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Pacific Northwest Laboratories 

Daw April 1 7 ,  1978 

To H. M .  Parker, Chairman 

S~lIwcl  Request t o  Consider the Proposed Studv: 
"Urinary Excretion of Metals and  DTPA 

00091 9 9  

Internal Distribution 

F i  1 e/LB 

I have enclosed a copy o f  the 189 e n t i t l e d  "Urinary Excretion of Metals 
and DTPA", which proposes t o  study t r a c e  metal concentrations and 
chemical forms o f  DJPA i n  urine specimens obtained from I)E;-=ED 
I am s u b m i t t i n g  this proposed study f o r  Human Subjects Committee consi- deration. In this connection, I understand t h a t  bl3-w~ has waived 
cer ta in  r igh ts  of confident ia l i ty  w i t h  respect t o  s c i e n t l f l c  studies per- 
formed i n  connection w i t h  his accidental exposure and follow-up period of 
treatment. I will await your recornendation concerning any measures t h a t  
m i g h t  be required r e l a t i v e  t o  human subjects consideration. 
need any fur ther  information, please l e t  me know. 

If you wil l  

DRK: kac 

Enclosure 
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Urinary Excretion of Metals and DTPA 

17. Reactor Concept: Not applicable. 

12. Strateqic ,  Precious and S .  F. b t e r i a l s :  None. 

13. Publications Since January 1977 (Other than Topics1 t r  Progress Remrts ) :  
new project.  

routine urine soeciwns f o r  metals a n d  DTPA i n  o m f r  t o  c ~ m a r e  the r m E % r i t s  0: 
t h e  Ca-DTPA and Zn-DTPA a d m i n i s t r a t i o n  schedules used t o  FrolnDte his Excretion of 

I t  will be w i t h i n  the scope of this project t o  ( 1 )  t e s t  f o r  abncrrrrial excretior : L :h. 
o f  essen'tia? b-ody metals, ( 2 )  determine the effectiveness o f  oral z i n c  supplements i n  
i n h i b i t i n g  the excretion of these metals and ( 3 )  r e l a t e  t h E  emounts a n d  forms o f  DTPA 
s a l t s  excreted i n  urine t o  those administered intravenously. All of the urine samples 
available a t  t h i s  time will be analyzed. 
cians i n  regulating the dosage of DTPA s a l t s  during treatment of pat ients  contaminatec 
With radionuclides and t o  judge the adequacy of animal models f o r  predicting the 
e f fec ts  of DTPA s a l t s  on man. 

t h e ;  

1 4 .  Purpose, Need and Scope: The purpose of t h i s  project i s  t o  analyze 'S 

This information is needed t o  guide physi- 

15. Relztionship t o  Other Projects:  This project i s  re la ted  t o  the DOE-funded invest i -  
g a t i o n ,  "Removal of Deposited Radionucljdes", a n d  would  complehent i t  by p r o v i d i n g  
h m a n  excretion d a t a  f o r  comparison w i t h  i t s  aninal excretion data.  

Technical Prowess i n  FY 1978: 
mine the f e a s i b i l i t y  of inexpensive multi-element analyses on the I j P L s ~ ~  bioassay 
sanples have already been carried out i n  ant ic ipat ion of the need f o r  such wrk.  
X-ray fluorescence ( X R F )  spectroscopy was selected as the analyt ical  method because 
i t  was found capable o f  determining simultaneously the concentrations of 22 elements 
including a l l  o f  the metabolically important t race  metals. I n  a d d i t i o n ,  t h i s  method 
~ l l o n s  the samples t o  be essayed while completely sealed i n  Hylar film, thus minini- 
zing the hazard of contaminating expensive analytical  equipment and the lbborstory 
area. Homogeneous a l iquots  of e i ther  the urine o r  feces  specimens were dr ied,  coi;- 

The s e n s i t i v i t y  Of 
the method was found t o  be a t  l e a s t  one order o f  mbgnitude below the values actual ly  
f o u n d ;  and i n  the  case o f  the urine samples, the s e n s i t i v i t y  was found t o  be a t  
l e e s t  one order of magnitude be'low the lowest values found i n  the l i t e r a t u r e  for 
nornal individuals . . 

I 

.. * 

16. Although t h i s  i s  a ne; project ,  msasurernents to'deter- 

, pressed and sealed w i t h i n  a Mylar envelope, and then analyzed. 

X-ray fluorescence analysis  of seven DELETES urine samples c lear ly  shoued,the i n -  
crEesed excretion of z inc and lead following treatment by Ca-DTPA. lncrersed excrf- 
t ion o f  other  metals wzs a l s o  indicated but  could n o t  be s t a t i s t i c a l l y  ver i f ied f ro3 
the few msesurenents Eade and t h e  large range of l i t e r a t u r e  values f o r  normal 
individuals.  

17. 

0 0 0 9 2 0  I 

Expected Results i n  FY 1978: 
valid essay method for  t o t a l  DTPA i n  the  excreted urine o f  animals and man. 
ment will be based on nethods described i n  the l i t e r a t u r e  b u t  would  be directed 
toward  overcoming t h e i r  l imitat ions i n  s e n s i t i v i t y  and s u s p e c t i b i l i t y  t o  urinary 
interferences.  

