
1976, British 3burnol of Radiology, 49, 133-140 

The absorbed dose to bone marrow in the treatment 

FEBRUARY 1976 

A-40630 - -  . .  
of polycythaemia by =P Human Studies P r W  
By F. W. Spiers, C.B.E., D.Sc., Ph.D., F.lnst.P., A. H. Beddoe, M.Sc., and S. D. King, M.Sc. 

\ 

Bone Dosimetry Research, Cookridge Hospital, Leeds 

C. J. Hayter, B.Sc., F.R.C.P. and A. H. Smith, Ph.D., L. Burkinshaw, M.A., Ph.D.and B. E. Roberts, 
M.D., M.R.C. Path. 
Departments of Nuclear Medicine, Medical Physics and Haematology, Leeds General Infirmary, Leeds 

A.B¶nAn 
This paper reports the determination of absorbed dose 

to bone marrow in the treatment of polycythaemia by a2P. 
bared on the measurement of activities in bone and marrow 
biopsies taken at various times from 1 to 27 days after m- 
j m o n  of the radionuclide. Activitier were measured in 
the rorrex, trabeculation and marrow of biopsies taken from 
the iliac crcat, and also in sternal marrow. The bio lopd 
half-life of 32P in marrow from the iliac crest was found to 
be nine dpyl; that derived for sternal marrow was lower. 
but the difference was not statistically significant: the value 
for trabecular bone IW 27 day .  The biologid half life for 
rrP in the body, BI measured by whole-body counting, ocp. 
39 days. Calculations of the dore-rate to trabecular marrow 
hoc brm made by a method based on that of W'hitwell and 
Sp im (1971), but modified to allow for the presence of 
**P in the pulrrow aa well as in trabecular bane. The dorrs- 
rata  follow ringlc exponential dcay with SI half-life of 
6.7 drip. The integrated dose including that during the 
f h t  day ir 24 rad per mCi injected, 

The use of radioactive phosphorus, 32P, as a treat- 
ment of primary polycythaemia has been wdely 
adopted since the method was first introduced by 
Lawrence in 1939 (Lawrence, 1940). Methods for 
determining the therapeutic dose (in mCi) have 
varied, but in general they have been empirical and 
based on the observed clinical response of the red- 
cell volume (RCV). One method, widely used, has 
been to give repeated small doses until the desired 
reductionbin RCV is achieved (Reinhard et al., 1946; 
Lawrence, 1955); another, to give single large doses 
adjusted according to the patieat's weight (.\bbatt 
et aL, 1954; Harman, Hart and Lcdlie, 1955). A 
further refinement was introduced by Hume, Cowell 
and Goldberg (1966), who observed that the fall in 
RCV was 8 linearly related to the radioacttvity 
given, irrespective of weight, over quite a wide 
dose ra2ge. They were able to use an experimenrally- 
obtained regression line to predict the therapy dose 
required to reduce the RCV to normal in a FiJcn 
patient provided that his actual and (predict-d) 
normal RCV were known. However, in about 15 
per cent of the cases the expected result was r.ot 
achieved. 

Such methods have been evolved largely because 
little data exists upon which a more fundamental 

approach, based on radiation dose and biologicaleffec- 
tiveness, could be made. Osgood (1965) has compared 
the effectiveness of intravenous injections of 32P with 
that of total body irradiation by X rays in the 
treatment of chronic granulocytic and lymphocytic 
leukaemias. Calculations of the dose to bone 
marrow following intravenous administration of 32P 
have also been made by Seltzer, Kereiakes and 
Saenger (1964) and by Mays (1973). Low-Beer, 
Blais and Scofield (1952) produced a dosage scheme 
based on the assumption that the concentration of 
31P, three days after injection, was up to ten times 
greater in those tissues most avid for phosphorus 
(bone, livcr and spleen), but did not considerwhether 
differences existed in the doses received by these 
individual tissues. In the present paper the dose to 
marrow in trabecular bone is determined from contri- 
butions by 32P in the marrow itself, in the trabecukr 
bone and in the cortical bone surrounding the 
trabeculation. Some dose estimates are also maar for 
haemopoietic tissues in other sites. 

