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Welcome Message 

Honored scholars, respected delegates, and distinguished guests,  

I extend my warmest welcome to each of you at the 3rd International Conference of Hyojeong Academia. 
As we reconvene under the banner of this prestigious symposium, it is with a sense of pride that we reflect 
on the success and expansion of knowledge that previous conferences have fostered. We stand together 
today, not at the inception of a journey, but at a promising continuation of excellence and collaborative 
achievement. 

It is with deep appreciation that I acknowledge each and everyone’s contributions and pioneering spirit. 
Your collective efforts have not only made this event possible but have also extended and enhanced 
Hyojeong Academia to strive closer toward the ultimate goal of establishing Co-Existence, Co-Prosperity 
and Co-Righteousness in this troubled world.  

This year's conference promises an enriching tapestry of themes, encompassing the vast realms of 
religion, the sciences, and humanities. We delve into critical issues such as sustainable environmental 
practices, technological and digital innovation, and equitable technological transfer, all while embracing 
the essence of our shared human experience through religious and spiritual exploration.  

In true Hyojeong spirit—a heart imbued with love and a sense of duty—we continue our pursuit of 
knowledge that transcends the boundaries between the divine and the empirical. Our assembly here is 
more than a mere exchange of ideas; it is a collective stride towards a future, where Co-Existence, Co-
Prosperity, and Co-Righteousness are not ideals but realities.  

As we celebrate the ongoing success of the Hyojeong Academia, I must convey my heartfelt gratitude to 
the editorial office, the organizing committees, and our dedicated staff, whose exemplary work has been 
the cornerstone of our conference's continued distinction.  

Let us embrace this opportunity to strengthen our partnerships, broaden our horizons, and contribute 
to a reservoir of wisdom that will empower future generations.  

Thank you for your invaluable presence and participation. May our discussions be as enlightening as 
they are transformative. 

 

 
Dr. Jin Sung-Bae,  
Chair of Hyojeong Academic Foundation 
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Religion, with its moral compass, must hold the potential to guide humanity toward shared values that 
transcend individual and cultural differences. The physical sciences, life sciences, and health sciences must 
contribute to technological innovations and advancements in medical care, ensuring the well-being of 
individuals and communities. Social sciences provide critical insights into the dynamics of societies, 
offering solutions for social harmony and inclusivity. 

The co-prosperity we seek is not solely economic but also encompasses the prosperity of the human 
spirit, the health of our societies, and the harmony between humanity and the environment. In this 
unprecedented era of human history, each academic discipline represented in this conference must play a 
pivotal role in shaping a future that is sustainable, just, and prosperous for all. 

As members of the global community, we shoulder a significant responsibility to harness the combined 
wisdom from diverse fields in a collaborative effort to address worldwide challenges. This entails fostering 
interdisciplinary cooperation, cultivating understanding, and expressing appreciation for the 
contributions from each domain, thereby paving the way toward a more harmonious and prosperous 
world. 

In emphasizing the need for such conferences, it is paramount that we are guided by the foundational 
principles of love for heaven, love for humankind, and love for the country. Motivated by a collective 
commitment to humanity and a profound love for the well-being of our world, the 3rd International 
Conference of Hyojeong Academy provides a unique platform facilitating the convergence of scholars and 
intellectuals from diverse fields. The principles of love for heaven, love for humankind, and love for the 
country will serve as a moral compass, guiding us toward a common goal of addressing global challenges 
through shared knowledge and expertise.  

In this context, this conference transcends its immediate academic objective to assume a broader 
significance. It emerges as a forum where intellectual discourse is not merely an academic exercise but a 
manifestation of a deeper commitment to the well-being of humanity  that reflects the ideals of co-
existence, co-prosperity, and co-righteousness. 

In conclusion, the 3rd  International Conference of Hyojeong Academy not only serves as a venue for 
scholarly exchange but also plays a vital role in fostering moral responsibility among participants, 
contributing to a more harmonious and prosperous world. 

Once again, I would like to welcome you all to this noble event and wish you all the best. 

Thank you. 

 

 
Dr. Seong-Jea Moon 
the President of Sun Moon University 

 

   

 

 
2nd ICHJA & 20th ICUMS 2023 https://www.ichja.org 

Congratulatory Message  

Distinguished scholars, respected guests, and dear colleagues, 

I would like to extend a warm welcome to all of you to the 3rd International Conference of Hyojeong 
Academy. I am Dr. Moon Seong-Jea, the President of Sun Moon University.  

My sincere appreciation goes to all esteemed scholars whose unwavering commitment has led to the 
assembly of this distinguished gathering of intellectual minds. 

This conference spans a comprehensive array of disciplines, embracing religion, physical sciences, life 
sciences, social sciences, and health sciences. The meticulous selection of research themes, incorporating 
pioneering pursuits in energy, materials, bioscience, technology, health science and many more, 
underscores our collective dedication to addressing prevalent global challenges. The shared enthusiasm 
exhibited for the realization of a sustainable community marked by co-existence, co-prosperity, and co-
righteousness between academia and society is truly commendable. This shared dedication functions as a 
cohesive force, strengthening our collective resolve. 

It is with great pleasure that I offer special acknowledgment to the editorial office, committees, and staff 
whose dedication and diligence have been instrumental in orchestrating this event. 

As we convene today, it is important to recognize the intricate challenges confronting our world. The 
rapid progress of modern science and technology, intertwined with deep-rooted societal issues, has given 
rise to unforeseen issues demanding innovative solutions. The advent of artificial intelligence within the 
framework of the Fourth Industrial Revolution poses profound questions about human dignity. The 
displacement of human labor by machines may give rise to a sense of diminished self-worth, leading to 
disruptions in societal harmony, including increased incidents of violence and substance abuse. 

Moreover, the conflicts in Russia and Ukraine, as well as the devastating conflict between Israel and 
Hamas, signal a potential return to a new Cold War era. Escalating tensions between the Western world, 
centered around the United States, and socialist states led by China and Russia, along with the global West, 
amplify concerns. The militarization of vital resources, advanced technology, and the shift away from 
previously maintained free trade systems towards protectionist trade regimes pose threats to global peace 
and stability. 

In the face of these challenges, it is essential for contemporary academic institutions, particularly the 
fields represented in this conference – religion, physical sciences, life sciences, social sciences, and health 
sciences – to assume the pivotal role of nurturing compassionate and empathetic young leaders. These 
leaders must not only be equipped with the latest knowledge and technological advancements but also 
rooted in ethical values and a profound understanding of human dignity. 
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Congratulatory Message  

Distinguished Scholars, Scientists, Ladies and Gentlemen:  

On behalf of Sunhak Educational Foundation, I am very honored to welcome you to the 3rd International 
Conference of Hyojeong Academy.  

As I understand, the main goal of this conference is to inherit the vision of the International Conference 
on the Unity of the Sciences (ICUS), which the Reverend Dr. Sun Myung Moon and Dr. Hak Ja Han 
Moon founded almost 52 years ago.   

Despite this conference being held online, I am amazed by 50 researchers from 10 different countries 
gathered here to share each others’ knowledge and move toward the same goal and vision as ICUS. 

I hope that you will honor the monumental tradition of ICUS and that the outcome of this Conference 
becomes a proud addition to the ICUS series.       

In this troubled world, we have to strive for Co-existence, Co-Prosperity, and Co-Righteousness, 
restoring a healthy earth more than ever before, and I am hopeful and inspired by all of you to join this 
conference to make meaningful contributions toward such goals.  

Finally, I want to congratulate a successful conference, and I hope that all of you have an inspiring and 
productive meeting for the next three days.  

May God bless you and your families!   

Thank you.  

 

 

Dr. Yeon Ah Moon  
Chair of Sunhak Educational Foundation 
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Reconstruction of Continental Rifting and Kinematics for the 
Evolution of Sedimentary Basins in the Ethiopian Rift: Insights 
from the Afar Region 
Duke N. Nyangena, Athanas S. Macheyeki and Seetharamaiah Jagarlamudi* 

The University of Dodoma, Dodoma, Tanzania  
*Correspondence: nyangenaduke74@gmail.com 

Abstract:  The Afar region in northeastern Ethiopia is a pivotal area within the East African Rift System, marking the incipient 
boundary of the Nubia, Arabia, and Somalia plates, resulting in continental breakup and rift formation. The Main Ethiopian 
Rift, connected to the Afar triple junction, has undergone extensional deformation since the late Oligocene-early Miocene, 
shaping sedimentary basins and offering insights into crustal dynamics and potential hydrocarbon reservoirs. Despite nu-
merous studies, a consensus on the exact age of rifting initiation remains elusive, with proposed initiation ages ranging from 
30 Ma to 15 Ma. This study focuses on establishing the timing of initial continental rifting and trajectory patterns of the Arabian 
and Somalian plates over the past 65 Ma using Gplates algorithms. Results indicate that rifting between the Arabian and 
Somalian plates initiated 19 Ma, leading to differential plate motions. The tectonic forces, including the convergence and 
divergence of plates, have influenced the subsidence and uplift of the region, leading to the development of grabens and 
horsts within the sedimentary basins, providing valuable insights into the region's geological history and a framework for 
exploring hydrocarbon resources. 

Keywords:  Continental rifting, Afar region, East African Rift System, rifting initiation, The Main Ethiopian Rift 
 

1. Introduction 
Reconstructing the continental rifting process and analyzing the kinematics involved in the development of sed-
imentary basins in the Ethiopian Rift, particularly the Afar region, remains a topic that has not received sufficient 
attention. The Afar region, situated in the northeastern part of Ethiopia within the East African Rift System 
(EARS), holds considerable geological significance as it marks the initiation boundary of the Nubia, Arabia, and 
Somalia plates [1]. The Main Ethiopian Rift, a crucial component of the EARS, connects to the Afar triple junction, 
undergoing extensional deformation since the late Oligocene-early Miocene periods [2,3]. 

The intricate tectonic activity in this region has played a pivotal role in shaping the evolution of sedimentary 
basins, providing valuable insights into crustal dynamics and potential hydrocarbon reservoirs [4]. The initiation 
age of rifting in the East African Rift System has been the subject of extensive study to discern the initiation age, 
yielding a spectrum of estimates ranging from 30 Ma to 10 Ma, reflecting the elusive nature of consensus in the 
scientific literature. This study embarks on a comprehensive review, focusing on the timing of the initial conti-
nental rifting and trajectory patterns of the Arabian and Somalian plates over the past 65 million years. 
Utilizing advanced Gplates algorithms, the work processes finite rotations and geological data to delineate the 
boundaries of the Somalian and Arabian plates, with the Nubian plate serving as a fixed reference frame. This 
study not only refines the chronological understanding of rifting but also contributes to a nuanced comprehen-
sion of the geological history of the Afar region. The interplay of tectonic forces, including the convergence and 
divergence of plates, has influenced subsidence and uplift, leading to the formation of grabens and horsts within 
sedimentary basins. These geological processes provide a foundation for exploring potential hydrocarbon re-
sources and other geological phenomena in this complex and intriguing geological setting. 

2. Methodology 
The data consists of adapted digitized geometries representing the boundaries of the Somalian plate and Arabian 
plate, sourced from Gplates geodata, as suggested by [5] along with the pure paleomagnetic reference frame 
(Nubian plate). The Euler rotations of these tectonic plates that are provided in Table 1 were sourced from [1, 5–
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7] [8], [5] and [9]. The digitized geometries and their associated Euler rotations were used to develop the rift 
model by using the Gplates software downloaded from www.gplates.org. The objective was to offer insights into 
the dynamics of the Afar region and the convergence and divergence of plates, specifically the Nubian plate and 
Somalian plate. 

 
Table 1. Finite rotation data from Beyene & Abdelsalam (2005), Iaffaldano & Hawkins (2013), Young et al. (2019) and Fournier 
et al. (2010b). 

Moving 

plate ID 

Age  Latitude Longitude 

 

Rotation 

angle  

Fixed     

plate ID 

 Plate pair Reference 

 (Ma) (˚N )            (E˚) (˚)     

503 2.581 23.67 22.21 -0.94 709  Arabia-Somalia Young et al. (2019) 

503 3.596 21.28 28.5 -1.62 709  Arabia-Somalia Young et al. (2019) 

503 6.033 25.46 25.41 -2.4 709  Arabia-Somalia Fournier et al. (2010) 

503 8.769 22.56 27.71 -3.98 709  Arabia-Somalia Fournier et al. (2010) 

503 11.04 23.88 26.66 -4.74 709  Arabia-Somalia Fournier et al. (2010) 

503 15.974 25.85 25.4 -6.85 709  Arabia-Somalia Fournier et al. (2010) 

503 17.533 26.1 22.98 -7.28 709  Arabia-Somalia Fournier et al. (2010) 

503 19.722 26.46 21.66 -7.83 709  Arabia-Somalia Fournier et al. (2010) 

709 2.6 -40.4 39.37 0.17 701  somalia-Nubia Young et al. (2019) 

709 3.6 -38.8 40.01 0.25 701  somalia-Nubia Young et al. (2019) 

709 6 -43.6 43.45 0.4 701  somalia-Nubia Beyene & Abdelsalam (2005) 

709 8.8 -42.4 45 0.6 701  somalia-Nubia Iaffaldano & Hawkins (2013)) 

709 11 -43.1 44.29 0.72 701  somalia-Nubia Iaffaldano & Hawkins (2013) 

709 16 -41.3 37.04 0.93 701  somalia-Nubia Iaffaldano & Hawkins (2013) 

709 17.5 -44.4 33.54 0.98 701  somalia-Nubia Iaffaldano & Hawkins (2013) 

709 19.7 -48.9 17.57 1.01 701  somalia-Nubia Iaffaldano & Hawkins (2013) 

3. Results 
Figure 1 shows a series of rifting models from Early Paleocene to the Present computed from reviewed data of 
Beyene & Abdelsalam (2005), Iaffaldano & Hawkins (2013), Young et al. (2019) and Fournier et al. (2010b) (Table 
1). The models indicate that between approximately 65 to 20 Ma (Figure 1a-b), there were no observable signs of 
rifting in the Afar region. Nevertheless, at 19 Ma (Figure 1c), the initiation of rifting in both the Somalian and 
Arabian plates occurred, leading to their gradual separation from the stable Nubian plate (Figure 1d-h). The So-
malian plate and Arabian plates commenced drifting with initial velocities of 1.17 mm/yr and 1.028 mm/yr, re-
spectively (Table 2 & Table 3). 
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3. Results 
Figure 1 shows a series of rifting models from Early Paleocene to the Present computed from reviewed data of 
Beyene & Abdelsalam (2005), Iaffaldano & Hawkins (2013), Young et al. (2019) and Fournier et al. (2010b) (Table 
1). The models indicate that between approximately 65 to 20 Ma (Figure 1a-b), there were no observable signs of 
rifting in the Afar region. Nevertheless, at 19 Ma (Figure 1c), the initiation of rifting in both the Somalian and 
Arabian plates occurred, leading to their gradual separation from the stable Nubian plate (Figure 1d-h). The So-
malian plate and Arabian plates commenced drifting with initial velocities of 1.17 mm/yr and 1.028 mm/yr, re-
spectively (Table 2 & Table 3). 
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Figure 2. (a) Velocity magnitudes of Arabian; (b) Somalian plate. The velocities of both plates have been varying since 19 Ma 
(the rifting initiation time). At the time of the rifting initiation, the initial velocity of the Arabian plate was 1.028 mm/yr and 
at ca.13 Ma the velocity reached the highest value of 15.933 mm/yr and significantly dropped to a value of 12.759 mm/yr at 
11Ma. The Somalian Plate started drifting with a velocity magnitude of 1.17 mm/yr. Over time, the velocity magnitude in-
creased, reaching its highest value of 6.359 mm/yr at ca. 3 Ma (Compare with Table 2 and Table 3 as well).  

  
Table 2. Modelled velocity magnitudes and azimuths of the Somalian plate 

 
Time 

 
(Ma) 

Latitude 
 

(˚N) 

Longitude 
 

(˚E) 

 Velocity  
 

(mm/yr) 

Azimuth 
 

(˚) 

 

65 12.5846 49.7136 0 0 

64 12.5846 49.7136 0 0 

63 12.5846 49.7136 0 0 

62 12.5846 49.7136 0 0 

61 12.5846 49.7136 0 0 

60 12.5846 49.7136 0 0 
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Figure 1. The varying velocity vectors for the Arabian plate (orange arrows) and Somalian plate (green arrows). length of 
arrows corresponds to the velocity magnitude. 

  
From 19 Ma to ca.13 Ma, the Arabian plate underwent counterclockwise rotation towards the NE direction by 
approximately 40˚ (Table 2). Between ca. 12 to 10Ma, the plate further rotated to the NNE with a rotation of 2˚ 
and decelerated as reflected by velocity change from 15.215 mm/yr to 12.742 mm/yr. Subsequently, from ca. 9 Ma 
to 5 Ma, the Arabian plate underwent a north-northwestward drift, accelerating at a rate of 3.7875 * 10-7 mm/yr2. 
This acceleration resulted in a change in velocity from 12.746 mm/yr to 14.261 mm/yr, which has persisted from 
approximately 4 Ma to the Present (Table 2). The plate continued to move in the NNW direction (i.e. towards 
343°), indicating counterclockwise movement. Additionally, during the period from ca. 4 to 0 Ma, the plate expe-
rienced deceleration of -5.0825 * 10-7 mm/yr2, resulting in a velocity change from 14.164 mm/yr to 12.131 mm/yr 
(Figure 2a, Figure 1).  

Unlike the Arabian plate whose initial trajectory was NE (Figure 3) relative to the Nubian plate, the Somalian 
plate started to move SSE from 19 Ma to 14 Ma. From 13 Ma to 7 Ma, it changed direction towards the SE with 
approximately 17˚ rotation. Around 6 Ma ago, the plate began rotating counterclockwise towards the east (Fig-
ures 1, 3, Table 3) relative to the Nubia Plate. The first major rifting event for the Somalian plate is inferred be-
tween ca.19 Ma and ca.15 Ma, exemplified by plate acceleration of 1.1855 * 10-6 mm/yr2 (i.e. velocity change from 
1.17 mm/yr to 5.912 mm/yr within the 4 Ma year’s interval). Subsequently, from ca. 13 Ma to 11 Ma, deceleration 
followed (-4.025 * 10-7 mm/yr2) corresponding to a velocity change from 4.927 mm/yr to 4.122 mm/yr (Table 3). 
The second acceleration stage took place from ca. 10 Ma to ca.2 Ma, marking the second major rifting event in the 
region with acceleration value of 2.58375 * 10-7 mm/yr2. The velocity magnitude of the Somalian plate has stead-
ily decelerated with a value of -9.4 * 10-8 mm/yr2, resulting in a velocity magnitude change between 6.236 mm/yr 
and 6.142 mm/yr over the past 2 Ma until the Present time. Currently, the estimated velocity magnitude of the 
Somalian plate is approximately 6.142 mm/yr, while the current estimated velocity magnitude for the Arabian 
plate is 12.131 cm/yr (Figure 2b). 
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From 19 Ma to ca.13 Ma, the Arabian plate underwent counterclockwise rotation towards the NE direction by 
approximately 40˚ (Table 2). Between ca. 12 to 10Ma, the plate further rotated to the NNE with a rotation of 2˚ 
and decelerated as reflected by velocity change from 15.215 mm/yr to 12.742 mm/yr. Subsequently, from ca. 9 Ma 
to 5 Ma, the Arabian plate underwent a north-northwestward drift, accelerating at a rate of 3.7875 * 10-7 mm/yr2. 
This acceleration resulted in a change in velocity from 12.746 mm/yr to 14.261 mm/yr, which has persisted from 
approximately 4 Ma to the Present (Table 2). The plate continued to move in the NNW direction (i.e. towards 
343°), indicating counterclockwise movement. Additionally, during the period from ca. 4 to 0 Ma, the plate expe-
rienced deceleration of -5.0825 * 10-7 mm/yr2, resulting in a velocity change from 14.164 mm/yr to 12.131 mm/yr 
(Figure 2a, Figure 1).  

Unlike the Arabian plate whose initial trajectory was NE (Figure 3) relative to the Nubian plate, the Somalian 
plate started to move SSE from 19 Ma to 14 Ma. From 13 Ma to 7 Ma, it changed direction towards the SE with 
approximately 17˚ rotation. Around 6 Ma ago, the plate began rotating counterclockwise towards the east (Fig-
ures 1, 3, Table 3) relative to the Nubia Plate. The first major rifting event for the Somalian plate is inferred be-
tween ca.19 Ma and ca.15 Ma, exemplified by plate acceleration of 1.1855 * 10-6 mm/yr2 (i.e. velocity change from 
1.17 mm/yr to 5.912 mm/yr within the 4 Ma year’s interval). Subsequently, from ca. 13 Ma to 11 Ma, deceleration 
followed (-4.025 * 10-7 mm/yr2) corresponding to a velocity change from 4.927 mm/yr to 4.122 mm/yr (Table 3). 
The second acceleration stage took place from ca. 10 Ma to ca.2 Ma, marking the second major rifting event in the 
region with acceleration value of 2.58375 * 10-7 mm/yr2. The velocity magnitude of the Somalian plate has stead-
ily decelerated with a value of -9.4 * 10-8 mm/yr2, resulting in a velocity magnitude change between 6.236 mm/yr 
and 6.142 mm/yr over the past 2 Ma until the Present time. Currently, the estimated velocity magnitude of the 
Somalian plate is approximately 6.142 mm/yr, while the current estimated velocity magnitude for the Arabian 
plate is 12.131 cm/yr (Figure 2b). 
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19 12.5346 49.73 1.17 162.2254 

18 12.4631 49.7535 2.842 162.1737 

17 12.4136 49.7887 4.144 156.7483 

16 12.386 49.8354 5.154 149.0267 

15 12.3652 49.8667 5.912 145.6843 

14 12.3444 49.898 5.593 139.206 

13 12.3235 49.9294 4.927 129.1335 

12 12.3026 49.9606 4.482 123.503 

11 12.2817 49.9919 4.122 124.3811 

10 12.2755 50.0397 4.26 118.0449 

9 12.2692 50.0875 4.447 112.176 

8 12.2663 50.1433 4.825 105.403 

7 12.2641 50.2011 5.3 99.4165 

6 12.2619 50.2589 5.825 94.4707 

5 12.2619 50.3173 6.048 92.9907 

4 12.2619 50.3758 6.274 91.6189 

3 12.2558 50.4354 6.359 92.2292 

2 12.246 50.4913 6.327 93.7808 

1 12.2364 50.5443 6.236 95.3462 

0 12.2267 50.5973 6.142 97.4581 
 
 
Table 3. Modelled velocity magnitudes and azimuths of the Arabian plate. 

 

Time 
 (Ma) 

Latitude 
 

(˚N) 

Longitude 
 

(˚E) 

Velocity 
 

(mm/yr) 

Azimuth 
  

(˚) 
 

     
65 36.4713 42.6845 0 0 
64 36.4713 42.6845 0 0 
63 36.4713 42.6845 0 0 
62 36.4713 42.6845 0 0 
61 36.4713 42.6845 0 0 
60 36.4713 42.6845 0 0 
59 36.4713 42.6845 0 0 
58 36.4713 42.6845 0 0 
57 36.4713 42.6845 0 0 
56 36.4713 42.6845 0 0 
55 36.4713 42.6845 0 0 
54 36.4713 42.6845 0 0 
53 36.4713 42.6845 0 0 
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59 12.5846 49.7136 0 0 

58 12.5846 49.7136 0 0 

57 12.5846 49.7136 0 0 

56 12.5846 49.7136 0 0 

55 12.5846 49.7136 0 0 

54 12.5846 49.7136 0 0 

53 12.5846 49.7136 0 0 

52 12.5846 49.7136 0 0 

51 12.5846 49.7136 0 0 

50 12.5846 49.7136 0 0 

49 12.5846 49.7136 0 0 

48 12.5846 49.7136 0 0 

47 12.5846 49.7136 0 0 

46 12.5846 49.7136 0 0 

45 12.5846 49.7136 0 0 

44 12.5846 49.7136 0 0 

43 12.5846 49.7136 0 0 

42 12.5846 49.7136 0 0 

41 12.5846 49.7136 0 0 

40 12.5846 49.7136 0 0 

39 12.5846 49.7136 0 0 

38 12.5846 49.7136 0 0 

37 12.5846 49.7136 0 0 

36 12.5846 49.7136 0 0 

35 12.5846 49.7136 0 0 

34 12.5846 49.7136 0 0 

33 12.5846 49.7136 0 0 

32 12.5846 49.7136 0 0 

31 12.5846 49.7136 0 0 

30 12.5846 49.7136 0 0 

29 12.5846 49.7136 0 0 

28 12.5846 49.7136 0 0 

27 12.5846 49.7136 0 0 

26 12.5846 49.7136 0 0 

25 12.5846 49.7136 0 0 

24 12.5846 49.7136 0 0 

23 12.5846 49.7136 0 0 

22 12.5846 49.7136 0 0 

21 12.5846 49.7136 0 0 

20 12.5846 49.7136 0 0 
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59 12.5846 49.7136 0 0 

58 12.5846 49.7136 0 0 

57 12.5846 49.7136 0 0 

56 12.5846 49.7136 0 0 

55 12.5846 49.7136 0 0 

54 12.5846 49.7136 0 0 

53 12.5846 49.7136 0 0 

52 12.5846 49.7136 0 0 

51 12.5846 49.7136 0 0 

50 12.5846 49.7136 0 0 

49 12.5846 49.7136 0 0 

48 12.5846 49.7136 0 0 

47 12.5846 49.7136 0 0 

46 12.5846 49.7136 0 0 

45 12.5846 49.7136 0 0 

44 12.5846 49.7136 0 0 

43 12.5846 49.7136 0 0 

42 12.5846 49.7136 0 0 

41 12.5846 49.7136 0 0 

40 12.5846 49.7136 0 0 

39 12.5846 49.7136 0 0 

38 12.5846 49.7136 0 0 

37 12.5846 49.7136 0 0 

36 12.5846 49.7136 0 0 

35 12.5846 49.7136 0 0 

34 12.5846 49.7136 0 0 

33 12.5846 49.7136 0 0 

32 12.5846 49.7136 0 0 

31 12.5846 49.7136 0 0 

30 12.5846 49.7136 0 0 

29 12.5846 49.7136 0 0 

28 12.5846 49.7136 0 0 

27 12.5846 49.7136 0 0 

26 12.5846 49.7136 0 0 

25 12.5846 49.7136 0 0 

24 12.5846 49.7136 0 0 

23 12.5846 49.7136 0 0 

22 12.5846 49.7136 0 0 

21 12.5846 49.7136 0 0 

20 12.5846 49.7136 0 0 
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10 37.6338 42.856 12.742 2.4941 
9 37.747 42.8879 12.746 4.7348 
8 37.8673 42.7769 12.834 355.6119 
7 37.9877 42.6288 13.389 344.1682 
6 38.1063 42.4789 14.387 333.913 
5 38.2259 42.5464 14.261 336.4317 
4 38.3454 42.6134 14.164 338.9943 
3 38.4347 42.5118 13.458 338.6713 
2 38.5293 42.414 12.63 341.6015 
1 38.6416 42.3932 12.01 351.8805 
0 38.7533 42.3716 12.131 344.4541 

 
The drifting of both plates were analyzed with reference to the south (i.e. the southern pole) where the angle 

differences from the south (i.e. 180˚) were determined (Figure 3a, b). From 19 Ma to 8 Ma the Arabian plate azi-
muth was approximately 6˚, i.e. NNE, making an angle difference with the south of about 174˚ (i.e. 180˚- 06˚). 
From 8 Ma to the Present, the Arabian plate has rotated in a counterclockwise direction (i.e., from 7˚ to approxi-
mately 344). This falls in the NW quadrant (first quadrant), hence the negative sign of the angle difference in 
Figure 3a. On the other hand, from 19 Ma to 7 Ma, the Somalian plate shows increasing azimuths angle differences 
with respect to the south pole. From Figure 3b, the angle differences are from approximately 18˚ to about 88˚. 
However, from 7 Ma to the Present, the plate shows a decreasing angle difference from more than 85˚ to nearly 
80˚. Between approximately 5 Ma and approximately 3 Ma, there are insignificant changes in azimuth changes. 

 

 
(a) 
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52 36.4713 42.6845 0 0 
51 36.4713 42.6845 0 0 
50 36.4713 42.6845 0 0 
49 36.4713 42.6845 0 0 
48 36.4713 42.6845 0 0 
47 36.4713 42.6845 0 0 
46 36.4713 42.6845 0 0 
45 36.4713 42.6845 0 0 
44 36.4713 42.6845 0 0 
43 36.4713 42.6845 0 0 
42 36.4713 42.6845 0 0 
41 36.4713 42.6845 0 0 
40 36.4713 42.6845 0 0 
39 36.4713 42.6845 0 0 
38 36.4713 42.6845 0 0 
37 36.4713 42.6845 0 0 
36 36.4713 42.6845 0 0 
35 36.4713 42.6845 0 0 
34 36.4713 42.6845 0 0 
33 36.4713 42.6845 0 0 
32 36.4713 42.6845 0 0 
31 36.4713 42.6845 0 0 
30 36.4713 42.6845 0 0 
29 36.4713 42.6845 0 0 
28 36.4713 42.6845 0 0 
27 36.4713 42.6845 0 0 
26 36.4713 42.6845 0 0 
25 36.4713 42.6845 0 0 
24 36.4713 42.6845 0 0 
23 36.4713 42.6845 0 0 
22 36.4713 42.6845 0 0 
21 36.4713 42.6845 0 0 
20 36.4713 42.6845 0 0 
19 36.5172 42.6914 1.028 6.7717 
18 36.5827 42.7004 2.496 6.321 
17 36.7261 42.7392 5.756 9.4425 
16 36.9474 42.8077 10.825 11.2664 
15 37.0625 42.813 13.36 9.2298 
14 37.1773 42.8172 14.868 7.9255 
13 37.2919 42.8204 15.933 6.8894 
12 37.4062 42.8224 15.215 4.6892 
11 37.5203 42.8234 12.759 0.2779 
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8 37.8673 42.7769 12.834 355.6119 
7 37.9877 42.6288 13.389 344.1682 
6 38.1063 42.4789 14.387 333.913 
5 38.2259 42.5464 14.261 336.4317 
4 38.3454 42.6134 14.164 338.9943 
3 38.4347 42.5118 13.458 338.6713 
2 38.5293 42.414 12.63 341.6015 
1 38.6416 42.3932 12.01 351.8805 
0 38.7533 42.3716 12.131 344.4541 

 
The drifting of both plates were analyzed with reference to the south (i.e. the southern pole) where the angle 

differences from the south (i.e. 180˚) were determined (Figure 3a, b). From 19 Ma to 8 Ma the Arabian plate azi-
muth was approximately 6˚, i.e. NNE, making an angle difference with the south of about 174˚ (i.e. 180˚- 06˚). 
From 8 Ma to the Present, the Arabian plate has rotated in a counterclockwise direction (i.e., from 7˚ to approxi-
mately 344). This falls in the NW quadrant (first quadrant), hence the negative sign of the angle difference in 
Figure 3a. On the other hand, from 19 Ma to 7 Ma, the Somalian plate shows increasing azimuths angle differences 
with respect to the south pole. From Figure 3b, the angle differences are from approximately 18˚ to about 88˚. 
However, from 7 Ma to the Present, the plate shows a decreasing angle difference from more than 85˚ to nearly 
80˚. Between approximately 5 Ma and approximately 3 Ma, there are insignificant changes in azimuth changes. 
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52 36.4713 42.6845 0 0 
51 36.4713 42.6845 0 0 
50 36.4713 42.6845 0 0 
49 36.4713 42.6845 0 0 
48 36.4713 42.6845 0 0 
47 36.4713 42.6845 0 0 
46 36.4713 42.6845 0 0 
45 36.4713 42.6845 0 0 
44 36.4713 42.6845 0 0 
43 36.4713 42.6845 0 0 
42 36.4713 42.6845 0 0 
41 36.4713 42.6845 0 0 
40 36.4713 42.6845 0 0 
39 36.4713 42.6845 0 0 
38 36.4713 42.6845 0 0 
37 36.4713 42.6845 0 0 
36 36.4713 42.6845 0 0 
35 36.4713 42.6845 0 0 
34 36.4713 42.6845 0 0 
33 36.4713 42.6845 0 0 
32 36.4713 42.6845 0 0 
31 36.4713 42.6845 0 0 
30 36.4713 42.6845 0 0 
29 36.4713 42.6845 0 0 
28 36.4713 42.6845 0 0 
27 36.4713 42.6845 0 0 
26 36.4713 42.6845 0 0 
25 36.4713 42.6845 0 0 
24 36.4713 42.6845 0 0 
23 36.4713 42.6845 0 0 
22 36.4713 42.6845 0 0 
21 36.4713 42.6845 0 0 
20 36.4713 42.6845 0 0 
19 36.5172 42.6914 1.028 6.7717 
18 36.5827 42.7004 2.496 6.321 
17 36.7261 42.7392 5.756 9.4425 
16 36.9474 42.8077 10.825 11.2664 
15 37.0625 42.813 13.36 9.2298 
14 37.1773 42.8172 14.868 7.9255 
13 37.2919 42.8204 15.933 6.8894 
12 37.4062 42.8224 15.215 4.6892 
11 37.5203 42.8234 12.759 0.2779 
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have more rapid sedimentation. The Arabian plate experienced minor rifting periods at 13 Ma to 7 Ma and 6 Ma 
to 1 Ma.  

Over the course of the last 19 Ma, the Somalian plate has traveled a total distance of slightly more than 100 km, 
whereas the fast-moving Arabian plate has covered approximately twice that distance. The difference in the total 
distances covered by the Somalian and Arabian plates over the past 19 Ma suggests that the Arabian plate has 
exhibited a higher rate of plate motion and undergone more significant displacement compared to the Somalian 
plate. This variation in motion can be attributed to the previously mentioned velocity contrast. 

The Arabian plate's faster motion, greater displacement and zigzag motion paths have likely been influenced 
by the tectonic forces acting on the plate because the Arabian plate exhibits convergence in the north between the 
Arabian plate and the Eurasian plate [15, 16] and divergent boundaries in the Gulf of Aden [17]. These factors 
can contribute to both the extensional and compressive stress regimes currently experienced by the Arabian plate 
within the Gulf of Aden as reported by [18]. The Compressional regimes is attributable to the pushing of the 
African plate by the Eurasian plate [19, 20] hence its zigzag motion and reduced velocity in the last 8 and 4 Ma, 
respectively.  he compressive forces are responsible for the reduction of the rift basin in the western Gulf of Aden, 
while greater displacement has resulted in the wider opening and increased number of sedimentary basins in the 
eastern Gulf of Aden. 

Both plates have undergone counterclockwise rotations of about 40˚ and have maintained nearly orthogonal 
paths from each other. The Arabian plate moved to the northeast at the beginning, while the Somalia plate ini-
tially moved to the southeast. The present movement of the Arabian plate is in the northwest while that of the 
Somalian plate is due to the east direction suggesting that the Nubian plate is also moving in a counterclockwise 
direction, meaning that it is currently moving due to the west. The driving mechanism for plate movement in 
this region is likely from a single source, the mantle plume as the main driving force. Far –field stresses are also 
adding some effects to the rifting, drifting and motion paths of both plates. The varied movements of these plates 
have given rise to the creation and evolution of multiple sedimentary basins. The compressive forces in the west-
ern Gulf of Aden, coupled with the widening and displacement in the eastern Gulf of Aden, have played a role 
in shaping sedimentary basins characterized by geological features that vary. The interaction between plate tec-
tonics and far-field stresses is presumed to have played a pivotal role in shaping the sedimentary basins within 
this dynamic geological environment. 

5. Conclusions 
Our complementary findings suggest that the rifting in the Afar region started 19 Ma. Immediately after initiation 
of rifting, drifting of continents occurred. Further, our models show the maximum velocity of the Arabian plate 
is three times higher than that of the Somalian plate. The Arabian plate is currently moving in the NNW direction, 
contrary to its initial azimuth of NNE. Similarly, the Somalian plate is currently moving eastward contrary to its 
initial azimuth of SSE. Major rifting events occurred at ca.15 Ma and ca.3 Ma for the Somalian plate (i.e. a differ-
ence of 12 million years), while for the Arabian plate, the major rifting events occurred at ca.13 Ma and ca. 6 Ma 
(i.e. a difference of 7 million years). These findings indicate that while there were periods of minor rifting, quies-
cence and sedimentation, each plate was subjected to different tectonic forces with varying magnitudes. The com-
plex counterclockwise rotations of the Arabian plate, suggests that although it is under extensional regime, some 
compressive stresses are pushing against its general azimuth, leading to the current dominance of a compressive 
regime in the Gulf of Aden. The tectonic forces, including the convergence and divergence of plates, have influ-
enced the subsidence and uplift of the region, leading to the development of grabens and horsts within the sedi-
mentary basins, providing valuable insights into the region's geological history and a framework for exploring 
hydrocarbon resources. 