The f i r s t  step i n  t h i s  project  will be developnent of a 
Develop- 

k detect ion level o f  10'5K - will be sought since the method could then 

20 
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detect  an t ic ipa ted  urinary concentrations o f  DTPA f o r  a t  l e a s t  16 hours a f t e r  the 
usual l-gram inject ion of Ca- o r  Zn-DTPA i n  man. 
magnitude l e s s  than t h a t  detected i n  urine by published methods, b u t  i t  i s  s t i l l  
within the analyt ical  capabi l i t i es  for  detecting DTFk i n  the  cbsence of in te r fe r r ing  
substances and is  considered an a t t a i c t b l e  goal. 

T h i s  level  i s  a t  l e a s t  one order o f  

Subsequently, a l l  o f  the 600 current ly  evailable Wtmfl urfif  specicens will be 
analyzed f o r  DTPA by the above method m d  f o r  metals by X K F  spectroscopy. 
centration and t o t a l  content of the followins e l m e n t s  w i l l  be determined (those 
considered essent ia l  for normal netebol is?  are under1 i r e d )  : 

The con- 

Na P S C1 K Ca Ti V Cr Mn Fe Co ------ 
Ni Cu Zn Ga As Br Rb 2 Hg Pb --- 

The same samples analyzed by XRF spectroscopy would be counted f o r  241hrn content on a 
high-resolution spectrometer w i t h  an i n t r i n s i c  germanium diode detector  a n d  optimized 
f o r  lowenergy pho ton  counting. 
chloride ions i n  each urine specimen will  be carr ied out u t i l j z i n g  electrodes selec- 
t ive  for these ions. 

In addi t ion,  supplezental analyses f o r  sodiurr, 2 n d  

18. Expected Results i n  FY 1979: 
by the end o f  FY 1978, full exploration of the re la t ionships  between the d a ? a  i s  
expected t o  reouire  time i n  FY 1979. A l s o ,  separation of the f ia jor  metal-DTPA a n d  
An-DTPA chelates  i n  selected urine samples will be attempted using chronatogrzphic 
techniques. I f  successful,  the  contention t h a t  some t i g h t l y  bound americium conplex 
i s  excreted w i t h o u t  being chelated t o  DTPA will be tes ted  by determining whether the 
Am-DTPA f r a c t i o n  accounts f o r  a l l  or only a portion o f  the  urinary americium. 

Although most of the ana ly t ica l  work should be cor4pletec 

The analyt ical  d a t a  will be correlated w i t h  time of sample co l lec t ion ,  time a n d  a m u n t  
o f  DTPA treatment,  time and amount of oral zinc administration a n d  any avai lable  
dietary data .  T h i s  information will  be examined s t a t i s t i c a l l y  f o r  possible abnoma1 
excretion rjf various elements. To do  t h i s ,  measured data wil l  be compared with 
l i t e r a t u r e  values,  and they will a l so  be examined f o r  cons is ten t ly  decreasing values 
indicat ive of metal depletion. As a back-up t o  l i t e r a t u r e  values i n  es t ina t ing  the 
normal range of  excretion values, urine samples from a group of leboratory volu6teers 
will be col lected and assayed u t i l i z i n g  the same ana ly t ica l  equipment. The  advice 
a n d  a i d  of the Battelle-Northwest S t a t i s t i c s  Section wil l  be u t i l i zed  i n  these a n d  
cther cornparisons t o  be made i n  t h i s  project .  

The correlated data will a l so  be examined f o r  evidence showing the e f f e c t  of oral  z i n  
supplements on the  excretion of essent ia l  mstals and on 2‘1Am excretion. 
ships will  be sought which suggest appropriate use of these supplements d u r i n g  
DTPA therapy. 

The var ia t ions of urinary DTPA concentrations w i t h  time a f t e r  intravenous inject ion 
will be used t o  estimate the  k ine t ics  of DTPA release from the body. The concentra- 
t ion r a t i o s  o f  americium t o  DTPA i n  the urine samples wil l  be analyzed i n  an attea?: 

Relation- 

0 0 0 9 2 0 2  2011 
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to ident i fy  the DTPA concentrations r e q u i r e d  for best removal o f  americium. 
information should be of value t o  physicians i n  e s t a b l i s h i n g  mre effect ive DTPA 
regimens f o r  optimal remval of radionuclides. I n  addition, the evolved relation- 
ships between the human data will  be compared w i t h  the resu l t s  of snirral experiments 
&scribed i n  the l i t e r a t u r e  i n  order t o  judge t h 2  adequacy of  a n i m l  mdels  f o r  p r e -  
d i c t i n g  the e f fec ts  o f  DTPA s a l t s  on mn. 

Such 

Finally,  a comparison will be rade of  the relat ive h e r i t s  i n  the several Ca- and Zn- 
DTPA administration schedules used i n  pramting excretion o f  24 'Am. 
resu l t s  will include data showing the e f f e c t s  of dai ly  s ing le  a n d  multiple admini- 
s t r a t i o n s  of Ce- and Zn-DTPA, as well as the cun3laiive e f f e c t s  of  protracted 
administration of these compounds. 
metals observed a f t e r  each type of administration wil l  be correlated i n  order t o  
provide a balanced view o f  the merits i n  the various schedules. ' 

The analytical  

The excretions of 24'h and essent ia l  t race  

Description and Jus t i f ica t ion  of Major I ' laterials, Equ ipmen t ,  and Other Unusually 
S igni f icant  Cost Items: None 

Comnts:  Contributing invest igators :  K. K. Nielson, X-ray fluorescence spectros- 
copy; V. H .  Smith, DTPA pharrriicology; and M. A. k'incek, s t a t i s t i c a l  analysis.  

I 