The determination of the dose-rate to bone mar- 
row is based on the measurement of 32P activity in 
the bone and marrow of bone biopsies taken at dif- 
ferent times' after administration of the isotope, 
followed by dose calculation using methods de- 
veloped recently (Spiers, 1969; Whitweil and Spiers, 
1971: 1975). Mcre realistic dose data are thereby 
obtained, and these are discussed in the light of 
earlier estimations. 

EXPERIMENTAL PROCEDUW 
The subjects were nine patients with primary 

polycythaemia, clinical details of whom are given in 
Table I. Four had previously been treated &th 32P; 
the remainder were new, untreated patients. The  
object of the investigation was explained to. each 
patient and each agreed to take part. The standard 
procedure adopted was as follows. 

Initially red-cell and plasma volumes were 
measured for each patient by standard techniques, 

. .  
. .. .~ . .  

. i .. _ _  _,_- . .I i.:- ' 

.>-  . 



VOL. 49, No. 578 

F.  IC'. Spiers, A. H. Beddoe. S. D. Kills, C .  7 .  Hayter,  A. H .  Smith, L .  Burkinshaw arid B.  E .  Roberts 
TABLE I 

CLISICAL DFTAlIS OF THE PATIENTS 

&I 
18 

64-2 
14.1 

1 $(years) 
1 \Veight (kg) 

Haemociobin (gdl-1) 
Red-cell count x l O l *  (1-1) 
Platelets count '< 100 (1-1) 
Li'hite-cell count x 10" (1-1) 
Blood volume/bodyweight 
(mi k P )  
Plasma volume/ bodvweight 
(ml kr*) 
Red cell volume/bodyweight 
Cml krL) 
bpleen palpable (cm below 
costal margm) 
.&xi\ itv administered (mCi) 
Prewous 3*P treatment 
Sumber of times 
.lctivirv per treatment (mCi) 
Dates 

F M M 
65 76 46 

62.0 49.7 77.0 
17.8 14.4 24.0 ' 7.6 1 - 5  1 

36.2 j 10.8 
I 

750 

1 1 1 . 3  1 106.9 1 84.2 

59-2 

35.0 

Tip 
6.1 
yes 

1 
3 

1970 

45.8 I 38 3 ' 

65.5 6S.6 j 

81.9 

41.7 

40.2 

Tip 
5.2 
Ye= 

2 
3 

1970,71 

22.R 
7 . 8  

s .9 

63 .1  

29.7 

2 3  

53.4 

0 
6 .O 
no 

I 

M 
68 

61.9 
19.2 
8.8 

17.7 

107-5 

43.5 

64.0 

5.7 
6 .O 
no 

303 

119.3 71.2 

61.2 30.1 

58.1 41.0 

0 0 
3.9 6.1 
Yes no 

5 
3 

1968.69 
70,71.72 

F 
62 

69.9 
14-0 
4.6 

41 5 
27 

76.0 

47-6 

28.5 

15  
3.9 
no 

S . B .  Blood values measured on Coulter S and Thrombo Counter. 

using 51Cr-labelled red cells plus *2sI HS.4 (ICSH 
Report, 1973). Six of the patients were then given 
intravenously 6 mCi 32P and the remainder, for 
clinical reasons, given smaller quantities. Prior to 
the a2P injection, each patient's counting-rate was 
measured on a whole-body radiation counter. and 
then measured again within half an hour of adrninis- 
tration. Whole-body counter measurements were 
taken at frequent intervals up to 28 days thereafter, 
and blood samples were also obtained at frequent 
intervais throughout this period. A trephine biopsy 
from the anterior aspect of the left iliac crest and a 
marrow aspirate from the first part of the body of 
the sternum were taken from each patient. 