Supplementary information: A folder containing snapshots of various models established from data that were reviewed in 
this work.  
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Figure 3. Angle differences of the plate drifting direction measured from the south (180˚) with time in Ma. (a) Arabian plate; 
(b) Somalian plate. The greater the angle difference, the larger the angle of rotation from the south.  

  
With an exemption of periods between 19 Ma -18 Ma and 12 Ma-11 Ma, the angle difference with time is con-

stantly increasing to the Present meaning that overall, the Somalian plate has been under constant counter clock-
wise rotation since Early Miocene. A significant clockwise rotation is observed from 4 Ma to the Present meaning 
that, if the direction of the Somalian plate continues to move in the direction it had in the last 6 Ma, it will be in 
its original latitude in the next 17 Ma from today.  While the Somalian plate presents an open Z pattern motion 
path, the Arabian plate portrays a motion path that is relatively complex (Figure 3). 

Since rifting initiation of the Arabian plate, it maintained an azimuth of N to NNE until around 9 Ma ago, with 
an average vector direction of 7.5˚ (i.e., NNE). However, after 8 Ma, there was a drastic change in azimuth, and 
the plate started moving in the direction of approximately 343˚ (i.e., NNW). As for the Somalian plate, from 19 
Ma ago to 9 Ma, it moved in an average direction of 152.51˚ (i.e., SSE). However, from 13 million years ago to 7 
million years ago, the plate changed its direction to 116˚ (i.e., SE). From 6 million years ago to the Present, the 
average vector direction became approximately 99˚ (i.e., due east). The α95 confidence ellipses, calculated using 
Fisher statistics in the running mean method, were used to determine average palaeomagnetic poles within a 
time window of 20 Ma. The ellipses represent a 95% confidence level and accounting for uncertainty associated 
with the averaged poles. This is in accordance to [10]. 

4. Discussion 
The rifting process that started at 19 Ma resulted in the separation of the Somalian and Arabian plates from the 
fixed Nubian plate, giving rise to the formation of the East African Rift System. This mechanism of rifting was 
influenced by factors such as extensional forces and thinning of the lithosphere as explained by [1, 11, 12]. Our 
computed data reveals that the initial rifting acceleration was higher for the Arabian plate than that of Somalian 
plate. These significant accelerations are interpreted as major rifting events, likely leading to the formation of 
large rift basins [13]. The Arabian plate does experience significant angle differences, indicating a relatively large 
effect of far-field stress and extensional forces associated with rifting. From 8 Ma onwards, the plate started to 
rotate in a counterclockwise direction, resulting in a negative larger angle difference (i.e. from the NNE to the 
NNW measured from 180˚) that persists up to the Present. Contrarily, the Somalian plate shows smaller angle 
differences during the initial rifting stage, presumably because the plate experienced relatively minor rotations 
in its drifting direction compared to its rotation magnitudes at later stages. Episodes of decelerations indicate 
minor rifting events, suggesting rapid sedimentation within the rift basins [14]. Quiescent periods can be ob-
served for the Somalian plate between 19 to 18 Ma and 11 Ma to 10 Ma, implying calm periods that are likely to 
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Abstract:  History of remote sensing studies of the Moon and asteroids changed when lunar samples were returned by the 
Apollo 11 mission and many meteorites were discovered on Antarctica starting in 1969. Discovery of the isotopic similarity 
between lunar and terrestrial materials led us to the giant-impact model to form the Moon. In addition, the existence and 
nature of space weathering were also discovered in 1993 by analyzing the Apollo samples. Another change occurred in 2010 
when the Hayabusa spacecraft returned particles of asteroid 25143 Itokawa that proved the identity between many S-type 
asteroids and ordinary chondrites and the existence of space weathering similar to the Moon. The second sample return from 
asteroids occurred in 2020 when the Hayabusa2 spacecraft returned samples of C-type asteroid 162173 Ryugu. In spite of 
some expectations, it was a pristine CI1 chondrite material that was free from terrestrial contaminations suffered by known 
CI1 chondrite meteorites. The third sample return from asteroids was accomplished by NASA OSIRIS-REx mission, which 
recovered the greatest amount of samples from asteroid 101955 Bennu. These sample return missions have and will drastically 
change the accuracy of our knowledge on the composition and surface processes of small bodies and therefore asteroidal 
remote-sensing researchers will be asked for more accountability as happened to lunar remote sensing studies. 

Keywords:  remote sensing, sample return, Moon, asteroids, Apollo 11, Hayabusa, Hayabusa2, OSIRIS-REx 
 

1. Introduction 
Our very existence highly relies on the special characteristics of the planet Earth, and discovering the origin and 
evolution of Earth requires studying the Solar System as a whole, which falls into the field of planetary science.  
Planetary science has been mostly developed through remote sensing of planets and satellites by ground-based, 
airborne, and space telescopes, and spacecraft missions. Atmospheric compositions of planets are relatively easy 
to investigate through such remote sensing. However, in order to fully understand the reason why our Earth-
Moon system has its current configuration including the sizes, dynamics, and compositions, we really need to 
study solid samples of planetary bodies. For that purpose, meteorites and interplanetary dust particles (IDPs) 
have been the only samples of solid planetary materials although they are somewhat altered by the terrestrial 
environment. In 1969, Apollo 11 mission returned lunar rocks and regoliths as the first recovery of pristine extra-
terrestrial solid materials, Japanese Antarctic Research Expedition (JARE) discovered nine meteorites concen-
trated at the foot of Yamato Mountain Range, and two large carbonaceous chondrites (CCs), Murchison and Al-
lende, fell in Australia and Mexico, respectively. These events allowed researchers to examine many detailed 
aspects of solar system formation such as elemental, isotopic, and mineral abundances, physical characteristics 
such as density and porosity, and alterations such as heating, shock, and space weathering. In this paper, outline 
history of lunar and asteroidal remote sensing and discoveries by their returned samples are reviewed. 

2. Moon 
Throughout history, the Moon has been the target of imaginations, observations, studies, and exploration.  How-
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Abstract:  History of remote sensing studies of the Moon and asteroids changed when lunar samples were returned by the 
Apollo 11 mission and many meteorites were discovered on Antarctica starting in 1969. Discovery of the isotopic similarity 
between lunar and terrestrial materials led us to the giant-impact model to form the Moon. In addition, the existence and 
nature of space weathering were also discovered in 1993 by analyzing the Apollo samples. Another change occurred in 2010 
when the Hayabusa spacecraft returned particles of asteroid 25143 Itokawa that proved the identity between many S-type 
asteroids and ordinary chondrites and the existence of space weathering similar to the Moon. The second sample return from 
asteroids occurred in 2020 when the Hayabusa2 spacecraft returned samples of C-type asteroid 162173 Ryugu. In spite of 
some expectations, it was a pristine CI1 chondrite material that was free from terrestrial contaminations suffered by known 
CI1 chondrite meteorites. The third sample return from asteroids was accomplished by NASA OSIRIS-REx mission, which 
recovered the greatest amount of samples from asteroid 101955 Bennu. These sample return missions have and will drastically 
change the accuracy of our knowledge on the composition and surface processes of small bodies and therefore asteroidal 
remote-sensing researchers will be asked for more accountability as happened to lunar remote sensing studies. 

Keywords:  remote sensing, sample return, Moon, asteroids, Apollo 11, Hayabusa, Hayabusa2, OSIRIS-REx 
 

1. Introduction 
Our very existence highly relies on the special characteristics of the planet Earth, and discovering the origin and 
evolution of Earth requires studying the Solar System as a whole, which falls into the field of planetary science.  
Planetary science has been mostly developed through remote sensing of planets and satellites by ground-based, 
airborne, and space telescopes, and spacecraft missions. Atmospheric compositions of planets are relatively easy 
to investigate through such remote sensing. However, in order to fully understand the reason why our Earth-
Moon system has its current configuration including the sizes, dynamics, and compositions, we really need to 
study solid samples of planetary bodies. For that purpose, meteorites and interplanetary dust particles (IDPs) 
have been the only samples of solid planetary materials although they are somewhat altered by the terrestrial 
environment. In 1969, Apollo 11 mission returned lunar rocks and regoliths as the first recovery of pristine extra-
terrestrial solid materials, Japanese Antarctic Research Expedition (JARE) discovered nine meteorites concen-
trated at the foot of Yamato Mountain Range, and two large carbonaceous chondrites (CCs), Murchison and Al-
lende, fell in Australia and Mexico, respectively. These events allowed researchers to examine many detailed 
aspects of solar system formation such as elemental, isotopic, and mineral abundances, physical characteristics 
such as density and porosity, and alterations such as heating, shock, and space weathering. In this paper, outline 
history of lunar and asteroidal remote sensing and discoveries by their returned samples are reviewed. 

2. Moon 
Throughout history, the Moon has been the target of imaginations, observations, studies, and exploration.  How-
ever, the origin and evolution of the Moon had not been clear until Apollo missions returned samples in 1969-
1972, which led researchers to confirm the giant-impact hypothesis for forming the Moon [1]. 

2.1. Lunar remote sensing 
Galileo Galilei started observing and sketching the Moon in 1609 [2]. He provided not only evidence that the lunar 
surface is rough but also how it could be derived even from naked-eye observation that the entire sun-lit surface 
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S-asteroid spectra. However, there has been no npFe0 particles or any other type of clear space weathering prod-
ucts discovered in our meteorite collections. Therefore, almost no meteoriticist believed in asteroidal space weath-
ering. 

3.2. Pulse-laser irradiation experiments to simulate space weathering 
In 1999, a successful space-weathering simulation was performed using pulse-laser irradiation of pressed powder 
pellet samples of olivine and pyroxene (which are main mineral components of ordinary chondrites) in vacuum 
[12]. As shown in Fig. 1(b), as the laser energy increases, the ordinary chondrite spectrum became darker and 
redder to resemble those of S-type asteroids, and npFe0 particles were discovered in the amorphous vapor coating 
layer as in the case of Apollo soil particles. This was the first proof that ordinary chondrites could change their 
reflectance spectra into the S-type asteroid spectra in the same space environment as the Moon. Using these arti-
ficially space-weathered olivine and pyroxene spectra, two asteroid spectra were nearly perfectly fit to demon-
strate the existence of space weathering on those asteroids [13]. 

However, in the same manner as happened to Bruce Hapke’s H+ iron implantation experiments, many re-
searchers either neglected or attached the above results by Japanese scientists, even to the level of rejecting the 
author’s abstract submitted to the 30th Lunar and Planetary Science Conference (LPSC) in 1999. 
 

 
(a)                                              (b) 

Figure 1. (a) Comparison of visible to near-infrared reflectance spectra of asteroids and meteorites, where telescopic asteroid 
spectra are shown in colored markers, and laboratory meteorite spectra are shown in black solid lines, and asteroid and me-
teorite classes are indicated in parentheses. Note that 1 Ceres is now classified as a dwarf planet; (b) Pulse-laser irradiation on 
a powder pellet sample of Appley Bridge LL6 chondrite meteorite at various accumulated amounts of energy. 

3.3. Hayabusa mission returned samples of S-type asteroid 25143 Itokawa 
In 2005, Japanese Hayabusa spacecraft rendezvoused with S-type asteroid Itokawa [14], and despite having many 
accidents and challenges, miraculously returned its sample capsule to Earth in 2010. During the rendezvous 
phase, the Near-Infrared Spectrometer (NIRS) onboard the Hayabusa spacecraft measured reflectance spectra 
(0.75-2.1 µm) on many spots of Itokawa surface [15]. 

Shown in Fig. 2 are modified Gaussian model (MGM) [16] fittings of four representative spots, and Gaussian 
band center and relative band strength values of a larger number of spots, plotted along with those of ordinary 
chondrites including Hamlet LL4 chondrite pellet irradiated with pulse laser. In Fig. 2(a), it is clear that all four 
spectra share almost the same Gaussian band center values with different band strengths and continuum back-
ground spectra (broken curves). The continuum slopes indicate increasing degrees of space weathering in the 
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is illuminated instead of just a longitudinal line which would specularly reflect sunlight if the surface were totally 
smooth [3]. It was an example of thought experiments he also used in concluding both heavy and light objects fall 
at the same speed [4]. Albert Einstein also employed in deriving special and general relativity. Geniuses like them 
could obtain much more truth from limited facts than ordinary people. 

Since then, there were many telescopic observations and spacecraft missions to study the Moon before the first 
human landing by Apollo 11 mission. While many researchers were lost in identifying the surface composition 
of the Moon, Bruce Hapke correctly predicted the presence of silicate minerals and space weathering by simulat-
ing solar wind with H+ ions irradiated on basalt powders that altered their photometric, polarimetric, and spec-
troscopic properties to resemble those of the lunar surface [5, 6]. Unfortunately, his idea of space weathering was 
not well accepted by the science community at that time, and he redirected his research efforts toward developing 
a spectrophometric model, which is now well-known as Hapke’s model [7]. A bad thing can indeed end up with 
a good thing. 

2.2. Moon-forming hypotheses 
There were four hypotheses on how the Moon was formed [8]: 
a) Capture: Moon was captured by Earth's gravity as it passed nearby. 
b) Accretion: Moon was created along with Earth at its formation. 
c) Fission: Earth had been spinning so fast that some material broke away to form the Moon. 
d) Giant impact: A Mars-size planet hit Earth, and the debris from this impact formed the Moon. 

The accretion and fission hypotheses may not easily explain the difference between the Earth’s spin axis and 
the Moon’s orbital axis, the capture hypothesis may result in Earth and Moon having totally different composi-
tions, and the giant-impact hypothesis predicts high compositional similarity between Earth and Moon.  There-
fore, finding the compositional difference or similarity between Earth and Moon was a key to narrow down the 
origin of the Moon. Remote sensing alone could not achieve this goal because it would take isotopic analysis of 
their materials to validate the common origin of two planetary bodies. 

2.3. Apollo sample analyses 
When the Apollo 11 returned samples were analyzed, their oxygen isotopic compositions were identical to ter-
restrial materials within analytical errors [9], which confirmed that the giant-impact hypothesis must be the cor-
rect origin of the Moon. In addition, when a high-voltage transmission electron microscope (TEM) was utilized 
to examine submicroscopic-scale composition of Apollo lunar soil particles, nanophase metallic iron (npFe0) par-
ticles were found within a thin (100-200 nm) amorphous vapor coating layer [10], confirming the existence of 
space weathering as Bruce Hapke predicted [6]. Lunar surface became darker and redder through space weath-
ering by solar wind implantation and micrometeorite bombardments over a long period of time. Discovering the 
products of space weathering (npFe0) took 26 years since Apollo 11 samples were returned until the TEM became 
available. This is an excellent example that sample return missions allow discoveries by not only the present-day 
scientists and their techniques but also the future smarter scientists and more advanced techniques. 

3. Asteroids 
Around the same time when Apollo 11 samples were analyzed, asteroid 4 Vesta was spectroscopically identified 
as similar to a basaltic achondrite meteorite [11]. This was a confirmation that meteorites could be samples of 
asteroids and gave hope to identify their parent bodies among asteroids through reflectance spectroscopy.  
However, very few more pairs of asteroids and meteorites turned out to show spectral matches. 

3.1. S-type asteroids and ordinary chondrite controversy 
As shown in Fig. 1(a), asteroid 4 Vesta had been the only asteroid whose reflectance spectrum matched with 
meteorites for a long time since 1970. The main problem was the spectral mismatch between the most common 
ordinary chondrite meteorites and the most abundant S-type asteroids in the inner main belt. Ordinary chondrites   
consist of H, L, and LL classes in the order of high to low iron content, and the spectral mismatch is demonstrated 
in Fig. 1a with Nas LL6 chondrite (black solid line) and asteroid 7 Iris (red filled squares) as examples. If the lunar-
type space weathering is occurring on the S-type asteroids, ordinary chondrites could change their spectra to the 
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is illuminated instead of just a longitudinal line which would specularly reflect sunlight if the surface were totally 
smooth [3]. It was an example of thought experiments he also used in concluding both heavy and light objects fall 
at the same speed [4]. Albert Einstein also employed in deriving special and general relativity. Geniuses like them 
could obtain much more truth from limited facts than ordinary people. 

Since then, there were many telescopic observations and spacecraft missions to study the Moon before the first 
human landing by Apollo 11 mission. While many researchers were lost in identifying the surface composition 
of the Moon, Bruce Hapke correctly predicted the presence of silicate minerals and space weathering by simulat-
ing solar wind with H+ ions irradiated on basalt powders that altered their photometric, polarimetric, and spec-
troscopic properties to resemble those of the lunar surface [5, 6]. Unfortunately, his idea of space weathering was 
not well accepted by the science community at that time, and he redirected his research efforts toward developing 
a spectrophometric model, which is now well-known as Hapke’s model [7]. A bad thing can indeed end up with 
a good thing. 

2.2. Moon-forming hypotheses 
There were four hypotheses on how the Moon was formed [8]: 
a) Capture: Moon was captured by Earth's gravity as it passed nearby. 
b) Accretion: Moon was created along with Earth at its formation. 
c) Fission: Earth had been spinning so fast that some material broke away to form the Moon. 
d) Giant impact: A Mars-size planet hit Earth, and the debris from this impact formed the Moon. 

The accretion and fission hypotheses may not easily explain the difference between the Earth’s spin axis and 
the Moon’s orbital axis, the capture hypothesis may result in Earth and Moon having totally different composi-
tions, and the giant-impact hypothesis predicts high compositional similarity between Earth and Moon.  There-
fore, finding the compositional difference or similarity between Earth and Moon was a key to narrow down the 
origin of the Moon. Remote sensing alone could not achieve this goal because it would take isotopic analysis of 
their materials to validate the common origin of two planetary bodies. 

2.3. Apollo sample analyses 
When the Apollo 11 returned samples were analyzed, their oxygen isotopic compositions were identical to ter-
restrial materials within analytical errors [9], which confirmed that the giant-impact hypothesis must be the cor-
rect origin of the Moon. In addition, when a high-voltage transmission electron microscope (TEM) was utilized 
to examine submicroscopic-scale composition of Apollo lunar soil particles, nanophase metallic iron (npFe0) par-
ticles were found within a thin (100-200 nm) amorphous vapor coating layer [10], confirming the existence of 
space weathering as Bruce Hapke predicted [6]. Lunar surface became darker and redder through space weath-
ering by solar wind implantation and micrometeorite bombardments over a long period of time. Discovering the 
products of space weathering (npFe0) took 26 years since Apollo 11 samples were returned until the TEM became 
available. This is an excellent example that sample return missions allow discoveries by not only the present-day 
scientists and their techniques but also the future smarter scientists and more advanced techniques. 

3. Asteroids 
Around the same time when Apollo 11 samples were analyzed, asteroid 4 Vesta was spectroscopically identified 
as similar to a basaltic achondrite meteorite [11]. This was a confirmation that meteorites could be samples of 
asteroids and gave hope to identify their parent bodies among asteroids through reflectance spectroscopy.  
However, very few more pairs of asteroids and meteorites turned out to show spectral matches. 

3.1. S-type asteroids and ordinary chondrite controversy 
As shown in Fig. 1(a), asteroid 4 Vesta had been the only asteroid whose reflectance spectrum matched with 
meteorites for a long time since 1970. The main problem was the spectral mismatch between the most common 
ordinary chondrite meteorites and the most abundant S-type asteroids in the inner main belt. Ordinary chondrites   
consist of H, L, and LL classes in the order of high to low iron content, and the spectral mismatch is demonstrated 
in Fig. 1a with Nas LL6 chondrite (black solid line) and asteroid 7 Iris (red filled squares) as examples. If the lunar-
type space weathering is occurring on the S-type asteroids, ordinary chondrites could change their spectra to the 
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4. Summary 
Lunar sample return by Apollo missions revealed the origin of the Moon and the existence of space weathering.  
S-type asteroid Itokawa sample return by Hayabusa mission proved that space weathering altered asteroid sur-
faces with ordinary chondrites hidden among S-type asteroids, and Hayabusa2 mission gave a lesson and a re-
minder that our CI1 chondrites (and probably some others) are terrestrially contaminated or altered. In order to 
correctly integrate our knowledge of the Moon, asteroids, and lunar and meteorite samples, space weathering 
and terrestrial weathering must be evaluated and removed. Another important lesson is that even the world 
greatest scientists are imperfect, having prejudice against different opinions, etc. We must be obedient to the facts 
and humbly pursue the truth with unbiased reasoning and imaginations. 

 

 
Figure 3. Visible to near-infrared reflectance spectra (0.3-4 µm) of fine and coarse powder samples of asteroid Ryugu [22], 
powder samples of Ivuna (CI1) meteorite heated at 500C, of Alais (CI1) meteorite, ferrihydrite, and akaganeite, which are all 
taken from RELAB database [23]. 
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order of Western Bright Area (blue filled triangles), MUSES-C (green filled squares), and Ohsumi Basin (red filled 
circles). The close-up spectrum (black asterisk) closed to the MUSES-C spectrum (red filled square) corresponds 
to about 1 cm size footprint, which signifies that the surface is highly homogenous down to the cm scale, con-
sistent with ordinary chondrite lithology. In Fig. 2(b), it is evident that Itokawa spectra (black filled circles) are 
most similar to those of LL chondrites (red open circles) and more spectra are similar to laser-irradiated LL chon-
drite spots (red filled circles). These results indicate that Itokawa is made of LL-chondrite materials and its surface 
is space-weathered in various degrees, consistent with another study employing Hapke’s space-weathering 
model [17]. Analyses of mostly tiny (~0.1 mm) particles returned from Itokawa revealed these rendezvous phase 
remote-sensing results were correct [18, 19]. 
 

 
(a)                                              (b) 

 
Figure 2. (a) Modified Gaussian model (MGM) fittings of four select reflectance spectra of asteroid Itokawa spots taken by the 
Near-Infrared Spectrometer (NIRS) onboard the Hayabusa spacecraft; (b) Gaussian band center vs relative band strength of a 
larger number of Itokawa spectra (black filled circles) plotted along with those of ordinary (H, L, and LL) chondrites including 
Hamlet LL4 chondrite pellet irradiated with pulse laser (red filled circles). 

3.4. Hayabusa2 mission returned samples of C-type asteroid 162173 Ryugu 
In 2019, Japanese Hayabusa2 spacecraft landed twice on C-type asteroid Ryugu, and returned its samples to Earth 
in 2020. During the rendezvous phase, the Near-Infrared Spectrometer (NIRS3) onboard the Hayabusa2 space-
craft measured reflectance spectra (1.8-3.2 µm) of the surface spots to detect hydration features near 2.7 µm, indi-
cating that Ryugu’s surface was made of partially dehydrated CI chondrite or shocked CM chondrite material 
[20]. However, returned Ryugu samples (5.4 g in total) turned out to be pure CI1 chondrite material, totally free 
of terrestrial contamination, heating, or shock [21]. Also, by comparing the 2.7 µm hydroxyl absorption band 
position between the returned sample and the NIRS3 data of Ryugu, a 6 nm shift was detected that is evidence of 
space weathering by solar wind [22]. 

The reason why the remote-sensing based prediction was incorrect is that the CI1 chondrites in our collections 
were all contaminated with terrestrial materials or altered by atmosphere or heating, forming secondary minerals.  
We simple never knew what the true, pure CI1 chondrite spectrum should look like. This situation is illustrated 
in Fig. 3. Alais CI1 chondrite in our collection shows a much brighter spectrum with features such as UV and 
broad 3 µm band which are absent in Ryugu sample spectra. On the other hand, Ivuna CI1 chondrite heated at 
500 C shows a much closer spectrum to Ryugu spectra. The probably explanation is that CI1 chondrites in our 
collection contain terrestrial contamination including iron hydroxides, and heating them in vacuum could remove 
them. 
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4. Summary 
Lunar sample return by Apollo missions revealed the origin of the Moon and the existence of space weathering.  
S-type asteroid Itokawa sample return by Hayabusa mission proved that space weathering altered asteroid sur-
faces with ordinary chondrites hidden among S-type asteroids, and Hayabusa2 mission gave a lesson and a re-
minder that our CI1 chondrites (and probably some others) are terrestrially contaminated or altered. In order to 
correctly integrate our knowledge of the Moon, asteroids, and lunar and meteorite samples, space weathering 
and terrestrial weathering must be evaluated and removed. Another important lesson is that even the world 
greatest scientists are imperfect, having prejudice against different opinions, etc. We must be obedient to the facts 
and humbly pursue the truth with unbiased reasoning and imaginations. 

 

 
Figure 3. Visible to near-infrared reflectance spectra (0.3-4 µm) of fine and coarse powder samples of asteroid Ryugu [22], 
powder samples of Ivuna (CI1) meteorite heated at 500C, of Alais (CI1) meteorite, ferrihydrite, and akaganeite, which are all 
taken from RELAB database [23]. 
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order of Western Bright Area (blue filled triangles), MUSES-C (green filled squares), and Ohsumi Basin (red filled 
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most similar to those of LL chondrites (red open circles) and more spectra are similar to laser-irradiated LL chon-
drite spots (red filled circles). These results indicate that Itokawa is made of LL-chondrite materials and its surface 
is space-weathered in various degrees, consistent with another study employing Hapke’s space-weathering 
model [17]. Analyses of mostly tiny (~0.1 mm) particles returned from Itokawa revealed these rendezvous phase 
remote-sensing results were correct [18, 19]. 
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Figure 2. (a) Modified Gaussian model (MGM) fittings of four select reflectance spectra of asteroid Itokawa spots taken by the 
Near-Infrared Spectrometer (NIRS) onboard the Hayabusa spacecraft; (b) Gaussian band center vs relative band strength of a 
larger number of Itokawa spectra (black filled circles) plotted along with those of ordinary (H, L, and LL) chondrites including 
Hamlet LL4 chondrite pellet irradiated with pulse laser (red filled circles). 
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cating that Ryugu’s surface was made of partially dehydrated CI chondrite or shocked CM chondrite material 
[20]. However, returned Ryugu samples (5.4 g in total) turned out to be pure CI1 chondrite material, totally free 
of terrestrial contamination, heating, or shock [21]. Also, by comparing the 2.7 µm hydroxyl absorption band 
position between the returned sample and the NIRS3 data of Ryugu, a 6 nm shift was detected that is evidence of 
space weathering by solar wind [22]. 

The reason why the remote-sensing based prediction was incorrect is that the CI1 chondrites in our collections 
were all contaminated with terrestrial materials or altered by atmosphere or heating, forming secondary minerals.  
We simple never knew what the true, pure CI1 chondrite spectrum should look like. This situation is illustrated 
in Fig. 3. Alais CI1 chondrite in our collection shows a much brighter spectrum with features such as UV and 
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Abstract:  Originally we thought that the whole Universe consists of an ordinary matter as do all earthly things around us. 
But, with the development of science, we realized that we are also surrounded by force fields and later we understood that 
both are just different manifestations of energy. Furthermore at the moment we believe that there is more to the Universe than 
we see. Now we look at the Universe through the prism of 4 fundamental interactions and see baryonic matter in stars, planets, 
dust and gas, participating in all the interactions, and we see dark matter, participating in gravitational interaction only, and 
we also see the action of mysterious dark energy occupying over 2/3 of energy balance of the Universe. And now it becomes 
more and more clear that it is not all to it. Many people fill that physical reality is not the only one and humans also have a 
spiritual nature that is not yet described by modern science. In this paper I give a short overview of the Universe components 
as we see it now and underline the importance of making a next step in the scientific development, which will reveal the 
nature of the spiritual world as well. 
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1. Introduction 
Since the very beginning of the human history we are striving for knowledge about the world we are living in. 
We don’t get this knowledge intuitively, but rather use scientific method to acquire it. When we face certain 
feature of the world, that we don’t understand, we start building models of it and testing it. Based on the results 
of these tests we tune the best working model and state: “That is how the world operates!”. But obviously soon 
or later there always comes a time, when we see some other implementation of this feature which does not fit in 
our understanding. At first we try not to take it too seriously and blame it on poor quality of the experiment and 
so it’s possible small significance due to poor statistics. But as a number of such situations grows and outstanding 
results become more and more statistically significant we cannot neglect it any further and we get back to model 
making. We think of a better, more complicated model, which could not only explain the new observational facts, 
but should not contradict all the previous observations. In other words we have to get a revolutionary new un-
derstanding - dig deeper to reveal a more fundamental model, of which the previous model was just a simple 
manifestation. One of the best examples of such a situation is the Newtonian physics, which was quite a fine tool 
all the way while we used it for bodies at low speeds and gravity. But as soon as we come to a more energetic 
domain, it fails. At this moment some Albert Einstein appears to reveal a deeper model – relativistic physics, 
which has Newtonian one as its limiting case.  

So at this state we are living in the world of models, doomed to endlessly come closer and closer to the true 
nature of things. Another possibility could be asking the Creator of the Universe, which is simply a one step way, 
but modern science, based on the scientific method, cannot afford it. It needs to be mentioned that some models 
become so habitual, that we take it for natural laws and use it in everyday life, ignorant of its incorrectness. 
Newton laws of motion are a good example. The first law states the existence of an inertial frame of reference 
(IFR), and the second law as we know it is stated to be valid in any IFR. But as there is no free body in our 
Universe, IFR can also not be constructed in it and the second law is not applicable. But we are still using it in our 
everyday life! Why? Simply because in most of the cases the uncertainties we get due to using this wrong model 
are quite negligible and we need to think of more complicated models only when we deal with more accurate 
matters. Within this paradigm we can say, that we’ve been through several revolutions in understanding of what 
does the Universe consist of, and it seems like another one is at hand! 
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together and form H atoms, much less of He atoms and a bit of Li atoms. Some 300 million years later these 
formed primordial stars, where thermonuclear reactions used these bricks to produce heavier elements up to Fe. 
After burning all the H fuel in thermonuclear reactions heavier stars went into supernova and even heavier ele-
ments were born in their explosions. This way simple H, He and Li multiplied into the whole periodic table. As 
far as we understand at the moment 88.6% of all baryonic matter atoms in the Universe are H – it is mostly 
intergalactic and interstellar gas, and a minor part is in stars and other massive astronomical objects. H is a main 
fuel for main sequence stars, so we can say, that our fuel tank is almost three quarters full and we still have a long 
way to go as a Universe. Another piece of the baryonic pie is He – these atoms occupy 11.3% of it by number (23% 
mass wise) and are also present both in the interstellar medium and in stars and other bodies. All the rest of 
heavier atoms are within 0.1% of the pie by their numbers, which might be a surprise to a non physicist as almost 
all we see around on the Earth and the Earth itself is made of these heavier atoms – a minority in our Universe! 

We describe the Universe in accordance with so called Standard Model, which implies the existence of 4 major 
interactions – gravitational, electromagnetic, strong nuclear and weak nuclear. The main information channel we 
use to study the Universe is electromagnetic radiation, consisting of photons – electromagnetic interaction carri-
ers. Protons and electrons possess electric charge so they are capable of such interaction and this makes it possible 
to see and study baryonic matter all around the Universe (at distances less than 13.8 billion light years). Recently 
(in 2015) a new info channel was open when a first firm detection of gravitational waves was confirmed, but this 
channel requires huge masses to move at high accelerations so its application is still very limited.  

Around a century ago as it always happened in the history of our science we faced some more features, that 
we can observe, but cannot explain with the Standard Model. Now it seems that baryonic matter is far not all that 
constitutes our Universe. 

 

 
 

Figure 2. Rotation curve of the Andromeda Galaxy (credit: Queens University). 

2.2. Dark matter 
From the beginning of the 20th century scientists started to face difficulties in explaining movement of stars in 
the Galaxy and other galaxies. It is believed, that galaxies are stable systems of gas and stars that stay together 
due to gravity. Stars and star clusters are moving around the galactic center with tangent velocities determined 
by the amount of gravitational mass, which is closer to the center then they are. We can use spectral information 
to determine star velocities and we can estimate the mass of radiating baryonic matter in its galaxy. This gives us 
a simple way to check whether stars are moving with Keplerian velocities. One after another scientists would 
come to the conclusion, that stars are moving faster than they are supposed to. Is it the Keplarian law that fails 
here or there is something wrong with our gravitational mass measurements? It was as far as in 1906 that Henri 
Poincare came up with a term matière obscure (now we call it Dark Matter) for some matter that might be present 
in galaxies, but not observed. Later Ernst Opik, Jacobus Kapteyn, James Jeans, Jan Oort et al. came to the same 
conclusion. In 1933 Fritz Zwicky found a huge 1000 km/s spread in radial velocities of 8 galaxies belonging to 
Coma cluster [8] and after using the Virial Theorem came to the shocking result – for the cluster to be stable its 
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2. Discussion 

2.1. Baryonic matter 
Around 25 centuries ago Greek philosophers made a brilliant guess - everything we see when we look around 
consists of atoms – small indivisible particles. Almost 2.5 millennia later Albert Einstein and Jean Babtiste Perrin 
proved that Brownian motion of pollen in water is due to water molecules, providing first bricks to the evidence 
base of this theory. Around the same time sir J.J. Tomson discovers electron [1] and Ernest Rutherford improves 
his model discovering the existence of atomic nucleus [2], thus revealing a non-elementary nature of atoms. Very 
soon based on the Albert Einstein and Max Planck quantum theory Niels Bohr offered his model of an atom [3], 
which with certain improvements is used until now. After following works of Louis de Broglie, Erwin 
Schrodinger and Max Born we started to regard all the subatomic particles through the glasses of wave-particle 
duality. In 1919 Ernest Rutherford discovered protons [4] and in 1932 his follower James Chadwick discovered 
neutrons [5]. It became clear, that atomic nucleus is not elementary either. In 1964 Murray Gell-Mann [6] and 
George Zweig [7] independently offered a quark model, so now we think that even nucleons (protons and neu-
trons) are not elementary, but rather they are representatives of hadron family – particles, consisting of quarks. 
Our modern understanding is that electrons and quarks are elementary, though one cannot even see a solo quark 
as it only exists in groups (hadrons). We use electrons to make photos of atoms in electronic microscopes and it 
shows us that we may be on the right path! But as always, when you expand the sphere of your knowledge to 
some radius R, you get ~R2 of new unknown frontier, so we now have a lot of unresolved questions in this field 
and, who knows, maybe it is just a matter of time and corresponding development of our technical abilities and 
some day we will yet need to broaden our understanding of baryonic matter and go even deeper – to the sub-
quark and sub-electron levels. 

 

 
 

Figure 1. All we see consists of baryonic matter. 
 

So now we understand that any atom consists of a nucleus, containing massive protons and neutrons, and 
almost 2000 times lighter electrons orbiting the nucleus. Protons and neutrons are baryons, so we can say that all 
we see around is a baryonic matter (fig. 1). And some might think that the whole Universe is like this - it consists 
of baryonic matter. How true is this? 

It has been thought to be like this for a long time. We can say, that all we see, including planets, stars, interstellar 
and intergalactic gas - everything that produces or is capable of reflecting electro-magnetic radiation and so be 
observed does in dead consist of baryonic matter. To describe different elements that constitute this matter we 
use Mendeleev’s periodic table and due to modern developments in astrophysics and other fundamental sciences 
we now know quite well where and how did these elements come from. Soon after the Big Bang (some microsec-
onds) expansion of the Universe led to its cooling to a state when stable particles like electrons, protons and 
neutrons could exist, but only 379 000 years later during the primary recombination epoch these could come 
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together and form H atoms, much less of He atoms and a bit of Li atoms. Some 300 million years later these 
formed primordial stars, where thermonuclear reactions used these bricks to produce heavier elements up to Fe. 
After burning all the H fuel in thermonuclear reactions heavier stars went into supernova and even heavier ele-
ments were born in their explosions. This way simple H, He and Li multiplied into the whole periodic table. As 
far as we understand at the moment 88.6% of all baryonic matter atoms in the Universe are H – it is mostly 
intergalactic and interstellar gas, and a minor part is in stars and other massive astronomical objects. H is a main 
fuel for main sequence stars, so we can say, that our fuel tank is almost three quarters full and we still have a long 
way to go as a Universe. Another piece of the baryonic pie is He – these atoms occupy 11.3% of it by number (23% 
mass wise) and are also present both in the interstellar medium and in stars and other bodies. All the rest of 
heavier atoms are within 0.1% of the pie by their numbers, which might be a surprise to a non physicist as almost 
all we see around on the Earth and the Earth itself is made of these heavier atoms – a minority in our Universe! 

