
Environmental  Assessment 

1. Date: 3une 7, 1984 

2. Applicant: The Upjohn  Company 

3. Address: Kalamazoo,  Michigan  49001 

4. Description o f  the proposed action: 

Lincomycin will  be  added to  the diets  of  growing-finishing swine at 
a level  of 20 grams per ton  for increased rate of  weight gain. This 
action  will increase the efficiency of  pork  production. Lincomycin 
is manufactured at two locations;  Portage, Michigan in an industrial 
complex of The Upjohn Company located in a semi-rural area and  in  an 
industrial complex located in a semi-rural  area  near  Arecibo, Puerto 
Ri co. 

Growing-finishing swine  fed lincomycin  are  located primarily in the 
ten mid-west corn-belt states. The vast majority of these  swine are 
raised in rural areas under conditions  of  confinement  rather  than on 
pastures  or open fields. Floors of confinement  facilties are 
generally paved concrete  or slatted. Resultant  wastes  may be 
handled as liquids  or  solids and are eventually distributed  on crop 
land for  the  fertilizer value. 

5. Introduction of  substances  into the environment: 

Manufacture 

Information relative to  the  manufacture of  lincomycin  by formulation 
and manufacture of the premixes are covered in three  attachments 
regarding  these  activities as  follows: 

Attachment - 
A. Lincomycin  hydrochloride Ag Grade 

Environmental  Impact Analysis  Report 
(for Kalamazoo, MI - Feb. 15, 1984) 

B. Lincomycin  Hydrochloride Ag Grade 
Environmental  Impact Analysis  Report 
(for Barceloneta, PR - Feb.  15, 1984) 

C. LincomixQ9 20 Premix 

LincomixB 50 Premix 
Environmental Impact  Analysis  Report 
(for Kalamazoo, MI - Jan. 1, 1984) 

and 
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6. 

Lincomycin will enter  the  environment  at   the  use  s i te  v ia hog wastes. The 
number o f  swine  marketed in   the  Uni ted  States each year i s  about 80 
m i l l i o n .  The estimated number o f  hogs t h a t  will receive  l incomycin  for  
growth  promotion i s  approximately 3.25% o r  2.60 mi l l ion.   For  growth 
promotion hogs will be fed  l incomycin a t  a l e v e l   o f  20  grams pe r   t on   o f  
feed from weaning t o  market  weight, f o r  a t o t a l  maximum ga in   o f  about 200 
pounds per hog. Two hundred pounds o f  gain will requ i re  about 600 pounds 
of   feed  containing a t o t a l   o f   s i x  grams of  l incomycin  (600 pounds of   feed 
x 10 mg lincomycin  per pound). Assuming no i n a c t i v a t i o n   o f   l i n c o m y c i n   i n  
t h e   i n t e s t i n a l   t r a c t   o f   t h e  hog, 2.6 m i l l i o n  hogs could  excrete 15,600 kg 
of l incomycin i n   t h e i r  wastes. The major s i t e  area where th is   l incomyc in  
will enter  the  environment i s   the   ten   corn-be l t   s ta tes  where the  vast  
m a j o r i t y   o f  hogs i n   t h e  U.S. are  raised. The major i t y   o f   comnerc ia l l y  
ra ised hogs are   fed   in   con f inement   fac i l i t i es   (as  opposed t o   p a s t u r e   o r  
open f i e l d s ) .  I n  confinement f a c i l i t i e s   f l o o r s   a r e   g e n e r a l l y  paved 
concre te   o r   s la t ted  and r e s u l t a n t  wastes are  col lected and d i s t r i b u t e d  on 
c r o p   l a n d   f o r   t h e   f e r t i l i z e r  value. 

Fate o f  emitted  substances i n  the  environment: 

Updated in format ion  regard ing  th is   subject   for   both  manufacture  o f  
l incomycin  by  fermentation and manufacture of  the  Lincomix  premixes i s  
covered i n  the  three  submitted  reports  indicated under i tem 5 above. 
Based on information  previously  submitted under NADA 97-505 by The Upjohn 
Company (EIAR - f o r  swine  dysentery  February 5, 1975, EIAR - f o r  
mycoplasmal pneumonia A p r i l  14,  1980, EIAR amendment - for  chicken  feeds 
A p r i l  28, 1978) it was s ta ted   i n   t he  FONSI r e p o r t   o f  October, 1980 under 
Manufacture o f  Lincomycin  that  "the  manufacture  of  the  l incomycin  premixes 
do not  have a s i g n i f i c a n t  impact on the  qual i ty  of   the  environment when 
produced  according t o   t h e  procedures  described i n   t h e  appl   icat ion"  . 
Regarding  the use of   l incomycin i n  swine, the above c i t e d  FONSI r e p o r t   o f  
October, 1980 s e t s   f o r t h  a "worst case analysis"  which  involves  l incomycin 
concentrat ions i n   s o i l  and water  from paved feeder -p ig   l o t s   t ha t  do not  
u t i l i z e   r u n - o f f   c o l l e c t i o n   o r   t r e a t m e n t   o f  wastes. Based on these same 
assumptions,  parameters, and calculat ions  the  concentrat ions o f  l incomycin 
i n   t h e   r u n - o f f  and i n   a g r i c u l t u r a l   s o i l s  would be 1.2  ppm and  0.16 ppm, 
respect ive ly   f rom swine fed   t he  20  gram level   o f   l incomycin  for   growth 
promotion. These amounts a re   on l y   ha l f   o f  what was pro jected  for   swine 
fed  the 40 gram l e v e l  o f  l incomycin (Case #1 - least  severe) and  as such 
should be o f  no concern  from an environmental  standpoint.  This  conclusion 
i s   r e i n f o r c e d  based on the  FONSI repor t ,   invo lv ing  h igher   feeding  leve ls  
of lincomycin, and which was stated  in  the  conclusions  that   "Simple 
d i l u t i o n  and inac t i va t i on   o f   t he   an t im ic rob ia l   p roper t i es   o f   t he   d rug  
residues i n   t h e   f i e l d  and in   rece iv ing   waters  appear to  preclude  long-term 
ir reversible  environmental   ef fects".  

The FONSI r e p o r t   o f  October, 1980 did  request  addi t ional   informat ion on 
l incomycin and studies were  conducted  by The Upjohn Company t o   s a t i s f y  
t h i s  request.  Following i s  a l i s t ing   o f   the   Techn ica l   Repor ts   o f   the  
s tud ies  wi th  a condensat ion  of   the  resul ts and conclusions: 
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I. Physical  and  Chemical  Properties of  Lincomycin  Hydrochloride (U-10,149A) 
I Technical  Report No. 524-9760-83-006. K.T. Koshy.  May 16,  1983. (Appendix 

Tab A). 

1. Description 
1.1 Name: Lincomycin  hydrochloride, U.S.P. 

Chemical Name: D-erythro-a-D- alcato-Octopyranoside, methyl 6,8- 
dideoxy-6C h- -methyl-4-propyl-2-pyrrolidinyl) 
carbonyl  laminol-l-thio-, monohydrochloride, 
monohydrate,  (Zs-trans) -. 

Methyl 6,8-dideoxy-&-thyl-trans-4-propyl-L-2- 
pyrrol idinecarboxamid0)-1-thio-D-erythro-a-D- 
galacto-octopyranoside  monohydrochloride 
monohydrate. 

- 

1.2 Formula and Molecular  Weight 
Crystalline  lincomycin is obtained as the hydrochloride  monohydrate by 
the  addition of acetone  to an aqueous-hydrochloric acid solution  of 
lincomycin. The USP XX specifies  that it has a  potency  equivalent  to not 
less  than 790 pg of 1 incomycin base (C18H34Nz06S) per mg of the 
hydrochloride monohydrate. 

SCHEME I 

(N'V HO-C-H ' 7  

. .  

LINCOYYC.IN A 
c .  . .  LINCOMYCIN . -  . s 

_i .. 

Lincomycin  hydrochloride USP may  contain  the 4-ethyl  analog  on the 
pyrrolidine ring as an impurity which  is designated as lincomycin B. The 
USP XX specifies  that it contains not more  than 5% of  lincomycin 6. 

C ~ ~ H ~ ~ N ~ O ~ S . H C ~ . H Z O  F.W. = 461.01 

1.3 Appearance,  Color and Odor 

Lincomycin  hydrochloride is a  white  or  practically  white,  crystalline 
powder.  It  has a  characteristic pungent  odor. 



2. Physical  Properties 
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2.1 

2.11 

2.12 

Table I. 

LUd 
Spectra 

Ultraviolet Spectra. 
The  ultraviolet  sDectrum  of  a 0.0217 M solution  of 1incom.vcin 
hydrochloride  monohydrate in water  displayed  a  very high end 
absorption  from  260 NM down  to  233 NM with  no  characteristic  peaks 
or Val 1 eys. 

Infrared  Spectra. 
A mineral oil  mull  of lincomycin  hydrochloride  monohydrate  showed 
significant infrared absorption  bands  characteristic  for alcohols, 
secondary  amide and oyclic ethers. Table I shows  assignments  for 
the significant infrared absorption bands: 

Infrared  Band Assignments for Lincomycin  Hydrochloride,  Monohydrate 

Wave  numbers ( c d l  Structural  Feature 
3529.  3489.  3453. Alcohols and 

Assignment 
0-H stretch and 

3380;  3339; 3290;  secondary  amide N-H stretch 
3228,  3199, 3076 
3046, 3023 

2751 broad Amine  sale N-H stretch 

1658 Secondary ami de C=O stretch 

1567  Secondary  amide  Amide I1 

1107,  1092, 1077 Alcohol s and 
1042 cycl i c ether 

C-0  stretch 

2.13 NMR Spectra and  2.14 Mass Spectra. 
Those  two  sDectra  further  confirm  the chemical structure and 
configuration of lincomycin  hydrochloride  monohydrate  shown  above 
(see 1. Description). 

2.2 Crystal Properties 

2.21 Melting  Range 
Lincomycin  hydrochloride  melts  with  decomposition at about 148%. 

2.22 Polymorphs 
Lincomycin  hydrochloride  exists in two  polymorphic forms(1). As 
prepared commercially, the monohydrate is the predominant  species 
and  is designated as Form 11: Form I contains varying amounts o f  
water.  Both  can  be rendered  anhydrous by  drying. The  two  forms 
retain  their  particular infrared characteristics in the  anhydrous 
state. Form I1 is thermodynamically  more  stable  than  Form I. It 
also  has greater bulk density. (See  section 2.24 for X-ray 
diffraction  patterns of the  two forms.) 



2.23 Thermal Analysis 
D i f f e r e n t i a l  Scanning Calor imetr ic  (DSC) and thermgravimetric 
analysis (TGA) curves  for  l incomycin  hydr c l o r i de   a re  shown i n  
Figures 7  and  8 (Appendix A) respect ive ly  ?2! . The curves were 
generated  from a DuPont thermal  analyzer (Model No. 1090, DuPont De 
Nemours  and Co., Wilmington,  Delaware). The sample was contained i n  
aluminum pans and the  analys is  was conducted  under an atmosphere o f  
nitrogen. The hea t ing   ra te   f o r   t he  DSC and TGA curves were 20  and 
5oC/min respect ively.  The long  shallow endotherm i n  the OSC curve 
from  about 136-145OC i s  probably  associated  with  release o f  water. 
The me1 t i n g  endotherm i n   t h e  DSC peaks a t  152.2OC. The TGA curve 
ind ica tes   g radua l   loss   o f   water   o f   c rys ta l l i za t ion  and also a 
c r y s t a l l i n e   t r a n s i t i o n  stage. The  compound appears t o   l o s e   a l l  
water  before  the  beginning  of   the  melt ing endotherm a f t e r  which i t  
undergoes  decomposition. 

2.24  X-Ray D i f f r a c t i o n  
Figures 9 and 10 (Appendix A) are X-ray d i f f rac t i on   pa t te rns (3 )   o f  
crystal l ine  l incomycin  hydrochlor ide  forms I and 11 respect ively.  
Wi th   the  a id  o f  the X-ray d i f f r a c t i o n   p a t t e r n s   o f   t h e  two  forms 
containing  varying amounts of   water and the i r   in f ra red   spec t ra ,   the  
authors were ab le   to   es tab l i sh   cond i t ions  under  which t h e   t r a n s i t i o n  
from one form to   the   o ther   takes   p lace .   T rans i t ions   in   the  X-ray 
d i f f r a c t i o n   p a t t e r n   o f  Form I appeared a t  about the 4% water  level, 
showing a d e f i n i t e   s h i f t  which  could be a t t r i b u t e d   t o   l a r g e r  
interplanar  spacings as the wa te r  l e v e l   i s  increased. Between 0.67% 
and  3.34% water  the  patterns were i d e n t i c a l  and were character iz d 
by  major peaks a t  5.550  and  11.200 28, corresponding t o  d = 15.9 FI 
and 7.89R. A t  6.66% water   the  X-ray  d i f f ract ion  pat tern was 
d i f f e r e n t ,  showing a sh i f   o f   t hese  peaks t o  5.050 and  10.300  20 
corresponding t o  d=  17.48 !i and 8.58R. A t  3.83%  and  5.35% water 
combinations  of  the two patterns were  found. The i n f r a r e d  spectrum 
o f  Form I also changed w i t h  w a t e r  content. These changes were not  ' 

as readi ly   d iscernable as those  observed  by X-ray, and indicated 
hydrogen  bonding t o  have r e s u l t e d   i n  band broadening at   h igher  water 
contents. 

Table IV shows the   X- ray   d i f f rac t ion   pa t te rns   o f   the  two  forms of   l incomycin 
hydrochloride. 

Table IV. Powder X-Ray D i f f r a c t i o n  Data of  Lincomycin  Hydrochloride 
Polymorphs. 

Form I Form I1  

20 d-spacing(A)  Intensity* - 20 d-spacing(AL  Intensity* 

5.55 
6.40 
6.90 
7.45 

11.15 
13 .OO 
13.95 
14.40 
17.00 

15.92 1 
13.81 
12.81 4 
11.87 
7.94 2 
6.81 
6.35 5 
6.15 
5.22 3 

6.30 14.03 2 
8.50 10.40 
9.45 9.36 5 

10.35 8.55 
12.75 6.94  4 
14.15 6.26 1 
15.00 5.91 
15.70(w) 5.64 
15.95(w) 5.56 



Table IV. Powder X-Ray Diffraction  Data of Lincomycin  Hydrochloride 
Polymorphs. (continued) 

Form I 

20 d-spacing(A1 Intensity* 

17.85 
18.40(b) 
19.40 
20.15 
21.05 
21.95( sh) 
22.35 
23.15 
23.95 
25.80 
27.10 

4.97 
4.82 
4.58 
4.41 
4.22 
4.05 
3.98 
3.84 
3.72 
3.45 
3.29 

Form I1 

- 20 d-spacing(A) Intensity* 

16.80 5.28 
17.25 5.14 
17.85 4.97 
18.25(w) 4.86 
19.15 4.63 
19.80 4.48 
21.00 . 4.23 
21.55 4.12 
22.00 4.04 
22.85 3.89 
24.35 3.65 
25.40 3.51 
25.80 3.45 
26.35 3.38 
27.75 3.21 
29.20 3.06 
29.60 3.02 
30.80 2.90 

Note: b = broad 
w = weak 
sh = shoulder 

*Five strongest peaks (1 = the most intense  peak) 

d-spacing R = (2 n? e 1 

(1) Struck, W. A. Internal  communication, The Upjohn  Company,  Kalamazoo, 
Michigan 49001. 

(2) Bergren, M. S. Personal  communication, The Upjohn  Company,  Kal  amazoo, 
Mi chi gan 49001. 

(3) Knuth, M. D. and Zipplem, K. Internal  communication, The Upjohn  Company, 
Kalamazoo, Michigan 49001. 

2.3 Solubility 
Lincomycin  hydrochloride is extremely  water soluble.  It forms a 
syrup with w ter and the solubi 1 i ty is  estimated to be between 500- 
1000 mg/ml(lf. The solubilities o f  lincomycin hydrochloride  a d 
several other  antibiotics  were determined by Marsh and  Weiss(2Y in a 
number o f  solvents. Their data  are  shown in Table V .  
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Table V. So lub i l i t ies   o f   L incomyc in   Hydroch lo r ide   in  Common Organic  Solvents 
(From Ref. 2) 

Sol v e n t   S o l u b i l i t y  (mg/ml)* 

Methanol 
Ethanol 
Isopropanol 
Isoamyl a1 coho1 
Cyclohexane 
Benzene 
Petroleum  ether 
Isooctane 
Carbon te t rach lo r i de  
Ethyl   acetate 
Isoamyl  acetate 
Acetone 
Methyl  ethyl  ketone 
Diethy l   e ther  
Ethylene  chlor ide 
1,4-Dioxane 
Chloroform 
Carbon d i s u l f i d e  
Pyr id ine 
Formami  de 
Ethylene  glycol 
Propylene  glycol 
Dimethyl  sulfoxide 

201; >20 
>20 

4.83 
1.06 
0.02 
0.08 
0.01 
0.02 
0.02 
0.03 
0.05 
0.07 
0.03 
0.01 
0.01 
1.37 
0.06 
0.03 
>20 
>20 
>20 
>20 
>20 

*The experimental  design was such t h a t  i f  a l l   t h e   m a t e r i a l  appeared t o  be i n  
so lu t i on ,   t he   so lub i l i t y  was considered t o  be greater  than 20 mg/ml. 

(1) For i s t ,  A. A. I n te rna l  communications, The Upjohn Company, Kalamazoo, 
Michigan. 

( 2 )  Marsh, J. R., and  Weiss, P. J., Assoc. O f f i c e   o f  Anal. Chem., 50, 457 
(1967). 

2.4 Par t i t i on   Coe f f i c i en t  
The octanol /water   par t i t ion  coef . f ic ient   a t  pH 2, 7 and  9  and between 
water and  a few other  solvents  are shown i n  Table VI. 

Table VI. Part i t ion  Coeff ic ient   of   L incomycin  Hydrochlor ide Between Water and 
a Few Organic  Solvents. 

P.C. 
Solvent  Pair 
Butanol  :water (pH lo)! 
CH2C12:water (pH 9.9)1 
Butyl  acetate:water (pH 9.6)1 
Methyl  ethyl Ketone:water (pH 9.6)1 
n-oct  anol  :water (pH 2 
n-octanol  :water (pH7) h2 
n-octanol  :water (pH  9, Borate)2 
n-octano1:water (PH 9, THAM ( t r i s ) ) z  

C o r g a m w a t e r  
2.5 
0.38 
0.19 
0.77 
0.0031 
2.55 
0.20 
2.98 
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(1) Forist, A.  A. Internal communication,  The Upjohn  Company, 
Michigan. 

(2) Koshy, K. T. and Knuth, D. W. Internal comnunication, The 
Kal  amazoo, Mi chi  gan. 

3. 

Kal mazoo, 

Upjohn  Company, 

2.5 Ionization  Constant, pK 
The pH of a 1% solution o f  production lots o f  lincomycin  hydrochloride 
in water is  in the range 4.7-4.9. It has a pKa  of 7.6. 

2.6 Optical Rotation 
The USP XX specifies  that  lincomycin  hydrochloride has a  specific 
rotation between +1350 and +1500- in an 
mg  per ml, calculated on the anhydrous 

Chemical Stability 

3.1 Modes of Degradation 
Vigor u acid hydrolysis  of  lincomycin 
Slomo?l!. Two  Droducts  were isolated; 

aqueous  solution  containing 20 
basi s. 

was performed by Herr and 
methyl  mercaptan,  isolated and 

identified as its  2,4-dinitrophenyl thioether, and  an amino  acid 

hydrate under reflux  conditions  efficiently cleaved the amide bond 
without  destroying the stereochemistry o f  the  sugar moiety. The 
resulting  compounds  were  identified as L-trans-4-n-propylhygric acid 
and methyl 6-amino-6,8-dideoxy-l-thio-D-er hro-a-D-galacto- 
octopyranoside  (Structure V,  Scheme II)( 38- on  page 10 o f  this 
report. 

identified as n-propylhygric acid. Milder  hydrolysis using hydraz 

3.2 Stability in Aqueous  Solution 
Forist and Royeri3)  have  reported the stability of lincomycin 
hydrochloride at 700 in  0.1 N HC1  and in 0.1 N NaOH. The  degradation 
in both instances  followed  pseudo-first-order  kinetics and the 
calculated  half-lives  were 4 nd 25 hours in the acid and base 
respectively. Forist et  al. ?6P also studied the  stability of 
lincomycin  hydrochloride in  0.1 N HC1 at 700 and  at  370. There  was no 
degradation at 370  for at least 48 hours. The  half-life at 700 was  39 
hours. The principal degradation  products  were methyl mercaptan and 
l-dethiomethyl-l-hydroxylincomycin. 

Clindamycin  hydrochloride is a  synthetic analog  of  lincomycin 
hydrochloride in which the 7-position hydroxyl group is replaced  by a 
chlorine atom. Oesterling(7) has reported  a detailed study o f  the 
aqueous  stability o f  clindamycin  hydrochloride in the pH range 0.44- 
11.66. From  the  results  of  this  study and the ones  reported  earlier 
(1-6), the  following  conclusions,  depicted in Scheme I1 (page  10)  may 
be  postulated regarding the stability and mode o f  degradation in 
aqueous solutions: 

Lincomycin  hydrochloride  solutions adjusted to pH 1-6  are stable 
at room temperature. 

The  major  degradation in buffers pH 0.4-4 at elevated temperatures 
is via the  thioglycoside  hydrolysis  to  form  l-dethiomethyl-l- 
hydroxyl incomycin  (Structure IV) and methyl mercaptan  (Structure 
111). 
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3) The degradation is minimal in the pH range 3-6. 

4) Above pH 9, the  degradation is predominantly via the amide  linkage 
producing  (Structure 11) and (Structure V ) .  

(1)Herr, H. R., and Slomp, G., J. Amer.  Chem.  SOC., 89, 2444  (1967) 

(z)Schroeder, W . ,  Bannister, B., and  Hoeskma, H., Ibid, 89, 2448 (1967). 

(3)Slomp, G., and MacKeller, F. A., Ibid, 89, 2454 (1967). 

(4)Magerlein, 6. J., Birkenmeyer, R. D., Herr, H. R. and Kagan, F., Ibid, 89, 
2459 (1967). 

(5)Forist, A.  A., Royer, M. E. Internal communication, The Upjohn Company, 
Kalamazoo, Michigan 49001. 

(6)Forist, A. A., Brown, L.  W. ,  and Royer, M. E., J. Pharm.  Sci.  54, 476 
(1965) . 
(7)0estering, T. O., Ibid,  59, 63 (1970). 
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4. Methods of Analysis 
Information  under  this  title  can be found in the Appendix  Tab A (Technical 
Report No. 524-9760-83-006  pages 17-25). 

5. Metabolism and Pharmacokinetics 
In preliminary  reports on the ab o ption and excretion of lincomycin HC1 
in man and rats, Lewis and Meyer SIT reported  the  following observations: 
1) Lincomycin is solely absorbed from  the small  intestine, 2) about  35-40% 
of the administered oral dose is excreted in the  feces  after  12 hours, 3) 
the antibiotic is not degraded by stomach acidity, gastric  enzymes or  by 
bacterial  action in the caecum  or large  intestine. 

Vavra et a1  .(2) have reported on the  absorption and excretion  of 
lincomycin HC1 in normal  adult  human volunteers  after oral, intramuscular 
and intravenous  routes of  administration. Lincomycin given orally as a 
single  500 mg dose  to 50 normal  adults  produced an average  serum 
concentration  that peaked  at 4 hours'at 3.4 2 0.4 g/ml  and remained at 
or about 1.1 2 0.1 vg/ml  for at least 12 hours.  fn  oral, multiple-dose 
studies  (500 mg every 6 hours), lincomycin  serum  levels did not appear  to 
build  up with time. High  serum  levels of 5.7 5 1.2 1-1 g/ml were  obtained 
within 4 hours after the  first  dose  with  subsequent  nadir  values  ranging 
between 2.4 and 3.6  1-Ig/ml for  174 hours, the entire  duration of the 
study. 

With  single  intramuscular  doses of  100, 200 and 600 mg, the  following 
respective peak levels  were  obtained  within the first hour after dosing: 
2.7,  3.8 and  11.6 1-I g/ml.  In the case of the 600 mg dose, detectable 
amounts of lincomycin  were present in sera  from 18 of the  20 subjects as 
late as 24 hours  after  dosing.  When 600 mg was  administered  every 8 
hours, high concentrations of the antibiotic  were present in the serum  for 
97 hours, the duration of the study. 

The  authors  also  reported  serum levels  after single and multiple  300 and 
600 mg dose  intravenous administration.  With the  300 mg dose infused 
every 12 hours for 74 hours, the high level was 9.5 1-1 g/ml  and the low 
level 1.6 Pg/ml  with  essentially no accumulation of the antibiotic in the 
serum.  However, at 600 mg every 6 hours, the  average high level was 17.5 
lJg/ml  and the low  level 8.2 ug/ml during  a  74-hour period. The  urinary 
excretion  from  the  single and multiple oral dose  serum level studies 
decribed  above  was  3 to 5% of the dose after 24 hours. Higher  urine 
recoveries  were seen after parenteral administration of the antibiotic. 

Eberts et  a1.(3) studied the  fate of tritium-labeled  lincomycin in man and 
has postulated  a  kinetic model for its metabolism and  excretion. 3H- 
lincomycin HC1 was  administered  to  two panels of five subjects each. The 
oral dose  was  a  single 500 mg capsule  including 250 1-I Ci of 3H-lincomycin 
HC1. The I.M. dose  was 2 ml of a  300 mg/ml solution  containing 50 1-1 Ci of 
3H-lincomycin HC1. Their  conclusions were: 

1) The  mean  peak-plasma level  of 1.7 Pg/ml (0.64-4.10) in the  subjects 
was achieved within  2-4 hours. In the I.M. group the mean level was 
10.5 Pg/ml (8.2-12.9) achieved within 0.5-1  hour. 
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2) The  mean  recovery o f  the radioactive  dose in the P.O. study was: 

urine, 8.6% (4.9-19.9); feces, 50.3%  (13.6-78.9); total, 59.0%  (18.5- 
84.4). In the I.M. study  recovery was:  urine, 55.3% (48.1-62.6); 
feces, 38.1%  (36.6-40.3); total, 93.4%  (86.3-99.5). 

3)  When lincomycin  was  administered  either P.O. or I.M., it was excreted - via  urine and feces as unchanged  lincomycin plus an inactive 
metabolite( s) However,  since  the  plasma  disappearance  rate exceeded 
the  combined  urinary and fecal excretion rates, an additional 
1 incomycin  compartment  was suggested. 

From these  observations the kinetic model shown in Scheme I11 (on  page 
13 of this  report)  was  developed  utilizing  the analog computer  data 
simulator. It  is proposed  as the  simplest model consistent with the 
experimental data. 

4) This  complicated  transport  mechanism permitted calculation  of  only  a 
minimal plasma  half-life  of 6.67 2 1.77  hr. The  primary volume  of 
distribution,  instantaneously  equilibrated  with plasma, was estimated 
to be 42.4 2 6.2 L. The volume of the secondary  compartment  could not 
be  estimated. 

5. The bulk of the I.M. dose  was  equilibrated  instantaneously  throughout 
the primary volume-of distribution; however, a  variable amount  showed 
delayed  absorption  with an estimated  maximal absorption  half-time  of 
1.20  hr. Absorption of the P.O. dose appeared to be  of  an 
exponential-growth  type and could  not  be  described  by simple  first- 
order models. Paucity of data in this  phase and the limited capacity 
of the analog computer  precluded  estimation  of  absorption  half-time of 
the oral dose. 

6. It was  calculated  that  from 7-32%  of the oral dose  was absorbed. The 
absorption-efficiency  distribution  was  variable but  appeared to  center 
around 7%  and averaged  about 10% with  tailing  to  higher values.  Thus, 
the  results of this  study  were  comparable  to  the  results of earlier 
clinical  studies. 

