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-4SSAY OF TRITlUbI ACTIVITY 1s BODS FLUIDS WI'rIE USIC c.aF A 
LIQUID SCINTILLATION SYSTEbI 

W. H. LANGH.W. PH.D., IF'. J. EYERSOLE, PH.D..* F. N. H A ~ E S .  P E I . ~ ~  tND 
T. T. TRL-JILLO. B.S. 
Los ALAYOS, S. 11. 

ECAUSE of the advantages of tritium water (HTO) as a tracer for ordinary B water in studies of water metabolism, fluid balance. and water tritmfer, 
tritium is asauming an increasingly important role as a radioactive trarer.' The 
assay of tritium in bblogic materials is complicated, however, by its very  OW 
beta particle energy (Ep - 5.69 kev) . 

Pinson' in his early studies completely distilled the water from body fluids 
and, by means of a reduction furnace, produced hydrogen and tritium gas. 
These gases were pumped into an ionization chamber and the current measured 
with an electrometer. Other techniques have been developed that involve 
ionization chamber measurenients and/or proportional and Geiger counting of 
a variety of gaseous samples, for example, acetylene, methane, propane, and 
water vapor.3 

Hayes and Oould,' and Farmer and BersteinJ later described a liquid 
scintillation method that was satisfactory for the assay of tritium water and 
tritium-labeled sterols, but they presented no speciflc procedures for the assay 
of biologic fluids. The present study was undertaken to develop a shorter and 
more reliable method, based on the liquid scintillation principle, for the assay 
of tritium activity in various body fluids. Okita, Spratt, and LeRoy' developed 
a simplified method for the assay of HTO in human urine which is based on 
the m e  principle. Their method, however, differs in some respects from the 
procedure reported here and appears to have less pmision. 

MATERIALS AND HETRODS 

The apparatm for counting the tritium nctivity wan a fwt coincidence liquid 
scintillation counter, deiigned and constructed at thin laboratory,' as shorn in Fig. 1.t 
The photomultiplier tubes rem encawcd in s ?-inch lead lield (Fig. 2)  and houlsd in a Deep- 
freeze unit at a temperature of 0 to 4. C. The counting eSciency varied from 6 to @ pdr 
cent, depending on the quenehing propertiei of the mmple sptm used. Coincidence back- 
founds were 70 to 100 c.p.m. 

T h  wintillation rolution n i d  in all w y s  was prapuzd BS follows: 7 Gm. of 2,5- 
diphanyloxazole (PPO), SO Qm. of naphthalene: (recrystallized from alcohol), and SO mg. of 
I,l~di-[2-(5-phenylox.zoIyl) ]-benzene (POPOP) mnde up to 1 likr with pdioxane.9 

From tho Lo. U M o o  Scltntldc Laboratory, Unlverrlty of Cellfornlr, Loa Alamw. N. M. 
T U  work wai  doae under the aurplcei of the AEC. 
Facelved for publlcatloa Oct. 24. 1966. 
.Department of B l o l ~ .  Unlvarnlty of New Yarlco. 
tAxuloam of thlr countlnc awtem are now avallabla commercirlly. 
tEutmrrr KodrL Company. 
I1,ldlaune (A. R Grade, Stock No. 2347) Matheson. Coleman md Bell, Norwood, Ohia 
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hour hefore counting. 

-- 
Flu. LL-Countlng chamber of the tcut coincldeaa llauld sclntlllation counter, ahowInE l e d  

8hield. sample holder, and preumplinera. 

The 8tandard and bnckground blank were prepfiled by the d d i n g  of 1 ml. of HTO 
(or a g t i h d  water) to 24 ml. of scintillation rolution. 
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b t  *rum may be :,sjayaxj fur  tritiulit I c ' t i b i t y  111 :I mniiner i d e n t i d  to tliat uwd I , , I  

human Berum. Addition of trichloros~tic acid is ewential for  contplcti* rn-ovrry i n  I\UIII:\I~ 
semm but not for rat .serum (see Hcaultr w i l d  Disruwionj. 

H w u n  and Hot Drinc- Tritiated rrrinv waa decolorized with activnted cl~:ww:tl.* Tlw 
charcoal (0.3 am.) was placed in a ?.cat. flnepore, fritted-gl-s Buchner funnel, nnd 2 ntl. 
of urine was drawn through the cI:Rrr.od id very rapidly hy suction. 011s millilittv of 
rlceolorized urine wns transferred to :L 10.ml. rentrifuge tube and 24 ml. of zrintillntiilii .,nlu- 
tion was added. The resulting turbit[ pohtion was centrifuged at 2,300 r.p.111. for 10 iiiiiiurzd 
and the clear supernatant WSI transfetrrd to a counting bottle. The wniyle z:ts c w h l  f u r  
npproximatelg one hour at 2 to 3' (2. hefore counting. 

The atandwd and the hackground hlank were prepared by the addition o f ,  rPspt'vtittsl!', 

1 ml. of charcoal-processed urine and 1 mi. of distilled water to 24 ml. o f  rcintillntiutt 
solution. 
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dppliwth of MISthodr to the Study of W'ottr dbrorptwn and f i r f r ib l l t iun  0 

Euarol, Bidjmt.--In order t o  teat the applhbbility of the nethodn, an rxprrirrlrst 
ddgned to determine the rate of ab6orption and distribution of iageaterl HTO by a i i w w l  

humus subject. A imted normal man (weight 126 pounds) ingested 3 mc. of RTO in MI1 nil. 
Of water, after which venoua blood aamplcs were drawn and urine samples colleetrd a v T  
t o  10 minutes for spproxim*tely two hours. 
liquid scintillation method and the results w e  given in Fig. 3. 

