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Abstract:-
Marked variations are generally found in percentages of response occurring in human subjects and other living 

organisms exposed to external stressors, depending upon intensity of stressor, duration of exposure and individual 
sensitivity in biological phenomena. A clear and exact quantitative mathematical relationship among these three factors 
namely, intensity of stressor, duration of exposure and percentage of occurrence of response in biological phenomena 
such as human tolerance to total body irradiation is not known. The author proposed a general mathematical formula of 
'probacent'-probability equation on the basis of results from animal experiments, clinical data reported in the literature, 
and theoretical reasoning that approximately expresses the relationship among the three factors. For calculation of the 
'probacent'-probability equation, UBASIC program was primarily used in researches in various biomedical phenomena, 
employing Compaq Presario Windows 95 during a period of 23 years from 1995 to 2017. In this study, a possibility of 
use of Apple computer (OS-X) for mathematical calculation of the 'probacent'-probability equation was examined.  
Calcline and UBASIC programs were applied to computer computation of the author's previous publication, " Computer-
assisted formulas predicting radiation-exposure-induced-cancer risk in interplanetary travelers: Radiation safety for 
astronauts in space flight to Mars" and compared with regard to accuracy and applicability in computer computation. 
Calcline program is found to be usable in place of UBASIC on Apple computer, MacBook. Similarity and difference 
between Calcline and UBASIC are presented. 
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1. INTRODUCTION 
Marked variations are generally found in percentages of response occurring in human subjects and other living organisms 

exposed to external stressors (stimuli), depending upon intensity of stressor, duration of exposure and individual sensitivity 
to external stressor and internal stress caused by stressor within the body in biological phenomena. A clear and exact 
quantitative mathematical relationships among those three factors in biomedical phenomena such as human tolerance to 
total body irradiation is still not known (Chung, 20111, 2012, 2013, 2017, 2018). The time factor is often not taken into 
consideration in response. Biological phenomena are often observed and investigated after states of equilibrium have been 
reached. 

Structural organizations of human bodies are complex and not uniform. Sensitivities of human bodies to external 
stressors as well as to internal stresses caused by external stressors show generally marked variations. The author 
postulates that the sensitivity distribution is in general in Gaussian normal distribution as shown in Figures 1 and 2. 
The Gaussian normal distribution is applied to the author's general equation to express relationships among those 
three factors as expressed by Equations 1b and 2b. 

The author proposed a general mathematical formula of 'probacent'-probability equation on the basis of animal 
experiments, clinical data reported in the literature, and theoretical reasoning that approximately expresses 
relationships among intensity of stressor, duration of exposure and percentage of response in biological phenomena 
(Chung, 1958, 1959, 1960, 1986, 2013; Kim and Chung, 1962; Kim and Chung, 1961; Park and Chung, 1961; Hur 
and 
Chung, 1961, 1962; Lee and Chung, 1961; Kim and Chung, 1960; Chung and Kim, 1959; 1961; Chung, Kim and 
Kim, 1962; Lee, Hur and Chung, 1961; Cho and Chung, 1961; Chung and Cho, 1959).                                                  

P = [(i - a) t n - c]/ (b t n + d)                                                                                      
(1a) 

Q /200] dP (1b)                        