7. Although  the  percent of the absorbed dose excreted in urine  (51-66%) 
- vs. feces (34-49%) was  relatively  constant,  the  amount of  lincomycin 
- vs. metabolite in either  urine or feces  was  highly  variable  from 
subject  to subject. 

In a  subsequent  report on the characteriz  tion  of  the  urinary  excretion 
products in dog and man, Eberts and MeeksT4) have made  the  following 
conclusions;  the  primary  urinary  excretory product  of  lincomycin administered 
orally or intramuscularly  to dog or  man is unmetabolized drug. In the dog, 
this amounted to 74% (P.O.) and 80-85% (I.M.) of  the  faction  of  the  dose found 
in urine,  and  11% (P.O.) and 33-45% (I.M.) of the  administered dose. 
Comparable  figures  for  man  were 56% (P.O.) and  83% (I.M.) based  on urinary 
excretion, and 8% (P.O.) and 49% (I.M.) based  on the  administered dose. 
Although  none of the metabolites  were  fully  characterized,  they possessed 
little or  no  bioactivity. 

The  above  findings  were  confirmed by Daniels and  Van  Eyk(5) in a dog 
metabolism  study using  1%-lincomycin HC1. However, they had evidence  to 
suspect that  lincomycin sulfoxide and N-demethyl lincomycin  to be minor 
metabolites ( ~ 3 %  of the dose). 
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(1)Lewis, C.? and  Meyer, C. E. I n te rna l  communication, The Upjohn Company, 
Kalamazoo, Michigan. 

(ZlVavra, J. J., Sokolski, W. T. and  Lawson, J. R. Ant imicrobia l  Agents 
Chemotherapy, 176  (1963). 

(3)Eberts, F. S., Jr., Baker, R. H., Jr., Meeks, R. C., and Vl iek, R. W. 
I n te rna l  communication, The Upjohn Company, Kalamazoo, Michigan. 

(4)Eberts, F. S., Jr.? and  Meeks, R. C. I n te rna l  communication, The Upjohn 
Company, Kalamazoo, Mlchigan. 

(5)Daniels, E. G., and  Van  Eyk, R. L. In te rna l  communication, The Upjohn 
Company, Kalamaroo, Michigan. 

11. Determination  of the Octanol-Uater  Partition  Coefficient  of  Lincomycin  HC1 
at pH 2, 7 and 9. 
Technical  Report No. 524-9760-83-001. 0. U. Knuth and K. T. Koshy.  April 
6, 1983.  (Appendix  Tab B). 

The KO, value  of  lincomycin-HC1 monohydrate i s  pH dependent. The mean KO, 
values  obtained  at  the pH values  tested  are: 

pH2 = 0.003 
pH7 = 2.55 
pH9 = 0.201 in   bo ra te   bu f fe r  
pH9 = 2.98. in   Tr is-buf fer  

These values  indicate  that  lincomycin-HC1 p r e f e r e n t i a l l y   t r a n s f e r s   t o   t h e  
aqueous  phase.  The KO, values can be used to   p ro jec t   t he   po ten t i a l   ex ten t  
o f  accumulation o f  lincomycin-HC1 i n  a t i s s u e   o r  an organism  by 
ca lcu lat ing  the  b ioconcentrat ion  factor  (BCF) according t o   t h e   f o l l o w i n g  
equations: 

(1) For  f lowing  water ecosystems (Voerman, 1969): 

(2)   For  stat ic  water ecosystem ( F u j i t a   e t   a l .  1954): 
l o g  BCF = 0.124 + 0.542 log  Kow. 

l o g  BCF = 0.7235 + 0.635 log  Kwo. 

Using  the above two  equations,  lincomycin-HC1 potential  bioaccumulation i n  
t issues  of  aquatic  animals can  be ca l cu la ted   t o  be: 

Bioaccumulation  Factor i n  Ecosystems 

pH ! i O W  l 0 g . C  f l o w i n g   S t a t i c  
2.0 0 . E 3  -2.52  0.057  0.134 

7.0  2.550  0.406 
9.0 (borate) 0.201 -0.696 
9.0 ( T r i s )  2.980  0.474 

2.208  9.690 

0.558  1.934 
2.404  10.703 
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It  has  been considered  that 
then the bioaccumulation  of 
concern. A factor  value of 
the chemical or druq may be 

if the bioconcentration factor is 1000 or higher, 
the chemical in the environment is a  matter  of 
100 to 1000 suggests  that the bioaccumulation of 
important  when considered along with  environmental 

persistence,  mobility, ind toxicity of the chemical. A value of less than 
100, indicates that the significant  bioaccumulation of  the chemical in the 
environment is unlikely to occur. 

From the calculated  bioaccumulation factors,  lincomycin  is  not expected to 
bioaccumulate to any significant  amounts in the tissues  of  environmentally 
exposed  organisms. Although  other properties of lincomycin-HC1 such as  metal 
chelation, deposition in bones...etc. might seriously affect the projected 
bioaccumulation potential  of  lincomycin-HC1 in tissues, available  evidence 
does not support  this possibility. 
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111. Vapor  Pressure of  Lincomycin Hydrochloride. 
K. Thomas Koshy. October, 1982 (Appendix Tab C). 

While not  determined  experimentally, supportive  evidence  suggests  that 
lincomycin hydrochloride has a vapor pressure value  of  less than 5x10'4 
torr at ambient temperature (21-22OC) and  pressure.  Based  on the 
phsyical/chemical properties of the antibiotic, it  is adequate  to expect 
that lincomycin hydrochloride will  have no  significant vapor pressure at 
ambient  temperatures. 

IV. Sorption/Desorption o f  U-10,149A  (Lincomycin)  in Three Soil Types at 0.2, 
1.0, 5.0 and 25 mg/liter. 
Technical  Report No. 524-9760-83-002. D. B. Johnson and B. L. Cox. March 

1983. (Appendix Tab 0). 

Approximately 30-50% of  lincomycin-HC1 was sorbed  by the  three tested 
soils. The  soils  tested were: sandy  clay loam, clay,  and clay loam. 
The soils  were spiked with lincomycin-HC1  at 25 ppm. 

About 6 hours were  required  for the antibiotic to reach  soil/water 
equilibrium in all three soils. 

Approximately 40-60% of the sorbed  lincomycin  HC1  could  be desorbed 
from  the tested  soils. 

the KO, coefficients ranged  from 0.12 to 1.59 for  the  three soils. 

The very  low Kov values coupled with the high water  solubility of 
lincomycin-HC1 indicate  that the antibiotic  would  not  be appreciably 
sorbed to soil.  Therefore,  lincomycin-HC1 would be  expected to leach 
from the tested  soils. 
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(6) During the  course  of  the sorption/desorption study, preliminary 
evidence  indicates  that about  10%  of the sorbed  lincomycin-HC1 might 
be  metabolized, in soi 1, to a  more polar  compound. This polar 
compound is  not readily leached from  the tested soils and does not 
possess antimicrobial  activity. 

Proposed  Degradation o f  Lincomycin in Soil. 
R. E. Horni  sh.  March 23, 1983. (Appendix  Tab E) . 
In a  study designed to demonstrate  the eco-fate  of  lincomycin  under  normal 
use  conditions, manure  (feces + urine) from  a pig fed a diet which 
contained 100 g of lincomycin per 907 kg was added to a Michigan clay loam 
soil at a  concentration equal to normal manure application  rates. After 
mixing in the soil,  and assay of the soil for lincomycin, within  one  day 
no  lincomycin  could  be  detected. In addition, manure  from  a pig  fed a 
diet  which contained no lincomycin  was added to  this  same soil type at the 
same application  rate,  but spiked  with lincomycin at a  concentration of 10 
ppm, which is five  times  the expected  application  rate. In this latter 
study, only 20% remained  aft r seven  weeks, and  all lincomycin was 
undetectable after 11 weeks.71) 

Based  on data  from  this soil  inactivation study it was calculated  and 
reported in the FONSI report of  October, 1980  that the half-life 
biological activity for lincomycin is  equal to about 25.5  days. 

(1)Lincomycin  Degradaton in the Ecosystem: Research Report  #524-9660-012, G. 
L. Stahl  and M. 3. DeGeeter, October 11,  19874. Submitted to NADA 97-505 
Feburary 5, 1975. 

(Appendix  Tab F) . 
The minimum inhibitory  concentration  (MIC) for lincomycin  was  determined 
-- in vitro  against  pure cultures  of beneficial  bacteria,  fungi,  and  blue- 
green  algae  normally  found in the environment. The MIC's were determined 
by the use  of the agar plate dilution technique  commonly used to test the 
susceptibility of pathogenic  organisms to antimicrobial  agents. The MIC's 
for each organism are  listed below. 

Table I. Minimum  Inhibitory  Concentration In Vitro for Lincomycin Against 
Tested  Oraanisms 

Test Organism  MIC  mcg/ml 

Aspergillus carbonarius,  UC- 
Chatomium cochliodes,  UC-721 
Fusarium roseum,  UC-7170 
Penicillium notatum,  UC-1296 
Trichoderma viride,  UC-4021 
Streptomycesdlbus, UC-2043 

,1511 
7 

I 

>1000.0 
>1000.0 
>1000.0 
>1000.0 
>1000.0 
>1000.0 
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Table I (continued) 

Test  Orqanism MIC  mcg/ml 

Psuedomonas  fluorescens,  UC-3049 
Clostridium but  ricum,  UC-9385 
Clostridium * er  rin ens, UC-247 
Clostridium perfringens,  UC-6509 
Cellulomonas =., UC-6274 
Arthrobacter globiformis, UC-3604 
Flavobacterium heparinum, UC-6284 
Cytophaga  johnsonae, UC-9386 
Bacillus  subtillis  (Difco) 
Baci 1 1 us -if co) 
Azobacter vinelandi i , UC-3144 
Nostoc so.. ATCC 27895 

>1000.0 
1.56 
0.78 
0.78 
16.0 
16 .O 
80.0 
40 .O 
12.0 
12 .o 

500.0 
>1000.0 

As discussed previously  under Item 6 (Fate of  emitted substances in the 
environment)  a  "worst  case analysis" for lincomycin  introduced  into the 
environment  through the proposed  action,  involves concentrations in soil  and 
water from  paved feeder-pig lots that do  not  utilize  run-off collection  or 
treatment of  wastes. Under  these  conditions the concentrations of  lincomycin 
in the run-off  and in agricultural  soils  is  projected to be 1.2 ppm  and  0.16 
ppm  respectively. Comparing  those values with the  18 MIC's in Table I 
(above), for various  micro-organisms  normally found in the environment, only 
two, (Clostridium  perfringens - UC-247 and  UC-6509), show  MIC's for lincomycin 
below the 1.2 ppm  level  projected for  the run-off. All 18 MIC's  exceeded the 
0.16  ppm of lincomycin  that are  projected to be  contained in agricultural 
soils.  From this it would appear  that the antimicrobial effects of  lincomycin 
introduced  into the environment as a result  of the proposed  action  would at 
worst 

VI1 . 
be  minimal or non-existent. 

. .  

Effect  of  Lincomycin  (U-10,149A)  on the  Sulfur  Transformation  Test. 
Technical  ReDort No. 524-9760-83-008. A. R. Barbiers  and M. A. Clasby. 
August 12, 1983.  (Appendix Tab 6). 

The effect  of lincomycin on sulfur  transformation  was determined  by a 
modified  time-contact  evaluation of  various concentrations of  lincomycin 
in contact with an anerobic sulfate-reducing  bacteria, Desulfavibrio 
vulgaris subsp.  vulgaris.  Lincomycin-HC1  tested at a  concentration of 
10 g/ml or less  had  no inhibitory effect  on the activity and  growth of 
the test organism. However, lincomycin-HC1 concentrations of 50 g/mg 
and above were inhibitory. While no definite MIC  value for lincomycin- 
HC1 against the organism  was established the data indicate  that the MIC 
value f a1 1 s between 10 and 50 g 1 incomycin  per ml of  culture. As 
discussed in Section VI  above the projected  "worst  case" concentrations 
of lincomycin  introduced into the environment for  the proposed  action 
would  be 1.2 ppm  and  0.16  ppm for run-off an agricultural  soils, 
respectively. The  results  of  this  study indicates that  the 
environmental levels of  lincomycin  are  well  below the most  sensitive MIC 
value for  this  organism and  as  such  should  pose  no  environmental  threat. 

- 

. .- 
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Effect  of  Lincomycin (U-10, 149A) on the Nitrogen  Transformation  Test. 
Technical Remrt. No. 524-9760-83-007. A. R. Barbiers  and M. A. Clasby. 
July 12,  1983. (Appendix  Tab 6). 

The results  of  this  study  indicates  that  lincomycin  causes  between 55 
and 70% inhibition of the nitrogen  transformation  process based  on  total 
means at Day 22. Values  obtained  from  lincomycin  where  levels ranged 
from 10-1000 ppm were similar,  indicating there  was no dose  response 
relationship  due to lincomycin concentration.  On Day 8, the  control 
differed significantly  from all levels  of lincomycin for both the total 
and cumulative  ammonia production.  On Day 17, the  control was 
significantly  different  from all levels for  the  cumulative  ammonia 
Val  ues. 

- 

From this study, there is  an inconsistent, inhibitory  effect  (maximum  of 
70%) of lincomycin on the ammonification process. Most  significant  was 
the complete  absence of a  dose  response  correlation, as there  were no 
statistically  significant  differences in the range of lincomycin 
concentrations  from 10 ppm to 1000 ppm. 

Effect  of  Lincomycin (U-10,149A) on the  Cellulose  Decomposition  Test. 
Technical  Report No. 524-9760-83-005. A. R. Barbiers  and M. A. Clasby. 
May 4,  1983.' (Appendix  Tab 6). 

The effect  of lincomycin on the  microbial  decomposition  of  cellulose  was 
determined by  using a  cellulase-producing  organism  JTrichoderma reesei, 
ATCC 26921) and measuring  the evolved carbon dioxide. 

Results  from  this  study  indicate  that  lincomycin at 500 ppm  and 1000 ppm 
had  no effect on the  microbial  decomposition of  cellulose. 

The Effect  of  Lincomycin  in  Soil  on the Earthworm  (Lumbricus 
terrestris). 
Technical  ReDort No. 524-9760-83-003. T. S. Arnold,  March 23,  1983. 
(Appendix  Tab H). 

The effect  of  lincomycin on the health state and survival  rate of 
earthworms  (Lumbricus  terrestris)  was  determined by exposing  earthworms 
to 1000 ppm lincomycin in a soil media  for 28 days. 

The results o f  this  study indicated that  lincomycin at 1000 ppm  in a 
soil media had  no deteramental  effects on the  survival or  health state 
of  earthworms. 

The  -effects  on  the  environment  of  released  substances  as  a  result'  of  the 
proposed  action: 

The addition  of 20 grams  of lincomycin to each ton  of  complete  feed  to 
increase  the  rate  of  weight gain of  swine, does not pose any  harmful 
conditions  to  humans  or  other  organisms  within the ecosystem. At the 
sites of production  of  lincomycin  hydrochloride and the ultimate use-level 
premixes, all environmental  regulations,  Federal,  State and  local, are 
adhered  to in the manufacture and handling of the product  and all 



generated wastes. The production o f  lincomycin  hydrochloride  for  swine 
usage,  and especially for  the proposed  action,  has little  effect  on  the 
environment  since  this use represents  only  a small fraction of the total 
fermation production. A "worst  case  analysis" as set  forth in item VI 
above, which  considers the concentration  of  lincomycin in soil  and water- 
run-off  from paved swine  feed lots which  do not utilize  a  collection 
system, indicates  that  levels of .16 ppm  and 1.2 ppm lincomycin 
respectively  can be  expected. Studies  have been conducted to determine 
the chemical  and  physcial properties of lincomycin  whereby  these 
properties pertain to  the  fate of  lincomycin in the environment  following 
the proposed  action. Conclusions  from  these studies: 

a. The  relatively low vapor  pressure of lincomycin at ambient 
temperatures  poses no significant harmful effect  to air  quality. 

b. Lincomycin is highly  soluble in water.  However, the potential for 
bioaccumulation in the  tissue of aquatic  animals has  been calculated 
over  a  water pH range  of  from 2.0 to 9.0 and the bioaccumulation 
factor has  been established at approximately 10 or less  for both 
flowing and static waters. A bioaccumulation  factor of  less than 
100 indicates  that the chemical is  not likely  to  accumulate  to any 
significant level in the environment. 

c. The  absorption/desorption potential  of lincomycin in soils  was found 
to reach a  maximum of 50% sorption when the soi Is were  spiked with 
25 ppm lincomycin. About 6 hours was  required  for  equilibrium  to be 
reached  between  soil and  water. As much as 60% of the sorbed 
lincomycin  was  desorbed in this  test system. The n-octanol/water 
partition coefficient (Kow) of lincomycin  hydrochloride  was  found  to 
be  very  low in this  study  (range 0.12 to 1.59). The high water 
solubility along with  the very  low KO, of  lincomycin  indicates  that 
the  antibiotic would not be  appreciably  sorbed  to soil  and  would  be 
expected to be  leached from  soils  very easily. This  study provided 
some  indication  that about 10% of the  sorbed  lincomycin  might be 
metabolized, in soil, to  a  more  polar  compound  which is  not readily 
leached from  the  tested soils,  however, it possess no antimicrobial 
activity. Therefore,  the low bioaccumulation  factor and very low 
KO, of lincomycin  provides  a high margin of safety  to  the 
terrestrial  ecosystem as a  result of the proposed  action. 

8. Utilization of natural  resources and  energy: 

Pork  production will  be more  efficient as a  result of the proposed  action 
by increasing the rate at which pigs gain weight. Therefore,  there will 
be  no  increased demand on  natural resources  such as  land, energy  or 
water. There is  not  expected to be  increased demands on  natural 
resources as a  result of the production of lincomycin  hydrochloride 
(refer  to  manufacturing  information  previously described). 

9. Disruptions of the physical environment: 

There are no disruptions of the physical environment  identified  with the 
proposed  action. 
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10. M i t i g a t i o n  measures: 

M i t i g a t i n g  measures as a r e s u l t  of the proposed act ion does not  apply. 

11. A l t e r n a t i v e s   t o  proposed  action: 

No a l t e r n a t i v e s   t o   t h e  proposed act ion have been i d e n t i f i e d .  

12. L i s t  o f  preparers: 

R. E. Bloss, Ph.D., Animal N u t r i t i o n i s t  
R. A. Evans, B.S., Animal S c i e n t i s t  
A. B. Spradling, Ph.D., Organic and Fermentation Chemist 
J. C. Prue, B.S., Pharmacist 
R. A. Amador, M.S., Mechnical  Engineer  License #5387 
A. W. Neff, Ph.D., Ana ly t i ca l  and Residue  Chemist 
C. J. Farho, D.V.M., Regulatory   Af fa i rs  

13. Cer t i f i ca t i on :  

The undersigned o f f i c i a l   c e r t i f i e s   t h a t   t h e   i n f o r m a t i o n   p r e s e n t e d   i s  
true,  accurate, and complete t o   t h e   b e s t   o f   t h e  knowledge o f  The Upjohn 
Company. 

Charles J. Farho, D.KM., Manager, 
Product  Support and FDA L ia i son  
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LINCOMYCIN  HYDROCHLORIDE  AG  GRADE 

Environmental  Impact  Analysis  Report 

Date : February 15, 1984 220 
Name  of  Applicant:  The  Upjohn  Company 

Address : Portage  Road,  Kalamazoo,  Michigan 49001 

Environmental  .Information: 

1. Describe  the  proposed  action: 

Continued  production of lincomycin  hydrochloride  for  the  Lincomix  products. 
.Lincomycin  hydrochloride  is  an  antibiotic  produced by fermentation  in  the 
'multiple-product  fermentation  plant  of  The  Upjohn  Company  at  Kalamazoo, 
Michigan.  It  has  been.  produced  at  this  location  for many years. 

2. Discuss  the  probable  impact  of  the  action  on  the  environment  (including 
primary  and  secondary  consequences) : 

a. 

b. 

C. 

d. 

Production  of  lincomycin  hydrochloride  for  swine  usage  has  little  ef- 
fect  on  the  environment  since  this  use  represents  only a small  fraction 
of the  total  fermentation  production. 

All non-contact  cooling  water  is  discharged  to a ground  water  recharge 
pond, and all  other  wastewaters  are  sent  to  the  Kalamazoo  municipal 
sewage  systems.  Used  solvents  are  recovered by distillation,  and 
small  quantities  may  be  sold or burned  if  recovery by distillation  is 
not  feasible.  Solid  waste  is  sent  to a suitable  landfill  operation. 
There  are  no  effects  on  public  health,  endangered  species,  historical 
places,  or  other  human  values.  There  is  no  possibility  of  food  con- 
tamination. 

The  following  regulations  are  cited  as  being  applicable  to  the  proposed 
action: 

1. Resource  Conservation and Recovery  Act  of 1976 - Public  Law 
94-580. 

2. US EPA  Effluent  Guideline  for  the  Pharmaceutical  Industry. 

3. Michigan  Solid  Waste  Management  Act 641. 

4. Michigan  Hazardous  Waste  Management  Act 64. 

5. City  of  Kalamazoo  Plumbing and Sewer  Code. 

6. Michigan  Air  Pollution  Act  348. 

All  manufacturing  and  waste  disposal  operations  meet  local, state, 
and federal  requirements. 
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3. Describe the probable adverse environmental effects t h a t  cannot be 

avoided . 
None. 

4. Evaluate alternatives t o  the proposed action. 

There are no feasible  alternatives t o  the proposed action. 

5. Describe the  relationship between local  short-term uses of the environment 
w i t h  respect t o  the proposed ac t ion  and the maintenance and enhancement 
of long-term productivity: 

The fermentation plant uses relatively  large  quantities of water, most of 
which i s  used for cooling purposes and i s  returned t o  the ground un- 
polluted.  Industrial wastewaters are discharged t o  the Kalamazoo waste 
treatment  plant. 

6. Describe any irreversible and irretrievable commitment of resources t h a t  
would  be involved i n  the proposed action should i t  be  implemented. 

Irreversible commitment of resources i s  limited t o  the raw materials and 
u t i l i t i es  used i n  manufacturing. 

7. Discuss the  objections  raised by other  agencies,  organizations, or individ- 
uals t h a t  are known t o  the  applicant. 

None. 

8. I f  the proposed action should be taken prior t o  90 days from the  circula- 
t i o n  o f  the d r a f t  environmental  impact statement o r  30 days from the 
filing of a final environmental  impact statement,  explain why. 

No requirement. 

9. Risk - benefit  analysis. 

Benefit t o  the  public i s  i n  the form of  a useful drug. This benefit 
should f a r  outweigh the small adverse effects produced. 

E. - The proposed action has  been  reviewed and approved by the Environmental 
Engineering U n i t  of The Upjohn Company. 

F. Certification: 

The undersigned applicant/petitioner  certifies  the information furnished i n  
this EnvironmentaVImpact Analysis Report is  true,  accurate, and complete 
t o  the  best of his knowledge. 
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A. mTE: February 15, 1984 

B: NAME OF APPLICANT: THE UPJOHN MANUFACTURING CQMPANY 

C. ADDRESS: Km 60.0, Barceloneta, Puerto Rico 00617 

D. INFORMATION: 

1. Describe the Proposed  Action: 

Continued production of Linccmycin  Hyazrochloride for Lincomix 
products. Lincmycin HydrocNoride is an antibiotic produced by 
fermentation in the multiple-product Fermentation Plant of The 
Upjohn Manufacturing Ccanpany at Barceloneta Puerto Rim. It has 
been produced at this location  for many years. 

2. Discuss the probable impact of the proposed action on the 
e n v i r o m t ,  including primary and secondary  consequences. 

a) Production of L i n q c i n  Hydrochloride for swine usage w i l l  
have minimal impact  on the e n v i r o m t  since this represents 
only a small fraction of the  total  current fermentation 
production. The liquid waste consists mainly of residual 
wastewater fran fermentation and residual  solvent  fran 
extraction and chemical processes. The spent beer fran the 
fenrentation  operation is discharged into  the Barceloneta 
regional wastewater treatTrent system. Residual solvents are 
reused in the processes  and/or  reprocessed at an off site 
facility.  Solid wastes are sent to the Ehrceloneta sanitary 
landfill  or  to  the Toa Baja sanitary landfill, Fermentation 
off  gases do not  represent any harm to the enviromt. 

There are no significant adverse effects on public 
health, endangered species, historical  places, or other 
human values. There is no possibility of food 
contamination. U s e  of natural resources and energy for 
this  product is a small increment  of present total  usage. 

b) The folluwing regulations are cited as being applicable t o  the 
proposed action: 

(1) The Federal Clean A i r  A c t ,  PL95-95, as artbended. 
(2) The Federal C l e a n  Water A c t ,  92-500, as amnded. 
(3) The Federal Resource Conservation and  Recovery A c t  

of 1976 - Public Law 94-580, as amended. 
(4) puerto Rico Public Law 9, the Ehvironmental Public 

Policy Act of 1970. 
(5) Puerto Rim Public Law 163 of May 3, 1949 as 

amended, the Puerto Rico Aqueduct  and Sewer 
Authority. 
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6. 

7. 

c) All manufacturing  and  waste  disposal  operations  meet  local  and 
Federal  emission  requirements. 

Describe  the  probable  adverse  environmental  effects  that  cannot be 
avoided. 

None 

Evaluate  alternatives  to.  the>proposed  action, . .- . . .  

&sources and  facilities - %e- -being  :used.  efficiently  to produce a 
quality  .-product .- with . . m i n i m a l - -  enviromtal impact .- '- No . other 
alternatives'are  Contemplated. 

Describe  the  relationship between local short-term  use  of  the 
enviromt with  respect  to  the  proposed  action  and  the  maintenance 
and enhancement  of  long-term  productivity. 

The  proposed  operation  will  have no additional  materially  adverse 
effect on the  environnent,.-- The. fermentation  piant  uses  relatively 
large  quantities  of - water;:..mst:-  of which is  used  for  noneontact 
cooling  purposes  and is returned  unpolluted  to  the  ground.  The 
spent beer f m  femtation is  -discharged  into  the  sanitary  sewer 
systems  which  is  permitted by local and  Federal  authorities. 
Residual solvent is sent  to an authorized  facility  for  recovery 
and/or  disposal  as  permitted  by local and Federal  authorities. .The 
solid  wastes  are - handled  jointly  with  wastes from current 
operations  and.disposed  as per instructions  fram 1-1 authorities 
and  Federal  requirements. - The .use of  waters,  discharge  of  waste 
waters  and  disposal  of  solid  waste  should  not  have a significant 
environmntal  effect  either in :the  .short-term.  or  .the-.long-term 
basis. . ' .- . _-.. . . -. . -- . ~ 

Describe  any  irreversible  and  irretrievable  comnitment of 
resources  that  would be involved in  the proposed action  should 
it be implemented. 

Irreversible  ccarmitment  of  resources  is  limited  to  the  raw 
materials  and  utilities  used in manufacturing.  These  are  only 
small incremnts  of  current  use. 

. . . . . . .  .._. i.. -;. . . . . . . . . . .  ... 

.. ~.*- . -  . 
. . . . . . .  . . .  

. .~ 

Discuss  the  objections - raised  by  other  agencies, 
organizations,  .or  individuals  that.  are knm.to the  applicant. 

None . % i  . . . . . . .  .- -. . 
. . 

. . .  . . .  .. ~,-.,- - ,.: ,~ - - , 7:. . - .-. - - .-- . . . .  ... 
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If  the  proposed  action  should be taken  prior  to 90 days frcmn  the 
circulation  of a drafted  enviromental  impact  staterent  or 30 days 
fram  the  filing  of a final  environmental impact staterent,  explain 
why. 

None 

Risk - Benefit  Analysis: 
Benefit  to  the  public  will be the  availability  of an 
antibiotic  which  is  expected  to  fill  agricultural  needs. This 
benefit  should  far  out-weigh  any  small  potential  risks  to  the 
environment. 

E. The proposed  action  has been reviewed  and  approved by the  Environmental 
Engineers  of  The upjohn Manufacturing  Company. 

