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[57] ABSTRACT 
A radioactivity measuring instrument, and a method 
related to its use, for determining the radioactivity of a 
sample measured in the presence of significant back-
ground radiation, and for determining an error value 
relating to a specific probability of accuracy of the 
result. Error values relating to the measurement of 
background radiation alone, and to the measurement of 
sample radiation and background radiation together, 
are combined to produce a true error value relating to 
the sample radiation alone. 

10 Claims, 2 Drawing Figures 
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surement based on the accumulation of counts for the 
METHOD AND APPARATUS FOR DETERMINING same time period will be within ± c r N of the average 

ACCURACY OF RADIATION MEASUREMENTS v a lue of radioactivity determined from the N counts. 
MADE IN THE PRESENCE OF BACKGROUND stated another way, there is a 68.3% probability that 

RADIATION 5 the true radioactivity of the sample is within the range 
BACKGROUND OF THE INVENTION ± crN of the radioactivity determined from N counts. 

. . . „ As mentioned above, it is also common in the mea-The present mvention relates generaly to the mea- s u r e m e n t Q f r a d i o a c t i v i t t o u s e t w i c e t h e s t a n d a r d 
surement of radioactivity and, more particularly, to the , . .. , „ , 3 . , . . 
measurement of the radioactivity of a sample in an envi- 10 ' f ' ± 2 < T ' ? ^ . " J ™ 6 I 
ronment in which there is a significant background level 9

1
5"5% o f t h e measured values will be within ±2cr of 

of radiation not attributable to the sample itself. Many t h e a v e r a 8 e v a l u e " T h e calculation of ±2<r is performed 
commercial radiation counters include a feature which i n accordance with the equation: 
allows for the automatic subtraction of a predetermined _ w— 
quantity, representing background radiation, from the u • ( ) 
measured radiations rate of the sample, to obtain a radi-
ation rate attributable to the sample alone. However, as o r ' m P e r c e n t a S e f o r m : 

will be explained, these instruments provide a false 
indication of the actual statistical error limits relating to w— (4) 
the radiation rate of the sample alone. 2o ± 2 o> (%) = ± 200

 = ± J2!L . 
In general, instruments for the measurement of radio- v/v 

activity operate by detecting discrete radiations, and 
accumulating a count of the detected radiations. De- In many applications involving the measurement of 
pending on the decay characteristics of the sample radioactivity, it is extremely important that the range of 
being tested, and on the particular experiment being 2 5 possible errors in a measurement be known accurately, 
conducted, the instrument will usually be adjusted to For example, one such application involves the use of 
detect radiation with energies falling within preselected radioactive isotopes as tracers in radioimmunoassay 
energy limits which define an energy level range or procedures for the measurement of concentration levels 
"window". Since the process of radioactive decay is a o f s p ecific antigens, antibodies or other substances in 
random one, the accuracy of any measurement of radio- 3Q b l o o d . A d i a g n o s i s of a patient's condition, based on the 
activity, in counts per unit time, will depend upon the m e a Surement of the radioactivity of these tracers in a 
number of counts detected during the course of the b l o o d s a l m i h t w e l l b e a n i n c o r r e c t one if the 
measurement. It wil be apparent that if a large number o f i W e e m ) r ^ ^ r a d i a t i o n C Q U n t i s n Q t 
of counts is accumulated over a relatively long testing . . . . 
period, the counts-per-unit-time measurement obtained r e i f , . y . _ « , , , , 
will be more accurate than if a smaller number of counts 3 5 T h l s P"*lem * f u r t h e r , compounded by the charac-
were measured over a correspondingly shorter period t e n s t l c s h a P e o f a ^P1031 r e s P° n s e c u r v e r e l a t m S t h e 

of time. measured level of radioactivity to the concentration of 
A statistical parameter which is often used in radia- s o m e substance in the blood sample being measured. 