Where i is intensity of stimulus, external stressor or noxious agent; t is duration of exposure; a, b, c, d and n are 
constants. P is 'probacent' (abbreviation of percent probability), a relative amount of internal stress caused by an 
external stressor or a relative amount of loss of reserve for survival. Probacent values of 0, 50, and 100 correspond 
to (mean-5 SD), mean and (mean+5 SD), respectively; the unit of 'probacent' is 0.1 SD. In addition, 0, 50 and 100 
probacents seem to correspond to 0, 50, and 100 percent probability, respectively in mathematical prediction 
problems in terms of percentage. Q is mortality probability (%). Survival probability (%) is (100 - Q). Equation 1
can be used for survival probability problems (Figures 1 and 2).The probacent model has been applied to data in 
biomedical literature to express a relationship among plasma acetaminophen concentration, time after ingestion and 
occurrence of hepatotoxicity in man (Chung, 1989); to express survival probability in patients with heart 
transplantation (Chung, 1993); to express survival probability in patients with chronic leukemia, acute myelogenous 
leukemia or malignant melanoma (Chung, 1989, 1991, 1994); to express a relationship among blood levels of 
carboxyhemoglobin as a function of carbon monoxide concentration in air and duration of exposure (Chung, 1988); 
to predict the percentile of serum cholesterol levels by age in adults (Chung, 1990, 1992); to express a relationship
among age, height and weight, and percentile in Saudi and US children of ages 6-16  years (Chung, 1994); to predict 
the percentile of heart weight by body weight in subjects from birth to 19 years of age (Chung, 1990); to predict  
survival in mice inoculated with leukemia cells (Chung, 1991); to predict carcinoma-free possibility in rats exposed 
to carcinogenic DMBA (Chung, 1990) and to estimate survival/death rate for radiation risk in Indian context (Mehta 
and Joshi, 2004).     Equation 2 is further developed from Equation 1 that expresses relationship between mortality 
and amount of stressor or dose of radiation or drug administered in biomedical phenomena.  

Pn = A + B x log D (2a)   
Q = 10/√2π ∫-∞

p exp [- (P - 50)2/200] dP (2b) 

Where D is amount of stressor or dose. A, B and n are constants. P and Q are same as in Equation 1.
Table 1 shows conversion of probacent probability, correlation between probacent and probability (%) that can be 

used in biomedical researches. The author used Table 1 (conversion of probability to probacent and vice versa) for 
calculation of Equations 1 and 2 in the author's researches since 1958. The author's hypothesis of ultron-logotron 
theory was developed during the period of studies of the 'probacent'-probability equation that would be applicable in 
biological phenomena (Chung, 2009, 2017). 

Equation 2 was applied to the United States life tables, 1992 and 2001 reported by the National Center for Health 
Statistics (NCHS) to construct formulas expressing the age-specific survival pronability, death rate and life 
expectancy in US adults, men and women (Chung, 1995, 2007).  
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Figure 1. Gaussian normal distribution curve. m=mean; s=standard deviation.

Figure 2. Gaussian normal frequency curve. Relationship between probacent and probability

(Percentage of Response) (See text). 
Equations 1 is theoretically derivable and 

Equation 2 can be derived from
Equation 1 (Chung, 2013). His relationship between external stressor and internal stress caused by external stressor can 

be demonstrated in one of the author's studies (Chung, 1988) as an example. 
Equation 3
Expresses carboxyhemoglobin concentration in blood of human subjects at rest exposed to carbon monoxide in air. 

P = (C- 0.00001) t0.957- 0.00623/ (0.0003180.957 + 0.254)                          (3) 
Where C=CO concentration (%=ppm/104) t = duration of exposure in minutes. 

P = probacent representing percent COHb in blood as a function of carbon monoxide concentration in air. Table 2
shows the the above results. 
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Table 2.Percent carboxyhemoglobin of blood in rel ation to

Carbon monoxide in air and time of exposure in men at rest.

