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The Radiation Dose Assessment of Consumer Products

-Agricultural Fertilizers in Taiwan

Abstract

The study aims to evaluate the radiation dose to farmers caused by
domestic commercial fertilizers. A high-purity germanium radiation detector
had been used to measure the radium-226, thorium-232 and potassium-40
radionuclides activity concentration of 13 domestically manufactured
commercial fertilizers. Among them, the average activity concentrations of
potassium-40 and radium-226 contained in nine compound fertilizer samples
were 3339.4 + 22.9 and 126.9 + 2.8 Bq/kg, respectively. The average activity
concentration of radium-226 in two phosphorus fertilizer samples was 552.3 +
3.3 Bg/kg. The average activity concentrations of potassium-40 and
radium-226 in the two potash fertilizer samples are 3279.6 £ 46.4 and 141.7 +
11.8 Bq/ kg, respectively. Activity concentrations are relatively higher than
other soil samples. The activity concentrations of radium-226, thorium-232
and potassium-40 in all samples were lower than the benchmark values of the
Naturally Occurring Radioactive Materials Management Regulation.

The results of radium equivalent concentration, external hazard index,
internal hazard index, absorbed dose, annual effective dose, and gamma index
are calculated to simulate the situation after 13 fertilizer samples are applied to
farmland respectively, then all values are far lower than the recommended
values in the European Commission guidelines. The average annual effective
dose causes by using fertilizers is 0.616 microsievert (uSv/y), which is far
lower than the annual dose limit of 1 mSv/y. It shows that radiation protection
operations measures were unnecessary during applying fertilizers. This result
was divided by the total population of the country, and the average annual

effective dose caused by agricultural fertilizers was estimated to be 0.026 uSv.
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Table.1 Activity concentration of radium-226, thorium-232 and
potassium-40 in 13 fertilizer samples

. Ra-226 Th-232 K-40
Code Fertilizer Type
(Ba’kg) (Ba/kg) (Ba/kg)

M1 Compound 85.7+0.9 1.3+0.4 2616.7+47.1
M2  Compound 151.6+8.3 3.8¢1.4 3786.8+83.3
M3 Compound 184.2+9.8 9.2+3.3 3101.0+62
M4  Compound 114.7£5.3 1.6+0.5 2951.0+56.1
M5  Compound 89.8+5.8 1.5+0.4 4932.6+113.4
M6  Compound 148.7+9.4 1.1+0.4 2773.4+47.1
M7  Compound 106.2+8.7 6.742.3 3722.7+70.7
M8  Compound 120.5+9.0 1.840.6 2762.0+44.2
M9  Compound 140.5£12.5 8.0+£2.9 3408.3+64.8
P1 Phosphate 537.0+4.8 4.6+1.2 258.3+£8.5
P2 Phosphate 567.6+4.5 3.5+0.8 360.0<11.4
K1 Potash 150.4+19.6 2.9+1.0 3871.8+77.4

K2 Potash 132.9+13.3 9.2+1.0 2687.3+51.1
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Table.2 Raeq, Hex, Hin, D, E, and I, Values After Fertilizer Samples Used to
Farmland
Fertilizer Cf Raeq D E
Code ex Hin Ly
Type (%) (Bg/kg) (nGy/h)  (uSv/y)
M1 Compound 0.236 0.682  0.0018 0.0024 0.3547 0.4350 0.0027
M2 Compound 0.236 1.059  0.0029 0.0038 0.5462 0.6699 0.0042
M3 Compound 0.236 1.029  0.0028 0.0040 0.5217 0.6398 0.0040
M4 Compound 0.236 0.812 0.0022 0.0029 0.4199 0.5150 0.0032
M5 Compound 0.236 1.113 0.0030 0.0036 0.5890 0.7223 0.0046
M6 Compound 0.236  0.859 0.0023 0.0033 0.4387 0.5380 0.0034
M7 Compound 0.236  0.950 0.0026 0.0032 0.4945 0.6065 0.0038
M8 Compound 0.236 0.792  0.0021 0.0029 0.4078 0.5001 0.0031
M9 Compound 0.236 0978  0.0026 0.0035 0.5028 0.6166 0.0039
P1 Phosphate 0.236  1.330  0.0036 0.0070 0.6178 0.7577 0.0045
P2 Phosphate 0.236 1417  0.0038 0.0074 0.6596 0.8090 0.0048
K1 Potash 0.236  1.068 0.0029 0.0038 0.5520 0.6770 0.0043
K2 Potash 0.236  0.833 0.0022 0.0031 0.4247 0.5208 0.0033
Average 0.502 0.616

10



23 A ERGEr NEAE R )FEERER B &K
RGBS ARV R
Table.3 Comparison of Raeq and Iy Values of fertilizer samples (Before
using to farmland) in this article with other countries

Fertilizer Rae(;k Literature
Country Iy
Type source
(Bg/kg)

Taiwan(M1-M9) Compound 390" 1.56 This study
Taiwan(P1-P2) Phosphate 582" 1.96 This study
Taiwan(K1-K2) Potash 403 * 1.6 This study

Japan Compound 454 1.63 [16]
Egypt Compound 613 2.06 [17]
Brazil Compound 1772 12.3 [18]
Saudi Arabia  Compound 275 Not calculated [19]
Algeria Compound 1168 9.6 [20]
Bengal Phosphate 374 Not calculated [21]

*AFR AL B 2Rt F(CH2 B %
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