We describe the Universe in accordance with so called Standard Model, which implies the existence of 4 major 
interactions – gravitational, electromagnetic, strong nuclear and weak nuclear. The main information channel we 
use to study the Universe is electromagnetic radiation, consisting of photons – electromagnetic interaction carri-
ers. Protons and electrons possess electric charge so they are capable of such interaction and this makes it possible 
to see and study baryonic matter all around the Universe (at distances less than 13.8 billion light years). Recently 
(in 2015) a new info channel was open when a first firm detection of gravitational waves was confirmed, but this 
channel requires huge masses to move at high accelerations so its application is still very limited.  

Around a century ago as it always happened in the history of our science we faced some more features, that 
we can observe, but cannot explain with the Standard Model. Now it seems that baryonic matter is far not all that 
constitutes our Universe. 
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Figure 1. All we see consists of baryonic matter. 
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we now know quite well where and how did these elements come from. Soon after the Big Bang (some microsec-
onds) expansion of the Universe led to its cooling to a state when stable particles like electrons, protons and 
neutrons could exist, but only 379 000 years later during the primary recombination epoch these could come 
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Figure 3. History of the Universe after the Big Bang: 70 000 years of accelerated expansion due to radiation pressure, than 
around 10 billon years of matter gravity based decelerating expansion and finally almost 4 billion years of accelerated expan-
sion driven by Dark Energy. 

These discripancies inspired an introduction of a new entity with negative linar coefficient in cosmological 
equation of state, which not only accounted for lacking energy density in the Universe, but also could be 
responsible for its accelerated expansion. Different observational facts agrue this entity should exist, but we do 
not know what it is and we do not see it directly with our electromagnetic equipment, so, as usual, lets call it 
Dark something, Dark mater is taken, so let it be Dark Energy - yet another part of the Universe we cannot explain.  

Since the end of inflation stage radiation played a dominant role in the evolution of the Universe (fig. 3). About 
70 000 years from the Big Bang matter came to rule and it effected the Universe expansion. According to modern 
astrophysical data interpretation about 4 billion years ago the nature of expansion changed again - it started to 
accelerate again and we are seeing it now. Unlike Dark Matter Dark Energy does not participate in gravitational 
attraction and so crowding - it is distributed homogeneously. Density of matter decreases with expansion of the 
Universe, but density of Dark Energy remains the same, so 4 billion years ago matter density fell below the Dark 
Energy density and the latter is now ruling the Universe’s behavior. 

3. Conclusions 
So, what does the Universe consist of? Almost 70% of energy density is determined by Dark Energy, around 25% 
are due to Dark Matter and only 5% consist of baryonic matter (fig. 4). Within these 5% almost 4% represent free 
H and He in intergalactic and interstellar medium, 0.5% is in stars, 0.3% in neutrinos, 0.03% in heavier chemical 
elements and 0.01% in radiation. In other words we know almost nothing about 95% of our home Universe and 
know a bit about the rest 5%. 

There is yet another part of our world that science will yet have to explain someday. Throughout the whole 
human history the vast majority of human beings were believers. There are numerous reports of so called spir-
itual phenomena in different parts of the world experienced through millennia of our existence. Some efforts 
were made to find scientific explanations of such phenomena, but they all failed. Some scientists would say that 
the case is closed and there is nothing to research, but other, including myself, never give up on the path of 
resolving worlds wonders. Imagine, if we would say: “What we see is all there is”, and would not develop ob-
servational techniques such as telescopes, optical at first, but then radio, infrared, ultraviolet, X-ray, gamma-ray, 
gravitational observatories – we would never know the Universe is so huge and various and consists of much 
more than just several thousand stars one can see at the night sky. Development of science allows us to go deeper 
in the nature of things in micro world as well as on the Universe-size scales. New ideas, based on deeper under-
standing of the physical Universe, and state of art accuracy in experiments we achieved today may shed a light 
on this terra incognita. Understanding of spiritual phenomena, based on the clear and scientific description of the 
spiritual world, will have to become one of the crucial goals for science in this millennium [12]. 
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gravitational mass should be 400 times larger than the mass of its stars! Now we know that this was an overesti-
mation due to the wrong value of Hubble constant that he used, but this and later results highlighted the necessity 
to search for a new model. In 1939 Horace Babcock published a star rotation curve for Andromeda Galaxy [9] (fig. 
2), that clearly showed deviation from the well established Keplerian law – instead of falling in inverse proportion 
to square root from the distance to the center it rather remained almost constant. 

Later in 1982 Jim Peebles assumed that existence of a substantial amount of dark matter may account for a 
discrepancy between the lack of essential baryonic matter density variations at the primary recombination era 
and the modern large scale structure of the Universe [10], which could not have been able to develop in such a 
short time. At the same time the theory of inflation that appeared in 1980s could explain the Cosmic Microwave 
Background (CMB) radiation isotropy under assumption of critical density of the Universe, which could only be 
reached with the existence of very significant amount of dark matter, for baryonic matter would only account for 
a minor part of it. 

Up until now the existence of dark matter has been needed to explain not only the galactic rotation curves, 
dynamics and morphology of satellite galaxies and globular clusters and behavior of multi-galaxy systems. X-
ray observations of hot gas in giant elliptic galaxies and clusters witness of its temperatures that are too high to 
be balanced only due to the visible baryonic matter gravity. Gravitational lensing allows us to see the lack of 
visible matter in massive galaxy clusters. Finally some observed merging clusters witness of different plasma and 
main mass distributions in it. These are all hard to explain unless we assume existence of dark matter - a new 
type of particles, that participate in gravitational interactions but have no connection to electromagnetism, so we 
cannot see it with our electromagnetic devices. We need it to be there to explain what we see but we do not see it 
and do not understand what it is, therefore we call it ”Dark Matter”. 

2.3. Dark energy 
According to our modern understanding of the Universe, it is expanding ever since the Big Bang. It is natural to 
wonder how is it happening and where will it lead. By the beginning of the 20th century we came to a stage of 
formulating this question and making first attempts to solve it. In 1915 Albert Einstein formulated his famous 
equation of gravitational field, that became a foundation of his General Theory of Relativity. Ever since then 
schientists were tirelessly searching for its solusions in different conditions. When formulated for the Universe 
as a whole it allowed Alexander Friedmann to invent a cosmological model in 1922 [11], which is, with some 
improvments, regarded a main stream up until now. Equations within cosmological model allow to predict the 
dynamics of scale factor, which allows to trace the evolusion of distance between fixed particals in expending 
Universe. If only baryonic and dark matter are taken into account, equations predict a slowing down expansion, 
which is obvious and can be easily explained by its gravity. So it became a big surprise, when in late 1990s 
observations of type Ia supernova led to the opposite conclusion – the Universe seemed to be expanding with 
positive acceleration. It was accepted (now this issue is a point of argue) that type Ia supernova are standard 
candles, in other words, they should have the same luminosity where ever they appear. So, if observations show 
that such an object is deemer, it just means it is further and this is a good needed second prosedure for measuring 
distance to galaxies in addition to red shift. In this research supernova were deemer than if being situated at 
distances predicted by the Hubble law, means they were further and this ment that Universe expansion is 
accelerated. This result was also confirmed by measurements of CMB and gravitational lensing. 

The Big Bang nucleosynthesis theory gives a good explanation to formation of such light elements as De, He, 
Li in the young Universe. Universe large scale theory discribes well forming of stars, quasars, galaxies and galaxy 
clusters. Both the theories assume that baryonic and dark matter density as around 30% of the critical value. At 
the same time recent CMB mesurments with WMAP sattelite show, that global space-time curviture of the 
Universe is indead close to zero, corresponding to a flat Universe and implying overall density to be around 
critical. But than where do the rest 70% come from? 
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Abstract:  In the recent past, an unprecedented increase in environmental disasters due to extreme weather conditions 
around the globe is vindicative that the climate change is no more a myth nor a hoax. As per the reports, recently Earth 
witnessed the hottest 12 months recorded in human history. The major contributor to this extreme weather condition is global 
warming caused by fossil fuel burning and other industrial wastes. This extreme weather patterns triggered by human inter-
vention has disturbed the balance of life on Earth, caused large scale severe destruction due to environmental disasters, vari-
ations in disease patterns and affected local community cultures. Loss of job hours due to high temperatures may affect the 
income of individuals, which in turn affects the quality of life and results in a hike in food prices. Riches on earth consume 
the resources more than their needs. Governments and politicians boast the growth of GDP without any consideration of the 
environmental debt. Because of the irresponsible way of consuming nature’s resources, the tipping point of climate criticality 
would be inevitable. For the survival and well-being of human kind these environmental destructive practices should be 
reversed at the earliest.   

Keywords:  climate change, anthropogenic, global warming, fossil fuel burning, GDP, environmental debt 
 

1. Introduction 
The term ‘climate change’ refers to unprecedented variations in Earth’s temperatures due to increases in surface, 
atmospheric and ocean temperatures which in an aggregated form we refer to as global warming. This global 
warming is found to have two components, one which is due to the natural thermal cycles and the other is due 
human activities called anthropogenic climate change. Global warming results in anomaly in local weather pat-
terns [1,2]. These anomalies cause environmental disasters and consequential destructions. As we all know in 
recent past the number of climate disasters occurring on our home planet Earth have increased in unprecedented 
number and severity. This is a matter of huge concern for our co-existence and co-prosperity. It is therefore im-
perative that we understand the details of global warming and find credible solutions to this monstrous problem.  

The central question in the wake of above observations is, what causes global warming which results in such 
devastating climate criticalities. Since the dawn of industrial revolution, energy consumption of human beings 
increased exponentially, predominantly by burning fossil fuels like coal, oil and gas etc. [3]. These were the 
sources of energy at that time and even continue to be so in contemporary times. These sources of energy, which 
are not renewable, are obviously colossal sources of greenhouse gases, mainly oxides of carbon and hydrocarbons. 
Since these molecules absorb the sunlight and enhance their vibrational energies, those result in global warming. 
According to climate scientists, for about last 200 years human activities contribute significantly to this global 
warming. Currently the average surface temperature of the Earth is about 1.2°C warmer than the pre-industrial 
revolution era [4]. The resultant anomalies in global weather patterns culminate in severe droughts, unprece-
dented wild fires, catastrophic storms and flooding, thawing of polar ice and glaciers resulting in rising sea levels 
and declining biodiversity. This vindicates that it is the human activities which is responsible for the climate 
change and resulting devastating climate criticalities.  

Here one may ask a question that if the industrial revolution were not there would we have been in a position 
to save the human lives at that time, achieved enhanced life expectancy or paved the path for human population 
explosion? Obviously, the scientific answer is ‘no’, but the problem is that the industrial revolution also brought 
about a colossal imbalance in the wealth distribution. A small fraction of the human population became asym-
metrically rich compared to the average wealth and resources of human beings. It is this population, which grew 
over the years and is still growing, started using the resources of mother Earth in a reckless manner. For example, 
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Figure 4. The cosmological composition of the Universe. 

This is the reality of today’s science and this hints us that we are living in an era on the edge of huge discoveries, 
when the Standard Model will have to expand to cover 5, 6 or, may be, even 7 interactions, or there may appear 
another model theory, describing all we know now as a whole in a completely different prospective. One thing 
is clear: as long as there are unresolved questions, there will always be an indestructible endeavor of human spirit 
to resolve it and shed the light to the unknown. 
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 As we know agriculture depends heavily on climate and weather conditions. The effect of climate criticality 
on agriculture is an important area of research and studies because agriculture is the significant source of food 
for humanity. There can be local and regional variations in agricultural productivity due to extreme weather 
conditions such as increases in CO2 level in earth’s atmosphere and unpredictability of temperatures and rainfall 
[12]. Frequent occurrences of wildfires and heat wave conditions are also a potential threat to farmlands and 
crops. It has also been observed that rising temperature due to climate change has a profound effect on the life 
cycle and distribution of pests such as weeds, insects, and microbes [13]. In addition, warmer atmosphere and 
variation in rainfall patterns could alter the time of flowering of crops and the life cycle of natural pollinators like 
bees, butterflies etc. Any mismatch in the plant blooming and the flurry of pollinators could cause poor pollina-
tion and hence less yield. Climate change induced surge in abnormal rainfall conditions and massive floods can 
cause soil erosion and depletion of plant nutrients from the soil which will affect the plant growth adversely and 
hence loss of crops [14]. A combined effect of all these phenomena may cause a significant reduction in agricul-
tural yield which raises concerns on global food security, directly affecting the normal life of people [15]. 

Besides these adverse effects climate criticality is also influencing the ways the local communities live in dif-
ferent in parts of our planet. These are niche areas of climate criticality. For example, in the north Scandinavian 
region there is a community of indigenous people called Saami. Their culture and the way of living in communion 
with nature is more than 10000 years old [16]. They heavily rely on reindeer populations for their survival. Due 
to anthropogenic global warming the Saami inhabitation region called Lapland or Sapmi by Saami’s is also sig-
nificantly affected. It has been reported that average temperature rise in Lapland is about 2.3°C as against the 
1.2°C global average [17]. This has resulted in unpredictable snow conditions which in turn has affected their 
reindeer herding culture and hydrological processes significantly. This has forced many herders to force their 
livelihood models, for example, some have introduced modern technologies instead of conventional methods in 
their day-to-day activities and they have started providing additional food to reindeers to survive. The liveli-
hoods that was unique to Saami people is slowly getting lost. This has affected their physical and mental health 
[18]. The only way for the survival of Saami culture and other similar cultures in the world is to find ways to limit 
the climate criticality.  

3 Climate criticality and economic growth 
From the above stated nuances of climate criticality, it is clear that our existence, well-being and prosperity is 
intimately connected to the climate criticality. The factors such as environmental disasters, human health and 
agriculture have a direct bearing on the economic conditions of the countries all over the world. The economic 
health and growth are measured in terms of gross domestic product (GDP) of a country. Bhutan is the only ex-
ception which measures gross domestic happiness rather than GDP. Governments calculate their GDP on annual 
basis but they ignore the environmental debt while calculating GDP. This is unfair because the GDP growth is 
achieved by the conversion of natural resources into consumables without the consideration of sustainability. 
Natural resources are finite and their conversion means we are taking it as a debt from the environment meant 
not only for us but for our own future generations as well. It is therefore important to audit environmental debt 
while presenting the figures of GDP growth. So far, to the best of our knowledge we did not find any benchmarks 
for quantifying the environmental debt. We think that economists should figure out how to measure the environ-
mental debt and how to incorporate it in the calculation of GPD to get credible and fair figures. Can it be done 
by calculating the cost of raw materials extracted from the environment, the cost of managing natural calamities 
or disasters and the cost of managing diseases and health related issues caused by the professional hazards? 
Would it be appropriate to deduct all or some of these costs from the amount of the GDP for a particular year 
before calculating the percentage growth credibly? Fair and credible figures are crucial for determining the cor-
relations between climate criticality and the economic growth. This will provide true solutions to the problem of 
global warming.   

4. Conclusions 
In this paper we presented an overview of recent anthropogenic climate criticalities and environmental disasters 
faced by the humanity on our planet. Billions of people are affected adversely by severe to very severe floods, 
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multiple cars, opulent mansions, private jets, food wastage etc. for a luxurious style of living by the rich caused 
not only misuse of resources by a small fraction of the humanity but also contributed significantly to the carbon 
foot print of the world unevenly. We speculate that, even today the carbon foot print by the 80% of the world 
population of commoners might be only 20% and that by the 20% of rich population of the world might be 80%. 
Had we used the resources of mother Earth more responsibly and prudently, this situation would not have ar-
rived and perhaps the average increase in the surface temperature of Earth would have been much below the 
tipping point. In other words, the greed of riches is causing damage to the planet Earth that nature is now unable 
to reverse. 

Besides the riches of the world some of the governments and its politicians are also not behaving responsibly. 
For their own selfish gains and political ideologies, they do not mind overusing the resources of mother Earth 
even at the cost of destructions to the delicate ecological systems. Ideally, we should understand that mother 
Earth is actually one nation and we are its citizens. Therefore, it is our responsibility to live with love and care for 
Earth beyond the narrow objectives of national divisions. But this world is not an ideal world. Human is the 
enemy of human. Selfish motives of politicians and their governments perpetuates the policy of divide and rule. 
This is causing huge loss to our environment and therefore, now the tipping point of climate criticality might be 
inevitable.     

2. Effect of climate criticality on human lives: an overview 
The climate criticality is known to affect human lives in a myriad way. Climate change can induce environmental 
disasters such as floods, droughts, hurricanes and forest fires which directly affect the human population ad-
versely. Climate criticality can also bring about variations in infectious diseases, agriculture and its related ram-
ifications, changes in physical environment and its dietary and mental effects etc. The natural consequences of 
these climate criticality related issues are loss of life, livelihood and properties etc. According to a recent report 
by a New Jersey based non-profit organization ‘Climate Central’, during 2023 about 7.3 billion people all over 
the world were exposed to extreme temperatures caused by the direct effects of global warming [5]. In this section 
we present an overview and discuss the effects climate criticality on human lives. 

 During the last few years, the monsoon pattern in the Indian subcontinent changed drastically causing 
floods and landslides that affected about 12 million people in India, Nepal and Bangladesh. In the year 2023, the 
Indian state of Himachal Pradesh witnessed fury of floods and landslides which resulted in the loss of life of 
nearly 400 people and damage to the property worth billions of dollars. During the summer of 2023 China has 
seen unprecedented flooding due to abnormal rainfalls and typhoons which battered the country [6]. In 2022, 
floods in Pakistan devastated nearly one third of its entire area and adversely affected 33 million people. In 2020 
the United States of America experienced major wildfire event, severe drought and heatwave conditions, record 
number of tropical cyclones and tornados and devastating hailstorms [7]. Catastrophic Australian bushfires dur-
ing 2019-20 scorched an estimated 12.6 million hectares of forests and woodlands. According to ‘WWF Australia’ 
report, nearly 3 billion animals were affected in this disaster [8]. Of late there were reports that Greenland glaciers 
are now melting 5 times faster than 20 years ago due global warming [9].   

Climate change is well-known to have effects on human health and diseases. A large fraction of world’s popu-
lation resides in developing countries where health facilities are very poor and climate change may directly im-
pact these people. Among them children, pregnant women, older adults, and people with low incomes are highly 
vulnerable. Wu et. al. have published an interesting article in 2016 wherein they have shown that climate change 
makes a significant impact on human infectious diseases [10]. As we know some of the pathogens are carried by 
hosts or require intermediate hosts to complete their life cycle which has a direct bearing on its transmission. 
Suitable climate and weather conditions are necessary for their, survival, multiplication and finally transmission 
of the disease through distribution. Changes in climate and weather conditions are shown to have effects on 
infectious diseases by affecting the pathogens, hosts and their living environment [11]. Studies have shown that 
global warming tends to favour the geographic expansion of various infectious diseases. External weather events 
can help create the possibilities for more outbreaks of clustered diseases which might have geographic and sea-
sonal distributions different from the previous experiences [10]. The intensity of the disease outbreak can also 
vary due to the unstable climate conditions. This was also observed during the pandemic of covid-19. A more 
comprehensive study on these correlations and the ways to mitigate the expansion of infectious diseases due to 
climatic criticalities are expected to come to fore in near future.   
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 As we know agriculture depends heavily on climate and weather conditions. The effect of climate criticality 
on agriculture is an important area of research and studies because agriculture is the significant source of food 
for humanity. There can be local and regional variations in agricultural productivity due to extreme weather 
conditions such as increases in CO2 level in earth’s atmosphere and unpredictability of temperatures and rainfall 
[12]. Frequent occurrences of wildfires and heat wave conditions are also a potential threat to farmlands and 
crops. It has also been observed that rising temperature due to climate change has a profound effect on the life 
cycle and distribution of pests such as weeds, insects, and microbes [13]. In addition, warmer atmosphere and 
variation in rainfall patterns could alter the time of flowering of crops and the life cycle of natural pollinators like 
bees, butterflies etc. Any mismatch in the plant blooming and the flurry of pollinators could cause poor pollina-
tion and hence less yield. Climate change induced surge in abnormal rainfall conditions and massive floods can 
cause soil erosion and depletion of plant nutrients from the soil which will affect the plant growth adversely and 
hence loss of crops [14]. A combined effect of all these phenomena may cause a significant reduction in agricul-
tural yield which raises concerns on global food security, directly affecting the normal life of people [15]. 

Besides these adverse effects climate criticality is also influencing the ways the local communities live in dif-
ferent in parts of our planet. These are niche areas of climate criticality. For example, in the north Scandinavian 
region there is a community of indigenous people called Saami. Their culture and the way of living in communion 
with nature is more than 10000 years old [16]. They heavily rely on reindeer populations for their survival. Due 
to anthropogenic global warming the Saami inhabitation region called Lapland or Sapmi by Saami’s is also sig-
nificantly affected. It has been reported that average temperature rise in Lapland is about 2.3°C as against the 
1.2°C global average [17]. This has resulted in unpredictable snow conditions which in turn has affected their 
reindeer herding culture and hydrological processes significantly. This has forced many herders to force their 
livelihood models, for example, some have introduced modern technologies instead of conventional methods in 
their day-to-day activities and they have started providing additional food to reindeers to survive. The liveli-
hoods that was unique to Saami people is slowly getting lost. This has affected their physical and mental health 
[18]. The only way for the survival of Saami culture and other similar cultures in the world is to find ways to limit 
the climate criticality.  

3 Climate criticality and economic growth 
From the above stated nuances of climate criticality, it is clear that our existence, well-being and prosperity is 
intimately connected to the climate criticality. The factors such as environmental disasters, human health and 
agriculture have a direct bearing on the economic conditions of the countries all over the world. The economic 
health and growth are measured in terms of gross domestic product (GDP) of a country. Bhutan is the only ex-
ception which measures gross domestic happiness rather than GDP. Governments calculate their GDP on annual 
basis but they ignore the environmental debt while calculating GDP. This is unfair because the GDP growth is 
achieved by the conversion of natural resources into consumables without the consideration of sustainability. 
Natural resources are finite and their conversion means we are taking it as a debt from the environment meant 
not only for us but for our own future generations as well. It is therefore important to audit environmental debt 
while presenting the figures of GDP growth. So far, to the best of our knowledge we did not find any benchmarks 
for quantifying the environmental debt. We think that economists should figure out how to measure the environ-
mental debt and how to incorporate it in the calculation of GPD to get credible and fair figures. Can it be done 
by calculating the cost of raw materials extracted from the environment, the cost of managing natural calamities 
or disasters and the cost of managing diseases and health related issues caused by the professional hazards? 
Would it be appropriate to deduct all or some of these costs from the amount of the GDP for a particular year 
before calculating the percentage growth credibly? Fair and credible figures are crucial for determining the cor-
relations between climate criticality and the economic growth. This will provide true solutions to the problem of 
global warming.   

4. Conclusions 
In this paper we presented an overview of recent anthropogenic climate criticalities and environmental disasters 
faced by the humanity on our planet. Billions of people are affected adversely by severe to very severe floods, 
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multiple cars, opulent mansions, private jets, food wastage etc. for a luxurious style of living by the rich caused 
not only misuse of resources by a small fraction of the humanity but also contributed significantly to the carbon 
foot print of the world unevenly. We speculate that, even today the carbon foot print by the 80% of the world 
population of commoners might be only 20% and that by the 20% of rich population of the world might be 80%. 
Had we used the resources of mother Earth more responsibly and prudently, this situation would not have ar-
rived and perhaps the average increase in the surface temperature of Earth would have been much below the 
tipping point. In other words, the greed of riches is causing damage to the planet Earth that nature is now unable 
to reverse. 

Besides the riches of the world some of the governments and its politicians are also not behaving responsibly. 
For their own selfish gains and political ideologies, they do not mind overusing the resources of mother Earth 
even at the cost of destructions to the delicate ecological systems. Ideally, we should understand that mother 
Earth is actually one nation and we are its citizens. Therefore, it is our responsibility to live with love and care for 
Earth beyond the narrow objectives of national divisions. But this world is not an ideal world. Human is the 
enemy of human. Selfish motives of politicians and their governments perpetuates the policy of divide and rule. 
This is causing huge loss to our environment and therefore, now the tipping point of climate criticality might be 
inevitable.     

2. Effect of climate criticality on human lives: an overview 
The climate criticality is known to affect human lives in a myriad way. Climate change can induce environmental 
disasters such as floods, droughts, hurricanes and forest fires which directly affect the human population ad-
versely. Climate criticality can also bring about variations in infectious diseases, agriculture and its related ram-
ifications, changes in physical environment and its dietary and mental effects etc. The natural consequences of 
these climate criticality related issues are loss of life, livelihood and properties etc. According to a recent report 
by a New Jersey based non-profit organization ‘Climate Central’, during 2023 about 7.3 billion people all over 
the world were exposed to extreme temperatures caused by the direct effects of global warming [5]. In this section 
we present an overview and discuss the effects climate criticality on human lives. 

 During the last few years, the monsoon pattern in the Indian subcontinent changed drastically causing 
floods and landslides that affected about 12 million people in India, Nepal and Bangladesh. In the year 2023, the 
Indian state of Himachal Pradesh witnessed fury of floods and landslides which resulted in the loss of life of 
nearly 400 people and damage to the property worth billions of dollars. During the summer of 2023 China has 
seen unprecedented flooding due to abnormal rainfalls and typhoons which battered the country [6]. In 2022, 
floods in Pakistan devastated nearly one third of its entire area and adversely affected 33 million people. In 2020 
the United States of America experienced major wildfire event, severe drought and heatwave conditions, record 
number of tropical cyclones and tornados and devastating hailstorms [7]. Catastrophic Australian bushfires dur-
ing 2019-20 scorched an estimated 12.6 million hectares of forests and woodlands. According to ‘WWF Australia’ 
report, nearly 3 billion animals were affected in this disaster [8]. Of late there were reports that Greenland glaciers 
are now melting 5 times faster than 20 years ago due global warming [9].   

Climate change is well-known to have effects on human health and diseases. A large fraction of world’s popu-
lation resides in developing countries where health facilities are very poor and climate change may directly im-
pact these people. Among them children, pregnant women, older adults, and people with low incomes are highly 
vulnerable. Wu et. al. have published an interesting article in 2016 wherein they have shown that climate change 
makes a significant impact on human infectious diseases [10]. As we know some of the pathogens are carried by 
hosts or require intermediate hosts to complete their life cycle which has a direct bearing on its transmission. 
Suitable climate and weather conditions are necessary for their, survival, multiplication and finally transmission 
of the disease through distribution. Changes in climate and weather conditions are shown to have effects on 
infectious diseases by affecting the pathogens, hosts and their living environment [11]. Studies have shown that 
global warming tends to favour the geographic expansion of various infectious diseases. External weather events 
can help create the possibilities for more outbreaks of clustered diseases which might have geographic and sea-
sonal distributions different from the previous experiences [10]. The intensity of the disease outbreak can also 
vary due to the unstable climate conditions. This was also observed during the pandemic of covid-19. A more 
comprehensive study on these correlations and the ways to mitigate the expansion of infectious diseases due to 
climatic criticalities are expected to come to fore in near future.   
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forest fires, droughts, heatwaves, infectious diseases, loss of income and agriculture every year. What is the mean-
ing of future if we won’t have it due to our own mistakes? It is high time that we should stop damaging the health 
of air, water and land of Earth. We should convince the rich people to change their ways of living, and also 
convince politicians and governments to progress responsibly for the survival of humanity and shun their short-
term gains for selfish motives. We should motivate all citizens of our planet to live in communion with nature so 
that we fulfill our needs without greed. If the entire planet dooms due the mistake some, everyone will be doomed 
including the riches, the politicians and governments, the greedy and irresponsible. We know only one planet as 
of now where we have the chance to live and survive as a species. If our mistakes make the planet to cross the 
tipping point and enter into the course of irreversible destruction the chance of living and survival will be lost. 

Author Contributions: Both DAP and LMK conceived, contemplated and developed thoughts and prepared the manuscript. 
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forest fires, droughts, heatwaves, infectious diseases, loss of income and agriculture every year. What is the mean-
ing of future if we won’t have it due to our own mistakes? It is high time that we should stop damaging the health 
of air, water and land of Earth. We should convince the rich people to change their ways of living, and also 
convince politicians and governments to progress responsibly for the survival of humanity and shun their short-
term gains for selfish motives. We should motivate all citizens of our planet to live in communion with nature so 
that we fulfill our needs without greed. If the entire planet dooms due the mistake some, everyone will be doomed 
including the riches, the politicians and governments, the greedy and irresponsible. We know only one planet as 
of now where we have the chance to live and survive as a species. If our mistakes make the planet to cross the 
tipping point and enter into the course of irreversible destruction the chance of living and survival will be lost. 

Author Contributions: Both DAP and LMK conceived, contemplated and developed thoughts and prepared the manuscript. 

Acknowledgments: We thank Prof. Young Sik Pyun, Sun Moon University, Korea, for introducing us to the Hyojeong Aca-
demia and its noble objectives. 

Conflicts of Interest: The authors declare no conflict of interest in this paper.  

References 
1. World Bank Group Climate Change Knowledge Portal: What is Climate Change? https://climateknowledgepor-

tal.worldbank.org/overview (accessed on 18 October 2023). 
2. Energy Education: Natural vs anthropogenic climate change. https://energyeducation.ca/encyclopedia/Natural_vs_anthropo-

genic_climate_change (accessed on 18 October 2023). 
3. Wrigley, E.A. Energy and the English Industrial Revolution. Phil. Trans. R. Soc. A. 371, (20110568) 1-10 (2013). 
4. United Nations Climate Action: What Is Climate Change? https://www.un.org/en/climatechange/what-is-climate-change (ac-

cessed on 18 October 2023). 
5. Wong C. Earth just had its hottest year on record - climate change is to blame. Nature 623, 674-675 (2023). 
6. Center for Disaster Philanthropy: 2023 China Floods. https://disasterphilanthropy.org/disasters/2023-china-floods/ (accessed 

on 10 November 2023). 
7. National Oceanic and Atmospheric Administration: Record number of billion-dollar disasters struck U.S. in 2020. 

https://www.noaa.gov/stories/record-number-of-billion-dollar-disasters-struck-us-in-2020 (accessed on 22 November 2023). 
8. WWF Australia: In-Depth: Australian Bushfires. https://wwf.org.au/what-we-do/australian-bushfires/in-depth-australian-

bushfires/ (accessed on 22 November 2023). 
9. UCAR Center for Science Education: Greenland's Ice is Melting. https://scied.ucar.edu/learning-zone/climate-change-im-

pacts/greenlands-ice-melting (accessed on 14 December 2023). 
10. Wu, X., Lu, Y., Zhou, S., Chen, L. and Xu, B. Impact of climate change on human infectious diseases: Empirical evidence and 

human adaptation. Environ. Int. 86, 14 -26 (2016).  
11. Epstein, P.R. Climate change and emerging infectious diseases. Microbes Infect. 3, 747-754 (2001). 
12. Mall, R.K., Gupta, A. and Sonkar, G. Effect of Climate Change on Agricultural Crops. In Current Developments in Biotechnology 

and Bioengineering: Crop Modification, Nutrition, and Food Production (Elsevier, 2017). 
13. United States Environmental Protection Agency: Climate Change Impacts on Agriculture and Food Supply. 

https://www.epa.gov/climateimpacts/climate-change-impacts-agriculture-and-food-supply (accessed on 23 December 2023). 
14. Ziska, L. et al. Food safety, nutrition, and distribution. In The impacts of climate change on human health in the United States: A 

scientific assessment. (U.S. Global Change Research Program, 2016).  
15. Chakraborty, S. and Newton, A. C. Climate change, plant diseases and food security: an overview. Plant Pathol., 60, 2-14 (2011).  
16. The University of Texas at Austin: The Early Period of Sámi History, from the Beginnings to the 16th Century. 

https://www.laits.utexas.edu/sami/dieda/hist/early.htm (accessed on 5 January 2024).  
17. National Oceanic and Atmospheric Administration: Human-caused climate change fuels warmer, wetter, stormier Arctic. 

https://www.noaa.gov/news-release/human-caused-climate-change-fuels-warmer-wetter-stormier-arctic (accessed on 5 Jan-
uary 2024). 

18. Jaakkola, J.J.K., Juntunen, S. and Näkkäläjärv, K. The Holistic Effects of Climate Change on the Culture, Well-Being, and 
Health of the Saami, the Only Indigenous People in the European Union. Curr. Environ. Health Rep. 5, 401-417 (2018).      

 



29

 
 

  

 
3rd ICHJA 2024 https://www.ichja.org 

3rd International Conference of Hyojeong Academy 
2023 

Insight into the therapeutic potential of Antarctic mosses: A 
metabolic profiling approach 

Kristina Lama1, Ryoichi Yamada1, Hirotake Yamaguchi1 and Tae-Jin Oh 1,2* 

1Department of Life Science and Biochemical Engineering, Sun Moon University, Asan 31460, Korea  
2Genome-based BioIT Convergence Institute, Sun Moon University 
*Correspondence: tjoh3782@sunmoon.ac.kr 

Abstract:  Over the course of history, plant materials have been utilized for healing various ailments. The knowledge derived 
from traditional medicine has proven invaluable, serving as a foundational resource for drug discovery and design. However, 
the journey from screening natural products to the development of drugs is a prolonged and demanding process. Fortunately, 
with the emergence of sophisticated analytical techniques and the establishment of global databases containing information 
on thousands of natural products, the screening and discovery of bioactive compounds from complex sample mixtures have 
become more time-efficient and less labor-intensive. In particular, the non-targeted metabolomics approach proves advanta-
geous, offering a comprehensive analysis of a wide range of compounds, aiding in the detection of both known and unknown 
substances. This approach is especially beneficial for gaining a thorough understanding of the pattern of metabolites found 
in Arctic and Antarctic vegetation, among the least explored areas on Earth. Here, we employed a non-targeted metabolic 
profiling approach to analyze the chemical components in Antarctic mosses. While many of the compounds could not be 
predicted, some were identified as therapeutic agents, with a few exhibiting pharmacological properties such as anticancer, 
anti-inflammatory, antilipemic, anti-diabetic, anti-adepogenic, and neuroprotective effects. Notably, we predicted that one 
moss sample produced Desulfiram, an FDA-approved drug for the treatment of alcohol dependency, and methyl palmitate, 
well-known for its anti-inflammatory potency, could be detected in many of the samples. Furthermore, we experimentally 
verified the therapeutic potential of Antarctic moss extracts by conducting a cyclooxygenase-2 (COX-2) inhibition assay, as-
sessing their potent anti-inflammatory activity. Indeed, two of the moss samples exhibited significant COX-2 inhibitory po-
tency. Hence, our findings emphasize the advantage of metabolic profiling in providing insight into the potential of Antarctic 
moss as a valuable natural resource for the discovery and development of potent therapeutics. Additional research is due in 
order to identify and define the particular bioactive compounds accountable for the observed effects. 

Keywords:  Antarctic mosses, non-targeted metabolomics, metabolites, pharmacological properties, COX-2 inhibition. 
 

1. Introduction 
Indigenous knowledge, traditional medicine, and ethnopharmacology have forged a rich foundation for the dis-
covery of therapeutic agents [1]. The wealth of information embedded in the wisdom of diverse cultures and 
centuries-old practices, often rooted in the use of local flora for medicinal purposes, has set the stage for unlocking 
the latent potential of nature’s pharmacy [2,3]. Even though use of natural products (NPs) for medicinal purposes 
dates to 2600 BC [4], till now the chemical space of yet to be discovered NPs still outweighs the known [5,6]. This 
setback could be due to high cost, time consuming and labor-intensive applied methods [7]. However, recent 
advancements in computing and information processing keep us hopeful as we can systematically explore un-
charted territories for potential drug candidates by harnessing the power of high-throughput screening processes 
[8]. The rapid analysis of vast datasets across available databases of natural products will expedite the identifica-
tion of promising compounds from untapped resources [9]. 

