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Between 1943 and 1957, a v a r i e t y  of chemical 
wastes were stored in unl ined ponds at the Rocky 
Mountain Arsenal in Colorado by the U. S. Department of 
Defense. This has resu l ted  in some groundwater 
contaminat ion by ce r t a i n  of these chemicals 
(ROSENBLATT et a l . ,  1975). One of the contaminants is 
d i i s o p r o p y l  methylphosphonate (DIMP), a byproduct of 
the product ion of the nerve gas isopropy l  methylphos- 
phono f luo r ida te  ( S a r i n ) .  
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Because l i v e s t o c k  in the a f fec ted  areas may be 
exposed to DIMP through the d r i nk i ng  of well water ,  i t  
is important  tha t  the metabol ic  and res idua l  fa te  of 
DIMP be thorough ly  def ined in these animals.  The 
s tud ies  reported here were designed to determine the 
metabolism of DIMP in the l a c t a t i n g  cow. 

MATERIALS AND METHODS 

c v and r a d i o a c t i v e  DIMP DIMP. Both nonradioa ~ e 
(59 mg---gTm-Ci, labeled wi th  C in the P-CH 3 group) 
were provided fo r  these s tud ies  by the U.S. Army 
Medical B ioeng ineer ing  Research and Development 
Labora to ry ,  Fort  D e t r i c k ,  MD. The rad io labe led  
p repara t ion  as suppl ied requ i red f u r t h e r  p u r i f i c a t i o n ,  
which was accomplished by t h i n - l a y e r  chromatography 
(TLC) in so lvent  system I (v ide i n f r a ) ,  g i v i ng  a sample 
of >99% radiochemical  p u r i t y .  Both the unlabeled and 
labeled samples were confirmed as DIMP by g a s - l i q u i d  
chromatography (GLC)/mass spect romet ry .  
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Treatment  of Cow. A 357-kg l a c t a t i n g  Je rsey  cow 
was ob ta ined  from the m i l k i n g  herd of a loca l  d a i r y .  
For 5 c o n s e c u t i v e  days,  the animal was o r a l l y  g iven at 
24-h i n t e r v a l s  a s i n g l e  g e l a t i n  capsule c o n t a i n i n g  3.57 
g of  un labe led  DIMP, a dose e q u i v a l e n t  to I0 mg of 
DIMP/kg body w e i g h t / d a y .  Dur ing t h a t  t i m e ,  the animal 
was kept in a small pen, fed coas ta l  bermuda grass hay 
ad l i b i t u m ,  and g iven ~ 2 kg of crushed g ra in  
c o n c e n t r a t e  at each m i l k i n g  ( t w i c e  d a i l y  at 12-h 
i n t e r v a l s ) .  T w e n t y - f o u r  h a f t e r  the f i f t h  and f i n a l  
dos ing  w i th  un labe led DIMP, the animal was moved to a 
s t a n c h i o n ,  c a t h e t e r i z e d ,  and g iven a s i n g l e  ora l  dose 
of r a d i o a c t i v e  DIMP, to which had been added s u f f i c i e n t  
un labe led  DIMP to make the t o t a l  dose e q u i v a l e n t  to  
3.57 g DIMP and thus I 0 . 0  mg/kg of body w e i g h t .  Th~ 
t o t a l  r ad i oca rbon  g iven to the cow was 6.45 x I0 
I~c~Pm~ The s p e c i f i c  a c t i v i t y  o f  the a d m i n i s t e r e d  

l abe led  DIMP was 181 dpm/ug. 

Radiocarbon Q u a n t i t a t i o n .  A f t e r  t r e a t m e n t ,  whole 
blood samples were taken at f r e q u e n t  i n t e r v a l s  by 
i n t r a v e n o u s  puncture  i n t o  the j u g u l a r  v e i n ;  t o t a l  u r i ne  
and feces samples were c o l l e c t e d  less f r e q u e n t l y .  The 
animal was mi lked every  12 h. N i n e t y - s i x  h a f t e r  the 
r a d i o a c t i v e  dose, the cow was s a c r i f i c e d  and severa l  
t i s s u e s  were taken fo r  r ad ioca rbon  a n a l y s i s .  

