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Dear Dr. Cronkite: 

7 0 7 7 2 6  

Enclosed i s  a copy of a report dealing with estimation of dose from 
tritiated thymidine in humans. You will recaJI that I discussed this 
with you at t h e  Radiation Research Society meeting tn Mfami Beach 
und you suggested that  I send i t  t o  you to look over. 

You 4 1 1  note the authors c jnc lude  that the cnrwclge total cbse received 
by cell nuclei from tritiated thymidine i s  about 71%) times geuter than 
that from on equal injection of tritiated water, while that average initial 
dose rote i s  450 times higher thon trlticited water. Thus, for the case of 
injected tritiated thymidine, a penfuible level would be 1/7100 the 
permissible level of triflated water. Do you agree with this method of 
estimating a level for injected t r i t i u t d  thymidine? 

Also, the  authors d i s c u s  the case of ingestion, and hers It is indicated 
thot t!w ,MK would be approximately I/lW of that for tritiated water. 
Do you %res that this would be a psnfssibls level for ingestion of 
tritiated thymidine? 

The authors make these estimates on tk b i r  of dose to cell nuclei, and, 
.CJS you F i n t e d  out, the ingestim of the thymidine w i l l  w l t  in the labelling 
at’ the cells in the gut. As fur as I con see, in this report the outhorr hws 
not made m y  dose estimations for the gut. 

In view qf the  fact that the ICXP Committee 2 is going to meet in New York 
Juring the week of June 22 a d  discuss this pbiern, would It be possible 
;or you to comment on there crtimattont before that time? 

4-00132 
Human Subjects Project 



Dr. Eugene P. Cronkite - 2 -  May 35, 13/34 

Dr. Snyder has not yet returned from Europe, hut if he ogres that I should 
cJmc 2nd work on your data for estimating on MPC, 1 w d d  ~ o k b l y  cane 
&i"xo this rnseting i f  this i s  convenient and agreerabie with you. 

S. R. knord  
Hsafth Physics Division 

P. S. I have written to Veriy ror hls data bo. 

Enclosure: 
Comparison of the Risk from Tritiated Thymidine 

and Tritioted hater, " by Myers and Venn& 

SXBm 

Sc: K. Z. .?Aorgan 
W. S. Snyder 
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Abstract : 

Data needed fo r  calculating pg S/gm. w e t  t i s sue  f o r  Table 7, page 150, 
ICRP Handbook, are given: 

Skeleton : 

Sulf'ur content of fat-free skeleton 

11.6$ of body weight 

0.137 g. S/100 Q. fat-free bone 

L- I 

3 Total skeleton fat 10 46 
3 .  

n Skin . 17.4% of body weight 

Total  skin fat 15 Q 
Sulfur content of fat-free skin 0.375 g. S/100 g. fat-free skin 

Dfrom which data one calculates:  

10 grams of sulfur i n  the  whole skeleton of standard man. 
0.388 grams of sulf'ur i n  the  whole skin of standard man. 

,and therefore  the  following values which are not in t he  Handbook: 
r, 

- 
1230 pg S/gm. bone 
3190 ug S/gm. skin. 

Data i s  a l so  available t o  calculate Handbook values for:  muscle, blood, brain, 
U 

l i v e r ,  intest ines ,  lungs, heart  and spleen. 
( .  

' '  Based on above data, there  i s  disagreement with t h e  Handbook value (p.  1%) of 
0.2 = fg  f o r  t h e  s table  element, since: 

f =  10 g. S i n  bone = O . O n 2  f o r  s t ab le  element in bone 
175 g. S i n  whole body 2 . .- 

- -  The Handbook value was based on the  following references (as cited):  

Dziewiatkowski, 
Shohl, MINERAL METABOLISM, Reinhold Pub. (1939) e 

J BIOL CHEM 161, 723-9 (1945) 

Similarly, there i s  disagreement with f2 for  the  s tab le  element i n  skin: 

v f 2  = 0.388 g. S i n  skin = 0.0222 f o r  s tab le  element i n  skin 
175 g. S i n  whole body 

The Handbook value (p.160) of f2  = 0.17 for  s table  element i n  skin i s  based on 
t h e  Shohl, MINERAL METABOLISM reference. 
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Abstract : 

This paper i s  of value mainly for the  fact t h a t  it may be the only avaiihble human 
data estimating the small but s ignif icant  l o s s  of S-35 via perspiration route, 
which amounts t o  about 1% of the t o t a l  administered dose as estimated below. 

., - 

There appears t o  be a continued in t e re s t  i n  S-35 for treatment of advanced 
chondrosarcoma, a t o t a l  of 5,594 mc of S-35 having been used on 10 pa t ien ts  since 
195'7' a t  NM, i n  the form of H2SO4. 

Pat ient  Route Dose Time (days) for Accumulated $ of admind. 

t h e  admind. pose  f r o m  laundry* from l amdry  
via urine 

- LAUNDRYDATA: 

(mc) 70% excretion of mc reco=red dose recovered 

El? I . V .  350 13 3 - 0.31  = 2.4 0.69 

1.1 6 - 0.5 = 5.5 HT I . V .  488 4 r-- 

* Corrected for  decay. 

Control laundry washes showed 85-1ook recovery of S-35. Patient HT gave l i t t l e  
S-35 recovery from laundry washes a f t e r  6th day, but pat ient  EP laundry gave 
as much a s  0.8 mc between 14th day and the  16th day. 

URINARY DATA: 

u 

(Included i n  above tab le . )  

Beapite A higher dose (488 mc),, pa t ien t  ET, was excreted i n  1/3 rd  
u the time taken by El? t o  excrebb a 356 mc dose. Assuming both should have excreted 

t h e i r  respective doses i n  the  same time, percentagewise, individual v a r i a b i l i t y  is 
probably ref lected here. Patient ElT (488 mc) showed very l i ta le  excretion af'ter 
15 days (8% of t o t a l  injected dose). Patient EP (350 mc) showed l i t t l e  excretion 
after 28 days (about 8% of t o t a l  injected dose). 

No feca l  data i s  given so one cannot t e l l  whether the remaining 
14$ of t o t a l  dose (lgdqd -~&$ i- 1%) contributed a s igni f icant  body burden o r  not. 
Assuming 7% of t o t a l  dose excreted via feces, a body burden of 7$ of t o t a l  dose m i g h  
be assumed. 

(Rat data, Dziewiatkowski, JBC 178, 197-202 (1949), gave about 90s 
t o t a l  recovery from urine + feces i n  100 hrs., about 81$ of t o t a l  I .P.  dose 
via urine and about 8$ of t o t a l  I.P. dose via feces, leaving a body burden of 
about 11% at 100 hrs (4.2 days).) 
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CONTAMINATION PROBLEMS ASSOCIATED WITH THE 

TO PATIENTS* 
ADMINISTRATION OF MASSIVE DOSES OF SULFUR-35 

JOSEPH M. BROWN, Jr., J O H N  R. HOWLEY. Y V O N S E  ,McINTOSW, DONALD DRIVER, 
and MARDALEE B. DICKINSON 

U.S. Public Health Service, National Institutes of Health, Bethesda, Md. 

(Received 31 Jury 1963; in revised form 23 December 1963) 

Abstract-Sulfur-35 as H,SO, in HCI solution has been used by the National Institutes of 
Health in the treatment of chondrosarcoma. Therapy doses have ranged from 295 mc to 488 
mc with the total amount of S3j reccivcd by any one patient being 997 mc. Owing to the 
rapid excretion of V5 in all body fluids, the problem5 of general radioactive contamination 
of the hospital are many, accentuated by the relative lonq half-life (87 days). The safety tech- 
niques developed for patient-care prrsonncl are prcsrntcd and contamination monitoring 
techniques and results are reported for two of the paticnts. 

SULFUR-%, as H,S350, in a solution of HC1 and the safety techniques developed by the Radiation 
NaCl has becn used for several years at the Safety Department of the Clinical Center and 
National Institutes of Health in the treatment carried out by patient-care personnel following 
of chondrosarcoma.(l’ The amount of sulfur-35 the administration of the therapy doses. Area 
given per therapy dose has ranged from 295 to monitoring techniques and results are reported. 

\ 488 mc with a total dose to one paticnt of 
997 mc. A total of 5594 mc of sulfur has been intravenously in a regular operating room. This 
used in patient treatment in ten cases since 1957. was done in the operating room in order that 

Since sulfur-35 emits only low-cnerqy beta biopsy could be performed immediately after 
particles (0.167 MeV maximum), external radi- the dose was administered. Patient H. T. was 
ation from the patient docs not present a adminlstercd 488 mc of sulfur-35 in a regular 
problem to patient-care personnel. Horvevcr, paticnt-care room of the Clinical Center. Each 
bremsstrahlung is detectable as would be ex- therapy dose was assayed against a S35 standard 
pected from low energy electrons and low Z supplied by the National Bureau of Standards, 
materials making up the human body. On the usinq a liquid scintillator spectrometer. Each 
other hand, the problems of general radioactive dose \vas given in a 350 ml intravenous drip 
contamination are many because of the rapid and no untoward event occurred during either 
excretion, primarily in the urine with small procedure. In  each case Radiation Safety De- 
amounts in other excreta, the relatively long partment personnel were present during the 
half-life (87 days), and the dificulties of moni- administration with equipment for coping with 
toring for low energy beta contamination. a spill. 
However, techniques have been developed for In the case of patient E. P. the only deviation 
controlling contamination levels during the from normal operating room procedures were : 
administration of the dose and the subsequent ( 1 )  Extra precautions were taken to reduce 
care of the patient. trafic into and out of the operating room. 

Two typical cases are presented to illustrate (2) The  shoe covers normally worn by 
operating room personnel were changed 

* Presented at the Health Physics Society Meeting, at the operating room door when per- 
sonnel left the room. 

Patient E. P. was given 350 mc of sulfur-35’ 

Chicago, Illinois, 11-14 June 1962. 
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558 CONTAMINATION PROBLEMS 

(3) Instruments and equipment in the oper- 
ating room remained until after the com- 
pletion of the surgical procedure and 
until monitoring and dccontamination of 
the equipment and area were completed. 

(4) All operating room laundry including 
towels placed at  strategic places to absorb 
accidental spills was kept in the room 
until gcncral dccontamination of the area 
began. I t  was then placed in a laundry 
bag for subsequent removal to the isotope 
laboratory for decontamination. 

( 5 )  Operatingroom personnel were monitored 
for contamination at  the doorway when 
leaving the area. A thin window (less 
than 2 mg/cm2) survey meter was used 
for this survey. 