________________________________________________________________

Carbon 
monoxide

Time of Reported Computer

concentration exposure COHb derived

(%) (min) COHb

________________________________________________________________

1 5.5 20 20

1 7 25 25.1

0.5 5.5 10 10

0.5 11 20 19.3

0.5 15 26 25.8

0.3 4.5 5 4.9

0.3 9 10 9.5

0.3 18 20 18.4

0.3 27 27 26.9

0.2 7 5 5

0.2 14 10 9.7

0.2 30 20 19.7

0.2 50 30 31.6

0.15 9 5 4.8

0.15 18 10 9.2

0.15 42 20 20.2

0.15 72 30 32.9

0.12 12 5 5

0.12 25 10 10

0.12 54 20 20.3

0.12 92 30 32.7

0.1 15 5 5.1

0.1 30 10 9.9

0.1 68 20 20.8

0.1 80 23 24.1

0.08 20 5 5.4

0.08 40 10 10.3

0.08 87 20 20.7

0.08 135 28 30.3

0.06 25 5 5

0.06 52 10 9.8

0.06 120 20 20.5

0.06 200 28 31.3

0.06 218 30 33.6

0.05 30 5 4.9

0.05 62 10 10

0.05 150 20 20.6

0.05 200 24 26.1

0.05 235 27 29.7

0.04 40 5 5.1

0.04 80 10 9.6

0.04 200 20 20.9

0.04 245 23 24.5

0.03 50 5 4.7
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Computer cannot perform integral of Equations 1b and 2b. Therefore, an algebra equation was searched in 1962 to 
replace the integral in the general formula that approximately expresses Gaussian normal distribution (Chung, 1986, 
2009). An approximation formula (Hastings, 1955) with mathematical transformation, Equation 5 was found to be 
usable in place of integral of Equation 4 in December 1962 (Chung, 1986, 2009). This discovery was introduced to 
the academic world for the first time 24 years later in 1986 (Chung, 1986, 2009). 

Ø(X) = 2/ π ∫0
x e- t2 dt (4) 

The digital computer uses the following Equation 5 as an approximation for 0< X < (Hastings, 1955). 

Ø (X) = 1 - 1/ (1+ A1x X + A2 x X2 + A3 x X3 + A4 x X4)4 (5) 

A1 = 0.278393 
A2 = 0.230389 
A3 = 0.000972 
A4 = 0.078108 

For transformation of Equations 1b and 2b to Equation 4: 

t = (P-50)/ 200                                                                 (6) dt = dP/ 200                                                                                                         

(7) X = (P-50)/ 200                                                                                (8) 
If (P-50) < 0, then 
Q = 50/(1 + A1  x X + A2 x X2 + A3 x X3 + A4 x X4)4 (9) 

If (P-50) 0, then 
Q = 100 - 50/(1 + A1 x X + A2 x X2 + A3 x X3 + A4 x X4)4 (10) 

Equations 5 to 10 are used in computer computation in the author's researches. 
The author (Chung, 2018) recently published general formulas that predicts mortality probability of solid cancer or 

leukemia death as a function of lethal dose in acute low dose total body ionizing radiation in humans (Chung, 2012) 
by applying the general mathematical model of "probacent"-probability equation. New formulas of tolerance in total 
body irradiation that expresses the radiation-exposure-induced death (REID) as a function of radiation dose or dose 
rate and duration of exposure in total body ionizing radiation in humans are constructed. In this study, the new formulas 
are applied to the measurements of the Mars Science Laboratory (MSL) spacecraft containing the Curiosity rover 
(2012-2013) in order to estimate radiation safety for astronauts in a future space flight to Mars. The following findings 
and conclusions in the author's mathematical approach are proposed: 

(1) New general equations, Equations 11 to 15 that express the radiation-exposure-inducedcancer death (REID) 
as a function of lethal dose or dose rate and duration of exposure are constructed from equations of the author's 
previous publication (Chung, 2018) that predict mortality probabilities of solid cancer death and leukemia death and 
radiation-exposureinduced-death (REID) in total body irradiation in humans. 

(2) Estimates of REID in various circumstances of missions for astronauts in space flights to Mars are calculated 
and shown in Table 4. In case of the fastest round trip (240 days) and the shortest stay on Mars (100 days), its REID 
would be 3.65 %. This REID is still greater than 3 % of the NASA's permissible exposure limit (PEL).  

(3) A lethal dose of 391 mSv seems to correspond to the NASA's permissible exposure limit (PEL) 3% of REID. 

(4) Results of this study suggest that a future space flight to Mars would need increase in propulsion power for 
a faster speed and a shortened round trip, and increase in protective radiation shielding to reduce radiation dose rate, 
and a shortened stay on Mars for the astronauts' radiation safety in a future space flight to Mars. When the above 
described advancements in technologies are achieved, the space flight to Mars would be safe for astronauts against 
cosmic ray. 