Metabolomics refers to the comprehensive measurement of all metabolites and low-molecular-weight mole-
cules in a biological specimen. And metabolic profiling is the systematic analysis, identification, and quantifica-
tion of metabolites within a specific biological system [10]. Both processes are valuable for understanding the 
complex metabolic processes and their respective metabolites. Based on the approach two types of metabolomics 
can be applied, targeted and non-targeted. As the name suggests, non-targeted metabolomics encompasses the 
global measurement of all metabolites in a sample, including both known and unknown targets [11]. Utilizing 
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2.4. Raw data processing and molecular network building 
Futher analysis of the raw data was performed as described previously [15,16] with some modifications. Briefly, 
the raw files were convert into a suitable “mzML” format. For molecular network building, Global Natural 
Product Social (GNPS) (https://gnps.ucsd.edu/ProteoSAFe/static/gnps-splash.jsp) molecular networking 
platform was utilized. The coverted files were uploaded into the GNPS site through WinSCP software. Another 
platform, SNAP-MS (www.npatlas.org/discover/snapms), processed the network generated from GNPS, 
annotating the subnetworks. The resulted files were downloaded as a graphML network file and visualized in 
Cytoscape (http://cytoscape.org/). 

2.5. COX-2 inhibition asssay 
In-vitro COX-2 inhibition assay was carried out using COX (ovine/human) Inhibitor Screening Assay kit from 
Cayman Chemical following the instruction in the manual provided. The tested concentrations were 50 and 500 
µg/mL. Postive control contained only DMSO. For negative control, the enzyme was subjected to thermal 
denaturation. Data were reperesented as the percentage of control. 

2.6. Statistical analysis 
Experiments were performed in triplicate and the results were expressed in terms of mean ± standard deviation. 

3. Results 

3.1. Preliminary analysis of metabolites 
Reversed phase HPLC of the crude extracts of Antarctic mosses showed multiple peaks in the chromatogram 
indicating the presence of diverse range of compounds with varying polarity. Figure 1 shows chromatogram of 
MS-10 and MS-13 acetone and methanol extracts with solvent blank as methanol. Indicated by red arrows, distinct 
peaks may be unique components of the extracts. 

 

Figure 1. HPLC chromatogram of methanol and acetone extracts of MS-10 and MS-13 samples with distinct peaks indicated 
by red arrows. 

3.2. Untargeted metabolic profiling 
3.2.1. LC-MS/MS analysis 
For a more comprehensive exploration of the metabolic profiles of the crude extracts, LC-MS/MS was performed. 
Database searching of the obtained MS/MS data aided in compound annotation. Indeed, some of the predicted 
compounds were known for their therapeutic properties, whereas few were FDA approved drugs. For example, 
Disulfiram and Meglutol were among the predicted compounds that are prescribed for treatment of alcohol ad-
diction and as an antilipemic agent respectively. Table 1 lists the annotated compounds predicted with their bio-
activity. 
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analytical techniques such as mass spectrometry, non-targeted metabolic profiling offers high-throughput screen-
ing of compounds [12]. 

Integrating metabolomics for the exploration of Antarctic mosses emerges as a captivating frontier in drug 
discovery. These resilient organisms, thriving in one of the harshest environments on Earth, hold the promise of 
unique bioactive compounds [13]. By applying a metabolic profiling approach, we can delve into the intricate 
biochemical pathways of Antarctic mosses, unraveling their therapeutic potential. The vast natural product da-
tabase, cultivated through the amalgamation of traditional knowledge and computational screening, serves as a 
reservoir of information to guide this exploration. 

Therefore, this study carried out the exploration of the less studied resource Antarctic mosses leveraging ana-
lytical techniques, computational tools and database searching (metabolic profiling) to unravel their therapeutic 
potential. Furthermore, experimental evaluation was performed where the moss extracts were assessed for their 
bioactivity using COX-2, an enzyme involved in inflammatory response in the body [14]. 

2. Materials and Methods 

2.1. Chemicals 
Solvents used for extraction such as methanol and acetone were purchased from Daejung Reagents Chemicals 
(>99.8%) and Samchun Pure Chemicals (99.7%) respectively. HPLC grade solvents were used for Ultra-High 
Performance Liqiuid Chromatography (UHPLC) bought from Fisher Scientific, Korea. A COX ovine/human 
Inhibitor Screening Assay Kit 560131 (Cayman Chemical, Ann Arbor, MI, USA) was used. 

2.2. Moss sample processing and extraction 
Moss samples were obtained from the Polar Natural Product Chemistry Laboratory of the Korea Polar Research 
Institute. Processing involved grounding of the dried samples in a mortar, weighing about 3 g of the powdered 
sample and distribution into each flasks. The flasks were filled with (200 mL) acetone and extracted at dark and 
room temperature condition for 24 h with constant stirring. The mixture was filtered, and the filtrate extracts 
dried under reduced pressure. The process was repeated thrice and after the third extraction, the solvent was 
replaced by methanol and the process continued as before. In this way, acetone and methanol extracts for each 
moss samples were obtained. The dried crude extracts were dissolved in HPLC grade methanol for futher 
analysis. 

2.3. Metabolic profiling 
2.3.1.UHPLC analysis 
Preliminary analysis of metabolites was conducted on a Shimadzu Nexera UHPLC system equipped with a Shim-
pack GIS C18 column (4.6 X 250 mm, particle size 5 µm HSS) connected to a Photo Diode Array (PDA) Detector. 
The mobile phase consisted of two solvent system, solvent A consituting of water and solvent B, acetonitrile. The 
elution method followed a gradient flow starting off at 5% solvent B reaching 100% at 28 min. The flow rate was 
maintained at 1.0 mL/min. 
2.3.2. LC-MS/MS analysis 
A Thermo Scientific UHPLC, Ultimate 3000 RSLC System coupled to a Q-Exactive Plus Orbitrap mass 
spectrometer was used for untargeted LC-MS/MS. Chromatographic separation in the LC system carried out 
using Acquity UPLC BEH C18 column (2.1 X 100 mm, 1.7 µm) with two solvents water (C) and acetonitrile (D), 
both acidified with 0.1% formic acid. The gradient elution method was as follows: 5% D (2 min), 5-100% D (2-
9min), 100% D (9-13min), 100-5% D (13-13.1 min), 5% D (13-16min). the column temperature was maintained at 
50°C, injection volume of 5 µL and flow rate of 0.4 mL/min. Mass spectra were recorded in full MS-ddMS2 
positive mode at the range of 80-1000 m/z. The operation parameters were as follows: collision-induced 
dissociation energy: 30 V, resolution: 70,000 for full MS and 17500 for ddMS2, ion spray voltage: 3.5 kV, capillary 
temperature: 370°C. The Raw MS data files were searched against databases such as High-Resolution Accurate 
Mass (HRAM), MassList, ChemSpider, etc. and matched spectrums annotated. 
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analytical techniques such as mass spectrometry, non-targeted metabolic profiling offers high-throughput screen-
ing of compounds [12]. 

Integrating metabolomics for the exploration of Antarctic mosses emerges as a captivating frontier in drug 
discovery. These resilient organisms, thriving in one of the harshest environments on Earth, hold the promise of 
unique bioactive compounds [13]. By applying a metabolic profiling approach, we can delve into the intricate 
biochemical pathways of Antarctic mosses, unraveling their therapeutic potential. The vast natural product da-
tabase, cultivated through the amalgamation of traditional knowledge and computational screening, serves as a 
reservoir of information to guide this exploration. 

Therefore, this study carried out the exploration of the less studied resource Antarctic mosses leveraging ana-
lytical techniques, computational tools and database searching (metabolic profiling) to unravel their therapeutic 
potential. Furthermore, experimental evaluation was performed where the moss extracts were assessed for their 
bioactivity using COX-2, an enzyme involved in inflammatory response in the body [14]. 

2. Materials and Methods 

2.1. Chemicals 
Solvents used for extraction such as methanol and acetone were purchased from Daejung Reagents Chemicals 
(>99.8%) and Samchun Pure Chemicals (99.7%) respectively. HPLC grade solvents were used for Ultra-High 
Performance Liqiuid Chromatography (UHPLC) bought from Fisher Scientific, Korea. A COX ovine/human 
Inhibitor Screening Assay Kit 560131 (Cayman Chemical, Ann Arbor, MI, USA) was used. 

2.2. Moss sample processing and extraction 
Moss samples were obtained from the Polar Natural Product Chemistry Laboratory of the Korea Polar Research 
Institute. Processing involved grounding of the dried samples in a mortar, weighing about 3 g of the powdered 
sample and distribution into each flasks. The flasks were filled with (200 mL) acetone and extracted at dark and 
room temperature condition for 24 h with constant stirring. The mixture was filtered, and the filtrate extracts 
dried under reduced pressure. The process was repeated thrice and after the third extraction, the solvent was 
replaced by methanol and the process continued as before. In this way, acetone and methanol extracts for each 
moss samples were obtained. The dried crude extracts were dissolved in HPLC grade methanol for futher 
analysis. 

2.3. Metabolic profiling 
2.3.1.UHPLC analysis 
Preliminary analysis of metabolites was conducted on a Shimadzu Nexera UHPLC system equipped with a Shim-
pack GIS C18 column (4.6 X 250 mm, particle size 5 µm HSS) connected to a Photo Diode Array (PDA) Detector. 
The mobile phase consisted of two solvent system, solvent A consituting of water and solvent B, acetonitrile. The 
elution method followed a gradient flow starting off at 5% solvent B reaching 100% at 28 min. The flow rate was 
maintained at 1.0 mL/min. 
2.3.2. LC-MS/MS analysis 
A Thermo Scientific UHPLC, Ultimate 3000 RSLC System coupled to a Q-Exactive Plus Orbitrap mass 
spectrometer was used for untargeted LC-MS/MS. Chromatographic separation in the LC system carried out 
using Acquity UPLC BEH C18 column (2.1 X 100 mm, 1.7 µm) with two solvents water (C) and acetonitrile (D), 
both acidified with 0.1% formic acid. The gradient elution method was as follows: 5% D (2 min), 5-100% D (2-
9min), 100% D (9-13min), 100-5% D (13-13.1 min), 5% D (13-16min). the column temperature was maintained at 
50°C, injection volume of 5 µL and flow rate of 0.4 mL/min. Mass spectra were recorded in full MS-ddMS2 
positive mode at the range of 80-1000 m/z. The operation parameters were as follows: collision-induced 
dissociation energy: 30 V, resolution: 70,000 for full MS and 17500 for ddMS2, ion spray voltage: 3.5 kV, capillary 
temperature: 370°C. The Raw MS data files were searched against databases such as High-Resolution Accurate 
Mass (HRAM), MassList, ChemSpider, etc. and matched spectrums annotated. 
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3.3. COX-2 inhibition activity 
COX-2 activity for each sample treatment was expressed as percentage value with respect to the 100% activity 
control (Figure 3). COX-2 activity was lowest for MS-13 acetone and MS-10 methanol extracts suggesting presence 
of COX-2 inhibitors. 

 

Figure 3. Inhibitory effect of acetone and methanol extracts of different moss samples on COX-2 enzyme activity. 

4. Discussion 
The growing demand for potent therapeutics due to various health challenges highlights the importance of ex-
ploring the least investigated sources like Antarctic mosses. Leveraging the compound databases built on exten-
sive research, knowledge of traditional medicine, and computational tools, it is now much faster and compara-
tively easier to unravel the chemical space that these resources cover aiding in drug discovery and development 
[8,23]. This study only covers the preliminary method of screening for bioactive compounds. As seen from the 
findings in this study, Antarctic mosses hold promising potential to uncover natural treatments for various dis-
ease. However, more advanced techniques are required for discovery. Further works will include isolation and 
deriving structure-activity relationship (SAR) of specific bioactive compounds to elaborate our understanding 
of mechanism of bioactivity. 

5. Conclusions 
Traditional knowledge and advancements are the two sides of a coin. This study delves into the significance of 
Antarctic mosses (the unknown), the methodology of metabolic profiling (the knowledge and advancement), and 
the potential implications of the findings in the field of medicine (the acknowledged). Finally, it is important to 
remember that nature has interconnected various species by endowing mutual benefits, enabling them to address 
each other’s challenges; thus, uncovering therapeutic significance and preservation of these vital ecosystems from 
extinction amid the changing environment ought to go hand in hand towards maintaining a sustainable environ-
ment. 
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Table 1. List of some compounds present in Antarctic mosses crude extracts and their features identified using LC-MS/MS 
analysis including their therapeutic properties (reference studies) 

S. N Compound name RT (min) Molecular formula Exact mass Therapeutic potential 
1 Choline alfoscerate 0.669 C8H20NO6P 257.1023 neuroprotective agent [17,18] 

2 Disulfiram 0.624 C10H20N2S4 296.0501 
treatment of alcohol use     

disorder [19] 

3 D-raffinose 0.594 C18H32O16 504.1683 
anti-adipogenesis, anti-diabetic 

[20] 

4 Meglutol 0.604 C6H10O5 162.0526 
HMG-CoA inhibitor,        
antilipemic agent [21] 

5 methyl palmitate 9.781 C17H34O2 287.2818 
anti-inflammatory, anti-fibrotic 

effect [22] 
      

 
3.2.2. Molecular networking analysis 
Molecular networking is used to analyze unknown compounds by grouping compounds based on their fragmen-
tation spectra similarity. Figure 2 represents the molecular network profile of the moss extracts. Distinct clusters 
of compounds were observed possibly representing either different classes or family of compounds which re-
quires further explored. 

  
(a) (b) 

Figure 2. Molecular networking of Antarctic mosses based on LC-MS/MS. (a) Clusters of networks representing compounds 
with similar fragmentation spectra; cluster highlighted in yellow; (b) indicating predicted compounds sharing similar struc-
tures. 
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Abstract:  Industries are increasingly turning to green chemistry, with laccase enzymes garnering attention due to their abil-
ity to use oxygen to produce water as a by-product while catalyzing a wide range of reactions. Bacterial laccases, though less 
explored, offer stability at high temperatures and pH levels. However, they require mediator systems to handle complex 
molecules. Structure-based virtual screening aids in identifying suitable mediators, potentially reducing costs, and accelerat-
ing discovery. These techniques rely solely on the target protein three-dimensional structure and do not require knowledge 
of the unique bioactivity of the protein. As a result, structure-based approaches are theoretically more adaptive to unknown 
protein and ligand compounds than ligand-based approaches. Here, we predicted that natural mediators like coumaric acid 
show promise comparable to artificial ones, such as N-hydroxythalimide, in computational assessments, suggesting virtual 
screening’s potential in mediator discovery. 

Keywords:  Laccase, Natural mediators, Artificial mediators, Affinity score. 
 

1. Introduction 
Laccases represent a group of multi-copper oxidases responsible for facilitating the oxidation of various sub-
strates, notably phenolic derivatives [1]. These enzymes catalyze reactions wherein the substrate undergoes 
mono-electronic oxidation, resulting in the formation of the corresponding radical species. Simultaneously, mo-
lecular oxygen is reduced to water during these catalytic processes [2]. In many instances, laccases face challenges 
in directly oxidizing the target substrate, either due to the substrates’ inaccessibility to the enzyme or its high 
redox potential (>1.5 V) [3]. To address these issues, a mediator, typically a low molecular weight compound, can 
be employed [4]. Laccase-mediator systems have the capability to oxidize a diverse array of substrates, and this 
ability has been utilized in various applications, including the degradation of dyes[5], transformation of halogen-
ated pesticides [6], oxidation of polycyclic aromatic hydrocarbons [7], and the degradation of endocrine-disrupt-
ing chemicals [8] and lignin [9]. Various synthetic compounds, including ABTS, TEMP, VIOL, and HBT, have 
been employed as laccase mediators in these biocatalytic processes. Nevertheless, the utility of these compounds 
is significantly restricted due to their high cost, the toxicity of certain by-products, and the need for a large medi-
ator/substrate molar ratio [10]. Indeed, many of the tested mediators have proven to be ineffective as they un-
dergo complete oxidation and are exhausted from the cycle [11]. Consequently, these synthetic mediators have 
been used in molar ratios as high as 40 to 1 [12]. There is a suggestion that natural mediators could offer a more 
efficient, cost-effective, and environmentally friendly alternative. 

The current exploration of mediators faces two fundamental challenges. Firstly, understanding how a molecule 
engages with its target, typically a protein like laccase, is essential [13]. Secondly, it’s crucial to determine how 
the same molecule can effectively interact with laccase, considering that the enzyme’s site of action is involved. 
Despite the extensive use of computational chemistry in biological and medical studies, there is a notable scarcity 
of such investigations in laccase-mediator systems. This scarcity can be attributed to limitations associated with 
computational chemistry studies in this context, primarily linked to the heterogeneity of available experimental 
data. Existing literature reveals variations in reaction conditions, including the mediator/substrate molar ratio, 
nature of the substrate, and the reaction time. Therefore, this research conducted a computational chemistry in-
vestigation of laccase mediator systems to accurately define binding sites and examine how the structures of these 
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Abstract:  Industries are increasingly turning to green chemistry, with laccase enzymes garnering attention due to their abil-
ity to use oxygen to produce water as a by-product while catalyzing a wide range of reactions. Bacterial laccases, though less 
explored, offer stability at high temperatures and pH levels. However, they require mediator systems to handle complex 
molecules. Structure-based virtual screening aids in identifying suitable mediators, potentially reducing costs, and accelerat-
ing discovery. These techniques rely solely on the target protein three-dimensional structure and do not require knowledge 
of the unique bioactivity of the protein. As a result, structure-based approaches are theoretically more adaptive to unknown 
protein and ligand compounds than ligand-based approaches. Here, we predicted that natural mediators like coumaric acid 
show promise comparable to artificial ones, such as N-hydroxythalimide, in computational assessments, suggesting virtual 
screening’s potential in mediator discovery. 

Keywords:  Laccase, Natural mediators, Artificial mediators, Affinity score. 
 

1. Introduction 
Laccases represent a group of multi-copper oxidases responsible for facilitating the oxidation of various sub-
strates, notably phenolic derivatives [1]. These enzymes catalyze reactions wherein the substrate undergoes 
mono-electronic oxidation, resulting in the formation of the corresponding radical species. Simultaneously, mo-
lecular oxygen is reduced to water during these catalytic processes [2]. In many instances, laccases face challenges 
in directly oxidizing the target substrate, either due to the substrates’ inaccessibility to the enzyme or its high 
redox potential (>1.5 V) [3]. To address these issues, a mediator, typically a low molecular weight compound, can 
be employed [4]. Laccase-mediator systems have the capability to oxidize a diverse array of substrates, and this 
ability has been utilized in various applications, including the degradation of dyes[5], transformation of halogen-
ated pesticides [6], oxidation of polycyclic aromatic hydrocarbons [7], and the degradation of endocrine-disrupt-
ing chemicals [8] and lignin [9]. Various synthetic compounds, including ABTS, TEMP, VIOL, and HBT, have 
been employed as laccase mediators in these biocatalytic processes. Nevertheless, the utility of these compounds 
is significantly restricted due to their high cost, the toxicity of certain by-products, and the need for a large medi-
ator/substrate molar ratio [10]. Indeed, many of the tested mediators have proven to be ineffective as they un-
dergo complete oxidation and are exhausted from the cycle [11]. Consequently, these synthetic mediators have 
been used in molar ratios as high as 40 to 1 [12]. There is a suggestion that natural mediators could offer a more 
efficient, cost-effective, and environmentally friendly alternative. 

The current exploration of mediators faces two fundamental challenges. Firstly, understanding how a molecule 
engages with its target, typically a protein like laccase, is essential [13]. Secondly, it’s crucial to determine how 
the same molecule can effectively interact with laccase, considering that the enzyme’s site of action is involved. 
Despite the extensive use of computational chemistry in biological and medical studies, there is a notable scarcity 
of such investigations in laccase-mediator systems. This scarcity can be attributed to limitations associated with 
computational chemistry studies in this context, primarily linked to the heterogeneity of available experimental 
data. Existing literature reveals variations in reaction conditions, including the mediator/substrate molar ratio, 
nature of the substrate, and the reaction time. Therefore, this research conducted a computational chemistry in-
vestigation of laccase mediator systems to accurately define binding sites and examine how the structures of these 
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Note: ABTS; 2,2’-azino-bis(3-ethylbenzothaiazoline-6-sulfonic acid), HOBt; 1-hydroybenzotriazole, NHPI; N-hydrox-
ypthalimide, VA; Violuric acid, NHAN; N-hydroxyacetanilide, TEMPO; 2,2,6,6-Tetramethylpiperidine-1-yl, HBA; 4-
hydoxybenzoic acid, AS; Acetosyringone, SA; Syringaldehyde, V; Vanillin, AV; Acetovanillone; S, Sinapic acid, FA; Ferulic 
aid, CA; Caumaric acid 

3.2. Comparison of Natural and Artificial mediators based on binding affinity values  
In comparison between artificical and natural mediators that binds to the predicted laccase, only two of the 
natural mediaotra i.e. Caumaric acid and ferulic acid concides with almost same binding score with N-
hydroxybenzotriazole (-6.5 kcal/mol) and N-hydroxyacetanilide (-6.3 kcal/mol) (Fig. 2). While others are not 
observed in comparison level value of binding energy. Similarly the best dock complexed were observed for 
interaction posed with the predicted structure (Fig. 3). The best artificial mediator dock complexed showed the 
conventional hydrogen bond interaction with valine and threonine residues. Whereas in case of natural mediator, 
it showed conventional hydrogen bond interaction with two asparagine residues. 

 

 
Figure 2. Binding affinity values (kcal/mol) of most comparable artificial and natural mediator  
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binding sites can be effectively as targets in virtual screening. 

2. Materials and Methods 

2.1. Data sources  
A CotA laccase amino acid sequence of the strain Bacillus sp.  NP157 was obtained from the National Center for 
Biotechnology Information (NCBI) genome database (https:www.ncbi.nlm.nih.gov/). The list of natural and 
chemical mediators was downloaded from PubChem compound database [14]. 
 

2.2. Virtual screening of mediators’ molecules  
The 3D structure prediction of laccase was based on a homology modelling method using UCSF ChimeraX [15]. 
Furthermore, using AutoDock Tool version 4.1, the ligands and receptor protein were prepared. The processed 
receptor and ligand structures were docked blindly. Based on the lease energy complex (enzyme and ligand) 
formation, the best docked complex was selected and was visualized with Biovia Discovery Studio 2021 client 
21.1 (BIOVIA, San Diego, CA, USA). 
Figure 1. the workflow of virtual screening for mediators.  

 

3. Results 

3.1. Enzyme structure prediction and docking with mediator molecules. 
Within this software, AlphaFold structure prediction can produce starting protein models, but not as accurate as 
from experiment. The 3D structure of CotA laccase was predicted based on the highest sequence coverage and 
local distance difference test (pLDDT) score (data not shown). In total of 14 mediators (6 artificial and 8 natural ), 
the artificial mediotors showed higher binding scores with hgihest value of -7.4 with ABTS and lowest of -6.3 
with NAHAN at blind docking approaches. Similarly, with natural mediator the highest binding score is -6.4 
with caumari acid and least value is -5.3 with both Vamillin and Acetovanillinone. The binding energy profile of 
mediator and laccase are depicted in Table 1.  

Table 1. Theoretical Binding affinities of mediators 
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binding sites can be effectively as targets in virtual screening. 

2. Materials and Methods 

2.1. Data sources  
A CotA laccase amino acid sequence of the strain Bacillus sp.  NP157 was obtained from the National Center for 
Biotechnology Information (NCBI) genome database (https:www.ncbi.nlm.nih.gov/). The list of natural and 
chemical mediators was downloaded from PubChem compound database [14]. 
 

2.2. Virtual screening of mediators’ molecules  
The 3D structure prediction of laccase was based on a homology modelling method using UCSF ChimeraX [15]. 
Furthermore, using AutoDock Tool version 4.1, the ligands and receptor protein were prepared. The processed 
receptor and ligand structures were docked blindly. Based on the lease energy complex (enzyme and ligand) 
formation, the best docked complex was selected and was visualized with Biovia Discovery Studio 2021 client 
21.1 (BIOVIA, San Diego, CA, USA). 
Figure 1. the workflow of virtual screening for mediators.  
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ports various stages of atomic model construction, including starting model generation, fitting, refinement, vali-
dation, and visualization [15]. Although AlphaFold structure prediction in ChimeraX provides initial protein 
models, their accuracy is not as high as experimental models [21]. These predictions, however, offer a close se-
quences match with high confidence, suitable as templates for conventional homology modelling [22]. Autodock 
Vina, frequently used as a reference for docking programs and scoring functions, was employed in our studies 
[23]. Docking experiments involving mediator-enzyme interactions indicate that artificial mediator molecules 
closely approach the predicted laccase compared to the natural mediators. Docking possess also suggest proxim-
ity to the type T1 catalytic sites, as observed in the laccase-ABTS complex (Fig. 3A and 3B). Additionally, based 
on the binding affinity comparisons, natural mediators like ferulic acid and coumaric caid approach the predicted 
laccase similarly to artificial mediators like N-hydroxyacetanilie and N-Hydroxypthalimide. Moreover, media-
tors exhibit stability in their oxidized and reduced forms, allowing for multiple cycles without degradation, which 
contributes to their economic and eco-friendly nature, especially when utilizing natural mediators’ molecules.  

5. Conclusions 
In conclusion, this study argued that it is desirable to use some natural mediators such as Coumaric acid and 
ferulic acid for laccase oxidation reduction reaction in place of artificial mediators. This kind of prediction ap-
proach could reduce the screening of many mediators for experimental validation which ultimately reduces the 
cost. It may be worth more if the docking could be done in target-specific scoring functions for receptors and 
binding affinities. 
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Figure 3. Laccase docked with artificial and natural mediators with interaction pose: A) the docking complexed of laccase 
with ABTS; B) the interaction poses with did different resides of predicted laccase; C) and D) the docking and interaction 
posed of laccase with ferulic acid. 

4. Discussion 
Following Yoshida’s discovery of laccase in Japanese lacquer, its vast potential and the onset of a green revolution 
were unforeseen [16]. Today, it’s widely recognized among laccase researchers that natural and/or engineered 
laccases are central to the revolution. This current challenge lies in producing these enzymes in large quantities 
and tailoring their biotechnological properties through laboratory evolution combined with rational and semi-
rational approaches. Laccase catalyzes two types of reactions: direct oxidation and indirect oxidation. Direct ox-
idation involves substrate oxidation to the corresponding radical due to direct interaction with the copper cluster 
[17]. However, in some cases, direct oxidation isn’t possible as laccase can only oxidize compounds with an ion-
ization potential below the redox potential of the T1 copper ion [18]. Nevertheless, this limitation can be circum-
vented using a mediator, a two-step process where the enzyme first oxidizes the mediator which then oxidizes 
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Virtual screening methods are categorized into structure-based virtual screening (SBVS) and ligand-based virtual 
screening (LBVS). SBVS, which involves docking, requires a 3D structure of the protein target [19], while LBVS 
techniques utilize libraries of known ligands [20]. Among SBVS techniques, we utilized ChimeraX, which sup-
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dation, and visualization [15]. Although AlphaFold structure prediction in ChimeraX provides initial protein 
models, their accuracy is not as high as experimental models [21]. These predictions, however, offer a close se-
quences match with high confidence, suitable as templates for conventional homology modelling [22]. Autodock 
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tors exhibit stability in their oxidized and reduced forms, allowing for multiple cycles without degradation, which 
contributes to their economic and eco-friendly nature, especially when utilizing natural mediators’ molecules.  

5. Conclusions 
In conclusion, this study argued that it is desirable to use some natural mediators such as Coumaric acid and 
ferulic acid for laccase oxidation reduction reaction in place of artificial mediators. This kind of prediction ap-
proach could reduce the screening of many mediators for experimental validation which ultimately reduces the 
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1. Introduction 
The Cytochrome P450 enzymes (CYPs) have existed in all kingdoms of life, including humans, plants, and bac-
teria. These are heme-binding proteins belonging to monooxygenase, and catalyze an oxidation-reduction reac-
tion with drugs, steroids, xenobiotics, and endogenous compounds. Because CYPs metabolize compounds exten-
sively, their activity plays an important role in the biosynthesis of organisms [1]. The heme group of the CYP 
contains iron ions and exhibits specific activity by receiving electrons from an electron transfer system. 

Bacterial CYPs are usually labeled with a three-digit number and show different properties for each family. 
Among them, steroid hydroxylase enzymes rarely found in bacteria belong to the CYP 106A family, CYP109 
family, and CYP 110 family, etc. In particular, the CYP106A family has been studied for CYP106A1 from Bacillus 
megaterium [2], CYP106A2 from B. megaterium [3], BaCYP106A2 from B. sp. [4], and BaCYP106A6 from B. sp. 
[5], and their steroid hydroxylation activities and protein structures have been identified. 

Natural steroids are produced in the adrenal cortex and act primarily as hormones in body metabolism. Steroid 
hormones include corticosteroids, which have excellent anti-inflammatory effects, and sex hormones that affect 
sexual maturation. Among them, corticosteroids are compounds with strong anti-inflammatory activity, and rep-
resentative examples include corticosterone and cortisol. In addition, corticosteroid derivatives such as dexame-
thasone and prednisolone are used for various pharmacological purposes [6]. 

To analyze reaction types and predict functional preferences, protein sequence similarity must be considered, 
and the tertiary structure of enzymes helps scientists to understand this. The active site in the enzyme structure 
shows how to bind between enzyme and ligand, which is why meaningful to know the protein structure [7]. 
Additionally, the conserved regions, such as ligand binding motifs, are a key part of functional family classifica-
tion because they have been inherited from ancestors. 

In this study, the new CYP106A family members CYP106A4 and CYP106A5 from Paenibacillus sp. were in-
cluded, their sequence similarity and steroid activity were compared, and structural differences in their active 
sites were identified. In conclusion, by performing homology modeling on CYPs without structures and compar-
ing the active site with CYPs whose structures have been determined, exploring key residues can provide insight 
into protein engineering research. 

2. Materials and Methods 
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Figure 2. Spectroscopic and HPLC analysis results to confirm CYP characteristics. (A) Spectroscopic analysis results using 
UV-vis.; (B) HPLC analysis results obtained by in vitro reaction for 2 hours with cortisol as a substrate for CYP106A4 and 
CYP106A6. 

3.3. Homology modeling and active site residue comparison 
CYP106A4 and CYP106A5 are structures obtained through homology modeling, and the active site residues were 
compared with a model whose structure was already determined. Notably, CYP106A2 had steroid catalytic ac-
tivity, whereas CYP106A5 was inactive. By overlapping the modeled CYP106A5 with CYP106A2 (PDB ID: 5iki) 
used as a template, key residues predicted to be involved in substrate binding activity were identified. Residues 
L239 and L294 in CYP106A2 are comprised of residues F247 and M302 in CYP106A5 (Fig 3A). Therefore, com-
pared to CYP106A2, each residue of CYP106A5 is expected to affect activity by reducing the cavity of the substrate 
binding active site. As a result of overlapping the CYP106A family centered on the L294 residue of CYP106A2, 
the determined structures of CYP106A1 (PDB ID: 7q9e), CYP106A2, and CYP106A6 (PDB ID: 8hg9) are composed 
of R, L, and R residues, respectively, and the modeled CYP106A4 and CYP106A5 are composed of R and M 
residues, respectively (Fig 3B). 

 

Figure 3. Structural review of the active site of CYP106A family enzymes. (A) Superposition results of CYP106A2 (PDB ID: 
5iki, pink) and CYP106A5 (modeled structure, cyan). When the active site is enlarged, key residues that show differences 
between the two enzymes are indicated in red and blue, respectively; (B) Overlapping results of five CYP106A family enzymes. 
The R residue of CYP106A1 is shown in red, the L residue of CYP106A2 is shown in green, the R residue of CYP106A4 is 
shown in orange, the M residue of CYP106A5 is shown in pink, and the R residue of CYP106A6 is shown in yellow.  

4. Discussion 
The L residue of CYP106A2 secured the largest space in the active site, and the R residues of CYP106A1 and 
CYP106A6 showed similar shapes. As reported in previous studies of BaCYP106A6, the R residue is larger than 
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2.1. Phylogenetic tree and motif analysis through multiple sequence analysis 
Among CYPs, 39 enzymes with steroid hydroxylation activity were collected, subjected to multiple sequence 
analysis, and a phylogenetic tree was drawn to view the evolutionary classification. Sequences were aligned us-
ing Cluster W, and a phylogenetic tree was created using the Neighbor-Joining method [8] in the MEGA X [9] 
program. The WebLogo program (https://weblogo.berkeley.edu/logo.cgi) was used to align sequences to specify 
motifs. 

2.2. In vitro assay and HPLC analysis using cortisol 
Cloning, spectroscopic analysis, and HPLC system were performed as described in the previous paper [4]. The 
in vitro assay was performed in 50 mM potassium buffer applying 10 μM of purified protein, 25 μg of FDX, 0.1 
U of FDR, 1 mM of NADPH and the NADPH circulatory system. The substrate, cortisol, was dissolved in DMSO 
solvent and used at a concentration of 100 μM. The reaction was performed at 30 degrees for 2 hours, and ex-
tracted with ethyl acetate solvent to prepare HPLC samples. 

2.3. Homology modeling and active site residue comparison for CYP106A4 and CYP106A5 
CYP106A4 and CYP106A5 are enzymes whose structures have not been determined. Therefore, the structure was 
built using homology modeling using the Swiss model program (https://swissmodel.expasy.org/). At this time, 
the structures of CYP106A1 (PDB ID: 7q9e) and CYP106A2 (PDB ID: 5iki) were used as templates for CYP106A4 
and CYP106A5, respectively, according to their most similar amino acid sequences. The shape and overlap of 
protein structures were confirmed with the PyMOL program [10]. 

3. Results 

3.1. Phylogenetic tree and motif analysis through multiple sequence analysis 
Multiple sequence analysis was used to classify 39 steroid hydroxylases and were presented in a phylogenetic 
tree. The CYP106 family shares one branch with the CYP109 family, meaning it is most similar in sequence. Ad-
ditionally, the motif was identified and each part was marked in figure 1. In particular, the part of Substrate 
recognition sites (SRS) 4 related to substrate interaction was confirmed to be quite conserved. 

 

Figure 1. Phylogenetic tree and multiple sequence alignment of steroid hydroxylase. (A) The phylogenetic tree is arranged in 
a circle, and the CYP106 family used in the study is indicated in blue. The most similar CYP109 family in sequence is marked 
in yellow; (B) Multiple sequence alignment was performed into the CYP106 family and CYP109 family, and each motif was 
marked with a red and yellow box. The red box represents SRS 1-6, and the yellow box is the most conserved CYP unique 
motif. 

3.2. In vitro assay and HPLC analysis using cortisol 
The CYP106 family showed a CYP-specific spectroscopic pattern with a peak at 450 nm, and an in vitro assay was 
performed for substrate specificity with cortisol (Fig 2A). Previous studies have confirmed that CYP106A1, 
CYP106A2, and BaCYP106A6 react with cortisol and convert it at a low conversion rate. However, CYP106A4 
and CYP106A5, which were newly studied in this study, did not convert products from cortisol (Fig 2B). 
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the L residue, which may hinder substrate binding [5]. Therefore, if this R residue is mutated to a smaller residue, 
it is expected to increase the binding affinity to the steroid substrate. 

The direction of the side chain of the modeled R residue of CYP106A4 is slightly biased, and it is considered 
necessary to convert this to a smaller residue to check the substrate binding ability of cortisol. The M residue of 
CYP106A5 was found in only one member of the CYP106A family. This residue is also planned to be studied as 
a key residue for substrate binding. Additionally, CYP106A4 and CYP106A5 are hypothetical structures created 
through homology modeling, so in-depth model analysis is required through additional docking and activity 
assays. 
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Abstract:  Effectively managing an electric vehicle battery comprised of over 7,000 battery cells is important. Battery man-
agement is handled by the BMS (Battery Management System), and the balancing function ensures that all battery cells have 
the same voltage when charging and discharging. In this paper, we designed a balancing switch to perform the balancing 
function by selecting the problematic battery cells. The balancing switch should operate with high current characteristics and 
rapid response features to ensure that the battery becomes safe even in the presence of issues. To accommodate this, the 
balancing switch should be designed with a transistor having a large gate width to accommodate a large amount of current, 
while performing a fast on/off switching operation. In this paper, it was recognized that PMOS operation is more important 
than NMOS when considering the characteristics of PMOS and NMOS that make up the switch, and it was designed with an 
optimal gate width of 300 um based on the characteristics of resistance (Rds) and capacitance (Cgs) according to the width to 
secure the balancing switch operation that accommodates 30 mA high current in PMOS and 70 mA in NMOS. Finally, the 
balancing switch was made to be a switch that supports a high-speed on/off operation of 60 psec while accommodating a high 
total current of 100 mA. Accordingly, the balancing switch supports a high-current balancing current and supports a safe BMS 
balancing operation by performing a high-speed on/off operation. 