Several of the operating room personnel were' 
found to have contaminated hands caused by 
touching the patient after the surgical gloves 
had been removed. This occurred about 2hr 
after the dose was given. No detectable hand 
contamination was found following a prompt 
and thorough washing of the hands with the 
usual operating room cleansing agent. The  
clean-up of the area involved standard tech- 
niques of mopping and rinsing. The instruments 
were decontaminated in the operating room 
sink by wiping down with detergent solution 
and rinsing in running water. 

Table 1 indicates the results of a smear+ or 
wipe survey of the operating room and ad- 
joining hallway following the procedure and 
also following the decontamination of the area 
and equipment. Smears 1, 2 and 3 were taken 
in the hallway outside the operating room. The 
remaining smears were taken from the floor and 
some of the equipment in the room, avoiding 
obviously contaminated items and areas such as 
surgical instruments and blood spots on the 
floor. Hence it emphasizes only the rather 
general contamination that one might expect in 
the operating area and on some of the equipment 

+ Our smear technique uses a 1 in. circle of What- 
man S o .  41 filter paper which is wiped on the surface 
to be checked. In the case of large flat surfaces such 
as floors, an area equivalent to four asphalt tiles, 
or roughly 324 in.2, is wiped. These smears are then 
counted in a windowless gas flow counter for a pre- 
determined count. Counting efficiency is assumed to 
be 50 per cent for all smears counted in this manner. 

Table I. Smears &en bcfore and afler deconlamination 
of operating room (Smears 1, 2 and 3 were taken from 

the Mlwayfior outside the room) 

Smear no. D/min after decontamination 
D/min 

1 B+ B 
2 B B 

4 B B 

6 544 B 
7 190 B 
8 3 72 74 
9 270 B 

I 1  86 B 
12 258 B 
13 550 B 
14 56 B 
15 364 B 

17 348 B 

3 B 62 

5 386 64 

10 300 30 

B 

B 

1102 

1130 

16 

18 

* Indicates background counts ( 2 5 4 5  cpm) . 
following the administration of the dose and the 
surgical biopsy procedure. Note the sharp 
demarcation between the controlled area which 
was in this case the door to the operating room. 
I t  should be pointed out that the operating 
room team in this case was experienced in the 
handling of radioisotopes and every effort was 
made to keep contamination levels to a mini- 
mum. 

After surgery, Patient E. P. was removed to 
one of the Clinical Center nursing units and 
placed in a room by himself. Patient H. T. 
was placed in an  adjoining room. Each patient 
was restricted to his room. Air samples were 
taken 2 hr after these patients were placed in 
their rooms and again each 24 hr for a period 
of 8 days. Twenty min samples were taken at  
a flow rate of 20 I. per minute through a 1-in. 
circle of Whatman No. 41 filter paper. These 
were counted on a windowless gas flow system 
immediately after collection and again following 
the decay of natural radioactivity. Gaseous 
samples of room air were measured by bubbling 
air through a 0.1 N NaOH solution which was, 
in turn, counted in a liquid scintillation spec- 
trometer. None of the air samples showed a 
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significant increase over background attributable 
to sulfur-35. 

The doorway to the patient's room became 
the radiation control point. 
The  following procedures were required : 

(1) Patient-care personnel entering the room 
were required to wear rubher gloves, 
gowns and booties. These were donned 
and removed at the doorway. 

(2) Visitors were permitted to enter the room 
but were dressed as in (1). 

(3) Patients left their rooms only for required 
medical procedures. When i t  was neces- 
sary for patients to leave their rooms they 
were dressed in clean gowns, booties and 
cotton gloves. Where this was impossible 
or impractical, stretchers and wheelchairs 
were draped with cotton sheets to prevent 
Contamination. 

(4) The patient's foodwas served indisposable 
paper containers which were removed 
by the Radiation Safety Department 
daily. These were incinerated in the NIH 
incinerator, after being monitored. Due 
to the tremendous dilution afforded by 
the daily charge to this incinerator, the 
ash was not monitored. 

(5) The patient's laundry, separated from 
the regular patient-care laundry, and in- 
cluding booties worn in the room, was 
collected daily. Handling of this laundry 
will be discussed later. 

(6) Urine was collected in screw cap bottles 
and stored in the toilet area. The floor 
in this area was covered with an ab- 
sorbent paper which was taped to the 
floor with masking tape to prcvent 
slippage. 

Fig re 1 shows the accumulated percentage 
of the administered dose recovered in the urine 
per day. Patient H. T. excreted more than 
70 per cent of the dose within the first 4 days 

/ after the dose was given. Patient E. P. required 
approximately 13 days to excrete 70 per cent of 
the administered dose. 

The contaminated laundry from these patients 
was handled under Radiation Safety control. 
The laundry was washed in a 9-lb home-type 
washer using a commercially available deter- 
gent. Water from the machine was collected 

Y 
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FIG. 1. Accumulated per cent of dose recovered 
in urine corrected For decay to day of adminis- 

tration. 

in 55-ga1 drums. An aliquot of this wash water 
was counted in a liquid scintillation spec- 
trometer. Previous studies on a number of 
deliberately contaminated batches of laundry 
indicated between 85-100 per cent of the total 
sulfur-33 contamination present in laundry is 
removed in a single washing by this method. 
The wash water from the operating room 
laundry, in the case of Patient E. P., contained 
a total of 591 p c  of sulfur-35. Figure 2 indicates 
the accumulated amount of S35 recovered from 
each patient's laundry. After the sixth day, 
the amount of sulfur removed from the laundry 
of Patient H. T. was rather small, whereas the 
\vash water from the laundry from Patient / 
E. P. contained as much as 800 pc between the 
fourteenth and sixteenth day. As a group, the 
excretion patterns in these individuals have /' 
shown a high variability. Collection of patients' 
laundry by the Radiation Safety Department 
was discontinued when the contamination in 
the wash water was found to be below the MPC 

c --- --- ..- 
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PATIENT H T  4e7m s35 

4m 

PATIENT E P 35Omc 
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FIG. 2. Accumulated p c  S-25 recovered from 
paticnts' laundry corrected for decay to day of 

administration. 

for water as listed in the Federal Register, 
Title 10, Part 20. The value for sulfur-35 given 
in Appendix B, Table 2, is 6 x uc/ml. 
The gowns worn by patient-care personnel were 
collccted for one week following the administra- 
tion of the doses. No significant contamination 
has bcen found in the wash water from these 
gowns and after 1 week the gowns are sent 
directly to the N I H  laundry. 

The wash water from the laundry and the 
urine fiom thc patients, excluding that urine 
collcctcd over the first 6 days, was added to the 
Isotopc Laboratory's 10,000-gal storage tank 
and metered into the sanitary sewer system over 
an extended period of time. The urines collected 
for the first 6 days were disposed of as long 
half-1 i fe waste. 

Daily wipe smears were used as an index of 
the contamination present in the patients' rooms 
and the adjoining corridor. Figure 3 gives the 
average often smears taken in the patient's room 
over an extended period of time. In  the case 
of Patient H. T., the highest smear readings 

RM)u SMEARS 

WTIENTf E.P SdOmC 9 PATIENT: H.T. 4BBm Ss I 

FIG. 3. Average of ten smears taken in the 
patients' room over an extended period of time. 

were made on the third day, the average of the 
ten smears yielding approximately 50,000 dis- 
integrations per min. The  highest smear 
readings in Patient E. P.'s room occurred on the 
fifth day when 1900 disintegrationslmin were 
recorded as the average of ten smears. De- 
contamination of these rooms was effected on 
the indicated days by housekeeping personnel 
under Radiation Safety Department supervision 
and assistance. The normal procedures of 
cleaning a hospital room were used, with all 
personnel wearing gloves, gowns and booties. 
No area outside the rooms showed signs of 
contamination throughout the period of re- 
striction of the patients, which was 35 days for 
Patient H. T. and 31 days for Patient E. P. 
Following the removal of restrictions, the patients 
were treated as routine tracer studies by hospital 
personnel. 

SUMMARY 

(1) Patients receiving massive doses of sulfur- 
35 can present a serious and general contamina- 
tion problem to the hospital and should be 

I 

i 
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JOSEPH XI.  BROWX, JR. el al. 56 1 

isolated. Areas of rather high level general 
contamination will go undetected unless appro- 
priate survey measures are used to monitor for 
this low-energy beta emitter. 

(2) Under the regimen institutcd, air borne 
contamination did not present a problem. 

(3) The main contamination problem resulted 
primarily from small spills of highly contam- 
inated urine and from other body fluids. 
(4) Control of contamination can be easily 

established a t  the doorway to patients’ rooms, 
thereby preventing the general spread of con- 
tamination throughout the hospital. 

( 5 )  Sulfur-35 contamination in laundry is 
easily removed by normal washing procedures 
using commercially available detergents. 

(6) Decontamination of rooms and areas 
lends itself well to normal hospital cleaning 
procedures. 
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Abstract: (by C. F. Holoway) 22 June 1964 

1.27 curies of elemental S-35 dissolved i n  15 m l  of benzene i n  a sealed 
ampoule exploded, contaminating an organic chemist external ly  and internal ly .  
U s i n g  various forms of sulf'ur, the major load of detestable S was cleared f r o m  
t he  body within 5 days, b io l .  half-life of plasma radioact ivi ty  being about 
19 hrs. ,  approx. 8s of urinary and 90s of f eca l  radioact ivi ty  excreted within 
24 hrs of accident, i n  agreement with the  c l a s s i ca l  concept that only a s m a l l  
portion of S introduced i n  non-organic form is  retained by the  body. 
Observations i n  t h i s  unusual case a m  discussed i n  the light of available lit. 
on S-35. 

Mode of entry: minor cuts on hands and face, and probably inhalation of 
S-35 aerosol, a s  w e l l  as through skin absorption, since i n  latter, a c t i v i t y  not 
removable,mechanically,slowly disappeared. 

( 5 )  h&telmal puncture bone marrow, (7) skin surfaces. 
~ n s  ses: (1) plasma, (2) ~ ~ 1 4  plasma proteins, (3) urine, (4) feces, 

(1) plasma content dropped from 0.68 pc t o  background i n  4 days. 
(2) CCl4 plasma proteins contained no detectablv radioact ivi ty  

(2a) RBC's contained small but sig. ac t iv i ty ,  ranging from 

Results+ 

a t  any time. 