Ii'hole-body radiation counting 
The whole-body retention of 32P was estimated 

by measuring the Bremsstrahlung emitted from the 
body using a whole-body radiation counter, made 
up of eight unshielded NaI (TI) scintillation detec- 
tors housed in a steel cubicle, in a way which has 
been shown to make its response relatively inde- 
pendent of the distribution of activity in the body 
(Burkinshaw at al., 1972). The Bremsstrahlung of 
32P gives a continuous spectrum, and the total 
counting-rate above 400 keV was. measured, the 
lower limit being chosen to exclude the y rays of 
51Cr. The counting-rate from the patient was com- 
pared with that measured on the same day from an 
aliquot of the injected dose placed at the centre of 
the array of eight detectors. 

.Veasurnnmt of blood artimty 
Whole-blood and plasma samples were measured 

in an h16 liquid geiger counter,* which was Cali- 
brated for its response to 32P in solutions of differ- 
ing density. The response of the counter to 5lCr and 
1251 was shown to be insignificant. The separation of 
plasma from whole blood was completed within an 
hour of the sample being taken in order to minimize 
the effect of 32P eluting off the red cells. The activity 
(pCi/gm) of the blood and plasma were determined 
by applying density corrections to the count-rates 
and comparing the results with the count-rate from 
a 3*P standard. Haematocrits were also determined 
using the standard Wintrobe technique. 

Measurement of sternal marrow activity 
The stemai marrow aspirate consists of two com- 

ponents, marrow and excess blood. By comparing 
W r  and 1251 activities in blood samples and 
marrow aspirate, allowance could be made for this 
excess blood. 32P activities were again determined 
by counting samples in an M6 geiger counter, and 
51Cr and 1251 activities by counting i?i a NaI 
well-counter. The  32P activity (pCi/g) of the sternal 
marrow could then be obtained. 

Measurements of activities in the iliac-crest biopsy 
The specimen was received in the laboratory 

*20 Century Elecnorucs Ltd.. England. 
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Whole blood 

Whole body Fasr component Slow component 
Patient Dags D a y  Daw 

Plasma 

Fast component Slow compooant 
Days DpVl 

I 
41 - 3  
36.3 
34.8 
4-4 -0 
37.0 
41.4 
33.3 
38.3 
46 -8 

TABLE I11 
NORMALIZED a*P ACTIVITIES IN THE =AI. AND ILIAC CREST BIOPSIES 

- 

- 1 -4 18.2 - 
17.8 0.3 16.8 1.2 

2.4 24-8 
24-6 1 *5 20.9 2.2 

0.6 14-3 
1.15 21 -8 0.4 160 

1.9 25-1 1 .o 17.7 
2 .a 33.3 0.6 28.3 

- - 
- - 
- - - - 

shortly after removal. The  surface fluids and ex- 
traneous tissues were gently removed from the 
biopsy specimen with filter papers and the specimen 
(approximately 1.5 cm long and 0.5 cm diameter) 
cut into trabecular portions and a cortical slab. 
Each trabecular portion was then placed in a wire 
mesh cage suspended in a conical flask and the mar- 
row cavity tissues flushed out with an air-pressurized 
water-spray and collected in the flask. The  washings 

Mean 
s.d. 

. 
were evaporated to 2 ml., dissolved in 10M nitric 
acid and measured in an 1M6 counter. The trabecular 
portions and untreated conical slab were sepantdy 
dissolved in nitric acid and similariy measd.  
.4ctivities in &i/g were calculated for trabeculnr 
bone, cortical slab and marrow. 

39.2 1.7 22.5 0.8 20 9 
4.5 0.7 5 -9 0.5 5.1 

RESULTS 
The  results of the procedures described in the 

,- 1 0-390 0.429 0.555 7 0-339 

1 0-316 0.359 0-455 7 0.355 

I S  0.41 5 0.129 0.122 13 0476 

10 0.194 * 0.304 0.144 10 0.018- 

27 0.235 0.045 0-066 27 0928 

0.465 0-341 0 ., 
L 
m 

0.209 0.170 

0-296 0.087 

0.163 0-051 

1 1 8 5 3 1 1  135 
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Patient 

FIG. 1. 

