Going bananas in the radiation laboratory
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A simple setup for measuring the amount of potassium in foods is described. A 3-in. Nal detector
is used to measure samples that are 3000 iosize. With moderate shielding, the potassium
content can be measured down to a detection limit of a few parts per 10 00@999SAmerican
Association of Physics Teachers.

[. INTRODUCTION Our goal was to measure the amount of potassium in ba-
nanas. One can estimate the sample size needed as follows:
Bananas contain roughly 0.4% potassium by weight, so 1 kg

of bananas conta#n4 g ofpotassium. This amount of potas-
age annual dosage due¥ alone are around 30 mrem/yr. gop P

- © ' . *(0. X 10'8
This is to be compared to the dosage due to all sources Osf|um has  (4/39 mof(6.02x 10°) (0.000 117)=7x 10°

- . O . . .
natural radioactivity which, depending on geographic locaedioactive atoms of’K. Since the half-life is 1.2810° yr

_ 4 . . . .
tion, is 200—500 mrem/yr. The contribution due &K is _6'8X*101 min, the aft'v'ty of 1 kg of bananas is (7
large becausé® makes up 0.0117% of all natural potas- X 10'9)* In(2)/(6.8x 10%) ~7200 decays/min. The detector

sium, which is abundant in the earth. The half-life’it is  efficiency for our geometrysee Fig. 1is 0.0056, and 11%

1.26x 10°yr, and it decays by beta emission or electron cap-Of the decays emit a gamma. This gives a counting rate of

ture. In electron capture, which occurs 11% of the time, ar?OZOUO'll* 0.0056~4 counts/min..With good shielding,.the
excited state of%Ar is formed, which in turn emits a 1.46- < 1.46-MeV background peak is around 8 counts/min for

MeV gamma photon when it drops to the ground state. FoB-in- Nal detectord.Thus, for the signal to be equal to back-
gamma SpectroscopistS, this 1.46-MeV peak is an annoyinground, one needs around 2 kg of bananas. We note that for
source of background to be shielded against and subtracte@ur samples, which had masses of around 3 kg, the sample
In the student laboratory, the 1.46-MeV peak can be meathickness is 14 cm. Since the attenuation length of a 1.5-
sured to determine the half-life 8fK. This is done by mea- MeV gamma is 16 cm in watétjarger samples would not
suring the amount of radiation given off by a known amountsignificantly increase the counting rate because of self-
of potassium. After correcting for detector efficiency, naturalabsorption.
abundance, etc., the half-life 8% can be determined. The experimental setup is shown in Fig. 1. A large plastic
We decided to take advantage of this natural gammgontainer is filled with the sample and placed against the Nal
source to measure the potassium content of various sutgletector. The sample and detector are completely shielded by
stances: foods and soils. In samples with a mass of aroundlgad bricks 5 cm thick to reduce the background as much as
kg, we were able to measure potassium levels down to a fewossible. The 1.46-MeV peak background, due to residual
parts in 10 000. The experiments described in this article arpotassium in the detector and surroundings, was reduced to 9
appropriate for upper-division undergraduate students, ancounts/min. This value is consistent with the value refer-
we currently include a food and/or soil measurement in oukenced in Ref. 2. The detector output is fed into a multichan-
upper-division radiation physics and radiation biology labo-nel analyzer which records and stores the data. After the
ratory classes. The experiment introduces the students &pectrum has been taken, the area under the 1.46-MeV peak
natural radiation, and teaches the importance of shielding determined by Gaussian curve fitting described in Ref. 4.
and curve-fitting techniques. The usual method of measuring we measured food samples known to contain relatively
mineral content in foods is by using optical spectroscopyhigh levels of potassium: bananas, potatoes, and prune juice.
techniques. This requires special equipment, not available athe potatoes were first softened in a microwave oven. They
most undergraduate universities. However, gamma detecto{$ere then mashed by harihcluding the skip and tightly
are fairly common and offer an easy method of measuringacked into the container. Care was taken to ensure there

the potassium content in various substarices. _ were no air pockets. The potatoes decomposed very little
.We first describe the experimental setup and analysis teCfHuring the 24-h counting time. The bananas were peeled
niques, followed by a summary of some of our results. '

then mashed by hand, and fit into the container. Over the
24-h counting time, they did decompose a little, and in-
Il. EXPERIMENTAL SETUP, PROCEDURE, creased in volume by about 5%. A small hole was put in the
AND ANALYSIS top of the container to allow any gases to escape. The prune

Since there is relatively little potassium by weight, even injuice, 100% fruit juice, was poured into the container. A
potassium-rich foods, the essence of the experiment is tBackyard soil sample was also measured. _
enhance the signal over the background as much as possible.In order to reduce the statistical and systematic errors, the
Thus one wants to use the most efficient detector possiblglata were recorded over three days as follows: First, a back-
and a 3-in. Nal detector is the largest gamma detector avaiground with only the container was recorded for 24 h. Then
able in our laboratory. For the geometry used in our experithe sample was recorded for 24 h. Finally, a second back-
ment, the efficiency that we measured for a 1.46-MeVground was recorded for the final 24 h. The two background
gamma is 0.56%. measurements were averaged and subtracted from the sample