(3) 

(4) 

1/6 t o  1/2 plasma ac t iv i ty .  
Semilog plot  of plasma data suggested r a t e  of disappearance 
of S-35 from plasma was exponential, with a half-life of 
approx. 19 hrs ,  suggesting maximal plasma concn. following 
the  accident of 0.61 pc, assuming plasma vol. of $ of bods 
ut., o r  4.65 1. 
Approx. 0.9 o r  908 of the  urinary S-35 accounted f o r  as 
su l fa te ,  and probably more. S-35 excreted in urine, 
when plotbed against  t i m e ,  as a semilog function, was f i t t e  

u 

The observations have been plot ted about a l i n e  generated u 
a = 4.29 pc and k = 0.076. 
Extremely e r r a t i c  nature of f e c a l  S-35 excretion did not 
j u s t i f y  a cumulative plot ,  but t he  data suggest that a max. 
of 9 pc of S-35 might be reasonably anticipated.  Since only 
0.002 pc S-35 could be extd. from the t o t a l  feca l  radioacti  
with benzene as elemental S-35, it seemed l i k e l y  that the 
t o t a l  a c t i v i t y  was present as sulfate. 

( 5 )  A sample of hair 2 months after the  accident contained appr 
2-14 c/m above background, i n  accord with lit. that inorgar 
S may be incopporated in to  cysteine i n  human. 

(6) Bone marrow contained no a c t i v i t y  above background. 
(7) Skin c/m ranged from 200 c/m at  back of right knee t o  

a count beyond range of instrument over l e f t  foream. 

- 

Authors believe tha t  the t o t a l  body burden of 13-26 pc d id  not const i tute  a. 
s ign i f icant  in te rna l  radiat ion hazard. Based on a fecal content of 9 pc, a t o t a l  
body burden of 18 pc might be estimated. Assumitg that all of the  S-35 a p p e a r i a  
i n  the  urine was absorbed from the G I  t r a c t  rather than from lungs, one might exF 
that 13 pc had been swallowed, giving an estimated body burden of 26 pc, ignoriw 
entrance i n t o  bloodstream of any rad ioac t iv i ty  via cuts from flying glass o r  by 
skin absorption. 



Abstract: (by S. R. Bernard) 

The authors report on urinary xc ret i o , feca l  excretion, disappearance from 
plasma, and a s te rna lbone  marrow sample with respect t o  S-35 taken i n  accidently by 
an organic chemist while manipulating a n  ampoule containing elemental S-35 i n  benzene 

2 which exploded. The man received minor cuts  and hands and face, h i s  clothing and s8in 
being contaminated, he could have inhaled, ingested, and/or been administered via 
puncture wound the  S-35. 

' 

--I 

The authors give feca l  measurements out t o  60 hours following intake, and 
they estimate 9 pc i n  the feca l  excretions, (I estimate a ha l f - l i f e  of 6 days and 

They present a table and graph of 
urinary excretion (designating on the  abscissa uni ts  of pc and not pc per hour, day 
o r  l i t e r ) .  This graph needs t o  be checked. They also present a p lo t  of cumulative 
pc excreted, f i t t i n g  it with a one-exponential equation, and a half-l ife of 9.1 hours 
i s  found. They estimate 4.3 pc t o  have been excreted i n  the  urine,  Maass e t  a1 indicate 
that they corleected a l l  data for  radiological decay. A sample of bone marrow taken 
36 hours afier intake showed no s i a f i c a n t  ac t iv i ty ,  A plot  of S-35 i n  plasma is shown, 
with a half-life of 19 hours. They estimate from feces and urine that 13-26 pc were taken 

- i n .  The subject was administered large quant i t ies  of elemental S as su l fur  and molasses, 
and &SO4 t o  accelerate excretion. (Thus, parameters may not be applicable fo r  In te rna l  
Dwe Estimation) 
Does HC104-mo3 vo la t i l i ze  su l fur  from oxidation of feces? 

.\ a t o t a l  amount of 17 pc excreted(1 i n  the  ur ine , )  

t 

They also discuss the  ana ly t ica l  methods and hospi ta l  procedure. 

I 
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Abstract-While an organic chemist was attempting to open a glass ampule containing 1 .27~  
of elemental SD5 dissolved in 15 ml of benzene, the vial exploded, and the operator was con- 
taminated internally and externally with the radioactive material. I t  is extremely difficult 
to measure thc cffectivencss of therapy employed to encourage the removal of absorbed radio- 
activity, or to assess with assurance thevalidity ofour estimationoftotal body radioactive burden. 
However, utilizing the techniques of dilution of the absorbed radioactive material with non- 
radioactive sulfur in several, of its many utilized forms, as well as the administration of agents 
which scem likely to increase the rate of excretion of Sm, the major load of detectable Sa was 
cleared from the body within 5 days. The biological half-life ofplasma radioactivity was about 
19 hr. Approximately 85 per cent of the urinary and 90 per cent of the fecal radioactivity were 
excreted within 24 hr of the accident. This is in agreement with the classical concept that only 
a small portion of sulfur introduced in a non-organic form is retained by the body. The obser- 
vations in this unusual case are discussed in the light of available literature on Sm. 

The body burden has been estimated to have been 13-26 pc. There is ample evidence in the 
literature to suggest that these quantities of radioactive sulfur are unlikely to cause any radiation 
damage and, indeed, no adverse effects have been noted during the 3 years since exposure. 

INTRODUCTION 
ELEMENTAL S35 in benzene in amounts varying 
from 200 mc to 1.5 c had been utilized for the 
synthesis of several radioactively labeled pheno- 
thiazines. The  SS was generally received in a 
heat sealed all-glass ampule, since on one 
previous occasion the packing material in a 
shipment of S35 in a screw-capped container 
was found to be contaminated. 

O n  this occasion, as on previous occasions, 
the ampule was chilled in an ice bath prior to 
opening. After chilling, the ampule was placed 
inside two concentric containers. The  ampule 
was scored with a carborundum chip but could 
not be snapped open. Before it could be scored 
again it exploded, shattering both containing 
vessels and severely contaminating the operator. 

The  operator, an organic chemist, Ph.D., 
received minor cuts on his hands from glass that 
penetrated his rubber gloves. There were also 
superficial cuts on his face around, but not 
within, the area protected by his safety glasses. 
His uniform and the exposed areas of his face 
were highly contaminated. He discarded his 

uniform, changed to clean clothes, and left his 
laboratory, which was thereupon sealed. When 
monitoring indicated that the Ss had con- 
taminated even areas protected by several layers 
of clothing, he then began decontamination of 
all body surfaces. Within 1 hr  after the accident, 
blood and urine samples were obtained which 
contained radioactivity indicating internal con- 
tamination. This paper presents the method of 
his treatment and methods used to estimate his 
total body burden of Sm. 

A. Immediate Post-accidcnt medical care 

toward three goals : 

METHODS 

The immediate treatment was directed 

(1) Decontamination of radioactiveskinareas. 
(2) Establishing as nearly as possible “base 

line” values for blood and urine radioactivity, 
(3) Elimination of whatever Sm might have 

been absorbed or ingested. 
The patient was placed immediately in a 

shower, given a brush, and told to scrub 
vigorously with soap those skin areas exposed to 

73 1 
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the explosion and found to be contaminated. 
Within 1 hr Phisohex was substituted for soap 
in the belief that it might cleanse more thor- 
oughly; contaminated body hair was removed 
by shaving. 

Blood and urine samples wcrc obtained for 
“base line” values. At this time magnesium 
sulfate (15 g, p.0.) was given as a stimulant to 
sulfur excretion and large amounts ofcoffce were 
administered orally to encourage diuresis. 

Four hours after the accident, when no 
further reduction in skin radioactivity could be 
achieved by washing, the remaining contami- 
nated areas were covered with bandages and the 
patient was transferred to a hospital where the 
staff had been alerted to receive him for observa- 
tion and treatment. 

B. Hospital care 
Blood was drawn for hematological study and 

the patient was placed on the following regimen 
(abstracted from his hospital records) : 
(1) Ambulatory within the room. 
(2) Regular hospital diet-force fluids. 
(3) Save all stools and urine in special plastic 

container. Label time of excretion of each. 
(4) Lanolin and Aquaphor to face. 
(5) Methionine 0.5 g p.0. every 4 hr starting 

Tryptophan 1 .O g 1 1800 hours. 
(6) Sulfur and molasses, 1 tbs. (15 ml) 1900 

hours 
(7) I.V. 1000 ml H,O containing 9.8 mg of 

sodium sulfate ( I  40 mEq SO,). 
(8) Saturated solution of magnesium sulfate 

30 ml at bed time. 
(9) Rounded tsp. of DL-tyrosine in glass of 

fruit juice at  2000 hours. 
Starting the second day, the following orders 

were added : 

Tryptophan 0.5 g every 4 hr p.0. 
(1) Methionine 0.5 g 

Tyrosine 0.5 g 
(2) Collect all stools in 24-hr samples. 

Collect all urines in fractional periods 
ending at 0600, 1200, 1800, 2400. 

(3) Collect 10 ml citrated blood at 1200, 1800, 
2400 and 0600 hours. 

That same day, tests were done for liver 
function, serum creatinine and BUN, blood 
glucose, and serology, and a bone marrow 
biopsy was obtained. O n  the third day, 15 

I 

grains of aspirin P.o., q. 6 hr was added to the 
regimen. O n  the fifth day a repeat I.V. infusion 
of sodium sulfate (containing 56 mEq of SO,) 
was administcred. Daily skin counts were made 
to follow the level of radioactivity of the con- 
taminated arcas. The patient was discharged 
on thc scvcnth hospital day to be followed as an 
outpatient for 2 months with weekly blood 
counts. 

With the cxccption of tiny cuts on his fingers 
and the rcddcning of his skin ’due to scrubbing, 
no abnormal clinical signs or symptoms were 
exhibitcd which could be in any way related to 
his cxposurc to radioactivity. 

Thc  paticnt was carefully surveyed on admis- 
sion to thc hospital with an end window geigcr 
tube attached to a radiation monitor (Nuclear 
Chicago Laboratories, Model 1619). No cali- 
bration was available on this instrument for S35; 
hcncc, there was no way of determining or even 
estimating thc actual amount of radioactive 
sulfur prcscnt on the skin at  any of the sites 
wherc activity was found. The counter was 
calibratcd for consistency, however, with a 
radium sourcc. The fact that erythema did not 
at  any time develop in any area where radio- 
activity was found suggests that the quantity 
present was not sufficient to produce skin injury. 

C. Ana&ical rnethodr 
All determinations of radioactivity in the 

samplcs obtained were corrected for back- 
ground, quenching, absorption and decay by 
appropriate techniques. 

1 .  Blood nnalysisfor radioactivity. One-half ml 
aliquots of heparinized plasma were pipetted in 
duplicate and counted in 20 ml of a Cab-0-Si1 
aqueous phosphor solution on a Tri-Carb 
Liquid Scintillation Spectrometer. 

