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S U M MA R Y 

This paper describes the  qual i ty  control procedures f o r  ra- 
dioactive materials destined f o r  pat ien t  use a t  the National 
I n s t i t u t e s  o f  Health. The Radiophamceutical Section i s  res- 
ponsible for a t t e s t i n g  t o  pharmaceutical qual i ty ,  while the  Ra- 
d ia t ion  Safety Section performs per-wit-volume assays and ra- 
dionuclidic p u r i t y  checks on these materials.  Q p e s  and exani- 
p l e s  of product error are presented as well as s t a t i s t i c a l  da- 
t a  on essay discrepancies. The frequency o f  error during the  
past t en  years ind ica tes  t h e  necess i ty  o f  continued q u a l i t y  
control t e s t i n g  o f  a l l  radioactive materials,  regardless o f  
source of supply and pr ior  administration t o  pat ien ts .  

INTRODUCTION 

This paper presents quality control data on radioactive materials used in 

patients for diagnostic. therapeutic and research studies a t  the National 

Institutes of Health (NIH).  

radiophamceuticals, 1.e.. materials which have been certified as to their 

For the most part, these are collnerclally supplied 
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s t e r i l i t y ,  apyrogenicity. and t o  t h e i r  medicinal and pharmaceutical qua l i t i es .  

However, stnne rad ioac t ive  mater ia ls which are  radiochemical grade upon rece ip t  o r  

are in-house labeled are fonnulated i n t o  radiopharmaceutical grade p r i o r  t o  use. 

Regardless o f  the  source o f  the mater ia l ,  the U. S. Atomic Energy Conmission's 

(AEC) c r i t e r i a  f o r  l icensure o f  medical programs (1) requires tha t  the 

pharmaceutical qua l i t y  and assay o f  byproduct mater ia l  be established before i t s  

use i n  humans. A t  NIH, the Radiophannaceutical Section i s  responsible f o r  

a t tes t i ng  t o  pharmaceutical qua l i t y .  whi le the Radiatlon Safety Section i s  

responsible f o r  the assay and rad ionuc l id fc  p u r i t y  v e r i f i c a t i o n  o f  these 

radioact ive materials. 

PHARMACEUTICAL QUALITY 

The qua l i t y  control  procedures rou t i ne l y  perfonned by the Radiophannaceutical 

Section include: labe l  check; v isual  inspection; determination o f  radiochemical 

pur i t y ,  PH. p a r t i c l e  size, osmotic pressure; s t e r i l i t y  and pyrogen test ing.  One 

o r  more of these t e s t  procedures i s  perfonned as indicated on each product. 

The labe l  check ascertains cor rec t  rece ip t  o f  ordered mater la l .  The ideal  

labe l  contains the fo l low ing  information: name o f  drug, name and address o f  

manufacturer. l o t  number, volume, rad ioac t i v i t y  present as o f  a given time and 

date, quant i t y  o f  tagged mater ia l  o r  spec i f i c  a c t l v i t y ,  quan t i f i ca t i on  o f  a l l  

other ingredients w i t h i n  the fonnulation, exp i ra t ion  date (if applicable), and 

proper storage infonnation. Addi t ional  qua l i t y  control  t e s t  data should be 

included i n  a package inser t .  As an example of a labe l ing  error,  the l abe l  on a 

shipment o f  sodium i ~ d i d e - ~ ~ l l  capsules read 49 uCi/capsule as o f  noon, June 21. 

Our assay showed 670 uCi/capsule f o r  the same time and date. This th i r teen- fo ld  

e r ro r  resu l ted  from an e r ro r  i n  the month o f  ca l ib ra t ion ,  where the  suppl ier  

intended Ju ly  ra ther  than June. 

Mater ia l  should rou t i ne l y  be inspected v i sua l l y  t o  assure the cor rec t  co lo r  

and c l a r i t y  as well as the absence o f  pa r t i cu la te  matter o r  a p rec ip i t a te  w i th in  
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a solution, p a r t i c u l a r l y  i f  the mater ia l  i s  t o  be in jected. Care should be taken 

i n  viewing solut ions o f  g a m  o r  high energy beta emitters. A quick, sc ru t i n i z ing  

visual examination can be done through shielding mater ia l ,  e.g., lead p la te  glass 

i n  the case o f  gannna m i t e r s ;  p lexiglass,  fo r  htgh energy beta emitters. 