F . CE!BTIFICATION 

The  undersigned  applicant/petitioner  certifies  the  information  furnished 
in  this Enviromtal Impact Analysis Reprt is  true,  accurate,  and 
ccanplete  to  the.best  of  his  knmledge. 

a n a g e r  E & K  

Th upjohn Manufacturing cchnpany 
B f celoneta,  Puerto Rico 00617 



, .; 225 

LINCOMIXB 20 Premix 
and 

LINCOMIXB 50 Premix 

ENVIRONMENTAL  IMPACT  ANALYSIS  REPORT 

ATTACHMENT C., 

A.  Date: 01/24/84 

B. Name of Applicant:  The  Upjohn  Company 

C.  Address:  Portage  Road,  Kalamazoo,  Michigan 49001 

D. Environmental  Information: 

1. Describe  the  proposed  action: 

Manufacture  of  the  dry  powder  mixture,  LINCOMIX@ 20 Premix 
and  LINCOMIX@ 50 Premix,  in  the  agricultural  premix 
facilities  of  The  Upjohn  Company  in  Kalamazoo,  Michigan. 

2. Discuss  the  probable  impact  of  the  proposed  action on the 
environment,  including  primary  and  secondary  consequences. 

a.  There  are  no  by-products  formed in  the manufacturing 
process.  This is a  non-continuous  batch  process  scheduled 
on an  intermittent  basis  throughout  the  year. 

Dust  generated  in  the  manufacturing  process is exhausted 
through  an  inertial  wet  collector.  Equipment is cleaned 
with a vacuum  cleaner  and  washed  down  with  water.  Waste 
water  from  clean up and  dust  collector is discharged  into 
the  Sanitary  sewer  system of the  City  of  Kalamazoo.  Solid 
waste,  consisting  primarily  of  defective  packaging 
material, is incinerated  or  sent  to a State-approved 
sanitary  landfill.  There  are  no  significant  adverse 
effects on public  health,  endangered  species,  historical 
places,  or  other  human  values.  There  is no possibility of 
food  contamination.  Use of natural  resources  and  energy 
for  this  product is a  very  small  increment  of  present  total 
usage. 

b.  The  following  regulations  are  cited as being 
applicable  to  the  proposed  action: 

1. Resource  Conservation  and  Recovery  Act  of 1976 - 
Public  Law 94-580. 

2. Clean  Water  Act,  of 1977 as  amended. 

3 .  Michigan  Solid  Waste  Management  Act 641. 
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3. 

4. 

5.  

6. 

4. Michigan  Hazardous  Waste  Management  Act 64. 

5. City  of  Kalamazoo  Plumbing  and  Sewer  Code. 

6. Michigan  Air  Pollution  Act 348. 

c.  All  manufacturing  and  waste  disposal  operations  will, 
when  applicable  permits  are  granted  by  the  State,  meet 
local,  State  and  Federal  emission  requirments. 

Describe  the  probable  adverse  environmental  effects  that 
cannot  be  avoided. 

None. 

Evaluate  alternatives  to  the  proposed  action. 

Resources  and  facilities  are  being  used  efficiently  to 
produce  a  quality  product  with  minimal  environmental 
impact. No other  alternatives  are  contemplated. 

Describe  the  relationship  between  local  short-term  use of 
the  environment  with  respect  to  the  proposed  action  and  the 
maintenance  and  enhancement  of  long-term  productivity. 

The  proposed  operation  will  have  no  additional  adverse 
effect on the  environment.  The  liquid  wastes  are 
discharged  into  the  sanitary  sewer  systems  which is 
permitted  by  local  and  federal  authorities.  The use of 
waters,  discharge  of  waste  waters  and  air  emmisions  and 
disposal  of  solid  waste  should  not  have  a  significant 
environmental  effect  either  in  the  short-term  or on a  long- 
term  basis. 

Describe  any  irreversible  and  irretrievable  commitment  of 
resources  that  would  be  involved  in  the  proposed  action 
should it be  implemented. 

Irreversible  commitment of resources is limited  to  the  raw 
materials  and  utilities  used in  manufacturing;  These  are 
small  increments  of  current  use. 
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7. Discuss  the  objections  raised  by  other  agencies, 
organizations,  or  individuals  that  are  known  to  the 
applicant. 

None. 

8 .  If the  proposed  action  should  be  taken  prior  to 90 days 
from  the  circulation of a  draft  environmental  impact 
statement or 30 days from  the  filing  of  a  final 
environmental  impact statement,  explain  why. 

Manufacture  of  the  product  for  marketing  under  approved 
indications  is  currently  in  progress  and  will  continue. 
Other  than  this  situation  there is no  ‘time  requirement. 

9. Risk - benefit  analysis. 
Benefit  to  the  public will be  the  availability of an 
antibiotic,  lincomycin,  which  is  beneficial  to  animal 
health.  Indirectly this will benefit  the  public  through 
lower  food  cost  and  increased  food  supplies.  This  benefit 
far  out-weighs  any  small  potential  risks  to  the 
environment. 

E. 

F. 

The  proposed  action has  been reviewed  and  approved  by  the 
Environmental  Affairs  Unit  of  The  Upjohn  Company. 

Certification: 

The  undersigned  applicant/petitioner  certifies  the  information 
furnished  in  this  Environmental  Impact  Analysis  Report  is  true, 
accurate,  and  complete  to  the  best  of  his  knowledge. 

Pharmaceutical  Manufacturing 
The  Upjohn  Company 
Kalamazoo,  Michigan 49001 
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1. The physical-chemical  properties of lincomycin: 

a. Water solubility  and UV-visible absorption  spectra. 

Physical  and  Chemical  Properties of Lincomycin 
Hydrochloride (U-10,149A). Technical  Report No. 524- 
9760-83-006. May 16, 1983. 

b. Octanol-water  partitioning  coefficient. 

Determination of the  Octanol-Water  Partition  Coefficient 
of Lincomycin HCI at pH 2, 7  and 9. Technical  Report 
No. 524-9760-83-001. April  6, 1983. 

c. Vapor  pressure. 

Vapor Pressure of Lincomycin  Hydrochloride. October 14, 
1982. 

d. Absorption/desorption  isotherms  for  soils  and  animal 
wastes. 

Sorption/Desorption of U-10,149A (Lincomycin)  in Three 
Soil  Types at 0.2, 1.0,  5.0 and 25 mg/Liter.  Technical 
Report  No. 524-9760-83-002. March 21,1983. 

2. The  observed  inactivation of lincomycin  antimicrobial  activity; 
i.e. The  probable  pathway of degradation of the  lincomycin 
molecule. 

Proposed  Degradation of Lincomycin in Soil. March 23, 
1983. 

3. Ecological effects data. 

a. Antimicrobial  spectrum of activity,  particularly  for non- 
pathogenic,  beneficial  bacteria. 

Minimum Inhibitory  Concentration  (ME)  In  Vitro  for 
Lincomycin (U-20,249A) Against  Organisms  Commonly 
Found in the Environment.  Technical  Report No. 524- 
9760-83-004. April 26,  1983. 

-- 
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b. Effects on  waste  stabilization  processes (e.& in pit 
storage,  lagoon,  runoff  retention  basins, etc.). 

Effect of Lincomycin (U-10,149A)  on the  Sulfur 
Transformation  Test.  Technical  Report No. 524-9760-83- 
008. August 12, 1983. 

Effect of Lincomycin (U-10,149A)  on the  Nitrogen 
Transformation  Test.  Technical  Report No. 524-9760-83- 
007. July 12, 1983. 

Ef fec t  of Lincomycin (U-10,149A)  on the  Cellulose 
Decomposition  Test.  Technical  Report No. 524-9760-83- 
005. May 4, 1983. 

c. Effects on  representtive  invertebrate  populations  present 
in waste  and/or  feedlot  runoff. 

The effects of Lincomycin in Soil  on  the  Earthworm 
(Lumbricus  terrestris).  Technical  Report No. 524-9760- 
83-003. March 23, 1983. 



232 
. . - 

AGRICULTURAL RESEARCH AND 
DEVELOPMENT LABORATORIES, 
Tl% UPJOHN. COMPANY IXCHNlCAL REPORT NO. 524-9760-83-006 

-- .___ ~- _ _  - . -. -.- -- - . - . - -  

PATHOLOGYffOXlCOLOGY NO. 

TEC.HNlCAL REPORT' . TRIAL O R  STUDY NO. 
DATE: May 16, 1983 

TITLE: Physical and Chemical Properties of Lincomycin 
Hydrochl ori de ( U-10,149A) 

- 

ASTRACT: This report is a compi 1 at ion o f  the physical and chemical 
properties o f  1 i-ncomycin hydrochloride (U-10,149A) The 
data for this document was gathered from published and 
unpublished reports from w i t h i n  the company.. The authors 
0.f these reports. are- acknow.1  edged f o r  thei r 
contributions,' T h i s  report i ncl udes the- fol 1 owing 
i n f o n a t i  on on 1 i ncomyci n : 

1.0. 
2, 
3. 
4. 

5. 
6 .. 
7, 

Structural descri p t i  on 
Ultraviolet, IR, NMR and mass spectra 
Crystal properties 
So lub i l i t y ,  partition  coefficient, pKa and 
optical  rotation 
Chemical stabil i t y  
Qualitative and quantitative methods o f  analysis 
Metaboi i un and pharmacokinetics. 
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1. Oescri p t i  on 

1-1 Name: Lincomycin hydrochloride, U..S..P, 

Chemica-l Name: D - e r y t h r o - a - D  aZac.to-Octopyranoside, methyl 6,8- 
dideoxy-6-& l-methyl -&propyl  -2-pyrrol  idinyl 
carbonyl ]ami no]-1-thi 0 - ,  monohydrochl o r ide  , 
monohydrate, ( ZS-trQnS ) 0. 

Me-thy1 6,8;didWxy-6-( l d e t h y l  -t=8-4-prOpyl -Lo20 
pyrrolidinecarboxanido.)-l-thio-D-erythm,-a-D- 
s h e t o - o c t a p y r a n o s i d e  monohydrochl ori de. 
monohydrate 

1.2 Formu.1 a and  MoIecuIar k i g h t  

Crystal1 ine 1 i ncomyci n i s obtained a.S the. hydrochl ori d e  monohydrate 
by t h e  addi t ton of acet.one to  an aqueous-hydrochl ori c acid sol ution 
of 1 incomycin., The USP XX. sped fies that it has a  potency  equivalent 
t@- n o t  1 e s  than: 790: wg. o.f 1 i rrcomycin base: ( C18H3(eN206S) per mg o f  
t h e  hldrochl ori-de monohydrate. 

SCmE I: 

LINC.O.MYCIH A L f N C O Y Y C l N  B 

Lincomycin hydrochloride USP may contain the 4-ethyl analog on t h e  
pyr ro l id ine  ring as a n  impurity which i s -des igna ted   as   l incomycin  8. 
The USP XX sped f i  es t h a t  it contains   not  more than 5% of  
1'incornycfn- &. 

.~ . 

C ~ ~ ~ H ~ , ~ N ~ O & * H C I  *Hz0 F. W.. = 46.1.01 

1.3 Appearance,.  Color' and. Odor 

Lincomycin- hyd.rochTori de- i s  a whi te or practica? 1 y white ,. crys ta l  ! ine 
powder, It has b cha rac t e r i s t i c .  pungent Odor-. 
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2. Physical Properties 

2. L Spectra. 

2-11. U1 t r a v i o l  e t  Spectra 

Ftgure 1 i s  the ultraviolet spectrum o f  a 0.1%- (0.0217 M) . . 

sol uti on o f  1 i ncomyci rr hydrochl orvi de- monohydrate i n water 
recorded on k. Cary Model 15 recording spectrophotometer, 
Lt has very h i g h  end absorption from 260 nm on down w i t h .  no. 
characteristic peaks. o r  Val 1 eys, The. UV absorption i s  
su.ffici ent below- 254 nm t o  enable the. use o f  commonly available 
detectors f o r  t h e  h i g h  performance 1 i q u i  d chromatographi c 
analysi s of 1 i ncomyci n hydrochl ori d e  (see Section 4.33) 

2..1Z Infrared. Spectra 

L 1 3  

The! infrared. spectrum o f  a. mineral' oi 1 mu1 1 o f  lincomycin 
hydroch-1 orfde i s  shown tn Figure 2 ( 2 ) .  Tab1 e I shows 
assi .gnments for -  t h e  s.i.gni f-i cant- infrared absorption bands ( 2) .. 

NMR: Spectra 

P'roton NMR. spectra of-  1 incomycin and some. re1 ated compounds 
were anzlyyzed by Stomp and: MacKell e r  (3 )  . Carbon-13 NMR 
spstral analysis. and. sp.i n-1 attixe re1 axat.i on times. a f  
1tncomyc.fn and. related. compounds  were- analyzed by Nizsak et a1 
("4)- Figures 3. and 4 are t h e  proton and C-13 NMR spectra o f  
1.irrcontycin hydrochlori.de respectjvely ( 5 ) -  Tables I T  and 111 

: are ther corresponding chemical shifts i n  the- proton and C-13 
.. spectra (5$.. . . . . . . . .  . .  

. .  
. .  

. .  , . .  : . .  . . . .  . . . . .  . . . . . .  . . . . . . .  ;..-* .... 
. . .  ......................... . . .  

. .  . '  

2-14' Mass Spectra 

. -  The: spectrum o f  lincomycin t&rockloride  obtained- by direct 
probe mass spectrometry is shown i n  Figure 5 ( 6 )  .. I t  i s  a 
simple- spectra showing a weak. ion a t  406 representing M 1 ess 
HCI and tire water o f  crystallization.. The most 1 i kely 
structures of the other fragment ions are indicated on the 
spectrum, The- predominant  fragment ion m/z 126 i s  
character1 s t i  c o f .  1 incomyci n and a1 1 1 incomyci n A re1 ated 
compounds ... 

...- -.. 
. Lincornycfn caii be. easi-:ly derivatizfct t o  Ztle,,tetra . . .  

trimethyl sfTyl ether (sss Sectton 4.32) and the tetra acetate 
and subjected t a  GtC/mass- spectrometry. A spectrum o f  the 
trimethyl s i l y l  derivative i s  shown i n  Figure 6 (7 ) .  ne 
spectrum shows a: weak molecular ion a tm/z 594 and few fra.gment 
ions, the- me. predmi-nant. a f  which is: a t  m/i-i26. 

. .  
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Figure 1. The ultraviolet spectrum o f  lincomycin hydrochforiae in water (0.0217 M ) ,  
1.m cell 
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2 2  Crystal  Properties 

2D21 Melting Range: 

/- 

Lincomycin hydrochloride  melts w i t h  decomposition a t  about  
L a o  0. 

2.22 Pallyrmorphs 

Lincomycin hydrochl'oride.  exists. i n  two polymorphic forms (8).. 
As. p.repa.red comerc i  a1  1  y , the. monohydrate i s t h e  predomi nant 
species and. is desi-gnated a s  Form I I: Form I contains  varying 
amounts o f  water. Both can be rendered  anhydrous by drying. 
The two forms r e t a in  their par t icu lar   in f ra red   charac te r?  stics 
i n  t h e  anhydrous-  state.. Form I1 i s  thermodynamically more 
s t a b l e  than Fom I.. I t  a1 so has greater b u l k  density.,  (See- 
sec t ion  2-24 for X-ray d.iffract . ion  patterns of the two forms-.) 

2-23 Thermal Ana1ys.i s 

DffferentfaT Scanning Calorimetric (DSC) and thermogravimetric 
ana3ys.d s (TGA.) curves for 1 incomycin  hydrochloride. a r e  shown i n  
Figures T and 8 respect ively (9)  . The curves were generated 
from a DuPont thermal  analyzer (Model No. 1090, DuPont De 
N m u r s .  amd. Co,, Wilmington,.  Delaware), The sample wa.s 
contained i n  aluminum pans  and the: a n a l y s i s  was conducted under 
an:. atmosphere o f  nitrogen-, The heat ing  ra te .  for the- DSC and 
TGA curves. were 2" and. SaC/min respect.i vely.. The 1  ong shallow 
endotherm i n  the. DSC curve from about 136-14-5OC. i s  probably 
associated- with: re1 ea.se o f  water, The me.1 t i -ng  endotherm in. the- 

. .... aSC p e a k s  at L52,Z0C, The TGA curve indicates gradual loss. o f  

-:. ,  stage,. The compound appears t o  lose a1 1 w a t e r  before the 
- . ;  water of crysta:i-liza.ttom and d s o  a c r y s t a l l i n e   t r a n s i t i m  
-: 

beginning; of  the me1 t i n g  endotherm a . f te r  which i t  undergoes. 
decomposi ti on .. ,. . .  ' . 

. .  

2..25 X-Ray D i  f f r a c t i  on 

Figures 9 and. 10 are X-ray d i f f r ac t ion   pa t t e rns  (10) of 
crystal 1 i ne 1 i ncomyci n ' hydrochl or i  de forms I and EL 
respectively.  Wlth the a id  o f  t h e  X-ray d i f f r ac t ion   pa t t e rns  
of t h e  two forms. conta : in iq  varying am0unt.s of water  and their 
infrared spectra, the authors wefe ab1 e- t o   e s t ab l i sh   cond i t ions  
under which. the t m s t t i - o n  f rom one form t o  t h e  o t h e r   t a k e s  
place,  Transitions:  in t h e  X-ray d i f f r a c t i o n  pattern o f  F o n  I 
appeared. a t  about the  4% water 1 eve1 , showing a defirri te- shift 
which could. be a t t r i b u t e d   t o  larger in te rp lanar   spac ings   as  the 
water level is increased. Between 0.67% and 3.34% water the 
patterns were.identica1 and were characcerized. by major peaks 

A t  6,652 Hater the:  X-ray. bi f f m c t i o n  patterm was di.fferent ,. 
showzing d shift  of these peaks tu 5.05O and 10.30° 28 
corresponding to. d = 17.48A and i3-58A.. A t  3,833. and 5,35X 

:. at 5..55O; and; Lf.2Q" Ze, corresponding. t o  d = l5..9lA and 7.89A 
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water  combinations o f  the two patterns were found. The. 
i n f ra red  spectrum o f  Form I a1 so changed with  water  content. 
These changes  were not. as readi ly  d iscernable as those observed 
by X-ray, and indicated hydrogen bonding t o  have r e s u l t e d   i n  
band broadening a t   h ighe r  water contents. 

Tab.le LV shows the, X-ray d i f f rac t i on   pa t te rns  o f  the two forms 
of 1 i ncomyci n hydrochl or i  de-, .. 

So.1ub.i 1 i:ty 

Uncomycin  hydrochlor-ide is stremely water soluble. It. forms. a 
syrup. wfth water and the  solub,i l  i t y  i s  estimated t o  be between 
500-1000 mg/ml (1.1) .. The sol ubi 1 i ti es o f  1 i ncomyci n hydrochloride 
and. several other a n t i   b i o t j c s  were determined  by Marsh and k 4 s s  (12) 
i n  a number o f  s,olvents. Thei-r- data i s  shown i n  Tab1 e V. 

Part1 t f o n  Coeff i  ci ent 

The OctanaTfnater partitfom coe f f i c i en t  a t  pH 2, ' 7  and 9 (13) and 
betweerr natw and a. few other solvents (11) are  shown i n  Table VI.. 

fonira43on Constant,. pK . 

The pit  af  I%.. s o l  utiion o,f production lots o f  1 incomyci n 
hydmchluride- i n  water is. i n  t h e  range 4-7-4.9. It. has a pKa o f  7.6. 

0ptfCa:l- R O . t & h I  

The'USP XX specifier that'l'incomyci-rr  hydrochlorfde. has a s p e c i f i c  
ro-tzti'on betweem +1350' and' +150a in an .aqueous sol u t i  om c0nta.i-ni ng 
20; mg, p e r  ml cal CUI ated.. on- the anhydrous basi s .. 

. .  , ...._ . .  
3, Chmjc&1. Sbbi.lf-tY.. ..;- ' : ' - .  ;.- -:. . .  . .  

. . .  . .  . .  

3-1 Rods%. 0.f 'Degradation. 
. .  . .  

. . -  . .  

Vfgorous. acid  hydrolysis .of  1 incomycin was performed by Herr and 
S?omp (14) Two. produ.cts were isolated;  methyl mercaptan, iso la ted 
and i d e n t i f i e d  as i-ts 2,4-dini trophenyl  thioether, and  an amino acid 
i d e n t i   f i e d  as n.-propyl hygric  acid. Mi 1 der  hydrolysi s using hydrazine 
hydrata under r e f l u x  con&tions. e f f i c i en t l y   c leaved   the  amide bond 
(15). w-i thout  destroying  the  stereochemistry o f  the sugar-  moiety. The 
msul t i - n g  compounds. were i den t i f i ed .  as  1-trans-4-n-propyl  hygri c acid 
and m t h y 1  6-am.i.no;O:,8~i~e~xy-L-t~~cr-O-erythro-ccD-gal acto-. 
octopyranas;ide (v,-scheme rL) (16, U ) . ,  

3-2 S t a b t l i t y  t n  Aqueous Su'luZion 

Forist and: fiayer (18) have rep.ortecf the  stabi  1 i t y  o f  1 incomycin 
' .  ~h~dractrt.oride at 70°. i n  CIA R. HCl . and. in- 0.1 t+ Na.OH, The degradation 

. caIcul ated ha1 f-ltves were 40 and 25 hours  in,  the acid and  base 
resp.ectiuely*  Forist st kt- (l.9) also s tud ied   t he   s tab i l i t y  of 
1.incomycdn. hydrochl w i d e   i . n  0-1 N HC1 a t  704 and a t  37O. There was 
no- degractati.on at -  37" f o r  at Teast 48 hours, The haTf-I i f e  a t  T O O  

was 39 hours, The principal  degradatiar;  products were. methyl 
mercaptari and L-dethiomethyl  -1-hydroxyi i nccmyci  n .. 

. . in- both ins.Zances. fd'!owed: pseudo-ff rst-order. k i n e t i c s  and. the 



524-9760-83-006 

,,- 

I 

-1 7 - 
248 

Ciindamycin  hydrochloride. is a synthetic  analog o f  lincomycin 
hydrochloride. i n  which t h e  7-posi  tion  hydroxyl  group is  rep1 aced by a 
ch lo r ine  atom. Oesterl ing (20) has  reported a detai led  s tudy o f  the- 
aqueous  stabi 1 i t y  o f  cl indamycin  hydrochloride i n  the pH range 
0,4441.66.. From. t h e  r e s u l t s  of  t h i s  study  and. the ones  reported 
earl ier (14-19), t h e  folTowi ng. conclusions.  dep.icted i n  Scheme 11. may 
b e  postulated regarding the .  sta.bi 1 i t y  and mode o f  degradation i n  
aqueous sol utfonr, 

1) Lincomycin hydrochlor ide   so lu t ions   ad jus ted-   to  pH 1-6 a r e  
stab1 e at room temperature.. 

2) .The major  degradation i n  buffers pH 0..4-4 a t   e l e v a t e d  
temperatures i s  v i a  t h e -  th ioglycos ide   hydro lys is   to  form 
L-dethi omethyl  -1-hydroxyl  incomyci n ( 1.V) and methyl  mercaptan 
( r u )  .. 

3.) The degradation is m3nimal i n  the pH range. 3-6. 

4) Above pH 9!,. t h e  degradation is predominantly via the. amide 
1 i nkage  producing. (TL) and ( V )  . 

4.. Methods. o f  Anal.ysis 

4 . l  Identi  fi cati on Tests. 

Lincomycim hydruchTorfde- is- iden$.ified by compari-son o f  the inf ra red  
 spectrum^ and by- gas liquid:  chromatographic  retention times o f  the- 
samp-le. wtth that o f  am Whentic standard, 

4.2 Qualttat.i.ve Methods 
. .  . .  

. . . . .  
. . . .  . . . . . .  . . . . . .  . -  

. .  

4& Paper Chromatography 
. . . . . .  . . _ , . .  

. .  

. -  Papa-  chromatographic syst&s tha t   a re   repor ted  (1) for the 
iden t i f i ca t ion  o f  1 incomydn  are  shown i n  Table VII.  
Descending chromatography on Whatman No. 1 f i l te r  paper was 
used, Approximately 20 !g o f  lincomycin were spotted on the 
paper  an&  devel oped. without  equi 1 i brat ion i n  the sol vent 
:vapors. The a n t t b i o t i c  wa-s located. on t h e  developed strips by 
bioautography on trays o f -  agar seeded with Sarcina - 1 utea. 

422 - TMn Layer Clrromatography 

. . Thin. layer chrumatographic data o f  1 i ncomycln base on 
. ' come~~fal sf1 ica: gel  GF254, 250 u. plates; i n  conrm~n organic 

so1 vents is shown i n  Tab1 e. VIII.. The detect ion o f  1 incornyci n 
was by exposwe o f  t h e  p l a t e s  t o  iodine  vapor  fol: owed by 
spmying: wi.ths sal ubTe starch. 

4-31 Quant i ta t ive  Methods. 

4-31 Col ortmetr-i c Method 

Am automated.  colorimetric- method f o r  1 incomycin was reported by 
Prescott (21) .. The method invo.1 y e s  the ac id-  hydrolysi s o f  
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- .  

1 incomycin to .  11 berate methane th io l  which is  dist i l  1 ed and 
reacted. w i t h  a 0,OlX aqueous  solution  of  5,5'-dithiobis- 
(Z-nitrobenzoic  acid) (DTNB) a t  pH 8. F u l l  co lo r  development 
i s  azlmost ins tan taneous   a t  room temperature  and i s  measured 
with- a. spectrophotometer. The. method was deve-loped for  
au tomted  analysis of  fermentation- been and for  production 
samples, ,Most o f  t h e  ingredients o f  t h e  fermentation media do 
n o t  interfere except f o r  blackstrap  molasses. For t h i s  reason 
t h e  standard  curve f o r  t h e  assay 4s generated. by t h e  hydrolysis  
af 1 incomycin H C I  dtssoTved. i n  spent fernentat ion beer.. The 
method: is- not  specific. as a11 1 incomycin  anal  ogs-  and o the r  
C-.W& containing. a hydro1:yzable thiol   group g-ive f u l l  
mo:le;ular response in- t h e  assay. 

Gas Chromatographic. Method 

I W n c i  p l  e- of Assay Method: A gar 1 iquid  chromatographic (GLC) 
method (22) i s  used f o r  the assa.y of 1 i ncomvci n hydr0ch.l oride,  
monohydkath i n  bulk materials. and. pharmaceutical  .preparations., 
me. GLC: method i-s o f f  i:cial .i n, the: USP XX.- The 1 t ncomyci n 
h'd.roch?loride monohydrate is conver ted .   to  t h e  free. base.  and 
extracted t n t o  a= ch7 orofom:/fmi darol e sol uti on. . The 1 i ncomyci n 
is% &ly.lated. and. subjected to -  GLC using n 4 o t r i c o n t a n e  . (n-C32) 
as the internal standard.. Using. the appropriate   instrument  
Cortdfti on5 bel ow,,. the, el u t i  on o f  the 1 i ncomyci n d e n  va t i  ve 
relathe; to. the tnternal   s tandard i s  0.7,. 

Irrstrument ahd. Column Conditions.:  Instrument  and column may 
v.ary- provi:di.ng:. equi Val ent chromatography and results- are 

. . . .  . . . .  . - .  

. . . . . .  . . . .  * Ci-mmm packing:.-.: ...... .... 3g '0v-17 om 100-120 mesh Gas Chrom Q. . .  
. .,I . . . . . . . . . . .  ~ . ~ . . . . . .  :-,: . I , 

. _. :I . : . .  

Detector: Fl ame i oni za t i  on, 270°C 

Xntegrator : . . Hew.lett-Packard -3390A o r  equiva! ent 
. .  . .  

ErKzrral Standard- Solution:  Prepare a cn-l o r o f o n  sol u t i  on 
. .  . .  . .-contarlrTng. dpprux.irnately &,5 mg .of. dotr-icontane (n-C,2) per ml.. 
. ., . . . . .  , : I .  . . . .  

. .  . . . . .  . I .  