0.03 110 10 9.5

0.03 200 15 15.7

0.03 260 18 19.2

0.02 80 5 4.8

0.02 190 10 10

0.02 300 14 14.3

0.01 190 5 5

0.01 290 7 6.9

________________________________________________________________

Diffefences bdtween bothnvalues of reported and computer-derived COHb

are statistically not significant ( p > 0Correlation coefficient=0.966.
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Further research would be needed for verification of the above presentations and propositions.   The Compaq 
Presario (Windows 95) that the author used since 1995 for computer computation suddenly stopped to function in 
June 2017 when I had finished all necessary math calculations for the article entitled "Computer-assisted formulas 
predicting radiation-exposureinduced -cancer risk in interplanetary traveler: Radiation safety for astronauts in space 
flight to Mars"(Chung, 2018). Windows XP and 10 were found to be not usable for the author to apply to perform 
BASIC or UBASIC.

In this study, the author attempted to find a possibility that Calcline program for algebra equations can be used for 
computer computation with Apple MacBook of the author's probacent-probability equation in place of UBASIC 
program. For this purpose, results of solid cancer (Q), leukemia (R) and radiation-exposure-induced-death (REID) 
calculated by Calcline and UBASIC programs are compared in order for the author to use Apple computer, MacBook 
and iMac in biomedical- phenomena researches. Similarity and difference between Calcline- and UBASIC-derived 
results are presented. A complete agreement between both results of Calcline and UBASIC is found in this study. 

Material
Zeitlin, Hassler, Cucinotta and other coauthors (2017) at Johnson Space Center, USA, Southwest Research Institute, 
USA, Christian Albrechts University, Germany, Jet Propulsion Laboratory, USA, German Aerospace Center, NASA 
Headquarter and other institutes, reported that MSL spacecraft containing the Curiosity rover launched to Mars on 
26 November 2011 provided detailed measurements of energetic particle radiation environment inside RAD, the 
radiation dose, dose equivalent and dose rate. 
Hassler, Zeitlin, Wimmer and other coauthors (2014) reported the measurements of the absorbed dose and dose 
equivalent from galactic cosmic rays and solar energetic particles on the Mars surface for up to 300 days of 
observations provided by MSL (2012-2013).  The measurements of both reports shown in Table 3 are used in this 
study (Chung, 2018) to compare results derived from Calcline and UBASIC computer computation. 

2. Methods 
Calcline program for calculation of algebra equation is used for the probacent-probability equation that expresses human 
tolerance to total body irradiation and evaluate radiation safety for astronauts in space flight to Mars (Chung, 2018). 
Calcline-derived results are compared with UBASIC-derived results shown in Figure 5. 

3. Statistical Analysis 
A chi square goodness-of-fit test (logrank test) (Dixon and Massey, 1957) is used to test the fit of mathematical models 
to the data on solid cancer (Q), leukemia (R) and radiation-exposureinduced-death (REID) risks for astronauts in space 
flight to Mars (Chung, 2018). Differences are considered statistically significant when p<0.05. 

5. Results
5.1. Equations of solid cancer (Q) and leukemia (R) risks  
In this study, Equations 11 and 12 published in the author's previous publication (Chung, 2012, 2018) are used to 
express the mortality probability of solid cancer (Q) and leukemia (R) and radiation-exposure-induced-death (REID) 
as a function of lethal dose (D) of radiation after exposure to acute low dose ionizing radiation in humans, 
respectively. 
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P2.425 = 34.252.425 - 1.96995x (34.252.425 - 162.425)  
+

0.65665x (34.252.425 - 162.425) x log D                                                                       (11a) 

Q /200] dP (11b)                        

Where D = dose of radiation in mSv, P = probacent, and Q = solid cancer mortality probability (%). 

P1.47 = 25.8751.47 - 1.996995x (25.8751.47 - 7.951.47)  
+ 0.65665x (25.8751.47 - 7.951.47) x log D (12a)                                                                    

Q /200] dP (12b)

Where D = dose in mSv, P = probacent, and Q = leukemia mortality probability (%). 
The equations 11 and 12 are postulated to be applicable in case of use of millisylvert (mSv) unit, dose equivalent 

instead of milligray (mGy) unit.      

