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Analysis of Potassium-40 in Fertilizers Containing Potassium
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tassium sulfate, 50.0), #4& Y v % (compound fer-
tilizer 1, 14.0), #hY % (compound fertilizer 2,
14.0), W+ADHEEY v in% (compound fertilizer 3,
20, 0)
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LHEERC LD 2 ) T AR ER L.

2. FLR-tL¥BERNE

IR B S T oz, ORTEC #-#l
DEHGEE 7V~ = 2 (Pure Ge) ki 284
ALTc T IBOBMEEIZ 50KeV 2355 MeV T
5. BRHEGDORITEER, EFE 45, 1mm, 55X 58,4
mm D[R TH 5. HLEKIL ©°Co @ 1.33MeV
T BRICKL, 3"¢x3"t Nal(Tl) DR E s T
15.9% Th o 1c. F{HEME S L ©°Co D 1.33MeV 7
P LT 1.82KeV ThHote ©—sfzvy 7 by
Hix *°Co @ 1.33MeV 7 #1125t LT 49.8 TH 7.
D Pure Ge #HH#MT, (#H DK 6 BRINT X b #tk
SERTHHL, BELTHLMECLE L. FIEES
ERAEDHNZ, D Pure Ge %% AR TH - 7o
Z DR, JEX 10em Dghk, BX 1.5em D
B TR AR L, “Cod 1.33MeV 7 $ DM
Z 1/40 LINICHAD XD RN D 5.
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Table 1. Standard point sources used for calibration
m‘lz(s:ltli;iéyon Gamma sectra
Nuclide Half-life
25 March, 1980 Energy (KeV) FWHM (KeV)
(uCi)

Co-57 269, 80 days 6.209% 1072 122. 06 85. 65
136. 47 10. 62

Ba-133 10, 90 years 1.220x 107! 276. 40 7.50
302. 85 19. 60

356.01 67.00

Cs-137 11021, 0 days 1.925x 107! 661. 64 84. 58
Co-60 1924, 56 days 1.386x 107! 1173.21 99. 98
1332. 56 99. 99

Table 2. Calibration file: CAL-101 — XTI~ eV . — 2 Xflz, LEAE

Energy range approx. 0 to 2,000 KeV
Energy vs. channel number calibration
Energy (KeV)=A-+Bx (channel) +C X (channel)?
A =0.08481328
B =0. 50065015
C =—0. 24102009 X 107°
Peak shape vs. channel number calibration
FWHM{(channels)= A +B x (channel)+C x (channel)?
A =0.19849050 X 10
B =0.93873489x107*
C=—0.64731678 X107’
Efficiency vs. energy calibration
Detector ‘knee’ energy =280 KeV
Below detector ‘knee’ energy
In (eff.) =A+BxIn(KeV) +CxIn(KeV)?
A =—0. 36025902 x 10*
B =0. 13874506 < 10*
C =—0.14284664 X 10
Above detector ‘knee’ energy
In(eff.) =A+BxIn (KeV)
A =0. 25487453 X10
B =—0.10198534 X 10

i3 28K EThL. mIPEEEBELL T2 FF747D
7R yE—TF 4 A 7 aHT 5.

Pure Ge I B DT o x b F—L & — 7 F 5 T
DEAR, BIOE — 7 itEghEL *"Co, ¥Ba, YCs,
9Co e s i A A\ TRIE L 72, Table 1 12z
B DEHE S HRIEOBBIER L O T RO =3V F—F%
Rt BEEESTER D4000F + UL, Fr R
g4 0.5KeV/ch L, 7 HO=F/ ¥ %0
~2,000KeV ITxE X i, E#BERED r A2
FAVCK L TTREEL 72, =D Pure Ge BRHZRDEF
¥osh# A Table 2 1273

KRS B O 5 DT I L o X
226Ra, 288Th, 22Th, U, **Np kLUK TH%.
D OREDYRE, THRO=FLF—KIOHE
g4 Table 3 3.

BRI iy A2 PO 2 — 5 —BEE
O GAMMA-T Fe 77 a%xERLI. 2O r S
S5 ALT AR bAROE— 27 %L, FOE—7
DAYV M EEEREEYRD, FHAEGT % LHEL
T, FOC— 7 CHMSTHRMEEEL, TORSHE
HAETHLOTH 5.