_ .  . . ' CttTarctfum/ Iniidazo.1 e Sal.ution.:r Prepare, a ,  chl orofom sol u t i  on 
. . contzztning 20 mg. 0.f: imfdazole per ml o f  sol u.tforr, 

. . .  
. .  
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Reference. Standard. Preparation:  Accurate-ly weigh about 110 mg 
o f  1 i ncomycin hyd.roch1 or i  de monohydrate reference standard and 
t r ans fe r  t o  a su i t ab le   f l a sk .  Pipette 1.0.0 m l  o f  in te rna l  
standard sol ut ton  into.  the. f l a s k ,  add 90 m l  o f -  chloroform/ 
imfdazole  solution  and-  shake  vigorously  until  solution i s  
complete. The f l a s k  can b e  immersed i n  an u l t r a son ic  ba th  t o  
hasten d i s s o h f i o n  o f  the reference- material. 

. . . . .  . .  . . .  . . -  . .  . .  

Area: o f  the 1 inckycin sample peak 
R(Sa) Area o t  the internal standard peak 

. .  

Area o f  t h e  1 incmycin  s tandard peak 
R(Std) = Area. ot.  t h e  internal standard peak 

. .  . . .  . . . . . .  . . .  . . . .  . .  
:...:. :.:-. !&(Std): =. Wetght o f  lincomycim hydrachlocick monohydrate 

. .  = .. 
I .  . reference standard: in .  mg 

. .  . .  
.... . .  T .  . . .  

Get( Sa,) = biei.ght o f  sample ( i n  mg) 

. .  I 

. .  
. . . .  , .  . .  

. .  . . . . . .  C Assf gn& potmcy- o f  I incomycin hydrochloride  reference- 
. .  . .  . , standard (in- mgi: .., - . . .  
. .  . .  .. . . . .  . . . .  . . . . .  ... 

. .  
. .  . .  

I .  . ~ . .  
. ~. 

FZ = m-t of ' internil starxiard s o l   u t i  on added t o  t h e  sampl e 
prepamti on. , . .  

. ,. . . .  . .  , 

. .  
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, _  . . . . .  . . .  ,._. .. . . . .  .: . ..: ..... ,$ ....... 6;. . 2 . 0 .. 6 
. .  . . . . .  i i  . 

. . . . . . .  . . .  
. .  . . . . . . .  :.. . MINUTES 

Fi-gure. 11 .. Gas-1 iquid .  chromatogram o f  tetra trimethyl si lyt 1 i ncomyci n. 
Key: 1 ,. 1 incomycin; 2, 1 incomycin- 4;  

and 3 ,  internal standard. 



-22- 

F3. = ml o f  internal   s tandard  solut ion added t o  the reference 
standard  preparation 

The concentra.tion o f  lincomycin 6 i s  calculated  using the 
fo.nu1a . 

%- Lincomyc-in B = - x 100 B 
B+A 

8' 3- Area. o f  the 1 incomycin B derivative 
A = Area- o f  t h e  1  incomycin A de r iva t ive  

524-9760-83-006 

4.33 Htgh. Performance Liquid Chrcmatographic Method (HPLC) 

The GLC procedure described. earlier is  used f o r  t h e  rou t ine  
arr&ys.is.. o f  bulk 1 incomycin hydrochloride and a1 1 formul a.ted. 
pmducts~ . The HRC' procedure (23) described bel ow was 
dev.dope& for the rapid: analysis.  o f  lincomycin i n  t h e  
fmentat fon beer during. i t s  producti:on, I t  is readil'y 
adaptab1.e f o r  the- ana lys i s  o f  t h e  bu.1 k drug and-  formulated. 
products, The procedure u t i  1 i z e s .  a. Cl,-bonded mi cropart i  CUI a t e  
* T i - c a  co.1 umn, pH 8.2 phosphate  buffer/acetoni t r i  1 e a s  the 
mob+le. phase and- a: var i ab le  wavelength de t ec to r   ope ra t ed   a t  

. . .  mixture of lincomycin A and B and t h a t  o f  a. beer sample.. . The- 

. . . .  t h e  (3-06: mg/mT. l.ev.eI, The detec t ion  1 imi t can  vary from 

. . '  _ .  

(" ZOO; nm-, F igure  12 shows typical  chromatograns o f  a s tandard  

P~eci:s;fOn.: ~ t ?  t h e  assay is;  ~ 2 %  re lathe standard  deviation- a t  

0,OFJE:mg~ml ta 0..02 mg/ml  depending on the s tab i   T i ty  o f -  t h e  

f m $ t i o n -  beer , , .  t h e  frit in:  front o f  the, guard column is. 
. .  detector,. Since the procedure invo.1 ves in j ec t ion  of t h e  

. . .  
. .  

.. . . .  . . .  - . . .  . . . . . . .  
. . . .  . - "  ..... :. :-::' rep'lacixt eack mornihg:, The guard coTumn a l s o  needs cleaning or ... 1..1.. . . . . .  : 

. :. - . ' . *- mpack.fng- every' tw o r  three. days.. . . . . .  . . .  . . .  . .  , .  
. .  . ,  
. . -  

- . - :. . 
. .  - .  

. .  
. . .  . ,.~.,, : 

.: ' -  .' . . .  
. .  

. .  .. ..... . . .  . .- . .  -* .I , .. 
. . I  

.~. ' .  .- . . .  . .  . . . . .  I . .  ....... . . . .  . .  . . .  ..7' ,, . .  . . . .  . .  . ,  

Chromatographic Condi ti ons 
. .  . . .  . .  ... 

Pirmp-: Any good. q u a l i t y  pump capabi e o f  opera t ion   a t  
2500 psi 

. .  . . .  . .  . . .  . . . . .  ; , . . - . -  . . . .  . . . . . . .  

kteceor: A 'variabie wave1 ength  detector  capabl e o f  smooth 
operation.  a-t 200 nm a t  0.05 AUFS 

. .  . . Rec.Q.rdff OF - . Any s u i t a b t e .  strip. chart recorder o r  a Hew1 ett 
btegmgarr h~kard:':  compu,ttng. i n t e g r a t o r  or  qui va? ent 

- ,  ' . ("Id 33.90A) 

. . .  Injector: . . Loop o r  other t y p e  o f  i n j e c t o r  capable of 
. -  - . . .  . ... -;%: vmduci  bly inj-mf-mg; IQ PI. 

. . . . . . . .  I _ .  . . . . . . . .  . .  
. . . . . .  ..<i 

Cal urn: .. wha.tmm2 00s-3, 4 . ~ 5  mm x- 25: cm o r  equivalent.. .  
: wTth: E suitable.  guard column 

1.- Hew.1 stt-Packard. Iac-,. Pal o A I  t o ,  Cai iforni a 
2.- Whatman Inc, C1 i f t on ,  New- Jersey 
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Mobile. phase:. Wej gh accurately 4 . 7 5  gm o f  K2HPOi+ and =140 mg 
KHzPO,, into a 1-liter f l a sk  and disso3ve. in  720 . 
m l  o f  -double disti 1 led water (PH=8.2) . Then add 
280 m l  UV g rade   ace ton i t r i l e ,  A1 1 ow t o  come to,  
room temperature and degas by sonicat ion  or  
asp.i ra t ion  under vacuum.. 

StandaMr.  k. igtr   accurately 25 mg. o f  1 incomycin HC1 
reference  s tandard.  into a. 100 m l  V O l  Wetfi C 
flask, D I  ssol ve- and d i  1 ute t o  vol me with 
doubl e dfst i  11 ed water .- . .  

Sampl e 
preparaci on,: None 

(2.1 cul ations.: The. concentrations o f  1 i ncomycin A and 5 i n  the 
fementat torr  beer are   ca l  cui ated i n  the usual 
manner from the peak heightjarea  responses o f  
t h e  samp.1 e- a g a i n s t  the-  standard. 

4-34 Mtcrob-i-o.1ogi'ca.l Method 

. . The mt-crobioTag.ica1.. assay (24) i s  a general method which can be 
used f o r  t h e  bu.lk drug.  and  pharmaceutical products. Since: . .~ 

lincomycin ts. very wi.dely used a1 one o r  i n  combination w-i t h  

and chicken.-% t h e  microbio.Iogica.1  assay  has wider pract ical  
app;lica35i:on f w  the anclysi  5- o f  such products., A 1 wger number 
&st& samp!Tes can- b e  amTyzed; simu.l taneous1.y w i t h  minimal 

. .  

. . o.ther anti-bi oti c s .  and chemical s as a feed additive f o r  swine 
(" 

. . .  _. .cIearr-up; operations b u t  the. p.recisi on and. accuracy i 5. 1 ess . . .  

' ' '.: . than tha . t  u f  the GLC o r  HPLC procedures. 

Reagents: 0..1. -. M potassium  phosphate  buffer, p~ 8-0, 
. , .  . . .  

. .: . -  
. .  

. ' : ; Im&lurn.  Preparation-:  Sarcina 1 utea UC-130. (ATCC 9341) i s  :- 
. . . . .  . . . .  . . mal ntained on. Penassay w a r o r s u s p e n d e d  i n  s t e r i  1 e USP . . . . . .  . . . . . .  :-i, I :. sarfne and; stored i n  t h e  gaseous. phase o f  1 i q u i d -  nftrogen, 

Prepare a1 ony- i so la t ion  plates using Penassay Seed Agar, 
Incubate. a t  32-3.7OC ' for  2 4  tu 48 hours o r  u n t i l  discreet 

. . . . . .  c:ol.ohi.es. may be. sel'ected. Transfer one  colony t o  each o f  one 
. , ., _ -  ) .  . or mom.si:ants, aE Penassay Seed Agar anti- incubate. for 24 hours 

. .  
, .  . .~ . 
- . .  - at 32-37"C- Using: freshly grown- s lents , .  wash each slant w i t h  

3-0- mT sterile: US?. saline and  pour i n t o  a Roux b o t t l e  
containing. Penassay Seed Agar. incubate for 24 hours a t  

. .  32-37OC- Wash- each seeded. Roux b o t t l e  w i t h  50 m l  sterile USP . . .  . .  
. . .  

. . .  . . . .  .::.. ... szTfne an& g 1 . a ~ ~  .beads,. Poa'li ng t h e s e  washings , y ie lds  the 

. . . . . . . . .  light transmisfon- when. di-l u.t&. 1:20. and read om a sui t a b l e  
I , . .phatometrit c o l o r i m e t e r   a t  580 mu- This cul t u r a  suspension 

.. ~ . 
, .. 

. .  . .  
. . . . . . .  - . .  ~. ..'. culture-  swpensi-on, Thi.s Suspension shou.Td give about 25% 
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W411 last for three weeks i f  ' r e f r ige ra t ed  ( - 4 O C )  or  may be 
dispensed i n t o  ampoules and frozen i n  l iquid  ni t rogen,  

Assay Plates:  Base l a y e r  -. 2 l  ml base  agar 
Seed l a y e r  - 4 m l  seed agar (me1 ted  and  cooled 
t o  48OC) to: which has been added 1.0% of the 
inocu.1 um, 

Standard Prepamtion::  Accurately weigh a. sui t a b l e   q u a n t i t y  o f  
the standard. material and. di 1 Ute wd t h  ' 0-1 M potassium  phosphate 
buf fer ,  pH 8,.0.. The concentration o f  t h i  s-sol ution  should b e  
f mg&l.L This stock so:luti.on may b e  used f o r  one week i f  
stared: a t  4T or- i t  may be. dj-spensed into v i a l s  and frozen i n  
t h e  gaseous phase o f  1 iquid n i t rogen   for  an unlimited s torage 
peri:od, Final concentrations o f  3 .2  mcg/ml , 4..0 mcg/ml , 
5-0: m q / m l ,  6-25  mcg/ml , and; 7,8 mcg/ml a r e  prepared w i t h  t he  
pH 8;O buffer  fcr- t h e  assay.. The reference point i s  
5.0 UIC~JWI *. 

Aswy accordi.ng ta the General. Procedure- - Microbiol ogi cal 
. Assay f o r  Anti:b~iotixs,. using the standard curve design  as  

de5a-i be& in d e t a i l .  i n  The Methods o f  Anal ys i  s , A-,O,A,C, (25) 

k t a b d  i sm and Pharmaco-ki neti cs' 

In. prE~imi.n'Wy repor t s  on: t h e  absorpttorr  and  excretion o f  1 incomycin HC1 
in man- and: rats,. Lew4.s. and Meyer (26:). reported the. fo.11 owdng: observations: 
L). T€rrcom~cin is SaTel'y absorbed fi.om- t h e  mal1 intesti.ne.,. 2)  . about 
3543; a f  the .  adm&rr-ist;ered: om1 dose. is: excreted irr t h e  feces a . f te r  12 
haws, 31.. . the an t t  bi'oti c is .  n o t  degraded: by stomach a c i d i t y  , gastric. 
mtymes o r  by bacterial action. i n  t h e  caecum. o r  large i n t e s t i n e ,  4) there 
t~ resorptton, .af the. circu1:ati:rrg. 1.incomyci n i n t o  t h e  small intestine ( u . , 

a - f t w  4. hours an& 17% after 8 hm).  by  way o f  t h e  b i l  e.. 

.Vaura: et a1.- (,2?) have repurted. oWthedhsorption..and.  excretion- of 
lincomycin. He' in normal: a d u l t  human valunteers a f t e r  oral ,  intramuscular ' , 

and intravenous  routes, o f  admini s t ra t ion. .  Lincomycin given oral ly as 3 
single 500 mg-.dose. t o  50 normal a d u l t s  produced an average serum 
concentration.  that.  peaked. at. 4 hour- a t  3,4 2 0.4. r g / m l  and remained. a t  o r  
above, 1-1. f 0.1 vg/ml. for at l e a s t  12 hours. In oral , multiple-dose 
studies (500 ng. every 6 hours), 1 incomycin serum 1 eve1 s did not  appear t o  
butl'd up w i t h  t h e ,  Hj-gtr serum 1 eve1.s  of ' 5.7 2 1.2 I g / m l  were cbta-i ned 
d t h i . n  4- hours a f te r  the. first dose w i t h  subsequent  nadir  values  ranging 
between 2.4. and 3.5 pg9:/ml fo r -  174 hours., t h e  ent i re   dura t ion  o f  the study.. 

W f t h .  Siffgje irtt&muscular. .dm-. o f  LOO, ZOO and. 606 mg., the fOl1 owing. 
respectfve: pe5k Tevels were 0bta.i-ned w t t h i n  the.  first hour after dosing.: 
2.7* 3..8 and. L1& .. In t h e  case o f '  t h e  600 mg- dose, detec tab le  
amounts o f  lincomycin were present in. sera. from 18 o f  the. 20 subjects  as 
late: as 24 hours after dosing, Yhen 600. mg was. administered  every 8 
hours, kt@- concentrat ions oif t h e  mi.b.ioti-c were present i n .  t h e  serum f o r  

The authorsT a1 so reported swum[ .  k e ?  s. after si ng:ls and mu1 t i  p.1 e 300 and 
600 mg dose i nfravenous admini st rat . ion,  Hi  t h  the 300 mg dose infused 

iy ! . .  . .  . . .  ...... ', . . . . .  . . . . .  . . . . . . . . . . .  : . . . . . . .  .. < ' . . .  . . . .  . . . . . . . . . . . . . . . . . . .  .._I .......... i. . ._ : ., . . ,-  . - . :. ._ .. . . . . . . .  . .  
. .  - . .  . .  . .  

. .  . .  
. _ .  . 

L .  
. -  

- 9.7 hours,*. the duration- o.f t h e  study, 

... 
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every 12 hours f o r  74 hours,. the h i g h  level was 9.5 w/ml and the low 
level  1.6 .ug/ml w i t h  e s s e n t i a l l y  no accumula.tion o f  the a n t i b i o t i c  i n  the 
serum. However a t  600 mg every 6 hours, the average h i g h  level  was 17.5 
Kg/rnl and the. low level  8.2 Bg/ml d u r i n g  a. 74-hour  period. The urinary 
excretion from t h e  single and mu1 t i  p l  e oral  dose serum level  studies 
described  above w a s  3. t o -  5%. o f  the dose after- 2.4 hours. Higher urine 
recoveries were seen  after- parenteral   administration of the- an t ib io t i c .  

Ebe- et a1 e (28.). sltud.i-ed the fate o f  tri t i u d  abel ed 1 i ncmyci n i n  man 
and: h a s  pastu.T&ted a k i n e t i c  model f o r  its. metabol i sm and  excret.ion, 
3H-li-ncmycin- HCl w a s  administered- t o  two  panerls o f  five subjects each,. 
The: om1 dose was a- shgl e 500. mg capsu:le- - i n d  uding 250 vCi o f  
' H 4  irrcomycin- HCT r The. P.M.. dose was 2 m l  o f  a 300 mg/ml solut ion 
Containing 50. VCi o f  3H-l'incmycin HC1. Their concl usi ons were: 

(1) . The mean peak-pT'a.ma 1 evel o f  1.7 pg/ml (0.64-4.10) i n  the 
subjects. was. achieved w i t h i n  2-4 hrs. In t h e  I.M.. group- t h e .  mean 
1 evel w a s  10-5 pg/ml (82-12-9) achieved w i t h i n  0.5-1 hour.. 

(Z) . .  The mean recovery o f  the radioacti-ve dose i n  t h e .  P.O. study was : 

I.&-5-84-4 in t h e  I..M.. study recovery was: urine., 55.3% 
48.L-62-6 1 ; feces, 38.1% (36.6-40,3); t o t a l  , 93,.4% (86.3-99.5)- 

urfne, 0.6% (4..9:-19.9) ; feces, 50.3% (13..6-78,9); t o t a l ,  59.0% 

t 
(3) .  When ?incomyci.n was. administered. either P--0.. or '  L.M., i t  was 

excreted: v . i a  u r i n e  and. feces- as unchanged 1 incomydn plus. an 
inacthe metabo:Tite( sj. 'However,. since the. pl  asma. d l  sappearance 
rate exceeded- t h e  combined urinary and fecal. excreti-on  rates.,  an. 
addftioml  1:incomydn  compartment was wggested,. . ,  

From these obsew'ations t h e  k i  neti.c model shown in.- Scheme ILI' was 
deveToped utilizing the-ana log  computer data simulator. It i s  

. . .  :. .. plrbp~sed as the simplest model-. cons i s t en t  w i t h ,  the- experimental : 

. .  - 

. . .  . - .  . .  . . . . . .  

. .  , I I _  .L,;.daa,.,: . , .~.~.~~.: , ,~.- :~.- . : : .~:~ .... +.'. .*.: .,.i.;.i:: . 
. .  I 

. . . .  .:c.":. . . . . .  . . .  . . . . . .  . .  
. .  . . .  ... : - .  . '  . .  . . -  . .  

. . . . . . .  _.I.. _. .... ..._ .. +..,?.... . .-: - _  ;.-. '2, . . . .  ly,. . ..--.Q>-4r:...<. ... . . . . .  -i .... - .  
. .  , -  

........ 
. - .  
. . .  

. .  . .  

. .  . . - ,  
~. 

(4) - Thi'S amp1 fcated.. t ranspart .  mechanism permitted cal CUI  ation o f  only a 
. . . .  mirr.lma3:. plasma: hakf-tife of 6,6?'+ L77 hr.:- The primary VOlMe of 

distribution,  instantaneously  equi 1 i brated w i t h  plasma, was 
es t ima ted   t o  be- 42..4 2 6.2 L,. The valurne o f  the secondary 
compartment: could: not Sa. estimated,. 

(.5), .The- bd'ic a f  the. E;,M,. dase was equi 1 ibrated i.nstantaneously 
. t h roughou t  t h e  primary vol ume of d i  s t r tbu t ion ;  however,  a var iab le  

amount showed.. delayed  absorption w.ith an est.imated maximal 
a.bswpti0t-r hit! f-time of 1-20 hr,. Absorption o f  t h $  P.O. dose  
appeared: to.- b$af an  exponentia.l'-gmwth type and cou-Td not b e  
desd-bed. hy simple first-order model s ,. Paucity o f  data. i n  t h i  s 

estfmat~ion of  absorptf on ha1 f-time o f  the- oral dose, 
. .  phase and: t h e .  1 inrite&. capacity o f  the anal 09 computer precl uded 

(6:)- -: It was. ca?.cuiate& titat from 7 - 3 Z .  af  t h e  oral dose was absorbed. 
The absorpt ion-eff ic iency  dis t r ibut ion was- var i ab le  but. appeared t a  

. . . . . . .  . .  
. . 7 .  . - .. . . .  . . . . .  . .  . .  I .  

i . . .  

. .  
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center  around 7%. and averaged  about 10% w.i th  t a i  1 ing '  t o  higher 
values.. Thus,  the :  resu.1 ts  o f  this study were comparable t o  the 
results o f  e a r l i e r   c l i n i c a l  studies.. 

(7).. A1 though the percent  o f  the absorbed  dose  excreted i n  urine (51.66%) - vS. feces  (34.49%) was. re1 a t ive ly   cons tan t ,  the amount o f  1 incomycin 
vs.. metabol i te  in either urine or feces was h ighly   var iab le  from 
sagect t o  subject. 

In a. subsequent report on t he .  cha.racteri rati o n  o f  the ur inary  excret ion 
products in dog and. man., Eberts and Meeks (29) have made the following 
concl  usions; t h e  primary~ u r i  rrary excretory  product. o f  1 i ncomycin 
administered  ora-lly o r  intramuscularly t o  dog. o r  man is unmetaboli zed 
drug.. In- the dog,. this amounted. t o  74% (P.O.) and 80-852 (I.M..) o f  the 
f rac t ion  o f  the dose  found i n  urine,  and 11% (P.O..) and 3 3 4 5 %  (I.M.) of 
t h e -  administered dose., Comparable f igures  for man were 56% (P..-O.) and 83%. . . 
( 1.K) based on urinary  excret ion,  and 8% (P.0,) and 49% ( I.M. ) based on 
t h e  adm4.nistered dose, Mthough none o f  the .  metabol ttes were f u l l y  
characterized., they possessed 1 i t t l e  o r  no bioac t iv i ty .  

The above  findings-  wece.conffrmed.- by DanieXs and Van Eyk (30) in a dog 
metabol ism studx using: l%-t incomycin HCl .. However,: they had evidence   to  
suspect that.  lincomycin SUI f0xi.d.e and  N-demethyl 1 i.ncomycin t o  be minor 
metabol i tes. (.<3%-. af  t h e  dose) E 
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- Table- I, Infrared Band Assignments f o r  Lincomycin Hydrochlaride, Monohydrate 

Wave numbers. (cm-1) Structural Feature- hssi gnment 

3529 ,. 3489, 3453., A1 coho1 s. and. 0-H stretch and 
3380.,. 3339, 3290, secondary amide: N-H stretch.  
3228, 3L99,. 30?6 
3046,. 3023 

2751 broad. 

1658' 

I567 

1107s. 1092, LO77 
1042 

: . .  

h i  n e  salt. N-H stretch 

Secondary ami de . . C=O stretch 

Seconda ry am4 de- M d e  11 

ATcoht11 s and: G O  stretch 
cyclic ether 

. .  . .. . .- . .  .~ . .  . 

- .  . .  

. .  
. .  
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Table. I1  . Proton NMR Spectral Assignments for Lincomycin Hydrochloride 

Group Shape. Chemical S h i f t  

CH3-CH2-CHz-  distorted.  tri pl et 0.,87 
CHb-CHOH- doublet (J=6,L) 1.0.4 
CH3-CH2-CHz braad 
s 4 3 .  s i  ngl et 
Nt-CH3 

0-c-s 
0 
1 
C-NH 
HCl 

Y 
Sing1 et 

doublet (J=5.-4.) 

doublet (J.=8,4) 
broad. si ng1 et 

L.35 
I e-99 
2.82 

5..17 

8.52. . 
9.7 

\ 

. 
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Tab1 e 11 I. I3C. Chemica.1 .Shifts o f  Lincomycin  Hydrochl ori d e  a t  25..16 MHz in,  

Carbon Chemi  ca.l Shi fts Carbon Chemical S h i f t s  

L ' 8%ZiL' . 2 h 69...5 

2 : 68 -8 3' ' 36.4 
3 71.4 4' 3 7 ..6 
4. 69.5 5' 62.4- 
5. 70-e.5 u- cn, 35-0 0 
6. 543- 6 CH2 21 b.5 
7 67.4 \I CH, 14.3 

SCHS.. L4,2 Carbonyl 170..1 
8- M 2  N. CH.3 . 41-8 

'A1.l chemi-cal  sh.i f t s  are g;i yen in p a r t s  per mi 11 ion re1 a.tive. to tetramethyl - 
s.il me, f,:$-Dj.oxane was used as- t h e  Wema1 standard, the sh i f t s  were 

/" comverted: to. TMS by the m1at.iorrshi-p. 6=( CH3),+Si. = 6,(p--dioxane) + 67.4 ppm 
i 

. .  ... . .  _ . . . -  . .  . . .  . .~ ,  . . 
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Table fV.. Powder X-Ray Dif fract ion Data o f  Linc0myc.i n  Hydrochloride 
Polymorphs, 

F O ~  r- Form IS 
28 b s p a c i  ng.( A)  lnten si ty*  ze d-spaci ng ( A )  Intensity* - 
5..55. 
L.40 
6-0.90 
7.46 

11.15 
u 0.00 
13 -95 
14.40 
17 .OO 
17.85 
L8--40 ( b-) 
L9-& 
20 035 
UO.05 

22*35 
23 -15 
23-95 
25-80- 
27,LO 

U.95( sh ) 

Note: b-- = broad. 
w- = weak 

sh = shoulder 
i .  

*Five strongest peaks (1 = the most intense peak) 
. . . . . .  

d-spacing A = 
(2 :1xR e) 

14+03 2 
10..40 

8-55 
6 ..94 4 
6.26 1 
5-91 
5.64 
5 -56 
5 ..28 
5.d4 
40.97 
4 -86 
40.63 3 
4.48 
4.23 
4J2.  

3.,89 
3..65 
351 
3e.4-5 
3.38 
3.21 
106 
3.02 
2-90. 

91.36 5 

4.0.04 
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Table V, Sol ubi 1 i ti es o f  L i  ncomyci n. Hydrochl ori de. i n Common Organi c Sol vents 
(krom Ref, 12.) 

Sol.vent Sol ubi 1 i ty  (mg/ml L* 
Methanol- 
€thmo.l. 
Isopropanol 
Isoamyl a1 coho1 
Cyclohexane 
Bemene. 
Petroleum ether 
Isooctane 
Carbon tet.rachl'ori de 
Ethyl 'acetate 
Ksoanr~l acetate 
Acetone 
MethyJ ethyT ketone 
Diethyl ether 
Ethylene chloride 
1,,4-Dioxane 

Carbon. di su.l'fide: 
Py rtdi'ne 
Fonnamide 
Ethylene- gTycol 
Propy.1 ene  glycol 
.M.methyl' suT fox-i de.. 

ch~0f'UfQl"lIl. 

> 20 
x 0  

4.83 
1.06 
00.02 
0.08 
0.01 
0.02. 
0.02 
0-03 
0..05 
0,07 
0.03 
0.01 
'0.01. 
f-37' 
0.06 
0.03 
>20 
>.20 
>20 
>20 
>za 

. *The- experimental d d g r r  w i t s .  such that C f  a-l 1 t h e  material appeared. to  be in- 
' _. SdutiOrp, the sol ubi lity was considered to be greater than 20. mg/ml 

. -  . .  . . -  . - .  

.. . 

-. .. 
I . ' 

. -  
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Table VI. Partition  Coefficient of Lincomyc.in Hydrochloride Between  Water and 
a Fen Urgan1.r: So I vents . 

Sol'vent Pal r 

Butanol :water (p.H IO) 1 
CHyCT.2:WittW (pH 9-9) 1 

Butyl aceta.te:.water (pH 9.6) 
Methyl ethyl  ketoncwater (pH 9.6) 

n-octano.1 :water (pH 7) 2. 
n -0ctarro.l :water- [ p.H- 9.,, Borate) 
n-octanol-:water (pH-. 9,;. THAN ( t r t ~ ) ) ~  

n-octano.1 (pH. 2) 

%rgani  &water 

25 
0.38 
0.19 
0.77 
o..oQ31 
2-55 
0.20. 
1.98 
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Table V L L  Paper  Chromatographic Systems for Lincomycin (1) 

Sodvent System. 

