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D i c y c l o p e n t a d i e n e  (DCPD) is  a w a s t e - p r o d u c t  
genera ted in the s y n t h e s i s  of  c e r t a i n  c h l o r i n a t e d  
c y c l o d i e n e  i n s e c t i c i d e s .  The compound is  formed by the 
d i e l s - a l d e r  condensa t ion  of two molecules of 
c y c l o p e n t a d i e n e :  

Cyclopentadiene endo (major) 

Dicyclopentadiene 

G e n e r a l l y ,  the endo c o n f i g u r a t i o n  
t i v e l y  favored  over the exo. 

exo (,i, minor) 

(DCPD) 

is  almost q u a n t i t a -  

DCPD is  a contaminant  of  c e r t a i n  groundwater  
s u p p l i e s  in Colorado (ROSENBLATT et a l .  1975) ,  which 
r e s u l t e d  from the d i sposa l  of  p e s t i c i d e  wastes in 
u n l i n e d  ponds or from deep-wel l  i n j e c t i o n  at the Rocky 
Mounta in  Arsenal  under the ausp ices  of the U. S. 
Department of Defense. A l though the d isposa l  of these 
wastes ended no l a t e r  than 1966, DCPD res idues  in the 
sub- to  low-ppm range con t i nue  to be d e t e c t a b l e  in some 
w e l l - w a t e r  s u p p l i e s .  I t  i s  p o s s i b l e  t h a t  DCPD may 
c o n s t i t u t e  a hazard both to l i v e s t o c k  and o ther  animals 
t h a t  d r i n k  contaminated water  and to humans th rough the 
consumpt ion of con taminated  meat or m i l k  s u p p l i e s .  The 
c u r r e n t  i n v e s t i g a t i o n  was under taken to eva lua te  the 
me tabo l i c  and r e s i d u a l  behav io r  of DCPD in c a t t l e ,  and 
to  determine i f  t h i s  compound or i t s  m e t a b o l i t e s  are 
r e t a i n e d  by e d i b l e  t i s s u e s  or sec re ted  i n t o  mi lk  of 
an imals  exposed to DCPD. 

MATERIALS AND METHODS 

DCPD. Both un labe led  and r a d i o c a r b o n - l a b e l e d  
( u n i f o r m  [ 1 4 C ] ,  62.6 mg/mCi) samples of DCPD were 
s u p p l i e d  by the U.S. Army Medical  B i o e n g i n e e r i n g  
Research and Development L a b o r a t o r y ,  For t  D e t r i c k ,  MD. 
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DCPD is qu i te  v o l a t i l e ,  and TLC was i n a p p r o p r i a t e  fo r  
p ~ i f i c a t i o n  of the rad iochemica l .  Thus, the 
[ ~C]DCPD was p u r i f i e d  by column chromatography. 
S i l i c a  gel (25 g, A c t i v i t y  I I I ,  ICN Pharmaceut ica ls ,  
C leve land,  OH) was poured (dry)  i n t o  a ~ x 20 cm 
glass chromatography column, the [ I  DCPD was 
added in 3.0 ml of 20% acetone in hexane, then the 
column was el uted wi th  hexane. The f i r s t  20 ml of the 
column el uate contained the DCPD. Two such ~ lumn runs 
were requ i red  to p u r i f y  the e n t i r e  [ C]sample. 
The sample was r a d i o c h e m i c a l l y  pure on the basis of 
TLC, and GLC/mass spect ra l  ana lys i s  (v ide i n f r a )  showed 
i t  to con ta in  only one peak, whose mass spectrum 
i n d i c a t e d  i t  to be DCPD. The unlabeled DCPD also gave 
a s ing le  peak by GLC (v ide  i n f r a )  whose mass spectrum 
conf i rmed i t  was DCPD. 