tion measurement to indicate the reliability of a mea- Complex chemical reactions are usually involved, and 
surement of radiation, is the standard deviation, indi- 4 0 t h e concentration typically decreases with increasing 
cated by the symbol <r. As will be further explained, in radiation levels, and increases with decreasing radiation 
some cases it is desirable to express the reliability of a levels. More importantly, a small error in detected radi-
measurement in terms of a multiple of the standard ation at relatively low levels of radiation will, because 
deviation, e.g. 2o-. Hereinafter the terms "error value" of the slope of the curve, be reflected as a relatively 
and " + E " will be used to include standard deviation 4 5 larger error in estimated concentration. Accordingly, if 
and multiples thereof. The value of the standard devia- the range of error in the radiation level is not accurately 
tion for a number of counts N is given by the equation: known, this inaccuracy is reflected in a still larger inac-

±crN=±VN. (1) curacy in the range of error in the concentration being 
monitored, and may thereby limit the reliability of clini-

In percentage form, the standard deviation is given by: cal diagnosis for a patient. 
6 3 As mentioned earlier, many commercial radiation 

counters are capable of automatically subtracting a 
preset quantity, indicative of a measured background 

loo T/V ioo 55 radiation, from the measured radiation rate. 
± «w(%) = ± 7v = ± Moreover, many instruments of this type will also cal-

culate and display an error value, such as ±cr or ±2cr, 
The significance of the standard deviation is that, for a f o r t h e c o u n t r a t e measured. However, in all such prior 
large number of measurements, there is a 68.3% proba- instruments the error value presented to the user is 
bility that any equivalent measurement taken will be 60 derived only from the total actual number of counts 
within ±<r of the mean value of the large number of measured, which, of course, in indicative of the level of 
measurements. In the measurement of radioactivity, radiation from both sample and background sources 
each accumulated count essentially constitutes a new taken together. The error value computed in this man-
measurement. More specifically, each time a count is ner, i.e., without reference to the error value relating to 
accumulated, it provides, together with all the preced- 65 the measurement of background radiation alone, may be 
ing counts, a new basis for determining the radioactivity different from the true error value by a rather substan-
of the sample. Accordingly, after the accumulation of N tial factor, depending on the specific magnitudes of the 
counts, there is a 68.3% probability that a second mea- sample and background radiation levels. 
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SUMMARY OF T H E INVENTION 
The present invention resides in a method, and corre-

sponding means for implementation in a radiation mea-
surement instrument, for the calculation and presenta- 5 
tion of a true error value relating to the radioactivity of 
a sample alone when measured in the presence of back-
ground radiation. Briefly, and in general terms, the 
method of the invention includes the steps of measuring 
the background radiation alone, measuring radiation 10 
from the sample in the presence of the background 
radiation, determining by subtraction the radiation at-
tributable to the sample alone, and determining the true 
error value in the value of sample radiation by combin-
ing the error value relating to the measurement of back- 15 
ground radiation alone and the error value relating to 
sample radiation combined with background radiation. 

More specifically, the radioactivity count rate of the 
sample is determined by subtracting the count rate at-
tributable to background radiation from the count rate 20 
attributable to the combination of sample radiation and 
the background radiation together. More importantly, 
the error value for the count rate of the sample alone is 
determined by taking the square root of the sum of the 
squares of the error values relating to the background 25 
count rate and to the count rate resulting from the back-
ground and sample taken together. 

In one embodiment of the apparatus of the invention, 
an operator enters a value for the background count 
rate, and the corresponding error value for the back- 30 
ground count rate, into the instrument. The instrument 
includes means for measuring sample and background 
radiation together, means for computing an error value 
for the sample and background radiation together, 
means for obtaining the sample count rate from the 35 
background count rate and sample and background 
count rate together, and means for determining the 
error value relating to the sample count rate from the 
measured count rates and the values supplied by the 
operator. 40 

In a related embodiment, the instrument is first used 
to measure the radiation from a background or "blank" 
sample, from which are derived a background count 
rate and a corresponding error value. These quantities 
are then stored for subsequent use in computing the 45 
sample count rates and corresponding sample error 
values for subsequent samples. 

In accordance with another aspect of the invention, 
measurement of radioactivity in the instrument can be 
terminated automatically when the computed true error 50 
value relating to the sample count is reduced to a de-
sired level. To implement this feature, the error value 
relating to the sample count must be computed fre-
quently during the measurement process, and compared 
with the desired error value after each computation. 55 

In another embodiment of the invention, the values of 
the background radiation count and the time spent in 
obtaining the background count are input to the instru-
ment by the operator. The sample radiation count is 
computed as before, but the error value is computed 60 
using a related but different formula and corresponding 
apparatus. 