Plasma proteins from 1 ml of plasma were 
precipitated by the addition of 2 ml 10% 
trichloroacetic acid. The precipitate was washed 
3 times with 5% trichloroacetic acid, suspended 
in 10 ml thixin-toluene phosphor, and counted. 
Four-tenths ml of the trichloroacetic acid 
filtrate was pipetted into 10 ml aqueous phos- 
phor and analyzed for V6. 

2. Urine anabsl .  Five-tenths ml of each urine 
sample was pipetted, in duplicate, into 20 ml 
aqueous phosphor solution. To determine the 
amount of radioactive sulfate in urine, 1 and 
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10 ml aliqiiots of thc urine were adjusted to 
approxirnatcly pH 3 with HCI. The  urine was 
licatcd on a hot watcr bath for approximately 
20 min, aftcr which 10 ml barium chloride 
solution ( I O Y L  solution) was added and the 
hcating continucd for at  least an additional 
hour. The samplcs were allowed to stand over- 
night and then the BaSX5O4 was filtered off on 
the tared filter disc. The precipitate was 
washcd, dricd, wcighed and counted in the Gas 
Flow Countcr. 

3. Fccnl arra[ysis. Fecal samples were sus- 
pcndcd in Concentrated nitric acid. The total 
volumcs wcre rccordcd and a 10 ml aliquot 
rcmovcd and hcatcd with concentrated nitric 
acid until no solid mattcr was visible in the 
oxidation flask. Perchloric-nitric acid oxidation 
mixture was added to the sample and heated 
until a clcar solution was obtaincd. Heating 
was continucd for approximately 2 hr to insure 
complctc oxidation of the sample. The sample 
was quantitatively transfcrrcd and made up  to a 
known volume with distilled water. Aliquots 
of 0.4 mi were removed, in duplicate, and 
countcd in 20 ml aqueous phosphor solutions. 
In  an attempt to estimate the amount of 
elemental S3j in the feces, a 200 ml aliquot of the 
combincd fecal-nitric acid suspension was 
extracted with 100 ml benzene. The  benzene 
was centrifuged and a 0.4 ml aliquot was 
counted in 10 ml of aqueous phosphor. 

4. Hair analysis. A sample of hair, 1.56 g was 
oxidized with the perchloric-nitric mixture as 
described for feces. An aliquot was pipetted, in 
duplicate, into 10 ml aqueous phosphor solution 
and counted. 

5. Skrnalsample. O n  the second day of his 
hospital stay (about 36 hr after the accidental 

s 

r 
F 
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exposure) a sternal bone marrow specimen was i 
obtained. The  sample was oxidized with i 
perchloric-nitric acid mixture as described I 

above and an  aliquot counted in aqueous 
phosphor. 

6. Skin. O n  admission to the hospital, the 
patient had ten areas of radioactivc contamina- 
tion on his skin. These included thc forehead, 
right upper lip, left upper chest, left forearm, 
right forefinger, front and back of right thigh, 
front and back of right knee and front of right 
calf. Counts (above background) in these areas 
ranged from 200 counts/min at the back of the 
right knee to a count beyond the range of the 
instrument used over the left forearm. 

Daily counts of these skin areas indicated 
steadily and rapidly decreasing numbcrs of 
active sites and activity. O n  the day ofdischarge 
from the hospital (7 days post-accident), only 
two skin areas remained radioactive; the left 
forearm counted 500 counts/min and the an- 
terior surface of the right knee counted 200 
countslmin. 

All clinical laboratory studies were within 
normal limits throughout the hospital course 
and have remained normal throughout the 
3-year period since the accident. Cellular 
studies of the bone marrow biopsy indicated no 
abnormalities. 

RESULTS 

The results of the determination of radio- 
activity in plasma, urine and feces have been 
recorded in Tables 1, 2 and 3, respectively. 

Plasma samples were obtained and counted 
for 4 days after the accident, at which point 
activity approached background. Plasma pro- 
teins precipitated with trichloroacetic acid did 

' 

Table 1. Rhdioactivip in ~latma 

Sample Houn Plasma Plasma content. 
Date time elapsed cpm/ml dpm/ml (w) 
3/28 1130 1.75 186 320 0.68 

1415 4.50 134 23 1 0.48 
3/29 0545 20.00 84 145 0.3 1 

I200 26.25 54 93 0.20 
1415 28.50 48 83 0.17 

3/30 0015 50.50 40 69 0.14 
0600 56.25 18 31 0.06 

* Assuming a plasma volume of 5 per cent body weight, 4.65 1. 

c 

3 2 9  I 
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Tablr 2. Radioactivity in urine 

Total pc  excrcted/interval o/ 
/O 

of Total Cumulative Volume Date Time 
ml. A B C* D+ Average 

3/28 

3/29 

3/30 

313 1 

41 1 

412 

413 

414 

415 

416 

417 

418 

1 IO0 
1223 
1745 
2045 

0030 
0430 
I200 
1800 
2400 

0600 
1200 
1800 
2400 

0600 
1200 

2400 

0600 
1200 
I800 
2400 

0600 
1200 

2400 

0600 
1200 
1800 
2400 

0600 
1200 

1630t 

1700t 

1700t 

17007 

loon 

1800 

37 
106 
790 
500 

690 
360 
335 
360 

1000 

195 
790 
42 2 

1230 

572 
760 
932 
95 2 

742 
312 
402 
255 

390 
168 
272 
365 

230 
325 
195 
720 

530 
382 

490 

440 

260 

378 

0.07 
0.5 1 
I .49 
0.56 

0.59 
0.40 
0.27 
0.15 
0.10 

0.05 
0.06 
0.02 
0.01 

0.02 

0.02 
0.02 

0.02 
0.0 I 
0.02 
0.0 I 

0.01 

0.006 
0.01 

0.007 
0.01 
0.006 
0.009 

0.008 
0.008 

0.0 1 

0.005 

0.005 

- 

0.008 

- 
0.35 
1.14 
- 

- 
- 
- 

0.13 
0.09 

0.04 
0.06 

0.04 

0.02 
0.02 
0.02 
0.01 

0.02 
0.0 1 
0.0 1 

0.0 I 

- 
- 
- 
- 
- 

- 
- 
I 

- 

- 
- 

- 

- 

- 

Background 

0.072 0.067 
- 0.539 

1.52 1.57 
0.64 0.60 

0.66 0.664 
0.44 0.268 
0.32 0.138 
0.10 0.066 
0.12 0.073 

0.039 0.016 

0.014 0.014 
0.066 0.027 

0.019 0.011 
0.028 0.020 
0.033 0.013 
0.019 0.010 

0.019 0.014 

0.014 0.003 
0.010 0.001 

0.011 0.003 
0.005 0.002 
0.006 0.002 
0.009 0.003 

0.007 0.002 
0.005 0.004 
0.005 0.001 
0.006 0.001 

0.007 0.006 
0.006 0.003 

5.006 0.005 

0.005 0.004 

0.004 0.002 

0.005 0.002 

o m 8  0.042 

0.010 0.008 

0.070 
0.466 
1.430 
0.60 

0.638 
0.369 
0.243 
0.111 
0.096 

0.036 
0.053 
0.0 15 
0.043 

0.0 I7 
0.023 
0.022 
0.015 

0.018 
0.010 
0.017 
0.007 

0.007 
0.005 
0.005 
0.007 

0.006 
0.006 
0.004 
0.005 

0.007 
0.006 

0.02 1 $ 

0.017; 

0.017$ 

0.0122 

0.070 
0.536 
I .96G 
2.566 

3.204 
3.573 

3.927 
4.023 

4.059 
4.1 12 
4.1 17 
4. I70 

3.816 

4.187 
4.210 
4.232 
4.247 

4.265 
4.275 
4.292 
4.299 

4.306 
4.3 I 1  
4.316 
4.323 

4.329 
4.335 
4.339 
4.344 

4.351 
4.357 

4.378 

4.395 

4.412 

4.424 

I .6 
12.3 
45.6 
59.0 

73.7 
82.1 

30.3 
92.5 

93.3 
94.5 
94.6 
95.9 

96.3 

87.7 

Radioactivity collected as BaS350, by filtration. 
t Note 6-hr collection, representative of 24-hr urinary excretion. 
2 Based on 1500 ml as 24 hr collection. 
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Table 3. Radioactivily in feces 
- 

I Date Time Elapsed time pc/collection Cumulative % of Total 
hr  P C  

3/29 0030 14.45 4.74 4.74 55.4 
0815 22.5 1.96 6.70 78.0 

? 1.28 7.98 93.2 
1445 29 0.43 8.41 97.4 
1800 32.25 0.10 8.5 1 99.0 

0.04 8.55 . 
0.008 8.58 

not contain any dctcctable radioactivity at any 
timc. Thc  rcd blood cells wcre found to contain 
a small but significant amount of radioactivity, 
ranging from :, to 3 thc activity prcsent in 
plasma. All radioactivity detcctcd in the  blood 
was prcscnt as ivatcr-solublc material, including 
that i n  thc plasma. It sccms likely that all of the 
radioactivity in  thc blood was prcscnt as sulfate, 
which would bc anticipated bawd on rcports in 
the litcrature that the oxidative mechanism of 
thc body can readily convert clemcntal sulfur to 
watcr-soluble ~ u l f a t c . ' ~ - ~ )  

A scmi-logarithmic plot (Fig. 1 )  of the plasma 
data suggcstcd that the rate of disappearance of 
S35 from thc plasma was exponential, with a 
half-life of approximately 19 hr. The solid line 
rcprcsents the equation y = a c k t  fitted to the 
obscrvcd data by the method of least squares. 
Tliesc data suggest a maximal plasma concen- 
tration following the accident, of 0.61 pc, 
assuming a plasma volume of 5 per cent body 
weight, or 4.65 1. 

Microcurics of S35 excreted in the urine have 
been plottcd (Fia. 2) as a semi-logarithmic 
function against time. Since the data appeared 
to be an exponential function, the equation 
y = a ( 1  - ckf) was fitted to the data of an 
accumulation plot (Fig. 3) of urinary radio- 
activity. The observations have been plotted 
about the line generated using a = 4.29 ,uc and 
the rate function k = 0.076. 

A comparison of the data in columns C and 
D (Tablc 2) ,  radioactivity precipitable as barium 
sulfate, and columns A and B, total urinary 
radioactivity, indicates that approximately 90 
per cent of the urinary P5 can be accounted for 
as sulfate. Considering experimental error, it 
seems probable that all or almost all the 

radioactivity in these urine samples was prcsent 
as sulfateS6. 