Dav 21 for patient& 
variation of counting-rate along the ody a t  Dav 3 and 

FIG. 1. 

Dav 21 for patient& 
.~ ~ .--L along the ody a t  Dav 3 and 

‘”‘1 
5 10 15 10 1 5  

Time otter Injectmu cdoysr 
Fic. 2. 

Actlvities in aspirated sternal marrow (i~==0.0976 10.0311 
( S A )  d-l)  and in marrow removed from iliac crest biopsy 
(;.n=0.0720 50.01 14 ( S A )  d-l), all actiwties adjusted to 
rime f=O. T h e  broken lines link poinu determtned for the 
same panent (the trabecular pomon having been divided 

into two parm). 

I 
s 10 I5 10 1 s  

limo otter hjoction days D 
FIG. 3. 

Activities in trabecular bone, T, (hn=0*0260f0*0119 
(s.c.) d-l) and conical slab, C, from iliac crest biopsy; all 
acnvities adjusted to time r =O. Agarn the broken liner link 

points determined for the same patlent 

previous sections are summarized in Tables I1 and 
I11 and in Figs. 1-3. In  order to compare the ac- 
tivities in different patients it was necessary to adopt 
some method of normalization. In the first place all 
3zP activities were adjusted to 6 mCi administered 
activity. The patients differed, however, in weight, 
stature and in other ways, as shown in Table I. 
Bearing in mind the findings of Hume et al. (1966) 
that weight alone was an unsatisfactory basis on 
which to adjust the administered activity, it was de- 
cided to normalize the results to a fixed total plasma 
volume, taken as 2.94 I-the average value for pa- 
tients seen in the Leeds Clinic. The question of 
“normalization” will be discussed further at the 
end of this paper, but it was considered reasonable 
to normalize by plasma volume because our results 
are then expressed as those for the same initial 
activity per litre of plasma-i.e. for tissues initially 
offered the same radionuclide concentration. 

Retention of a2P in blood, plasma and whole body 
The retention curves of activity in the whole 

blood and plasma were anaiysed to determine the 
biological half-lives. In each case a two-component 
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exponential function was assumed and the exponents 
estimated by a statistically weighted ( 1 iactivitv’) 
least squares method. T h e  results, which show fast 
(-one day) and slow components, are given in 
Table 11. Patient m did not have serial blood 
samples taken, and the plasma-activitv retention 
curves were not estimated for patients -.)and 
-ecause the plasma was not separated sufficiently 
quickly from some of the blood specimens. 

On the other hand, the retention curves for the 
whole-body activity measurements were found KO 
follow single exponential functions from day one 
onwards; the whole-body half-lives are also given in 
Table 11. 

Retention as a function of anatomical position 
In addition to the whole-body counting measure- 

ments the gross distribution of 3*P was also rneas- 
wed in three of the patients, using collimated y-ray 
detectors placed beneath the supine patients. Figure 
1 shows how the counting-rate vaned along the 
body of one of the patients at three and 21 days after 
injection. The other two patients gave similar pat- 
terns. The distributions changed gradually with 
time and in each case the counting-rates over the 
extremities fell more slowly than those over the 
trunk. In  fact, the relative counting-rate over the 
extremities, after allowing for physical decay, in- 
creased with time, indicating 32P accretion in these 
parts. Redistribution of 32P continued during the 
measurements, but since most of the activity was 
in the trunk, the whole-body effective half-life 
remained close to that measured over the trunk. 

marrow from radionuclides incorporated in bone 
(Whitwell and Spiers, 1971; 1975) can be applied 
in a modified form to  the present cases, where radio- 
nuclide activity is also found in the bone marrow. 
The caiculations were designed to determine the 
average dose-rate to  the red marrow at the time of 
the bone biopsy and hence to study the variation of 
dose-rate with time after injection. This inevitably 
involves certain assumptions: first that the activities 
per gram measured from the iliac specimens of 
marrow, trabecular bone and the cortical slab are 
representative of the activities in other correspond- 
ing parts of the skeleton; and second that the pa- 
tients behave as a homogeneous group in respect of 
uptake, location .and retention of the radionuclide. 
The measured activities were multiplied by average 
skeletal dose factors, derived from the data of 
Whitwell and Spiers, to give average red-marrow 
dose-rates on the biopsy day. 