Radiochemical p u r i t y  of a product can be detennined using paper o r  t h i n  

layer  chromatography, samples of  which are  analyzed on a radiochromatogram 

scanner. Figure 1 shows a good scan of thyn~idine-~H. Note t h a t  the Rf o f  

t T d r .  n Thymidine-n~ethyl-~H Aqueous Injection 1.9 Ci/mM 

RP 5171 092365 
Solvent System: Ethyl Aatate: Formic Acid: Water (60:5:35) 
Descending paper strip chromatography on Whatman #I 
Time Constant: 10 see. Scan rp.ad: 1 cmlmin. 
Collimation: 2.5 em. FUII sale: lo3 cpm 
R,: 0.35 I \  
Solvent front Origin 

Fisure 1: "Good" scan o f  thymidine-methyl-3H. 

thymidine i s  0.35 and t h a t  the speci f ic  a c t i v i t y  i s  1.9 Ci/nmmle. Figure 2 shows 

another sample o f  thyn~ id ine-~H run  i n  the  same chromatography system. I n  t h i s  

case the spec i f i c  a c t i v i t y  i s  12.3 Cl/mnole o r  approximately 6.5 times t h a t  o f  

the sample i n  Figure 1. The scan i n  Flgure 2 shorn evidence of rad io lys is  

breakdown products, thymidine glycol  w i th  Rf = 0.12 and thymidine w i th  Rf - 0.50. 

Chemical pu r i t y  must be determined i n  the use o f  a generator system. I n  

the most f requent ly used generator system, 67 hour "Mo i s  adsorbed onto an 

alumina column. This nucl ide decays by beta and gamna emission t o  6 hour 99Tcm, 
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Thymidine-~nethyl-~H Aqueous Injection 12.3 Ci/mM 
RP 5168 092265 c- Tdr. 

Solvent System: Ethyl Acetate: Formic Add: Water 160:5:36) 
Dacsnding papar strip chromatography on Wktnun #l 
Time Constant: 10 me. S a n  speed: 1 cmlmin. 
Collimation: 2.5 em. Full rab: lo3 cpm 
R,: Thymidine glycol 0.12 

Thymidine 0.33 
Thymina 0.50 

Thymidine glycol 

1 
Solvent front 

Figure 2: "Bad" scan o f  thymidine-nethyl-'H. 

which can be se lec t i ve l y  removed using normal sal ine.  99Tcm then decays by beta 

emission t o  2.1X105 Year 99Tc. Breakthrough o f  the parent, 99M0, can be 

determined q u a l i t a t i v e l y  i n  a spot t e s t  using potassium e thy l  xanthate i n  acid 

so lu t ion  (2). 

var ies i n  co lo r  from pink t o  deep red depending on concentration. The 

s e n s i t i v i t y  o f  t h i s  t e s t  i s  2 ug mlybdenun/ml. The AEC l i m i t s  the concentration 

and a c t i v i t y  o f  the contaminant, 99Mo, which may be administered (3). 

unacceptable product we observed 61 uCi 99Mo and 29 m C i  wTcm/ml a t  time o f  

ca l ib ra t ion .  

If molybdenum i s  present, a complex compound i s  fonned which 

I n  one 

Both qua l i t a t i ve  and quant i ta t i ve  detenninations o f  aluminum (2) can be made 

on generator eluates. While aluminm i s  non-toxic. i t s  presence may ind ica te  

generator breakdown and i t  causes formation of a f loccu len t  p rec ip i t a te  i n  the 

preparation o f  su l fu r  colloid-99Tcm. 

The pH o f  a product can be qu i te  important. For example, i n  the case o f  

sodiun c h r ~ m a t e - ~ ~ c r ,  the pH must be between 7.5 and 8.5 f o r  the chromium t o  be 

hexavalent and labe l  red blood c e l l s .  

the chromium may be i n  a t r i v a l e n t  o r  complexed s ta te  which does not bind red 

I f  the pH i s  outside t h i s  acceptable range, 
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blood c e l l s  and fu r ther  tes t ing  i s  indicated. The U. S. Pharmacopeia gives a 

p rec ip i t a t i on  method f o r  determination of radiochemical purity (4) .  