Treatment of Cow. A 293-kg l a c t a t i n g  Jersey cow 
was obtained d i r e c t l y  from the m i l k ing  herd of a local  
d a i r y .  The t reatment  cons is ted  of f i r s t  o r a l l y  admin- 
i s t e r i n g  to the animal a s ing le  g e l a t i n  capsule con- 
t a i n i n g  2.93 g of unlabeled DCPD, d a i l y  fo r  5 consec- 
u t i v e  days. This dose was equ iva len t  to I0 mg of 
DCPD/kg of body we igh t /day .  During t h i s  t ime,  the cow 
was held in a small pen and was fed coastal  bermuda 
grass hay ad l i b i t u m ,  and was given 2 kg of crushed 
gra in  concent ra te  at each m i l k ing  ( tw ice  d a i l y ,  at 8 
a.m. and 8 p .m. ) .  Twenty - four  h a f t e r  the f i f t h  and 
f i n a l  dosing wi th  unlabeled DCPD, the animal was moved 
to a s t a n c h i q ~ ,  c a t h e t e r i z e d ,  and given a s ing le  oral 
dose o f  [•  C]DCPD, to which had been added 
s u f f i c i e n t  unlabeled DCPD to make the t o t a l  dose 
equ i va len t  to 2.93 g of DCPD and thus 10.0 mg/kgr The 
t o t a l  radiocarbon given the cow was 4.00 x 10 ~ dpm. 
The s p e c i f i c  a c t i v i t y  was 137 dpm/pg. In p repara t ion  
of the [14C]DCPD dose, the approp r ia te  amount of 
unlabeled ~PD (~2.9 g) was added to the column 
p u r i f i e d  [ C]DCPD before removal of so lvent  in 
order to suppress v o l a t i l i t y  of the labeled 
compound. Care was also taken not to complete ly  remove 
the so lvent  dur ing the concen t ra t i oq~p rocess ,  again to 
suppress v o l a t i l i t y .  Thus, the [I~C]DCPD given the 
cow contained about 5-10 ml of so lvent  in add i t i on  to 
the DCPD. 

Radiocarbon Q u a n t i t a t i o n .  A f t e r  t rea tmen t ,  whole 
blood samples were taken at f requent  i n t e r v a l s  by 
in t ravenous  puncture i n to  the j ugu la r  ve in ,  and t o t a l  
u r ine  and feces samples were co l l ec ted  less f r e q u e n t l y .  
The animal was milked every 12 h. N i n e t y - s i x  h a f t e r  
dosing wi th  [~4C]DCPD, the cow was k i l l e d  and 
several  t i s sues  were taken fo r  radiocarbon a n a l y s i s .  

Upon c o l l e c t i o n  of mi lk and ur ine samples, 0.5-ml 
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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  
count ing (LSC). A cons iderab le  part  of the rest  of the 
samples was then frozen for  l a t e r  s tudy.  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 radiocarbon present in these samples was 
q u a n t i t a t e d  by combustion in an oxygen atmosphere 
fo l lowed by bubbl ing the combustion gases through 
carbon d iox ide  t rapp ing  s o l u t i o n  and count ing by LSC 
( I V I E ,  1978). 

Reso lu t ion of M e t a b o l i t e s .  TLC and high pe r fo r -  
mance l i q u i d  chromatography (HPLC) were used to reso lve 
t ~  r a d i o a c t i v e  components in the excreta of the 
[ ~C]DCPD-treated cow. In a l l  analyses i n v o l v i n g  
TLC, the separa t ions  were made on 20- x 20-cm, 
O.25-mm-thick TLC p l a t e s ,  developed e i t h e r  s ing le  
d imens iona l l y  or in two dimensions.  The so lvent  
systems used were as f o l l o w s :  (1) ch loro form-  
methano l -ace t i c  acid (10 -5 -1 ) ;  and (2) e thy l  ace ta te-  
methanol-acetone ( 1 - 1 - I ) .  

Rad ioac t i ve  components in whole ur ine were also 
s tud ied  by HPLC. The ins t rument  was a Waters Model ALC 
202 l i q u i d  chromatograph, equipped wi th  dual pumps and 
so lven t  programmer. The reverse phase column was a 
~Bondapak C18, 3.9-mm i . d .  x 300 mm. The i n i t i a l  
so lven t  was ~% ace t i c  acid in water ,  at a f low rate of 
1.0 ml /min.  Immediately a f t e r  i n j e c t i o n  of whole ur ine 
(0.2 ml ) ,  a c e t o n i t r i l e  was programmed in to  the so lvent  
at a l i n e a r  rate up to 50% over a per iod of 60 min, 
w i th  the f low rate maintained at 1.0 ml /min.  The 
column e f f l u e n t  was co l l ec ted  as O.5-ml samples ( I  
every 30 sec) d i r e c t l y  i n to  s c i n t i l l a t i o n  v i a l s ,  and 
the radiocarbon in these samples was q u a n t i t a t e d  by 
LSC. 