Keywords:  Electric vehicle, Battery, Balancing function, High current, Nmos, Pmos 
 

1. Introduction 
Lately Global warming cause to emission of carbon dioxide is serious. But Electric vehicle do not worry about 
CO2 emissions because they operate on a battery basis. Instead, they run on more than 7,000 batter-ies. If even 
one malfunction occurs between batteries, it can cause a fire accident. Therefore, the battery function of the BMS 
a constant voltage reference to ensure safe operation. we designed a balancing switch to perform the balancing 
function by selecting the problematic battery cells. The balancing switch should operate with high current char-
acteristics and rapid response features to ensure that the battery becomes safe even in the presence of issues [1]. 
To accommodate this, balancing switches must be designed with transistors with large gate widths to accommo-
date high currents while performing fast on/off switching operations. To ensure balancing switch operation for 
large currents, an optimal gate width of 300um was designed based on the characteristics of resistance (Rds) and 
capacitance (Cgs) according to gate width. We also compared this balancing switch design with existing ones by 
observing the balancing behavior at different temperatures. 

2. Analysis of Transistor Operating Characteristics of Balancing Switches 
Based on the characteristics of resistance (Rds) and capacitance (Cgs) according to the PMOS/NMOS width, an 
optimal gate width of 300um was designed, but only about 30 mA could be obtained for Id. This result showed 
that we need to increase the Width more or increase the Fingers. Total width results determined by equation (1)  

TW(Total Width) = FW(Finger Width) × F(Finger)                                  (1) 

This paper focused on the PMOS characteristics that operate importantly in balancing circuits. In the Figure 1, 
the target current and actual current changes were plotted. The graph shows that SW 300 was 30mA. In order to 
analyze the current operating characteristics, Figure 1 shows the ID (Drain-to-Source Current) characteristics ac-
cording to the PMOS Gate width.   
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Figure 3. Variation of ID by temperature. 

The PMOS and NMOS transistors have the characteristics of ID change according to temperature change along 
with voltage change. Figure 3 shows the results of ID characteristics according to temperature change. Consider-
ing that it can have temperature change characteristics from -20 to 60 degrees in an actual experimental environ-
ment, it can be seen that operating in a -20 degree temperature situation based on a 20 degree temperature has a 
current change of 113% and an 87% current change in a +60 degree situation. The contents of the process change 
were analyzed at fabricated result. The actual PMOS PCM (Process Control Monitoring) data is shown in Table 
1 [3]. 

Table 1. Fabricated PCM data 

 
Table 1 shows that all chips were processed within the doping variation limit value. However, the doping 

variation value shows a change value of up to 73.5% compared to the doping variation limit. Accordingly, it can 
be seen that all chips are high-doped up to 50%, and the produced result can be considered to have a larger ID 
current than the simulation. ID current for process change was analyzed by simulation. First, there are some 
standards regarding the speed of the switches, so let's get them straight. TT: PMOS Typical (normal doping), FF: 
PMOS Fast (Highly doping), SS: PMOS Slow (Lowly doping). There is a difference between design results and 
actual performance. This kind of error is called factory error. The simulation results according to the doping 
concentration caused by the process error of the designed PMOS are shown in Table 2 of the results of TT: PMOS 

CHIP No  PMOS  DOPING ERR   DOPING[%]  

Doping charge amount 
limit  

1.08E+02  -  -  

Process target doping value  
6.00E+01  -  -  

1  8.87E+01  2.87E+01  173.5  

2  8.88E+01  2.88E+01  173.4  

3  8.99E+01  2.99E+01  172.4  

4  8.98E+01  2.98E+01  172.5  

 

24 

26 

28 

30 

32 

34 

36 

-20 0 20 40 60 

Temperature [  ℃ ] 

Variation of ID by temperature 

3rd ICHJA 2024 2 of 4 
 

3rd ICHJA 2024      https://www.ichja.org 
 

 
Figure 1. ID results based on Gate Width changes. 
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current according to the gate-to-source voltage (VGS) that greatly affects the current operation [2]. In the simula-
tion, VGS has a characteristic of 30 mA with a current operation under -4 V condition. This was identified as a 
phenomenon that can occur if the voltage change in real situation has a maximum amount of change of 107.7%. 
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Abstract:  Due to climate change issues, automobiles are changing from internal combustion vehicles to electric vehicles. 
Even though CO2 does not emit at all compared to internal combustion vehicles while driving, drivers have the advantage of 
costing less than 1/5 of the cost per unit. The improvement in electric vehicles is that winter mileage is significantly reduced 
to about two-thirds. Electronic devices of electric vehicles consume a lot of current due to a decrease in thermal resistance at 
low temperatures, and it is also due to the inefficient operation of lithium batteries, which are widely used. In order to analyze 
the factor that reduces the mileage in winter in electric vehicles, an electric vehicle driving field experiment is conducted to 
analyze the characteristics of electric vehicle operation. As for the analysis contents, the power consumption characteristics of 
the electric and electronic device of the electric vehicle through the comparison of the high-speed charging characteristics 
according to the presence/absence of the electric  vehicle starting, the electric vehicle power consumption characteristics of 
the same time stop operation and driving operation, the change in mileage according to the driving of the city/highway, the 
change in mileage according to the operating conditions of the heater, and driving performance according to temperature. 
Based on these results, the general operating characteristics of electric vehicles and differences in characteristics of each vehicle 
type are presented, the problems and solutions of electric vehicles in winter are reported 

Keywords:  Electric vehicle, Battery, Charger, Charging speed, Winter 
 

1. Introduction 
The world is facing two major problems: energy and the environment that countries need to solve. Meanwhile, 
traffic plays a very important role in both of these issues, especially now it is also an urgent problem that needs 
to be solved by all countries in the world. Therefore, vehicles used Using electric energy (electric vehicles), typi-
cally electric cars, is being researched and developed vigorously around the world. Electric cars are vehicles pow-
ered by electric motors. Instead of using an internal combustion engine with fuel such as gasoline or diesel, elec-
tric cars use energy supplied from rechargeable batteries. Electric cars are partly opening up a new direction for 
overcoming and reduce a large amount of emissions into the environment, causing environmental pollution. But 
besides that, because we are at the forefront, we still encounter many difficulties that need to be resolved and 
overcome. Currently, there are still problems. Limitations such as: the infrastructure for charging stations is not 
completely covered, charging speed is still under concern and research, battery power is still a big problem that 
needs to be overcome [1,2]. Besides, the weather also affects electric vehicles, especially in countries with winter 
when the weather is cold [3].  

Not only in the future, but now, rich natural resources are increasingly depleted, leading to high oil prices and 
insignificant people's income. Today, cars run on diesel, gasoline or other fuels are flooding the market, leading 
to environmental pollution, making the atmosphere worse and worse. The ecosystem changes leading to the 
greenhouse effect, so the temperature is increasing day by day, making the ice caps in the arctic, Antarctica and 
other places melted and caused floods and tsunamis, causing the climate to change greatly and causing the world 
to struggle with energy and environmental issues. Currently, electric cars are very popular. Countries, especially 
large automobile companies, are interested in research to find new directions for the automobile industry in par-
ticular and reduce pollution for the world in general. Besides the denials about the optimal points that electric 
vehicles are bringing, there are currently also problems and the need to come up with the best solutions for elec-
tric vehicles. The limitations of short travel range, few charging stations, time long charging times, long battery 
life and especially in areas with cold winter climates also greatly affect electric vehicles [4]. In recent years, electric 
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Typical (normal doping), FF: PMOS Fast, and SS: PMOS Slow. The operating conditions of Table 2 are the VGS 
voltage input to the PMOS gate according to the balancing switch operation, set to -4 [V].  

Table 2. Characteristics of ID Current Change according to Process Error 

VGS= - 4 [V]  ID [mA]  VAR [%]  

FF  32.9  110.2  

TT  28.9  100  

SS  27.4  91.6  

 
As shown in Table 2, it can be seen that if it is operated in FF situation due to process error, it has a current 

change of 110.2%, and if it is operated in FF situation, it can be seen that it has a current change of 91.6%. 

3. Results   
In order to analyze the ID current that determines the important characteristics of the varnishing switch, the 
PMOS operating characteristics were considered. It was found that the current characteristics can vary   de-
pending on the change in voltage, temperature, and process. It was found that the analysis bran had a large 
amount of current change from 92.3% to 107.7%, and it was found that it had a large amount of change in tem-
perature from 87% to 113% with respect to the change in temperature. In addition, it was confirmed that it had a 
range of 91.6% to 110.2% by the change in the process. It can be seen that the current flows small up to the value 
of 92.3% + 87% + 91.6% in real situations, or the current up to the value of 107.7% + 113% + 110.2% can have a 
large amount of change in flow.  

4. Conclusions    
The designed results differ from the actual values that could be measured by doping based on room   tempera-
ture, so the chip design must take into account the errors due to the factory, voltage, and current. In this paper, 
the amount of current change that can be had according to actual environmental changes, focusing on PMOS, 
was considered. As a result of the analysis, at 300 um, which is the total width condition of the designed PMOS, 
Balancing current of 30mA can flow as small as 29.1% compared to 30mA due to voltage, temperature, cumulative 
change of process, etc., so it can have a small current operation up to at least 21.3mA. Conversely, it can be seen 
that a high current can flow up to 30.9% (39.27mA). Balancing operation should be controlled based on its char-
acteristics.    
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amount of current change from 92.3% to 107.7%, and it was found that it had a large amount of change in tem-
perature from 87% to 113% with respect to the change in temperature. In addition, it was confirmed that it had a 
range of 91.6% to 110.2% by the change in the process. It can be seen that the current flows small up to the value 
of 92.3% + 87% + 91.6% in real situations, or the current up to the value of 107.7% + 113% + 110.2% can have a 
large amount of change in flow.  

4. Conclusions    
The designed results differ from the actual values that could be measured by doping based on room   tempera-
ture, so the chip design must take into account the errors due to the factory, voltage, and current. In this paper, 
the amount of current change that can be had according to actual environmental changes, focusing on PMOS, 
was considered. As a result of the analysis, at 300 um, which is the total width condition of the designed PMOS, 
Balancing current of 30mA can flow as small as 29.1% compared to 30mA due to voltage, temperature, cumulative 
change of process, etc., so it can have a small current operation up to at least 21.3mA. Conversely, it can be seen 
that a high current can flow up to 30.9% (39.27mA). Balancing operation should be controlled based on its char-
acteristics.    
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As shown in Figure 1, it can be seen that the driving performance of all models varies greatly depending on 
the temperature. Audi e-tron shows 80% of EPA results at 5 degrees, and 94% of EPA results at 30 degrees. BMW 
i3 shows 91% of EPA results at 5 degrees and 109% of EPA results at 30 degrees. Ioniq5 shows 98% of EPA results 
at 5 degrees and 113% of EPA results at 30 degrees. EV6 shows 92% of EPA results at 5 degrees and 113% at 30 
degrees. Tesla model3 shows 50% EPA results at 5 degrees and 66% EPA results at 30 degrees. As the temperature 
drops, the performance of Audi-Etron 14%, BMW i3 18%, Ioniq5 15%, EV6 21%, and Tesla Model3 16% deterio-
rates.  

3. Results  
It was found that the temperature greatly affects the battery operation performance and electronic devices of the 
EV, and the driving performance varies greatly depending on the temperature. These results showed that all 
models showed a driving change of 14% or more depending on the temperature, and it was also confirmed that 
the maximum change was 21%. In addition to deteriorating the mileage due to reduced battery efficiency and 
increased power consumption due to thermal resistance of electric devices when driving electric vehicles in win-
ter, the mileage is further reduced by heating operation. It can be seen that the heater's 3 kWh consumption 
consumes 15 kWh when driving 350 km for 5 hours, and has an additional 21% battery consumption based on 70 
kWh battery capacity only by heating, which further deteriorates the mileage by an additional 21%.  

4. Discussion   
It can be seen that there is a change in the driving result according to the temperature. This meaning will cause 
inconvenience to the driver due to the difference in driving results in summer when the temperature is high and 
winter when the temperature is low. Efforts are required to minimize this amount of change. This amount of 
change in temperature driving is due to the operating characteristics of the battery and the operating character-
istics of the electronic device. In most cases, the change in operating performance of EVs according to temperature 
change is known as battery characteristics. Currently, the types that are widely used as batteries are NCM battery 
and LFP battery, and it is necessary to analyze the operating characteristics of the two types of batteries. Moreover, 
solid state batteries also need to be developed in consideration of the operation according to temperature changes. 
The operating efficiency of the heater is important as well as battery efficiency. In addition to the high-efficiency 
design of other electronic devices, the driver's eco-friendly driving habit is also important.    
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vehicle companies have overcome these limitations to offer providing consumers with the best and environmen-
tally friendly products. 

2. Analyzing the Electric Cars performance 
Currently, there are many large car companies interested in electric cars. To understand more about electric cars, 
below is a survey of the indexes of electric car companies that have been greatly improved in recent years. 

Table 1. Technical specifications of Ioniq5, EV6, tesla model 3 electric vehicles 

Para.  
Ioniq5  Tesla model 3  EV6  

Standard  Long range  Standard  Long range  Standard  Long range  

Weight  1,840kg  2,060kg  1,645kg  1,830kg  1,825kg  2,160kg  

Distance driven  384km  458kWh  383km  528km  370km  475km  

Bat specifications  58kWh  77.4kWh  50kWh  75kWh  58kWh  77.4kWh  

Charging speed  
  

AC 7kW  
10 hours  

AC 7kW  
10 hours  AC 7kW  

11 hours  

  
DC 50kW  

About an 
hour  

AC 3~11kW  
9 hours  

DC  
50~100kW 1 

hour  AC14kW  
5 hours  

AC14kW  
5 hours  

Zero hundred  8.5 sec  5.2 sec  5.6 sec   4.4 sec  3.4 sec  3.4 sec  
 

Through the survey data, we can see that all three types of vehicles have their own features and advantages. 
The Ioniq5 has electric motors of various capacities. IONIQ 5 is a pure electric vehicle model BEV (Battery Electric 
Vehicle) with a rechargeable battery system with a capacity of 72.6kWh, using a standard 14 kW AC charger, it 
only takes 5 hours to fully charge 100%. The car is capable of traveling a maximum of 458km on a single charge 
under normal operating conditions and can accelerate from 0-100 km/h in 7.4 seconds. Next is the Tesla Model 3, 
which can accelerate very quickly, from 0-100 km/h in about 4.4 seconds. This makes encroaching on the road, 
overtaking and operating on the highway more convenient and safer. capable of driving approximately 383-528 
km on a full charge, depending on the specific version and specifications. Using a standard DC 50 kW charger 
with an impressive figure of only 1 hour of charging. Finally, uv6 from 0-100 km/h in about 3.4 seconds is a very 
impressive number. Capable of driving about 340-475 km on a full charge. These EV performances have great 
changes in driving performance and battery operation depending on the temperature. It was intended to show 
the driving results according to the Daytime temperature of the EV, which is widely used in Figure 1. Therefore, 
the average value of each EV's driving results is expressed in % based on the results stipulated by the Environ-
mental Protection Agency (EPA). 

 

 
Figure 1. Main EV Average Range as % of EPA Range and Daytime Temperature (°C). 
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As shown in Figure 1, it can be seen that the driving performance of all models varies greatly depending on 
the temperature. Audi e-tron shows 80% of EPA results at 5 degrees, and 94% of EPA results at 30 degrees. BMW 
i3 shows 91% of EPA results at 5 degrees and 109% of EPA results at 30 degrees. Ioniq5 shows 98% of EPA results 
at 5 degrees and 113% of EPA results at 30 degrees. EV6 shows 92% of EPA results at 5 degrees and 113% at 30 
degrees. Tesla model3 shows 50% EPA results at 5 degrees and 66% EPA results at 30 degrees. As the temperature 
drops, the performance of Audi-Etron 14%, BMW i3 18%, Ioniq5 15%, EV6 21%, and Tesla Model3 16% deterio-
rates.  

3. Results  
It was found that the temperature greatly affects the battery operation performance and electronic devices of the 
EV, and the driving performance varies greatly depending on the temperature. These results showed that all 
models showed a driving change of 14% or more depending on the temperature, and it was also confirmed that 
the maximum change was 21%. In addition to deteriorating the mileage due to reduced battery efficiency and 
increased power consumption due to thermal resistance of electric devices when driving electric vehicles in win-
ter, the mileage is further reduced by heating operation. It can be seen that the heater's 3 kWh consumption 
consumes 15 kWh when driving 350 km for 5 hours, and has an additional 21% battery consumption based on 70 
kWh battery capacity only by heating, which further deteriorates the mileage by an additional 21%.  

4. Discussion   
It can be seen that there is a change in the driving result according to the temperature. This meaning will cause 
inconvenience to the driver due to the difference in driving results in summer when the temperature is high and 
winter when the temperature is low. Efforts are required to minimize this amount of change. This amount of 
change in temperature driving is due to the operating characteristics of the battery and the operating character-
istics of the electronic device. In most cases, the change in operating performance of EVs according to temperature 
change is known as battery characteristics. Currently, the types that are widely used as batteries are NCM battery 
and LFP battery, and it is necessary to analyze the operating characteristics of the two types of batteries. Moreover, 
solid state batteries also need to be developed in consideration of the operation according to temperature changes. 
The operating efficiency of the heater is important as well as battery efficiency. In addition to the high-efficiency 
design of other electronic devices, the driver's eco-friendly driving habit is also important.    
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vehicle companies have overcome these limitations to offer providing consumers with the best and environmen-
tally friendly products. 
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Through the survey data, we can see that all three types of vehicles have their own features and advantages. 
The Ioniq5 has electric motors of various capacities. IONIQ 5 is a pure electric vehicle model BEV (Battery Electric 
Vehicle) with a rechargeable battery system with a capacity of 72.6kWh, using a standard 14 kW AC charger, it 
only takes 5 hours to fully charge 100%. The car is capable of traveling a maximum of 458km on a single charge 
under normal operating conditions and can accelerate from 0-100 km/h in 7.4 seconds. Next is the Tesla Model 3, 
which can accelerate very quickly, from 0-100 km/h in about 4.4 seconds. This makes encroaching on the road, 
overtaking and operating on the highway more convenient and safer. capable of driving approximately 383-528 
km on a full charge, depending on the specific version and specifications. Using a standard DC 50 kW charger 
with an impressive figure of only 1 hour of charging. Finally, uv6 from 0-100 km/h in about 3.4 seconds is a very 
impressive number. Capable of driving about 340-475 km on a full charge. These EV performances have great 
changes in driving performance and battery operation depending on the temperature. It was intended to show 
the driving results according to the Daytime temperature of the EV, which is widely used in Figure 1. Therefore, 
the average value of each EV's driving results is expressed in % based on the results stipulated by the Environ-
mental Protection Agency (EPA). 
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groups is focused on maintenance strategy and practice. This study suggests developing a new maintenance 
strategy and practice for SMRs, named the PIPM (Prognostic Inspection and Proactive Maintenance) System. This 
strategy and practice should be addressed in the ASME Code and Cases. The effective period of the Code and 
Cases on the design and manufacturing of SMRs is at most 10 years, but that of operation (maintenance) could 
be more than 100 years. 

2. The concepts and development PIPM Systems  
The important regulatory issue in SMRs operation is to develop relevant ASME Code & Cases for maintenance 
strategy and practice. The current maintenance strategy and practice of Nuclear Power Plant are based on the 
preventive maintenance that adapts the condition information [6, 7]. The service life of nuclear power plants can 
exceed 100 years, and the core damage frequency (CDF) should be reduced by 10 to 100 times compared to current 
nuclear power plants [8]. Therefore, a new maintenance strategy beyond the preventive maintenance based on 
condition information should be developed.  

The goal of this strategy is to prevent any initiation of failure events, such as crack initiation of failure mode 
under rotary bending fatigue stress, rolling contact fatigue stress, corrosion fatigue stress, and stress corrosion 
cracking.  

2.1. Prognostic inspection methodology 
Prognostics and Health Management (PHM) is a system engineering discipline that focuses on assessing the cur-
rent status and predicting the future condition of a component and/or system of components. PHM is broader 
than any single field of engineering: it draws from electrical, electronics, mechanical, civil, and chemical engi-
neering, computer and materials science, reliability, test and measurement, artificial intelligence, physics, and 
economics [9, 10].   

This prognostic inspection concept is similar to that of Condition Based Maintenance which is an advanced one 
of the preventive maintenances [10,11]. But important difference is to measure not crack growth condition, but 
crack initiation condition in the PIPM system. The concept of prognostic inspection is more close to the concepts 
of the prognostic inspection in Population Health Maintenance (PHM) studies [12].  

Prognostic inspection methodology can detect the condition of components whether it sustains till next or next 
nth refueling outage or applies proactive maintenance, so it should have measuring, analyzing and deciding 
function. How to measure that the condition of components is to begin failure mode for an example, to measure 
the condition of crack initiation, should be developed. New sensor technology integrated with AI which could 
be available in the future should be considered to develop prognostic inspection methodology., The remaining 
service life till the beginning of crack initiation should be estimated based on the measuring results by the ana-
lyzing function. Whether sustaining the components till next or next nth refueling outage or applying proactive 
maintenance should be decided by the deciding function, 

 
Typical examples of prognostic inspection methodology are as follows, 
 
1) Rolling bearings,   

▪ Sensing and Monitoring of Vibration, oil debris, Acoustic emission, Energy, Temperature, etc.: usually 
continuous monitoring [13]  

▪ Measuring and Monitoring of Surface roughness, Micro-cracks, Hardness, Residual stress, Grain size, 
etc.: usually inspecting during the refueling outage [14]  

▪ Analyzing the remaining service life till the beginning of crack initiation based on the measuring results 
▪ Deciding whether sustaining till next or next nth refueling outage or applying the proactive maintenance    

 
2) Dry canisters [15,16] 

▪ Visual inspection of discontinuities and imperfections on the CISCC (Chloride Induced Stress Corrosion 
Cracking) susceptible surfaces; usually measuring during the in-service inspection period 

▪ Measuring and Monitoring of Surface roughness, Residual stress, etc.: usually measuring during the in-
service inspection period 

▪ Analyzing the remaining service life till the beginning of crack initiation based on the measuring results 
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1. Introduction 
“Resilient and robust nuclear power has the potential to play a wider role in the quest towards net zero carbon 
emissions, while ensuring the highest level of nuclear safety and security” and “it is watershed moment that Net 
zero carbon for Nuclear power energy to Net Zero” were announced at the wrap-up statement of IAEA looks 
back at COP28 [1].  

Small Modular Reactors (SMRs) could be a promising solution for the demand of the highest level of nuclear 
safety, security and economic [2]. The future outlook of SMRs markets could be about 145.5 U$ [3]. The goal of 
SMRs service period could be more than 100 years, so many new technologies in design, manufacturing, and 
operation have been introduced to satisfy safety and economic requirements.  

 One of the key elements for SMRs competitiveness is factory production. It is obvious that an assembly plant 
that does not operate at a sufficient level of volume will fail to achieve economic competitiveness. An important 
challenge for the factory assembly of SMRs is nuclear regulation. While all safety features of SMRs generally 
could be addressed within the existing regulatory framework, there are some issues that must be resolved. In 
particular, current regulatory practices might not be fully compatible with a factory assembly mode, especially if 
the assembly process is automated. Regulators must adapt their methods of work to test the units to the greatest 
extent possible at the assembly stage and reduce the potential for rework. Other important regulatory issues 
include validation of enhanced passive safety systems and multi-modular deployment, the size of the emergency 
planning zone and the staffing requirements for operation and security. This validation could be obtained with 
existing procedures, using a risk-informed approach similar to larger nuclear plants. However, SMRs must 
demonstrate that they can meet safety requirements in ASME Codes & Cases. Regulators and technical support 
organizations will need time and resources to form opinions on these options and innovations, and this process 
could lead to delays in SMR licensing [4].  

Several SMR alliances or organizations consisting of state-run and private entities in Korea, the EU, the USA, 
and other countries are developing answers to regulatory issues and leading SMR business development [5]. 
Several task groups of the Korean international working group in the ASME Standard Committee are organizing 
to develop the necessary ASME Code and Cases for SMR design, manufacturing, and operation. One of these 
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groups is focused on maintenance strategy and practice. This study suggests developing a new maintenance 
strategy and practice for SMRs, named the PIPM (Prognostic Inspection and Proactive Maintenance) System. This 
strategy and practice should be addressed in the ASME Code and Cases. The effective period of the Code and 
Cases on the design and manufacturing of SMRs is at most 10 years, but that of operation (maintenance) could 
be more than 100 years. 
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The important regulatory issue in SMRs operation is to develop relevant ASME Code & Cases for maintenance 
strategy and practice. The current maintenance strategy and practice of Nuclear Power Plant are based on the 
preventive maintenance that adapts the condition information [6, 7]. The service life of nuclear power plants can 
exceed 100 years, and the core damage frequency (CDF) should be reduced by 10 to 100 times compared to current 
nuclear power plants [8]. Therefore, a new maintenance strategy beyond the preventive maintenance based on 
condition information should be developed.  

The goal of this strategy is to prevent any initiation of failure events, such as crack initiation of failure mode 
under rotary bending fatigue stress, rolling contact fatigue stress, corrosion fatigue stress, and stress corrosion 
cracking.  

2.1. Prognostic inspection methodology 
Prognostics and Health Management (PHM) is a system engineering discipline that focuses on assessing the cur-
rent status and predicting the future condition of a component and/or system of components. PHM is broader 
than any single field of engineering: it draws from electrical, electronics, mechanical, civil, and chemical engi-
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This prognostic inspection concept is similar to that of Condition Based Maintenance which is an advanced one 
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crack initiation condition in the PIPM system. The concept of prognostic inspection is more close to the concepts 
of the prognostic inspection in Population Health Maintenance (PHM) studies [12].  

Prognostic inspection methodology can detect the condition of components whether it sustains till next or next 
nth refueling outage or applies proactive maintenance, so it should have measuring, analyzing and deciding 
function. How to measure that the condition of components is to begin failure mode for an example, to measure 
the condition of crack initiation, should be developed. New sensor technology integrated with AI which could 
be available in the future should be considered to develop prognostic inspection methodology., The remaining 
service life till the beginning of crack initiation should be estimated based on the measuring results by the ana-
lyzing function. Whether sustaining the components till next or next nth refueling outage or applying proactive 
maintenance should be decided by the deciding function, 
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all relevant stakeholders of SMR business should be involved in this work. This work should begin from the 
design phase of SMRs. 
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▪ Deciding whether sustaining till next or next nth in-service periods or applying the proactive mainte-
nance    

2.2. Proactive maintenance methodology  
Proactive maintenance is totally different from preventive and predictive maintenance strategies, as preventive 
maintenance refers to machine maintenance on planned interims, while predictive maintenance monitors the 
health status of machine components and alerts when threshold levels are exceeded [17]. 

Proactive Maintenance encompasses diverse approaches and technologies for the utmost reduction of reactive 
maintenance in reality. The dominant trait of proactive maintenance is the contrivances of failure origins explo-
ration. Once the failure origins have been identified, the restoring process are carried out and eliminates the 
adversative failure causes. Proactive maintenance is underscored as a novel strategic maintenance thrust that 
aims to comprehensively elevate the components’ reliability and availability through their system’s service life 
[18].  

Proactive maintenance methodology which can be applied to the component during the refueling outage and 
could restore the fatigue strength of components to the condition of new components should be developed. New 
and advanced technology that could be available in the future should be considered also for the candidate of the 
proactive maintenance methodology. 

 
Typical examples of the proactive maintenance methodology are as follows, 
 
1) Rolling bearings [19]   

▪ Exchanging with the new bearings or the remanufactured bearings whose service life is equivalent to 
new bearing during the refueling outage 

▪ Restoring the bearings using UNSM (Ultrasonic Nanocrystal Surface Modification) technology during 
the refueling outage.   

 
2) Dry canisters 

▪ Restoring the necessary surface condition by cold splay technology or advanced surface stress improve-
ment technology such as UNSM, Laser Peening, etc. in ASME Code & Case N931 [20] 

2.3. PIPM system  
The PIPM system is an integration of the prognostic inspection methodology and the proactive maintenance 
methodology. The proactive maintenance methodology entails the maintenance aspects which should be incor-
porated at the design stage of a physical asset, whereby all anticipated probable prospective failures are identified 
and removed, based on the focused historical performance of the asset, with the purpose to prescribe suitable 
maintenance actions at the right intervals and component parts [21]. So the PIPM system should be developed 
also from the design phase, especially for the regulator’s Safety Evaluation in Design Certification Application 
(DCA) [22]. For the operation, the detail practice should be addressed into ASME Code and Cases, usually Section 
XI.  

3. Concluding Remarks 
The prognostic inspection methodology that can detect the condition before the beginning of the failure mode, 
such as crack initiation at the components, should be developed. To develop this methodology, new sensor tech-
nology integrated with AI, which could be available in the future, should be considered.      

The proactive maintenance methodology that can be applied to the component during refueling outage and 
restore the fatigue strength of components to the condition of new components should be developed. New and 
advanced technology that could be available in the future should also be considered as a candidate for the pro-
active maintenance methodology. 

The PIPM system integrates the prognostic inspection methodology and the proactive maintenance methodol-
ogy. It should be addressed in the ASME Code and Cases, usually Section XI. The development of Code & Cases 
can only be done by the collaboration of several working groups in the ASME standard committee. Experts from 
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1. Introduction 
Communication skills have been developed based on the senses that play an important role in human interaction. 
There are five human senses: sight, sound, touch, taste, and smell. There is no doubt that sight is the most im-
portant one of the five senses for most people, since up to 80% of all senses are recognized through sight [1].   

In recent years, the field of emotion recognition technology has witnessed significant advancements, with ap-
plications spanning diverse domains. The core of emotion recognition lies in the implementation of algorithms 
that decode biometric signals emanating from individuals to discern their emotional states. This paper aims to 
provide a comprehensive overview of the fundamental processing steps involved in emotion recognition, the 
various forms of signals utilized for this purpose, and the corresponding recognition techniques. 

As we delve into the intricacies of emotion recognition, special emphasis will be placed on non-contact ap-
proaches, particularly leveraging vision-based technology [2-5]. Through this exploration, we will scrutinize the 
inherent challenges and potential issues associated with such methodologies. Additionally, this review will iden-
tify and discuss key research areas that demand attention and further investigation in the future. 

2. Emotion Recognition Techniques 
Emotion is defined as biologically-based psychological states brought on by neurophysiological changes, vari-
ously associated with thoughts, feelings, behavioural responses, and a degree of pleasure or displeasure. Emo-
tions are very complex and the physiology of emotion is closely linked to arousal of the nervous system [6]. 
In psychology and philosophy, emotion typically includes a subjective, conscious experience characterized pri-
marily by psychophysiological expressions, biological reactions, and mental states. 

Figure 1 shows the emotion classes [7]. Emotion recognition is a technique that automatically extracts the fea-
tures on human face to recognize the patterns of expression. In general, it identifies the state of emotions by 
classifying 6–8 major emotions such as angry, disgust, fear, happy, sad, and surprise. 
Besides these eight emotions, there are also many types of research for classifying subtle expression. To reach this 
goal, it should be able to analyze the facial expression even if it is not a typical expression. Facial Action Coding 
System (FACS) can be a tool to understand the human face [7]. 
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Figure 6. Brain signal-based emotion recognition scheme. 

2.4. Written Text: from chatting or dialog system 
Various sentences written in chat programs like Twitter also carry the emotions of individuals as shown in Fig. 
7. Extracting features from these expressions, a technology has been developed to recognize the emotions of users 
participating in a chat based on the coherence and correlation of the conversation. For this recognition technology, 
natural language processing is fundamentally required to extract emotional features through analyzing the con-
textual relevance and correlation of the conversation. 

 
Figure 7. Text-based patterns for emotion recognition. 

3. Results Research Trend & Challenge 

3.1. Increasement of input data dimension 
Currently, video data is typically in 2D, but the dimensions of such data are expanding to 3D and 4D, accompa-
nied by a continuous increase in data volume. To enable real-time processing or services, high-performance com-
puting devices are essential due to the growing complexity of these datasets. 

3.2. Multi-modal approach 
Rather than relying on a single biometric signal, a viable approach would be to combine validated signals to 
identify emotions. In such multimodal recognition technology, a crucial aspect arises in determining which data 
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2.2. Visual: Image & Video Signal 
In Facial expression (emotion) recognition (FER), there are various methods to analyze facial behavior (pattern) 
as a marker of affect. The basic assumption is that there is a set of objectively measurable image parameters that 
reflect the affective state a person is currently experiencing.  
Figure 4 shows the vision-based emotion recognition approach. Initially, preprocessing is applied to enhance the 
quality of the input video. Subsequently, features are detected from the preprocessed video, and the identified 
features are then recognized using modern deep learning architectures such as CNNs (Convolutional Neural 
Networks) and LSTMs (Long Short-Term Memory). This process enables the recognition of individual facial ex-
pressions. 

 
Figure 4. Facial expression-based emotion recognition scheme [2]. 

2.3. Brain: EEG signals 
Based on EEG electrode system in Fig. 5, the captured signal is processed as a state of emotion.  
 

 
Figure 5. Brain signal pattern for emotion recognition. 
 
EEG signals are highly susceptible to noise, making the role of signal filtering crucial. Subsequently, for time-
series data, identification can be particularly challenging. In recent times, a prevalent approach involves 
transforming the data into image spectrums for improved recognition. Figure 6 illustrates a representative 
architecture utilizing spectrogram features. The deep learning structure is popular for classifier, too. 
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Abstract:  Preventive medicine aims to promote health by investigating and researching the distribution of health and health-
related risk factors. The desired life time of the SMR (small modular reactor) being developed as a new energy source is more 
than 100 years. Improving the problems of key components such as SCC (stress corrosion cracking) and corrosion fatigue of 
the SMR structures and erosion and fretting fatigue of turbine blades improves the service life of the SMR. Also, in bearings, 
it improves wear and rolling/sliding contact fatigue. It is necessary to develop a proactive maintenance program prior to 
design to ensure that the SMR can be shut down after operation within its designed lifespan. Like preventive medicine, pro-
active maintenance programs applied to the SMR must also be inspected in advance to ensure that the characteristics of key 
components do not deteriorate or exceed predetermined standards. Additionally, it is necessary to develop and standardize 
technology that restores the characteristics of key components to their designed performance state. In this paper, we look at 
the precursors of risk factors such as SCC/corrosion fatigue and rolling contact fatigue. And we look at the research results on 
this impact on the SMR service life and the standards currently applied in ASME section XI, etc. 
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1. Introduction 
Devices and systems used in various industrial fields are damaged for various reasons even when they are opti-
mally designed. Preventive maintenance is the process of periodically replacing parts to prevent this. However, 
it requires high costs every year and is not excellent at preventing accidents. Recently, as the use of big data and 
machine learning has increased, Prognostics and Health Management (PHM), a technology for diagnosing and 
prognosis fault, is being researched and applied [1-4]. 

Meanwhile, as the Homo Hundred approaches, the health and medical field recognizes the importance of Pop-
ulation Health Management (PHM), and research and development of PHM is steadily progressing. A program 
where patient data is compiled from various sources of health information technology is referred to as the PHM. 
Most the PHM applications gather data using a business intelligence platform, enabling healthcare practitioners 
to create a precise and accurate medical picture of each patient [5]. Chronic diseases are a major force driving the 
PHM. For example, increasing prevalence of chronic diseases such as diabetes, hypertension, and cancer increases 
the PHM market growth rate. The PHM requires advanced information technology systems and tools that can 
collect, store, process, and analyze large amounts of health data, and biomarkers are an important element of the 
PHM [6]. Biomarkers have been used in clinical practice for personalizing medication or healthcare, as well as for 
analyzing the safety of pharmaceuticals. These biomarkers are produced either by organs affected by the disease 
or by the body in response to various diseases. They are utilized to monitor the progression of a disease [7, 8]. 