I n  co l l o ida l  mater ia ls and macroaggregate suspensions, p a r t i c l e  s ize  

detennines the  l oca l i za t i on  and d i s t r i b u t i o n  of a drug. P a r t i c l e  s ize  i s  

measured by p lac ing  an a l i quo t  on a hemcytometer under a microscope with 10-20 

power object ive.  Par t i c les  la rger  than two microns can be visual ized. 

of col lo ids,  no pa r t i c l es  should be v i s ib le .  An a l te rna te  method o f  p a r t i c l e  s ize 

determination 1s a bioassay technique i n  which the mater ia l  i s  in jec ted  into 

animals and the r a t i o  o f  l ung / l i ve r  uptake i s  measured. 

In the case 

Products such as human serum albunln labeled w i t h  1311 o r  g%cm are used f o r  

cisternography and are in jec ted  in t ra theca l l y ,  1 .e., i n t o  the spinal column. The 

concentration o f  these solut ions i s  important and must simulate normal 

cerebrospinal f l u i d .  The o m e t e r ,  which measures f reezing po in t  depression, 

provides a simple bu t  accurate method f o r  the  detennination o f  concentration o r  

osmotic pressure. 

S t e r i l i z a t i o n  o f  radiopharmaceutical products can be accomplished i n  one of 

two ways: using saturated steam under pressure a t  121°C and 18 p s i  i n  an autoclave, 

o r  passing the mater ia l  through a s t e r i l i z i n g  f i l t e r ,  such as a disposable, 

polypropylene f i l t e r  w i th  a pore s ize  o f  0.22 o r  0.45 microns. The second method 

o f  s t e r i l i z a t i o n  is used f o r  products unable t o  withstand the physical conditions 

o f  autoclaving. 

U. S. Pharmacopeia (5).  

Procedures f o r  s t e r i l i t y  t es t i ng  have been established by the 

Pyrogens are fever-producing, heat-stable substances which r e s u l t  from 

contamination by bacteria, viruses. yeasts o r  molds. Viable o r  k i l l e d  organisms 

or  even t h e i r  metabolic products can cause pyrogenic reactions. Thus, s t e r i l i t y  

does not ind ica te  apyrogenicity nor does s t e r i l i z a t i o n  remove pyrogens. 

Procedures t o  tes t  f o r  the presence o f  pyrogens are speci f ied by the U. S. 

Phannacopeia (6). 
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ASSAY - 
Turning our a t ten t i on  now t o  assay methods and resul ts,  i t  should be noted 

tha t  since the opening o f  the C l i n l ca l  Center i n  1953, more than 30.000 assays 

have been perfonned on 40 d i f f e ren t  radionuclides. The equipment used fo r  

rad iophamceut ica l  assays consists o f  the fo l low ing  counting systems: 

nu1 tichannel analyzers connected t o  external (Figure 3)  and wel l - type 3"X3" 

NaI(Tr.) crystals.  a quartz f i h e r  e l i t r o s c o n c  (Fisure 41, and tw l iauid 

s c i n t i l l a t i o n  counters. 

found In  the a r t i c l e  by C l igget t  and Brown (7). 

Fu l l  de ta i l s  o f  ca l i b ra t i on  and assay procedures w i l l  be 

!nconIng shlpments are "gross assayed" t o  determine the radionucl i de  and the 

Figure 3: A sample of 1 m l  t o t a l  volume i s  placed a t  a f ixed, 

reproducible distance from an external 3 " x 3 "  NaI(TP.) 

crys ta l  housed i n  a graded lead shield.  
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Figure 4: Electroscope on ca l i b ra t i on  range, designed t o  minimize 

extraneous scatter,  i s  used for the assay o f  h igh a c t i v i t y  

gamma-emitting radionuclides. 

t o t a l  a c t i v i t y  received. 

radioact ive mater ia l ,  a sample i s  asept ica l l y  removed from the shipping v i a l  and 

placed i n  a s i l i con ized container. An accurately measured a l i quo t  i s  t ransferred 

from t h i s  container t o  an appropriate counting v i a l .  When feasible, the p ipe t  i s  

r insed w i th  c a r r i e r  o r  water and the r ins ings  are added t o  the al iquot.  The 

sample i s  assayed to i d e n t i f y  again the major radionuclide, t o  calculate i t s  

a c t i v i t y  per-unit-volume and t o  determine q u a l i t a t i v e l y  as we l l  as quant i ta t i ve ly  

the presence o f  radionucl i d i c  inpuri t ies .  