It will be appreciated from the foregoing, and from 
the detailed description which follows, that the present 
invention represents a significant advance in the field of 65 
radiation measurement, especially as it applies to the 
measurement of relatively low radiation levels in envi-
ronments of significant background radiation. In partic-

ular, the invention provides for the measurement of 
sample radiation together with the determination of a 
more accurate error value than has hitherto been pro-
vided by prior art instruments of the same general type. 
Other aspects and advantages of the invention will be-
come apparent from the following more detailed de-
scription, taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram of the presently preferred 

embodiment of a radiation measurement apparatus in-
corporating the features of the present invention; and 

FIG. 2 is a typical dose response curve for a radioim-
munoassay test in which the invention can be usefully 
employed, showing the relationship between the radia-
tion level in a blood sample and the concentration of 
some substance in the blood. 

DETAILED DESCRIPTION 
The present invention is principally concerned with 

apparatus, and a related method, for determining the 
true error value associated with a radioactivity mea-
surement made in the presence of significant back-
ground radiation. Although instruments available here-
tofore have correctly computed and displayed a sample 
radiation level by subtracting out a separately measured 
background radiation level, these instruments have er-
roneously based the calculation of the error value (the 
statistical measure of the probability of error in the 
result) on a measurement of sample and background 
radiation levels taken together. The present invention is 
directed to the determination of an error value which 
also takes into account the error value related to the 
separate measurement of the background radiation. 

In accordance with the method of the present inven-
tion, the background radiation is measured alone, then 
the radiation attributable to both the sample and back-
ground together are measured. The radiation attributa-
ble to the sample alone is determined by subtraction, as 
in instruments of the prior art, but the error value relat-
ing to the sample alone is determined by combining the 
error value relating to the measured background radia-
tion alone and the error value relating to the measured 
radiation from the sample and background together. 

The following symbols are used in the equations 
which follow: 

Nj = number of counts attributable to sample radiation, 
NA = number of counts attributable to background 

radiation, 
N J + i = number of counts attributable to sample and 

background radiation together, 
tf, = time of measurement of background counts, 
ts+b = time of measurement of background and sample 

counts together, 
Rs = radiation rate of sample (counts/minute), 
R a = radiation rate of background (counts/minute), 
R j + 4 = radiation rate of background and sample to-

gether (counts/minute), 
±2<r£%) = percentage error value relating to R„ 
±2ar s = absolute error value relating to R^, 
±2orb(%) = percentage error value relating to RA, 
±2orb = absolute error value relating to Rfc, 
±2crs+b(%) = percentage error value relating R s + i , 

and 
±2<rs+b — absolute error value relating to RJ+(). 
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It should be apparent that, if tb=ts+b, i.e., if the times 
of measurement of the background radiation and the 
background and sample radiation together, then: 

Ns= N ^ t - N * (5) 5 

More generally, 

Rt = (6) 

Rs+b = Ns+b/ts+b, and (7)10 

Rs = Rs+i — Rjr (8) 

The error value ±2o> relating to Rb is given by 

±2cr„ = ±2VN^'b (9) 

and the error value ±2crs+b relating to RJ+i,is given by 

±2ars+b = ±2VN^l/ts+b. (10) 

15 

20 
The absolute error value ±2o-s relating to Rs, then is 
given by: 

±2<r, = ± N (2O-j+4)2 + (2a-by 
(11) 

25 

\( Rs+b-2<rs+b(.%) V / Rb-2<rb(%) y 
: \ |k 100 J V 100 J 

In percentage terms, the true error value relating to Rs 
is given by: 

30 

±2<r/%) = ± (200O-/RJ. (12) 

35 

40 

As shown in FIG. 1, a presently preferred embodi-
ment of the apparatus of the present invention includes 
a conventional radiation counter 10, a divider circuit 12, 
a subtraction circuit 14, an error value calculation cir-
cuit 16, an error value correction circuit 18, and a dis-
play device 20. As indicated at 22 and 24, respectively, 
values of the background radiation rate (R$) and its 
associated error value (2trb) are provided as input by an 
operator over lines 26 and 28 to the subtraction circuit 
14 and the error value correction circuit 18, respec-
tively. 4 5 