Upon c o l l e c t i o n  of m i l k  and u r i ne  samples, O.5-mL 
a l i q u o t s  were assayed d i r e c t l y  by l i q u i d  s c i n t i l l a t i o n  
c o u n t i n g  (LSC). Large a l i q u o t s  of  the remain ing  
samples were then f rozen f o r  l a t e r  a n a l y s i s .  Fecal 
samples were mixed t h o r o u g h l y ,  0 . 5 - 1 . 0  g samples were 
removed fo r  combust ion a n a l y s i s ,  and p o r t i o n s  of the 
remainder  were kept f rozen fo r  a n a l y s i s .  Whole blood 
( i . 0  g ) ,  t i s s u e  samples ( 0 . 2 - 1 . 0  g ) ,  and feces were a i r  
d r i e d ,  and the rad ioca rbon  present  in these samples was 
q u a n t i t a t e d  by LSC a f t e r  combust ion in an oxygen 
atmosphere and bubb l i ng  the combust ion gases th rough 
CO 2 t r a p p i n g  s o l u t i o n  ( I V I E ,  1978) .  

R e s o l u t i o n  and C h a r a c t e r i z a t i o n  of  M e t a b o l i t e s .  
~ r a d i o a c t i v e  components in the exc re ta  of  the 

- D I M P - t r e a t e d  cow were reso lved  w i t h  TLC. In 
a l l  cases ,  the s e p a r a t i o n s  were made on 20- x 20-cm, 
O.25-mm- th ick  s i l i c a - g e l  TLC p la tes  (Brinkman S i l p l a t e  
F-22,  w i t h  f l u o r e s c e n t  i n d i c a t o r ) ,  developed in e i t h e r  
one or two d imens ions .  Seven s o l v e n t  systems were used 
as s p e c i f i e d  in Table I .  

The nature  of r a d i o a c t i v e  components in u r i ne  of 
the D IMP- t rea ted  cow was s t u d i e d  in samples c o l l e c t e d  
4 - ,  8 - ,  and 12-h a f t e r  t r e a t m e n t ,  s ince these samples 
con ta ined  the h ighes t  l e v e l s  of r a d i o c a r b o n .  Only the 
feca l  sample c o l l e c t e d  24 h a f t e r  t r ea tmen t  was 
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TABLE I 

TLC Rf Values of DIMP, IMPA, and MIMP in Several 
So l ven t  Systems a,D 

TLC s o l v e n t  system c Rf o f  i n d i c a t e d  product  

DIMP IMPA MIMP 

1 0.57 0.04 0.48 
2 ,60 .41 .49 
3 .64 .38 .60 
4 .32 .00 .22 
5 .31 .01 .20 
6 .25 .00 .16 
7 .69 ,33 .64 

a A b b r e v i a t i o n s :  DIMP - d i i s o p r o p y l  methy lphos-  
phonate ,  IMPA - i s o p r o p y l  me thy l phosph~n i c  a c i d ,  MIMP - 
methyl i s o p r o p y l  me thy lphosphona te .  UTLC on Brinkman 
S i l p l a t e  F-22, w i th  f l u o r e s c e n t  i n d i c a t o r ,  0.25 mm gel 
t h i c k n e s s ,  dSo lven t  systems as f o l l o w s :  I (hexane- 
e thy l  a c e t a t e - m e t h a n o l ,  2 - 2 - i ) ;  2 ( m e t h a n o l - e t h y l  
a c e t a t e ,  7 - 3 ) ;  3 (methano l -  n - p r o p a n o l - a c e t i c  a c i d ,  
1 0 - 1 0 - 1 ) ;  4 ( b e n z e n e - c h l o r o f o r m - a c e t o n e ,  I - 1 - 1 ) ;  5 
( e t h y l  a c e t a t e - a c e t i c  a c i d ,  4 9 - 1 ) ;  6 (benzene -e thy l  
a c e t a t e - m e t h a n o l ,  1 5 - 1 5 - 1 ) ;  7 ( c h l o r o f o r m - m e t h a n o l ,  
I - I ) .  

analyzed due to the ve ry  low l e v e l s  of  r ad ioca rbon  
present  in samples c o l l e c t e d  a f t e r  t h i s  t ime .  