I n  addition, p r i o r  t o  any manipulation o f  the 

We have examined the assay data f o r  the past ten years and have included i n  

t h i s  study only those per-unit-volume o r  gross assays performed on l i q u i d  solut ions 



o r  suspensions dur ing the period o f  January 1, 1962 t o  December 31, 1971. The 

N I H  assay methods are considered t o  be accurate t o  210%. Mater ia ls are 

acceptable I f  the suppl ier 's assay I s  wi th in  * lo% of the N I H  value and i f  there 

i s  no s ign i f i can t  contamination. I f  these c r i t e r i a  are not met, the suppl ier  i s  

contacted t o  detennine the cause of the  discrepancy. 

The assays included i n  t h i s  study have been grouped according to  the 

calendar year i n  which they were perfonned. Divergence between the suppl ier 's 

assay and the N I H  value was calculated by taking the difference between the two 

assays and a r b i t r a r i l y  d l v id ing  by the N I H  value. The assays were then separated 

i n t o  various divergence in te rva ls .  The number o f  assays found i n  each in te rva l  

ms expressed as a percentage o f  the t o t a l  number o f  assays included i n  the study 

f o r  t ha t  year. 

Table I shows our previously published (7) data f o r  the f i v e  year period. 

1962-1966. 

from 83.5% t o  70.6%. This was a t t r i bu ted  t o  three factors.  

increase i n  1966 i n  the  use o f  more recent ly developed and accepted radionuclldes. 

such as 75Se and lg7Hg. Assays o f  these radionuclides d f f fe red  markedly from the 

During t h i s  period, assays i n  the ~ 0 . 1 0  divergence in te rva l  decreased 

F i r s t ,  there was an 

TABLE I 
PERCENTAGE OF ASSAYS IN EACH DIVERGENCE INTERVAL 

DURING THE FIVE YEAR STUDY PERIOD 
1962 - 1968 

Calendar Year 
Dmrgma 

I " m a l  lssz 1963 1984 1985 1968 
% % % % % 

- <0.10 83.60 78.82 78.09 77.88 70.62 
0.11-0.20 14.25 21.83 15.68 14.88 21.87 
0.21-0.30 1.00 0.57 5.39 3.82 4.68 
0.31-0.40 0.60 0.19 1.79 2.81 1.87 
0.41-0.50 0.50 0.78 1.02 0.00 0.62 

>0.50 0.25 0.00 0.00 0.80 0.31 

Total Number 
ofAssayr 400 522 389 497 840 
Includd 
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various suppl ier 's values and standards were unavailable. Secondly, there was an 

increase i n  the number o f  5 uCi human serum syringes received i n  1964. 

Again, these assays d i f f e red  great ly  fm the suppl ier 's.  Thirdly,  i n  1964 we 

began perfonning per-unit-volme assays as well as gross assays on gamna emitters. 

This procedural change detected errors  i n  p e r - u n i t - v o l w  assays which were 

unnoticed previously i f  the supplier's v o l w  wasL also erroneous. 

During the more recent f i v e  year period (Table 11). the assays i n  the ~ 0 . 1 0  

divergence in terva l  h i t  a record low o f  60.8% i n  1967 and have increased to 80.8% 

i n  1971. The year 1967 saw continual assay discrepancies I n  excess o f  tlM wi th 

TABLE II 
PERCENTAGE OF ASSAYS IN EACH DIVERGENCE INTERVAL 

DURING FIVE YEAR STUDY PERIOD 
1967-1971 

Calendar Year 

1967 1968 1969 1970 1971 
% %  % % % 

DivsrgenCfl 

- <0.10 
0.11-020 
0.21-0.30 
0.31-0.40 
0.41-0.50 

x.50 

Total Number 
Of-W 
included 

80.81 67.46 
29.02 27.07 
5.38 2.35 
2.40 1.56 
0.74 0.62 
1.66 0.94 

541 639 

72.44 77.36 80.84 
22.32 16.71 13.08 
2.28 2.78 3.97 
1.37 1.11 0.47 
0.91 0.56 0.70 
0.68 1.67 0.93 