Computer programs are written in UBASIC to calculate equations. The computer program uses a formula of 
approximation instead of integral of Equations 11b and 12b because the computer cannot perform integral (Chung, 
1986, 2012; Hastings, 1955). Calculation of Equations 11, 12 and 15 is carried out with the computer programs as 
shown in Figure 5.

Figure 3. Relationship between dose and solid cancer mortality probability after exposure to acute low dose ionizing 
radiation in humans. The abscissa represents dose in mGy (log scale). The ordinate on the left side represents robacent" 
(P) corresponding to mortality probability (Q) in percentage in lognormal probability graph. The data points of closed 
circles of reported estimated solid cancer mortality probabilities after exposure to 30, 200 and 1000 mGy shown in 
Table 2 of the author's previous publication (Chung, 2018) appear to fall on the solid curved line representing Equation 
11 (see text).

Volume-5 | Issue-2 | Mar, 2019 7



Figure 4. Relationship between dose and leukemia mortality probability of life-time risk after exposure to acute low 
dose ionizing radiation in humans. The abscissa represents dose in mGy (log scale). The ordinate on the right side 
represents leukemia mortality probability (Q) in percentgage. The ordinate on the left side represents "probacent" (P) 
corresponding to mortality probability (Q) in a lognormal probability graph. The data points of closed circles of 
reportedestimated leukemia mortality probabilities after exposure to 30, 100 and 1000 mGy shown in Table 3 of the 
author's previous publication (Chung, 2018) appear to fall on the solid curved line representing Equation 12.

5. 2. Equations of Radiation-Exposure-Induced-Solid-Cancer-Death (REISCD) and Leukemia-Death (REILD) 
Table 2 of the author's previous publication (Chung2018) shows the results of solid cancer mortality risk in percentage 

as a function of dose after exposure to acute low dose total body ionizing radiation in humans. Solid cancer means 
excluding leukemia from total cancer developed in life time follow-up observations after exposure in the life span studies 
(LSS).    Table 2 also shows comparison of formula-derived values with the reported data on acute low dose versus solid 
cancer mortality probability (%). Both values of formula-derived and reported solid cancer mortality probabilities in Table 
2 reveal a close agreement (p >0.99). The maximum difference is 0.75% in exposure to 1000 mSv. 

Figure 3 illustrates the relationship between dose and solid cancer mortality probability after exposure to acute low 
dose ionizing radiation in humans. The closed circles of data points fall on or appear to fall close to the solid curved line 
expressed by Equation 11. Dashed lines below and above beyond the end points of the solid curved line of Equation 11
represent extrapolation of Equation 11-expressed solid line. 
Figure 4 illustrates the relationship between dose and leukemia mortality probability after exposure to acute low dose 
ionizing radiation in humans. The closed circles of data points of References, United Nations (2008, 2011) and Wall and 
his coworkers (2006) are the basis on which Equation 12 is constructed. There is a close agreement between formula-
derived and reported lethal radiation doses (P > 0.995). 

The data points on which Equation 12 are based fall on the solid curved line. The other points of Table 2 of the author's 
previous publication (2018) are not plotted in Figure 4 but, if plotted, would fall very close to the solid curved line at 
1000 mSv expressed by Equation 12. 
. 
REID (QREID) is equal to the sum of REISCD (QREISCD) + REILD (Q REILD). Therefore, Equations 13, 14 and 15 are newly 
constructed to express REID as a function of dose rate and duration of exposure in total body ionizing radiation in humans. 
P2.425=34.252.425 -1.96995 x (34.252.425 -162.425) + 0.65665x (34.252.425 -162.425) x log D

+ 0.65665x (34.252.425 - 162.425) x log T (13a) 

QREISCD /200] dP (13b)       

Where D=dose rate (mSv/min), T = duration of exposure (minute), P = probacent and QREISCD = mortality probability 
of radiation-exposure-induced-solid-cancer death (REISCD). 