Whole ur ine was spot ted d i r e c t l y  on TLC for  reso- 
l u t i o n  of the radiocarbon present whereas feces samples 
(5 g) were ex t rac ted  by blending thorough ly  wi th  I0 ml 
methanol wi th  a Willems po ly t ron  homogenizer. The 
s l u r r y  was then cen t r i f uged  to p r e c i p i t a t e  the res idue ,  
and the methanol was p ipe t ted  o f f .  The res idue was 
ex t rac ted  3 more times wi th  methanol as before ,  and the 
radiocarbon 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 tha t  in the ex t rac ted  res idue by 
oxygen combustion. 

Studies were also conducted to determine to what 
ex ten t  the DCPD cow ur ine metabo l i tes  were in the form 
of g lucuron ide con jugates .  In these s t u d i e s ,  whole 
ur ine  (2.5 ml) was added to 0.2 M, pH 4 .5 ,  sodium 
acetate bu f fe r  (2.5 ml ) ,  and the mix ture was readjusted 
to pH 4.5 by the a d d i t i o n  of hyd roch lo r i c  ac id .  A 
s o l u t i o n  of ~-gl ucuronidase (from He l i x  pomatia, 
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Calbiochem, San Diego, CA) was then added. The enzyme 
a c t i v i t y  in each sample was equ iva len t  to about 50,000 
Fishman u n i t s .  The samples were then incubated wi th  
shaking fo r  24 h at 37-38~ then the s o l u t i o n  was 
app l ied  d i r e c t l y  to TLC for  r e s o l u t i o n  of the rad io -  
labeled produc ts .  Samples were also s tud ied in which 
the a c t i v i t y  of the added enzyme had f i r s t  been 
dest royed by heat (lO0~ , 30 min) .  

Whole mi lk (50 g) from the 12 h sampling per iod 
was a c i d i f i e d  to pH 2.0 w i th  h y d r o c h l o r i c  ac id ,  then 
p a r t i t i o n e d  3 t imes w i th  equal volumes of e thy l  
ace ta te .  The combined e thy l  acetate e x t r a c t s  were 
d r ied  over sodium s u l f a t e ,  the so lvent  was removed 
under reduced pressure ,  and the o i l y  res idue was 
p a r t i t i o n e d  between a c e t o n i t r i l e  and hexane to remove 
l i p i d  m a t e r i a l .  Radiocarbon in aqueous, a c e t o n i t r i l e ,  
and hexane phases was q u a n t i t a t e d  by LSC, and the 
r a d i o a c t i v e  components in the a c e t o n i t r i l e  phase were 
s tud ied  by TLC. 

GLC/mass spect roscopy.  Samples of both the rad io -  
labeled and unlabeld DCPD used in these s tud ies  were 
analyzed fo r  con f i rma t i on  of i d e n t i t y  by GLC/mass 
spect roscopy.  The ins t rument  used was a Varian/MAT 
CH-7 magnetic scan spect rometer ,  coupled wi th  a Var ian 
2700 gas chromatograph. The glass column (1.8 m x 2 
mm) was packed wi th  3% SE 30 on Varaport  30. The 
column temperature was IO0~ i n j e c t o r ,  d e t e c t o r ,  and 
separa tor  temperatures were s l i g h t l y  h igher .  Helium 
c a r r i e r  gas was mainta ined at a f low rate of 50 ml/min.  
The spectra were recorded at 70 eV. The r e t e n t i o n  t ime 
of DCPD under these parameters was 2.1 min. The mass 
spectrum of DCPD e x h i b i t e d  d i agnos t i c  ions at m/e 132 
(M T) and m/e 66 (base peak, cyc lopentad iene ion from 
r e t r o  d i a l s - a l d e r  f r a g m e n t a t i o n ) .  