439 359 428 

several products. Assay d i f f i c u l t i e s  continued wi th  lq7H9 products. Adsorption 

o f  radioact ive material onto the surface o f  the wal ls o f  glass shipping v ia l s  

was the cause o f  assay discrepancies w i th  one manufacturer's stmnt ium 

c h l ~ r i d e - ~ ~ S r  and wi th  connercially prepared su l fu r  colloid-q9Tcm. Low assay 

values were observed i n  88% o f  the shipments o f  the l a t t e r  product. Assay 

discrepancies were also noted i n  shipments o f  inorganic compounds labeled wi th  

24Na and 82Br. 
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I n  1968 the d i f f i c u l t i e s  with s u l f u r  co l l o id -99Tc~  and sodium ~ h l o r l d e - * ~ N a  

improved. With regard t o  the 85Sr problem, two other suppl iers were used. The 

assays of one manufacturer were consistent ly off by the same percentage on each 

shipment. When t h i s  was brought t o  the suppl ier 's at tent ion,  he found tha t  an 

incor rec t  decay fac to r  f o r  seven days was being used. 

During the remainder of the second f i ve  year period, one other product, 

macroaggregated a l b ~ n i n - ~ ~ ~ I .  caused d i f f i c u l t i e s .  This suspension o f  10-90 

micron albunin pa r t i c l es  does no t  show assay discrepancies on every shipment; 

however, d i f f i c u l t i e s  have been encountered frequently. 

the supplier, he has raised object ions t o  our technique of sample withdrawal 

(e.g., length o f  aspirat ion,  needle size). The use o f  h i s  methodology d i d  not 

change our assay values, which could be approximately 50% of the labeled value. 

I n  discussing these w i th  

Some o f  the causes o f  discrepancies are: incor rec t  shipment, erroneous assay 

date, wrong volume, incor rec t  supp l ie r ' s  assay, inconsistent labels, uncertainty 

i n  decay scheme, and contamination. 

Incor rec t  Shipment: An example o f  an incor rec t  shipment involved the rece ip t  

o f  a 200 m C i  9*cm generator ra ther  than the 300 m C i  s ize  ordered by NIH .  

Erroneous Assay Date: I n  add i t ion  t o  previously reported errors,  there has 

been one occasion i n  which a comnercial suppl ier  has made a one day e r ro r  on 

the date o f  a 99Tc' product and three instances o f  two, three, and four day 

errors on the assay date o f  human serum a l b ~ n n i n - ~ ~ * I .  

Wrong Volune: I n  some cases i n  which the concentration i s  high (mCi /m l )  and 

the volrne small (<I  ml). there have been discrepancies between the suppl fer 's 

t o t a l  assay and the N I H  value. I n  such instances, a per-unit-volume assay may 

be prohibi ted by the small volume. u l t imate  use o f  the mater ia l  (e.9.. p ro te in  

iodinat ion) and/or high cost. 

samples o f  the same chemical form but o f  lower concentration and found agreement. 

One then suspects t h a t  the volune measurement i s  inaccurate. 

We have compared resu l t s  w i t h  the suppl iers on 
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A recent example of such an e r ro r  occurred i n  a shlpment of c a l c l m  

~ h l o r i d e - ~ ~ C a .  The shipping documents indlcated 2 nCi, whi le our assay showed 

only 1.1 mCi. Af ter  no t i f l ca t ion ,  the  suppl ier  forwarded the balance o f  the  

shl pment . 
Incorrect  Supplier Assax: Thls type o f  e r ro r  was observed i n  many d i f f e r e n t  

conrpounds labeled w l th  various nuclides. 

a) Forty-three percent of the inorganic compounds labeled w l t h  82Br o r  24Na 
were outside 210%. 

labeled value. 

b) A shipment of sodlun i ~ d l d e - l ~ ~ I  was 1.7 times the assay on the labe l .  

c) A sh ip len t  of diisopropylfl~orophosphate-~H was assayed as having on ly  70% 

o f  the Indicated a c t i v i t y .  

d) I n  three recent incidents, the packing s l i p  containing assay informat ion on 

47Ca shipments has stated the per-unit-volume assay incor rec t ly ,  due t o  a 

misplaced decimal point. 