Dose from actitn’ty in trobccdar bone, cortical bone and 

In calculating the dose to bone marrow, the dose 
factors given by Whitwell and Spiers cannot be 
applied directly because they relate only to deposi- 
tion of the radionuclide in the trabeculae. No method 
has so far been given for the situation in which 
two inter-penetrating non-equilibrium depositions 
(in the trabeculae and in the marrow) co-exist. 
The principle by which the combined dose-rate 
from both trabecular and marrow activities can be 
calculated is shown in Fig. 4. If the trabecular 
activity is greater than the marrow activity, as in 

\. 

manow 

Activities in the s t m u m  and iliac crest biopsies 
The activities in marrow from the sternum and 

iliac crest are shown in Table I11 and Fig. 2, where 
it can be seen that the results for each site can be 
treated as a single group. Single exponential func- 
tions have therefore been fitted to each set of values 
(by least squares on the logarithms of the values). 
The two values of the biological half-life thus ob- 
tained, -9 days for iliac marrow and -7 days for 
sternal marrow, however, do not differ significantly 
(P> 0-9). 

The activities measured in the trabecular bone 
and the cortical slab from the iliac crest are shown 
in Fig. 3. (The cortical slab consists mainly of cor- 
tical bone, with some adhering soft tissue and tra- 
becular bone edges.) Best-fit curves are also shown 
in Fig. 3 for the trabecular and cortical slab activities. 

+ 
- 
z 

P 

E 
> 

Ro. 4. 
Diagram illurtrrting principle O f  calculating the combined 
dare-race to marrow from 8CCIvltyAT in the trabecular bone DOSIMETRY 

Recent methods of calculating the dose to red pnd AX in the marrow. 
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Fig. 4a, we could first calculate the dose rate from 
an “infinite” medium having a notional activity, 
AM, equal to that of the marrow’. and then add on 
the dose-rate from the excess activity, AT -A&{, in 
the trabeculae, where AT is the trabecular activity. 
This procedure is not quite exact, however, because 
the mass stopping power in bone is less than in 
marrow and, consequently, a smaller activity, PAM, 
in bone will give the same dose to a small mass of 
tissue within bone as will activity Aw in a uniform 
soft-tissue medium. The  excess bone activitv should 
therefore be adjusted to A T - P A M ,  where p IS the 
ratio of the particle mass stopping powers, bone/ 
marrow. The value of p varies slowly with /3-particle 
energy, and has been calculated to be 0-90 for 32P 
from the data of Berger and Seltzer (1 966), assuming 
that the mass stopping power of marrow is the same 
as that of muscle. 

The first part of the combined dose-rate is cal- 
culated from the usual formula: 

D 1 = 5 1 . 2 E p A ~  rad/day . * (1) 

where the activity is in pCi/g and is in MeV 
(l?p=0-695 for 32P). The  second part of the com- 
bined dose-rate is given by: 

D z = G D o ( A T - ~ A M )  rad/dav . ( 2 )  
where G is the average dose factor for skeletal red 
marrow in trabecular bone (=0*276 for 3*P) and DO 
is the dose-rate to a small tissue inclusion from 
1 pCi/g of 32P in surrounding bone having dimen- 
sions greater than the @-particle range (=39-5  rads/ 
day), taken from the data of Whitwell and Spiers 
(1975). 