Whole u r i ne  was spo t ted  d i r e c t l y  on TLC f o r  
r e s o l u t i o n  of  the rad ioca rbon  p r e s e n t ,  w h i l e  feca l  
samples (5 g) were e x t r a c t e d  by b lend ing  t h o r o u g h l y  
w i t h  20 mL of methanol w i t h  a Wi l lems p o l y t r o n  
homogenizer .  The s l u r r y  was then c e n t r i f u g e d  to 
p r e c i p i t a t e  the r e s i d u e ,  and the methanol e x t r a c t  was 
p i p e t t e d  o f f ,  The res idue  was e x t r a c t e d  an a d d i t i o n a l  
3 t imes w i t h  methanol as b e f o r e ;  r ad i oca rbon  in the 
combined methanol e x t r a c t s  was q u a n t i t a t e d  by LSC and 
then analyzed by TLC. Radiocarbon in the e x t r a c t e d  
r e s i d u e  was determined by oxygen combus t ion .  

Chemical c h a r a c t e r i z a t i o n s  were made by TLC 
compar isons of p roducts  i s o l a t e d  from the e x c r e t a ,  or 
t h e i r  d e r i v a t i v e s ,  w i th  compounds of known s t r u c t u r e  in 
each o f  the seven s o l v e n t  systems used. Where 
p o s s i b l e ,  i d e n t i f i c a t i o n s  were made or conf i rmed w i th  
GLC/mass s p e c t r o m e t r y ,  us ing a Var ian/MAT CH-7 magnet ic  
scan spec t romete r  coupled w i t h  a Var ian  2700 gas 
chromatograph.  The column was a 1 .8 -  m x 2-mm ( I . D . )  
g lass  column packed w i t h  3% SE 30 on Va rapo r t  30. The 
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column temperature was 110~ i n j e c t o r  and de tec to r  
ovens and a l l  t r a n s f e r  l i nes  were mainta ined at a 
s l i g h t l y  h igher  temperature than the column. Helium 
c a r r i e r  gas was mainta ined at a f low rate of 50 mL/min. 
A l l  spectra were recorded at 70 eV. 

RESULTS 

Exc re t i on  and Tissue Re ten t i on .  Carbon-14 was 
r a p i d l y  e ~ r e t e d  a f t e r  a d m i n i s t r a t i o n  of a s ing le  oral 
dose of ~C-DIMP to the cow (Table I I ) .  About 84% 
of the dose was e l im ina ted  in the u r i n e ,  about 7% in 
the feces,  and <0.1% in the m i l k .  The data in Table I I  
i n d i c a t e  tha t  the radiocarbon was r a p i d l y  absorbed and 
excreted by the cow, because samples co l l ec ted  l a t e r  
than 24 h pos t t rea tment  contained only  very low amounts 
of rad iocarbon .  

Combustion ana lys i s  of whole blood samples 
conf i rmed tha t  both absorp t ion  and exc re t i on  were very 
r a p i d .  The sample c o l l e c t e d  2 h a f t e r  t reatment  w i th  
the r a d i o a c t i v e  dose conta ined the h ighest  blood 
res idues observed (1485 dpm/g) but these res idues 
r a p i d l y  dec l ined to undetectab le  l eve l s  (<20 dpm/g) 
w i t h i n  24 h a f t e r  t r ea tmen t .  

Al though only  about 91% of the admin is tered 
rad iocarbon was accounted for  in the u r i n e ,  feces,  and 
m i l k ,  combustion ana lys i s  of numerous t i s s u e  samples 
showed tha t  none contained de tec tab le  rad iocarbon 
res idues .  The t i s sues  analyzed included b r a i n ,  f a t ,  
g a l l b l a d d e r ,  hea r t ,  k idney ,  l i v e r ,  muscle, ovary,  s k i n ,  
sp leen,  u r i n a r y  b ladder ,  and udder. 