P1.47=25.8751.47 - 1.96995 x (25.8751.47 - 7.951.47) + o.65665 x (25.8751.47- 7.951.47) x log D
+ 0.65665 x (25.8751.47 -7.951.47) x log T                                                                            (14a) 

QREILD /200] dP (14b)                        

Where D=dose rate (mSv/min), T =duration of exposure (minute), P=probacent and QREILD =mortality probability of 
radiation-exposure-induced-leukemia death (REILD). 

QREID = QREISCD + QREILD (15) 

Equations 11, 12 and 15 can be readily calculated with the computer program shown in Figure 5. 

The REISCD, REILD and REID at the radiation dose of 30 mSv are 0.05, 0.005 and 0.55%; at the dose of 100 mSv, 
0.565, 0.04 and 0.605%; at the dose of 1000 mSv, 5.75, 0.8 and 6.55% , respectively  as shown in the computer 
program (Figure 5), The REID of 391 mSv is associated with 3% of REID that is suggested to be PEL of NASA
(Cucinotta and his coworkers, 2008, 2010) from the standpoint of the mathematical approach. The REID of 662 mSv 
is 4.76%. The average effective dose for the approximately 6-month missions of the 19 astronauts of the International 
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Space Station (ISS) was 72 mSv. The REID of 72 mSv is 0.36% in this study of a mathematical approach (Cucinotta 

and his coworkers, 2008).  
Figure 5. Computer program (UBASIC) for computation of Equation 11 for solid cancer 
Mortality (Q), Equation 12 for leukemia mortality (R) and Equation 15 for radiationexposure-induced death (REID)  
(see text).       

The Russian Space Agency, European Space Agency and Canadian Space Agency have adopted 1 Sv as the astronaut 
career exposure limit.(Zeitlin et al., 2017) NASA proposed 3% REID risk as PEL (Cucinotta et al., 2008, 2010).  
In this study with the mathematical approach and the computer program of Figure 5, the dose of 391 mSv would 
correspond to the NASA's PEL. The REID of 1 Sv is 6.55%.  
Table 4. Radiation-exposure-induced-death (REID).

5. 3. Results of Calcline calculation 
5. 3.1. Solid cancer risk (Q) Dose=30 mSv: 
P2.425=34.252.425 - 1.96995x (34.252.425- 162.425)+0.65665x(34.252.425- 162.425)x log 30          =831.75386 
P=831.753861/2.425 

=16.0006 X=(50-P)/2001/2 

=2.4046 
Q=50/(1+A1x X + A2 x X2 + A3x X3 + A4 x X4)4 

=0.04998 
Dose=100 mSv: 
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P2.425=2354.54263 
P=24.57286 
X=1.79797 
Q=0.56492 Dose=1000 mSv: 
P2.425=5266.86147 
P=34.25 
X=1.11369 Q=5.74895 
Dose=391 mSv: 
P2.425=4079.15039 
P=30.82441 
X=1.35592 
Q=2.73649 

5. 3. 2. Leukemia risk (R) Dose=30 mSv: 
P1.47=25.8751.47 -1.96995x (24.8751.47- 7.951.47) + 0.65665x (25.8751.47-7.951.47)x log 30         =21.0645 
P=21.06451/1.47 =7.95 
X=(50-7.95)/2001/2

=2.973 
R=50/(1+A1x2.973 + A2x 2.9732+ A3x 2.9733+ A3x 2.9734)4 =0.00502 
Dose=100 mSv: 
P1.47=54.82140 
P=15.2391 
X=2.45797 
R=0.04012 Dose=1000 mSv: 
P1.47=119.38110 
P=25.87506 
X=1.70589 
R=0.80008 
Dose=391mSv: 
P1.47=93.05215 
P=21.84086 
X=1.99115 
R=0.26587 

Numeric precision 5 that expresses multidecimal accuracy is taken in the above Calcline operation. Numeric 
precision 12 is taken for doses of 100 and 1000 mSv for solid cancer risk and dose of 391 mSv for leukemia risk in 
order to more accurately compare results derived from Calcline and UBASIC since there were very little, statistically 
insignificant differences between compare values (p>0.995). 
Recalculated Q and R:  
D=100 mSv, Q=0.565103050169 
D=1000 mSv, Q=5.748896908819 
D=391 mSv, R=0.265867374463 
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Table 5 shows comparison of Calcline- and UBASIC-derived Q, R and REID values. There is surprisingly a complete 
agreement between those Calcline- and UBASIC-derived values (p=1) as shown in Table 5. 