The dose-rate DMT from the combined activities 
in both marrow and trabeculae is then: 

If the activity in the marrow is greater than 
that in the trabeculae, a similar procedure is fol- 
lowed, which is illustrated in Fig. 4b, but the value 
of DZ is negative. I t  must be emphasized that D1 
and D2 are notional dose-rates used to  calculate the 
combined dose rate D ~ T .  and do not represent the 
actual contributions to the dose-rate from the mar- 
row and trabecular activities. These can be deduced, 
however, once DMT is known. 

The contribution from the trabecular activity is: 

&=GDo&=10-9A~ rad/day (4) 

and hence that from the marrow activity is: 

I m 3 2 O  

A small contribution to the dose to marrow in 
trabecular bone is made by the 3 T  in the cortex. 
The average value for the cortical dose factor for the 
skeleton as a whole is 0.052 for 32P (Whitwell, 1973) 
and hence the contribution Dc from the cortex can 
be given as : 

&=0-052 DoAc=2.05 A c  rad/day . (6)  
IVhere necessav a factor (0.96) has been introduced 
to allow for lack of particle equilibrium in those 
bones from which a small fraction of the particle 
energy escapes (Spiers, 1966; Whitwell, 1973). 

Calculated dose-mtes from I to 27 days post injection 
Dose-rates have been calculated at the time of 

the bone biopsy for each patient, using equations 
(41, (j) and (6) ,  and the measured activities An 
AM and Ac. T h e  total dose-rates to bone marrow, 
DT+DM+Dc,  are shown in Fig. 5, two points 
being shown (linked by broken lines) for the five 
cases when two measurements of AT and A M  were 

Curve A: Best fit single exponential to the total dose tatel 
toskeletal bonemarrow (DT+DM+Dc). 

(Curves T. M and C) Best fit curves for the dose-rate COW 
tributions from trabecular bone, marrow and cortex r c s p  

tively. 
Insert: Approximate total dose rates calculated for first do!. 
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made. The variation of dose-rate with time, t ,  
from Day 1 can be represented reasonably well by 
D=D&i (Curve A), where D1=134+0.4 rad/ 
day and X=0-103f0.007 day-’, i.e. a half-life of 
6.7 days. The bone marrow dose integrated on this 
basis from Day 1 to infinity is then l20&9-7 rads. 

If the dose-rate equations (4), (5) and (6) are 
applied to the best-fit curves for the iliac crest ac- 
tivities in Figs. 2 and 3, the separate contributions 
to the total marrow dose rate are as shown in Curves 
T, M and C in Fig. 5. The integrated bone-marrow 
doses from Day 1 are then 57.6, 71.2 and 5 .5  rad 
respectively for the trabecuiar, marrow and cortex 
activities, giving a total integrated dose of 134 rad 
close to the value obtained from the single exponen- 
tial analysis above. 

Dose received during the first day 
No measurements of bone and marrow activities 

were made earlier than Day 1 but they have been de- 
duced approximately by considering the activities 
in these tissues at Day 1 together with the meas- 
ured activities in plasma and whole blood at 0.1 
and 0.2 days. It was evident that the bone-marrow 
and bone activities increased rapidlv after injection, 
and the dose-rates deduced are approsimatekv as in 
the inset to Fig. 5 .  The dose contribution, inte- 
grated over the first day, was calculated to be -12 
rads. 

DISCUSSXON AND CONCLUSIONS 
Some further consideration should first be given 

to the method of normalizing the results to a fixed 
plasma volume of 2.94 1. Other procedures are 
possible and for example, normalization to a stan- 
dard bodyweight is frequently used. In  our case nor- 
malization by weight would lead to marrow dose- 
rates as shown in Fig. 6. This would not much affect 
the integrated dose but, of the individual patient 

dose-rates, that for patient *would appear an- 
malously low. Apart from his rather low bodyweight, 
and the fact that he had had previous 32P treatments, 
this patient was not in other clinical respects differ- 
ent from the other patients investigated. We th id ,  
therefore, that the low dose-rate shown for this 
patient in Fig. 6 is more probably due to the method 
of normalizing than to any more fundamental cause. 