1) L-butanol -water (84.: 16) 

2). Lbutanol--water (84: 16:)  pl us 
0.,25.% p-to1 uenesul fonic acid 

Time.. burs RF Values 

16 0.42 

- 3.) 1-bukaml -acetit aci &-water ( P:f: L) . . 16 

4) 1-butano:l -water (84:16-). pi us 
. 8. p3-peri.dine 16, 

16 0-42 

O J O  

0-32 

5 0 -90 

6 )  Lbutanol -water (4: 96) 
.. . r /  . plus  0.25% pktol.uenesu.1 fonfc ac id .  5 00.90 

. .  . . .  

( L)-Devel oped- on blhatman.. No:.. L fil.tw paper (Whatman I&.., C1 i f t o n  .. New Jersey) 

. .  

-. . 
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S d v e n t .  . 

'Hexane ( 1-9.) 2 
1 ,4-Di.oxane ( 2.2) 
Benzene (2-3.) 
To1 uene (2-4). 
Ethyl ether (4i3) 
Chl oro.fon ( 4 4  
E t h y l  acetate (6-0:) 

C-1 ohexanorre (.UL3) 
Acetone ( 21): 
Df methyl' fonnmi d e  
Acetonitrf-1 e (38~8.)~ . 

Ethanol ( 9.5%). . -  

Methanol. (32-6) 
kt&mol ethyl acetate,. water 

Chloroform, methanol, water 

Methyl WE cttl oflde (9,.l) 

l5 :SO ~ 0 3 -  

3Q:15:0.7 
mlorofonn, methanol , annnoniurn 

hydroxi d e  ( 17%) 4: 5 : 2 
Isop.ropano1, water,: amoni m 

hydr0x.i d e  ( 17%) 8: 1: 1 

RF Val ues 

0 
0-62 
0 
0 
0 
0 
0.05 (Tai 1 i ng.) 
0 
0,,2 .(severe;- tai 1 i ng) 
0,4 (Tai T i ng) 
0 3 3  
0-13 (Tai 1 i ng) 
0.65 
0-68- 

0..58 

0.73 

'0,86 

0,.56 

lSi.1 i cit Gel GFE4,,. 250 w,.. Anal tech Xnc,., Newark, Del aware 
2Numhers irr parentheses: itre t h e  dfelectri-c constant o f  the sol vent. 
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ABSTRACT: The n-octanol /water par t i   t ion   coef f ic ien t  ( K  ) .  can be 

used as an es t imate  o f  the tendency  of a comB&nd t o  
bio-concentrate i n  l i v i n g   c e l l s ,  and  has practical 
implicat ions f o r  aqueous/organic  solvent  extractions, 
A procedure was designed t o  determine the. K f o r  the 
hydrochlor ide  sal t   af  1 i ncomyci n ( L i  ncomyci 8'HCl) , and t o  
comply with the major. c r i te r ia   descr ibed  i n  the Federal 
Register, Vol .. 45, 9227, (21 November 1980), § 7 7 m .  
T h e v a l u e  was buffer dependent a t  pH 9. Tie mean 
valuegwobtained a t   t h e   d i f f e r e n t  pH values  are:  

pH 2 = 0.003 log KOW = -2.52 
p n  7 = 2.55 log K,, = 0.406 

(borate)  pH 9. = 0.201 1 og KO, = -0.696 
(Tris) pH 9 = 2.98 log  Kow = 0,474 

These values ind ica t e   t ha t  the majority o f  the  lincomycin 
remains i n  the aqueous buffer  phase. 
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INTRODUCTION 

The n-octanol/water p a r t i t i o n   c o e f f i c i e n t   o f  Lincomycin HC1  was determined t o  
sa t i s f y  a specific  request by Dr.  L. W. Luther, Department of  Health and  Human 
Services, Bureau of  Veterinary Medicine, t o  Dr. C.  C. M i l le r ,  Research Manager 
and FDA Liaison, The Upjohn Company, i n  a l e t t e r  dated 28  September 1981 . 
This work should sat isfy  part   of   the  def ic iencies  noted by the government i n  
the  original  Environmental  Impact  Analysis  Report f i l e d   f o r   t h i s  compound 
(NADA #97-505-C73). The n-octanol /water  part i t ion  coeff ic ient  (K ) i s  used 
as  an estimate o f  the tendency o f  an organic chemical t o  bio-conc@krate i n  
1 i v i n g   c e l l  s. The Federal  Register , Vol . 45, 8227 (21 November 1980), 
5772.122-4 1 i s t s   s p e c i f i c  requirements f o r  the  design o f  a procedure t o  
determine  these  values. The procedure  described  herein meets the  major , 

c r i  teri a establ i shed  by the government guide1 i nes. Avai 1 able equipment 
necessi tated some deviation  from  specific requirements;  these  are  described 
f u l l y ,  and a j u s t i f i c a t i o n   f o r  each i s  given. It i s   u n l i k e l y   t h a t  any 
s ign i f i can t  change i n  the Kow value  resulted  from  these  modifications. 

MATERIALS AND METHODS 

A. Reagents 

Lincomycin HC 

Label 1 ed C- 
14 

1 monohydrate: Control  Laboratory, The Upjohn Company, 
Issue C 

1 incomycin: l o t  #15830-WTS-l54A  (REH-XLV-65) 
p u r i t y  = 98.7 % 
spec i f i c   ac t i v i t y  = 2.468 pCi/mg,  5480  dpm/ug 

n-Octanol: Cert i f ied  l -Octanol  , Class IIIA, Lot #720754 
Fisher   Sc ient i f ic  Co., Fairlawn, NJ 

Water: Upjohn d i s t i l l e d  water,  double-dist i l led i n  glass  using 
in-house dei  oni zed water 

Potassium  Chloride:  granular AR; Mall inckrodt C o . ,  Inc., 
Paris, KY 

Boric Acid: granular AR; Mall inckrodt Co., Inc., 
P a r i s ,  KY 

Potassium Phosphate,  monobasic: crysta l  AR; 3. T. Raker Co.,  Inc., 
Phi l l ipsburg, NJ 

Tr is (  hydroxymethy1)aminomethane: Cer t i f i ed  Primary Standard, 
aka: Tr is,  THAM F isher   Sc ient i f ic  Co., F a i r  Lawn, NJ 

Sodium Hydroxide: 1.0 N Acculute; Anachemia Chemicals,  inc., 
Champ1 a i  n, NY 
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I .  Hydrochloric  Acid: 1.0 N Acculute; Anachemia Chemicals, Inc., 
Champ1 a i  n , NY 

Scint i  1 l a n t  : ACS (Aqueous Counting Sci nti.11  ant) ; hersham Corp. , 

Internal  Counting 

Arlington  Heights, I L  ' .  

Standard.: Toluenb%,  dated 17 October 1979, 1 i sted 
r a d i o a c t i v i t y  = 5.27 x LO5 3.2% dpm/g 
Packard Instrument Co.., Inc.., Downers  Grove, I L  

B. Instrumentation 

1.. SHAKERS: a) Burre l l  Model #OD; Burrel l  Corp., Pittsburgh, PA 
b ) '  NBS Gyrotory Model #G-10; New Brunswick SCienti f i c  CO. , 

New Brunswick , NJ . .  

2, pH METER: Beckman model Zeromatic IV; Beckman Instruments, Inc,, 

3, CENTRIFUGE: Sorvall model '#RC-5 refr igerated  centr i fuge; 

Imine:, CA- 

- . So.rval1' Division,. E. I. DuPont de Nemours & Co, * Inc,, 
Newtown, CT 

4,, ROTARY  EVAPORATOR: Rinco, with heated .(37"'c) water bath;- 
. .  2rv.a-Instruments Corp. , Spri ng.. Val 1 ey , ,IL 

5. SCINTILLATION COUNTER.: Packard ' T r i  -Garb Model. #3375; 
Packard' Instrument. Cos , Inc., Downers Grove, 
LL . . .  

. .  . . . - . - .. - . . - .> . .  
. . .  
:_ ~ . . . . . .x, 

. .  . . .  . .. . .  . .  
... . 

C. Preparation . o f  Buffered' '&ueous Phases 

States Pharmacopeia", XYII edit ion,  p, 913-914. In  addi t ion,  a Tris  buffer 
was prepared t o  che,ck. the. dependence o.f Kow on buf fer   type  a t  pH 9. The . 

e f f e c t   o f  changing ion ic   s t rength  for .  a g iven  buf fer  and pH leve l  was not 
investigated, A1 1 bu f fe r   sa l t s  were used "as i s "  with no washing p r i o r  t o  
use. 

. . . . .  . _  

. Clark an&  Lubs, buffers' used in.  these- trial.5 are described in. "The Urrited 

. .  

1. p H  2:,00 hydrochloric Acid Buffer 

. . The. pH o f  the di s:ti  Tledi water was 6.1 a.t. room temperature (23"C).. 
A 0 2  M KC1 sol u t i  on  wds prepared  by  weighing 14.9110 g of the saTt 
i n t o  a 1 t gl.ass-stoppered volumetric  f lask, and d i s s o l v i n g   i n  
d i s t i l l e d  water.  After  equil ibration,  the volume was adjusted t o  the 
mark with addi t ional  water. A 1.0 N HC1 solut ion was prepared from 
t h e  k c u l   u t e   k i t  i n  a s- imi lar  fashion, The f ina l   bu . f fe r  was prepared 
by t ransferr ing 250. mF o f  the KC1 solut ion and 13.0 m l  o f  t h e  KC1 
s.olution .to a. 1. .L volumetric  f lask  using voTumetric  pipettes,  After 
adding- tne bul k of   the  water  necessary and equi 1 i brating.,  the vo? ume 
was adjusted t o   t h e  mark, and the solut ion  t ransferred t o  a stoppered 
Erlenmeyer. f l a s k  f o r  storage, The measured pH was 2.02 a t  room 
temperature, The ion ic   s t rength u was calculated in the manner of 
Castel 1 an - t o  be. 0,063. 
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2. pH 7.00 Phosphate  Buffer 

A 0.2 M KH2P04 solution and a 1.0 N NaOH solution were prepared  using 
27.2174 g of the salt i n  the fashion described for  the pH 2.00 buffer 
above. Exactly 250 m l  of the KH2P0,+ solution and 29.1 m l  o f  the NaOH 
solution were  used t o  prepare 1.0 L of the  buffer; which was stored i n  
a rubber-stoppered Erlenmeyer flask. The.measured pH was. 7.03 a t  room 
temperature, 'The calculated  ionic  strength p was 0.079. 

3. pH 9.00 Borate Buffer 
. . .  

A 0.2. M H$O3/KCl sol uMon was 'prepared using 12.3573 g and 14.9111 g 
of the salts ,  respectively, in  the  fashion  described for the pH 2.00 
buffer above. The 1.0 N NaOH solution prepared for  the pH 7.00 buffer 

. was also used. Exactly 250 m l  of the H J B O J / K C ~  solution and 20.8 ml 
o f  the NaOH solution were  used t o  prepare 1.0 L o f  the  buffer, which 
was stored i n  a rubber-stoppered. Erlenmeyer flask.. The  measured pH 
was 9.01 a t  room temperature. The Calculated ionic  strength LI was 
0,121. . .  

4, pH 9,OO Tris  buffer . 

A 0.05 M Tris buffer was- prepared by accurately weighing 6.057 g THAM, 
dis.solving and d i l u t i n g  almost t o  volume, then ad jus t ing  the pH w i t h  
2.0 Ip HC1- The measured pH was 9.00 a t  room temperature, The 
cal cul ated ionic  strength IL was 0,050. 

. .  D. Phase Preparati om' 

The n-octanol (."phase A" or ''lipid") and buffer  ("phase 8" or ''aque~us'~) were 
co-saturated n i th .  one- another by transferring about 450 ml of..each t o  a 
g1a.ss-stoppered L L.. round bottom f lask, .  wMch  was then sealed w i t h  tape and 
aluminum. foil . . The flasks were  shaken so t ha t .  the  interface was continuously 
and vigorously disrupted for:  16 h o u r s  a t  23O. 5 O.S°C om the NBS gyrorotatory 
shaker- The phases  then stood at room temperature u n t i l  further use,. 

E. Preparation o f  Sol Ute i n  phase B 

Stock solutfons o f  Lincomycin. HC1. were prepared a t  three  concentrations i n  
each buffer by sequential d i  lution.. The rat.io o f  1 incomycin  base t o  
Lincomycin HCl monohydrate is 100:113.5, The stock solutions for each buffer . .  

were prepared so that each. would. contain approximately 10 mg/ml lincomycin 
base, Further di lut ions w i t h  add.itiorra1 buffer  yielded 1 mg/ml and 0.1 mg/ml 
solutions. . .. 

An aqueous 1 pg/pl solution o f  the I 4C- l  incomycin  was provided by Dr. R .  E. 
Hornish of '  the Upjohn Company. Exact?y 45 v-l- or 50 111 was  added t o  each 
solution above using a Hamilton 100 PI syringe,  before final d i l u t i o n ;  the 
exact sequence of  preparation is. shown i n  Scheme 1. The amount used provided 
2740 dpm/ml i n  each buffer, OF 54800 dpm t o t a l  i n  the 20 w l  a i  i quo t  
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,~. . used t o  Partition. Triplicate aliquots were.withdrawn from  each buffer 
stock solution as described i n  section H, and their values used t o  determine 
recoveries of the 14C 1 abel . 
F. Parti t ioning 

Separate 50 m1 round bottom flasks were pre-rinsed w i t h  tfie desi red phase B, 
then dried.. Exactly 20 m l  each o f  phase A and the.  desired  solute-containing 
Phase B were t hen  transferred t o  each using volumetric pipettes.  Triplicate 
sub-samples  were  prepared a t  each concentration for ea.ch buffer. The flasks 
were t i g h t l y  glass-stoppered,  sealed w i t h  tape, and  shaken on the Burrel 1 
shaker w i t h  continuous disruption of the interface for 1.6 hours a t  ambient 
temperature. A1 1 were a1 lowed t o  stand u n t f l  a. clean interface formed 
(<I minute) before preparing them for  centrifugation. 

' I  

1 , G. Centrifugation 

The So1 u t i  ons from sections E and F were .separated i n t o  their respective 
phases,  then transferred. t o  15 m l  snap-top polyethylene centrifuge tubes and 
-spun 20 mi.nutes a t  2 2 O C .  Using the Sorvall centrifuge w i t h  a 4.34" radius 
head. a t  90.00 rpm prov.ided 9990 g 's ta. the samples.  Residual amounts of the 
Opposing phases were  removed by aspi ration. Disposable pipettes were  used t o  
transfer each centrifuged phase- to  glass-stoppered containers  for storage. 

X. Ana.lysi s o f  14Gl incomyci n . i n  post-parti t i o n  phases 

The centrifuged pha-ses..from section G; we&  sampled directly using 2 mi. 
volumetric pipettes. The exterior o f .  the  pipette was. w i  ped dry, and the 
sample transferred t o  a 20 ml- screw-top scintillation v i a l  .. A sing1 e 2 ml  

. aliquot.was counted from each phase for each buffer  concentration, Exactly 15 

I 
. .  

... . ..mP A C S  counting- scintillant. w a s  added u s i n g  a Repipet pumping dispenser, and 
'. - 1 the samples counted-.three times.for five minutes- i n  the Packard.  Trf-Carb . .  

: . .  

counter using the channel. The samples- were then fortified w i t h  50 ~1 of 
. the internal counting standard and re-counted  twice. 
.. . ,. . .  . .  

J. .ProcGdura.T Deviations 

Deviations from the recommended guidelines  are  described below, listed 

Register. . 

. accordtng t o  the  appropriate  sub-section of §772,.122-4 i n  the Federal 

Item # Location , Title, Desc r ip t ion  
. .  

I, (d.j Condftions. (1) Special -1 aboratory equipment (i ) A thermostatic 
bath., .. 

~- No t~etmOSt&iC bath,. chamber, or - room was  used ta provide. 
temperature control.. This was fe l t  t o  be an unnecessary and .. I 

. . inconv-enient requ.i  rement f o r  t h i s  chemical * 
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2. 

3, 

4. 

5. 

. .  . . .  
. .. 

6.> 

7; 

. .  

. . ... 

. .  

( d )  Conditions (1) Special laboratory equipment (ii) An 
u l  t racent r i  f uge . . . 
No ultracentrifuge was readlly  available, so the  Sorvall * 

model w i t h  spin speeds t o  20K rpm was used instead.. There 
were. no apparent emulsions formed  between the'buffer and the 
n-octanol  phases ,. so t h a t  the centri fugi ng would  have only 
served t o  separate micro-emulsions  which. may o r  may not have 
been present.. 

(d.) Conditions (1) Special -laboratory equ.ipment (iii) Stainless . 

'. . No such tubes were on hand for  the  centrifuge described under 

steel . or glass  centrifuge tubes. . .. 
item 2 above.. Polyethylene tubes were substituted. 

(d )  Conditions (2) Temperature control . . 

The. p.rocedu.re.was  conducted a t  t h e  ambient'temperature of - . -  

23 ... Oo' T. LOo' C, The logistics involved i n  maintaining t h e  
recommended temperature o f  25" C would have been prohibitive, 
and probably would- have exerted an insignificant  effect on 
the. fi na.l Kow val  ues, 

(d) Conditions (4) Concentration o f  solute 
.. . (IO) Sped a t i  on effects (i ) 

. .. (2)- Procedure ( v i  i ) 
. .  . . -  . . .  

The fedeml  -guidel.ines are. con.teadi ctory . i n  these  sections ; 
one paragraph- requires t h e  solute c.oncentrations tested t o -  

.: . -  b e  C < 0.01 M i  C.l- =, 0,OlC; another .  has CL = 0.1C.. . The 10 mg./ml 
1 .  . .... .' .cancentratio! 'exceeds. the, upper limit by it factor o f -  2.5. 
.-:..::. .The. resd ts suggest that  t h e  concentrations examined  were . . . 

(d) Conditions. (9; Equ.il:ibration vessel 

. . :.. . 

. . appropriatelx. scaled.. 
. . .- i .  

, .  

%a11 round- bottom f l a sks  were used instead of centrifuge 
tubes. All contained < f O  m l  a i r  to ,  minimize- i ts  effect on 

, ,  partitioning, which should be insignificant f o r  this 
. '  nom-volatile ChemicaT, . .  

(9) Test  procedures ( . i ) .  Reagents.and solutions (ii.) Buffer 

. . . .  ' .  Interest i n  the b&avi Qur o f  1. i ncomycin in a more- aci d i  c 

sol u t i  ons 
. . .  

medium: prompted the. se'lection o f  pH 2 f o r  investigation 
rather than pH- 5. The Clark. and. Lubs .buffers used are those 
remended i.n a  sepa.rate federal pub1 ication gaverni ng 

. - .  related work: "Guide1 i-nes. f o r  Registering Pesticides in the 

' . . Emi ronmental. Fate" ,. d r a f t  dated: 3 October 1980, 
. .  United States,< sGbpart N9 Chemistry Requirements; 

§163..161-1, specifically t h e  reference. t o  the work .of 
S, F. Krreminski , e t  a1 , 3, Agr. Food Chem,, 23, 1060-1068 (1975)- 
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1 
l h e  recomnended borate  buf fer a t  pH 9 i s  a good complexing  agent 
for sugars and  compounds w i th  mu1 t i p 1  e  hydroxy  groups, so a 
T r i s   bu f fe r  was selected as a means o f  double-checking 
the r e d  ts obtained. 

Test  procedures (1) Reagents and solut ions (13) Preparation 
of a. t e s t  sol ut.ion 

The avai 1 abi  1 i t y  o f  the  radio1  absl i n  an aqueous solut ion, 
the  reasonable  stabi lCty o f  lincomycin i n  water and the ease 
OF handling  prompted  the  preparation o f  the soTute i n   t h e  
aqueous phase-rather  than  the  n-octanol phase. 

K, Cal c u l   a t i  ons. 

The post-part i   t ion  concentrat ion  of   1 incomycin i n  each phase was computed from 
the raw s c l n t i  1 l a t i  on data  using & computer  program described i n  Technical 
Report. #060-78-9760-002, J, L. Nappier, 10 March l.978, using an IBM 370 
mainframe. computer. ' A Texas Instruments TI-55. hand ca lcu lator  was used t o  
generate mean values. and ca'lculate  both. Kow and 1 og Kow. 

The n-octanol /water   par t f t ion  coef f ic ient -  (k ') was calculated by d i v id ing   t he  
number o f  dpm i-n pos t -pa r t i t i on  phase A- by tR&! number o f   d m .   i n   p o s t - p a r t i   t i o n  
phase 8, an& generating mean  and. standard- deviation  values from these  results. 

. .  

.RESULTS AND DISCUSSION 

The- K. and l'og k - values f o r  each pH are  presented 5 n Tab1 es- L-4. Assuming 
min im8y-par t i t i  on?#g, a. 50 dpm- v.ariance i n   t h e  phase B a1 iquot  would  represent 
a 1 %: error. The mean values  presented do not   inc lude  the  resul ts   obta ined  a t  
10 mg/ml, This  concentr@ian i s  well:,below the  estab l ished  so lub i l i ty   o f  
1  incomycirr in waterz, bu t  exceeds . the   d i rec ted  C. < 0,OlM guideline, The Kow 
values a t  IO. mg/ml. would  1 ie' withi.n he.. 95 f conf idence  in te rva l   , fo r '  the 
resu.lts,.(95. X C . . L . = -  (2,306 x. (SD/nl. 2) ) , ,  gndicat ing  that   the  behavior of t he  
solute does.  not. d'rffer dras t ica l l y   fo r -   s l igh t iy   h igher   concent ra t ions .  . .  

A I  1 o f  the  values are. re1 a t i v e l y  1 ow (1 og K . < 1) , Thi E imp1 i e s   t h a t  any 
attempt t o  extract   l incomycin  into an organPt  solvent. such as n-octanol may 
require  several  successive  part i t ions i n  order t o  t ransfer  a  major i ty of the 
chemical. to. the desi red sol vent., . It aTso suggests that  1  incomycin  would be 
excreted frm- animals  before it could accumulate i n  fa t ty  tissues. 

The ab t l  i t y  of t h e  .pH. 9. bo ra te   bu f fe r  to suppress  1 i ncomycin p a r t i  ti oning can. 
be seen. by  canparison o f  i t s  value w i t h .  +bat for the Tri s buffer. Under 
increas.ingTy- basic  conditions, the par t i t ion   coe f f i c ien t  of l incomycin i s  
expected. ta, irrcrease, a pred i   c t fon  which the-   bora te   bu f fe r   resu l t  appears to 
negate. Tfie. T r i s   b u f f e r   r e s u l t  shows the  probable  complexation o f  the sugar 
moiety o f  1 incomycin by the  borate  ion  to,  produca thi s m i  sle&di ng indicati .on, 

The . .  man  resul ts .  are: pH 2 ='0,003 . I ag KO,,,, =: -2; 52 

. .  

f 

pH 7 = 2-55 ?og . Kow = 0,306 
'. . (borate) pH 9. =. 0.202 Tog Kow, = -0,.696 

( T r i s )  pH 9 =. 2-98 log. KO, =. 0,474. 
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Table 1: K a t .  pH 2 

Li ncomyci n Hean Total dpm/20 ml . .  
Concen- 

_e- --- 0-0 -0- _- 57324 3 NP2 10. mg jml 

A,,+ t o  g K 9w- , Recovery3 Recovered , Phase. A. Phase B N= # . t r a t i on '  
x Total dpm k - k t a n o l  But f e r  

. 
Sampl e 

- 
1 

0.003  -2.52 99.2 56880 . 188  56692 3  3 
0.004 . -2.40 . 98.0 56164 ' 197. 55967 3 2. 
0.003 -2.52 98.3 56348 163  56185 .. 3. 

Mean. 9 183  56281 56464 0.003  -2.  48  98.5 
. .  

1,2,3 10..0003 T .0.65 
CVf0.66 CV19.45 

1- mgfnrl -- -* e..)- -0- 0- 55812 3 NP2 
1 

0.003  -2.52 104.3 58230. , X75 . 58055 3. 3 
o.oa3 -2.52 103.5 . 57767 181. . 57 586 3 2; 
0,003.  -2.52 102.7 57293 184 57109 . 3  

Mean . g  . Lao - . 57583  57763 

CV=3.23 CV=0,81 ' . . .  

io..ooo1 S 0.84 . -  . , I t 5 3  
00.003  -2.52 103,5. 

," 
. .  

. -. 

. .  

. . .  ..:_ .-.. . . . .  . .  . .  . .  

I . _ .  
. .  . .  - .......... 

. O J  mg/mI .i, . N P ~  
. I  . .  - 57746 - --_ ---. 

. _  

, . <: 0.003 -2;52 .- ' 106.6  61566 . ....... a 3 7 1  : u5 . .. ;. : z' :.. 0.003 -2.52 . I 9 4  ' ' 56693 98.5 -3 '  
. .  

3 0.003 . -2.52 99.7 57579 3. 157 57422 

Mean 0.003  -2.52 . 101 . 6 58677 ,182 . 58495 9 
1,293 To, 0004 T 4.37 

. . .  . .  - . . .  CY=4.30 ' . CP11.63 

OVERALL MEAN': 0.003.  -2.52 
. .  . . . .  . . . .  . .  . .  

CV=7.63 
5010002 

- *. . . ,  
. . .  I . i  . .  

. .  L.Approximate values : . . .  
2Norropartf ti oned: buffer a1 iquots . .  

3 ~ a s & .  on val'ue. from non-part i t ioned sample. 
I' %ing only the- values from 1 mg/ml and 0.1 mg/ml 

. .  
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Tab1 e 2: Kow ' a t  pH 7 

Lincomycin I Sampie f I , Concen - N-Octanol Butter 1 Total dpm 
Hean Total dpm/20 m l  

trat i on 1 # N= Phase. A Phase B Recovered 

10 mg/ml NP2 3 -0- 58867 . -0 

- .- 

1. 3 40276 16.793 57069 
2 3 39458 17275 56733 
3 3 39379 17 243 56622 

I. mg/ml' 59369 
40752 1.5968  56720. 
41069 16077  57146. 

3 41013 16082 57095.: 

Mean 9 40945 . 16042  56987 
1,2,3 

. .  
. -  

2 3 40434 16088 56522 
3 3 40536 . 16031 56567 . .  

Mean- 9 40390 

281 

% 
Recovery3 

--- 
96.9 
96.4 
96.2 

96.5 
0.40 

CV=O..41 

0- 

95.5 
96.3 

.96.2 

96.0 . 

i: 0.39 
CV4.41 

. .  

. .  -- 0 

' - 99-1 
100.5 
100.5 

100.0 * 0.80 
CV=O. 80 

- .. . .  . . f OVERALL MEAN4: 

K,, 9% Lo K 
UI --- 
2.40 0.380 
2.28 ' 0..359 
2.28 0.359 

2.32. 0.366 
0.066 

CV=2.85 

2.55- . 0.407 
2.55  0.407 
2.55 0.407 

2.55 0.407 
0.002 

. cv=o.oa 

- -  
2.58 0.412 
2.51 0.400 
2.53 0.403 

2.54 0.405 
T 0.036. 
CV=1 . 43 

2-55 0.406 
i 0.024 
cv=0*93 

. . .  . .  . . ._ .. . -  . . .  . .  

LApproximte- va.1 ues- . 
2tIon-partitfoned buffer a1 i qudts 

@Using only the. Val ues from 1 mg/ml and. 0.1 mg/ml - . 

I 
i. "as& on value. from non-partitioned sample 
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LS ncomyci  n 
Concen 9 

t r a t i o n l  

10 mg/ml 

1 mg/ml 

0.1 mg/mP 

. . ,. 