RESULTS AND DISCUSSION 

Excre t ion  and Tissue Re ten t ion .  Radiocarbon was 
qy~te r a p i d l y  excreted a f t e r  oral a d m i n i s t r a t i o n  of 
[~C]DCPD to ~ ] cow (Table I ) .  About 81% of the 
admin is te red  C was e l im ina ted  in the u r i n e ,  
about 4% in the feces ,  and <0.1% was secreted i n to  the 
m i l k .  Only exceed ing ly  low l eve l s  of radiocarbon 
appeared in m i l k ,  and res idues were not detected in 
mi lk  samples co l l ec ted  l a t e r  than 48 h pos t t rea tmen t .  

Radiocarbon in whole blood had reached maximum 
l e v e l s  (290 dpm/g)  w i t h i n  2 h a f t e r  dos ing.  Blood 
rad iocarbon l eve l s  then dec l ined r a p i d l y ,  and res idues 
were not de tec tab le  (<20 dpm/g) in blood samples taken 
l a t e r  than 24 h a f t e r  t rea tmen t .  None of the t i s s u e  
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samples c o l l e c t e d  con ta ined  d e t e c t a b l e  rad ioca rbon  
r e s i d u e s .  T issues i nc luded  b r a i n ,  f a t ,  ga l l  b l a d d e r ,  
h e a r t ,  k i d n e y ,  l i v e r ,  muscle,  ova ry ,  l ung ,  ad rena l ,  
s k i n ,  sp leen ,  u r i n a r y  b l adde r ,  and udder .  

TABLE I 

E l i m i n a t i o n  of Rad.iDcarbon A f t e r  Treatment of a 
L a c t a t i n g  Cow With[L4C]DCPD at i0  mg/kg of 

Body Weight 

E x c r e t i o n  (Cumu la t i ve  % of  Dose) 
Hours A f t e r  Treatment  M i l k  Ur ine Feces 

4 _ a 2 0 . 1  _a 
8 _ a 39.0 _a a 

12 0.03 55.0 - 
24 .04 73.5 2.2 
36 .06 78.3 _a 
48 .07 b 80.1 3.7 
72 .07 81.0 4.1 
96 c .07 81.4 4.2 

Tota l  E x c r e t i o n  85.7% 

aSample not c o l l e c t e d ,  bRadiocarbon not de tec ted  
in mi lk  samples c o l l e c t e d  a f t e r  48 h. CCow k i l l e d  96 
h a f t e r  t r e a t m e n t .  

M e t a b o l i t e  R e s o l u t i o n - - U r i n e .  Two-d imens iona l  TLC 
a n a l y s i ~  of whole u r ine  c o l l e c t e d  4, 8, or 12 h a f t e r  
the [14C]DCPD dose showed severa l  r ad ioca rbon  
l abe led  compounds in the u r i n e ,  but most of these 
p roduc ts  were p o o r l y  reso l ved  and q u i t e  p o l a r .  There 
were no major d i f f e r e n c e s  in m e t a b o l i t e  d i s t r i b u t i o n  
among the samples ana lyzed .  Examina t ion  of whole u r i ne  
by HPLC conf i rmed numerous DCPD m e t a b o l i t e s  in the 
u r i n e .  At l e a s t  14 r a d i o a c t i v e  c o n s t i t u e n t s  were 
r eso l ved  or p a r t l y  r eso l ved  by HPLC a n a l y s i s  of whole 
u~]ne c o l l e c t e d  8 h )a f t e r  a d m i n i s t r a t i o n  of the 
[~'C]DCPD dose (F igu re  I . 