Prognostics and Health Management (PHM) in the industrial field also identifies and monitors factors that 
affect the progression of damage, such as biomarkers. After analyzing the values of these factors for the current 
state using big data-based data, it is decided whether or not to carry out maintenance. The application of big data-
based PHM is increasing in bearings, gears, and shafts in the mechanical field, based on a wide range of failure 
cases [9]. If the Stress Corrosion Cracking (SCC) and corrosion-fatigue problems of the Small Modular Reactor 
(SMR), which is being developed as a new energy source, are improved through the PHM, the service life of the 
SMR will increase. In this study, we would like to introduce Prognostic Inspection and Proactive Maintenance 
(PIPM) and ideas for applying it to SMR. 
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to prioritize, emphasizing the importance of selecting relevant and meaningful information for accurate emotion 
identification.".  

3.3. Context-aware emotion recognition 
It is well-known that human emotions are to some extent influenced by the surrounding environment. In other 
words, the current user's space, immediate surroundings, as well as the user's body language and gestures, can 
adequately reflect the current emotional state. Leveraging such information could lead to a more accurate iden-
tification of the user's emotional state.   

3.4. Challenges on Dataset  
1. Racial differences: This is a big challenge even for the most profound AI solutions. For example, in 2015, Google 

Photo algorithms didn’t recognize people with dark skin. 
2. Psychological challenges: Psychologists have been studying the connection between facial expressions and 

emotions since the 1950s. Yet there are still a lot of blindspots. 
3. Cultural differences in emotional: In Western cultures, most people express each of the seven basic emotions 

with a distinct set of facial and body movements. Japanese and Chinese people, however, are usually more 
restrained, indicating emotions only with distinctive eye activity. 

4. Identifying children’s emotions (wider ages): There is a shortage of training data for facial expressions of young 
children and babies. Consequently, the accuracy of emotion recognition for children and infants is lower than 
expected. Addressing this issue is one of the challenges that need to be overcome in improving the accuracy of 
recognizing facial expressions and emotions in young children. 

4. Conclusion 
In this paper, we have examined various biometric signals and diverse approaches for emotion recognition in 
humans. We delved into the utilization of biometric signals for feature extraction through transformations and 
explored various technological structures for emotion recognition. Furthermore, we discussed potential 
improvements in approaching emotion recognition, addressing issues such as dataset dependency in utilizing 
deep learning, and considerations related to emotional expression variations across different races. 
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1. Introduction 
Devices and systems used in various industrial fields are damaged for various reasons even when they are opti-
mally designed. Preventive maintenance is the process of periodically replacing parts to prevent this. However, 
it requires high costs every year and is not excellent at preventing accidents. Recently, as the use of big data and 
machine learning has increased, Prognostics and Health Management (PHM), a technology for diagnosing and 
prognosis fault, is being researched and applied [1-4]. 

Meanwhile, as the Homo Hundred approaches, the health and medical field recognizes the importance of Pop-
ulation Health Management (PHM), and research and development of PHM is steadily progressing. A program 
where patient data is compiled from various sources of health information technology is referred to as the PHM. 
Most the PHM applications gather data using a business intelligence platform, enabling healthcare practitioners 
to create a precise and accurate medical picture of each patient [5]. Chronic diseases are a major force driving the 
PHM. For example, increasing prevalence of chronic diseases such as diabetes, hypertension, and cancer increases 
the PHM market growth rate. The PHM requires advanced information technology systems and tools that can 
collect, store, process, and analyze large amounts of health data, and biomarkers are an important element of the 
PHM [6]. Biomarkers have been used in clinical practice for personalizing medication or healthcare, as well as for 
analyzing the safety of pharmaceuticals. These biomarkers are produced either by organs affected by the disease 
or by the body in response to various diseases. They are utilized to monitor the progression of a disease [7, 8]. 

Prognostics and Health Management (PHM) in the industrial field also identifies and monitors factors that 
affect the progression of damage, such as biomarkers. After analyzing the values of these factors for the current 
state using big data-based data, it is decided whether or not to carry out maintenance. The application of big data-
based PHM is increasing in bearings, gears, and shafts in the mechanical field, based on a wide range of failure 
cases [9]. If the Stress Corrosion Cracking (SCC) and corrosion-fatigue problems of the Small Modular Reactor 
(SMR), which is being developed as a new energy source, are improved through the PHM, the service life of the 
SMR will increase. In this study, we would like to introduce Prognostic Inspection and Proactive Maintenance 
(PIPM) and ideas for applying it to SMR. 
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to prioritize, emphasizing the importance of selecting relevant and meaningful information for accurate emotion 
identification.".  

3.3. Context-aware emotion recognition 
It is well-known that human emotions are to some extent influenced by the surrounding environment. In other 
words, the current user's space, immediate surroundings, as well as the user's body language and gestures, can 
adequately reflect the current emotional state. Leveraging such information could lead to a more accurate iden-
tification of the user's emotional state.   

3.4. Challenges on Dataset  
1. Racial differences: This is a big challenge even for the most profound AI solutions. For example, in 2015, Google 

Photo algorithms didn’t recognize people with dark skin. 
2. Psychological challenges: Psychologists have been studying the connection between facial expressions and 

emotions since the 1950s. Yet there are still a lot of blindspots. 
3. Cultural differences in emotional: In Western cultures, most people express each of the seven basic emotions 

with a distinct set of facial and body movements. Japanese and Chinese people, however, are usually more 
restrained, indicating emotions only with distinctive eye activity. 

4. Identifying children’s emotions (wider ages): There is a shortage of training data for facial expressions of young 
children and babies. Consequently, the accuracy of emotion recognition for children and infants is lower than 
expected. Addressing this issue is one of the challenges that need to be overcome in improving the accuracy of 
recognizing facial expressions and emotions in young children. 

4. Conclusion 
In this paper, we have examined various biometric signals and diverse approaches for emotion recognition in 
humans. We delved into the utilization of biometric signals for feature extraction through transformations and 
explored various technological structures for emotion recognition. Furthermore, we discussed potential 
improvements in approaching emotion recognition, addressing issues such as dataset dependency in utilizing 
deep learning, and considerations related to emotional expression variations across different races. 
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2.2. PIPM systems 
The Prognostic Inspection and Proactive Maintenance (PIPM) system is an integration of the prognostic inspec-
tion methodology and the proactive maintenance methodology. The proactive maintenance methodology entails 
the maintenance aspects which should be incorporated at the design stage of a physical asset, whereby all antic-
ipated probable prospective failures are identified and removed, based on the focused historical performance of 
the asset, with the purpose to prescribe suitable maintenance actions at the right intervals and component parts 
[14]. So the PIPM system should be developed also from the design phase, especially for the regulator’s Safety 
Evaluation in Design Certification Application (DCA) [15]. 
 
 

 
Figure 1. Scheme of the behavior of the different type maintenance approaches [4]. 
 

The concept of prognostic inspection is similar to that of CBM, which is an advanced form of preventive mainte-
nance [1, 2]. However, an important difference lies in the measurement focus. Instead of measuring crack growth 
conditions, the PIPM system focuses on crack initiation conditions. To implement this, a method for measuring 
the condition of components at the onset of failure mode, for example, the condition of crack initiation, needs to 
be developed. Consideration should be given to new sensor technologies integrated with Artificial Intelligence 
(AI), which could be available in the future, for the development of prognostic inspection methodology. Further-
more, the remaining service life until the beginning of crack initiation should be estimated based on the results 
of these measurements by the analyzing function. 

Proactive Maintenance involves a variety of approaches and technologies aimed at significantly reducing re-
active maintenance in practice. The defining characteristic of proactive maintenance is the exploration of failure 
origins. Once these origins have been identified, restoration processes are implemented to eliminate the causes 
of the failures. Proactive maintenance is highlighted as an innovative strategic maintenance approach that aims 
to significantly improve the reliability and availability of components throughout their service life [16]. A proac-
tive maintenance methodology should be developed that can be applied to components during refueling outages 
and could restore the fatigue strength of components to the condition of new components. Consideration should 
also be given to new and advanced technologies that could be available in the future as potential candidates for 
the proactive maintenance methodology. 
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2. Prognostic Inspection and Proactive Maintenance (PIPM) Systems  

2.1. Different types of maintenance 
Reactive Maintenance (RM) only repairs or replaces machine parts when an error occurs and they can no longer 
function. The advantage of this method is that the cost associated with maintenance personnel and maintaining 
machine operation is low. However, since the machine or parts are used until they break down, the probability 
of serious failure increases, and the repair cost also increases [10]. 

Scheduled Maintenance (SM) is a maintenance method performed at regular time intervals. The goal is to per-
form maintenance activities even while the machine is operating under normal conditions to minimize the pos-
sibility of failure and prevent costly unplanned downtime. On the other hand, the SM method requires perform-
ing some costly maintenance interventions even when the equipment is still functioning properly [4]. 

Condition Based Maintenance (CBM) and Prognostics and Health Management (PHM) both focus on main-
taining system reliability and reducing system downtime. However, there are some key differences between the 
two approaches. CBM is a maintenance strategy that uses sensors and data analytics to monitor the real-time 
performance of assets or equipment. CBM uses real-time data to identify maintenance needs, making mainte-
nance more efficient and cost-effective rather than performing maintenance on a predetermined schedule or wait-
ing for equipment to fail [11]. PHM, on the other hand, is a technology that enables CBM and has the ability to 
predict the Remaining Useful Life (RUL) of a system while it is in operation. PHM helps implement CBM, a new 
maintenance approach that addresses repair or replacement only for actual damage to components. PHM can 
therefore be viewed as a more advanced approach than CBM, enabling more accurate predictions and improved 
maintenance decisions [12]. 

The most common applications of PHM in the mechanical field are bearings, gears, and shafts. As shown in 
Table 1, PHM is implemented through algorithm analysis by collecting failure modes, characteristics, and com-
mon features [9, 13]. 

Table 1. Summary of PHM of mechanical components 

Component Failure mode Characteristic Common feature Common algorithms used 

Bearing 
Outer-race, in-
nerrace, roller, 
cage failures 

Raw data does not con-
tain insightful infor-

mation; low amplitude; 
high noise 

Vibration characteristic fre-
quency, time domain statis-
tical characteristics, metallic 
debris shape, size, quantity, 
sharp pulses and rate of de-
velopment of stress-waves 

propagation 

Fourier Transform (FT), 
Short Time Frequency 

Transform (STFT), Wavelet 
Transform (WT), etc. 

Gear 

Manufacturing 
error, 

tooth missing, 
tooth pit-
ting/spall, 

gear crack, gear 
fatigue/wear 

High noise; high dy-
namic; signal modulated 
with other factors (bear-
ing, shaft, transmission 
path effect); gear specs 

need to be known 

Time domain statistical fea-
tures, vibration signature 

frequencies, oil debris quan-
tity and chemical analysis 

Fourier Transform (FT), 
Short Time Frequency 

Transform (STFT), Wavelet 
Transform (WT), etc. 

Shaft 
Unbalance, bend, 
crack, misalign-

ment, rub 

Vibration signal is rela-
tively 

clean and harmonic fre-
quency components of 
rotating speed can indi-

cate the defects 

Vibration characteristic 
frequency, time domain sta-
tistical characteristics, sys-
tem modal characteristics 

Fourier Transform (FT), 
Wavelet Transform (WT), 

etc. 
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2.1. Different types of maintenance 
Reactive Maintenance (RM) only repairs or replaces machine parts when an error occurs and they can no longer 
function. The advantage of this method is that the cost associated with maintenance personnel and maintaining 
machine operation is low. However, since the machine or parts are used until they break down, the probability 
of serious failure increases, and the repair cost also increases [10]. 

Scheduled Maintenance (SM) is a maintenance method performed at regular time intervals. The goal is to per-
form maintenance activities even while the machine is operating under normal conditions to minimize the pos-
sibility of failure and prevent costly unplanned downtime. On the other hand, the SM method requires perform-
ing some costly maintenance interventions even when the equipment is still functioning properly [4]. 

Condition Based Maintenance (CBM) and Prognostics and Health Management (PHM) both focus on main-
taining system reliability and reducing system downtime. However, there are some key differences between the 
two approaches. CBM is a maintenance strategy that uses sensors and data analytics to monitor the real-time 
performance of assets or equipment. CBM uses real-time data to identify maintenance needs, making mainte-
nance more efficient and cost-effective rather than performing maintenance on a predetermined schedule or wait-
ing for equipment to fail [11]. PHM, on the other hand, is a technology that enables CBM and has the ability to 
predict the Remaining Useful Life (RUL) of a system while it is in operation. PHM helps implement CBM, a new 
maintenance approach that addresses repair or replacement only for actual damage to components. PHM can 
therefore be viewed as a more advanced approach than CBM, enabling more accurate predictions and improved 
maintenance decisions [12]. 

The most common applications of PHM in the mechanical field are bearings, gears, and shafts. As shown in 
Table 1, PHM is implemented through algorithm analysis by collecting failure modes, characteristics, and com-
mon features [9, 13]. 

Table 1. Summary of PHM of mechanical components 

Component Failure mode Characteristic Common feature Common algorithms used 

Bearing 
Outer-race, in-
nerrace, roller, 
cage failures 
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high noise 

Vibration characteristic fre-
quency, time domain statis-
tical characteristics, metallic 
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velopment of stress-waves 
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Fourier Transform (FT), 
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Transform (STFT), Wavelet 
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Table 2. Typical examples of the PIPM system 

Prognostic Inspection and Proactive Maintenance (PIPM) system 
Component Prognostic Inspection Methodology Proactive Maintenance Methodology 

Bearing 

 Sensing and Monitoring of Vibration, oil debris, Acous-
tic emission, Energy, Temperature, etc.: usually continu-
ous monitoring [13]  

 Measuring and Monitoring of Surface roughness, Micro-
cracks, Hardness, Residual stress, Grain size, etc.: usu-
ally inspecting during the refueling outage [17]  

 Analyzing the remaining service life till the beginning of 
crack initiation based on the measuring results 

 Deciding whether sustaining till next or next nth refuel-
ing outage or applying the proactive maintenance 

 Exchanging with the new bearings or 
the remanufactured bearings whose 
service life is equivalent to new bearing 
during the refueling outage [20] 

 Restoring the bearings using UNSM 
(Ultrasonic Nanocrystal Surface Modi-
fication) technology during the refuel-
ing outage 

SMR 
Component 

 Visual inspection of discontinuities and imperfections 
on the CISCC (Chloride Induced Stress Corrosion Crack-
ing) susceptible surfaces; usually measuring during the 
in-service inspection period [18] 

 Measuring and Monitoring of Surface roughness, Resid-
ual stress, etc.: usually measuring during the in-service 
inspection period [19] 

 Analyzing the remaining service life till the beginning of 
crack initiation based on the measuring results 

 Deciding whether sustaining till next or next nth in-ser-
vice periods or applying the proactive maintenance 

 Restoring the necessary surface condi-
tion by cold splay technology or ad-
vanced surface stress improvement 
technology such as UNSM, Laser Peen-
ing, etc. in ASME Code & Case N931 
[21] 

 

3. Concluding Remarks 
The PIPM system is a concept that integrates prognostic inspection methodology and proactive maintenance 
methodology. The PIPM system can enhance the lifespan and performance of target components in the current 
PHM through advanced restoration technology. This is an eco-friendly system that pursues a circular economy 
model. However, a prognostic inspection method that can detect the state of component before cracking begins 
must be developed. It is expected that the advanced PIPM system will be applied as a technology needed for 
SMR preventive maintenance in the future. 
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Table 2. Typical examples of the PIPM system 

Prognostic Inspection and Proactive Maintenance (PIPM) system 
Component Prognostic Inspection Methodology Proactive Maintenance Methodology 

Bearing 

 Sensing and Monitoring of Vibration, oil debris, Acous-
tic emission, Energy, Temperature, etc.: usually continu-
ous monitoring [13]  

 Measuring and Monitoring of Surface roughness, Micro-
cracks, Hardness, Residual stress, Grain size, etc.: usu-
ally inspecting during the refueling outage [17]  

 Analyzing the remaining service life till the beginning of 
crack initiation based on the measuring results 

 Deciding whether sustaining till next or next nth refuel-
ing outage or applying the proactive maintenance 

 Exchanging with the new bearings or 
the remanufactured bearings whose 
service life is equivalent to new bearing 
during the refueling outage [20] 

 Restoring the bearings using UNSM 
(Ultrasonic Nanocrystal Surface Modi-
fication) technology during the refuel-
ing outage 

SMR 
Component 

 Visual inspection of discontinuities and imperfections 
on the CISCC (Chloride Induced Stress Corrosion Crack-
ing) susceptible surfaces; usually measuring during the 
in-service inspection period [18] 

 Measuring and Monitoring of Surface roughness, Resid-
ual stress, etc.: usually measuring during the in-service 
inspection period [19] 

 Analyzing the remaining service life till the beginning of 
crack initiation based on the measuring results 

 Deciding whether sustaining till next or next nth in-ser-
vice periods or applying the proactive maintenance 

 Restoring the necessary surface condi-
tion by cold splay technology or ad-
vanced surface stress improvement 
technology such as UNSM, Laser Peen-
ing, etc. in ASME Code & Case N931 
[21] 

 

3. Concluding Remarks 
The PIPM system is a concept that integrates prognostic inspection methodology and proactive maintenance 
methodology. The PIPM system can enhance the lifespan and performance of target components in the current 
PHM through advanced restoration technology. This is an eco-friendly system that pursues a circular economy 
model. However, a prognostic inspection method that can detect the state of component before cracking begins 
must be developed. It is expected that the advanced PIPM system will be applied as a technology needed for 
SMR preventive maintenance in the future. 
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and local communities that can significantly contribute to conservation of the environment and enhance national 
and global action on climate change. African women are the custodians of indigenous religious knowledge as 
diviners, herbalists and storytellers. As the very custodians of the African indigenous religious knowledge, 
women grow 70% of Africa’s food [6]. Some of the women for example the Naatum women’s group in Laikipa, 
the Northern part of Kenya who live on arid land that has serious land degradation issues due to climate change 
have set up water harvesting structures and created resiliency. The women group transformed a barren land and 
gave it life, making farming possible and they are now generating income from growing aloe Vera, keeping bees, 
and they can feed their families every day [6]. African women religious leaders in particular have inherent indig-
enous religious knowledge, which they pass on from one generation to the other in different ways including 
when they are farming.  

In an ecofeminism approach to climate change for co-existence and co-prosperity in Africa it is possible for one 
to arguably see the importance of recognizing and promoting African women’s indigenous religious knowledge 
on climate change for food security, co-existence and co-prosperity in Africa. Before giving a detailed definition 
of what ecofeminism is, it is importance to underscore the fact that ecofeminism uses a gendered lens to analyze 
the aspect of co-existence between human beings and Mother Earth. A gendered lens is an approach that calls for 
an egalitarian, collaborative society in which there is no binary between the dominant and the vulnerable. In 
Romans 8:22, the groaning of the whole creation is put at the same category with a woman’s pains during child-
birth. In Genesis 3:16 after Adam and Eve ate the forbidden fruit in the Garden of Eden, the oppression of 
women’s bodies came in three perspectives namely increased pain in child bearing, intense desire for her husband 
and male dominance over a woman’s body. A gendered lens enables one to see how the oppressed female bodies 
and Mother Earth are instruments of crucial liberation theological discourses. It is from this perspective that one 
sees the relevance of using and ecofeminism to analyze indigenous religious perspectives to climate change for 
co-existence and co-prosperity in Africa. The strength of ecofeminism is in its exploration of the connections be-
tween women and nature in culture, economy, religion, politics, literature and iconography, and in addressing 
the parallels between the oppression of nature and the oppression of women [7]. 

 

2. Ecofeminism and African Women’s Indigenous Religious Knowledge to Climate 
Ecofeminism is a branch of feminism and political ecology [7]. The name ecofeminism was coined by French 
feminist Françoise d’Eaubonne in 1974, who saw the need to examine the effect of gender categories and to 
demonstrate the ways in which social norms exert unjust dominance over women and nature. Ecofeminism con-
tends that unjust social norms lead to an incomplete view of the world. An ecofeminism lens advocates for an 
altern [8, 12] ative worldview that values Mother Earth as sacred, recognizes humanity’s dependency on the 
natural world for co-existence and co-prosperity, and embraces all life as valuable [8]. Ecofeminism is a social 
literary lens that emerged from political activism and intellectual critique bringing together feminism and envi-
ronmentalism. Ecofeminism argues that the domination of women and the degradation of the environment are 
consequences of patriarchy and capitalism [9]. It is important to underscore the fact the power is at the center of 
patriarchy and capitalism. From a general perspective, patriarchy is a system of society or government in which 
the father or eldest male is head of the family and descent is reckoned through the male line [10]. From a feminist 
point of view, patriarchy is a social system of male dominance over women. 

Capitalism on the other hand is an economic system owned by private actors who control property in accord-
ance with their interests; demand, supply freely and set prices in markets in a way that can serve the best interests 
of society. Capitalism is a western concept whose essential feature is the motive to make a profit [11]. When it 
comes to climate change for co-existence and co-prosperity, progressive scholars recognize the serious damage 
that results from a global capitalist drive. Notably, the endless efforts of private owners to expand and increase 
their profits force a “perpetual treadmill of production and consumption” relying mainly on fossil fuels or alter-
native sources of greenhouse gas emissions [12]. Thus, the increased urge to gain power that can keep facilitating 
production and supply continues to threaten the co-existence between humanity and Mother Earth especially in 
African countries. In African countries, agriculture is an integral part of their economy and total productivity. 
Due to climate change, sufficient production and food supplies have been threatened because of irreversible 
weather fluctuations where sometimes there is experienced uncontrolled floods or extreme and prolonged 
drought. This is happening within the context of capitalism where there is constant demand for production and 
supply of production to maintain the supply and demand chain. Because the world has become a global village, 
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1. Introduction 
The worldview of many indigenous communities around the world see Mother Earth as a sacred entity hence 
maintain deep connections to their natural environments through indigenous religious perspectives to Mother 
Earth, the environment in particular and the climate in general [1]. Indigenous traditional knowledge is under-
standings, skills, and philosophies developed by local communities with long histories and experiences of inter-
action with their natural surroundings. Indigenous knowledge is knowledge, which is spatially, and culturally 
context specific, collective, holistic, and adaptive [2]. Indigenous Religious Knowledge (IRK) on the other hand 
is a category used in the study of religion to demarcate the religious belief systems of communities described as 
being “indigenous” [3]. In the African cosmology, there is a strong believe in the interactions between the physical 
and the spiritual when it comes to existence and life continuity. In African cosmology, Mother Earth is sacred 
and the existence of humanity depends on how human beings treat Mother Earth. The African worldview has a 
strong belief in the reality and power of a supreme being who influences human affairs and the metaphysical. 
Notably, at the core of the African genius is an exceptional religiosity with a strong belief in the existence of the 
supreme being or a power from whom all good things come [4]. Thus, the African indigenous religious 
knowledge is an embodiment of a social interaction between African communities, their environment and human 
experiences conceived through metaphysical realm that have evolved into the cultural ways of life over time. The 
African indigenous knowledge systems reveal a deep-seated connection with religious beliefs and practices ex-
pressed in a series of knowledge creating activities in philosophy, anthropology, psychology, medicine, agricul-
ture, education, arts and crafts, music and literature [5]. Within the context of this paper, indigenous religious 
knowledge therefore refers to the philosophies, beliefs, songs, dance, traditions, customs and activities that carry 
with it the indigenous knowledge system unique to particular cultural settings, societies or communities.  

When it comes to climate change; food security, co-existence and co-prosperity in Africa, indigenous religious 
knowledge can help with coping, informing and improving responses to climate change. This is because, indig-
enous religious knowledge is rooted in the cultural heritage and traditional knowledge of indigenous peoples 
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and local communities that can significantly contribute to conservation of the environment and enhance national 
and global action on climate change. African women are the custodians of indigenous religious knowledge as 
diviners, herbalists and storytellers. As the very custodians of the African indigenous religious knowledge, 
women grow 70% of Africa’s food [6]. Some of the women for example the Naatum women’s group in Laikipa, 
the Northern part of Kenya who live on arid land that has serious land degradation issues due to climate change 
have set up water harvesting structures and created resiliency. The women group transformed a barren land and 
gave it life, making farming possible and they are now generating income from growing aloe Vera, keeping bees, 
and they can feed their families every day [6]. African women religious leaders in particular have inherent indig-
enous religious knowledge, which they pass on from one generation to the other in different ways including 
when they are farming.  

In an ecofeminism approach to climate change for co-existence and co-prosperity in Africa it is possible for one 
to arguably see the importance of recognizing and promoting African women’s indigenous religious knowledge 
on climate change for food security, co-existence and co-prosperity in Africa. Before giving a detailed definition 
of what ecofeminism is, it is importance to underscore the fact that ecofeminism uses a gendered lens to analyze 
the aspect of co-existence between human beings and Mother Earth. A gendered lens is an approach that calls for 
an egalitarian, collaborative society in which there is no binary between the dominant and the vulnerable. In 
Romans 8:22, the groaning of the whole creation is put at the same category with a woman’s pains during child-
birth. In Genesis 3:16 after Adam and Eve ate the forbidden fruit in the Garden of Eden, the oppression of 
women’s bodies came in three perspectives namely increased pain in child bearing, intense desire for her husband 
and male dominance over a woman’s body. A gendered lens enables one to see how the oppressed female bodies 
and Mother Earth are instruments of crucial liberation theological discourses. It is from this perspective that one 
sees the relevance of using and ecofeminism to analyze indigenous religious perspectives to climate change for 
co-existence and co-prosperity in Africa. The strength of ecofeminism is in its exploration of the connections be-
tween women and nature in culture, economy, religion, politics, literature and iconography, and in addressing 
the parallels between the oppression of nature and the oppression of women [7]. 
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Ecofeminism is a branch of feminism and political ecology [7]. The name ecofeminism was coined by French 
feminist Françoise d’Eaubonne in 1974, who saw the need to examine the effect of gender categories and to 
demonstrate the ways in which social norms exert unjust dominance over women and nature. Ecofeminism con-
tends that unjust social norms lead to an incomplete view of the world. An ecofeminism lens advocates for an 
altern [8, 12] ative worldview that values Mother Earth as sacred, recognizes humanity’s dependency on the 
natural world for co-existence and co-prosperity, and embraces all life as valuable [8]. Ecofeminism is a social 
literary lens that emerged from political activism and intellectual critique bringing together feminism and envi-
ronmentalism. Ecofeminism argues that the domination of women and the degradation of the environment are 
consequences of patriarchy and capitalism [9]. It is important to underscore the fact the power is at the center of 
patriarchy and capitalism. From a general perspective, patriarchy is a system of society or government in which 
the father or eldest male is head of the family and descent is reckoned through the male line [10]. From a feminist 
point of view, patriarchy is a social system of male dominance over women. 

Capitalism on the other hand is an economic system owned by private actors who control property in accord-
ance with their interests; demand, supply freely and set prices in markets in a way that can serve the best interests 
of society. Capitalism is a western concept whose essential feature is the motive to make a profit [11]. When it 
comes to climate change for co-existence and co-prosperity, progressive scholars recognize the serious damage 
that results from a global capitalist drive. Notably, the endless efforts of private owners to expand and increase 
their profits force a “perpetual treadmill of production and consumption” relying mainly on fossil fuels or alter-
native sources of greenhouse gas emissions [12]. Thus, the increased urge to gain power that can keep facilitating 
production and supply continues to threaten the co-existence between humanity and Mother Earth especially in 
African countries. In African countries, agriculture is an integral part of their economy and total productivity. 
Due to climate change, sufficient production and food supplies have been threatened because of irreversible 
weather fluctuations where sometimes there is experienced uncontrolled floods or extreme and prolonged 
drought. This is happening within the context of capitalism where there is constant demand for production and 
supply of production to maintain the supply and demand chain. Because the world has become a global village, 
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The worldview of many indigenous communities around the world see Mother Earth as a sacred entity hence 
maintain deep connections to their natural environments through indigenous religious perspectives to Mother 
Earth, the environment in particular and the climate in general [1]. Indigenous traditional knowledge is under-
standings, skills, and philosophies developed by local communities with long histories and experiences of inter-
action with their natural surroundings. Indigenous knowledge is knowledge, which is spatially, and culturally 
context specific, collective, holistic, and adaptive [2]. Indigenous Religious Knowledge (IRK) on the other hand 
is a category used in the study of religion to demarcate the religious belief systems of communities described as 
being “indigenous” [3]. In the African cosmology, there is a strong believe in the interactions between the physical 
and the spiritual when it comes to existence and life continuity. In African cosmology, Mother Earth is sacred 
and the existence of humanity depends on how human beings treat Mother Earth. The African worldview has a 
strong belief in the reality and power of a supreme being who influences human affairs and the metaphysical. 
Notably, at the core of the African genius is an exceptional religiosity with a strong belief in the existence of the 
supreme being or a power from whom all good things come [4]. Thus, the African indigenous religious 
knowledge is an embodiment of a social interaction between African communities, their environment and human 
experiences conceived through metaphysical realm that have evolved into the cultural ways of life over time. The 
African indigenous knowledge systems reveal a deep-seated connection with religious beliefs and practices ex-
pressed in a series of knowledge creating activities in philosophy, anthropology, psychology, medicine, agricul-
ture, education, arts and crafts, music and literature [5]. Within the context of this paper, indigenous religious 
knowledge therefore refers to the philosophies, beliefs, songs, dance, traditions, customs and activities that carry 
with it the indigenous knowledge system unique to particular cultural settings, societies or communities.  

When it comes to climate change; food security, co-existence and co-prosperity in Africa, indigenous religious 
knowledge can help with coping, informing and improving responses to climate change. This is because, indig-
enous religious knowledge is rooted in the cultural heritage and traditional knowledge of indigenous peoples 
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In many African communities, spiritual processes such as brewing of traditional beer called Busaa for rituals 
such as burials and circumcision ceremonies are conducted by women. At the heart of what enhances the com-
munity ritual ceremonies is environmental conversation for life sustainability. Ceremonies that are done to sus-
tain the spirit of Ubuntu such as childbirth, initiation, marriage and rituals related to burial ceremonies are very 
dependent on food. Thus, women took on the responsibility of passing on from one generation to the other im-
portant indigenous religious knowledge on life sustainability related to the environment. This is done through 
song and dance, poems the type of food shared during the ceremonies, herbal treatments used to embalm the 
bodies of the dead and treatment administered to the circumcised candidate. That is why, in response to chal-
lenges that rural Kenyan women were facing in regards to food security for example, Wangari Maathai (1940-
2011) the founder of the Green Belt Movement (GBM) and the 2004 Nobel Peace Prize Laureate, empowered rural 
women to conserve the environment through ecofriendly farming systems that had a long-term resilient response 
to climate change and food security. Using GBM Maathai promoted African cultural diversity while embodying 
indigenous religious knowledge as a response to climate change and food security [19]. It is from this perspective 
that one sees the need to earnest African women’s indigenous religious knowledge to climate change. One there-
fore asks why is women’s indigenous religious knowledge to climate change for co-existence, co-prosperity and 
food security in Africa important. 

Firstly, it is the responsibility of every Africa mother to teach her children to respect Mother Earth and all that 
dwell in her. Every African mother is supposed to teach her children the laws of nature and help them understand 
the cosmic rhythms. The African spiritual worldview is deeply rooted in respect for nature, reverence for hills, 
forests, animals, and rivers because African spirituality is communicated through the environment. At the center 
of African spirituality is a strong aspect of deep human values, attitudes, beliefs and practices that arise from the 
fact that the African traditional knowledge systems teaches community members to worship and venerated eve-
rything under the earth, on earth, between the earth and heavens and in the heavens above [20]. Notably, the 
knowledge of various methods that help to restrict the utilization of certain natural resources is with women as 
the custodians of African indigenous knowledge. Thus, the women teach their children methods of protecting 
and maintaining God’s creation through the African belief systems as a way of conserving the environment.  

Secondly, the African women’s belief system develops out of her active engagement in the generational acqui-
sition and classification of knowledge within their linguistic, cultural, economic, ecological, and sociological 
world. This naturally happens through the long chain of transmitting the traditional knowledge system from one 
generation to the other. Using song, dance and poems for example, African women communicate(d) and ex-
press(ed) the environmental wisdom, ethics and religious beliefs that are very useful in natural resource man-
agement. The knowledge transmission touches on traditional natural resource management in classified catego-
ries such as protection of particular ecosystems or habitats such as sacred groves and sacred rivers, ponds, par-
ticular animals or plant species such as totem and tabooed species, trees, forests, wildlife and marine organisms. 
The innate characteristics of Mothering in women’s traditional conservation ethics are capable of protecting bio-
diversity species in particular and the environment in general as long as there is keen interest to earnest women’s 
religious indigenous knowledge on the ecosystem. This is because, the traditional ecological knowledge (TEK) 
systems are infused with practices and concepts, and modes of teaching and learning that can be related directly 
and indirectly to resource stewardship and conservation at various spheres of life [21].  

Thus, a blend of ecofeminism and African women’s indigenous religious knowledge to climate change furthers 
a reconstruction of women’s contributions to the intersection of feminist theory and environmental protection. 
An outstanding example of a blend of ecofeminism and African women’s indigenous religious knowledge to 
climate change is the remarkable work of the Kenyan scientist, feminist, ecological and political activist Maathai 
the winner of the Nobel Peace Prize in 2004 [22]. Maathai put African women’s indigenous religious knowledge 
to climate change in her approach to the environmental protection and poverty reduction in the rural areas of 
Kenya. In her innate motherly wisdom, Maathai identified the link between environmental degradation and pov-
erty in Kenya. Notably, deforestation had dramatically affected local village life by heavily influencing food se-
curity, health, water sources, the economy, and women. Using the Green Belt Movement, Maathai focused on 
reforestation to promote sustainability and establish financial income for women in the region as a way of miti-
gating gendered poverty through an ecofeminism approach to the environment. Mother Earth symbolizes the 
environment in which life thrives [23]. African women are connected to Mother Earth, land and the environment 
hence the need to reclaim the spiritual union between women’s indigenous religious knowledge to climate 
change for co-existence, co-prosperity and food security in Africa. 
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capitalism has also infiltrated African countries. Thus, a combination of patriarchy and capitalism is having dev-
astating consequences on the issue of co-existence and co-prosperity between humanity and Mother Earth.   

Arguably, patriarchy and capitalism are interdependent system of oppression that are dependent on the accu-
mulation of power and the oppression of the vulnerable [13]. In the Bible, the Jewish religious and patriarchal 
society; Genesis 1:28, 3:16 and Romans 8:22 puts the vulnerability of Mother Earth and women’s bodies at the 
same level. In the interpretation of the texts provided in this paper, one argues that patriarchy and capitalism 
combine to sustain and maintain the status quo. Genesis 1:28 gives humanity the power to rule over all the crea-
tion. Genesis 1:28 is supposed to understood from the perspective of stewardship of Mother Earth. However, the 
application of the text continues to display a capitalistic tendency of exploitation of Mother Earth to maximize 
profit. The statement “he shall rule over you” in Genesis, 3:16 has been interpreted in patriarchal societies like 
Kenya to imply a biblical command for men to dominate women. Thus, when one encounters the voice of Paul 
in Roman’s 8:22, it is possible to argue that the vulnerability of women’s bodies is at the same level with that of 
Mother Earth.  Capitalism and patriarchy continues to increase women’s economic vulnerability by excluding 
middle and lower class women by perpetuating existing power imbalance and widening Gender disparity [13].  
The use of the concept Mother Earth therefor seeks to use ecofeminism to underscore motherhood as the essential 
trait of women with innate functions of resilient, adaptive, protective, nurturing and caring instincts.  

Thus, using an ecofeminism lens to argue for the need to promote African women’s indigenous religious 
knowledge to climate change for co-existence and co-prosperity brings with it a blend of an afro-feminist ap-
proach to issues of climate change. Afro-feminist lens is a hermeneutical approach rooted in black feminism as 
an ideology of liberation that takes serious black women’s experience, with the aim of disrupting power struc-
tures, destabilizing the status quo and challenging oppressive structures that deny God’s people the right to live 
with dignity [14]. In Romans 8:22, the whole Mother Earth is depicted as groaning like a mother who is in labor 
pains eagerly waiting for liberation. The liberation of an expectant mother comes when she gives birth. In the 
same way, the liberation of Mother Earth is realized when the dominance of humanity over creation is trans-
formed into social aspects of stewardship.  In Genesis 2:26, God created humanity in God’s image and likeness 
and gave humanity the power to rule over the fish in the sea and the birds in the sky the livestock, all the wild 
animals, and over all the creatures that move along the ground. The ruling aspect should be understood from the 
perspective of nurturing. African women have an innate indigenous religious knowledge of caring for the envi-
ronment. Many of the African women religious leaders for example, have a full circle of religious knowledge that 
touches on food production, distribution, cooking, the digestive process and the disposal process. This 
knowledge directly links Mother Earth’s reproductive system and a woman’s sexual reproductive knowledge.   