The  extremely erratic nature of the excretion 
of fecal S35 does not justify a cumulative plot, 
but the data suggest that a maximum of 9 p c  of 
S35 might reasonably be anticipated; since only 
0.002 pc  S36 could be extracted from the total 
fecal radioactivity with benzene as elemental S%, 
it seemed likely that the total activity was present 
as sulfate. 

The  rapid drop in radioactivity detectable in 
plasma, urine and feces indicates a rapid and 
steady clearance of residual S35 from the body. 
Bone marrow did not contain any radioactivity 
above normal background. A sample of hair 

The ,  hr 
Fio. 1. The rate of disappearance of S-35 from 

plasma. 

102b243 



4 

4 

736 ACCIDENTAL PERSONNEL EXPOSURE TO ELEMENTAL Saa 

E 
0 
e, 
V 

e, 

.- 
e 



A. R. MAASS, T. L. FLANAGAN, D. BLACKBURN and M. SMYTH 73 7 



! 

! 

738 i\CCIDENTAL PERSOSSEL EXPOSURE TO ELEMENTAL SS 

obtaincd 2 months after thc accidcnt contained 
approximately 2-14 counts/min al~ove back- 
ground, in the duplicate samplcs (utilizing two 
slixhtl) different methods). This observation is in 
accord with the statements of SMYTHE and 
H I \ L L I D A Y , ( ~ )  S I S G I I E R  and ~ ~ R I S E L L I ~ ~ ~  and 
DZIEWIATKOWSKI(~*~) that inorganic sulfur may 
be incorporatcd into cystcine in the human, 
possibly through thc reversible action of 
desulfurase. 

DISCUSSION 

Intcrnal contamination could have occurred 
by direct absorption through superficial cuts on 
the face and hands, or by absorption through 
the skin, or could have been acquired through 
inhalation or swallowing of contaminatcd air. 
All are equally dificult to evaluate as sources, 
and the extent of contamination from any 
single avenue is impossiblc to quantitate. 

Data in the l i t ~ r a t u r e ( ~ - ' ~ )  indicatc that 
elemental sulfur may be absorbed pcrcritanc- 
ously. As ROTHMAN has pointcd this 
absorption would be enhanced by simultancous 
exposure of the skin to benzene. These reports 
coincide with the observation that although the 
incident radioactivity could not be removed 
completely from the skin by a varicty of 
treatments, it disappeared within a few days, 
presumably due to absorption into the body. 

Since the maximum blood level of radio- 
activity found occurred within 2 hr aftcr 
exposure it seems most likcly that the major 
amount of radioactivity in the blood \vas due 
to rapid absorption of S3j from the lunq. 
Material swallowed would tic alxorlxd from 
the GI tract and might appear latrr in the 
blood. It is possible that the benzene was 
volatilized by the explosion and fool mcd an 
aerosol of the elemental S3.'. Studies iv i th  
radioactive aerosols indicate that thcy follow 
the mechanical movements of inspircd air; 
hence, some of the material inhalcd was 
probably also exhaled. It is likcly that thc 
constant draft of the hood (125-250 ft3/rninj 
also helped to reduce this source of exposure. 

In  an attempt to prevent utilization of S35 
in ordinary metabolic pathways sulfur was 
administered to the patient in a variety of forms. 
Sodium sulfate was infused shortly after the 
patient entered the hospital and again on the 
fifth day, to dilute any radioactive sulfdte in 

thc blood, as well as to function as an osmotic 
diuretic. Sulfur and molasses administered 
after admission was followed by a second oral 
dose of magnesium sulfate. Methionine was 
givcn to provide a readiIy usable source of 
orqanic sulfur. 

I h t a  in the literature indicate that colloidal 
sulfur is rcadily absorbed from the intestinal 
tract of  rat^'^.^,^^) and humans,Il2) and only a 
small quantity of S35 is excreted via the gastro- 
intestinal tract. Thus the high fecal excretion 
(6.5 pcr cent of total S35 recovered) of 9 pc was 
uncspccted. Therefore, it seems likely that the 
prompt administration of magnesium sulfate 
approximately 1 hr and 5 hr after the accident 
with sul~scquent administration of sulfur and 
molasses and other forms of utilizable sulfur 
may have prevented more extensive absorption 

Tyrosine was administered to aid sulfate 
excrction via urinary etheral sulfate. DZIEWIAT- 
K O W S K I ' I , ~ )  has shown that sulfate sulfur can be 
utilized in the synthesis of urinary ethereal 
sulhtc for excretion with phenol, and according 
to TALLOW et  .[.(la) about half of the bound 
tyrosine excreted daily by man is ethereal 
sulfa t c . 

;\spirin was administered in hopes of in- 
creasing the excretion of ethereal sulfate, but 
this procedure is not clearly justified by reports 
i n  the l i t e r a t ~ r e ( ~ ~ J ~ )  which indicate that 
acetylsalicylic acid, unlike salicylamide, is not 
conjugated with sulfate, a t  least in vitro. 

To estimate total body burden we have 
acccptcd the assumptions stated in the National 
Bureau of Standards Handbook No. 52.(16' 
Follotving inhalation of an  insoluble radio- 
isotope, 12 per cent is retained in the lower 
respiratory tract and the remainder is eliminated 
by swallowing or exhalation. If we ignore any 
elimination by exhalation and assume that the 
total amount eliminated by the feces, approxi- 
mately 9 pc, represents 88 per cent of the dose 
rcceivcd, the total body burden may be esti- 
mated as approximately 10 pc. 

Since the 12 per cent retained by the lower 
respiratory tract goes to blood, we might expect 
1.2 pc in blood based on this partition; since 
the maximum concentration estimated for total 
plasma volume was 0.61 pc, this is a reason- 
able estimate. However, the observations of 

or tile s35. 
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\ I -ALsER(~~)  indicate that su1fate-S3j, adminis- 
tered intravcnously to humans, becomes dis- 
tributed, \tithin 15-20 min, in a reproducible 
space whicli is 16 pcr cent of the body weight. 
Based 011 this figure the circulating SR5 might be 
expccted to be 2.5 pc, which exceeds by a t  
least a factor of 2 the estimated blood value. 
lloreover, the total urinary and fecal radio- 
activity recovered was approximately 13 pc, 
which excecds the body burden of S3j estimated 
on the assumptions abovc. 

Since the body can readily convert insoluble 
elemental S3j to a soluble form,(112) it may have 
been distribu:cd accordin,gly. Soluble isotopes 
are assumcd 10 be partitioned:(16) 50 per cent 
s\vnllowed, 25 per cent exlialcd and 25 per cent 
retained in the louw respiratory tract, from 
which they go to the blood and arc ultimately 
excreted i n  the urine. Based on a fecal content 
of 9 pc, a total liody burden of approximately 
18 pc  might be estimatcd, 4.5 pc ultimately 
being excrctcd in the urine. This estimation is a t  
least in accord with our observations. 

Assuming further that all of the S35 appearing 
i n  the urine was absorbcd from the intestinal 
tract, rather than coming from the lungs, we 
might expect that 13 pc had been swallowed, 
giving an estimated body burden of approxi- 
mately 26 pc. This estimate would also ignore 
the entrance of any radioactivity into the blood 
stream via cuts from the flying glass of the 
explosion or by absorption through the skin 
from surface contamination. Hence it would 
appear, without attempting to justify any of the 
abovc reasoning, that a total body burden of 13, 
minimum, to 26 pc, maximum, is a reasonable 
range. 

The hazard from internal deposition of 
radioisotopcs is always of concern. However, 
S3j with an average energy (Ef i )  of0.049 MeV(18) 
may be of relatively little concern, for 0.1 mc 
uniformly distributed in the body of 90 kg 
man would produce approximately 0.003 
r a d / d a ~ " ~ )  or, with decay, approximately 0.0 19 
rad/week. The AEC regulations(20) limit body 
burden, on a continuous 50-year basis, to a dose 
calculated to deliver not more than 0.1 remlweek 
to the gonads or total body and somewhat 
more to other specified organs. Even had this 
estimated dosage equaled the permissible dosage, 
tissue damage would not be anticipated because 

the permissible dosages have not been chosen as 
a result of positive evidence of damage. More- 
over, S35, with a half-life of 86.35 f 0.17 days,c21) 
has been estimated to have a biologically 
effective half-life of 26.1 & 41.8 days,(18) which 
markedly reduces the possible time of expo- 
sure. 

The only indication in the literature con- 
cerning tissue damage caused by S35 is that of 
GOTTSCHALK et ul.(22) who injected 559-926 mc 
for treatment of cancer; a t  these doses signifi- 
cant hematological effects were observed. 
These observations have been confirmed by 
ANDREWS et who administered 1.0-8.8 mc 
sodium sulfate-S= intravenously as tracer doses, 
and ultimately approximately 1 c, in three 
increments, to chondrosarcoma patients. Severe, 
but reversible, depression of hematopoiesis 
occurred after administration of 1 c of S35. 
GOTTSCHALK'S patients required transfusions. 

I t  is generally agreed that inorganic sulfur 
compounds, regardless of the route of adminis- 
tration, are rapidly excreted from the 

and are thus not likely to be 
damaging. Methionine-S= and cystine-95, 
however, are recycled in body proteins and in 
this manner S,35 is retained in the body. Doses 
of 0.1-5 mc of methionine-S35 have, nevertheless, 
been administered to humans, without observ- 
able detrimental effeets.(28-30) 

We believe, therefore, that the total body 
burden in this case of 13-26 pc did not con- 
stitute a significant 'internal radiation hazard. 
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Abstract : (by S. €3. Bernard) 
and C. F. Holoway 

Three pat ients  with chondrosarcoma were given multiple injections 
(3, 5 and 6, lrespectively) of S-35, i n  the  range of 100-200 mc/injection, 
for  t o t a l  doses of 0.5  t o  0 .9  curie, depending on pat ient  condition, i n  an 
attempt a t  (pa l l ia t ive)  therapy, 

S-35 concentrations i n  those organs (under burden) checked for  key 
word-indexing, on reverse side, were measured a t  various times af ter  I . V .  
i n j ec t  ion. 

The authors give a Tb fo r  skin of 9.7 days (and also of e6.1 day8 
based upon a different  t i m e  period) fo r  1 patient,  and 165 days f o r  a 2nd 
pa t ien t ,  and of 20.2  days f o r  a 3rd patient.  

I n  addition, a Tt, is given f o r  the chondrosarcoma. 