Inconsistent Labels: Thls problem has been observed twice w i t h  respect t o  

sodium iod ide - l3 l1  capsules, each from a d i f f e r e n t  suppl ier .  I n  the one case, 

the outer container's labe l  read 59 uCi/capsule, wh i le  the label  on the b o t t l e  

which ac tua l l y  held the capsules stated 109 uCi/capsule. The l a t t e r  labe l  was 

correct. 

I n  the worst case one shipment of 82Br was only 43% o f  the  

Uncertainty i n  Decay Scheme: Wlth the advent o f  newly developed and more 

widely accepted radionuclides. some assay problems arose f r o m  the l ack  of 

agreement o f  decay scheme values. This was most not iceable I n  the mfd-1960's 

i n  the case o f  lg7Hg. l a t e r  w i t h  75Se and more recent ly  w l t h  133Xe. As 

standards o f  these nuclldes become avaf lable from reputable sources such as the 

Natlonal Bureau o f  Standards. major supol icrs w i l l  aorPe nn the d e f i n l t i a n  nf a 

"m i l l i cu r i e "  o f  each o f  these nuclides and assay d i f f l c u l t l e s  w I l1  be ninlnized. 

Contamination: Radionuclldlc Impurl t ies associated w i th  c l l n lCa l lY  used 

radioact ive mater ia ls may be expected o r  unexpected. An expected contaminant O f  
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65 hour lq7H9 Is 47 day 203H9. 

materials, 203H9 leve ls  o f  3-6% were routine. One unacceptable shipment o f  lg7H9 

showed 16.7% 203H9. By the t i m e  the product was to be used a f te r  a weekend's 

delay, the  contamination would have increased t o  almost 35%. 

expected contaminant o f  60 day 1251 Is 13.1 day '*%. One shtpment received a t  

NIH showed approximately 3% 12%. Thts occurred because the manufacturer had 

depleted h ts  supply o f  1251 and had not allowed a new batch to "cool" for  the  

normal period. 

Pr to r  t o  the a v a t l a b t l t t y  o f  enriched ta rge t  

I n  another case, an 

Unexpected contamination incidents Include the observance of  16'Yb t o  the 

extent o f  20% i n  a 47Ca shipnent. 

colloid-99Tcm preparation. Upon Inqut ry  i t  was learned tha t  a lq7Hg source had 

been mantpulated I n  the same hot c e l l  whtch was l a t e r  used f o r  the 99Tcm product. 

While surface contamination does not a f f e c t  the  per-unit-volume assay and i s  

I n  a second case, *03H9 was found i n  a su l fu r  

thus not Included i n  the above s ta t t s t t cs .  i t  can be troublesome. Despite 

repeated n o t i f t c a t i o n  o f  the supplier, shtpments of 110 minute 18F f requent ly 

show contantnation on the lead pigs and on the  surface o f  the v ia l s .  

i s  t rue  o f  shipments o f  12%. 1311 and 32P. 

p ig  and a v t a l  i n  a shipment o f  67Ga were found to be contamtnated w i th  13*I. 

The suppl ier  stated t h a t  he d i d  not process any 1311 i n  hts f a c t l i t y  and It was 

speculated tha t  he had purchased used lead pigs nhtch he had fa i led  t o  check f o r  

contamtnatton. 

The same 

I n  a ra ther  pecul iar  case, a lead 

CONCLUSION 

M e r r i l l  and Lewis reported t o  the  Metrochem 71 meettng (8) t ha t  3.3% o f  the 

shipments they examined were c l e a r l y  erroneous. 

also considered as "de f tn t te  errors" (8). then our resu l ts  show tha t  approximately 

6% o f  a l l  shipments i n  th t s  study were defective. 

If assay values outside +20% are 

I n  t h i s  presentation we have described the qua l i t y  control  procedures employed 

f o r  radiopharmaceuticals a t  N I H .  Such extensive tes t ing  may not be required f o r  
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every use o f  radioact ive mater ia l .  However, we hope tha t  i t  has given you some 

helpful  ideas and stme i nd ica t ion  of the frequency o f  suppl ier  error.  
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