During food production for example, some African communities aided by African women religious leaders 
observe certain ritual practices directly attached to a woman’s sexual reproductive system called the ritual of 
purification [15]. When a man must have sex with his wife during planting season for example, certain ritual 
observances are performed that are believed to influence the harvest positively because sex in many African 
communities holds a special role that goes beyond just siring children and enjoyment.  

When a woman gives birth, the placenta is buried in a special way guided by a female religious leader of a 
given community following the cultural practices of a particular community to connect the womb of a woman 
with Mother Earth for life sustainability [16]. In many African societies the placenta is highly revered because of 
its biological and spiritual connection to a child’s life cycle. The people endowed with the indigenous religious 
knowledge that connects the placenta to Mother Earth for co-existence and life sustainability are the biological 
mothers or mothers-in-law. If something goes wrong and the community starts to experience drought, floods or 
any natural calamity, the community will seek the indulgence of the elderly women to inquire if something went 
wrong during the burial of a placenta in case of new births in the community. This is because, the knowledge to 
understand the times and seasons of the whether are entrusted with women who are believed to have innate 
knowledge on such matters [17]. Thus, seven weeks after every childbirth in many Africa communities are very 
important. This is the time when the Ubuntu spirit takes over the whole community to raise a child by protecting 
the life of the Mother and ensuring that all rituals related to childbirth are observed for the better of the whole 
society. This is also the time when the biological mother and the Mother in-law teach the mother of the newly 
born child matters related to the placenta, the sacredness of the placenta and her connection to Mother Earth for 
co-existence and co-prosperity. The sacredness of the placenta is in the aspect of communal living and together-
ness that are central elements of many African societies and cultures. This is because the placenta is a sacred 
organ that connects the child to the ancestors, spirits and Mother Earth for protection [18].  
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In many African communities, spiritual processes such as brewing of traditional beer called Busaa for rituals 
such as burials and circumcision ceremonies are conducted by women. At the heart of what enhances the com-
munity ritual ceremonies is environmental conversation for life sustainability. Ceremonies that are done to sus-
tain the spirit of Ubuntu such as childbirth, initiation, marriage and rituals related to burial ceremonies are very 
dependent on food. Thus, women took on the responsibility of passing on from one generation to the other im-
portant indigenous religious knowledge on life sustainability related to the environment. This is done through 
song and dance, poems the type of food shared during the ceremonies, herbal treatments used to embalm the 
bodies of the dead and treatment administered to the circumcised candidate. That is why, in response to chal-
lenges that rural Kenyan women were facing in regards to food security for example, Wangari Maathai (1940-
2011) the founder of the Green Belt Movement (GBM) and the 2004 Nobel Peace Prize Laureate, empowered rural 
women to conserve the environment through ecofriendly farming systems that had a long-term resilient response 
to climate change and food security. Using GBM Maathai promoted African cultural diversity while embodying 
indigenous religious knowledge as a response to climate change and food security [19]. It is from this perspective 
that one sees the need to earnest African women’s indigenous religious knowledge to climate change. One there-
fore asks why is women’s indigenous religious knowledge to climate change for co-existence, co-prosperity and 
food security in Africa important. 

Firstly, it is the responsibility of every Africa mother to teach her children to respect Mother Earth and all that 
dwell in her. Every African mother is supposed to teach her children the laws of nature and help them understand 
the cosmic rhythms. The African spiritual worldview is deeply rooted in respect for nature, reverence for hills, 
forests, animals, and rivers because African spirituality is communicated through the environment. At the center 
of African spirituality is a strong aspect of deep human values, attitudes, beliefs and practices that arise from the 
fact that the African traditional knowledge systems teaches community members to worship and venerated eve-
rything under the earth, on earth, between the earth and heavens and in the heavens above [20]. Notably, the 
knowledge of various methods that help to restrict the utilization of certain natural resources is with women as 
the custodians of African indigenous knowledge. Thus, the women teach their children methods of protecting 
and maintaining God’s creation through the African belief systems as a way of conserving the environment.  

Secondly, the African women’s belief system develops out of her active engagement in the generational acqui-
sition and classification of knowledge within their linguistic, cultural, economic, ecological, and sociological 
world. This naturally happens through the long chain of transmitting the traditional knowledge system from one 
generation to the other. Using song, dance and poems for example, African women communicate(d) and ex-
press(ed) the environmental wisdom, ethics and religious beliefs that are very useful in natural resource man-
agement. The knowledge transmission touches on traditional natural resource management in classified catego-
ries such as protection of particular ecosystems or habitats such as sacred groves and sacred rivers, ponds, par-
ticular animals or plant species such as totem and tabooed species, trees, forests, wildlife and marine organisms. 
The innate characteristics of Mothering in women’s traditional conservation ethics are capable of protecting bio-
diversity species in particular and the environment in general as long as there is keen interest to earnest women’s 
religious indigenous knowledge on the ecosystem. This is because, the traditional ecological knowledge (TEK) 
systems are infused with practices and concepts, and modes of teaching and learning that can be related directly 
and indirectly to resource stewardship and conservation at various spheres of life [21].  

Thus, a blend of ecofeminism and African women’s indigenous religious knowledge to climate change furthers 
a reconstruction of women’s contributions to the intersection of feminist theory and environmental protection. 
An outstanding example of a blend of ecofeminism and African women’s indigenous religious knowledge to 
climate change is the remarkable work of the Kenyan scientist, feminist, ecological and political activist Maathai 
the winner of the Nobel Peace Prize in 2004 [22]. Maathai put African women’s indigenous religious knowledge 
to climate change in her approach to the environmental protection and poverty reduction in the rural areas of 
Kenya. In her innate motherly wisdom, Maathai identified the link between environmental degradation and pov-
erty in Kenya. Notably, deforestation had dramatically affected local village life by heavily influencing food se-
curity, health, water sources, the economy, and women. Using the Green Belt Movement, Maathai focused on 
reforestation to promote sustainability and establish financial income for women in the region as a way of miti-
gating gendered poverty through an ecofeminism approach to the environment. Mother Earth symbolizes the 
environment in which life thrives [23]. African women are connected to Mother Earth, land and the environment 
hence the need to reclaim the spiritual union between women’s indigenous religious knowledge to climate 
change for co-existence, co-prosperity and food security in Africa. 

 

3rd ICHJA 2024 3 of 7 
 

3rd ICHJA 2024      https://www.ichja.org 
 

capitalism has also infiltrated African countries. Thus, a combination of patriarchy and capitalism is having dev-
astating consequences on the issue of co-existence and co-prosperity between humanity and Mother Earth.   

Arguably, patriarchy and capitalism are interdependent system of oppression that are dependent on the accu-
mulation of power and the oppression of the vulnerable [13]. In the Bible, the Jewish religious and patriarchal 
society; Genesis 1:28, 3:16 and Romans 8:22 puts the vulnerability of Mother Earth and women’s bodies at the 
same level. In the interpretation of the texts provided in this paper, one argues that patriarchy and capitalism 
combine to sustain and maintain the status quo. Genesis 1:28 gives humanity the power to rule over all the crea-
tion. Genesis 1:28 is supposed to understood from the perspective of stewardship of Mother Earth. However, the 
application of the text continues to display a capitalistic tendency of exploitation of Mother Earth to maximize 
profit. The statement “he shall rule over you” in Genesis, 3:16 has been interpreted in patriarchal societies like 
Kenya to imply a biblical command for men to dominate women. Thus, when one encounters the voice of Paul 
in Roman’s 8:22, it is possible to argue that the vulnerability of women’s bodies is at the same level with that of 
Mother Earth.  Capitalism and patriarchy continues to increase women’s economic vulnerability by excluding 
middle and lower class women by perpetuating existing power imbalance and widening Gender disparity [13].  
The use of the concept Mother Earth therefor seeks to use ecofeminism to underscore motherhood as the essential 
trait of women with innate functions of resilient, adaptive, protective, nurturing and caring instincts.  

Thus, using an ecofeminism lens to argue for the need to promote African women’s indigenous religious 
knowledge to climate change for co-existence and co-prosperity brings with it a blend of an afro-feminist ap-
proach to issues of climate change. Afro-feminist lens is a hermeneutical approach rooted in black feminism as 
an ideology of liberation that takes serious black women’s experience, with the aim of disrupting power struc-
tures, destabilizing the status quo and challenging oppressive structures that deny God’s people the right to live 
with dignity [14]. In Romans 8:22, the whole Mother Earth is depicted as groaning like a mother who is in labor 
pains eagerly waiting for liberation. The liberation of an expectant mother comes when she gives birth. In the 
same way, the liberation of Mother Earth is realized when the dominance of humanity over creation is trans-
formed into social aspects of stewardship.  In Genesis 2:26, God created humanity in God’s image and likeness 
and gave humanity the power to rule over the fish in the sea and the birds in the sky the livestock, all the wild 
animals, and over all the creatures that move along the ground. The ruling aspect should be understood from the 
perspective of nurturing. African women have an innate indigenous religious knowledge of caring for the envi-
ronment. Many of the African women religious leaders for example, have a full circle of religious knowledge that 
touches on food production, distribution, cooking, the digestive process and the disposal process. This 
knowledge directly links Mother Earth’s reproductive system and a woman’s sexual reproductive knowledge.   

During food production for example, some African communities aided by African women religious leaders 
observe certain ritual practices directly attached to a woman’s sexual reproductive system called the ritual of 
purification [15]. When a man must have sex with his wife during planting season for example, certain ritual 
observances are performed that are believed to influence the harvest positively because sex in many African 
communities holds a special role that goes beyond just siring children and enjoyment.  

When a woman gives birth, the placenta is buried in a special way guided by a female religious leader of a 
given community following the cultural practices of a particular community to connect the womb of a woman 
with Mother Earth for life sustainability [16]. In many African societies the placenta is highly revered because of 
its biological and spiritual connection to a child’s life cycle. The people endowed with the indigenous religious 
knowledge that connects the placenta to Mother Earth for co-existence and life sustainability are the biological 
mothers or mothers-in-law. If something goes wrong and the community starts to experience drought, floods or 
any natural calamity, the community will seek the indulgence of the elderly women to inquire if something went 
wrong during the burial of a placenta in case of new births in the community. This is because, the knowledge to 
understand the times and seasons of the whether are entrusted with women who are believed to have innate 
knowledge on such matters [17]. Thus, seven weeks after every childbirth in many Africa communities are very 
important. This is the time when the Ubuntu spirit takes over the whole community to raise a child by protecting 
the life of the Mother and ensuring that all rituals related to childbirth are observed for the better of the whole 
society. This is also the time when the biological mother and the Mother in-law teach the mother of the newly 
born child matters related to the placenta, the sacredness of the placenta and her connection to Mother Earth for 
co-existence and co-prosperity. The sacredness of the placenta is in the aspect of communal living and together-
ness that are central elements of many African societies and cultures. This is because the placenta is a sacred 
organ that connects the child to the ancestors, spirits and Mother Earth for protection [18].  
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and spiritual awareness. Thus, a positive step towards indigenous religious perspectives to climate change for 
co-existence and co-prosperity in Africa should take into consideration the following issues: 

Firstly, there is need to promote awareness and understanding of ecological principles which emphasize the 
interconnectedness of the life of humanity and Mother Earth. A reciprocal relationship between Mother Earth 
and humanity is important in facilitating grounding breaking insights on how to live in sustainable, peaceful and 
respectful ways with Mother Earth’s biodiversity. The awareness should therefore be done in such a way that 
instills a sense of responsibility and respect for the environment. While there are some negative cultural values 
in the African traditional society, which prevents life from flourishing, there is need to sensitize community mem-
bers to adapt a sense of cultural appreciation that acknowledges and respects diverse cultural perspectives, in-
cluding indigenous religious knowledge and practices that are prolife. Learning from traditional wisdom can 
provide valuable insights into sustainable living and a harmonious relationship with Mother Earth. Teaching the 
current generation to be conscious of the impact of each individual’s actions on several generations to come is 
very important. One of the main sustainable practices for co-existence and prosperity is to encourage and adopt 
sustainable practices in daily life, such as reducing waste, conserving energy, and supporting eco-friendly initia-
tives.  

Secondly, there is need to socialize communities and individuals to voluntarily support and participate in in-
digenous religious conservation initiatives that aim to protecting and restoring natural habitats. This should be 
done by socializing community members to actively participating in local environmental projects or contributing 
to organizations focused on conservation efforts such as the initiative of GBM by Maathai. Assuming role of her 
mother for example, Maathai’s daughter carries on her mother’s bold fight for green spaces in Kenya by empow-
ering the youth in Kenya to lead the struggle to protect the environment. In her efforts, one sees a strong aspect 
of building communities that value and prioritize environmental sustainability. Additionally, the fact that african 
women are custodians of indigenous religious education offers the contemporary society as asset to intergrate 
wisdom sharing that facilitates the exchange of knowledge between generations. Elderly women often hold val-
uable insights into traditional practices that promote a harmonious relationship with the Earth. This intergener-
ational wisdom can be a powerful resource for building a sustainable future. Fostering a mutual relationship with 
Mother Earth is a collective effort that requires a shift in mindset and behavior at both individual and societal 
levels.  

4. Conclusion 

The issues of co-existence, co-prosperity and food security in Africa is directly linked to the vital role that African 
women play in addressing climate change through indigenous religious perspectives. Since African women are 
custodians and transmitters of indigenous religious knowledge, there is need to promote African women’s in-
digenous religious knowledge on climate change as a powerful and necessary initiative. Women in many African 
communities often play key roles in natural resource management, agriculture, and maintaining community 
well-being especially through herbal medicine and community ceremonies and rituals. Building on the general 
foundation of indigenous religious perspectives for co-existence and co-prosperity, there is need to empower 
women within communities by providing platforms for sharing their knowledge through storytelling events, or 
ritual and community bases ceremonies that leverage their expertise in sustainable practices and mutual existence 
with Mother Earth. In fact, there is need to revise curriculums in educational institutions and create room to for 
the educational programs to highlight the intersection of indigenous religious knowledge, women's roles, and 
climate change.  
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3. Indigenous Religious Perspectives, Co-Existence and Co-prosperity 
 
Religion remains central to the lives of the African people. Traditional African religions are lived religions whose 
central aspects are rituals, traditions, and practices passed down via oral tradition influencing all aspects of daily 
life, such as diet, healthcare, work schedule, and dress. 

The African religious worldview is primarily indigenous in her transitive approach to life, theologies and 
knowledge systems. Because of the African philosophy of Ubuntu, indigenous religious perspectives inform the 
aspect of coexistence and prosperity between Mother Earth and humanity. African religions emphasize main-
taining a harmonious relationship with the divine powers, and their rituals attempt to harness cosmic powers for 
co-existence and co-prosperity. Many indigenous belief systems are rooted in a holistic understanding of the 
world with an innate believe that the well-being of the community is connected to the health of the environment 
and Mother Earth. That is why indigenous cultures for example embrace traditional medicine as the best form of 
healthcare in many parts of the world. This is because it has a more holistic approach to healing, including the 
interconnection of mind, body, and spirit in a specific contexts [23]. In many African communities, cultural prac-
tices and community rituals especially those that relate to birth, initiation, marriage, death and burial ceremonies 
often reflect a balance between human needs and environmental sustainability. 

Thus, indigenous religious perspectives emphasize harmony between human beings and the natural world in 
ways that creates interconnectedness, and a deep respect for Mother Earth. In many African communities, reli-
gions are intimately tied to Mother Earth. Traditional tribal values contain intrinsic themes of ecological inter-
connectedness to guide reciprocal relationships with the environment and the natural world. While deferent Af-
rican societies have diverse and dynamic tribal ways of life, an inter and intra-tribal commonality way of life for 
co-existence and prosperity exists that is expressed through the reverence of Mother Earth. African societies hold 
Land and natural habitats with the highest spiritual meaning because of the believe that the spirits of the deceased 
are said to reside in natural areas making communities assigned higher priority to regulating ways of interacting 
with the natural habitats [24]. Values of spatial-based and temporal based religions produce fundamental differ-
ences of great philosophical importance between the spiritual world and the world of the living. Sacred sites 
continue to be used by many African communities for religious initiation ceremonies, pouring of libation and 
offering of sacrifices, and divination. Therefore, within the context of this scholarly discussion therefore, co-ex-
istence and co-prosperity involves not just living alongside others but also fostering a mutual relationship be-
tween human beings and Mother Earth. 

The effects of climate change can holistically be dealt with, when empowerment strategies for co-existence and 
prosperity target every individual, family, social and religious institutions, and nation to continuously keep gen-
erating ideas and deploying them for increasing wealth extraction from natural resources while causing less harm. 
Indigenous religious perspectives and cultural values on matters nature are foundations of beliefs transferred 
through individuals, social institutions and family systems. From a young age, communities socialized individ-
uals to their cultural and religious beliefs concerning the natural world. Elders and community members often 
play a crucial role in passing down this knowledge to the younger generation [25]. Fundamental social values 
vary between diverse populations, yet it is important to identify core value-orientations shared amongst cultures 
that can help in the fight against climate change for co-existence and prosperity. In many African communities, 
indigenous traditional Knowledge is essential in predicting weather extremes. Religious community leaders, es-
pecial women diviners often possess a deep understanding of their local environments, including subtle signs in 
nature that can indicate impending weather changes. The women diviners rely on keen observation of natural 
signs, such as the behavior of animals, the appearance of certain plants, or changes in the sky, the movement or 
calls of certain birds might which is often interpreted as a predictor of rainfall [26]. The mating of certain animals 
and flowering of certain plants are all understood as important signals of changes in time and whether conditions.  

The calendar of the African whether is marked by traditional knowledge innately possessed by women divin-
ers which is based on the observation of recurring patterns in nature used to guide agricultural practices and to 
help communities determine the best times for planting and harvesting crops [27]. Some community rituals and 
ceremonies are directly linked to specific seasons or weather patterns informed by the understanding of the nat-
ural environment and its cycles. Women being the custodians of the indigenous traditional knowledge shared 
their knowledge with younger generations through storytelling, passing down not just the practical aspects but 
also the cultural and spiritual significance of weather patterns. Fostering a mutual relationship between human 
beings and Mother Earth involves a holistic approach that integrates ecological sustainability, cultural respect, 
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and spiritual awareness. Thus, a positive step towards indigenous religious perspectives to climate change for 
co-existence and co-prosperity in Africa should take into consideration the following issues: 

Firstly, there is need to promote awareness and understanding of ecological principles which emphasize the 
interconnectedness of the life of humanity and Mother Earth. A reciprocal relationship between Mother Earth 
and humanity is important in facilitating grounding breaking insights on how to live in sustainable, peaceful and 
respectful ways with Mother Earth’s biodiversity. The awareness should therefore be done in such a way that 
instills a sense of responsibility and respect for the environment. While there are some negative cultural values 
in the African traditional society, which prevents life from flourishing, there is need to sensitize community mem-
bers to adapt a sense of cultural appreciation that acknowledges and respects diverse cultural perspectives, in-
cluding indigenous religious knowledge and practices that are prolife. Learning from traditional wisdom can 
provide valuable insights into sustainable living and a harmonious relationship with Mother Earth. Teaching the 
current generation to be conscious of the impact of each individual’s actions on several generations to come is 
very important. One of the main sustainable practices for co-existence and prosperity is to encourage and adopt 
sustainable practices in daily life, such as reducing waste, conserving energy, and supporting eco-friendly initia-
tives.  

Secondly, there is need to socialize communities and individuals to voluntarily support and participate in in-
digenous religious conservation initiatives that aim to protecting and restoring natural habitats. This should be 
done by socializing community members to actively participating in local environmental projects or contributing 
to organizations focused on conservation efforts such as the initiative of GBM by Maathai. Assuming role of her 
mother for example, Maathai’s daughter carries on her mother’s bold fight for green spaces in Kenya by empow-
ering the youth in Kenya to lead the struggle to protect the environment. In her efforts, one sees a strong aspect 
of building communities that value and prioritize environmental sustainability. Additionally, the fact that african 
women are custodians of indigenous religious education offers the contemporary society as asset to intergrate 
wisdom sharing that facilitates the exchange of knowledge between generations. Elderly women often hold val-
uable insights into traditional practices that promote a harmonious relationship with the Earth. This intergener-
ational wisdom can be a powerful resource for building a sustainable future. Fostering a mutual relationship with 
Mother Earth is a collective effort that requires a shift in mindset and behavior at both individual and societal 
levels.  

4. Conclusion 

The issues of co-existence, co-prosperity and food security in Africa is directly linked to the vital role that African 
women play in addressing climate change through indigenous religious perspectives. Since African women are 
custodians and transmitters of indigenous religious knowledge, there is need to promote African women’s in-
digenous religious knowledge on climate change as a powerful and necessary initiative. Women in many African 
communities often play key roles in natural resource management, agriculture, and maintaining community 
well-being especially through herbal medicine and community ceremonies and rituals. Building on the general 
foundation of indigenous religious perspectives for co-existence and co-prosperity, there is need to empower 
women within communities by providing platforms for sharing their knowledge through storytelling events, or 
ritual and community bases ceremonies that leverage their expertise in sustainable practices and mutual existence 
with Mother Earth. In fact, there is need to revise curriculums in educational institutions and create room to for 
the educational programs to highlight the intersection of indigenous religious knowledge, women's roles, and 
climate change.  

References 
1. Sandhu, H. and Gibbons, D. Centering Indigenous Worldviews in Environmental Education. Revue de l’éducation-Education 

Journal 36 
2. Ghorbani, M., Eskandari-Damaneh, H., Cotton, M., Ghoochani, O.M., and Borji, M. Harnessing indigenous knowledge for 

climate change-resilient water management – lessons from an ethnographic case study in Iran. Climate and Development 13(9), 
766–79 (2021).  

3. Yountae, A. A decolonial theory of religion: Race, coloniality, and secularity in the Americas. Journal of the American Academy 
of Religion 88(4), 947–80 (2020).  

4. Kanu, I. A. On the origin and principles of Igwebuike philosophy. Journal of Religion and Human Relations 11(1), 159–76 (2019).  
5. Falola, T. African Traditional Religion and Indigenous Knowledge System. In The Palgrave Handbook of African Traditional 

Religion (Springer International Publishing, 2022). 

3rd ICHJA 2024 5 of 7 
 

3rd ICHJA 2024      https://www.ichja.org 
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Religion remains central to the lives of the African people. Traditional African religions are lived religions whose 
central aspects are rituals, traditions, and practices passed down via oral tradition influencing all aspects of daily 
life, such as diet, healthcare, work schedule, and dress. 

The African religious worldview is primarily indigenous in her transitive approach to life, theologies and 
knowledge systems. Because of the African philosophy of Ubuntu, indigenous religious perspectives inform the 
aspect of coexistence and prosperity between Mother Earth and humanity. African religions emphasize main-
taining a harmonious relationship with the divine powers, and their rituals attempt to harness cosmic powers for 
co-existence and co-prosperity. Many indigenous belief systems are rooted in a holistic understanding of the 
world with an innate believe that the well-being of the community is connected to the health of the environment 
and Mother Earth. That is why indigenous cultures for example embrace traditional medicine as the best form of 
healthcare in many parts of the world. This is because it has a more holistic approach to healing, including the 
interconnection of mind, body, and spirit in a specific contexts [23]. In many African communities, cultural prac-
tices and community rituals especially those that relate to birth, initiation, marriage, death and burial ceremonies 
often reflect a balance between human needs and environmental sustainability. 

Thus, indigenous religious perspectives emphasize harmony between human beings and the natural world in 
ways that creates interconnectedness, and a deep respect for Mother Earth. In many African communities, reli-
gions are intimately tied to Mother Earth. Traditional tribal values contain intrinsic themes of ecological inter-
connectedness to guide reciprocal relationships with the environment and the natural world. While deferent Af-
rican societies have diverse and dynamic tribal ways of life, an inter and intra-tribal commonality way of life for 
co-existence and prosperity exists that is expressed through the reverence of Mother Earth. African societies hold 
Land and natural habitats with the highest spiritual meaning because of the believe that the spirits of the deceased 
are said to reside in natural areas making communities assigned higher priority to regulating ways of interacting 
with the natural habitats [24]. Values of spatial-based and temporal based religions produce fundamental differ-
ences of great philosophical importance between the spiritual world and the world of the living. Sacred sites 
continue to be used by many African communities for religious initiation ceremonies, pouring of libation and 
offering of sacrifices, and divination. Therefore, within the context of this scholarly discussion therefore, co-ex-
istence and co-prosperity involves not just living alongside others but also fostering a mutual relationship be-
tween human beings and Mother Earth. 

The effects of climate change can holistically be dealt with, when empowerment strategies for co-existence and 
prosperity target every individual, family, social and religious institutions, and nation to continuously keep gen-
erating ideas and deploying them for increasing wealth extraction from natural resources while causing less harm. 
Indigenous religious perspectives and cultural values on matters nature are foundations of beliefs transferred 
through individuals, social institutions and family systems. From a young age, communities socialized individ-
uals to their cultural and religious beliefs concerning the natural world. Elders and community members often 
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indigenous traditional Knowledge is essential in predicting weather extremes. Religious community leaders, es-
pecial women diviners often possess a deep understanding of their local environments, including subtle signs in 
nature that can indicate impending weather changes. The women diviners rely on keen observation of natural 
signs, such as the behavior of animals, the appearance of certain plants, or changes in the sky, the movement or 
calls of certain birds might which is often interpreted as a predictor of rainfall [26]. The mating of certain animals 
and flowering of certain plants are all understood as important signals of changes in time and whether conditions.  

The calendar of the African whether is marked by traditional knowledge innately possessed by women divin-
ers which is based on the observation of recurring patterns in nature used to guide agricultural practices and to 
help communities determine the best times for planting and harvesting crops [27]. Some community rituals and 
ceremonies are directly linked to specific seasons or weather patterns informed by the understanding of the nat-
ural environment and its cycles. Women being the custodians of the indigenous traditional knowledge shared 
their knowledge with younger generations through storytelling, passing down not just the practical aspects but 
also the cultural and spiritual significance of weather patterns. Fostering a mutual relationship between human 
beings and Mother Earth involves a holistic approach that integrates ecological sustainability, cultural respect, 
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Abstract:  This study endeavors to assess the prospective environmental ramifications of landfills in Africa, recognizing their 
widespread global application in waste disposal. Landfills pose formidable challenges by emitting potent greenhouse gases, 
including methane, carbon dioxide, and nitrous oxide, during the decomposition of organic waste. Moreover, the generation 
of leachate, a hazardous liquid byproduct, poses a substantial threat to soil, groundwater, and ecosystems. In light of popu-
lation growth, urbanization, and deficient waste infrastructure, these challenges are poised to intensify. The research explores 
evolving trends and technologies, with a particular emphasis on the escalating emphasis on waste reduction and recycling to 
divert refuse from landfills. Viable recycling systems and advancements in landfill design and management practices emerge 
as prospective solutions. Employing mixed methods, qualitative data is acquired through interviews and focus group discus-
sions involving experts, policymakers, and industry professionals. Simultaneously, quantitative data pertaining to waste gen-
eration, disposal trends, and environmental metrics are meticulously gathered from authoritative sources. The findings elu-
cidate that, despite being deemed the optimal technological recourse for Africa, landfills encounter impediments stemming 
from public sentiment, spatial limitations, deficient management, apprehensions regarding pollution, and constrained re-
source recovery capacity. Proposals for holistic approaches, encompassing educational campaigns and community engage-
ment, are posited to mitigate the adverse impacts of landfills. The study accentuates the imperative reliance on waste reduc-
tion, technological innovations, alternative management methodologies, and public involvement to shape the trajectory of the 
future. While a comprehensive departure from landfills may prove challenging, particularly in resource-constrained regions 
like Africa, sustained research and investment in sustainable waste management strategies are deemed indispensable for a 
more ecologically sustainable future. The study advocates for a judicious equilibrium, wherein efforts to alleviate landfill 
impacts coalesce with the exploration of sustainable alternatives, fostering a resilient and ecologically prudent waste manage-
ment paradigm. 

Keywords:  landfills, waste, recycling, technology, Africa 
 

1. Introduction 

Allergic Landfills are a common element of waste management systems all across the world, including Africa. 
As the continent's population grows and urbanizes, the amount of trash produced grows dramatically, provid-
ing substantial difficulties to environmental sustainability. Given these concerns, it is critical to examine future 
environmental trends and predict the potential implications of African landfills [1].  The purpose of this re-
search is to give a complete overview of the existing situation of landfills in Africa as well as an analysis of their 
potential future environmental repercussions. This research intends to identify major trends and patterns in 
landfill growth, waste composition, and environmental repercussions in the African context by evaluating cur-
rent literature, reports, and case studies. 

The research will cover a wide range of topics, including the social, economic, and environmental aspects of 
landfill management. This study will offer light on the underlying reasons of Africa's rising garbage dilemma by 
evaluating the socioeconomic variables driving landfill expansion, such as fast urbanization, population increase, 
and changing consumer habits. 

Furthermore, the study will look into the environmental repercussions of landfills, such as air and water pol-
lution, soil degradation, greenhouse gas emissions, and negative effects on species and ecosystems. The study 
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Abstract:  This study endeavors to assess the prospective environmental ramifications of landfills in Africa, recognizing their 
widespread global application in waste disposal. Landfills pose formidable challenges by emitting potent greenhouse gases, 
including methane, carbon dioxide, and nitrous oxide, during the decomposition of organic waste. Moreover, the generation 
of leachate, a hazardous liquid byproduct, poses a substantial threat to soil, groundwater, and ecosystems. In light of popu-
lation growth, urbanization, and deficient waste infrastructure, these challenges are poised to intensify. The research explores 
evolving trends and technologies, with a particular emphasis on the escalating emphasis on waste reduction and recycling to 
divert refuse from landfills. Viable recycling systems and advancements in landfill design and management practices emerge 
as prospective solutions. Employing mixed methods, qualitative data is acquired through interviews and focus group discus-
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source recovery capacity. Proposals for holistic approaches, encompassing educational campaigns and community engage-
ment, are posited to mitigate the adverse impacts of landfills. The study accentuates the imperative reliance on waste reduc-
tion, technological innovations, alternative management methodologies, and public involvement to shape the trajectory of the 
future. While a comprehensive departure from landfills may prove challenging, particularly in resource-constrained regions 
like Africa, sustained research and investment in sustainable waste management strategies are deemed indispensable for a 
more ecologically sustainable future. The study advocates for a judicious equilibrium, wherein efforts to alleviate landfill 
impacts coalesce with the exploration of sustainable alternatives, fostering a resilient and ecologically prudent waste manage-
ment paradigm. 
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rent literature, reports, and case studies. 
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landfill management. This study will offer light on the underlying reasons of Africa's rising garbage dilemma by 
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thermore, papers and publications from government agencies, environmental organizations, and waste manage-
ment authorities will be studied in order to collect relevant data on landfill development, waste composition, and 
environmental repercussions. 

2.3 Inclusion and Exclusion Criteria 
Specific inclusion and exclusion criteria will be created to verify the data's quality and usefulness. Only research 
and papers focusing on landfills in Africa and providing insights into future environmental trends and implica-
tions will be considered. Priority will be given to peer-reviewed articles, government reports, and case studies 
published in the last decade, that is between 2013 and 2023. 

2.4 Data Analysis 
The information gathered will be examined using qualitative research methodologies. To uncover major trends, 
patterns, and commonalities in landfill development, waste composition, and environmental impacts across Af-
rica, a theme analysis technique will be used. The data will be categorized and organized into topics and sub-
themes linked to the research objectives during the analysis. 

2.5 Ethical Considerations 
Because this study is only based on a evaluation of current literature, research approval is not required from the 
National Commission for Science, Technology and Innovation (NACOSTI) Kenyan. However, correct citation 
and acknowledgment of sources will be ensured in order to maintain academic integrity and avoid plagiarism. 

2.6 Limitations 
It is important to acknowledge the limitations of this study. The findings will be based solely on the available 
literature and reports, which may have inherent biases and limitations. Additionally, the data collected may vary 
in terms of quality, scope, and depth across different sources. However, efforts will be made to include a diverse 
range of studies and reports to minimize these limitations. 

2.7 Significance 
The comprehensive research technique used in this study will provide a full insight of the future environmental 
trends and repercussions of landfills in Africa. The findings will add to the existing body of knowledge on landfill 
management and environmental sustainability, providing valuable insights for policymakers, waste manage-
ment practitioners, and environmentalists in developing strategies to promote sustainable waste management 
practices and mitigate environmental degradation in Africa. 

3. Results 

3.1 Trends in Landfill Development 
The study will evaluate trends in landfill development across Africa, as well as the factors driving their rise, such 
as fast urbanization, population increase, and changing consumer patterns. It will also reveal differences in land-
fill infrastructure, management practices, and laws. 

3.2 Waste Composition 
The study will disclose the waste composition in African landfills, highlighting the most common types of gar-
bage created and their possible environmental implications. Insights regarding the prevalence of organic garbage, 
plastics, toxic materials, and e-waste will be provided. 

3.3 Environmental Impacts 
The research will reveal and confirm the environmental repercussions of African landfills, such as air and water 
pollution, soil degradation, greenhouse gas emissions, and effects on local ecosystems and species. It will also 
provide a thorough grasp of the magnitude and severity of these impacts. 
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aims to provide a thorough understanding of the potential long-term effects of landfill development in Africa by 
investigating these factors. 

In addition to identifying landfill concerns, this research will look into potential solutions and best practices 
for sustainable waste management. This will entail investigating innovative technology, regulations, and tactics 
that have successfully minimized the negative environmental impacts of landfills in other locations [2].  
The study's findings are likely to add to the body of knowledge on landfill management in Africa and give sig-
nificant insights for policymakers, waste management practitioners, and environmentalists. Stakeholders can de-
sign educated plans to promote sustainable waste management practices, reduce environmental degradation, 
and protect the well-being of African populations by understanding future environmental trends and landfill 
impacts.  

1.1. Statement of the Problem 
According to studies [3], landfill proliferation and its associated environmental repercussions pose substantial 
problems to Africa's sustainable waste management. The continent's fast urbanization, population growth, and 
changing consumption patterns have all contributed to an increase in trash generation, putting a pressure on 
existing waste management systems [4]. To address this important issue, a qualitative study was done to inves-
tigate the future environmental trends and repercussions of African landfills, as well as prospective solutions for 
sustainable waste management.  

The study addresses the issue of a lack of thorough information of future environmental trends and repercus-
sions of landfills in Africa. While landfills are essential for waste disposal, their expansion and management 
practices can have a negative impact on the environment, human health, and ecosystems. The specific subject to 
be investigated is the need to determine the landfill development drivers, waste composition, environmental 
repercussions, and socioeconomic factors impacting landfill growth in Africa. Furthermore, the project intends 
to investigate alternative solutions and best practices for sustainable waste management on the continent. 

1.2. Hypothesis 
Based on the literature and observations, the premise of this qualitative study is that growing urbanization, pop-
ulation growth, and changing consumption patterns are driving landfill expansion in Africa. Organic garbage, 
plastics, hazardous items, and e-waste are predicted to make up a sizable part of waste in African landfills. Land-
fills are expected to have negative environmental effects such as air and water pollution, soil deterioration, green-
house gas emissions, and impairment to surrounding ecosystems. Government regulations, economic incentives, 
waste management infrastructure, and public awareness and engagement are thought to play an important in-
fluence in landfill development and waste management practices in Africa. The study also hopes to discover 
viable answers and best practices from other regions that might be applied to the situation in Africa. 

This research aims to contribute to the knowledge base on landfill management and environmental sustaina-
bility in Africa by conducting a qualitative study and examining these hypotheses, as well as provide insights for 
policymakers, waste management practitioners, and environmentalists to address the challenges and work to-
ward sustainable waste management practices on the continent. 

2. Materials and Methods 
Various materials and methods shall be used to ensure the success and the accessibility of this study. The mate-
rials to be used shall consist of: 

2.1 Study Design 
A comprehensive review methodology will be used in this study to examine future environmental trends and 
repercussions of landfills in Africa. A systematic evaluation of current literature, papers, and case studies on 
landfill management and environmental implications in Africa will be conducted as part of the research. 