Mean 
LS2J 

N= 

3 
3 
3 
3 

9 

- 

- 

3 
3 
3 
3 

Table 3: K-,., a t  pH 9, Borate  Buffer *.. 

9 

3 
3 
3 
3 

9 
- 

= 

. .  

Mean Total dpm/20 m i  ' 

k-octano I Butter Total dpm - . X .  
Phase A . Phase B . .  Recovered  Recovery3 

- V625 '. --. -0 

7091. 50040 
7222 50015 i . E I 99.3 

99.1 

7383  49701 I 57090 . I 99.1 

7232 . 49921 I 57153 I ' 99,2 
T 0.13 

7232 . 49921  57153 ' 99,2 
T 0.13 

" CV00.13 

. '  I CV=O. 13 

I. 56.793 
9071 47730. 56801 100,o 
9489- 4-7740 . ' 57229 100.8 
9820 47324 57144. 100.6 

-- 

9460- . 47598 I 57058 I 100..4 

47159  56778 
T 0.74 

A- 9w- t o  K 

0.145 . -0.839 
TO. 003 
CVa2.37 

0.199  -0.:702 
ro.009 . , 

cv=4*39 

0.204 -0.690 
50.006 . .  

CV=2.79 

O V E R A L L  MEAN4: 0.201 -0.696 
. .  5 0 ..007 

. .  cv=3.!57 

'Approximate values ' - . 

3Based. on v.1 aue from non-parti ti on& sarnpie 
'+Using anly the values from 1 m g / m l  and L.1 mg/ml 

. .  . . . . , 2Non-part.itioned buffer. a.l.iquots . .  . .  
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Table 4: K,,, at. pH 9, Tris Buffer. 

Mean Total dpm/20 ml 
k-Oczano 1 Bufter 

L i  ncomyci  n 
.Concen- 
t rat1 on1 

10. mg/ml 

Sampl e 
# 

NP2 
1 
2 
3 

Total dpm 
Recovered 

-eo 

57078 
56  723 
57124 

. %  
Recovery3 

--e , 

99.1 
98.5 
99. I 

98.9 
0.38 

cv=o. 39 

. .  

0-0 

.92.2 
91.6 
95.2 

93.0 
7 1.92 
Cb2.06 

... . 
, -- 
123,05 
99.9 . 

100..7 

100.3 
7 0.60 
cv=o. 59- - 

L o w -  A b .  Lo K Phase A Phase B 

-- 57616 
3.9772 17306 
38878 17845 
39223 17901 

0- -- 
2-30 0.361 
2.18 0.338 
2.19 0,341 

39291  17684 56975 2,22 0.347 
70.066 . 
Cb2.96 

Mean 
1.,2,3 

NP2' 
1 
2 
3 

-- 62008 
42373 14T95 
41923. 14897 
43953 15077'' 

--- 
. 57168 
. 56820 

59030 

2.86  0.457 
TO. 051 
CV=  1.76 

4275.0 14923 Mean 
1.,2,3. 

NpZ 

1: 
2 
3. 

Mean- 
f.,2,3 

- 

0.1 mg/ml 

3.03 0.481 
3.12  0.494 . . 

3.15 0.498 

3.10 0.491 
TO. 063 
Cb2.02 

41309 13183 

~. 

, I OVERALL MEAN4: 2..98  0,474 
70,538 
C V 4  62 I 

LApproximate. vaI ues 
2Morr-partitioned buffet- a1 iauots 

Based on val ue from nan-parti ti oned sample 
'+Using only tne val ucs from 1 mg/ml and 0.1 mg./ml 
5 Excl uded f ran mean ca.l cul a t i  ons 
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284 N-Octa no 1 D i s t i l l e d  

I 1. Add Buffer- S a l t s  
2. Check. pH 

I I Buffer-1 

{ 2. Separation 

Phase A Phase B 
N-Octanol Buffer- 

"Aqueous? 

-7 L 

1.. Add 1.135 g Lincomyci n-HCI. 
t o  100 m l  Buffer 

10 t o  100 
Oil u t i  on 

. .  
, . .-. . . .  

.. 

. .  

. I 

. .  . .  

-) 
1 

(-Triplicate 20 m l  A1 i quots ) 
1. 

I 
( Partition ) . -. 

I 
( Centrifugation 1 

.., . . 

. . .  
. .  

. .  I .  . .  

. .  

Scheme T : Diagram o f  Sample Preparation 
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INTRODUCTION 

The n-octanol  /water p a r t i  ti on' c o e f f i c i e n t   o f  Li ncomyci n HCl was determined t o  
sat isfy a SPeCi f i c  request by Dr. L.. W.. Luther,.  Department of Health and Human 
Services, Bureau of   Veter inary Medicine, t o  Dr. C. C. M i l l e r ,  Research Manager 
and.. FDA Liaison, The Upjohn Company,. i n  a l e t t e r  dated 28 September 1981. . ' ,  

This. work should  sat is fy   par t  o f  the  deficiencies  noted  by  the government i n  
. the o r i g i n a l   h v i  ronmerita.1 Impact  Analysis.  Report f i l e d  f o r  t h i s  compound 

(NADA #97-505473).. The n-octanol /water   par t i t ion  coef f ic ient  (K w) i s  used 
.as an estimate of-  the- tendency of an organic  chemical t o   b i o - c o n c h r a t e   i n  
l i v i n g   c e l l s .  The Federal  Register, Vol. 45, 1227 (21 November 1980), 
9772.122-4 l i s t s   s p m r e q u i r e m e n t s  f o r  the  design.  of a procedure t o  
dete'mine  these values. The procedure  described  herein meets the-  major 
c r i te r ia   es tab l i shed by the government guidelines,  Available equipment 
necessitated. some. deviat ion from sp,ecif ic requirements;  these  are  described 

2 fully, and a j u s t i   f i x a t i o n  fo r  each i s  given, It i s  unl i ke ly   t ha t  any 
s i g n i f i c a n t  change in- the Kow..value resulted from  these  modifications. 

. MATERIALS AND METHODS 

A. . Reagents. . .  
... . 

Lincomycin.. HC1 monohydrate: .Control'  Laboratory, The Upjohn Company, 

tabel led C-1 incomycin-: 1 o t  #15830-WTS-l54A (REH-XLV-65) 

. . : . . Issue C 
.14- . .  

, .  . .  . .. .._.. . . .  ._ . .  . . - . p u r i t y  '4 98.7 % . .  
. .  .. . . .. . . .  . . .. . spec i . f i c .   ac t i v i t y  = 2.468 vCi/g, 5480 dpm/g 

. .  

n-Octanol : . -  C e r t i f i e d  1-0ctanol , Class IIIA, Lot #720754 
. .  

F isher   Sc ient i f ic .  CO., Fairlawn, N3 

Water: Upjohn d i s t i l l . e d  water, doub le-d is t i l   led   in   g lass   us ing  

Potassium Chloride:  granular Ad; Mall inckrodt Co., ,Inc., 

Boric Acid: granular AR; Msl l inckrodt C a ,  Inc..,; 

in-house  deionized  water 

Paris,. KY 
. .  

Pa.ri s , ' KY' 

Potassium Phosphate, monobasic: crysta l  AR; J .  T. Baker Co., Inc., 
Phi 11 i psburg , NJ 

Tris(hydroxymethy1  )aminmethane: Cert i f ied  Pr imary Standard, 
aka: Pis*  THAM Fisher   Sc ient i f ic  Co., Fai f Lawn, NJ 

Sodium. Hydroxide: 1-0 N Acculute; Anachemia Chemicals, inc. , 
Chmpl a i  n , NY 
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VAPOR PRESSURE OF LINCOMYCIN  HYDROCHLORIDE 
k . ,  7 .  k 

K. Thomas Koshy 
Bi ochemi stry and Residue Analysis 

Agricultural D i  v i  si on 
The  Upjohn  Company 

Kal amazoo, Mi chi gan  49001 

October 14, 1982 

Li ncomycin hydrochloride i s  the  salt  o f  a  highly  polar molecule. Therefore i t  

i s  not expected t o  have any significant vapor pressure a t  ambient temperature. 

This is substantiated by the  loss on drying a t  reduced pressures (0.1 t o  0.3 

t o r r )   a t  room temperatures. The Physical and Analytical Chemistry Lsboratory 

of The  Upjohn  Company  has data on the loss of drying on 42 production lo t s  of 

1 incomycin hydrochloride manufactured  from  1962-1969.  The weight 1 osses 

ranged  from 0 t o  2.08% w i t h  a mean weight loss of 0.39%. This small 1 oss 

indicates  that  the carnpound is  essentially non-vol a t i  l e  and t h a t  the water of  

crystal1 i zati on (3.9%) i s  not  lost  during the  drying process. This assumption 

i s  further supported by a comparison  of the  loss o f  drying of 1 i ncornycin 

hydrochloride w i t h  two  compounds  commonly used'to  calibrate standard vapor 

pressure determination equi  prnent (vapor pressure Sal  ance and gas saturation 

methods) . Under almost identical  conditions  crystal 1 i ne naphtnzl  ene w i t h  a 

vapor pressure o f  0.07 torr  a t  20°C ( I )  and crystal 1 ir;e benzophenone w i t h  a 

vapor pressure of  5 x torr  a t  23.1°C ( 2 )  lost  42.5 and 82 of i ts  weight 

respectively.. Lincomycin hydrochloride which had a mean weight loss .of 0.39%, 

therefore, has very low vapor pressure, i f  any, a t  ambitznt temperature 

(2!-22"C) and is  certainly 1 ower t h a n  5 x lo-'+ torr. 

(1) T. H. Swan  and E. Mack, Jr., J.A.C.S., 47,  2112 (1925). 

(2 )  G. W. Thompson, Technique  of  Organic Chemistry, Vol . 1, Physical Methods, 
Part 1, p .  464. 

\ 
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The sorption-desorption o f  lincomycin i n  three  -soils was 
exami  ned t o  qual i.tati vely assess.  the  l eachi ng characteri s t i  cs 
o f  the antibiotic., Approximately 30 t o  50 percent o f  the 1 4 C  

calcium chloride  sal uti ons, Si x hours were requi red f o r  the 
lincomycin t o  reach soil/water equilibrium i n  all  three S o i l s .  
However, after washing the  treated soils, approximately 40 t o  
60 percent o f  sorbed 14C 1 incomycin was desorbed. Further, 
the Koc coefficients ranged from 0.12 t o  1.59 f o r  the three 
soil s. These  very 1 ow Koc values were indicative of a 
compound which is not appreciably sorbed t o  so i l .  Therefore, 
lincomycin would be expected t o  leach f r o m  a l l  three soils 
tested, 

. .  -lincomycin w a s  sorbed by all  three  soils from the aqueous 

ms j 
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,P. I. Introduction 

\ 

The FDA requires  sorption-desorption da ta  (1)  for  the  evaluation of the 
migratory tendency of chemicals i n t o  water, soil,  or sediment  compartments 
of the environment,  Swine,  fed  lincomycin treated feed f o r  dysentery, 
excret  intact lincomycin i n  their urine and feces. A qualitative estimate 
of t h e  leaching  potential. o f  t h e  excreted 1 incomycin may be determined 
from solubi l i ty  and sorption-desorption data. Therefore, this report 
describes the sorption-desorption of 1 incomyci n i n  three soi 1 types. 

11. Experimentat 

1.. Materf als and Methods 

a. Materials - All o f  the  solvents were of analytical grade and were 
purchased  from the Burdick and Jackson Co. I as was the Diotol 
l i q u i d  scintillation counting f l u i d .  The "TO2 absorbing l i q u i d  
scinti 11 a t ion  cocktai 1 was prepared by thoroughly m i  Xing 
Permafluor (21) and Carbosorb (ll), Packard Instrument Co. and 
storing  the m i x t u r e  a t  10°C. i n  a t i g h t l y  closed bottle, 
To1 uene-J4C i.nterna1  standard was a1 so obtained from  Packard 
Mstrument CO, Silica g e l  t h i n  layer  plates and x-ray fiTm (AA-5) 
Were purchased from Analtech and Kodak Co., respectively. A 
mixture o f  l'+C-histidine. ( N e w  England Nuclear) and blue recorder . 

i n k  was used as . a  reference  spot i n  the autoradiochromatographic 
analysis. The 250 m l  polyethylene centrifuge  bottles were 
purchased. from t h e  Corning Co, The. anhydrous  calcium chloride was 
obtained from $argent-Welch and the hydrochloric  acid and sodf um 
hydroxide-. from. the. Ma.11 inckrodt Chemical Co. . 

* .  

. .  
b, Methods - A1 1 of the  soluble 1 4 C  samples  were analyzed by 1 iquid . 

ation- countf ng (LSC) on a Packard  Tri -Carb Model 3255 
sc ln t i l l a t ion  spectrometer w i t h  1 4 C  toluene as  the  internal 
standard. ' The soils from the mass balance determination were 
analyzed for  bound residue. w i t h  a 6eckman Biological Oxidizer. 
The soi 1 samples  were  mixed wi th  mannitol (-200 mg) , combusted, 
and the 14C02 was trapped i n  14C02 absorbing l i q u i d  scintillation 
cocktail and counted by LSC, An ethanol standard o f  14C 
lincomycin was used t o  determine the combustion u n i t  efficiency by 
comparing the' recovery of combusted tri pl  fcate (50 ul) a1 iquots 
with triplicate- (50 DL) a1 iquots  that were counted directly. 
Sample weights  were determined on Mettler Model P1200N and A30-12 
bal ancas and pH determinations Were obtained on a Beckman 
Zeromatic Model SS-3, TLC pl  a tes  were scraped wt t h  an Anal abs 
Inc, Mu1 t i  -vial TLC Scraper, A l ?  solvents were evaporated on a 
Rinco  Rotary Evaporation U n i t  i n  a water ba th  a t  40-45CC. A 
Burrells Wrist Action Shaker was used t o  shake the aqueous soil 
mixtures. The aqueous soil mixturps were centrifuged i n  an 
Xnternational S i x  Cup Centrifuge a t  1800 rpn t o  clarify  the 
aqueous  phase, 
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/- 2 *. Acquisit ion and Pur i f i ca t i on  o f  Labeled and Unlabered  Lincomycin 

a. 

. .  

. . .  

b. 

. .: . .  

Labeled 1 4 C  Lincomycin - The labeled 14C 1  incomyci n (Lot NO, 

posi t ions 

SCH3 . , . 
. .  

. .  
. . .  

M.W . . 428.. 5 M.F, .C17H33N206SCl 

1583-WTS-154A) was obtained. from R. S. Hsf , Drug Metabolism 
Research, Un i t  7256, -The  Upjohn Co., ,Kalamatoo,  Michigan.' 
Pmnonium hydroxide was.added t o  the  labeled  l incomycin i n  methanol 
t o  generate.  the..free base,.  The f ree  base was a p p l i e d   t o  a 2.0 mm 
s i i ' i c a  gel   p late and the- p la te  was develo ed  (100 mm) i n   e t h y l  '- 

acetate.,.  .methanol , water (30:15: L), The !'C 1 i,ncomycin band. was 
located by. autoradiography, scraped, and eluted from the- s . i l  i c a  
gel- wi th  :methanol ( 5  x. 5.0 mL) ,. The p u r i f i e d  "*C 1  incomycin was-. 
96 t o  97% radiochemfcally-  pure by histogram  analysis: (Appendix, pa 
1,2)- A tota1,of  24.mg.of 14C ll incomycin  (.Specific  Activity = 25 
uCi/mg): was obtained- from the  pur i f icat ion,  ' T h e .  radiochemical 
pur!ty af the L4C 1  incomycin  remained a t  96 to. 974, throughout  the 

.Nan-Label ed Lincomycin -- The. nonoTabel ed. '1 i ncomyci n  'used i n the 
studies was  an Upjohn  Reference  Standard (Sssue C-Lot NO. 248 PLX) 

-manohydrcak: was. 95.8%. 1  incomycin  hydrochloride and 4% water with 
0.2% organic.  impurit ies.. The. potency o f  the  . l incomycin was 879 
irg/mg. and the  water' sol ubi 1 ity was. greater.  than 500 ng/mL, but. 

. .  

. .  . .  experiment: . . . . . .  . . .  . .  

.:. , 
............ :, .. :. 1. . . . .  - . .  

-.,- . . . . . . . .  ,. - - . , .  
~ 

. .  , k  . . . . . . . . .  . . . . . . . .  . .  - - .... 
. .  

fromi.Unit.-7843~.Kalamazoo,. Michigan.. . The 1incomycfn.hydrochloride 

,1  ess than .1QOQ mg/mL,: . . . . . . . .  :Ai. .r .:..? ;::: . .:. . . .  

3, Preparation o f  14C-Lincomycin. Aqueous  CaCl7 Solutions. 
. .  . .  

a. Aqueous CaCl:, Solution  Preparation - The 0.01 M CaC12 solut ions 
. . .  - . . were .prepared  by  dissolving 1.11 grams o f  anhydrous CaCl2 i n  one 

2. .. add i t ion o f  t h e  14C. 1  incomycin  (Appendix, p. 3) .. A1 iquots- (0 .  L 
. ' l i t e r   o f   b o i l 2 d   d e i o n i z e d  water, The pH o f  the  so lu t ion was 

. . adjusted to-.7..0:and analyzed by LSC-for 14C residues prior .to the 

, .  ... .. ..I._ mL) o f  the  solutSon. i n   d i o t o l  (15-mL) were used as counthg  blanks 
. -'\. in- the  prel iminary  screening and advanced tests, 

. .  . .  

' b. Preparation: o f  1.4CoLincomycin Solut ions - The p u r i f i e d  *.% 
\ -lincomycin (24-0 mg) was dfss.olved i n  methanol (12.0 mL) t o g i v e  a 

. .  -2.0. mg/mL concentration  (Stock. Sol u t i  on 1). A1 fa, unl  abel ed- 

.- . - 8.0.mg/mL concentratdon  '(Stock S d u t i o n  2) ,  The fo l lowing 
l:incomycirr (449..-mg) was dissolved i n  inethanol (50.0 mL) t o  i e l d  a 

Tincomycin solut ions. were  prepared f ram the above stock  solutions. 
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-. Solut ion A (25.0 mg/L - A1 iqucts o f  Stock Solut ion.  1 (0.1 mL) and 
Stock Solut ion 7-1 2 3.1 mL) were  added t o  a one 1 i t e r  graduated 
cy l inder  and the methanol was removed i n  a ni t rogen stream. A f t e r  
the methanol was removed, the  l incomycin was q.s. t o  the one liter 
vol ume wi th  0.01M CaCl2 solution. 

Solut ion B (5.0 mg/L) - Ident ica l  procedures. f o r  the  preparation 
o t  Sol ut lon  A were used t o  prepare Sol uti.on 8, except for the 
amount- o f  Stock Solut ion 2 (0.6 mL) t h a t  was added t e  produce t h e  
5.0 mg/l Solution B. 

Solution C (1.0 mg/L) - Ident ica l  procedures for   the  preparat ion 
of Solution A were used t o  prepare  Solution C, except ' f o r  the 
amount of Stock Solut ion 2 (0.1 mL) t h a t  was added t o  produce the 
1.0 mg/L Solution B. 

Solution D (0.2 mg/L) - The Solut ion D was. prepared i n   t h e  same 
. manner  as Solut ion A, except tha t  only Stock Solut ion 1 (0.1 mL) 

was used t o   g i v e  a 0.2 mg/L concentration o f  I'+c ~incomycin, 

4.. Sot1 Acquisition,  Analysis-, and Preparation., . , . .  

. .  

a. Soi 1 Acquisi t ion - Sandy cl ay loam , c l  ay *. and c lay 1 om soi 1 s were 
obtained f rum cooperators ' in  Texas 11 1 i noi s y -  and M i  ch i  gan * 
respectively. The soi 1 s were analyzed. ( F i g u k s  1-3) by the 
Michigan  State.  Soil  Laboratories and they met the.  requirements o f  
pH and % organic.  matter set by the FDA guide1  ines . for .the study of 
sorption-desorption (1) .. . . . 

-~ 

.. . . .  
. .  .- . . .  

. . . - . . .  . . .  . 1 

. .. . b-. ' :  S o i T  Preparation . - One .kilogram of- each sofl- was. sieved  through a 
#lo mesh screen. (2 nun) t o  remove pebbles- and other  debris. The . ' 

s o i l  moisture'.was 8.0,'25.0, and 1Z.O'percent f o r  the Texas  sandy . .  

. , ,  .' .- . I  ' '  ~ . . . . d a y .  loam,:. U.T.irrofs. clay,.and.-  Michigan clay  loam soifs, . .  . 

-.- respectively.: Twenty-five grams o f  each soi 1' was weighed and 

.. .:" to: a mi crobiol   ogtcal  .assay. for fincomycin ( 2) * The m i  cru- 
. . b io log ica l  assay was negative f o r  the  three so i l s . ,  Also, soil 

extracted  wi th methanol .and. the methanol ex t rac ts  were subjected 

samples were combusted. and analyzed f o r  14C by LSC (Appendix , 
p. 4)o. . .  

5, Prel iminary Test. for Lincomycin i n  the I1 1 i n o i  s Soi 1 

a. 

. _  

Test Procedure - Three a1 i quots (25 g dry weight).. o f  I1 1 i noi s soi 1 
were mixed wdth 0.01M CaCl2 so lut ion (130 mL) i n  250 mL centr i fuge 
bo t t l es  and continuously shaken for  16 hours. After-  shaking, the . . 
rnfxtures were centr i fuged . (18cIO rpm) f o r  10 min-.. and. the. c lear  
aqueous solut fons were-,  decanted' in to   mix ing cy1 i nders (200 mL) . 
Each mixing  cyl inder  contained 13 ;1L o f  Stock Solut idn 1 (0.026 mg 
14C 1 incomycin) and 0.4 mL o f  Stock Solution 2 (3.2 mg 1 i ncmyc in  j 
to. g.ive a 25.0 ppm concentration o f .  1 incomycin i n  the. CaCl2 
sol irtions, The methanol .was  removed under N2 from t h e  stock 
solut ions, i n  the  cy1 inders  before the addi t ion o f  the CaCl2 
solutfons. Also,.  each cy1 inder  was brought to .  the  130 mL mark 
with (-10 mL) f resh CaCf 2 solution. 
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-. b. Measurement - Triplicate a l iquots  (0.1 mL) o f  the CaC12 solutions 
were analyzed by l i q u i d  scintillation counting (LSC), and 
interfaced w i t h  a CMS computer  program ( 3 ) .  The results were 
computed i n  average DPM o f  14C 1 incomyci n/mL of CaCl solution 
(Appendix, p. 5,6). Percent recoveries were determined by 
comparison o f  the  fortified  extracted soi 1 wi th .  a 25.0 ppm 
standard o f  14C 1 incomycin i n  fresh CaCl2 solution (130 mL). The 
mean and standard  deviation of the  three  replicates was determined 
(Tab1 e 1). The results for a l l  of the test. procedures are given 
relative t o  the concentration i n  the aqueous  phase. 

6. Screening  Test for Lincomycin i n  the Three Soils 

. .  

7. 

a. Test  Procedure - The- screening tes t  f o r  sorption-desorption of 
1 incomycln was run a t  a 25 mg/L (25 ppm) concentration i n  a l l  
three o f  the soils. tested, Thus, Solut ion A (130 m t )  was. added t o  
three  replicate. 25.0 g (dry weight) samples o f  the Illinois, 
Texas, and Michigan soils i n  250 mL centrifuge  bottles. The 
mixtures  were. continuously shaken f o r  16 hrs, then  centrifuged and 
t h e  supernates were decanted and 1 abel ed sorption  step. 

The desorpt-ion phase was accompli  shed by 'adding a1 iquots (130 mL) 
of fresh- aqueous 0.OlM CaCl2 sol u t f  ons t o  each o f  the above 
repl icate  soi 1 s, The sol 1 s were resuspended i n  the, sol ut ion  and 
shaken continuously for 16 hrs. After shaking, the mixtures were 
centri fuged and the supernates were decanted. and identified as t h e  
first...wash, The above. process was repeated with fresh CaC1 
solution (130 mL) and t h e  resulting supernates were 1 abel ed the 
second wash. 

h ,  Measurement - Triplicate a1 iquots (0.1 mL) of'  the. sorption. step 
. .' and. both the f i r s t  and second  washes. i n  the desorption step were 

- . . :: analyzed by LSC wf t h  CMS' computation ( Appendf x, p. 7-13). The 

. .  

. .  . .. . .  

mean. and standard  deviation of t h e -  three repl icates was determined 
- . (Tables 2-4). . .  . . .  

. . -. . .  .. -. . , . - 2  : c. ... < , . . .  . .. . ~ ._..; - - I  .. . . - 

Advanced Tests: Kinetic, Isotherm, and Mass Balance 

a.. Kinetics Test - The kinetics tes t  was run i n  duplicate  for each 
t e s t  soil (I7 1 fnois, Texas, and Michigan), Thus, a1 iquots (25  g 
dry weight) of the sotlr were  shaken w i t h  solut ion B (130 mL, 5.0 
.mg/L o f  14C 1 incomycin), The mixtures were continuously shaken, 
except during sampling t h e s  a t  2, 4, 6 ,  8, and 24 hrs. The 
mixtures were sampled by centrifugation and removal- o f  tri pl  icate 
aliqcots (0.1 nL)- of the supernate. The a l lquots  were analyzed by 
LSC and CMS computation  (Appendix, p. 14-17), 

mlfnois, Texas, and Micnigan were  snaken for six h r s   w i t h  0.011y 
CaCl2 solutions containing 14C Tincomycin, Three samples o f  each 
soi 1 tgpe were  shaken wi%h solution coritai ning l'+C I i ncomyci n 
concentrations o f  25 mg/L (Solut ion A ) ,  5.0 mgjl  (Solution B ) ,  1.0 
mg/L (Solution C),  and 0.2 mg/L (Solut ion 0) .. Each  sample was 

b. Isotherm  Test - Triplicate soil samples (25 g dry  we-ight) f t ~ n  
. .  
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shaken for 6 hrs,  centrifuged, and trip1  i.cate a1 iquots (0.1 mL) o f  
the.  supernate was taken for  analysis. The aliquots were analyzed 
by LSC and CMS computation.  (Appendix, p.  18-23) . 

c. . Mass .Balance  Determi nations - The soil s, from the Solution B 
isotherm t e s t ,  were  each  shaken for 10 min. w i t h  methanol (50 m L ) .  .. 

After  decantation of.  the methanol, the above process 'was repeated 
twice 'and the combined  methanol extracts were evaporated in vacuo. 

. . The residue was dissolved i n  methanol ( 3 . 0  mL) and t r i  pl  i G t e  
a1 iquots (IO "I.) were assayed by LSC and CMS computation 
(Appendix, p. 18-23) .. The extracted soi 1 s were dried under  vacuum 

for each soil. Further, the'soil.  replicates were thoroughly mixed 
before three al iquots  (n250 mg) were taken .for combustion . . ' 

analysis, The combustions were analyzed by LSC and C W  
computation (Appendi x ,  p. 24). 

The CaCl2 Solutions from the Sol u t i  on B isotherm t e s t  were 
adjusted to pH 10 and extracted w i t h  CHCl3 (3 x 50 mL) . The .' 

extracts were dried i n  vacuo, reconstituted w i t h  methanol (5.0 
mL) ,, and tr iplicate xi* (10 ILL) were analyzed by LSC and CMS 
computation  (Appendix, p. 18-23). 

. -overnight and equal  weights o f  t h e  three  replicates were  combined 

8, Identification o f  Lincomycin i n  Aqueous and Soil Extracts 

a. Aqueous Extracts -. The 0,OlM CaCT2 soluttons from the preliminary, 
screening,  kinetdcs,. and. isotherm test  (5.0. mg/L) were adjusted t o  
pH 9-10.,. extracted with. chl orafonn ( 3  x 50 mL) , and- the chloroform 
was removed i n  vacuo.  Methanol ( 5  m t )  was  added t o  dissol ue t h e  
residue and.thr-0 pL) a1 iquots were  examined by LSC and CMS 
cmputatfon (Appendix,. p. 5-23). TU: plates were spotted w i t h  the 
methanol sal utiono. and devel  oped-. i n  ethyl'  acetate, methad ,  water 
(30':1!M) . The- devel oped pt ates. were-analyzed by. TtC-auto- 
radiography  (,Appendix,. p, 25,.32, 39, 46, 51, 56) and histography 
(Appendix;. p...26-31, 33-38, 40-45, 47, 48, 52,. 53, 57, 58). 