The authors show a l o t  of pc/gm. w e t  t i s s u e  versus time in days for  
t h e  chondrosarcoma ana for  Elood. These data should be analyzed i n  terms of 
a multiple exposure intake t o  check on t h e i r  Tt, values and t o  obtain an estimate 
of f2' f o r  those organs checked f o r  key-word index. 

1026300 , 
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The Use of Large Amounts of Radioactive Sulfur in 
Patients with Advanced Chondrosarcomas 

11. Distribution and Tissue Irradiation* 
RAYMOND G. GOTTSCHALK,~ LOUIS K. ALPERT, AND PHYLLIS 0. MILLER 

(Departments of Pathology and of Medicine, The Gewgs Washington University School of Medicine. 
Washington. D.C. ,  and Cancer Rmeurch Lubora&ny, Veteram Administration Center, 

Yurtinsburg, W.Va.) 

A previous paper ( l a )  described the clinical ob- 
servations of thrce patients with advanced chon- 
drosarcomas following the administration of 559 to  
OhG mc. of radioactive sodium sulfate in divided 
intravenous injections. The plan of treatment (la) 
was h s e d  on the fisation of tracer doses of radio- 
sulfur by human chondrosarcomas (11) and on the 
tosic effects of large amounts of radiosulfate for 
growing epiphysial cartilage in experimental ani- 
mals ( I O ,  14). Large injections of radiosulfur were 
atlrninistercd to these patients after initial studies 
showcd that their tumors retained significant 
amounts of SJ5 G-5 hours after the injection of 
tracer doses. A total of three to six large increments 
of SJb W;LS administered until there was evidence 
of leukopenia and thrombocytopenic effects (12). 
Analyses of tissues obtained after the series of in- 
jections provided data on the long-term retention 
of the isotope and permitted an  estimation of the 
doses of radiation internally delivered to the chon- 
drosarcomas and to other tissues. 

,\IATEI1IALS ASD AIETIIODS 
Tissue rpccinicns obtnincd a t  surgery or. in one case, a t  

necropsy (19) were nnnlyzcd in duplicnte for the total content 
of rndiawlfur by the Denis method ( 5 ) .  Wciphrd sAmples were 
hydrolyzrd with sodium hydroxide and oxidized by ashing with 
Denis rrnpcnt in tlic presence of cnrricr sodium sulfate. The 
rcuiduc was dissolved in hydrocliloric acid, nnd the pII was 
ndjustcd to 9.5. Tlic solution wns licntcd t o  near boiling. and 
bnriurn chloride wns nddcd dropwise. The sulfate precipitate 
wns nllonrd to nxc nnd wns collcctcd on discs of \Vhatman 42 
or Schlcichcr nnd Scliuell 589 filter pnper with the use of lucite 

Tliis invrstipttion wns supported in part by n research 
grant (C 9770) from tlic Xntionnl Cancer Institute, US.  Public 
Ilcnlth Service: and b y n  grnnt of the Alexander and Margaret 
Stewart Trust Fund. Pnrt of these observations were presented 
on April 12, 1959. a t  the Annunl Meeting of the American 
Association for Cancer Research (IS). 

t Mailing ntldress: b'etcrnns Administration Center, Mar- 
tinsburg, N'ut Virginia. 

Received for publication hIay 95, 1959. 

filtering assemblies and 90 cm. mercury of differential pressurc. 
The filter paper discs were mounted on plnnchcts, dried, 
weighed, and counted in the Gciger-Mtlller range with a 
Micromil-window Nuclear gas-flow counter, automntic snmple 
changer, and scaler. At least 6,000 disintegrations were count- 
ed, and the values were corrected for coincidence and for sclf- 
absorption. With each group of snmplcs nliquots of the lnst 
injected SS solution were processed in the same fnshion or were 
added before the precipitation to  processed blank solutiom. 
The recovery of 5" varied from 90 to 104 per cent nnd avernged 
97 per cent. 

Duplicnte analyses of normal tissues gcncrally ngrced within 
i . 5  per cent. Because of the tissue vnrintions of neoplnunis, 
duplicate analyses were done on ench of thrce to six spcciiiicns 
obtained from different portions of the chondrosorconinq. 

The samples taken in  duplicnte for nnnlysis were supple- 
mented by a third one that  was fixed in formnlin nnd scc- 
tioned for control of the histologicnl structurc. Ilndionuto- 
graphs were prepared from these "chemical control" bloclw nnd 
also from larger sections used for histoloh+nl study. The rndio- 
autogrnphs were prepared by holding strips of Koclnk Contrnst 
Ortho Process film against microscopic sections of tissue spcci- 
mens fixed in formalin and embedded in pnrnlfin. Thcsc rndio- 
autographs demonstrated the localizntion of radiosulfur incor- 
porated in tissue structures (sulfated mucoproteins, ctc.) cxccpt 
for the compounds soluble in water or forinnlin. Tlic dinlyznblc 
or formalin-soluble Ss-labeled compounds dccrensc rapidly 
with time in the cartilage and bone of cxpcrimentnl animnls 
(6, 18). 

Thesamples of blood obtained a t  thcsnmc time as thc surgi- 
cal specimens (Table 1) were annlyzcd by tlic snme chemicnl 
method. I n  addition, the rate of disnppcnrance of S" was fol- 
lowed by direct measurements of the rndionctivity of numerous 
blood and serum samples obtained nftcr ench isotope injection. 
Aliquots of dilution in water of blood or scrurn snmplcs w r e  
dried on stainless steel plnncheta with nnd without addition of 
Sa standard solution for reference and for self-absorption 
correction. 

RESULTS 
Concentration of radiosulfur in tissues.-Because 

of the weakness of the beta radiation of SJ6 the up- 
take of this isotope in deep tissues can be measured 
only by chemical analyses and specimen counting, 
and not by external monitoring. The energy of the 
beta radiation from Sab is too low for measurable 
Bremsstrahlung to be produced. 
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T i d J c  I gives tlic S * b  cnntciit of tlic tissiic 
sniiiiilcs on tlic clny of Llic oprrnlions. 'I'licy w r c  
cnlcrilr~lctl iii pc/giii wet  wpight, 'A'o Incililntc tlic 
coiiiimrison of ~ l i c  (Irgrcc of uiitnkc d t c r  injrction 
of vnrioris niiioiiiits niitl nftcr diffrrciit intcrvnls, 
Ilic tissric tviiccntrntioiis nrc givcti in tlic tnlilc in 
;wr cciit of tlic ciiiiirilnlivc nvcrngc nnroriiits in- 
jcclctl (iiicjkg or Fc/gii). This is tlic concciitrnlion 
of Sa' tlint woiild Iinve bccn protlricctl i f  cncli 
niiinunt of S3b iiijcctcd Iind bccn cvciily rlistribiitccl 
in  Ilic cntirc body nnd not cxcrctccl, mcl i f  it hncl 
uiitlcrpnr pliysicnl dccny to tlic clny of tlic opcrn- 
tion. 'l'licsc pcr ccnt vnlucs mrrc3;miid to tlic "dif- 
fcrcntirrl niisorptioii rntio" of AIarincili, Qiiiiiiby, 
and Ilinc (90). T h y  rcRcct tlie dcgrccof biologicnl 
uptnkc nntl the Liologicnl trirnovcr of the isotope 
in tlic tliffcrcnt tissucs of each pnticnt. 

The results sliowed tlie high uptake and the long 
retention of Sa' in the ciiondrosnrcomas. The nvcr- 
age conccntration of Sa' in the tumors WIU mnsist- 

ciitly higticr t h n  in niiy otlict tissue oh~rrinccl n t  
tIic sniiic opcrntion,. TIicrc wns cnnsitlcrnldc vnrirl- 
I ion hctivccn clifTcrcnt tiinlor sniiililrs siiicc tlicy 
inclwiccl, wlirnevcr pos.viI>lc, tlccp i i i i t l  nripcriiciirl 
Iw)rtions, or  nrrns of v n r ~ i i i ~ , ( I i f f r r c ~ i l ~ ~ ~ ~ ; ~ ~ r i  or vin- 
lpility, or  tlificrcnt pmlmrtiona of f i lmria  alroinn. 
1:vcii clu1)licntc nntrlycrra of ncljlicciil li~riior 
srtiiiiilcs wcrc morc vnrinblc ~lirin ~ l i o w  of nor~iic~l 
tissiica. This could bc corrclntnl will1 tlic rlncven 
fisntion of Sa6 in tlic tumor s~ i i ip lc .~ ,  which \\*as 
clcnion.ptrotcr1 by tlic mrrcspntlirig radionu to- 
grnplis (scc Figs. I-&\). Cliciiiicnl nlidysrs of tlrc 
tIilTrrcnL apccimcns ohtaincd nftcr trnccr injccLion 
or nL thc first opcrntion After thc scrics of lorgc 
i njcctions showcd thnt tlic snmplcs fmrn llic grow- 
ing ctlgcs of the tumor or from thc cliontlroici or 
myxomatous portions had high uptakcs and thnt 
necrotic o r  cnlcified samples had low uptakes. A 
lower average isotope conccntrntion was found in 
tbc tumor of paticnt 1 on July 24 than on Scptern- 

. 

' 

1111 Peripheral portion of tumor, ca r t ihp l ike .  
*** Calcified and dcgmamled deep portion of lumor. 
ttt Chondrommma of back, about rtmma. 
$$$Six w m p k r  of tumor d bdr, two of primary endonteal tumx in nib. two d inhthomdc tumor~lro of tumor fluid 

inridechat. . 



1oso Cancer Resoarch Vol. 19, Sovember, 1059 

1)c.r 20, but the formcr tuiiior was ulcerated with 
ahn(lil11t infliiriicd stroma, since it had to be re- 
scctc~l  its :in cniergency measure. 

1 he uptake in the costal cartilage samples 
st ripprtl of perichondriuni was one third to one 
foiirth of the average uptake in the corresponding 
chondrosarcoma s;tiiiples and close to their mini- 
m i 1 1 1  values. 

l’hc slow rate of turnover in the chondrosarco- 
nias contrasted with tlie fast rate of disappearance 
from the blood so that the ratios of S3b content in 
tuiiior and 1)lootl after the injections of large 
amounts varicd from 310 to 3570. 

I h e  uptake in InuscIc and adipose tissue fell 
rapidly to relatively lo\\* Icvels. The SJ6 concentra- 
tions wcre highcr in the wasted adipose tissue of 
patirnts 1 and 3 t h a n  in  the fat-laden adipose 
tissue of patient 9. 

