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Abstract: Carbon-14 has long been used as a tracer for the actual estimation of radioactive materials, especially in archeological,
biological, biomedical, and environmental samples. Achieving data sets that can be generated from modeling the C-14 tracer and
fraction in a biomaterial would actively enhance the quantification of radiation energy that can be emitted with time against the
identified parameters. Precise assessment of the radiation exposure from ingested 14C is an essential component of the computed
and theoretical modeling designs. Consequently, this paper illuminates the computational and theoretically validated models of C-
14 biomaterial from the initial activity of 100% to the final range of activities, which also relates to the surface area of 5 to 95% of
the biomaterial, estimating the decay time as theoretically supported by the Stefan-Boltzmann law under standard conditions of half-
life, decay constant, atmospheric emissivity, and atmospheric and radiative temperature. The generated outcomes with the respective
potential radiation energies were modeled against time (y' = 31.207e-1504X) and the final expected activities

(y' = 0.3121x) and with decay time and final expected activities (y = 32173e-°%%8). Hence, the models predicts that as the carbon-
14 isotope undergoes radioactive decay, it creates radiation (energy) and turns into some other element.
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1. INTRODUCTION

Kamen Martin and Ruben Sam discovered carbon-14,
sometimes known as radiocarbon, or 14C, on the 27th of
February 1940 [1]. The radiocarbon dating technique is
widely used to date archaeological, geological, and
hydrogeological samples because its nucleus possesses eight
neutrons and six protons, which are present in organic
compounds [2]. On Earth, there are three naturally occurring
forms of carbon: carbon-12, carbon-13, and carbon-14 which
characterize 99%, 1%, and 0.0000000001 percent of all
carbon respectively [3]. Given that the activity of the current
radiocarbon standard is around 14 disintegrations per minute
(dpm) per gram of carbon, carbon-14 has a half-life of 5730—
40 years and decays into nitrogen-14 by beta-decay with
14.003241 amu [4]. The chemical properties of the various
isotopes of carbon do not significantly differ from one
another, and this detail is widely used in biochemical
investigation in a process known as carbon labeling, where
the atoms of carbon-12 of a specified chemical compound are
substituted with those of carbon-14 or carbon-13 atoms, to
trace them along chemical reactions involving the given
compound. The generation of carbon-14 emanates from the
thermal absorption of neutrons from nitrogen atoms in the
higher stratum of the troposphere and stratosphere. As
cosmic rays change as they enter the atmosphere, their
transformation results in the production of neutrons (1n)
which take part in the next reaction. [6]:

In+ 14N — 14C + 1H

The largest rates of carbon-14 synthesis occur between 9 and
15 km (30,000 to 50,000 feet) above the earth's surface and
at high geomagnetic latitudes, but carbon-14 is easily mixed
and dispersed throughout the atmosphere, where it combines
with oxygen to generate radioactive carbon dioxide.
Additionally dissolving in water, carbon dioxide permeates
the oceans [7]. By generating spallation reactions in oxygen,
rapid neutrons can also produce carbon-14 in ice. Then,
carbon-14 undergoes radioactive beta decay. Carbon-14 with
a half-life of 5730 years, decays into the stable, non-
radioactive isotope nitrogen-14 by ejecting an electron and
an antineutrino [6].Initially, the 156keV - decay of the
nuclide was used to count 14C; but, since 1977, accelerator
mass spectrometry (AMS) has gradually taken its place as the
primary method. Accelerator mass spectrometry has taken
over as the preferred technique for the majority of
measurements of longer-lived radionuclides, of which
carbon-14 is the most well-known [9]. Because we can count
the atoms directly rather than waiting for decays to be
counted, this technique makes it possible to quantify
considerably smaller amounts of carbon than were previously
conceivable using decay counting. In reality, it is now
possible to analyze carbon samples ranging from 0.05 to 0.5
mg. Cross-referencing corals' 14C and U-Th ages enables
calibration to be accomplished [10]. We now have a
calibration over the last 50,000 years, which is essentially the
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entire range of radiocarbon dating, but this includes certain
assumptions about the consistency of the marine 14C record.
Although the phrase "half-life" can be used to describe
different types of decay, whether exponential or not, it is most
frequently used to describe atoms experiencing radioactive
decay. Carbon-14 dating is one of the most well-known half-
life uses [11]. William Libby formulated the method of
carbon-14 dating, with the possibility of carbon-14 being
generated continuously in the atmosphere [12]. When an
animal or plant dies, carbon-14 is integrated into both
through photosynthesis and is then consumed by animals. By
measuring the amount of carbon-14 in a sample, one can
determine the exact time the plant or animal died. For
instance, with a half-life of roughly 5,730 years, it can be
used to accurately determine dates up to 50,000 years ago
[12]. Three comparable formulas for exponential decay are
presented below:

Where:
NO is the initial quantity
Nt is the remaining quantity after time, t
t1/2 is the half-life
7 is the mean lifetime
A is the decay constant

Production varies as a result of changes in cosmic ray
intensity since the atmospheric stock of carbon-14 at
equilibrium is approximately 140 x 1015 Bq and the rate of
annual production of natural 14C equals 1.40 x 1015 Bq [14].
The specific activity, measured in Becquerels of 14C/ kg of
the entire carbon, remain unchanged within the mechanisms
of the terrestrial environment and is in balance with the
specific activity of the atmosphere's CO; [14], [15], and [16].
The 14C-specific activities for the biological compartments
of the terrestrial environment, unaffected by nuclear

t facilities, peaked in the mid-1960s (more than 400 Bq.kg-1
. 1\ of C), due to the fallout from atmospheric nuclear armament
(1) N(t) - No 2 testing, which was at its peak at the time (Figure 1) [17]. With
. the end of testing and the ongoing rise in CO2 from fossil
- = fuels, these activities have gradually declined since then (by
(2) N(t) = Nye = less than 0.5% per year) (gasoline, coal, gas). When
compared to the level in 1950 (226 Bq.kg-1 C), before
— —At atmospheric testing, the definite bio-activities of the
(3) N(t) NU € terrestrial sections are today around 238 Bq 14C.kg-1 C
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Figure 1. Changes in the net activity of C-14 for biological samples in terrestrial system within the last sixty years

Two destructive methods, such as activity measurement or
atom counting, can be used to determine the amount of
carbon-14 present in an environmental sample [19]. The
test portion's carbon is converted to carbon dioxide, from

which a sample is generated for measurement by liquid
scintillation, according to the activity measurement
principle [20]. The ability of a surface to emit energy as
thermal radiation or electromagnetic radiation with
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wavelengths that depend on the temperature of
radioactivity released from radioisotopes, radionuclides, or
radioactive nuclides, with species of a similar chemical
element with different atomic masses whose nuclei are
unstable and spontaneously emit radiation in the form of
alpha, be, or beta radiation, is referred to as the surface's
emissivity. In its most basic form, radioactivity releases
energy out of the nuclei of specific atoms and isotopes [24].
The term "radioactive nuclei" refers to unstable nuclei that
decay by releasing energetic particles such as alpha
particles, photons, neutrinos, electrons, protons, or
neutrons. lonizing particles are some of these substances.
These are particles powerful enough to dislodge electrons
from molecules or atoms. The proportion of unstable nuclei
and the rate at which they decay affect how radioactive an
area is [22]. The kind and energy of the particles released
during nuclear decay also affect radioactivity's effects.
Radioactivity is used by scientists and engineers as a heat
source for satellites, individualized cancer therapies,
medical imaging, radiometric dating, and for investigations
into the fundamental principles of nature and the creation
of matter [23]. Meanwhile, the amount of energy released
is influenced by the surface's temperature as well as how
well it can emit radiation (emissivity). Surfaces with
emissivity less than 0.85 are often only found in deserts and
semi-arid regions [24], [25]. In the thermal infrared

spectrum, vegetation, water, and ice have high emissivity
over 0.95 [25].Therefore, the online computational and
theoretical frameworks of applicable carbon-14 biomaterial
under typical atmospheric conditions are evaluated in this

paper.

2. METHODOLOGY

Real-time online radioactive resources [26] were
adopted in modeling the decay profile of C-14 and [27] was
for the potential energy of radiation that could be generated
from possible carbon-14 radioisotope progressively over
time.

2.1 MODELING

The periods of C-14 radio nucleotide decay were
estimated with the respective final activities of 5 to 95%,
which are also the function of the available surface area
were considered in determining the potential radiation
energies that could be released at standard atmospheric
conditions of 0.8 emissivity for C-14 and 288K of
radiative equilibrium atmospheric temperature [28]. The
modeling was further validated theoretically in
ascertaining the logical precision
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3. RESULTS AND DISCUSSION

Table 1. Computational modeling of radioactive C 14 decayed period and the potential energy under standard conditions.

