age) a t  25 mg 
g e n t a n i c i q l g a l l o n  'of d r i n k i n g  water f o r  three days and 2 )  for t h e  
t rea tment  of s w i n e   d y s e n t e r y   i n  older swine a t  50 mg of 
g e n t a n i c i q l g a l l o n  of d r i n k i n g  water for t h r e e   c o n s e c u t i v e   d a y s .  

"he Wlreau of V e t e r i n a r y   M e d i c i n e   h a s   c a r e f u l l y   c o n s i d e r e d  the 
p o t e n t i a l   e n v i r o m l e n t a l  i m p a c t  of this a c t i o n  and h a s   c o n c l d e d  
t h a t  i t  will n o t   h a v e  a s i g n i f i c a n t  effect on the h m a n  
e n v i r o r m e n t   a n d   t h a t   a n   e n v i r o m e n t a l  i m p a c t  s t a t e m e n t   t h e r e f o r e  
will n o t  be prepard. In  making this de te rmina t ion  of n o  
s i g n i f i c a n t  i m p a c t  I t h e  Bureau c o n c l d e d   t h a t   t h e   f o l l o w i n g  . 

i n f o r m a t i o n   a v a i l a b l e   i n   t h e   p u b l i s h e d   s c i e n t i f i c   l i t e r a t u r e  was 
r e l e v a n t   i n   e v a l u a t i n g   t h e   p o t e n t i a l   e n v i r o r m e n t a l  impacts of 
gentamicin . 
Physi  cal-Chemi cal ]?roperti es 

Gentamicin oral polder con ta ins   gen tamic in  sulfate v e t e r i n a r y  as 
t h e   a c t i v e   a n t i b a c t e r i a l  agent. Gentamicin i s  a c t i v e   a g a i n s t  gram 
nega t ive  and  gram ps i t ive  bacteria. Gentamicin sulfate 
v e t e r i n a r y ,   a n   w i n o g l y c o s i d e ,  is a c c m p l e x   a n t i b i o t i c  substance 
w i t h   t h r e e   c a n p n e r ~ t s .  su l fa tes  of gentamic in  C , gentamic in  C 2, 
and  gentamicin C I t  is produced frm t h e   n a t u r a l l y   o c c u r r i  r q  
fungus  Micromonospora  purpurea, a m a n b e r  of the   . ac t inomyce te s  
group 
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The molecular weig:ht of  gentamicin  varies  because i t  is a canplex 
of  these three c a n p n e n t s .  The molecular  weight  of  gentamicin C 
su l fa te  is 722, gentamicin C2 -s?fate is 708 and gentmicin C 1 
sul fa te  is 694. 1A 

Gentamicin su l f a t e  is a pod= that is highly  soluble i n  water and 
i n  aqueous solution has. a pH' of 3-5. Gentanicin  solubility i n  
organic  solvents  i:s low canpared to its s o l u b i l i t y   i n  water ( k r c k  
Irdex, 1976) . 
Fate i n   t h e  Environment 

Gentamicin will probably  not  accmulate i n  organisas   in  the 
enviroment because of its property  of  being  highly water soluble 
and r e l a t ive ly   l i p id  insoluble  (Kenaga and Goring, 1980) . 
There is l i t t le  known about  metabolites  detected after 
administration  of  gentamicin or other  aminoglycosides.. I t  is 
generally  accepted  that  aninoglycosides are excreted i n  act ive 
form . 
Gentamicin excreted i n  animal urine and/or feces will eventually 
cane i n  con tac t  with soils. Stdies showed t h a t  98% of  gentanicin 
add& to soil was adsorbed, and less than 2% could be extracted 
(EIAR, A p p e d i x  B) ., The gentanicin  applied was imndia te ly  
adsorbed to the soil colloids.  The adsorbed  gentamicin was not 
extractable by  routine  assay and did not show evidence  of 
antibacterial   activity  against   highly  sensit ive  bacteria.  

E f f e c t s   i n   t h e  Environment 

The effects of gentanicin on microbial  populations  in the 
enviroment are not: clear  cut.  Van Di jck  and Van d e  Voorde (1976) . 
felt that this antimicrobial  agent  muld  have little chance of 
a l ter ing an envirorrnent's  microbial  ecology  because  gentanicin 
demonstrated l i t t le  ef fec t  upon bacteria, algae, and moebae. 
Nevertheless Chrost: (1978) fourd thk while  gentanicin  did  not 
a f fec t  the metabolisn of phytoplankton, it did  rapidly  inhibi t   the  
ac t iv i ty  of aquatic:  bacteria. In add i t ion ,   Wt t s  and King (1973) 
used gentamicin t o  prevent  bacterial growth i n  their culturing  of 
plant  protoplasts , and found that this drug did  not   interfere   with 
the normal metabolisn  of  the plant cell organelles  but was an 
ef fec t ive   an t ibac ter ia l .  

- 

Gentamicin may reasonably be expected t o  have m a l l   t o  n i l  e f f ec t s  
on microbes in   t he   env i romen t  because this drug is expected t o  be 
released  into the enviroment  in  very low concentrations.  In  addi-' 
t ion,  when these low concentrations  of  gentanicin are released i n t o  
the envi roment ,   th i s  drug wi l l  probably be rapidly bound and in- 
activated by the   par t icu la tes ,  soils and/or sdiments present. 
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The e f fec t s  of gentamicin on other  organisns i n  the  enviroment   has  
been poorly  studied.  Research  on  gopher  snakes  indicates that body 
burdens of gentanicin persist for from 25-40 times l o w e r   i n  this 
snake than  they would i n  mammals (Bush -- et al., 1978; Montali et  
dl., 1979) . - 
- 
Lewis and Tatken (1,980) list the acute   toxici ty  (LD50) of 
gentmicin and gent.anicin sulfate t o   s e v e r a l  mamnalian species v i a  
several  routes of administration (see T a b l e  1). Cornparision of 
these LD50 values  with  the EIAR estimations of enviromental  
concentration  indicates  that  use  of  gentamicin  or  gentamicin 
su l fa te  should not result i n  a c u t e   t o x i c   e f f e c t s   o n   m m a l s   i n   t h e  
envirorment. 

\ 

“able 1 - Acute  Toxicity  of Gentamicin 

S prxi es 
Sulfate  

m u t e   t o  
ni strati on** - 

. . . -  

Rat 

Dog 

cat 

Rabbit 

Guinea Pig 

i V  

i P  
-sc 
i.m 

i:v 
i. p 

i.m 
i. v 
i. p 
i m  
iv 
i. p 
i.m 
i V  

iP 

i.m 
i. p 

0 

sc 

sc 

sc 

Gentami ci n Gentami ci n 
I .. 

45 
3 50 
2 74 
4 50 

6,600 
99 
74 4 
850 
61 0 
184 
710 
750 
88 
304 
430 
81 

1,350 
1,230 
780 
530 
740 

57 

- -..:283 

108 
. 630 

384 

m 5 0  = dose of chgnical calculated t o  cause 50% mor ta l i t y   i n  a 
group of organims . 
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( i  
mai the  l imited  evidence.available,   the  predicted excreted drug 
quantity  should  not.  be'kxpcted  to have d v e r s e  e f f e c t s  upon any 
.asp& of the  envirorment i n c l d i q  l a d ,  water supplies,  
microbes,  wild life, plants  and man. 
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