Specimens of iliac bone marrow obtained early 
after injection of a tracer dose to patient 2 con- 
tained more SJ5 than did normal cartilage. Animal 
stutiics have demonstrated a high uptake in hema- 
topoietic marrow but a faster release than from 
cartilage ( 4 ,  5 ) .  The concentration of S35 in six 
sitinplcs of costal and vertebral bone marrow ob- 
t:tincd at the necropsy of patient 3 was quite 
v:tri:ible and may have been misleadingly low, 
sinre the bone marrow had a high proportion of 
iitlipose tissue with foci of hematopoietic regenera- 
tion. The hematopoietic cells which have a rela- 
tivc-ly high S 3 b  uptake (22) had probably been re- 
~iioved following the leukopenic and thrombocyto- 
penic effects of large doses of S3‘ (12). 

The high S36 content of the bone specimens of 
p;tticnt 1 was a rcflection of the neoplastic invasion 
of thcse portions of ribs. The specimens of bone of 
pitierits 2 and 3 were made up of thin eorti- 
cal hone from the iliac crest and from the femoral 
wntlyle, respcctively. Adherent red bone marrow 
wits responsible for most of the uptake in the 
siiiiiplc of patient 4 as indicated by the correspond- 
i iig r;ttfioautogr;tph. 

The  skin (dermis and cpidermis) had a moder- 
iite uptake and a relatively long retention of Sa’. 
Counts measured against the surface of the skin 
\.;try in different areas even early after injection 
l)y a factor of about i! (n), so that the analyses of 
t l ic skin sainplrs obtained froin the hip (April 21) 
itri(1 from the thigh (June 27) of patient 2 may 
intlicate too slow ;t rate of turnover or may be 
t;tl;on as indication of the ability of the skin to 
tnnrcntrate S 3 b  froin a nietabolic pool as postu- 
I i t t c ~ l  by Denko and Stoughton (3). 

There \vas little evidence to indicate that ehon- 
drositrmriias could actively concentrate S36 late 
iifter injcctions from such a nietahlic pool despite 

, *  

,. 

the significant amounts of isotope found in tumors 
that became prominent only late after the injec- 
tions (samples of July 24 and Scptcmbcr PO, Pa- 
tient l). Radioautographs of thcse tumors showed 
a high uptake in some necrotic areas, probably re- 
mainders of the original tumor, and none in other 
necrotic portions or in recently formed tumor foci. 
The pattern of translocation of the i.wtope in the 
chondrosarcomas was most suggestive of local 
fixation for extremely long periods of time. 

Doaes of radiation delivered-The doses of radi- 
ation internally delivered by radiosulfur were cal- 
culated from the results of the sample analyses. 
The results are summarizcd in Table 9. 

The radiation dose-rate It dclivered to a tissue 
containing C pc S36/gm is given by 

R = 51.2 x C Eo racl/day (19) 

where E B  is the average energy of the beta radirt- 
tion in XEV, which for Sa5 is 0.049.L 

I n  view of the short distance traveled by the 
soft beta radiation, variations in radiation dose 
closely follow variations in  concentrcition. 

Only for the blood was it possible to olltain ,z 

number of samples at intervals aftor eiteh isotope 
injection, so that  no theoretical consideration of 
“half-life” had to be introcluce(1 in  the calcula- 
tions. Following each injcetioli t h e  was a high 
initial peak of concentration folloivcd by a rapid 
disappearance, as observed itftrr tritcer amounts 
(9, 11) (Chart 1) .  The siiioothcst Iwssible curves 
were fitted to the espcrinirntitl v;tli~es of Sab in the 
blood (pc/gm) plotted on sciiii-logitri thmic graphs. 

The concentration prntliirc-tl itiiliiccliately after 
each S 3 b  injection was derived f r o 1 1 1  &he property of 
sulfate-Sa6 to be initidly tlistril~tccl evcnly in the 
extracellular fluid and p h i i i t  (45). JYith 0.16 
used as the ratio of the cstritccllulrtr fluid volume 
to the body weight JI’ (kg.) :tiid II l is the hemato- 
crit value (per cent volume of picked cells), the 
initial concentration of S3‘ in  tlie blood after the 
injection of an  amount .1 (nic.) \vas: 

A factor of 0.18 or 0.20 was substituted when 
edema developed in patient 3. The amount of S3’ 
remaining in the blood from one injection to the 
next one could be ignored, since i t  amounted to 
less than 2 per cent of the calculated initial con- 
centration. 

The corresponding values in rep quoted i n  thc obstmct 
(13) were obtained by wing the formula R = 60 X C X E8 
rep/day and the older vnlue oI = 0.056 MEV (7 ) .  
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CIiart 1 shows the changes of concentration of 
S25 in  the blood of patient 1 plottedon anarithmet- 
ic scalc; the arcas under the curves are propor- 
tionnl to the irrndint ion clclivcred. The total doses 
delivered to the blood of the different patients 
during the pcriotls of observation varied from 40.1 
to 66.5 rad. Only small additional values were ob- 
tainrd by extrapolating the curves to total decay 
(Table 8).  

Since tissue samples could be obtained only by 
a limited number of surgical procedures, the radia- 
tion doses delivered to the tissues were estimated 
by calculation. 

Since experience with radioautographs of chon- 
drosarcoma.? showed that radiosulfur was fixed for 
long periods and not homogeneously distributed, 
it appeared preferable to base the calculated half- 
life values on the average concentrations of SJ5 
realized in all tumor samples rather than only on 
the samples having the highest uptake. 

There was little difficulty in calculating the 
half-life of S36 and the irradiation delivered to the 
tumor of patient 1 for the period of May 21 to 
September 20, since no radiosulfur was injected 
during the interval. The values were based on 
simple exponential decrease between these 2 days.2 

To calculate the irradiation dose delivered dur- 
ing and after the period of divided amounts admin- 
istered. the following hypotheses were accepted: 

a) The concentration of isotope produced in a 
tissue a t  a given time aftcr the injection was pro- 
portional to the amount injected. 

b)  The rate of disappearance from the tissue 
was a decreasing exponential function. 

These assumptions are obvious simplifications, 
but they are generally used in isotope studies. They 
do not take into account many factors such as the 
possihle interference with metabolism a t  “toxic” 
levels, nor the variations in the physiological con- 
dition of the patients, or dynamics involving sev- 
eral “compartments” (21). They helped, however, 
to visualize the rate of turnover in tissues and to 
obtain a crude estimate of the radiation doses, 
since the divided injections were necessary in first 
attempts in patients. 

The concentrations produced in a tissue shortly 
(64 l ~ r . ) ~  after an injection decreased exponentially 
until the next injection when the new increment 
of isotope concentration was added, the sum fol- 
lowing again the same rate of turnover (Chart 1). 

*The values of July 24 were not used in the calculation, 
since this tumor WILY ulcerated and the average isotope con- 
centration (but not the maximum) was below that found at 
the next biopsy. 

That  divided doses had to produce such cumula- 
tive increases of concentration of isotope in tissucs 
having a slow rate of turnover can be seen by not- 
ing how high a percentage of the “cumulative 
average amount” was retained in the chondrosar- 
coma specimens obtained at the first operation fol- 
lowing the series of injections, as compared with 
the uptake after tracer doses (Table 1). 

The rate of turnover can be approximated as 
follows : 

Let us call 
C the average concentration of isotope (pc/gm) 

in the tissue at the time of the biopsy; 
C1, Cz, Ca, etc., the concentrations resulting 

from each separate injection of amounts AI, 
Az, Az, etc. (mc.), made T I ,  2’2,  T J ,  etc. (days) 
before the biopsy to a patient weighing W1, 

Wz, Wa, etc. (kg.); 
F, the fraction of the amount injected per kg. 

that WBS found in the same tissue 64 hours 
(2.7 days) after the.  tracer injection;‘ and 
T,, the effective half-life, 

Then C = C1+ C2 + Ca + etc. 

+ F -  A3 2 - (T , - -2 .7) /Te  +etc .  
W3 

The value of the effcctive half-life was obtained 
from this equation and from the experimental 
values of SJ6 concentration. 

The biological half-life ( 2 ’ b )  was obtained by 

It was also verified by direct but somewhat Ionger 
calculations from the fractions of the injected 
amounts corrected for physical decay that were 
retained in the tissues (Table 1). 

The calculated values of half-life were in the 
same range for the chondrosarcomas of the differ- 
ent patients and indicated a long retention in the 

J The 64-hour interval was chosen arbitrarily for the traccr 
biopsy to reflect the enrly high uptake. In rats the maximum 
uptake in cartilage occurs after 24 hours nnd decrcascs slowly 
thereafter (1,4). The time of maximum uptake in man is not 
accurately known because of the difficulty of serial biopsies. 
Recent serial analyses of mucinous rnnterial escaping from a 
chondrosarcoma showed uptakes close to the maximum values 
from the 1st to the 15th day after injection of rndiwuUate and 
of human growth hormone. 

4 This fraction F differs from the corresponding value of 
per cent of the cumulative average nmount given in Table 1 
by the physical decay for 2.7 days. For instance. F is 1.685/ 
1.024 = 1.645 for the average concentration in the tumor of 
patient 1 on Feb. 21 instead of 168.6 per cent. 
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were present in the stroma. Since the mnsimum 
rangc of tlic radiation of Sa6 is only 0.3 mm. (indi- 
cnted Ly lines on Figs. 1-&I). the differentiated 
ncopln.stic cells which were prolifcrating a t  the 
time of the isotope injections generally rcccived 
doscs of radiation larger than the maximum values 
calculated from the analyses of the entire samples 
while othcr portions received smaller doses. 

The irradiation of the skin \vas calculated by 
the same nicttiocl as for the tumors. Duplicate skin 
samples were in close agccrncnt. The changcs of 
conccntrntion of in samples of skin obtained a t  
diffcrcnt times have been discussed above. Despite 
thc marked variation of the calculated half-lives, 
similar radiation doses dclivercd to the skin (157- 
870 rad) wcrc obtained for the diffcrcnt patients 
on thc basis of all thc samples analyzed. 

Tlrc vnlires of conccntrationof SJ’ indicated that 
sinallcr radiation doses were delivcrcd to thc adi- 
po.w t i m u e  iintl to mu.&, which have lowcr up- 
takes :tnd more rapid ratcs of turnover. Cumula- 
tive doses o i  11.5 and 12.3 rad, respectively, wcre 
calculated for these tissues in the case of patient 2. 
A small atlcii tional dose of radiation was probably 
contr ihtcd by the initial concentration of in 
the cstracclli~lnr fluid. 