From the radiation counter 10 are derived values of a 
count (Ns+i), on line 30, and a time (ts+b), on line 32, 
relating to the measurement of a sample and back-
ground radiation together. These values are transmitted 
to the divider circuit 12, where the value of Rs+b is 5 0 

determined in accordance with equation (7). The Rs+b 
value is transferred to the subtraction circuit 14 over 
line 34, and the value of determined in the subtrac-
tion circuit and output over line 36 to the display device 
20, which may be any convenient output device, such as 5 5 

a printer or digital display unit. 
The error value calculation circuit 16 determines the 

error value in the measurement of sample and back-
ground radiation together (2crs+b(%J) in accordance 
with the expression: 

±2as+b{%) = ±(200 VA^). (13) 

This value is transmitted over line 38 to the error value 
correction circuit 18, where the value of error value 65 
2o-j(%) for the sample radiation value Rs is determined 
in accordance with equations (11) and (12), and trans-
ferred over line 40 to the display device 20. The error 

value correction circuit 18 also utilizes values of Rb 
obtained from line 26, RJ+(, from line 34, and Rj from 
line 36. 

The principal circuit components of the apparatus, 
i.e., the divider circuit 12, subtraction circuit 14, error 
value calculation circuit 16 and error value correction 
circuit 18, may be any conventional analog or digital 
circuits for performing the functions described herein. 
These elements may be implemented in a variety of 
specific embodiments, the details of which are not in 
any way critical to the present invention. 

Moreover, although the various circuit functions 
have been described in relation to the determination of 
an error value 2cr, it will be appreciated that similar 
circuitry may be employed to determine an error value 
<r, or some other criterion of statistical accuracy. 

In accordance with one embodiment of the invention, 
initially the values of R* and 2crb(%) are determined 
when a blank sample is placed in the counter 10. These 
values are then stored internally in the instrument, to be 
transmitted over lines 26 and 28, respectively, when 
other samples are subsequently placed in the counter. 
Operation of the apparatus is then automatic, with the 
first sample being used to determine the background 
radiation, and with the radiation rates and error values 
of subsequent samples being automatically determined 
and displayed. 

In an alternate embodiment of the invention, the 
background error value 2<rb(%) is not initially com-
puted, but instead the time tb of the background radia-
tion measurement is provided as input, as shown at 42, 
along with the value of Rb. In this embodiment, the 
calculation of 2 trs is made in accordance with the ex-
pression: 

: 2 c r f = ± 2 \ | 4 ± ^ + ^ ' fj+4 'b 

(14) 

The value of ts+b is obtained over line 44, shown as a 
broken line in FIG. 1, and ±2<r£%) is determined, as 
before, from equation (12). 

The following example of the determination of Rsand 
±2<r(%) in accordance with the invention is based on 
measured counts and times of: 

N j = 1055 counts, 
tb = 50 minutes, 
N s + i = 912 counts, and 
ts+b = 20 minutes. 

The percentage error values, from equation (4) are: 

200 200 
: 6.16%, and 

±2<ri+A%) = 
200 

= ± N T i r = : 6.62%. 

60 
The radiation rates are: 
Rb = 1055/50 = 21.10 counts/minutes, from equa-

tion (6), 
Rs+b = 912/20 = 45.60 counts/minutes, from equa-

tion (7), and 
Rs - Rs+b-Rb = 45.60 - 21.10 = 24.50 counts/mi-

nute, from equation (8). 
Substituting into equation (11), 
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±2 <T, = 
45.60 X 6.62 

100 
V _L ( 2110 x 6.16 V 
"J I 100 J 

~ ± \ (3.02)2 + (1.30)2 

= ± 3.29 counts/minute. 
I.e., R, = 24.50 ± 3.29 counts/minute. 

= 24.50 ± 13.43% counts/minute. 

Thus, there is a 95.5% probability that the true value of 
Rs falls in the range 24.50 ± 3.29 counts/minute. 

Alternatively, if the values of R6and tb were supplied 
to the apparatus, rather than the values of RA and 2crb, 
the error value would be calculated from equation (14): 

± 2o\ = ±2 ' 's+b 
Jh 

th 

= ±2\|—20" 
21.10 

20 T 50 

= ± 3.29 counts/minute. 