Me tabo l i t e  c h a r a c t e r i z a t i o n  - -  Ur ine .  Two-dimen- 
s ional  TLC (systems 1 and 2) of whole ur ine  from 
samples c o l l e c t e d  4, 8, or 12 h a f t e r  t reatment  
revealed tha t  in each case, the ur ine radiocarbon 
cons is ted  of a s ing le  product t h a t ,  based upon TLC 
behav io r ,  was c l e a r l y  not DIMP. Attempts were made to 
ob ta in  the product in q u a n t i t i e s  s u f f i c i e n t  fo r  
spec t ra l  ana lys is  by e x t r a c t i n g  the a c i d i f i e d  ur ine (pH 
~I .0)  w i th  e thy l  ace ta te .  Even though the product 
p a r t i t i o n e d  poor l y  i n to  the orga~,ic phase, repeated 
e x t r a c t i o n  wi th  e thy l  acetate recovered the metabo l i te  
in good y i e l d .  

The ur ine metabo l i t e  was more polar  than DIMP, 
based on i t s  TLC behavior  and p a r t i t i o n i n g  
c h a r a c t e r i s t i c s ,  and i t  appeared l og i ca l  to assume tha t  
the product might be i sop ropy l  methylphosphonic acid 
(IMPA), formed by h y d r o l y s i s  of 1 of the 2 DIMP 
i sopropy l  groups. Subsequent d e r i v a t i z a t i o n  s tud ies  
showed tha t  t h i s  was indeed the case. A s o l u t i o n  of 
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TABLE I I  

E l i m i n a t i o n  of Radios A f te r  Treatment of a 
Lac ta t i ng  Cow wi th  14C-DIMP as a Single Oral Dose 
at I0 mg/kg of Body Weight 

Excre t ion  (cumulat ive  % of dose) 
Hours a f t e r  t reatment  .... M i ik  U r i n e  Feces 

4 _a 29.7 _a 
8 _a 64.9 _a 

12 0 .06  74.5 _a 
24 0,08 b 82.3 6.6 
36 0.08 82.9 _a 
48 0.08 83.3 7.4 c 
72 0.08 83.8 7.4 
96 d 0.08 84.0 7.4 

aSample not c o l l e c t e d ,  bRadiocarbon not 
detected in mi lk samples co l l ec ted  a f t e r  24 h. 
CRadiocarbon ~ o t  detected in feces samples co l l ec ted  
a f t e r  48 h. UCow s a c r i f i c e d  96 h a f t e r  t rea tment .  

the metabo l i te  in e thy l  acetate was added to a 5-ml 
glass ampoule, the so lvent  was evaporated,  and the 
metabo l i te  was then d isso lved  in 1.0 ml acetone. A 
small s t i r r i n g  bar was added, as were i sopropy l  bromide 
( 0 , I  ml) and anhydrous potassium carbonate (100 mg). 
The ampoule was then heat sealed and placed on a hot 
p la te  (wi th  s t i r r i n g )  w i th  s u f f i c i e n t  heat to cause the 
s o l u t i o n  w i t h i n  the ampoule to r e f l u x .  A f t e r  3 h the 
sample, upon examinat ion by TLC, was converted (56% 
y i e l d )  to a product having i d e n t i c a l  TLC behavior  to 
t ha t  of au then t i c  DIMP. The remaining radiocarbon was 
as unreacted s t a r t i n g  product .  Ana lys is  of the 
d e r i v a t i z e d  metabo l i te  by GLC/mass spect rometry  
confirmed that  i t  was indeed DIMP (Table I I I ) .  