Initial | Decayed | Final Decay Potential Half Mean Decay Atmospheric | Atmospheric
activity | activity | activity | time/ radiation life lifetime constant emissIvity radiative
(%a) (%a) (%a Age(t) Energy (Years) | (Years) constant temperature
(Years) (KW) (Kelvin)
100 v v v u 5,730 | 8.266.64 | 1.2097 x 104 0.8 288
o3 ] 2 Ted 65 138
an 10 1903463 312
E3 Iz 1568281 468
E0 20 153304 63 i)
T3 15 1T 46000 TED
0 30 RERES KL
63 33 E6TESD 10a2
6l 40 1,574.63 1243
33 4z 6,600,558 14.04
30 30 5,730.00 IR
43 33 194311 1716
40 a0 ERRES IE72
33 o 3,361.13 2028
30 l 204850 ITE4
3 ] I3TEIT RIS
20 £ 1,Bdd 63 2407
13 b5 134549 2633
10 a0 27008 IED0D
3 a3 2402 1063
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Table 2. Theoretical validation of the computational modeling

Source of Initial Final Decay period relationship Potential radiation energy
C-14 activity | activity (years)
of A) of " (PRE =zAcT
';]{:i?u {l::'j_%q 5730 Inf FA ] )
%) | (%) £ L,ﬂg
-0.693
_ _ £ A T T T = 10
t,=5730In FAJ tﬂ t; ' @ | 109 | ® | & PRE(IE“%‘J )
100 | ©€ (W™K )
Fossil 100 0
biomaterial ] -17165.5% 4T6E5T | 03 3 367 JBE | 6879707136 | 13G05IEFII
10 -13 183 81 1005865 | 08 10 5.67 I8 | 68797016 | 3.T2064EFII
I3 1037050 1368614 | 0.8 13 3.67 ZBE | eB79T0TI3E | 4.8E003EHI]
20 -2 I0E 13307471 08 20 5.67 JBE | eET9T0TI3E | A Z4IITEHI]
15 -1.043 .47 1146243 | 0.8 15 5.67 28R | 6879707136 | 7.80139E+11
30 -6, 35578 993453 08 30 5.67 88 | 6879707136 | D3GIRIEFI]
3 -6.012.48 5.6E8033 0.8 33 3.67 288 | 887970716 | LOSXIZEHID
40 -3.250.33 157626 08 40 567 JBE | e%79T0TI3E | LI4EISEHID
43 437545 6.60138 08 45 567 IBE | 637970716 | LA04I0E+ID
30 EETWE] 3.13122 08 30 5.67 I88 | 687970716 | 13G0GIEFID
35 -3.423.81 494313 0.8 33 3.67 2BE | 8879707136 | LVIGIIE+LD
a0 -0 §11371 08 &0 567 JBE | e%79T0TI3E | LETISEEHID
5] -1 46839 336130 08 [i5] 567 I8 | 637970716 | IOIESIEFID
I L3 194513 08 10 5.67 I88 | 687970716 | IIR4HEFID
7 -1.645.42 3 18.67 0.8 13 3.67 288 | 8879707156 | 234048E+1D
20 -1.278.81 RN 08 50 567 JBE | eZT9T0TI3E | IAORSTEHID
5] 031723 134577 08 85 567 IBE | 6ET9T0TI6 | IA3I34EFID
a0 -603.72 37118 0.8 a0 3.67 88 | 6879707136 | IE0EITEFID
95 -193.81 424.11 03 95 5.67 288 | 6879707136 | 1.9646E+12
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The Stefan-Boltzmann Law, which states that all things with temperatures greater than absolute zero emit energy, is used to compute the radiation energy of a subject surface [29].