6. Discussion 
Table 5 shows a complete agreement between results of Calcline- and UBASIC- derived solid cancer (Q), leukemia (R) 
and radiation-exposure-induced-death (REID). This comparative study strongly indicate that Calcline program can be 
used for computer computation with Apple MacBook of the probacent-probability equation in biological-phenomena 
researches. 

There is a marked difference between computer operations with Calcline and UBASIC. Multiple steps are required for 
Apple computer (OS-X) with Calcline in order to obtain same data as results given by UBASIC. In contrast, only a single 
step is needed for UBASIC, including a final printing of the results. Calcline requires 91steps in order to obtain the same 
data given by UBASIC that needs only one step (Figure 5). Calcline would desirably need improvements to achieve 
simplification of operational steps by possibly including command statements such as "READ, GOTO, DATA and 
PRINT" that are used in UBASIC.   

The general mathematical formula of probacent-probability equation seems to be possibly used to construct general 
mathematical formulas that express relationships among stressor, stress and response in biological phenomena, using 
Apple computer, iMac, MacBook etc. (OSX). 
The study is primarily based on the UNSCEAR's report, 2010 (United Nations, 2011). The UNSCEAR has bee 
undertaking reviews and evaluations of global and regional exposures to radiation, and also evaluates evidence of 
radiation-induced health effects including cancers and deaths in exposed groups, including survivors of the atomic 
bombings in Japan. The UNSCEAR provides international standards for the protection of the general public and workers 
against ionizing radiation (United Nations, 2011). 

A quantitative dose-response relationship in lethal ionizing radiation exposure in humans is not known (Cerveny 
and his coworkers, 1989). Several investigators have derived hypothetical dose-response curve based on experiences 
with reactor accidents and the atomic exposure in Japan. From these observations, LD50 for humans exposed to single 
dose of radiation delivered over a period of less than 24 hours is believed to be in the range of 2.50 to 4.0 Gy. 
(Damjanov and Linder, 1996).  Levin, Young and Stohler (1992) published an estimate of the median lethal dose on 
humans exposed to total body ionizing radiation and not subsequently treated for the radiation sickness. The median 
lethal dose was estimated from calculated doses to young adults who were inside two reinforced concrete buildings 
that remained standing in Nagasaki, Japan after the atomic detonation. Median dose estimates were calculated using 
both logarithmic (2.9 Gy) and linear (3.9 Gy) dose scales. Both calculations supported previous estimates of the 
median lethal dose based solely on human data, which clustered around 3 Gy. The LD50 of 2.9 Gy was surprisingly 
consistent with estimates made by other researchers; 2.45 Gy by Langham (1967), 2.86 Gy by Lushbaugh et al. 
(1967), 2.65-2.70 Gy by Bond and Robertson (1957) (Levin and his coworkers 1992).  

Fujita, Kato and Schull (1989) reported the LD50 of 2.3-2.6 Gy that is noticeably in a good agreement with the 
value of LD50 shown in Table 5 of the author's previous publication (Chung, 2018). There is a remarkable agreement 
between the formula-derived LD50 in Table 5 of the author's previous publication (Chung, 2018) and the above 
described published-estimated LD50. (Damjanov and Linder, 1996; Levin and his coworkers, 1992; Fujita and his 
coworkers, 1989).    The dose-response relation in human exposure to ionizing radiation reveals a linear relationship 
in both high and low dose rates (Chung, 2018)    