A t tempts  by TLC to o b t a i n  s u f f i c i e n t  amounts of 
i n d i v i d u a l  DCPD u r i ne  m e t a b o l i t e s  f o r  a n a l y s i s  by 
s p e c t r o m e t r i c ,  chemical d e g r a d a t i o n ,  or by 
d e r i v a t i z a t i o n  t echn iques  were hampered f o r  severa l  
reasons .  The r e l a t i v e l y  low c o n c e n t r a t i o n  of 
i n d i v i d u a l  m e t a b o l i t e s  in u r i ne  made these p roduc ts  
d i f f i c u l t  to  o b t a i n  in a p p r e c i a b l e  amounts f ree  of 
normal u r i ne  c o n s t i t u e n t s .  More l i m i t i n g ,  however,  was 
the f a c t  t h a t  the m e t a b o l i t e s  were e x t r a c t a b l e  w i t h  
g rea t  d i f f i c u l t y  from s i l i c a  gel and, i n v a r i a b l y ,  the 
i s o l a t e d  compounds s u f f e r e d  c o n s i d e r a b l e  breakdown, 
u s u a l l y  to  severa l  p r o d u c t s ,  du r i ng  the i s o l a t i o n  
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process .  A t tempts  to use HPLC to i s o l a t e  the 
m e t a b o l i t e s  were a lso  u n s u c c e s s f u l ,  p r i m a r i l y  because 
a n a l y s i s  o f  whole u r i ne  r e s u l t e d  in r a p i d ,  r a t h e r  
severe column d e t e r i o r a t i o n ,  and s e r i o u s l y  a f f e c t e d  
r e p r o d u c a b i l i t y .  A l so ,  m e t a b o l i t e s  t h a t  were i s o l a t e d  
by HPLC were uns tab le  du r i ng  the e x t r a c t i o n  and 
l y o p h i l i z a t i o n  process necessary  to remove the 
aqueous-based e l u t i n g  s o l v e n t .  
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F igu re  1. HPLC r e s o l u t i o n  of . m e t a b o l i t e s  in  whole 
u r i ne  o f  a cow t r e a t e d  w i t h  [14C]DCPD at 10 mg/kg 
o f  body w e i g h t .  The u r i ne  sample analyzed was 
c o l l e c t e d  8 h a f t e r  t r e a t m e n t .  Parameters f o r  the HPLC 
a n a l y s i s  were as s p e c i f i e d  in t e x t .  Samples c o l l e c t e d  
a f t e r  the 95th sample d id  not con ta i n  d e t e c t a b l e  r a d i o -  
carbon r e s i d u e s .  

At tempts  
m e t a b o l i t e s  in 
e x t r a c t i o n  were 
whole u r i ne  w i t h  
the rad ioca rbon  
of  the u r i ne  to 

to o b t a i n  [ 1 4 C ] l a b e l e d  u r i ne  
more concen t ra ted  form by s o l v e n t  
u n s u c c e s s f u l .  D i r e c t  e x t r a c t i o n  of 
e t h y l  ace ta te  gave <3% p a r t i t i o n i n g  of 

i n t o  the o rgan ic  phase. A c i d i f i c a t i o n  
pH 1-2 ,  f o l l o w e d  by e x t r a c t i o n  w i t h  

e t h y l  a c e t a t e ,  l i k e w i s e  was on ly  m a r g i n a l l y  e f f e c t i v e  
because 3 e t h y l  ace ta te  e x t r a c t i o n s  recovered <20% of 
the r a d i o a c t i v i t y  p r e s e n t .  In the l a t t e r  case, high 
l e v e l s  of  i n t e r f e r i n g  m a t e r i a l s  in the e x t r a c t s  made 
subsequent  m e t a b o l i t e  i s o l a t i o n  a t tempts  u n s u c c e s s f u l .  
Other  procedures a t tempted were a lso u n s u c c e s s f u l .  

Chemical and Enzymat ic  H y d r o l y s i s  o f  Ur ine  
M e t a b o l i t e s .  I n c u b a t i o n  of  whole u r i ne  w i t h  
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B-glucuronidase c l e a r l y  showed that  at leas t  65% of the 
t o t a l  u r i n a r y  radiocarbon was in the form of 
g lucuron ide conjugates ( tab le  I I ) .  Incubat ion  of whole 
ur ine  from the DCPD-treated cow in bu f fe r  (no enzyme) 
or wi th enzyme that  had been heat deac t i va ted  (bo i l ed  
enzyme) resu l ted  in l i t t l e  change in TLC behavior  of 
the radiocarbon present .  Only about 7% of the 
radiocarbon in these samples was assoc iated wi th  
products of "h igh"  TLC Rf (Table I I ) .  However, in 
those samples tha t  were incubated wi th  ac t i ve  
B-g lucuron idase,  mo re  than 70% of the radiocarbon 
migrated to a h igher  TLC R f ;  thus ,  the g lucuron ides 
had been cleaved to y i ~  aglycones of reduced 
p o l a r i t y .  On the basis of TLC, at leas t  3 d i s t i n c t  
ag]ycones were formed as a r e s u l t  of ~-g lucuron idase 
h y d r o l y s i s .  Acid h y d r o l y s i s  of the components in whole 
ur ine gave r e s u l t s  s i m i l a r  to those obtained upon 
B-glucuronidase incuba t ion  (Table I I )  except tha t  at 
leas t  5 products of h igher  TLC Rf appeared to be 
generated. I t  may well be and in fac t  seems l i k e l y  
tha t  some of these products resu l ted  from a d d i t i o n a l  
degradat ions in the acid media. 