The results of our investigations suggest that the 
total absorbed dose to marrow in trabecular bone is 
142 rad per treatment, i-e. about 24 rad per mCi 
injected. The contributions to this dose from acti- 
vity in trabecular bone, marrow and cortical bone 
are respectively 10, 13, and 1 rad. Contributions to 
the total dose from activity in the marrow and 
trabeculation are thus very similar, the dose-rate 
at Day I from activity in marrow being about 
twice that from activity in trabeculation, but falling 
more rapidlv with time. The  total dose of 24 rad 
per mCi injected can be compared with a value of 
30 rad per mCi injected reported by Seltzer et ai. 
(1964). In their calculation these authors assumed 
that two-thirds of the injected activity was deposited 
in a compartment comprising bones, liver and spleen 
from which it was lost with a biological half-life of 
49 days. The dose was apparently calculated on the 
basis of equation (1) with A M  taken as the m a n  
activity per unit mass in this compartment. &lays 
(1973) has also calculated the dose from 32P by 
assuming an “uptake of 20 per cent in the 10 kg 
total skeleton of standard man and an effective re- 
tenrion half-time of 14.1 days”. His value of the 
“average skeletal dose” is 15 rad per mCi injected. 
Values given by other authors for the dose to bone 
range from 20 to 50 rad per mCi injected (ICRP, 
1971). 

The total dose to marrow of 24 rad per mCi 
injected found in our investigations may also be 
compared with a “dose in air” of 15 R deduced 
by Osgood (1965) as the biological equivalent of 
1 mCi 32P. This exposure dose of 15 R can be shown 
to imply a dose to bone marrow (at a depth of 5 cm) 
of approximately 18 rad. External irradiation, 
however, does not necessarily result in the same dis- 
tribution of dose in body tissues as that from an 
internal emitter. 

The dose to tissues, other than marrow in trabe- 
cular bone, cannot be determined from our data, 
but some estimate of the dose to haemopoietic 
tissues in bone shafts can be made. Bone shafts con- 
tain only sparse trabeculation, and any red marrow 
present would be unlikely to contain more 32P ac- 
tivity than red marrow in normal sites. An approsi- 
mate dose-rate calculation at Day 1 can therefore 

1 1 8 5 3 2 1  
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be made using equation (1) and assuming the meas- 
ured value for A M  at that time. The  effective half- 
life would be approximatelv that for trabecular 
marrow, and the total dose from Day 1 would be 
about 112 rads, including a small cortical contribu- 
tion. The total dose would then be about 125 rad 
or about 20 rad per mCi injected. Similar con- 
siderations suggest that the dose to extra-medullary 
haemopoietic tissues, as in iiver and spleen, would 
not be higher than the estimated value of 20 rad 
per mCi injected for marrow in bone shafts. 

Finally, it can be seen from Table 11 that the 
whole-body biological half-life has a mean value of 
39-2 days with a standard deviation of 4.5 days. It is 
suggested that if the whole-body half-life as deter- 
mined by whole-body radiation counting lies in the 
range 39h9 days, the dose to  trabecular marrow 
should be approximately that found in these investi- 
gations-24 rad per mCi 3*P injected. Because the 
whole-body counting-rates were found to be accur- 
ately represented by a single exponential function, 
the half-life can be readily determined by a few 
clinically convenient measurements. 
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Book review 
Textbook of Anatomv and Phvsiology in RadWlN Tech- 
no1og.v. By Charles A. Jacobi. 2nd edn, pp. xviiC437, 1975 
(C. V. Mosby, distributed by Henry Kimpton Publishers), 
E7.W: diagrams. 

This book is written for radiographers and aims to  relate 
anatomy and physiology to their routine work. 

There are some excellent tables throughout the book. 
and the sections on pathology, injuries and technique will 

be of interest to the student. Unfortunately, many radio- 
graphs and skeletal photographs b e d  as illurtrrtiom uc 
poorly reproduced, and there IS a noticeable lack of deu 

There are other anatomy and physiology texta which us 
more suitable at a similar price. 

MISS C. CHRISTIE SMITX. 
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