The sampler warp rscayrd for tritium b!' 

RESULTS AND DISCCUGSIOX 

A8 seen in Table I, the meth& employed for determining tritilwl in 
blood sera of either humans or rats were accurak~ and reliable. Recorrv in)!:' - 

*Fisher. 10 nicmh. 
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The data in Fig. 3 show the tritium activity in the water of blood serum and 
urine from a normal male followhg ingeation of HTO. The values for urine 
samples were plotted on the abscissa at  the midpoint of the collection period, 
rather than at the end. In the calculation of the tritium activity in terms 
of microcuries per milliliter of serum and urine water, it was assumed that 
serum is 92 per cent and urine 98 per cent water. Sinee recovery of tritium in 
serum was 3 per cent greater than in urine, a corresponding cormtion was made 
in the urine values before they were plotted. 

Theae data show that the method fan both urine and blood aerum gave 
water absorption and distribution patterns quite in keeping with the expected 
normal for water metabolism in man. Both urine and serum reached their 
peaks in tritium activity within 20 minutes after the ingestion of HTO and it 
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would appear that was in equilibriuiil with all bot]?. ttuids wit l i i i i  30 
minutes. On this basis, it was estimated that the total body wRter in thir iri- 

dividual was approximately 55 per cent of the h d y  weight.  
The methods reported here for the assay of tritium in body fluids apprnr 

to be simple and reliable. The mean recovcv values obtained for t,nri;iiol 
blood serum and urine were at  least 97 per cent of the enpectecl values and t lw 
error was relatively small ( < 3  per cent). 

SUCCW was encountered in the search for a scintillation solntioii t h t  
would: (1) when mked with HTO produce a high photon yield, and (2)  be 
completely miscible with water. 

Furst, Katlmann, and Brown' found recently that the additioit u l  

naphthalene to a solution of PPO in a mixture of dioxane and water incrcnscd 
the fluorescence intensity of such a solution. A similar system for thc assay 
of tritium activity in body fluids was tried. Not only was their solute combinn- 
tion a satiefactory one for determination of HTO in aqueous media, but it cud*l 
be improved by the addition of still another secondary solute, namely, POP(b1'. 

scintillator solution in the presence of 1 ml. of water). 
The yelIow pigments in human serum (but not present in rat wriiiii\ 

produce low results and must be removed. Charcoal filtration did not rrniove 
theae pigments but trichloroacetic acid decoIorized human serum sirnultnncoinl~ 
with the precipitation of the Berum proteins. Two milliliters of 10 per v t u 1  

trichloroacetic acid mixed with 1 ml. of tritiated serum, when centrifuwl, piv1' 

2.5 ml. of a colorless supernatant. One milliliter of the supernatant, repwwnt- 
ing one-third milliliter of serum, was counted and values expressed in teniw 
of activity in 1 ml. of serum. Rat serum did not have to  be procased with 
trichloroacetic acid for full recovery, because addition of rat serum to  hb 
Wintillation solution and subsequent centrifugation resulted in the fornlnt i l m  

of 8 clear supernatant fluid that could be decanted from the settled protoin 
Precipitate. However, rat serum can be proceased in the same nianner as 
human serum. It is important that serum samples be colorless and protcin-lm.. 

A number of precautionary steps in the procedure are worth considerafiull. 
Since addition of trichloroacetic acid to Rerum had a quenching effect, pro1ilbr- 
tional to the amount of acid used, standard and blank samples must be prcpurt*i 
with uae of the same amount of acid and the same conditions used in the prepam. 
tion of the samples. Slight turbidity of samples resulted in falsely high 3n11 

variable recoveries; therefore, care must be taken not to transfer preeipitiltC*1 
protein to the counting bottle. Cooling of samples below the freezing P i l l [  

of water should be avoided, since such temperature may cause samples to 
come turbid. Counting bottles should be of optically clear glass t o  avoiI1 I l l8*  
poesibility of low results from loss of light. Only nonabsorbing stoppers hd4l 
be used to avoid possible sample contamination. 

These methods for the determination of tritium in serum and ariilb' 

probably be adapted to the analyses of other body fluids. 

thus increasing the efficiency of counting HTO in a small, volumc (- ?4 Kd. Uf 
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hULIMAR'i 

Simple and rapid rtietliods tiate been tle\eloyed i ) I *  the deteraindiiwi 
tritium water (HTO) in mamni.iliiiti serum and urinr JIeari recwvcry vnlucs 
obtained for tritiated blood serum and urine were at east 97 per  cent o f  tiit! 

expected values and the errur WIM relative1:i small (<3 per rent). 
In order to obtain consistent and reliiible values for tritium icticity, we 

were necessitated to remove proteins and pigments froni all samples. In  liuniari 
Serum this was accomplished by the use of trichloroacetic acid. Rat serum did 
not contain enough pigments to make decolorization necessary. Urine was 
demlorized by filtration through activated charcoal, and cleared urine was 
added directly to the scintillation solution. After centrifugation and decanting, 
the clear supernatant solutions were placed in optically clear glass counting 
bottles, chilled for one hour at  2 to 3" C., and counted. 

These procedures were shoxvn to be applicable to the study of water absorp- 
tion and distribution studies in II normal human using HTO. 
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