Table 8. Nuclear data for analysis of natural radioactive nuclides
Gamma spectra
Nuclide Half-life
Energy (KeV)/Branching ratio (%)
Ra-226 1600 years 295.17/(21. 30), 351.90/(40.00), 609. 32/(46.90),
1120. 28/ (15. 50), 1764.51/(16.20)
Th-228 1.91 years 238. 62/ (13.09), 510.69/(22.00), 583.17/(83.20),
727.26/(18.40), 860.53/(12. 50)
Th-232 0, 41 x 10 years 911.07/(27.80), 968.90/(16.70)
U-235 0.71x10° years 143.75/(9.700), 185.72/(54.00), 205.31 (5.0)
Np-239 2. 35 days 106.11/(27.80), 209.73/(3.40), 228.14/(11.40),
277. 56/ (14.50), 334.27/ (2. 00)
K-40 0.128 % 10'° years 1460. 73/ (10. 70)




# ) 2 FUIBEHR D K-40 D547 191

Table 4. Correction factor of the counting efficiency for volume source

Weight of

KCl reagent 50.5 97.8

(8)

146. 8 197.7 255. 6

Calculated K-40 *!
in the reagent

(uCi)

2.20%x 1072

4.26 X107

6.40x107? 8.62% 1072 11. 14X 107

Obserbed K-40 *2
in the reagent

(uCi)

1.55%x 1072

2.32x107?

2.77 X107 3.08x107? 3.43%x 1072

Correction factor

of efficiency 70.5 54.5

(%)

43.3 35.7 30.8

*1 Calculated K-40 activity was estimated from weight of reagent, assuming the natural abundance of K-40

to be 0.0119%.

*2 Observed K-40 activity was estimed from the mesured net counts calibrating the counting efficiency by
standard point sources and analysing them by GAMMA-II program.
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Table 2 1R L feat B ahsRi 3% S B A F e b
DTHEND, SEPELIEROL 512, EiibA
b S RBHCR U CIE LW e R 5 2 o\, Ak
Teh, ERTHEL AR & A—Bky b oEEARE
BEeHOCTKIEETRETH Ty, "3y s
ERFIIDNDT, KDL DI HET, “K DXz
DWTHKIERfT ot “K OEMEAESEL LT, &
Er Y v a (FUHEES 1 BRE) % 250ml ) =
FUVYBIAOOA (N 58mm) Hic 255.68 (X
86mm) Anrcb DR L. Tabl 4 |3 250ml +
V=F Vv VBIKOTAKR, BAxDEED KCl #Ah
7o& 2D KCl DFEE & K OBEHEDHIEE 2R3
—7 KCl shiz& g s “K OBEEEE, # ) v o
CEEhs “K OXRFEELY 0.0119% & LTHE
HL WEOHY S - THESROBEME T 5.
Z DGR, KCl OBEIMEMT R o0 T (HY) =5
VYBIR OO AHD KCl of X288icoh ) &
BHEOFMIEMEIIAZ {7ch, KCI 255, 6g D5Kig
BT 2HIEME LT, 30.8% %57,

YK DS OB SRS S H B T T35 S
ROFIEIY, =FAF—2MEL BB EAEL LD
DERbIhBY, HUIEEGEIFIRTEIeh ol
DT, FMEM[EZRDDZENTERD ST T,
YK DADBHUEEBOITCY 5 TiL, HERD
WIEfEE LT, 30.8%%H\V-TEEF T, FOME
REXEEL .
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Fig. 1 Gamma spectrum of potassium chloride.

FER R DR RBSHEEED T R T L F—RA s }
NDB% Fig 1 Rt = idsEbinBieount
21777 HEIEL 12 DTH B, RD~—5 —DfrBiT
YK DT, 1460KeV D% v v +Ea 7T, BHET
TERLTHBDT, 1460KeV [HED-3, 7 75
7Y ML 5.5X107° cps iIKMZ B Z LTI T D
KT 2400 #F » FAHLTIC RSB A2 b A DJEIL
YK DrBirs=av 7 r vBTHA.

Fig. 2 3K DT —r&ikkLich DCH 5.
E— 2 DAL 7 A G 5Tk, FONEEL
2.04KeV TH57c. HIEDKEEIL 10T 0.7%TH »
fo. Fig 1 TROWBFER 7 —71DWTC, 0
E—m D= AF—, 207, BIU—2D¥
{Hig% R, GAMMA-1 v 735 Al X » TRITT
B &, 7)) IERHRICE ¥ B ERBEHESBOKETEE
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Fig. 2 Peak shape of **K gamma ray.
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2. EEFROXRBEHERE

SafbinE, BiARinE, #A Y vIN% (compound fer-
tilizers 1), ¥E# V v % (compound fertilizers 2), 4
AD#EEY ving (compound fertilizers 3) D 52D

FEEHZ AN THT » T Hiks R Table 5 1Rd. i
3 B XL YK Th oo, LD
W e D » v v a0 AL, HEEmE
385pCi/g, Wifiehni 325pCi/g iz &, »ixh DEDOYK
NEEFRTVAD. 202 EOIMERE LI K LS
ORRBEHERBTIZ LA SRR SN h st &2
A%, EEY VNG, i) vRBIOW LAY #HE

) v gD 3 EOEEIE B YK DAHCHEED
28Th, 220Ra, 23U iR Shic. Thb ORSHE
ROy 7 7T v v FRERI &, DT
AL DTH T, FIoAERABhOR T 2RO
WIFILIERE T\ DT, Table 5 OHEIIBERED
LDTHS.

