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Table1 SDR used in method 1 of 1ISO11137-2:2013.
AEPIR) Dy {H M
D, value of microbe / kGy Probability / %

1.0 65.487
1.5 22.493
2.0 6.302
2.5 3.179
2.8 1.213
3.1 0.786
3.4 0.350
3.7 0.111
4.0 0.072
4.2 0.007
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Table 2 DM value of micropopulation having SDR under different radiation doses.

D/ kGy DM D/ kGy DM D/ kGy DM D/ kGy DM
0.0 0.00 12.0 5.32 24.0 8.77 36.0 11.91
1.0 0.80 13.0 5.63 25.0 9.04 37.0 12.17
2.0 1.47 14.0 5.94 26.0 9.30 38.0 12.42
3.0 2.02 15.0 6.24 27.0 9.57 39.0 12.68
4.0 2.49 16.0 6.53 28.0 9.84 40.0 12.93
5.0 291 17.0 6.82 29.0 10.10 41.0 13.18
6.0 3.30 18.0 7.11 30.0 10.36 42.0 13.44
7.0 3.67 19.0 7.39 31.0 10.62 43.0 13.69
8.0 4.02 20.0 7.67 32.0 10.88 44.0 13.94
9.0 436 21.0 7.95 33.0 11.14 45.0 14.19
10.0 4.69 22.0 8.22 34.0 11.40 — —
11.0 5.01 23.0 8.50 35.0 11.66 — —
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Table 3 Statistical fitting results of 5 functions.

PR A ZH WA S HE ZHE W bR e 72 RS R 7
Function type Formula Parameters Parameters value after Fitting Standard error of values  Adjusted R-Square
B4 Line y=ax a 2.902 65 0.041 53 0.964 66
B # Power  y=ax” a 1.283 96 0.015 92 0.999 7

b 1.344 48 0.005 13 —
£ i y=Ag+A X+ A —0.243 02 0.07 0.999 95
Polynomial AxP+AX A 1.240 23 0.037 72 —

A, 0.233 13 0.005 83 —

A —0.006 82 2.607 82x107* -
EA v Y=AAAXHAXH A 0.05197 0.0215 1
Polynomial ADCHAX A A 0.776 68 0.028 87 —

A, 0.392 07 0.012 53 —

As -0.026 98 0.002 21 —

A, 0.001 02 1.694 54x107* —

As -1.601 85x10°° 4.684 88x10°° —
FEH R B y=ab" a 5.706 64 0.388 26 0.960 83
Exponential b 1.164 05 0.006 75 —

®4 5 MLE R E B RERE SEIRENRE()

Table 4 Differences between sterilization dose calculated by 5 fitting functions and the theoretical value (%0).

DM #l& B %01 A 5 Formula of fitting functions

y=ax y=ax’ Y=AgtAXFAXHAX Y=AHAXFAXCHADCHAX A y=ab*
1 123.1 0.0 =77 =77 407.7
2 93.3 10.0 33 0.0 156.7
3 67.3 7.7 3.8 1.9 73.1
4 45.0 3.8 0.0 -1.3 313
5 31.8 1.8 -0.9 0.0 10.9
6 22.5 0.7 —-0.7 0.0 0.0
7 15.3 0.0 —-0.6 0.0 —6.3
8 9.4 -0.9 -0.5 0.0 -9.4
9 4.8 -1.2 -0.4 0.0 -10.0
10 1.4 -0.7 0.3 0.0 —8.7
11 -1.8 —-0.6 0.0 0.0 —6.8
12 —4.1 0.0 0.3 0.3 -2.8
13 —6.5 0.2 0.0 0.0 2.0
14 -8.1 0.9 -0.2 0.2 8.4
15 -9.8 1.7 -0.8 0.2 15.6
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Fig.1 Fitting curve of 5 functions.
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Table 5 Results of aerobic bacteria counts under different doses.

f# H5) & Radiation dose / kGy 7% S8 Aerobic bacteria counts / CFU-g ™' DM
0 5.0x10’ 0

2 1.7x10° 1.47
4 1.6x10° 2.49
6 2.5%10* 3.30
8 4.8x10° 4.02
10 1.0x10° 470
12 2.4x10 5.32
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Study on setting the sterilization dose by polynomial fitting method

GONG Pin TANG Xiaobin CHEN Da

(Department of Nuclear Science and Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)

Abstract Background: The setting of sterilization dose in practice is usually higher than the actual need of product
due to the accuracy limit of traditional methods. Extra irradiation dose leads to unnecessary radiation damage to
products and reduces the production capacity of irradiation plants. So it is important to find a more accurate method
to set the sterilization dose for micropopulation. Purpose: This research is to find a new approach to set the
sterilization dose more accurately for micropopulation of products. Methods: First of all, the relationship between the
survival bacteria count and radiation dose through theoretical derivation is studied. Then, the data of sterilization dose
curve of micropopulation is calculated according to the standard distribution of resistances (SDR). Finally, five kinds
of commonly used fitting functions are applied to fit the sterilization dose curve. Results: The five cubed polynomial
function is one of the best fitting methods to the sterilization dose curve. The sterilization dose setting method based
on five cubed polynomial fitting reduces the deviation range from —9.8% — 123.1% to —7.7% — 1.9% between set
sterilization dose and theoretical value, compared with the traditional method based on linear fitting. Conclusion: The
method of polynomial fitting is more accurate that can reduce the extra radiation dose of products effectively when
guarantee the quality of sterilization.

Key words Polynomial fitting, Radiation sterilization, Standard distribution of resistances (SDR), Sterilization dose
setting
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