A significant part of the natural background radiation that
we receive on earth comes fratfK. Estimates of the aver-
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Fig. 1. Diagram of the setup for the experiment. 200 - i )
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counts. In Fig. 2a) we show our results for a sample of 3 kg Oeoo 640 630 720 760 800
of bananas, and that of background. In each case data were
recorded for 24-h live time. (@) Channel Number
To calibrate the measurements, a known amount of potas-
sium in the form of 70 g of crystalline KCI was mixed uni- 1600
formly into each sample. In addition to calibrating with the -
food and soil materials, 70 g of KCI was dissolved in water 1400 [ With Pofatoes
and a sample of pure KCI crystals was measured as well to 1200 |
determine the counts/miiyy of potassiumfor the 1.46-MeV A 1000
gamma peak. In Table I, we list the calibration results in e ,
counts/min{g potassiumfor the different materials. All six g 800
calibration samples listed in Table | were of the same shape, O 4
of uniform density, and the same geometry with respect to »
the detector. Calibrating each material is necessary since 400 N
self-absorption effects are, in general, dependent on the type 200 ‘.‘.hl
and density of the sample. It is seen in Table | that the Without Potatoes ‘ ‘ i
counts/min{gram potassiuinis approximately 1.15 and does o — ‘ ‘ '
not vary appreciably from sample to sample, except for po- 600 640 660 720 760 800
tatoes and bananas. (b) Channel Number
lll. RESULTS 1200
Our results for the 1.46-MeV gamma peak are shown in 1000 | Vith Prune Juice
Table Il. The second row lists the background in counts/min I
for the 24-h period before recording the sample. The fourth 800 F \ *
row is the background for the 24-h period after recording the 8 , %
sample. The third row lists the area under the 1.46-MeV § 600 - ! .
photopeak in counts/min for the 24-h recording period of the 8 ﬁ':'.“‘»:‘ <
sample. The statistical errors are also listed in Table Il, and 400 F g.-‘ ey s
amount to less than 1% for the food and soil samples. The W “9
fifth row is our measurement for the percent potassium by 200 i
weight, and the last row lists values from other - Without Prune Juice
measurements.’ olb—— 1t R
The photopeaks of the 1.46-MeV gamma for bananas, 600 640 680 720 760 800

prune juice, and potatoes and associated backgrounds are

shown in Figs. 2a)—2(c). In all cases, the potassium from the
sample is clearly seen above the background.

©

Channel Number

Fig. 2. The 1.46-MeV photopeaks for a collection time of 24-h for back-

The two main sources of systematic error are the timeround(without samplgand sample fofa) 2975 g of bananash) 3249 g of
dependence of th€K background, and the uncertainty in the potatoes, andc) 3102 g of prune juice.

calibration due to self-absorption. We can estimate the time
dependence of the subtract®¥ background from our data

in Table Il. Table Il shows that the background varies atadded potassium chloride. For the solid samfs., ba-
most 0.8 counts/min over three days, so we estimate its Umanas, potatoes, and diitis more difficult to ensure that the
certainty to be 0.4 counts/min. Since the counts above thadditional KCI used for calibration is equally mixed in the

49 background are 8 counts/min for prune juice, 12 countskample, and hence there is a larger uncertainty. Table |
min for bananas, and 20 counts/min for potatoes, systematghows that the counts/mig/ potassium is similar for the
errors due to background subtraction are approximately 5%wo liquid samples of water and prune juice, differing only
3%, and 2% for these foods, respectively. by 3%. We expect the two liquid samples to have similar
Errors in the calibration of the counts/mig/potassiurh  values, since the main material in both samples is water. So
are due to the difficulty in obtaining good homogeneity whenwe estimate a 2% calibration error for liquid samples. For the
mixing the extra KCI for calibration. For liquid samples, KCI solid samples, the counts/mig/ of potassium varies by
dissolves readily, and it is easy to obtain uniformity of theroughly 15%. Self-absorption effects need not be the same
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Table I. The measured counts/nitnpotassiumfor the 1.46-MeV gamma 4000 [~
emitted from*K are listed for the samples used. The same detector geom- 2125,
etry was used in all cases, and all the samples were of uniform density. so00 |-
Material Density(g/cn?)  Counts/min{g potassium -‘E : ‘ Soil Sample
S 2000 [+ 4
Water 1.00 1.16 8 a0y
KCI (salt crystaly 1.19 1.15
Prune juice 1.18 1.13 1000 : /
Potatoegmicrowaved 1.24 1.02 I w
Bananas 1.14 1.02 0 . |
Dirt 1.25 117 0 200 400 600 800 1000