The radiation counter 10 can be operated for a fixed 
period to time in measuring radiation from a sample, 
after which the values of Rs and ±2o- /%) are deter-
mined, or it can be operated until a preselected number 30 
of counts has been accumulated. Alternatively, it can be 
operated until a desired accuracy is obtained, as re-
flected in a preselected value of ±2o r /%) . If the instru-
ment is operated in accordance with the latter alterna-
tive, the measurement of R s and its error value can be 35 
made automatic by the inclusion of a comparator 50 
which continually compares the value of the calculated 
±2<rX%) with a desired value input on line 52. When 
the desired error value equals or exceeds the measured 
one, an equality signal is generated on output line 54 40 
from the comparator 50, and fed back to the radiation 
counter to terminate its operation. To be operated in 
this manner, the apparatus must be actuated frequently, 
as often as every detected count if desired, to generate 
an updated error value for comparison with the desired 45 
error value. If the radiation counter 10 is operated for a 
preselected time, or until a preselected number of 
counts is accumulated, the apparatus need only be actu-
ated once for each radiation measurement, to determine 
Rs and its error value when the counter has terminated 50 
its operation. 

FIG. 2. shows the characteristic shape of a typical 
curve plotting the relationship between measured radia-
tion level and the concentration of some substance in 
the blood that is to be monitored in a radiommunoassay 55 
test. Usually in such tests, complex chemical reactions 
are involved, none of which are of direct concern here, 
and the concentration being monitored typically varies 
inversely with respect to the radiation level, resulting in 
an approximately hyperbolic curve. At relatively high 60 
radiation levels, e.g., as indicated at R l s the correspond-
ing concentration value, shown at Q will have a rela-
tively small error value. However, at relatively low 
radiation levels, such as R2, the error value associated 
with the corresponding concentration value C2 will, 65 
because of the slope of the curve in that region, be 
relatively large. It will therefore be apparent that an 
inaccurate error value at low radiation levels is magni-

8 
fied in its effect by the typical shape of the response 
curve used in radioimmunoassay tests. 

As a further example, consider the radioimmunoassay 
data in the following table resulting from the accumula-
tion of 10,000 counts for each of five samples and a 
blank sample: 

10 

15 

Sample 
Time 
(Min.) Rj+i R-2 

± 2 a-X.%) 
(Equation 12) 

Blank 10.0 1000 — -

1 2.0 5000 4000 2.55 
2 3.33 3000 2000 3.16 
3 5.0 2000 1000 4.47 
4 6.67 1500 500 7.21 
5 8.33 1200 200 15.62 

The error value as computed by prior art instruments 
would be: 

20 200% 
± T N ~ 

25 

•s+b 
200% 

= ± \ 10,000 

= ± 2% for each sample. 

This should be compared with the true error values 
ranging up to 15%, determined from the same data. 

Another common test procedure is to measure all of 
the samples for a fixed time, e.g., 2 minutes, as in the 
following example utilizing the same samples as in the 
previous example: 

Sample RJ+4 R2 

± 2 o-s+i,(%) 
(Prior Art) 

±2<r /%) 
(Equation 12) 

Blank 1000 
1 5000 4000 2.00 2.74 
2 3000 2000 2.50 4.47 
3 2000 1000 3.16 7.75 
4 1500 500 3.65 14.14 
5 1200 200 4.08 33.17 

Again, it can be seen that the error values presented 
by prior art instruments are grossly inaccurate, and may 
be only a small fraction of the true error value which 
obtains when relatively low radiation levels are being 
measured. 

It will be appreciated from the foregoing that the 
present invention provides a significant improvement in 
the field of radiation measurement in the presence of 
background radiation. In particular, the invention pro-
vides for a more accurate determination of error value 
than has previously been obtainable on instruments of 
the same general type. Although the invention has been 
described in detail with reference to specific embodi-
ments and examples, it will be understood that various 
modifications may be made without departing from the 
spirit and scope of the invention. Accordingly, the in-
vention is not to be limited except as by the appended 
claims. 