I t  was poss ib le  (though u n l i k e l y )  tha t  the 
metabo l i te  had ar isen through h y d r o l y s i s  of both of the 
DIMP isopropy l  groups to g ive methylphosphonic acid 
(MPA), in which case i sopropy l  bromide e s t e r i f i c a t i o n  
could conce ivab ly  convert  the product back to DIMP 
through a t r a n s i e n t  monoester. This p o s s i b i l i t y  was 
ru led out by prepar ing the methyl es ter  of the 
metabo l i te  by i t s  reac t ion  wi th methyl iod ide by use of 
e s s e n t i a l l y  the same procedure descr ibed above for  
p repara t ion  of the isopropy l  d e r i v a t i v e .  Ana lys is  of 
the methyl d e r i v a t i v e  by GLC/mass spect rometry  (Table 
I I I )  confirmed that  i t  was methyl i sopropy l  methylphos- 
phonate (MIMP), and thus tha t  the s ing le  r a d i o a c t i v e  
product in ur ine was IMPA. MIMP was also generated 
from the ur ine metabo l i te  by i t s  reac t ion  wi th an ether 
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TABLE I I I  

Summary of Mass Spectr  1 Data of 
DIMP and MIMP a,~ 

DIMP MIMP 

lon Fragment 

CH3PO(OiPr)2 

m/e RI c lon Fragment m/e RI c 

180 <0. I  d CH~PO(OiPr) 
(OCH3) 152 <0 .~  

CHIPO(OiPr) 
0C2 H4) 165 2.9 

CH3P(OiPr)(OH) 3 139 7.1 

CH3PO(OiPr)(OH ) 138 2.1 

PO(OC H 4) 
CH{OH) 2 123 59.0 

CH3PO(OiPr) 121 7.0 

CH3P(OH)3 97 100.0 

CH~PO(OC~ 
~OCH3 )~H4) 137 26.1 

CH3P(OCH3) (OH)2 I I I  73.7 

CH3PO(OCH3)(OH) I I0  3.0 

CH3PO (OCH3) 93 100.0 

CH3P(OH)2 80 12.6 

CH3PO(OH) 79 29.7 

CH3PO(OH) 79 22.4 

aAbbrev ia t ions as f o l l o w s :  DIMP - d i i s o p r o p y l  
methylphosp~onate, MIMP - methyl isopropyl  methylphos- 
phonate. ~ S e e  OCCOLOWITZ and WHITE (1963) fo r  mass 
spectrum of UParnJ]IMP e- C R l -  r e l a t i v e  i n t e n s i t y ,  base 
peak = I00. t ion not observed. 

so lu t i on  of diazomethane, and i t s  s t r uc tu re  
conf irmed by GLC/mass spect rometry .  

was 

Feces. Methanol e x t r a c t i o n  of the feces sample 
c o l l e c t e d  24 h a f t e r  t reatment  resu l ted  in >99% 
e x t r a c t a b i l i t y  of the radiocarbon present ,  based upon 
LSC of the ex t rac t  and combustion analys is  of the 
ex t rac ted  res idue.  TLC analys is  of the radiocarbon in 
the feces ex t rac t  in solvent systems 1, 2, and 6 
revealed that  in each case 2 r ad ioac t i ve  components 
were present .  One of these,  con ta in ing  97.1% of the 
t o t a l  r a d i o a c t i v i t y  present ,  was apparent ly  i den t i ca l  
to the metabo l i te  seen in u r i ne .  The second product ,  
compris ing 2.9% of the t o t a l ,  was found in subsequent 
experiments to co-chromatograph on TLC with au thent ic  
DIMP in each of the solvent systems used. The DIMP 
i so la ted  from the fecal ex t rac ts  was not obtained in 
s u f f i c i e n t  quan t i t y  fo r  GLC/mass spect ra l  con f i rma t ion  
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of i t s  s t r u c t u r e .  The major fecal metabo l i te  was, 
however, confirmed as IMPA by i t s  reac t ion  wi th  
diazomethane. The methylated feces metabo l i te  exh ib i t ed  
the same TLC behavior  as did the methylated ur ine 
me tabo l i t e .  GLC/mass spect ra l  ana lys is  confirmed the 
methyl d e r i v a t i v e  as MIMP, and thus tha t  the feces 
metabo l i te  was IMPA. 