Channel Number

Fig. 3. Complete gamma spectra of a backyard soil sample for a collection
for the three solid food samples and the pure KCI Samp|et,ime of_4 h. The soil sample has a mass of 3280 g and is from the city of San
since the density and composition is different for the differ-Dimas in the Los Angeles area.
ent materials. Our best estimate for the calibration error is
8%, half the range, for these solid samples. labeled ?*Pb is the 239-keV gamma from'®Pb decay,

We can estimate the total systematic error by combiningvhich is a radionuclide in the thorium decay chain. This
the calibration and background uncertainties. Simply addingeak corresponds to a thorium content of roughly 200 parts
the two errors gives an 8% systematic error for the liquid angper billion in this soil sample. The other peaks in the spec-
a 10% error for the solid foods. As seen in Table II, thetrum absent in the background are due to other isotopes in
statistical uncertainties are less than the systematic ones, afife >3?Th decay series. We are currently doing a survey of
can be reduced to around 1% using 24-h counting times. Alihe radioisotope content in the soil in the Los Angeles &rea.
things considered, we estimate the overall uncertainty for the The methods described here have practical application in
potassium content of the three foods to be around 10%.  environmental sampling and analysis of radioisotopes. Labo-

The potassium levels in foods will vary depending onratories which regularly monitor samples use the same data
where they are grown and how they are processed. Compagnalysis techniques of peak curve fitting and self-absorption
ing the last two rows in Table II, our results are close to otheorrections. To increase counting efficiency, well counters
measurements. The highest amount of potassium by weiglan be used, and GelLi detectors have a better energy resolu-
is in the Russet potatoes from Idaho that we measured, afpn. The reader is referred to Ref. 9 for further information

seen in the large photopeak in FigicR As a classroom on the monitoring of radiation in the environment.
laboratory experiment, we find prune juice the best food

sample to use. Although it has less potassium by weight thah/. CONCLUSION
bananas or potatoes, it does not spoil overnight and is easier
to calibrate. It is also easier to handle and dispose of thaﬂ
bananas or potatoes.

In conclusion, we have demonstrated that it is possible
sing common stud_ent Iabqratory equipmer_1tl to measure the
Soils are also excellent for classroom. expgriments. In Figfhogassfu'(‘jg"m‘;o[‘;‘Z”itnlgoifﬁg Lc}ogﬁ{e:gir?qugfcnkéﬁohenzczﬂg-
gavr\ailzhﬁ\s/\tle?j slrF: e.?;rglrg I?_f .Ia.lhdé'mi;%'éicgchgmggfgrotfhgoigggraction, and curve fitting methods, the experiment is a good
siumn, 2% in our case, allows the student to collect meanin way to turn natural radiation into a quantitative experiment.

ful soil data in a shorter time than foods. TA% back- 3Electronic mail: pbsiegel@csupomona.edu

ground is only 1/7 of the sample’s activity. In our sample, we 1. Bradiey and J. Dewitt, K Detection in General Physics Laboratory,”
found a peak due to théTh decay series. In Fig. 3 the peak Am. J. Phys36, 920-921(1968.
2G. F. Knoll, Radiation Detection and Measuremeiwiley, New York,
1979.

. 3A. Brodsky, Handbook of Radiation Measurement and Protecti@RC
Table 1l. Counts per minute for the 1.46-MeV gamma peak and percent Press, West Palm Beach, FL, 1978

potassium by weight for the samples measured. The counts/min were oan_ Curry, D. Riggins, and P. B. Siegel, “Data analysis in the undergradu-

tained for data taken over a 24-h period for a backgro(vefore, the ate nuclear laboratory,” Am. J. Phy83, 71-76(1999
sample measurement, and a backgro(aiten. The errors are statistical  5p gowes and C. F. ChurctFood Values of Portions Commonly Used
errors only. revised by J. A. T. PenningtofLippincott—Raven, Philadelphia, PA,
— 1998, 17th ed.
Sample Prune juice  Bananas  Potatoes Soil  %H. C. ShermanChemistry of Food and NutritiofMacMillan, New York,
1955, 8th ed.
Mass(g) 3102 2975 3249 3280 "We used pure prune juice, whose label listed the potassium content at
Background 0.2%
(beforg (counts/min ~ 9.6-0.1  9.9:0.1 10701 9.70.1 80ur soil sample data are available on the web at http:/
Sample(counts/min ~ 17.6+0.1 22.470.2 30.2:0.2 86.4:0.3 www.csupomona.edu/pbsiegel/ . Spectra from our 3-in. Nal detector in
Background ASCII format from various sites in the Los Angeles area can be down-
(aften (counts/min 9.9+0.1 10.5-0.1 9.9+0.1 10.2£0.1 loaded.
Percent potassium 0.22 0.40 0.59 2.00 9A. W. Klement,Handbook of Environmental Radiatig®RC Press, Boca
Other %K 0.56 Raton, FL, 1982 A more recent CRC publication on environmental ra-
measurements 0.20 0.396 0.45-0.54 diation is P. UnderhillNaturally Occurring Radioactive Materials: Prin-

ciples and Practice$CRC Press, Boca Raton, FL, 1996
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