Not enough samples of normal bone murrow 
could be obtained in these patients for calculation 
of the irradiation received, but  the radiation dos- 
age was obviously much higher than in the blood, 
and prolmbly highcr than in the skin. 

where D,,I equals the total irradiation dose (rad) 
delivered in the time interval (I, - tz), T ,  is tbe 
cflcctive half-life, and Rl and R ,  are the initial nnd 
final dosage ratcs (rad/day) calculated from the 
isotope concentrations. For simplicity it was ns- 
sumed that the grentest conccntration was pro- 
duccd a t  once after injection. The dose that could 
be delivcrcd by total dccay was calculated by 
using thc same rate of turnover as in the prccctling 
period. The total irradiation was the same that 
would hnve bcen dclivercd by a single injection of 
the same total amount of S3b having the same cl- 

I>ISCUSSION AND CONCLUSION 
The high uptake and the long retention of 

radiosulfur in chondrosarcomas reflect both the 
RlCtahliC pattern of normal cartilage and the in- 
crcascd metabolic activity of neoplastic tissues. 

Thc  avcrnge cumulative irradiation received by 
all parts of the chondrosarcomas was 99-61 times 
as high as  the cumulative blood dose for the diffcr- 
eiit patients. it factor of similar magnitude (34 to 
1) had been anticipated in the initial planning on 
the basis of tracer studies. This ratio appcarctl 
favorable enough to warrant therapeutic attempts 
with large doses of SJb-sulfate in advanced cases of 
cho ndmsarcoma. 

The distribution of the irradiation in the chon- 
drosarcomas must be considered on a n  almost 
microscopic scale because of the short range of the 
beta radiation of S36. Differentiated neoplastic 
cells that were proliferating during the period of 
isotopc injections generally received radiation 
doses well in excess of 4000 rad. Calcified or de- 
generated areas received smaller doses. 

Although radiosulfur reaches neoplastic chon- 

i 
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drosarcoma foci in any part of the body and inde- 
pcntlcntly of tlie limitations imposed by the skin 
in  external irradiatiol,. it is unlikely that radiation 
doses of such magnitude could permanently de- 
stroy all turnor cells, inasmuch as the uptake 
varics with their tlrgree of differentiation. The  
growth of epiphysial cartilage of young animals 
can be permanently arrested by leukopenic doses 
of radiosulfate (14, 15, 24). A major factor in the 
clinical response of the chondrosarcomas to the 
doses of radiation delivered by radiosulfur is their 
radiosensitivity to tlie beta radiation, inasmuch as  
tlic radiosensitive marrow retains significant 
amounts of isotope. Chondrosarcomas, contrary 
to epiphysial cartilage, are generally considered 
resistant to external irradiation (8, 17), although 
radiotherapy is given for palliation (8). 

Carcinomas of the thyroid treated with radio- 
active iodine are generally submitted to higher 
equivalent amounts of internal radiation. Signs of 
destruction of the thyroid gland by appear 
when about 25,000 rad have been delivered to the 
gland, and larger doses are used for treatment of 
carcinoma of the thyroid than for hyperthyroidism 
(23). Severtheless, some differentiated thyroid 
tumors with high uptake show little response to 
isotope treatment, while some anaplastic radio- 
sensitive thyroid tumors of very low uptake may 
have a clear response (43). Even in carcinomas of 
the thyroid therapeutic success with isotope is the 
exception and not the rule. 

The  clinical observations on the use of radio- 
sulfur in  advanced chondrosarcoma (12) were sug- 
gestive of a temporary inhibition of the tumors in 
two of the three cases, but  no final conclusion 
could be drawn in the absence of clear-cut tumor 
regression. Studies on additional cases of chondro- 
sarcomas. which may have different degrees of 
racliosensitivity or of isotope uptake, would be 
neccssary to decide whether radiosulfur can pro- 
duce with some regularity a significant degree of 
palliation in some cases. I n  fact, a minimal degree 
of inhibition would be expreted in a radiosensitive 
tumor following the administration of large doses 
of radiosulfur indcpenclently of its local fixation, 
sincc large closes of radiosulfate inhibited trans- 

FIGS. 1 nnd li\.--faticnt 1, tracer, Felt. 21. \lysomatous 
chondrosarcoma nreaa (light staining) on tlic surfnrc of or at- 
tnched to inflamed or hemorrhagic strornn (30-p section, 
licnintosylin and eosin stnin).-Uptake grratrr a t  edge of 
tumor than in degenerated areas. important uptakeininflamed 
stroma. (Corresponding radioautograph. exposure 16 days.) 
These and the following microphotograph are low-power 
views of the “chemical control” sections of the tumor eamples 

planted mouse tumors devoid of specific uptake 
about to the same degree as did sublethal doses of 
external total-body irradiation. A malignant trans- 
planted mast-cell tumor with a high uptake of 
radiosulfur was inhibited to a greater degree (16). 

SUhIbIBRY 
I n  the course of attempts of treatment of ad- 

vanced cases of chondrosarcoma by injections of 
large amounts of radiosulfate, tissue samples were 
obtained a t  intervals and analyzed for isotope con- 
tent. The  average concentration of S36 was greater 
in the chondrosarcomas than in any other tissue 
analyzed. The results demonstrated the long re- 
tention of Sa6 in the tumors. A method was devel- 
oped for calculation of the irradiation doses after 
multiple injections of S36. The effective half-life of 
S36 in the chondrosarcomas was estimated to vary 
between 26.1 and 41.8 days. The average cumula- 
tive irradiation delivered to all parts of the tumors 
was calculated to be 1774-3661 rad. The portions 
of the neoplasms that  were growing during the 
periods of isotope injections had higher than aver- 
age uptake and received cumulative doses in excess 
of 4000 rad. Normal tissues received smaller doses 
of radiation. The blood received cumulative doses 
of 40 to 68 rad. The significance of these relatively 
favorable differential ratios of irradiation for the 
treatment of advanced chondrosarcomas was 
discussed. 
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FIOS. 0 and ZA.-Patient 1. therapy, ;\lay 21. Thin layer 
of chondrosarcoma and fibrous wall bordering degenerated 
cystic tumor (7-p section).-High uptake in tumor. (Expo- 
sure, 4 days.) 

fi08. 3 and SA.-Patient 2, tracer, April 21. Cartilagelike 
chondrasarcoma (7-r Rection).-Uptake near cells, little in 
stroma. (Exposure, I?S days.) 
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drosarcoma foci in any part of the body and inde- 
pendently of the limitations imposed by the skin 
in external irradiation, it is unlikely that radiation 
doscs of such magnitude could permanently de- 
stroy all tumor cells, inasmuch as the uptake 
varies with their degree of differentiation. The 
growth of epiphysial cartilage of young animals 
can be permanently arrested by leukopenic doses 
of radiosulfate (14, 15, 24). A major factor in the 
clinical response of the chondrosarcom.ls to the 
doses of radiation delivered by radiosulfur is their 
radiosensitivity to the beta radiation, inasmuch as 
the radiosensitive marrow retains significant 
amounts of isotope. Chondrosarcomas, contrary 
to epiphysial cartilage, are generally considered 
resistant to external irradiation (8, 17), although 
radiotherapy is given for palliation (8). 

Carcinomas of the thyroid treated with radio- 
active iodine are generally submitted to higher 
equivalent amounts of internal radiation. Signs of 
destruction of the thyroid gland by IL31 appear 
when about 25,000 rad have bcen delivered to the 
gland, and larger doses are used for treatment of 
carcinoma of the thyroid than for h y p c r t h j ~ ~ i d i s n ~  
(23). Nevertheless, some differentiated thyroid 
tumors with high uptake show little response to 
isotope treatment, while some anaplastic radio- 
sensitive thyroid tumors of very low uptake may 
have a clear response (23). Even in carcinomas of 
the thyroid therapeutic success with isotope is the 
exception and not the rule. 

The  clinical observations on the use of radio- 
sulfur in advanced chondrosarcorna (12) were sug- 
gestive of a temporary inhihition of the tumors in 
two of the three cases, but  no final conclusion 
could he drawn in the absence of clear-cut tumor 
regression. Studies on additional cases of chontlro- 
sarcomas, which may have different clrgrees of 
radiosensitivity or of isotope uptake, would be 
necessary to decide whether raclios~lfur can pro- 
duce with some regularity a significant degree of 
palliation in some cases. I n  fact, a mininial degree 
of inhibition would be expected in a radiosensitive 
tumor following the administration of large doses 
of radiosulfur independently of its loc:iI fixation, 
since large doses of radiosulfate inhibited trans- 

FTCS. 1 and 1A.-I’ntient 1, tracer, Fet). t l .  Sly\omatous 
cliondrosarcoma areas (light staining) on the surfilrr of or at-  
tached to inflamed or hemorrhagic stronln (YO-@ section, 
hemntoxylin and eosin stain).-Uptake Vrntrr  at edge of 
tumor than in degenerated areas, important uptake ininflamed 
stroma. (Corresponding radioautograph, exposure 16 days.) 
These and the following microphotogaphs are low-power 
views of ti,r “chemical control” sections of the tumor samples 

planted mouse tumors devoid of specific uptake 
about to the same degree as did sublethal doses of 
external total-body irradiation. A malignant trans- 
planted mast-cell tumor with a high uptake of 
radiosulfur was inhibited to a greater degree (16). 

SUMMARY 
I n  the course of attempts of treatment of ad- 

vanced cases of chondrosarcoma by injections of 
large amounts of radiosulfate, tissue samples were 
obtained at intervals and analyzed for isotope con- 
tent. The average concentration of S3’ was greater 
in the chondrosarcomas than in any other tissue 
analyzed. The results demonstrated the long re- 
tention of S35 in the tumors. A method was devel- 
oped for calculation of the irradiation doses after 
multiple injections of S36. The effective half-life of 
P6 in the chondrosarcomas was estimated to vary 
between 26.1 i n d  41.8 days. The average cumula- 
tive irradiation delivered to all parts of the tumors 
was calculated to be 17‘73-5661 rad. The portions 
of the neoplasms that  were growing during the 
periods of isotope injections had higher than aver- 
age uptake and received cumulative doses in excess 
of 4000 rad. Normal tissues received smaller doses 
of radiation. The blood received cumulative doses 
of 40 to 68 rad. The significance of these relatively 
favorable differential ratios of irradiation for the 
treatment of advanced chondrosarcomas was 
discussed. 
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FIGS. 9 and OA.-Patient I, therapy, May 91. Thin layer 
of chondrosarcoma and fibrous wall bordering degenerated 
cystic tumor ( 7 - ~  section).-High uptake in tumor. (Expo- 
sure, 4 days.) 

FIGS. 9 and SA.-Patient 4, tracer, April 41. Cartilage-like 
chondrosarcoma (7-p seetion).-Uptake near cells, little in 
stroma. (Exposuk. bs days.) 

i 