M i l k .  Only exceed ing ly  low leve ls  of radiocarbon 
were secreted in to  the mi lk of the DIMP-treated cow 
(Table I I ) ,  but attempts were made to determine 
something of i t s  nature.  Mi lk  from the 12-h c o l l e c t i o n  
per iod was separated in to  cream and sk im-mi lk  phases, 
and LSC ind i ca ted  that  a l l  of the mi lk r a d i o a c t i v i t y  
was associated wi th the skim mi lk .  D i rec t  e x t r a c t i o n  
of the skim mi lk wi th e thy l  acetate did not r e s u l t  in 
p a r t i t i o n i n g  of any radiocarbon in to  the organic phase, 
but when the skim mi lk was adjusted to pH ~ 1.0,  ethy l  
acetate e x t r a c t i o n  ( tw ice )  p a r t i t i o n e d  15-20% of the 
radiocarbon present in to  the organic so l ven t .  However, 
a c i d i f i c a t i o n  of the mi lk also resu l ted  in large 
amounts of i n t e r f e r i n g  mater ia l  p a r t i t i o n i n g  i n to  the 
e thy l  ace ta te .  This problem, and the exceed ing ly  low 
l e v e l s  of radiocarbon present in the e x t r a c t ,  did not 
permit  successfu l  TLC ana lys is  of the mi lk 
rad iocarbon.  

V o l a t i l i t y  of DIMP. Several i n d i c a t i o n s  were seen 
in these s tud ies  tha t  DIMP, as might be expected,  is 
qu i te  v o l a t i l e .  In TLC p u r i f i c a t i o n  of the r a d i o a c t i v e  
sample before i t s  a d m i n i s t r a t i o n  to the cow, as much as 
25% of the rad io labe led  sample was los t  from v o l a t i l i t y  
dur ing  sample a p p l i c a t i o n  to TLC, p la te  development, 
and d ry i ng .  So that  add i t i ona l  loss would be minimal ,  
the ra ther  larg~.amount (~3.5 g) of unlabeled DIMP was 
added to the 4C-DIMP s o l u t i o n  ex t rac ted  from the 
gel before c o n c e n t r a t i o n ,  and the so lvent  was not 
complete ly  removed before a d m i n i s t r a t i o n  of the 
compound to the cow. 

A b r i e f ,  simple study confirmed the v o l a t i l i t y  of 
DIMP. A s o l u t i o n  of r a d i o a c t i v e  DIMP (15 ~g in 100~ L 
acetone) was added to the bottom of s c i n t i l l a t i o n  v i a l s  
and the samples were held uncapped in a hood fo r  
per iods up to 4 h. Residual radiocarbon was quan t i -  
tared s imply by adding cock ta i l  to the v i a l s  and 
count ing by LSC. Under these c o n d i t i o n s ,  DIMP r a p i d l y  
v o l a t i l i z e d  from the glass sur faces.  About one- four th  
of the depos i t  was los t  s imply dur ing the evaporat ion 
of the ~ 0  u L acetone c a r r i e r ,  and a f t e r  only i h, >95% 
of the I"C-DIMP had v o l a t i l i z e d .  

The high v o l a t i l i t y  of DIMP per se cont ras ted  
sharp ly  wi th  the very low v o l a t i l i t y  --of i t s  only  

46 



m e t a b o l i t e  in  the  cow, IMPA. S t u d i e s  i n d i c a t e d  t h a t  
who le  u r i n e  f rom the  DI M P - t r e a t e d  cow cou ld  be 
l y o p h i l i z e d ,  at p r e s s u r e s  of  <lO~Hg, w i t h  no d e t e c t a b l e  
v o l a t i l i t y  l o s s  of  the IMPA m e t a b o l i t e .  