The Stefan-Boltzmann formula is as follows:
P =¢AoT*

Where:

P: Radiation Energy

€: Emissivity of the Surface. Check emissivity table below of common materials.
A: Surface Area, in m”"2.

o: Stefan-Boltzmann Constant, 6=5.67 x 108 W/m?2.K*

T: Absolute Temperature
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Final Activity (%) Decay time (years) & Final Activity (%)
Figure 1. Decay time against the final activity Figure 2. Potential radiation energy against the decay time  Figure 3. Potential radiation energy against the final activity
Table 3. Generated Models
Interaction Model Correlation (R?)
Decay time (y) and Final activity (x) y = 32173g 0038 0.9520
Potential Radiation Energy (y') and Decay time (x") y' = 31.207¢ 1804 Xl 1
Potential Radiation Energy(y") and Final activity (x) y' =0.3121x 1
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Technically, the outcomes, Table 1 were based on the
constant values for the atmospheric emissivity [25], the
carbon-14 material decay factor [7], the carbon-14 mean
lifespan [7], and the atmospheric radioactive temperature in
Kelvin [28].

As a result of the decay effects that simultaneously disperse
the relevant radiation energy and the decay period, the initial
radioactive activity of 100% was arbitrarily designed to
decay down to 95 to 5% final activity. With increased C-14
activity at constant temperature, the link between the decay
time and the potential radiation energy rises. A proper
presentation of the computational modeling used for the
aforementioned theoretical validation has been demonstrated
using graphics. This model describes the atmosphere as a
single homogenous layer of gases in thermal equilibrium at
temperature Ta, behaving as a grey body with an emissivity
and an absorptivity determined by. This demonstrates that
some of the energy generated by the heated surface gets
absorbed by the atmosphere. Atmospheric absorption
controls how much energy is absorbed with the earth's
surface typically has a temperature of 288 K [25].

This temperature would be equivalent to an atmospheric
emissivity of roughly 0.8 for the single-layer atmosphere
model. Thus, the model achieves its primary goal of showing
how an atmosphere can cause a planet's surface to be warmer
than it would be in the absence of an atmosphere [25]. An
atmosphere can absorb some radiation from a planet's surface
and then re-emit part of it.

The geometry of the closely formulated peat of 14C dates is
matched with the shape of the 14C calibration curve using the
non-linear connection between calendar and C-14 ages [25].
Similarly, a mathematical model to WMD (wiggle match
dating) was introduced by Blaauw et al. (2004), making it
possible to calculate the accuracy of WMD chronologies
where the investigations of the Holocene's rapid climatic
transformation alongside their potential causes with high-
precision sequence [30]. Also, the dendrochronological
calibration curve, which was matched with the natural 14C
fluctuations (wiggles), was found in the Holocene AMS
dating with elevated bog deposits from Engbertsdijksvenen,
the Netherlands. The 14C record and other conventionally
dated peat cores exhibit an unexpected and unreported
reservoir impact when compared [14]. As a result, carbon-14
dating represents a fundamental leap in our understanding of
the past of our planet. In actuality, it is helping to
"reconstruct world history." Researchers can learn about
ancient civilizations, planetary changes, and climate changes
using this dating technique. Different civilizations and faiths
use various dating techniques.

The age of the absolute dating of any substance prior to the
present, is a particularly useful feature of carbon-14 dating.
This implies that it can be applied and evaluated against dates
everywhere in the world. However, it remains the primary
method for dating the last 50,000 years and is regarded as the
"most important development in absolute dating in
archaeology." Scientists seek to use this instrument to solve
the puzzles surrounding the origin of mankind, the duration

of his existence, his travels, and the construction of a timeline
of human history.

4. CONCLUSION

Data on carbon-14 and the models describing this
radionuclide's fate in terrestrial environments are based on
understanding of the equilibrium carbon cycle. Due to the
existence of both inorganic and organic carbon, whether it be
in the form of solid, liquid, or gas, the carbon cycle which
includes carbon-14, is exceedingly complex. The level of C-
14 in plants at the time wood is laid down or in animals at the
time of death is equivalent to the level of C-14 in the
atmosphere at that time because biomaterials, such as plants,
fix atmospheric carbon during photosynthesis. The date of
death or fixation can be concluded from the subsequent
decrease in the amount due to radioactive decay. The initial
C-14 level can be calculated or directly compared with
known  year-by-year data from tree-ring data
(dendrochronology) to 10,000 years ago or from cave
deposits (speleothems) to around 45,000 years of age. The
age of the bio sample from formation and the quantity of
energy released into the atmosphere have increased
dramatically over the previous several periods, according to
a precise theoretical calculation or direct comparison models
like those with carbon-14.
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