.. . 

bo. Soil  Extracts - The  methanol soil  extracts from the mass balance 
. .  study were. spotted on TLC. plates and deve? oped i n  the same solvent 

system as. the aqueous extracts. The TLC plates were a1 so analyzed 

(Appendix, p.. 43, 50, 54,. 55, 59, 60) . . .  . :  ... by autorad,iography (Appendix, pI- 46,. 51, 56) and- histograpby 

111.. Results and Discussion . ,  Ci --. . 

. .  Preliminary Test.'- The preTimi&Fy tes t  was used. t o  deternine i f  the 
amount of lincomycin  could be, quantftated from aqueous solutions. 

1incDmycin could b e  ctetermtned directly from the aqueous solutions by 
.. Since 14C lincomycin was used Sn the study, the concentration of 

_ _  LSC and CMS computat.ion (Table I).;- Tine percent.  overall mean 2 S.0, 
. .  f o r  the three  repl.icates was. 101A 2 L O =  Thus, the  concentration . -  (ng/L) ' o f  14C. lincomycin i n  the aqueous so?ut.ions could b e  accurately 

. .  determined by. these. procedures. 
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Screening Test - .The screening tes t  was used t o  provide a semi - 
quantitative measure of sorption and desorption of t h e  tes t  chemical. 
Further,  the information was used t o  -determine the  necessity for 
advanced testing. The, sorption  part of the tes t  was  run a t  a 25 mgfL 
concentration of 14C 1 incomycio f o r  a l l  three soils. The results 
(Table 2) show t h a t  only ha1 f (51.596) of the 14C 1,incomycin was sorbed 
t o   the^ X1 1 inoi s soil , while less than  ha1 f was sorbed t o  the Texas 
(37..33) and Michigan, (32.9%) soils. 

The desorption- part o f  the screening test  was used t o  assess whether . 

the- test chemical  could be leached from the soil. The results for  the 
first and second  'aqueous. CaCl  washes o f  the desorption step  are given 
i n  Tabl'es 3. and 4,. respectively. A considerable amount of the 14C 
1 incomycin  sorbed i n  the  sorption  step was desorbed a f t e r  two washes 
(Table 5) . The to ta l  percentage of the sorbed I4C 1 incomyci n t h a t  was 
desorbed was 61.7, 54.6;and 41.3 percent for the Illinois, Texas, and. 
Mi chi gan sot 1 s , respecti vely .' 

'From the, above data and the  organic carbon content of t h e  soi 1 . i t  was 
possible t o  calculate  the Kd and Koc coefficients f o r  the  three  Soils 
used i n  t h i s  study (Tabl e 6). The Koc values.  are  predictive of  t h e  
amount o f  sorption- of a t e s t  substance.  Furthe.r, the Koc value.can be.' 
compared t o  Koc values of other chemicals t o  assess.the  test 
chemica1''s sorption  characteristics. The range o f  Koc values for 
lincomycin was 0.50-to 1.59 which are very low compared t o  represent- 
a t ive values.. f o r  other compounds. (4). Therefore, 1 i ncomycin would be 
expected- t o  exhi b i t -  very weak sorption. properties which are 
characteristic.. of poi a r  compounds w i t h  h i g h  water sol ubi 1 i t i  es . 
Advanced Tests: ' . .  . .  . . .  

a* .. Kinetics.Test- -.. The kinetics.  test was used t o  determine the time 
.. :,-; . :-::;.j;., .. . necessary. t o  estahl j sh. equi-1 i bri urn- between the :I incomyci n , SOi  1 , 

. .  . .  'water. partiti:on, :.'Aqueous  samples; were- taken..& O., .2., 4, 6,  8, 
. , . and 24 hrs and. analyzed for 14C act ivi ty .  The concentration of : 

. . ' remaine&constant  through the 24 hr  sampling period. ' Further,  the 
6 h r  time required t o  reach  equi 1 ibrium was identical for a1 1 

-.. three soils (Figures.. 4-6.). However, the  concentration o f  sorbed 
lincomycin. was different i n  each of  t h e  three  soils. . The equi - 
fl'linois. Texas, and. Michigan soils,  respectively. The equili- 

. bration time ( 6  hrs) was  used i n  the fo l l  owing i sothen determi n- 
a t i  on, 

. .  

. .  . .  . .  . -  
I . .  , .  

. .  . . .  
. .  . . .._ . . 

. , 1 incomycin i n  t h e  water reached:. equil i bri WII after 6 hrs 'and _ .  

. . ,  . librium..concentrations were. 2.6,. 1.8,. and 1.6 mg/L for  the 

. .  .- 

b, . Isotherm Determination. - The,. isotherm determination provides a 
. q u a n t i t a t i v e  measure o f  sorption and desorption of lincomycin. 

- ' E a c h  soil was equilibrated fo r  6 hrs w i t h  25, 5,  1, and 0.2 mg/L 
o f  l4C 1incomyc.fn in.  0.01~ CaCI2 solution,  he concentrations of 

.. 1 incomycin i n .  the CaCl solution and soi 1 were determined (Tabl es 
7-9)' and t h e  x/m and Ce values. *ere calculated. (Tabl e4 10-12) 
Further, t h e  log .x/m and. Tog Ce va.1 ues  were cal culated  for each 

:. replicate, . . .  . .  
. .  
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Graphs  were prepared  using  both x/m VS. Ce (Figures 7-9) and log 
x/m vs. l o g  Ce (Figures 10-12). The, rep1 icates.  for  both  the x/m 
vs. Ce and log  x/m vs. log  Ce were near ly   ident ica l ,  and 
therefore, were p lo t ted  as the mean o f  the  three  repl icates.  The 
absorption  constant K and constant. l / n  , as well  as, the Koc 
constant were calculated f rom the   log  x/m v s  l o g  Ce plots  (Table . 

14). The isotherm Koc values are 2 t o  6 t imes  smaller  than  the 
Koc values  determined i n  the  screening  test. These very 1 ow KoC 
values  are a fu r ther   ind ica t ion   o f   l i ncomyc in 's  poor so i l   sorp t ion  
cha rac te r i   s t i  cs . 
Mass Balance. .Both the  soi  1 s and CaCl sol ut ions used i n  the 
Solut ion B isotherm  test  were analyzed f o r  14C 1 incomyci  n 
residues. The CaCl2 so lut ion was analyzed d i r e c t l y   f o r  "+C 
1 incomycin by LSC and CMS computation  (Tabl  e 15) . A1 so, the 
so lut ion was. extracted  with  chloroform and the  extracts were 
analyzed as previously described. The resu l t s  show t h a t  63.1 t o  
71.5% of the 14C a c t i v i t y  was. extracted  with  chloroform. ' These 
resul ts  are  consistent  wi th  the  chloroform  extract ion  of   for t i f ied 
control  s, where approximately 60% o f  the l 4 C  1 incomycin was. 
extracted f rom the. CaC.1, solutions.  Evidently,  the  lincomycin i s  
not  completely  extracted due t o  i t s  ,high  water  sol  ubi 1 i t y  0500 
mg/mL) - 

. .  

The- CaClz. sa lu t ions f rom the  preliminary,  screening, and kinetdcs 
(5.0 mg/L) determinations weie a1 so extracted  wi th  chl  o ro fon .  
The chloroform  extracts were examined by  TLC-autoradiography and 
histogram  analysis (Appendix, p. 46-60), The p u r i t y  of t he  
extractea rsC 1 incomycin was determined f rom the  histograms  (Tabl e 
161, A I  though-. the-.:l incomycin  observed p u r i t y  ranged from 73.1 t o  . ' 

97;62, most' o f  the values.: were above 90%. Therefore; analysis of 
the CaC12 so lu t ions   ind ica tes .   tha t   l i t t le   degradat ion   o f   the  14C 
i'incomyciw-  took.  place, in   so lu t ion   .dur ins .   the .  s o i l  studies, 
However;.'themethanol ex t i ac ts   o f   t he  soi.1 from the-  5.0 mg/L . . .  

isotherm  experiment  contained ' a  ' "T compound t h a t  was more - pol  ar 
than: 1 incomyci n (Appendix , p. 46 , 51, 56). The- l 4 C  metaboli te 
compmsed.-83,7, 71.5-*.an& 54.0 percent of the- lUC a c t i v i t y -  i n  the.  
methanol extracts o f  t h e   I l l i n o i s ,  Texas,  and Michigan s o i l s ,  
respectively.  Further,  the I4C metaboli te accounted f o r  16.4, 
16.2, and. 5.2 percent-. o f  t h e   i n i t i a l  I4C l incomycin added t o  the 
I l l i n o i s ,  Texas,  and Michigan. s o i l s ,  respectively.  Therefore, 
same. o f ,  the 14C I-incomycin t h a t  was sorbed to.   the soil was further 
metabol ized by the  soi 1 and the metabol i c  product was not re1 aaseti 
in to   the-  aqueous  media. .. . . 

Concl.usi on 

The previously-  described experiments.  have  demonstrated. t ha t  1 incomycin 
was not  readi l  sorbed to  soi l .   Further,  approximately  38-to 59 percent 
Of the sorbed I4C 1 incomycf IT i s  washed out. A1 so, the Koc data coup1 ed 
with the higR  water s o l u b i l i t y  a€ l incomycin  indicated  that .   the 
a n t i b i o t i c .  wf.1.T: readi ly   leach . f rom soi l ,  Hawever, preliminary  evidence 
ind ica tes   tha t  1 incomycin may be converted t o  a metabol i t s  i TT soi 1- whicn 
i s -   no t   read i l y  leached from the  so i l .  

-. , i- . , , . .. . . 
. .  . .  
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Table 1, Preliminary Study 25 mg/mL Concentration 

Recovery of lriC Lincomyci n1 in. 0.01M  CaCl 
Solutions from I l l ino is   So i l  

Rep1 icates Average DPM/mL2 % Recovery 

2 

3 

879.1 101.3 

8712 100 , 4 

Overall  %.Mean and Standard Deviation 101.4 ?: 1.0 

'Average 14C 1 incomycin  value o f  8680 DPM/mL used t o  calculate  recovery  (see 

2Values  are the average o f  t r i p 1   i c a t e   h a l y s i  s,  corrected. f o r  volume  change 

Appendix, p. 5). 

(see Appendix, p, 5). . .  
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Table 2. Sorption of l C C  Lincomycin1 i n  Soils from Aqueous Calcium Chloride 
Solution (Screening  Test)."" 

Soi  1 s 

I1 1-1 
. .  
- 

, 111-2. 
I1 1-3. 

Mean * SD 

Tex-1 
Tex-2 
Tex-3 

'Mean 5 SD 

M i  ch-L 
Mi ch-2 
M I  ch-3 

Mean f SD - 

. .  . .  

. . .  
. .  

. .  

. .  
. .  

Avg mg/L 
Non-Sorbed (Ce) 

._  12.98 
.. 11.73 

. .11.68 

12.13 * 0.74 
- 

, 15.66  *.0,19 
. .  

16: 95 
. ' 16.63 

16.73 - , - 
:16..7? *. 0.16 

. . . . . .  . . . . .  . .  . .  . .  

48.1. 
53.1 . 

12.02 
13.27 - 53.3 ' . - 13.32 

51.5 f 2.9 12.87 * 0.74 

36.6 
38.2 
3T. 1 - 

32.3 2 0.8 . .  

32.2- 
33.5 . . 

33.1 . .  ._ 

32.9. f 0.7- 
. .  

. .  

9.18 
9*55 
9.28. 

9.34 5.  0.19 
- 

. .  

3All figures are corrected- f o r  the volume. change, therefore, Avg. % 
.. - - .  . .  

. . .  Non-sorbed = DPN i n  cacl, 'SOI In  (VI . where Vo i s  the volume (130 mi.) x 
. . . . . . . . .  . .  inirial DPM (Yo}. . , , . . . . . . .  

of CaCl  solution added t o  t h e .  soi 1  and. V i s  the vol w e  (120 .mL) after  mixing 
. with the soil. . . . . .  . .  

. . . . .  . .  . .  
. . .  . . . . .  . .  

. .  . : .  . . . . . . . . .  . . . . . . . .  . .  
. : . . . . .  . . .  . .  _. . ,  . .  

. .  

. .  . - ,  

. . .  - .  - .  . . . . . . . .  
. . . . . .  . . . . .  . .  

. . .  . .  
. .  

:.. , . .- . .  
_ .  . .  

. .  
. . . .  

... ...... . - ~ .  .......... 
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Tab1 e 3. Desorption (1st Wash) o f  14C Lincomycin 
Chloride  Solution''2 

Soi 1 s 

I11 -1 
I 1  1-2 
I 1  1-3 

- 

Mean f .  SD 

Tex-1 
Tex-2 
Tex-3 

Mean 2 sd 

M i  C h 0.1 
MiCh-2 
Mi Ch-3 

Mean +SD 

Avg z 
Desorbed 

49.9 . 

400.7. 
39.6 - 

43.4 +. 5.6 

44.3 
43.5- 
42. 

43.3 2.1.1. 

34.6 
. . 34..2 

35.3 - 
34.7 f 0.56 

in Soi 1 s in Aqueous Calcium 

Avg Z 
Avg  mg/L . ' Remaining 
Desorbed Bound . - 

6.00 50.1 
5.40 59.3 
5.27 60.4 

5.56 f .39 56.6 f 5.6 

- - 

4.07 . 55.7. 

- 3.91 57.9 
.4.15 . . 56.5 

Avg  mg/L 
Remaining 

Bound - 
6.02 . 

7.87 
8.05 - 

7-31 f 1.1. 

5.11.. 

. 5 , 3 7  

5.40 . . 

5.30 f .16 

5.26 
5.51 
5.35 

5.37 2 0.13 

- 

. -  . . . .  . . . .  . .  . .  .~ i . . .  

where' C; = concentratioi   (~PM/mt)-of I incomycin i n .   f i r s t  wash 

C l  =. i n i t i a l  concentration (DPM/mt) of l fncmycin  

Ce = concentrat ion (DPM/mL) of. 1 incomycin in sol utton o f  the sorption 
step 

2See Appendix, p. ..lo* . 
. . .  . . .  . . . .  

. .  . .  . .  
. .  

- .  



Table 4. Desorption (2nd Wash) o f  .14C Lincomycin i n  Soils i n  Aqueous Calcium 
Chl ori de Sol u t i  on1 

Avg % Avg  mg/L 
Avg % Avg m9/L Remai ni ng  Remaining 

soi 1 s Desorbed - Desorbed - Bound - Bound 

11 1-1 41.4 2.49 58.6 3.53 
11 1 -2 29-9 2.35 70.1 5.52 
11 1-3 . 27.6 " 2.22 72.4 5.83 - - - - 

T ~ x  -1 20.4 1.04. 79.6 4.07 
Tex-2'  20.2 
Tex-3  19.4 - 1.09 

1.04 - 
79.8 
80.6 - 

4.31 
4.33 - 

M i  
Mi  
Mf 

Ctt-f . 9.6. . 0.50 . 90-4. 4,76 
Ch-2 - 10.0 0.55 90.0 4.96 
ch-3 11.. 0 0.59 89.0 -. 4.76 - - - 

. . . . .  
... . % Desorbed . . . . . . .  (act. wash) .= c2/( C T - C ~ - C ~ )  x loa . . .  . . .  . . .  . . . . . .  . .  _ _  . . . . . . . . . . .  .......... . ........... . . . . .  . .  . , :, . ; ..A,- .T' a. .-:. ~. . . . . .  . . . . . . . . . . .  ........... 

... -.;..-:. ..:.where: C,. = Concentration (DPM/mL) o f  ii ncomycf n i n  second wash 
. 5. . . -.  . . . .  . . . . . . .  : .  . . .  . . .  . . . . . . . . . .  . .  . . . .  

. . . .  .:. .Y . . . . .  c i  a- hi ti a).- concentration (DP#/mL) of I - incmyci  n.. 
. .  

(=e =-Concentration (DPM/mL) o f  lincomycin i n  solution o f  the Sorption 
. ;. . 

1. . '. step . 
. . . . . .  
< .. C1 = Concentration. (DPM/mL) o f  lincomyc,in.in the first wash 
. . .  

. . I  . . . . . . . . .  . .  i .  . ,  

.2See Appendix,. p. 12,. .. 
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Tab1 e 5. Desorption o f  Lincomycin i n  So i  1 

Soi ls  Ci + C, - % 
Ci - Ce ' . Desorbed' 

x 
Bound 

t o  Soi l  

111-1 8.49  12.02  70.6  29.4 
111-2 : 2.75  13.27  58.4  41.6 
111-3 7.49 . ' 13.32 56.2  43.8 - . -  - .  - 

Mean 5 SD 7.91 2 0.52 12.87 f 0.74.  61.7 f 7.8 38.2 5. 7.8 

Tex-1 5.11 9.18 55.7 . M e 3 '  
Tex-2 5.24 9.55 54.9 45.1 
Tex-3 4.95 9.28 . 53-3 46.7 - - - 

Mean * SD 5-10 * 0-14. . 9-34 5. 0.21 54.6 f 1.2 45.4 2 1.2 

. .  
. .  

Mi Ch-1 3.28 . . 8.05. 40e7 59.3 
Mich-2 3.41  8.37 . . 40.7 59.3 
Mi ch-3 3. 51. 8.27 57.6 42.4- - .  - -, - 

Mean. t SO 3-40 F 0.12 . 8;23 f 0.16  41.3 5 1.0  58.7 +, 1.0 . 
- .  

. .  . .  . .  

IS Desorbed = (Cr + C,)/(Ci . . . .  -. Ce), x. iOQ.. . 

where : 

Ci =.. Concentration { DPN/mQ. of '  1 incomyctk Tn f i r s t  wash . . 

C2. = - Concentration (DPM/mL) of 1  incomycin i n  second wash . 

c i  = In i t ia l   concent ra t ion  (DPM/~L) ' o f  l incomycin 

~e =:!oncentrati on' (DPM/~L j o f  1 incomycd n i n  'so? u t i  on i n  t h e  sorpt ion step 

.' . . . . . .  . 1.. 
. : .  - . . . . . .  . . . . . . . . . . . . . . . . .  . .  

, .  

. : . . . . . .  , . .,:. , ' .  
i '  , 

, .  . 
. , . . ................. ._. ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  . . . . . . . . .  . .  

. .  . . . . . . . . . .  . .  , .  . . . . .  . . . . . . . . .  . , .- - .., . .- . 

. .  

. .  

. . . .  
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Table 6. Kd. and Koc Coef f ic ients  o f  Lincomycin-  .from the Screening  Test. Data 

Soi 1 . . x  . . Ce Kd x loo2 Koc ' 

I1 1-1  12 02 12.98 3.70 0.44 

I1 1-3 13.32 . 
' . . l1.68 4.56 0.54 

- - .  - .  - 
1.1 1 -2 . , 13; 27 i i .73 . 4.52  0.53 

. .  

-. - - - 
Mean f SD 12.87' * 0.74 ,'12.13 * 0.74  4.26 f'0.48 0.50 * 0.06 

Tex-1 9.18 15.82 . . 2.32 1.55 
Tex-2 9.55 . 15-45 2.47 1.65 
Tex-3 . - 9.28 . . 15.72 2 .'36 1.. 57 

. .  

- - - - 
Mean 2 SO ~ 9-34 * 0..19  15.66 * 0.19 . 2.38 * 0.08  1.59 * 0.05 . .  

. .  

Mich-1 . .  8.05. . .  .- 16.95 I. 90 0.70 
M i  ch-2 8.37 ' . . 16.63 . 2.01 0.74 : 
Mich-3. 8.27 '16 . 73 1.98 . 0.73 

. .  

. .  

. -  - - - 
Mean. f SD 8-23 0.16.  16.77 ?: 0.16. 1.96.2 0.06 . 0.72 f 0.02 . ' 

. -. . .  - .  .,  

m is 
. . . . . .  
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f ' ;  30c; Tab1 e 7. . I1 1 inois Soil  Isotherm  Test 

25.0 mg/L3 

Equi 1 i brium was reached after 6 hrs. 

2Ce = Concentration (DPM/mL) o f  lincomycin i n  solution., correcteci f o r  the 
vol me change. , ,. .,. . 

. .; , 
. .  . 

. .  

Ini ti a-l concentration = 10,121 DPM/mL, * . 

41nit ia i  concentration =. 10,074 DPMimL- . . . '  

. .  

Ini ti a1 concentration. = 10,346. DPM/mL, 
/ . .  

I n i t i a l  concentration = 11,634 DPM/mL. . .  
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Table 8. Texas Soil Isotherm Test1 

soi 1 s 

Tex- 1 
Tex-2 
Tex-3 

- 

Mean ,* SD 

Tex-1 
Tex-2. 
Tex-3 

Mean f SD 

Tex -1 
T ~ x - 2  
Tex-3 

&an f SD 

25.0 mg/L3 

Ce2  Non - So r bed 
DPM/rnC X Ce mg/ L - 
7,591  75.0  18.75 
7,634  75.4  18.86 
7,826 77.3  19.33 - - - 

5.0 rng/L4 

7,632 75.8'  3.79 
7',814 77.6  3.78 
7,864 78.1 -. -. - 3.90 - 

7,770 2 122 77.2 * 1.2 3.82 f 0.07 

1.0 m g / ~ 5  

7,455. - . 72.0 . 0.72 
7,401 7 1 S  . 0.72 

7,381 2 87 .' 73.3 * 0.8  0.71 5 0.01 

Sorbed 
ms/ L 

6: 25 
6.14 
5.67 - 

6.02 f 0.31 

1.21 
1.22 
1-10 - 

1.18' * .0.07 

0.28. 
0.28 
0.30 - 

0.29 = 0.01 

'Equilibrium was reached after 6 hrs. 

2Ce =. Concectration. (DPM/rnL.) o f  lilrcarnycin' i n  solution,  corrected for the 

"Initial concentration = 10,121 DPM/mL. 

vol wi: change, 
. .  

. .  Ini t i  a1 concent rati on = 10.074 DPMlmL, 

5Initjal concentratjon = 10,346 DPM/rnl. . .  

61ni t ia l  concentration = 11,634 DPM/mL.. 
. .  

/ 
f 



524-9760-83-002 -1 9- 

:-. Tab1 e 9. Michigan Soi 1 Isotherm Test' 
308 

25.0 mg/L? 

/' 

Ce2 
So i l s  DPM/mL - 
Mi Ch-1 8,838 
Mi Ch-2 8,530 
Mi ch-3 8,180 - 

Mean 2 SD. 8,516 f 329 

Mi Ch-1 8 , 212 
Mf Ch-2 8,207. 
Mi ch-3 8,028 - 

Mean f. SD 8,149 f 105 

Non-Sorbed Sorbed 
% Ce. ms/ L 

. -  . m g / L ,  

88.8 22.20' .2.80 
85-7 21.42 3.58 
- 82.2 20.55 4.45 - - 

85.6 2 3.3 21.39 0.82 2.72 r 0.86 

77.7 3-88 . .  1- 12 
77.6 3-88 1.12 - 75.9 3-80. 1.20 - - 

77,l f 1.0 3.85 2- 0.05. 1.15 * 0.05 . .  

IEquilibrium was reached after 6 hrs, 

Z C e  =' Concentration (mg/L) of Ti-ncamycin i n  ' solut ion,   corrected for the volume 
. .  

change. . .  
. .  . . . . .  

Ini t ia l   concentrat ion = 9,555 OPMlmL. 

%itial concentratfon =. 10,572~~DPM/mt, 

sIni t ia l   concentrat ion = 10,096 DPM/mL, . ' - 

6Ini t ia l   concentrat ion =- 10,239 DPM/mL.. 

. .  , . .  . . - . .  

,~ . . 
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Tab1 e 10. 11 1 inoi-s Soil Isotherm for Lincomycin ' 

Ce (10'2) Log x/m , Log Ce 
. .  

1.60 ' -3.44 -1.8O 
1-45: . .  . -3.38' -1.84 - 1.47 -3.38 -1.83 - - 

. .  

1.51 * 0.08 -3.40 * 0.03 -1.82 f 0.02 

. . . . .  
. . .  

. .  , .  - .  
- . .  

. .  

. . . .  . : . 
. . . .  .,_ . . . . . .  

. .  . . .  
. .  
. _  

0.0 
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-: Table 11. Texas Soi l  Isotherm for Lincomycin 310 

Soi 1 s 

Tex - 1 
Tex-2 

- 
T ~ x -  3 

Mean f SD 

. Tex-1 
Tex -2 
Tex-3 

Meam f SD 

Mean 2 SD 

Tex-I 
Tex -2 
Tex-3 

0.025 g/L 

x/n 

2.50 
2.46 
2.27 ..- 

2.41. f 0.12 

0.005 g/L 

0.48 
. 0.49 

0.44 

0.41 * 0.03 

- 

0.001 g/L 

0.11 
0.11 

. -0.12 

, . 0,u +' 0.01 
- 

ce. (10-2) 

1.88 . , 

1.93 
1.89 . 

- 
1.90 2 4.03 

0.38 
0.38 
0.39 
- .  

0.38 +, 0.01. 

. . 0.07 
, . 0.07 

0.07 . 

0.07 * 0.0 
- 

Log x/m Log Ce 

-3.60 -1.72 
-3.61 -1.72 
-3.64 -1.71 

-3.62 2 0.02  -1.72 f 0.01 
- - 

-4.32 ' -2 42 
-4.31. -2.42 
-4.36 -2.41 - - 

-4.33 *, 0.03 -2.42 * 0.01 

-4.96 . . .  -3.15 
. . -4.96 -3. 15 

-3.15 
. ,. - -4.92 -. 

-4.95 .t 0.02 . .  -3.15 f 0.0 

Mean t SD 0.03 2 0.0 0.01 0.0':. -5.50 f 0.0 -3.92 2 0.0 

where-: . . .  . . . .  . . .  - . .  

x 1 s the amount (g/L) o f  1 incomyci n sorbed 

m. i s  the dry weight o f  the soi I (25 g) 

~e i s  t h e  amount c f  i incomycfn (g/L) in the. C ~ C I  2' soluti-on 

. .  
I .  . . .  . . .  
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- Table 12. Hichi gan Soi 1 Isotherm for Lincomycin 

0.025 g/L 

Soils x/m (10-4) Ce (10-2) Log x/m . Log Ce 
. -  

Mi Ch-1 0- 75 2.31 -4.12 -1.64 
M i  ch-2 1-07 2-23 -3.97 -1.65 
Mi ch-3 1.44 2.14. -3.84 -1.67 - - 

Mean f.SD 1-09 f 0-34 2.23 * 0.08 -3.98 * 0.14 

0,005 g/L 

M i  Ch-1 0.45 0.39 4 - 3 5  
Mi  ch-2 0-45 0-39 -4.35 
Mich-3. - 0..48 0-38 -4.42 - - 

Mean * SD 0.46 +. 0.02 0.39- 2 0.01 -4-37 f 0.04 

0,001. g/L . .  

Mi Ch-1 0.09. 0.0% -5-04 
M i  Ch- 2 0. la 0.08 . . -5-00 
M i  Ch-3 0.10 . . . . . . .  0-08 . . -5.00 - .  

/- 
- .  . - .  

. .  

Hean f SD. . .  : .& lo  * 0,O. . . .  0.08 * 0.0 . 4-01 * 0-02 
. .  

1.65 2 0.02 

-2.41 
-2041 
-20.42 

-2.41 f 0.01 
- 

-3. 10 
-3-10 
-3; IO 

-3.10 2,o.o 
-. 

. .  . . . .  ., - . .  . . .  < . . . . . . . . . . . .  . .  . . . . . . . . . . . . . . . .  . . . . . . .  
where: . . - 

X is the amount (g/L) o f  lincomycin sorbed 

m i s .  the. dry weight 3f' the soi.1 (25 g) 

Ce f s  the amount of lincomycin (g/L) i n  t h e  CaC7 solution 

. .  
. . . . . .  ~. 