I claim: 
1. A method of determining the accuracy of a mea-

surement of radioactivity of a sample alone when taken 
in the presence of background radiation, said method 
comprising the steps of: 

measuring the background radiation alone; 
measuring radiation from the sample in the presence 

of said background radiation; 



determining error values respectively related to said 
measuring steps; 

determining the radiation attributable to the sample 
alone, by subtracting the result of said first-men-
tioned measuring step from the result of said se- 5 
cond-mentioned measuring step; and 

determining the accuracy of the result of said last-
mentioned step by combining the error values re-
lated to said measuring steps. 

2. A method as set forth in claim 1, wherein: 10 
said determining steps are performed from time to 

time during said second-mentioned measuring step; 
and 

said method further includes the steps of comparing 
the determined error value of the determined radia- 15 
tion of the sample with a desired error value, and 
terminating said second-mentioned measuring step 
when the determined error value reaches the de-
sired error value. 

3. A method as set forth in claim 1, and further in- 20 
eluding the step of storing the measured value of back-
ground radiation and the associated error value, for 
subsequent use by said steps of determining sample 
radiation and its associated error value. 

4. A method of determining an error value ±E srelat- 25 
ing to a particular probability of accuracy of a measure-
ment of radioactivity of a sample taken in the presence 
of background radiation, said method comprising the 
steps of: 

measuring the background radiation R6 alone; 30 
measuring radiation R.s+ftfrom the sample in the pres-

ence of the background radiation; 
determining error values ±EAand ±E I + ( l relating to 

the respective results of said measuring steps, there 
being a particular probability that the true values of 35 
radiation measured in said measuring steps fall 
within the ranges Rb ± E&and Rj+6— E s + j , respec-
tively; 

determining the radiation R5 attributable to the sam-
ple alone by substracting Rfrfrom R J + i ; and 40 

determining the error value ± E S relating to the value 
of R^ by combining the values of ±EAand + E s ± i . 

5. A method as set forth in claim 4, wherein said step 
of determining the error value ± E S is performed in 
accordance with the expression: 45 

±E,= ± V (E„) ^ + (Es+b) 2. 

6. A method as set forth in claim 4, wherein: 
said determining steps are performed from time to 5 0 

time during said step of measuring RJ+(); and 
said method further includes the steps of comparing 

the determined error value ± E S with a desired 
error value, and terminating said step of measuring 

762 
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RJ+J when the magnitude of the error value ± E S 
reaches the desired error value. 

7. Apparatus for determining the accuracy of a mea-
surement of radioactivity of a sample taken in the pres-
ence of background radiation, said apparatus compris-
ing: 

radioactivity event counting means for accumulating 
counts of radioactive events detected as being at-
tributable to background radiation alone and for 
accumulating counts attributable to the sample 
taken together with the background radiation; 

dividing circuit means for providing a signal indica-
tive of the time rate of accumulation of counts by 
said event counting means; 

error value calculation circuit means for determining 
an error value relating to a particular probability of 
accuracy of the values of rate of accumulation of 
counts; 

subtraction circuit means for subtracting a signal 
indicative of a radiation rate from the background 
from signal indicative of a radiation rate from the 
sample and background together, to obtain a radia-
tion rate attributable to the sample alone; and 

error value correction circuit means, for combining 
error values relating to the rates of radiation from 
the background alone and from the background 
and sample together, and for thereby generating an 
error value relating to the radiation rate of the 
sample alone. 

8. Apparatus as set forth in claim 7, and further in-
cluding display means for visually displaying values of 
the radiation rate attributable to the sample alone, and 
its associated error value determined in said error value 
correction circuit means. 

9. Apparatus as set forth in claim 7, and further in-
cluding: 

comparator means for comparing error values deter-
mined from time to time by said error value correc-
tion circuit means with a desired error value; and 

means for terminating operation of said event count-
ing means when said comparator means detects 
that the determined error value has reached the 
desired error value. 

10. Apparatus as set forth in claim 7, wherein: 
the error values relating to the radiation rates from 

the background alone and the background and 
sample together are ±E 6 and ±E J +fo respectively; 
and 

the error value determined by said error value cor-
rection circuit means is given by the expression 
±ES = ± V (Eby + (Es+b)2. 

* * * * * 

60 

65 