Cucinotta, Kim, Willingham and George at NASA, Lyndon B. Johnson Space Center, Wyle Laboratory Life 
Science Group and U.S.R.A. Division of Space Life Sciences, reported radiation damages in blood cells 
(lymphocytes) in the 19 astronauts of the International Space Station (ISS) after approximately 6-month missions 
(Cucinotta and his coworkers, 2008).     Elon Musk, Chief Executive Officer (CEO) of the rocket company, SpaceX, 
and the autopilot car company, Tesla, recently published his vision to colonize Mars and save humanity (Musk, 2017; 
Haynes, 2017) If it is real and true that a 160-day round trip to Mars, a 100-day stay on Mars surface and a 1000-day 
stay in the radiation-shielded building and/or the underground shelter like gimme shelter caves with a skylight 
opening (Haynes, 2017) of Mars (NASA, 2017), then the REID of the planned space flight to Mars would be 2.86% 
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with dose 371 mSv that is less than 3% of the NASA's PEL of dose 391 mSv  in the mathematical analysis of this 
study (see Equation 16). 

1.84 x 80 x 2 + 0.64 x 100 + 0.0128 x 1000 = 371 mSv.                                            (16) 

The dose rate of radiation in the radiation-shielded building and the underground shelter of Mars is assumed to be 
1/50 of the dose rate of Mars surface (1.64/50=0.0128). When the above described advancements in technologies are 
achieved, space flights to Mars would be safe for astronauts against cosmic ray. 

7. Conclusion 
There is a complete agreement between results of computer computation by Calcline and UBASIC programs. 
1. Calcline can be used in place of UBASIC on Apple computer MacBook (OS-X) for calculation of the 

'probacent'-probability equation that is applicable to a variety of biological phenomena. 

2. There is a marked difference between Calcline and UBASIC computer operations in order to obtain same data. 
Multiple steps are required for Calcline. In contrast, only a single step is necessary for UBASIC. 

3. It is suggested that Calcline would need further improvement with command statements such as READ, GOTO, 
and DATA, Print that are included in UBASIC in order to simplify operational steps. 

4. The general mathematical 'probacent' formula of the 'probacent'-probability equation would be possibly used to 
construct mathematical relationships among stressor, stress and response in a variety of biological phenomena. 

Further research would be needed for verification of the above conclusion as well as improvement in Calcline 
program for Apple computer. 
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Legends for Figures 

Figure 1. Gaussian normal distribution curve. m=mean; s=standard deviation. 

Figure 2. Gaussian normal frequency curve. Relationship between probacent and probability (Percentage of Response) 
(see text). 

Figure 3. Relationship between dose and solid cancer mortality probability after exposure to acute low dose ionizing 
radiation in humans. The abscissa represents dose in mGy (log scale). The ordinate on the left side represents "probacent" 
(P) corresponding to mortality probability (Q) in percentage in a lognormal probability graph. The data points of closed 
circles of reported-estimated solid cancer mortality probabilities after exposure to dose of 30, 100 and 10000 mGy shown 
in Table 2 of the author's previous publication (Chung, 2018) (see text) appear to fall on or very close to the solid curved 
line representing Equation 11.

Figure 4. Relationship between dose and leukemia mortality probability of life-time risk after exposure to acute low dose 
ionizing radiation in humans. The abscissa represents dose in mGy (log scale). The ordinate on the right side represents 
leukemia mortality probability (Q) in percentage. The ordinate on the left side represents "probacent" (P) corresponding 
to mortality probability (Q) in a lognormal probability graph. The data points of closed circles of reported-estimated 
leukemia mortality probabilities after exposure to 30, 100 and 1000 mGy shown in Table 3 of the author's previous 
publication (Chung, 2018) appear to fall on the solid curved line representing Equation 12..  

Figure 5. Computer program (UBASIC) for computation of Equations 11 for solid cancer mortality (Q), Equation 12
for leukemia mortality (R) and Equation 15 for radiationexposure-induced-death (REID) (see text).  

Volume-5 | Issue-2 | Mar, 2019 14