TABLE I I  

TLC Behavior of Urine Metabo l i t es  From a 
[14C]DCPD-Treated Cow A f te r  Incuba t ion  With 

B-Glucuronidase or Hydro l ys i s  With I N Hydroch lo r i c  
Acid a 

Products at I nd i ca ted  Rf 
Range(%)~ 

Hyd ro l ys i s  Procedure 

None, whole uriDe 97.2 
~-GI ucuroni dase 

no enzyme 92.7 
bo i led  enzyme 92.6 
a c t i v e  enzyme 25 .2  

I N Hydroch lo r i c  acid c 26.4 

0 .0 -0 .5  0 .5 -1 .0  

2.8 

7.3 
7.4 

74.8 
73.6 

aur ine co l l ec ted  8 h a f t e r  dosing,  bsee t e x t  fo r  
i ncuba t i on  c o n d i t i o n s .  CWhole ur ine adjusted to I N 
wi th  HCI, then held fo r  30 min at IO0~ dAs 
determined by d i r e c t  s ing le  dimension TLC ana lys i s  of 
the h y d r o l y s a t e ,  developed in ch loro form-methano l -  
ace t i c  acid (10 -5 -1 ) .  

Feces. An~l, y s i s  of the feces sample co l l ec ted  24 
h a f t e r  the [I~C]DCPD t reatment  revealed tha t  84% 
of the very low amounts of radiocarbon present was 
e x t r a c t a b l e  wi th methanol. TLC ana lys is  of the e x t r a c t  
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f o l l o w e d  by r a d i o a u t o g r a p h y  i n d i c a t e d  t h a t  in  s o l v e n t  
system 1, a l l  o f  the  e x t r a c t e d  feces r a d i o c a r b o n  was 
a s s o c i a t e d  w i t h  a s i n g l e  component of  Rf. ~ 0 . 5 .  The 
p r o d u c t  was not DCPD, i t  was a v a i l a b l e  in  o n l y  ve ry  
l i m i t e d  q u a n t i t y ,  and l e v e l s  of  i n t e r f e r i n g  m a t e r i a l s  
were too h igh  to p e r m i t  f u r t h e r  s t u d i e s  of i t s  n a t u r e .  

M i l k .  A l t h o u g h  <0.1% of the  a d m i n i s t e r e d  r a d i o -  
carbon was s e c r e t e d  i n t o  the  m i l k  of the  DCPD- t rea ted  
cow, a t t emp ts  were made to d e t e r m i n e  someth ing  of i t s  
n a t u r e .  E x t r a c t i o n  of  a c i d i f i e d  whole m i l k  w i t h  e t h y l  
a c e t a t e ,  w i t h  subsequen t  c l eanup  by h e x a n e - a c e t o n i t r i l e  
p a r t i t i o n i n g ,  r e s u l t e d  in  43.0% of  the m i l k  r a d i o c a r b o n  
r e s i d i n g  in  the  a c e t o n i t r i l e  and 2.8% in  hexane;  54.2% 
remained u n e x t r a c t e d  from the  aqueous phase.  TLC 
a n a l y s i s  of  the  a c e t o n i t r i l e  phase i n d i c a t e d  t h a t  i t  
a p p a r e n t l y  c o n t a i n e d  o n l y  a s i n g l e  r a d i o a c t i v e  p roduc t  
t h a t  was not DCPD. The p roduc t  had an Rf o f  1.00 in  
s o l v e n t  system 1 and 0.56 in  s o l v e n t  system 2. The 
a v a i l a b i l i t y  o f  the  p r o d u c t  in  o n l y  e x c e e d i n g l y  low 
q u a n t i t i e s  p r e v e n t e d  d e f i n i t i v e  s t u d i e s  of i t s  chemica l  
n a t u r e .  