—T, BEMMEEREORE (ppm) (X, ZORMD
IR &, ERIL AhE (0Ci/g) HHLEETE S,
OK DRBHEDOERIE L, K DY 1.28x10°
b, kRO K OEARkd5H L, Table 6 O
I RAE LR Fh YK ORKREFEELY
0.0119% & LT, IEEHFDH Y ¥ A DBELYRDD T
LINTZ 5.

Table 5 Contents of natural radiocative nuclides in fertilizers

Activity (pCi/g)

Fertilizer Thorium family Uranium-radium Actinium
family family
K-40 Th-232 Th-228 Ra-226 U-235
Potassium chloride 385 — - — —
Potassium sulfate 325 — — 0.2 —
Compound fertilizer 1 105 — 0.1 — 0.2
(N,P,K)
Compound fertilizer 2 102 — 0.2 2.1 0.6
(N,P,K,Cl)
Compound fertilizer 3 146 .1 0.2 2.5 0.6
(N,P,K,Mg)
Table 6. Determination of potassium in fertilizers
N Weight Activity Content of Content of K (%)
Fertilizer (@) oCi/g) (K_ri()) from K-40 by chemical waranteed
g pL1/g pp activity analysis g
Potassium chloride 265.5 385 55.9 47.0 48.3 49.8
Potassium sulfate 312.5 325 46.5 39.1 41.9 41.5
Compound fertilizer 1 230.1 105 15. 2 12.8 12.3 11.6
(N,P,K)
Compound fertilizer 2 223. 2 102 14. 7 12. 4 12.3 11.6
(N,P,K,Cl)
Compound fertilizer 3 247.1 146 21.2 17.8 19. 4 16. 6

(N,P,K,Mg)
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Table 6 2:5H3m3% X 51T, 5 BOREHZOULT,
YK OBSHEDHEL LRDIRE R ETT S L, 2
RYRBG—HLRON%., ¥ EF CRETKEE
B LI, Zhb 3EDEICY Avie b BU—Fas
Rohs. ZORE, ERGOn ) ¥ A0s812,
YK DBHEEDORIER & LI LT, DL &0
EFRIIRIRIERMZ B2 L75, RDLRBZ Ep
Pofe. ¥z, ZOFHER, EELAOKETEMED
N YT A BLER, ok EHE, kLR, v5 A
HDHn Y)Y ADEBD—-2ODHELE LTATES S
DTH 5.

E D)

AT akEte 5 EMOERNCOWT, ¥ BakHT
DRABHEGED i, € a7 ri~= o¥H

BRI & S BEEEI BB YT o7 2D
FER, 3TEDHAINKD S #°Th, *°Ra, U, K
REDBEH IR LasL, BB LGRS VS
XK DADEREIZEA EBREIhich otz h
LOERPIL K PRLEBICE TR, OO0
BREIBETH 7. K OBSHEIREDH Y »
ABICITRHAL Tz 2 Y Y ADOBBEIH Y Y A
RO K DIFERNLHETE, FOMELES T
LHEERLS—HKL T

X 3
D BRSO  BHERES S ) — X, 7, “Crw=y

SLEAR Y AV RSP, (1979)
2) BHERERMNPIERT | IR Bk, 32-39 (1977)

Summary

Remarking on gamma emitters, and making use of a pure germanium detector and a multich-
annel pulse-height-analyzer, analysis of natural radioactive nuclides in several fertilizers containing
potassium was carried out. As the result of analyses on five samples, 228Th, 226Ra, 2351 and 4K
were observed in all of the three compound-fertilizers, but no nuclide excepting ¥Kwas obseerved in
potassium chloride and potassium sulfate. 9K was fixed to be the most abundant nuclide, and the
others were observed only in trace amounts. The activities of 4K in these fertilizers were nearly
proportional to the contents of potassium in the samples. Contents of potassium in the fertilizers
were obviously estimated from the values of °K activities on the basis of natural abundance of 4K
in potassium, and the contents estimated were in good agreement with the values determined by a

chemical method.