. .  . -. . 

. .  

. . . . . . . .  . . . . . . . . . . . . . . .  :< . . .  . .  . . . . .  . .  . .  
. -  

. *  . - _ .  . .  . .-. . . .  . .  . .  .: . .  

. . . . .  
. -  

. .  

.'. . , ,. . .  
I 

. .  

............ r. 
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F. Table 13. Summary 
. _  

Soi 1 s 

11 1 
Tex 
M i  ch 

- 

I1 1 
Tex 
M i  ch. 

-23- 

312 
o f  the Soil Isotherms f o r  14C Lincomycin 

3.98 1.51 -3.4Q 
2.41 1.90 -3.62 
1.09: . 2.23 -3.98 

0.005 g/L 

0.89 0.28 -4.05 
0.47 0.38 -4.33 
0.46. 0.39 -4.37 

0,001 g/L . 

0. 20 0.05 -4. 70 
0.IL 0.07 -4.95 
0.10 0.08 -5.01 

2 'x 10- g/.L 

Log Ce 

-1.82 
-1.72 
-1.65 

- 2-0 55 
-2.42 
-2. 41 

-3.30 
-3.15 
-3.10. 

-4.00 
-3.92 

IR i s  the- dry weight o f  the soil (25 g)  
L Ce is the amount o f  1 incomycin (g/L) i n  the CaCl so lu t ion  

.- . . . . .  . . . . . .  

. . .  . . .  . .  . .  

. .  . , .  

. . .  . .  . .  

, 

. . .  . . . . . . . . . .  _.- 
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Tab1 e 14. Freundl ich Isotherm and Linear ’ Regression Val ues 

soi 1 - Correl ation 
SI ope Intercept - l / n  K - Koc Coefficient 

. .  

. Illinois - 0.912. .  -1.727 0,912 0.0187 . 0.22 0,9995 

,Texas 0.852. .. -2.211 0.852 -. 0.0062 0.41 . .0.9969 

Hi chi gan 0.841, . -2.483 0.841 0.0033 0.12 . . 0.9855 
, .  . 

. .  . . . .  
. .  . 

/- 

. .  
. .  

. .  . . 

. .  . .  

. .  
. .  

. .  
.- . 

. . .- . . .  . . - . .  . .  . . 

. .  . .  



524-9760-83-002 -25- ' 314 

L-? 
Table 15, Mass Balance o f  14C Lincomycin i n  S o i l  a t  5.0 mg/L Concentration1 

CaCl;! Solut ion CHCl3 Extract  CH3OH Ext ract  Combustion Total z- 
soi 1 Avg  mg - Avg mg Avg  mg Avg 'mg Accountabi 1 i t  

. Il l -1  2.76 . 1.76 . . .  0.99- 1.75 . 5.50'  (4.50)  110.0 (90.0) 

1 

11 1 -2 2. a6 1-80 . ' 0.98 1.75 55::: . 109.6  (88.6) 
111.8 (90.4) 

I 1  1-3  2-76 . 1.71 ' . . 0.97-  1.75 

Mean = SD- 2.79 * 0.06 1.76 * 0.04 0.98- f 0.01 1.75 f 0.0 . 5.52. * 0.06 110.5 f 1.2 

. .  

(4.48 * 0.05) (89..7 * 0.94 
. .  

Tex-1. . .  3.79- . . . .  2-68 . .  .' 1.14 0.30 5.23 (4.1i) 104.6 (82.4) 
rex-2 3.78 - 2.78 ' -  .L15 0.30 5.23  4.23 . 104.6 
Tex-3 3.90 2.72 1.10. 0.30 . 5.30. [4.12\ 106.0 

Mean f SD 3.82 f 0.07 2.73- 5 0.05 1.13 * 0.03 . .o.30 * 0.0 5-25 * 0.04 105.0 = 0.8' 
. .  (4.15 * 0.06) (83.1 f 1.27 

. .  

. .  

. .  

'The t o t a l  mg and % accountabfl ity figures i n  parentheses were calculated from the CHC7 3 ex t rac t  
f igures, while the CaCl sol u t i  on f igures were used to. ca lcu la te   to ta l  rrrg and L accountabi 1 i t y  
f igures  that  are not  i n  parenzheses. . .  
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Table 16. Hi stograrn Analysis of  the I4C Lincomycin CaCl2 SO1 ut ions'  

Soi 1 - Experiment % Puri ty2'3 
11 1 inoi s Prel  iminary 92.3 

I l l inois  Screening 86.6 
Texas S7.6 
Michigan u- 96,9 

U 

I1 1 inoi s Ki neti  cs 
Texas 
Michigan 11 

I1 

I1 1 inoi s Isotherm 
Texas 
Mi chi g i n  

u 

n 

92.2 
93.6 
92.5 

90.4 
93.7 
73-1.. 

Extracted  with CHCl3 

2% Purity o f .  t h e  14C 1 f ncomycin i n  the extract. 

3tiistograms in the- Appendix, p.. 26-31, 33-38, 40-45, 47-50,. 52-55, 57-60, 
. .  

. .  . .  ... . 

1.. . 
. .  

. .  
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Figure 1. Texas Soi 1 
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3316 

Upjohn Representaive: P.H. Parharn 

Sample Site: Donna, Texas 
- 

Date.. Collected:. rr/r2/so 
Crop His tory :. 

Chemical, His-tory: 

Milo i n  1979 c 1980, Cotton 1978 

None i n  1979 C 1980, Methyl parathioil, 
Toxaphene and Pydrin in  1978.  t 

Sampling Procedure : 100 pounds of freshly diskec? t o p s o i l  

So i l  Profile (Determined 'by MSU) : 

Soil. pH 7.7 

Pounds. per acre of:. 

phosphorus 6 5  
potassium- 792 

I,. calcium fl2O 
magnesium . 640 

C a l c u l a t e d  CEC I. 6. 
9 Organic- Hatter 1-52 

%; of .Tcr ta l  Exchangeable Bases:. 
. . . .  . . . .  . .  . . . .  . . . . . . . . . . . . . . . . .  . .  . .  . .i . .  . ,  . ;.,, :. 

. .  
. .  . .  

I I.. 

. . -  
. . . . . . .  . . . . .  . .  i . . .  . . . . . . . .  .... . .  . . .  

..  - 
. .  . . . . . . .  

. . . .  potassium . . .  6.. 2 
- .  . ca1ci.m . I 77.t 

magnesium 16.2 
. . .  . , > : .  . . ....... . .  . .  . .  

S o i l  Classification: Sandy Clay Loam 

Particle- Size.:. . .  . -.  

'3 Sand % Silt 4 c13y 
53-12 . 15.44 . ' 29-44 

. .  . . .  

3zlk Censity:: 76.6 poundsicu ft- 

1.1'3 Sar Xuisture Capacity ( 4  by Weight) : 18.4 
. .  . .  . ._ . . '  I 

. . . . . .  . .  
- .  
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Figure 2. Illinois Soil 

.!Upjohn Representative: . .  Todd Cutting 
. . .  Sample S i t e  : . . . .  Pontiac, I l l i n o i s  

Date Collected: . . " 12/18/80 

Crop His tory  : . . T u r f  

. .  

. .  

Chemical History: . . None 

Sampling Procedure: ; 1 0 0  .lbs from top 6 inches. 

. .  Soil Profile (Detexmined by MU): 

soil  pH 7.3 ,. , 
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Figure 3. Mfchigan Soil 

-29- 

Upjohn 

Sample 

Representative : B . L .  Lee 

S i t e :  Kalamazoo, L X I  . . 

Date Collected:. u / l g / a a  

Crop His tory : Wheat 1977,  19t8, 1979., 1980. . 

Chemical History:.. N o  pes t i c i d e s  

. .  

. .  

. . .  

Sampling Procedure: . 2 random samples from top 6 inches 

. -  

Soil  Profile (Determined by MSU.): . ' 

. .  

. .  . . . . . .  - .. 

113. Bklr-Moisture Capacity (a- by Weight) : 20,?.- . * 
..... . . . . . . . . .  . . . .  . . . . .  . . .  . . ?  

. .  . . . . . .  .~ . . . . .  
. .  

. .  
_.. . ,  

. .  I .  . . . . . .  - .  . . . .  . .  . .  . .  
. .  . .  . .  

. . .  
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PROPOSED DEGRADATION OF LINCOMYCIN IN SOIL 
R. E. Hornish 

The Upjohn Co., Kalamazoo, Michigan 

March 23,  1983 

390 

The s c i e n t i f i c   l i t e r a t u r e  on the f a t e  of a n t i b i o t i c s  i n  so i l  is not  abundant, 
pa r t i cu la r ly  w i t h  regard  to  the iden t i f i ca t ion  of metabol i tes   or   degradat ion 
products. The simple degradation of a n t i b i o t i c s  i n  soi l ,   as   determined by 
quan t i t a t ive ly  measuring the loss  of  bioactivity,   wi. thout  regard  to  products,  
has been studied  for  a number of   an t ib io t ics   (1) .  The ha l f  l i f e  of  lincomycin 
a c t i v i t y  i n  a c lay loam s o i l   f o r t i f i e d   a t  a level of  10 ppm w i t h  lincomycin 
was found t o  be about 20 days  (2). However, the me tabo l i c   f a t e   i n   so i l   o f  
lincomycin o r  any o the r   an t ib io t i c   o r   subs t ance  o f  s i m i l a r  structure has  not 
been studied.  Predicting the degradation  or  metabolic pathway o f   l i nco  i n  
s o i l  is specu la t ive   a t  best. So much depends on the 'condition of  t h e - s o i l :  
moisture   content ,   acidi ty ,   c lay  content ,   organic  matter content,   types and 
concentrations of microbes, etc. Perhaps the s ing le  most important  aspect 
would be the route  of  deposit ion,  e.g., a s  a water s o l u t i o n ,   o r   i n  animal 
droppings ( w i t h  a high  organic matter conte'nt  and the presence of various 
organisms), o r  i n  animal urine (with a lower  organic  content, b u t  s t i l l  
containing  microorganisms,  organic  salts, enzymes, etc.). 

The major  routes of  lincomycin  metabolism i n  animals  are by oxida t ive  pathways. 
Thus ,  1 inco-sul  foxide (11) and N-demethyll inco   (111)   a re   in i t ia l   ox ida t ive  
metabolites,  leading  eventually  to  smaller  molecules by decarboxylations,   or 
perhaps t o  conjugated o r   p r o t e i n  bound products.  Oxidation i n  s o i l s  would 
l ike ly   occur  since there are microbial  systems under aerobic   condi t ions  to  
readi ly   car ry   ou t  these transformations.  Hydrolysis of the amide l inkage   or  
of the methylmerca.pto funct ional i ty ,   a l though  easy  to   propose,   has   not  been 
observed i n  any of the animal studies to-date. This may well happen i n  the 
l a t e r   s t a g e s   o f  metabolism, b u t  doesn ' t  seem l i k e l y  i n  the ea r ly   s t ages  i n  
view of  current evidence. 

Lincomycin i s  a bas i c   an t ib io t i c ,  pKa' = 7.6.  Linco itself a s  well a s  Some 
of the basic  metabolites m i g h t  be expected t o  readi ly  bind t o  c lay  components ( 3 ) .  
Negative  charges on the clay  should  ionical iy  b i n d  the posit ive  charge o f  the 
protonated  molecules. Hunlic ac ids  and other   soi l   cmponents  would do this 
quite e f f ec t ive ly .  However, Johnson and Cox have  demonstrated t h a t  such 
binding o f  lincomycin i tself  is  extremely weak: They found  lincomycin t o  be 
easily  leached from s o i l s  w i t h  varying  clay  content and a pH range  of 6.0 t o  
8.0 (4) .  

References 

1. G. Jagnow, Landwirtsch.  Forsch. , Sonderh. , 7 977,  34, 227. 
2. G. L. Stakl and M. J.  DeGeeter. Lirxomycin  Begradation i n  the Ecosystom. 

3.  D. Got t l ieb,  J. Antibiot.,  1976,  29,  987, and references therein. 
4 .  Johnson, D. B., and Cox, B. L., Sgrption/DesoriYtlon  of U-10,149A (Lincomycin) 

..Research  Report 524-9660-01 2 ,  October 11 , 1974. 

i n  S o i l s   a t  0.2,  1.0,  5.0,  and 25.0 rng/Liter. Upjohn Tech. Rep. NO. 
524-9760-83-002,  March 27 , 1983. 
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ring oxidation, etc. 
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!-CH3 

0 
CH3 0 
ti ~-NH- 
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"Non-Active" 

Series of 
oxidation in 

the pyrrolidine 
ring 

Oecarboxylation 
d and continued 

oxidation 

by the traditional microbiological screens for measuring biological activity. 
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Environment 

A, R, Barbiers 

. - .  

. . .  

A B s T T ( A ( T T : .  

- .  

The minimum inhibi tory  concentrat ion (MIC)  for  l incomycin was 

b.acterta, f u n g z d .  blue-green a1  gae normally found i n  t he  

p l a t e  dtlutiorr  techntque comnonly used ta  test the 
suscepti b i  lity o f  pathogenic  organi sms t o  antimi  crobi a1 
agents. The MIC's f o r  each organism are l fsted,  below. 

Tab1 e 1,. Mfnimum Inhfbitory  Concentrat ion.  In  Vitro for 

L determined in- v i t r o  . against  pure  cultures o f  benefi c i  a1 

.-. . . . envf.ronment, The MIC.'s were determined. by the. use of  the agar 

I .  

. _  .- Ltncomycin Against Tested Organi mii - 
Test& Organi-sm 

carbonarius, UC-1511 
UC-7217 

Fusari urn roseurn, UC-.7170 
m i  um notaturn , UC-1296 
bichoderma UC-4021 

~C-2043 

hthrobacter T o b i  form1 s, X-3604 
avobacteri um + epari num , UC-6284 

johnscnae, CIC-9386 
i s .  (Difca) m ' r n ( D i  fco)  

- 27f395 
A t o b a c t e r m i n d i  i , UC-3144 
hstoc  fe., ATCC 

M I C  mcg/ml 

> 1000.0 
>1000*0 
> 1000.0 
>1000.0 
>1000.0 
>1000.0 
>1000.0 

1-56 
0.78 
0.78 

- 16.0 
16.0 
80.0 
40.0 
12.0 
12.0 
500.0 

>1000.0 

Ref . LI I -AR8--36-4f 

ms j 

761704 5179 
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Dates o f  Testing, 

Dates a re  given under individual  organisms. 

Description- - o f  t h e  Test Materfal . E.. 

1. . An agar-containing m e d i u m -  appropriate-  to the test organisms was used 
(See under  individual  organism) and dispensed i n  18 m l  . amounts i n .  150 
x. 25- m screw-cap tubes, 

. .  
The limomycin-  stock  solution was prepared by dissolving 1.138 gms o f .  
the 1 i ncmycin  standard, df rsol v i  ng- i n  di sti 11 ed. water and  volume 
brought t o  100 m l  s. wi th  di  s t i  1 led water. The stock solution was 
sterile filtered through- a 0 2  micron f i l t e r .  Final concentration was 
10 mg/ml. of acti-vi.ty. Working, tes t  sol'utfons were. prepared by . 
di lu t ion  in. sterile distiTled. water. 

The. agar was melted., cooTed. t o  48°C and: held. a t  t h i s  temperature i n  a 
water bath-, Two: ml-. o f  the work1 ng- t es t  solution was added t o  t h e  18 
m1 agar  pour tube, mixed by inversion- 2 o r ,  3 times,. t h e n -  poured. i n to  
100 ma round: as t tc :  petrt d.i shes * y  . The: plates. were. a1 1 owed t o  
so l id i fy  and. dry before: inoculation&. . For preparation o f  inoculum, see" 
procedure- for each o f  t h e  i.ndi.viduaT-. oqan.i.uns 1 isted bel ow. The . 
pl a,tes' were marked. with. ci rcl es for- each test organi sm and .001. m l  

. .  

placed on: t h e .  plates .. in. these marked cfrcles .  .. 

P1 atez were incubated a t -  proper  temperature  aerobica1l.y. or . . .  
anaerobical:l'y depending on. . the growth requirements ' o f  t h e  t es t  . .  

developed. on. coutrd plates; A l l  tests.. . w e r e  car r ied  out; i n  duplicate.. 

. . . .  -.The:'&t&-point .(MLC):'wao. the'leask. concentration o f  lincomycin ' t h a t  . . .  

- -  . . '  compTet&y~fnhib-ited growth-. . A  barely v is ib le .  haze of- growth- o r  a. .- .. 

. organism,. Prates were tncubated u n t i l -  col'ony. growth was we1 1 - ' 

~. 
. . .  

, , . ,  . .  

. <. , . c . .  . . . . . . . . . . .  
Si ngTe colony was. d.i sregardedi . .  

. . . . . . . .  
> .  - 

Actua.1 Tests, f o r  Each: 0rgan.f sm, . , . . . . . . . . . . . . .  J 
. ,  
. . _ _  ii-._.:. . . . . . .  

. .  

. .  

. .  

. .  

. .  

As er illus carbonarius  (formerly  niger}, UC-I511 (ATCC 10535) 
C I++-- a om1 urn cochl  iodes, UC. 7217. (ATCC 10195) 
Fusarium  foseum, UC 7170 (ATCC. 20352) 

. .  

. . .  

The organi smz were- mai.ntainei on Po-to: Dextrose: Agar (Difco) pl.us 6.6% . 

yeast extract sTants,.  Slants. were. scraped twice H i t h  8. loop and. 
t ransferred.   in to  5 mT s t e r i l e  di sti 11 ed water, . T e s t .  medium was PDY agar.. 
Plates were PnoCul.ated. on. 11-19-82 and;. read. on 11/22/82* Incubation 
temperature w a s  2PC. * l?, Lincomycin 1 eve1 s t e s t ed  were 0 ,  100, 500, and 
1QOO mcg/ml* . ' 

ReSul ts - no i n h f b i  ti'on a t  1000 mcg/ml for any o f  these organisms.. 
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Peni ci 11 i um notatum , UC-1296  (NRRL-1249-BZl) 
Trichoderma UC-4021. (NRRL. 1.762) 

These organisms- were tested t h e  same as  previous  organisms. 

Streptomyces -* a1 bus UC-2043 ( A R C .  3004) - 
Grown frt yeast extract broth (Df-fco), 61 ass  beads added. and culture. 
shaken to.  break up growth, DiTuted 1-5 in .  sirni-lar  broth,  Test medium was 
PDY agar. Tiest concentrations were O., LOO., 500,. and. 1000 mcg/ml .. 
For t h i s  group. o f  organisms, plates  were: inoculated. 11-17-82 and read 
12-2-82,. Incubation  temperature. w a s  24°C f 10. 

Results - no. inhfbiti.orr a t  I000 mcg/ml for any o f  the organisms, 

Psuedomonas fl uor&cens,, UC-3049: (ATCC 11x72). 

The orgarri.3- w a s  mtnta-in& om .s,Tants o f  Tryptiiase.Soy Agar (TSA-BBL),. . ' 
InomTated. i.nta. Tryp$icase. Soy. Broth (TSB-BBL) and incubated..  overnight  at. 
26% * loc The inoculum- was prepared by dF1 u t i  ng. the. overnight cul ture 
L-lOOOO. i n .  TSB., . Test m e d i u a r ,  was- TSA, Test concemtrations were 0 , 100,: 
SOO., . and. LOO0 mcg./m3 i Pl at&s incubated overnfght .at... 26OC 1". . PI a t e s  
were inoculated. 12-?-82 and read 12-8-82. I .  

. .  
. .  

. . 

Cel 1 ulomonas' s UC-6274 (ATE 21399) . . 
Arthrobacter  &ktorntis,- UC-3604 (NRRt, B-288Q).'-' . . ' .  . .. . ' 

.~ - .  
. . -  

. The organfsiac were maintafned on E A .  slants ,  . rnoculht&.- in to -  TSB and-. 
imubated for 48 hrx a t .  26°C f lo, The broth culture f o r  Cel lulomonas was 
dt luted 1-10000 and for. Arthro&acter was dfl'uted- 1-500 in TSB for the 
inoculum, Test,med%ulo w a s  TSA. T e s t  concentrations were 0,. 2,- 4, 8,. 16, 

, .  32,.. and. 6 4 ;  mcgfil 0.f Ttncomycin, Plates were incubated- for 48 hrs. at  26°C 
. Lae Broth inoclcTated- 1-3-83,.. pl.ates  inocul  ated 14-83. and read on.. 

14-83i. . ; . , . . .  . '  . 
, . .  -. . . .  . 

MIC for Cel?ulomonas. was. 16 mcg/ml and for  Arthrobacter i t  was 16 rncg/ml- 
. .  . .  . - . .  . - .  

. .  

. . . . .  
. .  _ _ .  . . .  . .  . .  . .  . . .  

. .  

. 
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F1 avobacterium' he arinw, UC-6284. (ATCC 13125) 
Cytophaga johnsonae, + U -9386 (ATCC 29589) 

The organisms were maintained on TSA slants.  Inoculated  into TSB and ' 

incubated. f o r  48 hrs at. 26OC t lo. The broth  cultures were di 1 uted 1-500 
i n  TSB. f o r  the inocul UIR. Test medium was TSA.. L i  nc0myci.n concentrations 
tested were 0, 20; 40, 80, 160, and 320 mcg/ml.. Plates, were incubated-  for 
48 hro. at 26OC;. f lo', Broth- inoculated. .l-10-83, plates- lnocul  ated- 1-IZ-82, . . 

' . and read- LL4-83. 

MLC for   F la~obacte~ium:  was 40. mcg./ml and f o r  Cytophaga was. 80 mcg/mi - . . 

Bacillus subtili-s  (Difco, ATCC 6633) and -- 8.. cereus  (Difco, A R C .  u778) -  

TSB was inoculated from.. spore su,spendons. o f  the. o.rganisms. and incubated 
overnight at  35°C * lor The inocula were. prepared by d i lu t ing  the. 

concentratdons were. 0, LS,. 3.0, 6.0, l Z . 0 , .  24,0,. and 48.0 mcg/ml... Ptates. 
were incubated  o.vernight &t 35PC f: lo-- Broth was inoculated 1-18-83, 
pl a t e s  i n-oculated L-L9-83, and. read 1-20-83. 

. o v m i  g h t .  culture.  1-10000. i n  TSA,. Test m e d i u m  was TSA, Test- 

. :. 

. .  
. .  

. The. MIC far both: stmins o# B a c f  llus w& 12.0 mcg/mf, 
. . .  . -  . -  

. ,  

. .  

. . . .  

. .  
. .  . .  

. .  : .  . . .  

. . .  .The.. test organism was matritained. on klants;.'of the. medium, The broth 

, . . . .  t h e  broth.: medium. . Test: mecHw'was: the m e d i u m -  wt-th agar. Test 

medjwr was inoculated front the. s l a n t  and incubated  for 3 days. a t .  26OC *- .. 
lo.. The inoculum was prepared' by d i l u t l n g  the 3 day 01 d cul ture  1-1000 i n  

concentrati.ons o f  lincomycin were 0,. 10, 25, 50,  100, 500, and 1000 
mcg/ml Plates were i.ncubated for  48 hrs a t  26OC * law Broth was 

.. - inocul a;-,. L-ZX-83, pl at-. i n o d  at&. 1-24-83,. and pl a t e s  read 1-26-83, 

. . . .  

. -  . . . .  . .  . . . .  . . . . .  -,.. 
' . /  . The: MIC far'th.i-s, test o r g a h n - .  was- !& mcg/nrT, 

. . .  . . . .  ,. . I . . . .  . .  . . . . . . . .  . . . . .  . .  - . _  

Nostoc fe- ATCC 27895 
..... . . .  . .  I . ..: :. -..,:. 

. BFi stoT ' f Modifi ai S o d h n ~ :  Ni:trate Solution. ; 
. .  - I . _  

. .I 
. I  . . . .  

Mediult - .  . , .  . .  . . . .  
, H. .-  I(H2POPO;(.; ( 1 ; 5 0 '  gm . .  

. kNU3 *. 0-50- w: . .  

. . Mgx)4&7HpO+ a, 15. gm . -  

. .  
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. .  

. ,  
, ... "3 9 8 

CaCl 2,2H20, 0.03 gm 
NaC1, 0.05 gm 
FeCl 3.6H;L0, 0..01 gm 
Tap water t o  1000 ml 
For  agar medium. - agar 20- gm . 

. - The test organi &I was inoculated  into- 50 ml o f  medium  and. incubated f o r  2 
weeks at. 2 2 O C  wi'th  constant  fluorescent. 1 ight,. The growth. was  homogeni zed 
i n  a. Vi.rtis. Homogentzer fo r .10  min..  and then, d i lu ted  wi th  an equal volume 
of medium,. Test medim was.  medium. with agar.. Test  concentrations- o f  
1 i ncmycin were O., 50,. 100, 500,. and LOO0 mcg/ml:.. PI ates were incubated 
for one week. a t  22°C with  constant  f luorescent  l ight and rechecked a t  2 

. - .  weeks.. Inoculum was- started 1-31-83, plates  inoculated 2.-14-83, read 
2-2l-83 and 2-28-83, 

The- MIC. f o r  the test organism was >lOOO mcg/ml . 

. .  

. .  . .  

. .   . .  . . .  
. .  

' RESULTS AND DLSCUSSION. . .  

. .  .. . .  . 

A s .  d -part of the FDA. requi rements ,. the  mi-nimum inhibi tory  concentrat ion (MLC). . , 

f o r  1 i ncmyctn was deterrai'ned i.n v i  trrr by the agar  p l   ate  d i  1 ut.ion technique 
against  bene:fi.cial m i c r o o r g a n i ~ s ~ a . 1   l y  found. in.  the environment, The test .  
organims  i.ncluded  free-1 iving  nitrogen: fixing organisms and. soil'  organi %IS ' ' .. 

a.ffecting-  various.  substrat-s such as: cellulose, etc.. The results. f o r  t h e  . '  

MLC's against. t h e  organisms tisted as required. by FDA are shown .fn- Tab1 e 1- , .  

.. . . 
. . .  

. .  

. .  . .  .. . . 
. .  

. .  
. .  

. .  . .  
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"inimum Inhibitory  Concentrat ion  In  Vitro  for Lincomycin 
Against Tested.  Organi sms 

-- 

T&ed Organi sm 

kperg. i l1  us 'carbona.rius; UC-1511. 

Chatomi um cochl'i odes, UC-7217 

Fusari urn  roseum,  UC-7170 

P e n i  ci 1 l'fum notatum, UC-1296 

Tri.chadema v i  ride, UC-40U: 

Streptomyces -' a1 b.us  UC-2043 

Psuedomorras-. f l  uorescens,,  UC-3049- 

Cl ostri d.ium. butyr i  cum,  UC-9385 

(T1o.s.t.ridi.um perfringens, UC-24.7 

. .  Clos.tFidi.um- perfringens,. U C - 6 5 k  

Ce-l1u.l omomas x., UC-6274 . .. . - .. 

' .  . Acthrobacter gl-obi formis.,,‘ UC-36.04 ;.,; 

' . F! avoba&eri urn heparf num , 'UC-6284. :.' 

Cytophaga.  johnsonae, UC-9386. . j  . . .. .. 

Baci 11 us subti  11 i s  (Di  fco)  

. .  . .I 

.. _I G., . - .  

. .  

. Baci l lus cereus  (Di fco) 

. . Azobacter v inelandi i  ? UC-3144..  -. 

Nostoc x-, ATCC 27895 - 
.. 

R e f  .. LI I-ARB-36-47 

MIX mcg/ml 

> 1000.. 0 

> 1000 0.0 

>1000.0 

>1000.0 . .. . 

> 1000.0 
> 1000.0 
>100000 

. _  

. .  

. .  

1..56 

0.78 

0,78 . . 

16.0 . 

16-0 

80.0 _I 

40.0 ' . 

12.0 

12.0 

. .  

. .  

500.0 

> 1 0 0 Q o O  

e. . 

L 