CONCLUSIONS 

DCPD is  s u b j e c t e d  to r a p i d  and e x t e n s i v e  
m e t a b o l i s m  a f t e r  o ra l  exposure  to a l a c t a t i n g  cow. Of 
the  t o t a l  r a d i o l a b e l e d  dose a d m i n i s t e r e d  to the a n i m a l ,  
about  86% was r e c o v e r e d  in  the  u r i n e  and f e c e s ,  and 
o n l y  t r a c e  amounts were s e c r e t e d  i n t o  m i l k .  The 
p o r t i o n  of  the  dose not accoun ted  f o r  in  the  e x c r e t a  
may r e f l e c t ,  in  p a r t ,  e x p e r i m e n t a l  e r r o r ;  bu t  q u i t e  
p r o b a b l y ,  because of the r e l a t i v e l y  h igh  v o l a t i l i t y  of 
DCPD, some of the  a d m i n i s t e r e d  m a t e r i a l  may have been 
e l i m i n a t e d  t h r o u g h  gases e r u c t a t e d  from the  rumen or 
perhaps even t h r o u g h  r e s p i r a t i o n .  The f a c t  t h a t  more 
than  80% of  the  a d m i n i s t e r e d  dose was u l t i m a t e l y  
e x c r e t e d  in  the  u r i n e  and o n l y  about  4% in feces 
i n d i c a t e s  t h a t  t he  o r a l l y  a d m i n s t e r e d  compound was 
e x t e n s i v e l y  absorbed from the g a s t r o i n t e s t i n a l  t r a c t .  
The e x t e n t  of r a d i o c a r b o n  e l i m i n a t i o n  t h r o u g h  the feces 
was p o s s i b l y  g r e a t e r  than  t h a t  i n d i c a t e d  in  Table  I 
because any i n t a c t  DCPD t h a t  might  have been e l i m i n a t e d  
in  the  feces would a lmost  c e r t a i n l y  have s u f f e r e d  some 
v o l a t i l i t y  l o s s  be fo re  c o l l e c t i o n  and p o s s i b l y  more 
e x t e n s i v e  l oss  d u r i n g  a n a l y s i s .  A l s o ,  even though  
r a d i o c a r b o n  was not d e t e c t e d  in  any t i s s u e  samples 
a n a l y z e d ,  the  p o s s i b i l i t y  t h a t  such r e s i d u e s  were 
indeed  p r e s e n t  cannot  be r u l e d  out  because of the  
v o l a t i l i t y  of  DCPD. 

L i t t l e  was l e a r n e d  about  the  chemica l  n a t u r e  of  
DCPD m e t a b o l i t e s  d u r i n g  t h i s  s t u d y  excep t  t h a t ,  in  
u r i n e ,  t h e y  are p r i m a r i l y  in  the  form of g l u c u r o n i d e  
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con jugates .  I t  may well be tha t  these metabo l i tes  in 
the cow arose, at leas t  in pa r t ,  through epox ida t ion  of 
one or both of the DCPD double bonds, fo l lowed by 
h y d r o l y s i s  of the epoxides to d i o l s  (or poss ib l y  epoxy 
d i o l s  or t e t r a o l s ) ,  then u l t i m a t e l y  con jugat ion  w i th  
g lucuron ic  ac id .  

The cur ren t  s tud ies  suggest tha t  l ow- leve l  
exposure of ruminants to DCPD w i l l  not r e s u l t  in 
apprec iab le  r e t e n t i o n  of residues by ed ib le  t i s sues  or 
t h e i r  sec re t i on  i n to  mi lk .  Although the r e t e n t i o n  of 
some DCPD residues by t i s sues  cannot be a b s o l u t e l y  
ru led out ,  the r e l a t i v e l y  high v o l a t i l i t y  of the 
compound makes i t  almost c e r t a i n  tha t  normal food 
p repara t ion  procedures w i l l  prevent residues from 
reaching the human food supply.  Recent s tud ies  in t h i s  
l a b o r a t o r y  have shown tha t  DCPD is not apprec iab ly  
t o x i c  to c a t t l e  (PALMER 1979), thus the exposure of 
these animals to low leve ls  of DCPD in the environment 
w i l l  not l i k e l y  r e s u l t  in any s i g n i f i c a n t  t o x i c o l o g i c a l  
hazard. 
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