DISCUSSION 

These s t u d i e s  have shown t h a t  DIMP was r e a d i l y  
abso rbed ,  m e t a b o l i z e d ,  and e x c r e t e d  by a cow a f t e r  o ra l  
e x p o s u r e ,  and t h a t  DIMP showed l i t t l e  p o t e n t i a l  f o r  
s e c r e t i o n  i n t o  m i l k  or a c c u m u l a t i o n  in  t i s s u e s .  The 
m e t a b o l i s m  of  DIMP in the  cow proceeded t h r o u g h  a 
s i n g l e  m e c h a n i s m - - h y d r o l y s i s  o f  one of  t he  i s o p r o p y l  
e s t e r  l i n k a g e s .  The r e s u l t i n g  m e t a b o l i t e ,  i s o p r o p y l  
m e t h y l p h o s p h o n i c  ac id  ( IMPA) ,  was the  o n l y  r a d i o a c t i v e  
component in  u r i n e  and the  o n l y  DIMP m e t a b o l i t e  in  
f e c e s .  A l t h o u g h  the chemica l  n a t u r e  of the  ve ry  minor  
amount o f  r a d i o c a r b o n  s e c r e t e d  i n t o  the  m i l k  of the  
D I M P - t r e a t e d  cow was not  d e t e r m i n e d ,  t h a t  i t  was not  
DIMP was a lmost  c e r t a i n ,  on the  b a s i s  of  p a r t i t i o n i n g  
c h a r a c t e r i s t i c s .  Because the  a n a l y s e s  of  u r i n e  and 
feces  r e v e a l e d  t h a t  DIMP was a lmost  q u a n t i t a t i v e l y  
m e t a b o l i z e d  to IMPA in the cow, i t  may we l l  be and, in 
f a c t ,  seems l i k e l y  t h a t  IMPA was the major  i f  not the 
o n l y  r a d i o a c t i v e  c o n s t i t u e n t  in  m i l k .  I t  must be 
emphas i zed ,  however ,  t h a t  t h e r e  are no d i r e c t  
e x p e r i m e n t a l  data to s u p p o r t  the  ass ignment  of  the m i l k  
r a d i o c a r b o n  as IMPA. 

A l t h o u g h  o n l y  about  91% of  the  c a l c u l a t e d  
14C-DIMP dose was accounted  f o r  in  the  e x c r e t a  o f  
t he  t r e a t e d  cow, none of  s e v e r a l  t i s s u e s  ana l yzed  
c o n t a i n e d  d e t e c t a b l e  r a d i o c a r b o n  ~ e s i d u e s ,  s u g g e s t i n g  
t h a t  e l i m i n a t i o n  of  the I~C-DIMP dose was 
e s s e n t i a l l y  q u a n t i t a t i v e .  However,  the t i s s u e  a n a l y s i s  
p rocedu re  used was such t h a t  any i n t a c t  DIMP r e s i d u e s  
p r e s e n t  migh t  we l l  have v o l a t i l i z e d  d u r i n g  the  a n a l y s i s  
and thus  were not d e t e c t e d .  I t  may a lso  be t h a t  a l l  or 
p a r t  o f  the about 9% of  the  dose not r ecove red  in  the 
e x c r e t a  r e p r e s e n t s  e x p e r i m e n t a l  e r r o r ,  but  i t  i s  
p o s s i b l e  t h a t  at l e a s t  some o f  t h i s  l o s s  r e f l e c t s  
v o l a t i l i z a t i o n  by any or a c o m b i n a t i o n  o f  s e v e r a l  
mechan isms.  These i n c l u d e  l o s s  of  r a d i o c a r b o n  d u r i n g  
f i n a l  sample p r e p a r a t i o n  b e f o r e  a d m i n i s t r a t i o n  to the  
cow, v o l a t i l i z a t i o n  in  gases e r u c t a t e d  from the rumen, 
and v o l a t i l i z a t i o n  from the e x c r e t a ,  e i t h e r  b e f o r e  i t  
was c o l l e c t e d  or d u r i n g  the  s t o r a g e  and a n a l y s i s  
s t e p s .  
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