2.2 Data Collection 
Accessing and reviewing relevant scholarly articles, government reports, international organization publications, 
and case studies from reliable sources will be part of the data collection process. Data will be gathered using a 
variety of internet venues, including academic journals, research databases, and institutional repositories. Fur-
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thermore, papers and publications from government agencies, environmental organizations, and waste manage-
ment authorities will be studied in order to collect relevant data on landfill development, waste composition, and 
environmental repercussions. 

2.3 Inclusion and Exclusion Criteria 
Specific inclusion and exclusion criteria will be created to verify the data's quality and usefulness. Only research 
and papers focusing on landfills in Africa and providing insights into future environmental trends and implica-
tions will be considered. Priority will be given to peer-reviewed articles, government reports, and case studies 
published in the last decade, that is between 2013 and 2023. 

2.4 Data Analysis 
The information gathered will be examined using qualitative research methodologies. To uncover major trends, 
patterns, and commonalities in landfill development, waste composition, and environmental impacts across Af-
rica, a theme analysis technique will be used. The data will be categorized and organized into topics and sub-
themes linked to the research objectives during the analysis. 

2.5 Ethical Considerations 
Because this study is only based on a evaluation of current literature, research approval is not required from the 
National Commission for Science, Technology and Innovation (NACOSTI) Kenyan. However, correct citation 
and acknowledgment of sources will be ensured in order to maintain academic integrity and avoid plagiarism. 

2.6 Limitations 
It is important to acknowledge the limitations of this study. The findings will be based solely on the available 
literature and reports, which may have inherent biases and limitations. Additionally, the data collected may vary 
in terms of quality, scope, and depth across different sources. However, efforts will be made to include a diverse 
range of studies and reports to minimize these limitations. 

2.7 Significance 
The comprehensive research technique used in this study will provide a full insight of the future environmental 
trends and repercussions of landfills in Africa. The findings will add to the existing body of knowledge on landfill 
management and environmental sustainability, providing valuable insights for policymakers, waste manage-
ment practitioners, and environmentalists in developing strategies to promote sustainable waste management 
practices and mitigate environmental degradation in Africa. 

3. Results 

3.1 Trends in Landfill Development 
The study will evaluate trends in landfill development across Africa, as well as the factors driving their rise, such 
as fast urbanization, population increase, and changing consumer patterns. It will also reveal differences in land-
fill infrastructure, management practices, and laws. 

3.2 Waste Composition 
The study will disclose the waste composition in African landfills, highlighting the most common types of gar-
bage created and their possible environmental implications. Insights regarding the prevalence of organic garbage, 
plastics, toxic materials, and e-waste will be provided. 

3.3 Environmental Impacts 
The research will reveal and confirm the environmental repercussions of African landfills, such as air and water 
pollution, soil degradation, greenhouse gas emissions, and effects on local ecosystems and species. It will also 
provide a thorough grasp of the magnitude and severity of these impacts. 
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aims to provide a thorough understanding of the potential long-term effects of landfill development in Africa by 
investigating these factors. 

In addition to identifying landfill concerns, this research will look into potential solutions and best practices 
for sustainable waste management. This will entail investigating innovative technology, regulations, and tactics 
that have successfully minimized the negative environmental impacts of landfills in other locations [2].  
The study's findings are likely to add to the body of knowledge on landfill management in Africa and give sig-
nificant insights for policymakers, waste management practitioners, and environmentalists. Stakeholders can de-
sign educated plans to promote sustainable waste management practices, reduce environmental degradation, 
and protect the well-being of African populations by understanding future environmental trends and landfill 
impacts.  

1.1. Statement of the Problem 
According to studies [3], landfill proliferation and its associated environmental repercussions pose substantial 
problems to Africa's sustainable waste management. The continent's fast urbanization, population growth, and 
changing consumption patterns have all contributed to an increase in trash generation, putting a pressure on 
existing waste management systems [4]. To address this important issue, a qualitative study was done to inves-
tigate the future environmental trends and repercussions of African landfills, as well as prospective solutions for 
sustainable waste management.  

The study addresses the issue of a lack of thorough information of future environmental trends and repercus-
sions of landfills in Africa. While landfills are essential for waste disposal, their expansion and management 
practices can have a negative impact on the environment, human health, and ecosystems. The specific subject to 
be investigated is the need to determine the landfill development drivers, waste composition, environmental 
repercussions, and socioeconomic factors impacting landfill growth in Africa. Furthermore, the project intends 
to investigate alternative solutions and best practices for sustainable waste management on the continent. 

1.2. Hypothesis 
Based on the literature and observations, the premise of this qualitative study is that growing urbanization, pop-
ulation growth, and changing consumption patterns are driving landfill expansion in Africa. Organic garbage, 
plastics, hazardous items, and e-waste are predicted to make up a sizable part of waste in African landfills. Land-
fills are expected to have negative environmental effects such as air and water pollution, soil deterioration, green-
house gas emissions, and impairment to surrounding ecosystems. Government regulations, economic incentives, 
waste management infrastructure, and public awareness and engagement are thought to play an important in-
fluence in landfill development and waste management practices in Africa. The study also hopes to discover 
viable answers and best practices from other regions that might be applied to the situation in Africa. 

This research aims to contribute to the knowledge base on landfill management and environmental sustaina-
bility in Africa by conducting a qualitative study and examining these hypotheses, as well as provide insights for 
policymakers, waste management practitioners, and environmentalists to address the challenges and work to-
ward sustainable waste management practices on the continent. 

2. Materials and Methods 
Various materials and methods shall be used to ensure the success and the accessibility of this study. The mate-
rials to be used shall consist of: 

2.1 Study Design 
A comprehensive review methodology will be used in this study to examine future environmental trends and 
repercussions of landfills in Africa. A systematic evaluation of current literature, papers, and case studies on 
landfill management and environmental implications in Africa will be conducted as part of the research. 

2.2 Data Collection 
Accessing and reviewing relevant scholarly articles, government reports, international organization publications, 
and case studies from reliable sources will be part of the data collection process. Data will be gathered using a 
variety of internet venues, including academic journals, research databases, and institutional repositories. Fur-
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socioeconomic factors impacting landfill development in Africa through a thorough examination of available 
literature, reports, and case studies. 
The study's findings underscore the critical need for proactive waste management planning and infrastructure 
development to address escalating waste management demands caused by rapid urbanization, population in-
crease, and changing consumer habits. It is critical to implement appropriate waste sorting, recycling, and dis-
posal systems in order to reduce the environmental impacts of the most common waste streams, which include 
organic waste, plastics, hazardous items, and e-waste. 
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3.4 Socio-Economic Factors Peculiar to Africa 
The study will look at the socioeconomic factors that influence landfill development and waste management 
practices in Africa. Examining the existing role of government regulations, economic incentives, waste manage-
ment infrastructure, and public knowledge and engagement will be part of this. 

3.5 Best Practices and Solutions. 
The study will examine new technology, policies, and tactics that have successfully alleviated the negative envi-
ronmental impacts of landfills in various regions such as South Korea, Malaysia, India, and Thailand. These best 
practices will be advocated in order to provide insight into prospective solutions for long-term waste manage-
ment in Africa. 

4. Discussion 
The extensive assessment undertaken in this paper provides useful insights into the future environmental trends 
and repercussions of landfills in Africa. This study provides light on the issues faced by landfill expansion on the 
continent and proposes viable solutions for sustainable waste management by examining existing literature, bul-
letins, and case studies. 

First, it highlights rising urbanization, population growth [5], and shifting consumer habits as primary drivers 
of landfill expansion in Africa. As cities expand, so does the volume of waste generated, putting strain on existing 
waste management systems. This conclusion underscores the significance of proactive planning and infrastruc-
ture development in meeting the expanding waste management demands in African cities [6].  

Second, the study focuses on the makeup of garbage in African landfills. It cites organic waste, plastics, toxic 
materials, and e-waste as major contributors to environmental degradation. This research emphasizes the critical 
need for efficient waste separation, recycling, and disposal methods to reduce the environmental impact of these 
waste streams [7].  

Third, the study investigates the environmental effects of landfills in Africa. It demonstrates the negative con-
sequences of air and water pollution, soil degradation, greenhouse gas emissions, and damage to local ecosystems 
and species. These findings highlight the critical importance of implementing sustainable waste management 
strategies that reduce these impacts while also protecting the environment and public health [8].  

Fourth, the socioeconomic elements that influence landfill development and waste management techniques in 
Africa are investigated. The study emphasizes the importance of government regulations, economic incentives, 
waste management infrastructure, as well as public knowledge and engagement. This study implies that attain-
ing sustainable waste management in Africa requires a multifaceted approach combining collaboration between 
governments, communities, and industries [9].  

Several potential research directions can be identified based on the findings of this study. First, more research 
is needed to investigate the specific issues that different African regions confront in managing landfills and trash. 
Case studies and field investigations would be conducted in order to obtain a better grasp of the local situation 
and generate specific solutions. 

Furthermore, future research might examine the efficacy of present waste management policies and methods 
in Africa. This would entail examining the implementation and impact of waste reduction, recycling, and landfill 
management policies in order to find areas for improvement and best practices. 

Furthermore, more research on innovative waste management technologies and practices in Africa is required. 
This could involve researching the viability and effectiveness of waste-to-energy systems, composting facilities, 
and decentralized waste management options to reduce landfill reliance and environmental implications. 

Finally, future research might look into the social and economic aspects of garbage management in Africa. This 
would entail researching the socioeconomic implications of landfill growth, such as the impact on marginalized 
areas, the possibility for employment creation in the waste management sector, and the role of informal garbage 
pickers in the recycling value chain. 

5. Conclusion 

TThis detailed analysis on the future environmental trends and repercussions of landfills in Africa provides useful 
insights into the difficulties and potential solutions for the continent's sustainable waste management. This 
research identifies important drivers of landfill expansion, waste composition, environmental implications, and 
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socioeconomic factors impacting landfill development in Africa through a thorough examination of available 
literature, reports, and case studies. 
The study's findings underscore the critical need for proactive waste management planning and infrastructure 
development to address escalating waste management demands caused by rapid urbanization, population in-
crease, and changing consumer habits. It is critical to implement appropriate waste sorting, recycling, and dis-
posal systems in order to reduce the environmental impacts of the most common waste streams, which include 
organic waste, plastics, hazardous items, and e-waste. 
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waste management infrastructure, as well as public knowledge and engagement. This study implies that attain-
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governments, communities, and industries [9].  

Several potential research directions can be identified based on the findings of this study. First, more research 
is needed to investigate the specific issues that different African regions confront in managing landfills and trash. 
Case studies and field investigations would be conducted in order to obtain a better grasp of the local situation 
and generate specific solutions. 

Furthermore, future research might examine the efficacy of present waste management policies and methods 
in Africa. This would entail examining the implementation and impact of waste reduction, recycling, and landfill 
management policies in order to find areas for improvement and best practices. 

Furthermore, more research on innovative waste management technologies and practices in Africa is required. 
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Finally, future research might look into the social and economic aspects of garbage management in Africa. This 
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Inclusion criteria were as follows: voluntary participation, having at least one year of work experience, absence 
of contraindication for lung function test, provide informed consent, be present at workplace on the day of ex-
amination, not participating in a similar study. 
 

     
   
Figure 1. (a) Central African copper belt area; (b) map of the Democratic Republic of the Congo [5, 6] (Panel a and b are 
content in the public domain, which provenance is provided). 

2.2. Survey questionnaire, lung function testing and air quality monitoring 
Participants answered a structured respiratory health questionnaire, comprising questions related to anthropo-
metric, sociodemographic and occupational characteristics, and respiratory health symptoms as well. In addition 
to a general medical check-up (including chest auscultation), lung function test was performed with the use of a 
peak flow meter, and the following parameters were considered: forced vital capacity (FVC), forced expiratory 
volume per second (FEV1), and peak expiratory flow rate (PEFR). Air quality assessment was carried out three 
times at each quarry site, with a 30-minute interval, using BRAMC air quality monitor (BR-AIR-329). Air pollu-
tants measured were as follows: volatile organic compound (VOC), PM10 and PM2.5.  

2.3. Ethical consideration and statistical analysis 
To participate in this study, each subject provided a written informed consent; participation was voluntary. Eth-
ical approval was obtained from the ethics committee of the School of Public Health, University of Lubumbashi, 
DRC (approval number: UNILU/CEM/075/2015).  

Group comparisons were performed using Student’s t-test for continuous variables, whereas Fisher’s exact test 
was used for categorical variables. Multivariate logistic regression analysis was performed, with adjustment for 
age, education level and smoking status, in order to determine factors associated with lung function parameters. 
Stata software v.14 was used for data analysis and the level of significance was set at p-value less than 0.05 (dou-
ble-sided). 

3. Results 
3.1. Characteristics of the study participants and air quality in the working environment 
As shown in Table 1, a large proportion of workers from the exposed group, 99.2% (254/256) were nonsmokers.; 
there were only two women smokers (0.8%) in this group (vs. 3.5% in controls; p < 0.05). The exposed women 
worked longer than controls, 12.0 ± 0.0 hours a day (vs. 9.4 ± 1.4 hours; p < 0.001). In addition, a higher proportion 
of control women had either completed the high school or higher level (23.1% vs. 4.3% in exposed women; p 
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levels above WHO’s exposure limits. This report is part of “Congo O.S.H. Project 2018-2020”, focusing on the respiratory 
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cratic Republic of Congo (DRC). In total, 512 female workers participated in the study; 256 dust-exposed female quarry work-
ers matched to 256 office workers and market tax collectors. They answered a respiratory health questionnaire, underwent 
physical examination and lung function testing. Air quality was assessed by means of an air quality monitor. Results showed 
a lack of personal protective equipment (PPE) in exposed women, higher PM2.5 (205 ± 13.2 μg/m3 vs. 31.3 ± 10.3 μg/m3; p 
< 0.001) and volatile organic compounds (VOC, 2.2 ± 0.2 μg/m3 vs. 0.5 ± 0.3 μg/m3; p < 0.01) were observed in quarry sites. 
Respiratory complaints were common in exposed women (32.4% vs. 3.5%; p < 0.01), with reduced lung capacity (mean PEFR: 
344.8 ± 2.26 vs. 405 ± 67.7 L/s; p < 0.001. Congolese stone quarry workers are exposed to high air pollutants levels, which might 
contribute to impaired lung function. 
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1. Introduction 
According to the World Health Organization (WHO), environmental air pollution is one the major health threats.  
WHO considers ambient air pollution as the greatest environmental health threat. According to the “United Na-
tions Environment Program (UNEP) Action Notes 2021”, 99% of world population live in places with atmos-
pheric air pollutants levels above WHO’s exposure limits [1, 2]. Exposure to high particulate matter (PM) levels 
are associated with lung function impairment.  

Petrochemical industry, open and underground mining industries, cement factory and construction industries 
are among the major contributors to ambient air pollution (AAP) in countries of the sub-Saharan Africa region. 
A few studies conducted in Nigeria showed that quarry workers with a history of chronic dust-exposure had a 
greater risk of developing respiratory symptoms [3, 4]; however, no study has focused on occupational safety 
and health of women working in stone quarry sites.  

This study assessed the air quality status stone quarry sites and the respiratory health of female quarry workers 
in Haut-Katanga province, Democratic Republic of the Congo (DRC). 

2. Materials and Methods 
2.1. Study design, sites and participants 
This report includes a part of the “Congo Occupational Safety and Health Project 2016-2018”, focusing on the air 
quality monitoring in working environment and the respiratory health of dust-exposed workers in the Katanga 
region, DRC. Here, we present findings from a case-control study that included 256 female stone quarry workers 
(exposed group) and 256 female office workers and market tax collectors (control group), for a sample size of 512 
participants. Katanga region is located in southern area of DRC; it is part of the African copper-belt, which also 
includes a part of Zambia [5] (Fig. 1). 
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Figure 1. (a) Central African copper belt area; (b) map of the Democratic Republic of the Congo [5, 6] (Panel a and b are 
content in the public domain, which provenance is provided). 

2.2. Survey questionnaire, lung function testing and air quality monitoring 
Participants answered a structured respiratory health questionnaire, comprising questions related to anthropo-
metric, sociodemographic and occupational characteristics, and respiratory health symptoms as well. In addition 
to a general medical check-up (including chest auscultation), lung function test was performed with the use of a 
peak flow meter, and the following parameters were considered: forced vital capacity (FVC), forced expiratory 
volume per second (FEV1), and peak expiratory flow rate (PEFR). Air quality assessment was carried out three 
times at each quarry site, with a 30-minute interval, using BRAMC air quality monitor (BR-AIR-329). Air pollu-
tants measured were as follows: volatile organic compound (VOC), PM10 and PM2.5.  

2.3. Ethical consideration and statistical analysis 
To participate in this study, each subject provided a written informed consent; participation was voluntary. Eth-
ical approval was obtained from the ethics committee of the School of Public Health, University of Lubumbashi, 
DRC (approval number: UNILU/CEM/075/2015).  

Group comparisons were performed using Student’s t-test for continuous variables, whereas Fisher’s exact test 
was used for categorical variables. Multivariate logistic regression analysis was performed, with adjustment for 
age, education level and smoking status, in order to determine factors associated with lung function parameters. 
Stata software v.14 was used for data analysis and the level of significance was set at p-value less than 0.05 (dou-
ble-sided). 

3. Results 
3.1. Characteristics of the study participants and air quality in the working environment 
As shown in Table 1, a large proportion of workers from the exposed group, 99.2% (254/256) were nonsmokers.; 
there were only two women smokers (0.8%) in this group (vs. 3.5% in controls; p < 0.05). The exposed women 
worked longer than controls, 12.0 ± 0.0 hours a day (vs. 9.4 ± 1.4 hours; p < 0.001). In addition, a higher proportion 
of control women had either completed the high school or higher level (23.1% vs. 4.3% in exposed women; p 
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1. Introduction 
According to the World Health Organization (WHO), environmental air pollution is one the major health threats.  
WHO considers ambient air pollution as the greatest environmental health threat. According to the “United Na-
tions Environment Program (UNEP) Action Notes 2021”, 99% of world population live in places with atmos-
pheric air pollutants levels above WHO’s exposure limits [1, 2]. Exposure to high particulate matter (PM) levels 
are associated with lung function impairment.  

Petrochemical industry, open and underground mining industries, cement factory and construction industries 
are among the major contributors to ambient air pollution (AAP) in countries of the sub-Saharan Africa region. 
A few studies conducted in Nigeria showed that quarry workers with a history of chronic dust-exposure had a 
greater risk of developing respiratory symptoms [3, 4]; however, no study has focused on occupational safety 
and health of women working in stone quarry sites.  

This study assessed the air quality status stone quarry sites and the respiratory health of female quarry workers 
in Haut-Katanga province, Democratic Republic of the Congo (DRC). 

2. Materials and Methods 
2.1. Study design, sites and participants 
This report includes a part of the “Congo Occupational Safety and Health Project 2016-2018”, focusing on the air 
quality monitoring in working environment and the respiratory health of dust-exposed workers in the Katanga 
region, DRC. Here, we present findings from a case-control study that included 256 female stone quarry workers 
(exposed group) and 256 female office workers and market tax collectors (control group), for a sample size of 512 
participants. Katanga region is located in southern area of DRC; it is part of the African copper-belt, which also 
includes a part of Zambia [5] (Fig. 1). 
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Figure 2 shows the respiratory health profile of the exposed women and controls. It was observed that women 
working at stone quarry sites had significantly reduced lung performance, particularly in regard to the values of 
peak expiratory flow rate: 344.8 L/s (SD: 2.26) in exposed women vs. 405 L/s (SD: 67.7) in unexposed office work-
ers and tax collectors (p<0.001). Regarding other lung function parameters such as FVC and FEV1, they were 
reduced in the exposed women group, but not significantly. 

3.3. Association between stone quarry work and respiratory complaints/disorders  
When multivariate logistic regression analysis was performed, with adjustment for sociodemographics, most of 
the respiratory manifestations were associated with quarry work: wheezing/effort (aOR=3.36 ± 1.64; 95%CI: 1.28–
8.78; p=0.013), morning cough (aOR=6.06 ± 1.88; 95%CI: 3.29–11.15; p<0.001), breathlessness at rest (aOR= 
3.95 ± 1.15; 95CI%: 2.22–7.02; p<0.001), breathlessness/effort (aOR=5.16 ± 1.95; 95%CI: 2.46–10.84; p<0.001), morn-
ing phlegm (aOR=2.62 ± 0.99; 95CI%: 1.24–5.52; p<0.001), chronic bronchitis (aOR=2.61 ± 0.75; CI:95%:1.48–
4.61; p<0.001), and rhinitis (aOR=2.13 ± 0.21; 95%CI: 1.18–3.39; p<0.001) (Table 2). 
 
Table 2. Respiratory complaints/disorders associated with stone quarry work as an occupation in the multi vari-
ate logistic regression analysis with adjustment for age, education level and smoking status 
 
Respiratory complaints and disor-
ders 

Adjusted OR 
(SE) 

95%CI p-value 

Wheezing at rest 1.09 (0.26) 0.67 – 1.76 0.714 
Wheezing after effort 3.36 (1.64) 1.28 – 8.78 0.013 
Morning cough 6.06 (1.88) 3.29 – 11.15 < 0.001 
Breathlessness at rest 3.95 (1.15) 2.22 – 7.02 < 0.001 
Breathlessness after effort 5.16 (1.95) 2.46 – 10.84 < 0.001 
Morning phlegm 2.62 (0.99) 1.24 – 5.52 < 0.001 
Asthma 1.21 (0.77) 0.36 – 3.99 0.760 
Chronic bronchitis 2.61 (0.75) 1.48 -4.61 < 0.001 
Rhinitis 2.13 (0.21) 1.18 – 3.39 < 0.001 

Notes: OR, odds ratio; SE, standard error; CI, confidence interval. 

4. Discussion and conclusion 
This project is the first that explored the respiratory health of dust-exposed workers in DRC, including female 
stone quarry workers. It was observed that most female stone quarry workers had very low socioeconomic status 
and education level; they were exposed to high air pollutants levels, which might contribute to increased preva-
lence of respiratory complaints and disorders, as well as the observed lung function impairment.  
In conclusion, this report highlights the poor air quality in the working environment of stone quarry workers, 
which expose the workers to high-risk for developing various respiratory disorders. 
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< 0.01). Furthermore, a higher proportion of exposed women had an abnormal auscultation outcome (rales, rhon-
chi, or wheeze), 32.4%, as compared with control women (vs. 3.5%; p < 0.01). 
 
Table 1. Sociodemographic and clinical characteristics of the participants 

 
        
 
 
 
 
 
 
 
 
 
 
 

Notes: n, sample size; SD, standard deviation; %, percentage. 
 

None of the exposed women used personal protective equipment or mask at workplace. Worksite air monitor-
ing showed significantly higher PM2.5 concentration in stone quarry sites as compared with control sites, 205 
g/m3 (SD: 13.2) vs. 31.3 g/m3 (SD: 10.3), respectively (p<0.001). Furthermore, stone quarry sites had markedly 
higher air concentration of VOC, 2.2 g/m3 (SD: 0.2), compared to control sites (0.5 g/m3 (SD: 0.3); p<0.01). 

3.2. Prevalence of respiratory complaints/disorders and lung function test outcomes 
Results of the respiratory health survey showed that respiratory complaints were significantly more prevalent 
among exposed women than controls: wheezing at rest: 27% vs. 9.1%, respectively (p<0001); wheezing after effort: 
22.3% vs. 9.1%, respectively (p<0.05); morning cough: 51.6% vs. 3.2%, respectively (p<0.001); shortness of breath 
at rest: 31.3% vs. 1.1%, respectively (p<0.001); shortness of breath after effort: 38.7% vs. 0.5%, respectively 
(p<0.001). Additionally, chronic bronchitis (17.6% vs. 1.1%; p<0.001) and rhinitis (57.8% vs. 13.4%; p<0.001) were 
common respiratory disorders among stone quarry workers as compared with control group (not shown). 
 

    
 Figure 2. (a) Mean values of peak expiratory flow rate (PEFR) forced vital capacity (FVC) and forced expiratory volume in 

one second (FEV1); (b) in female stone quarry workers and controls (N=512). 
 

Sociodemographic and clinical 
characteristics 

Control group 
(n=256) 

Female quarry 
workers (n=256) 

p-value 

Age (years); mean (SD) 44.07 (9.41) 43.26 (10.82) 0.380 
Working years; mean (SD) 8.35 (7.06) 2.92 (4.55) < 0.001 
Daily work duration (hours); 
mean (SD) 

9.41 (1.43) 12 (0.00) < 0.001 

Education (%) 
Primary/secondary (junior high) 
High school or higher 

 
197 (76.9) 
59 (23.1) 

 
245 (95.7) 

11 (4.3) 

 
< 0.01 

Smoking status, yes (%) 9 (3.5) 2 (0.8) < 0.05 
Lung auscultation, abnormal (%) 9 (3.5) 83 (32.4) < 0.01 
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Figure 2 shows the respiratory health profile of the exposed women and controls. It was observed that women 
working at stone quarry sites had significantly reduced lung performance, particularly in regard to the values of 
peak expiratory flow rate: 344.8 L/s (SD: 2.26) in exposed women vs. 405 L/s (SD: 67.7) in unexposed office work-
ers and tax collectors (p<0.001). Regarding other lung function parameters such as FVC and FEV1, they were 
reduced in the exposed women group, but not significantly. 

3.3. Association between stone quarry work and respiratory complaints/disorders  
When multivariate logistic regression analysis was performed, with adjustment for sociodemographics, most of 
the respiratory manifestations were associated with quarry work: wheezing/effort (aOR=3.36 ± 1.64; 95%CI: 1.28–
8.78; p=0.013), morning cough (aOR=6.06 ± 1.88; 95%CI: 3.29–11.15; p<0.001), breathlessness at rest (aOR= 
3.95 ± 1.15; 95CI%: 2.22–7.02; p<0.001), breathlessness/effort (aOR=5.16 ± 1.95; 95%CI: 2.46–10.84; p<0.001), morn-
ing phlegm (aOR=2.62 ± 0.99; 95CI%: 1.24–5.52; p<0.001), chronic bronchitis (aOR=2.61 ± 0.75; CI:95%:1.48–
4.61; p<0.001), and rhinitis (aOR=2.13 ± 0.21; 95%CI: 1.18–3.39; p<0.001) (Table 2). 
 
Table 2. Respiratory complaints/disorders associated with stone quarry work as an occupation in the multi vari-
ate logistic regression analysis with adjustment for age, education level and smoking status 
 
Respiratory complaints and disor-
ders 

Adjusted OR 
(SE) 

95%CI p-value 

Wheezing at rest 1.09 (0.26) 0.67 – 1.76 0.714 
Wheezing after effort 3.36 (1.64) 1.28 – 8.78 0.013 
Morning cough 6.06 (1.88) 3.29 – 11.15 < 0.001 
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Notes: OR, odds ratio; SE, standard error; CI, confidence interval. 
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stone quarry workers. It was observed that most female stone quarry workers had very low socioeconomic status 
and education level; they were exposed to high air pollutants levels, which might contribute to increased preva-
lence of respiratory complaints and disorders, as well as the observed lung function impairment.  
In conclusion, this report highlights the poor air quality in the working environment of stone quarry workers, 
which expose the workers to high-risk for developing various respiratory disorders. 
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< 0.01). Furthermore, a higher proportion of exposed women had an abnormal auscultation outcome (rales, rhon-
chi, or wheeze), 32.4%, as compared with control women (vs. 3.5%; p < 0.01). 
 
Table 1. Sociodemographic and clinical characteristics of the participants 

 
        
 
 
 
 
 
 
 
 
 
 
 

Notes: n, sample size; SD, standard deviation; %, percentage. 
 

None of the exposed women used personal protective equipment or mask at workplace. Worksite air monitor-
ing showed significantly higher PM2.5 concentration in stone quarry sites as compared with control sites, 205 
g/m3 (SD: 13.2) vs. 31.3 g/m3 (SD: 10.3), respectively (p<0.001). Furthermore, stone quarry sites had markedly 
higher air concentration of VOC, 2.2 g/m3 (SD: 0.2), compared to control sites (0.5 g/m3 (SD: 0.3); p<0.01). 

3.2. Prevalence of respiratory complaints/disorders and lung function test outcomes 
Results of the respiratory health survey showed that respiratory complaints were significantly more prevalent 
among exposed women than controls: wheezing at rest: 27% vs. 9.1%, respectively (p<0001); wheezing after effort: 
22.3% vs. 9.1%, respectively (p<0.05); morning cough: 51.6% vs. 3.2%, respectively (p<0.001); shortness of breath 
at rest: 31.3% vs. 1.1%, respectively (p<0.001); shortness of breath after effort: 38.7% vs. 0.5%, respectively 
(p<0.001). Additionally, chronic bronchitis (17.6% vs. 1.1%; p<0.001) and rhinitis (57.8% vs. 13.4%; p<0.001) were 
common respiratory disorders among stone quarry workers as compared with control group (not shown). 
 

    
 Figure 2. (a) Mean values of peak expiratory flow rate (PEFR) forced vital capacity (FVC) and forced expiratory volume in 

one second (FEV1); (b) in female stone quarry workers and controls (N=512). 
 

Sociodemographic and clinical 
characteristics 

Control group 
(n=256) 

Female quarry 
workers (n=256) 

p-value 

Age (years); mean (SD) 44.07 (9.41) 43.26 (10.82) 0.380 
Working years; mean (SD) 8.35 (7.06) 2.92 (4.55) < 0.001 
Daily work duration (hours); 
mean (SD) 

9.41 (1.43) 12 (0.00) < 0.001 

Education (%) 
Primary/secondary (junior high) 
High school or higher 

 
197 (76.9) 
59 (23.1) 

 
245 (95.7) 

11 (4.3) 

 
< 0.01 

Smoking status, yes (%) 9 (3.5) 2 (0.8) < 0.05 
Lung auscultation, abnormal (%) 9 (3.5) 83 (32.4) < 0.01 
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Abstract:  The mortality rate of human beings is 100%, some people live more than 100 years, while others die soon after 
birth. As a terminal care physician in Japan, one of the countries with the longest life expectancy, I am faced with about 70 
deaths per year. The circumstances and backgrounds of these people vary, but I always try to realize the best possible end-of-
life care. However, it is always difficult to evaluate whether the death was truly good for the patient and the bereaved family. 
Previous studies have shown that the GDS (Good Death Scale) and GDI (Good Death Inventory) are indices of palliative care, 
but even in these studies, the evaluation of a good death is not always the same between the medical staff and the bereaved 
family. This time, we conducted a survey of bereaved families at our hospital, so we will consider what a good death is based 
on this survey. We will also consider what kind of preparation is appropriate for the second birth.  

Keywords:  mortality rate, end-of-life care, good death, bereaved families, the second birth 
 

1. Introduction 

In a nationwide survey conducted in Japan in November 2020 [1], 58.8% of respondents aged 67 to 81 said they 
would like to spend the final days of their lives at home (Figure 1). About 40% of respondents said they wanted 
to avoid their children's homes, followed by nursing homes (Figure 2). Although the number of respondents 
who said they wanted to stay at home during the final stage of life was somewhat less than previously re-
ported, the majority of respondents still preferred to stay at home, citing the desire to spend time in a familiar 
place and with family as reasons for this. In recent years, the need for home care has been growing stronger, 
partly due to the support provided by COVID-19. 

In our hospital we also conducted a similar survey, and similarly, many staffs preferred their homes. Some 
preferred a natural location, such as near the ocean or in a forest. 

 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 

Figure 1. Where you would like to spend the final days of your life "most desirable place."       
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Figure 2. “the place you would most like to avoid." 
 

2. Components of the "Ideal Seonghwa” 
Being in the field of end-of-life care, we experience many deaths. From our experience, we believe that "the patient 
is not painful," "the family accepts the death," and "we carefully listen to the patient and family words or anxiety" 
are important components of good end-of-life care, and we practice them. There are also not a small number of 
deaths, such as the death of a child or a sudden death, that are difficult to accept and cause deep grief to the 
bereaved family. In such circumstances, the question arises, "What is the ideal end-of-life care, and the ideal 
Seonghwa? What are the elements that constitute it, and are there any indicators by which we can evaluate it? 
Next, three previous studies on the components of a "desirable death" are presented. 

2.1. Good Death Scale (GDS) 
An objective measure of quality of death (QOD) developed in Taiwan, which has been tested for reliability and 
validity in palliative care units in Taiwan [2]. 
This study investigated the favorable death status of 366 elderly terminal cancer patients in Taiwan, compared 
the differences in the degree of favorable death between the older and younger groups, and explored the factors 
associated with favorable death scores. The following five factors were identified as indicators. 
(1) Patients know that their death is approaching. 
(2) Patient fully accepts his/her illness 
(3) Patient made all preparations according to his/her will 
(4) The time of death was appropriate 
(5) The patient's physical condition is well controlled. 

Hospital Other Own house 

Nursing 
Home 

Chirldren’s
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2.2. Good Death Inventory (GDI) 
We conducted an interview survey of 63 cancer patients, their families, doctors, and nurses, and extracted ele-
ments of quality of life of terminal stage cancer patients in Japan. Furthermore, a nationwide questionnaire survey 
was conducted, and the following 18 domains were identified as the concept of QOL (concept of desirable death) 
for Japanese terminal stage cancer patients through quantitative examination. 
 
Core 10 domains 
  Physical and emotional pain is alleviated. 
  Spending time in a desired place. 
  Having hope and enjoyment. 
  Trusting doctors and nurses. 
  Not being a burden to family or others. 
  "To have a good relationship with family and friends." 
  "To be able to take care of oneself." 
  To be in a calm environment.  
  To be cared for as a person. 
  To feel that one has completed one's life. 
Optional 10 Domains 
  To receive the best treatment possible. 
  To be able to spend time in a natural way. 
  To be able to tell people what I want to tell them. 
  To be able to make my own decisions about my future. 
  To be able to live without thinking about illness or death. 
  To not let others see you in a state of weakness. 
  To be able to feel the value of being alive. 
  To be supported by faith. 

2.3. Good death in Japanese cancer care: a qualitative study 
 Interviews were conducted to identify the components of a "good death" in the Japanese. Interviews were con-
ducted with 13 patients with advanced cancer, 10 family members, 20 doctors, and 20 nurses. 
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 → ・The GDS of bereaved family members and physicians did not match. 
  ・Knowing and being prepared for the remaining time" and "being grateful to others and being prepared" 
were reported as important by more than 50% of the Japanese respondents. 

2.4. Opinions of ideal Seonghwa 
We also had a free discussion about the components of an ideal Seonghwa. Opinions were expressed from three 
different perspectives: medical professionals, family members, and patients. 
Medical personnel 
  「Pain control is good.」「Realization of what the patient wants to do」「Breathing is easy」「Sleep at night 

well」「No edema」 
  「Not sudden death」「with family at last moment」「being calm」 
Family 
  「The patient does not seem to be in pain」「Can say good-bye, can talk」「Peaceful face」「Sudden death 

was not painful」 
  「He was eating his favorite food.」「Being old enough」「Without medical tubes」 
Patient 
  「I want to feel at ease.」「I want to be surrounded by loved ones.」「I want to listen to my favorite music. 
  「I don't want to be in pain.」「I just want to sleep.」「I want to be touched.」「I don't want to be rubbed 

by people I can't relate to.」 
  「I want to be prepared to die.」「I want to have no regrets.」「I want to be able to say thank you.」「 big 

funeral」「I don't want to be restrained.」「I don't want to have phlegm aspirated」「I want to look beautiful.」
and so on. 

3. Discussion 
What is the "Ideal Seonghwa"? As a medical practitioner who has learned of the existence of the spiritual world, 
this is a major theme that we would like to pursue in the future. Both in previous studies and in the discussion 
conducted at our hospital, multiple elements were indicated, and it was found that they were not one or two, but 
were composed of a composite of elements. Another important perspective is that the elements seen by "medical 
personnel" do not coincide with those seen by "bereaved families," which makes this theme even more profound. 

Rev. Moon Myung Moon proposed the term Seonghwa and said that the death of the body means the departure 
to the spirit world and is a second birth. I believe that just as one practices prenatal care for the unborn baby 
during pregnancy, preparation before going to the spirit world should also be established. 

Although not mentioned in the previous study, I believe that the importance of three generations (existence of 
grandchildren) and the belief that there is an afterlife are also important factors, but this will be tested in the 
future as hypotheses are formulated.    
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Abstract:  This study explores the potential benefits of combining spiritual healing at the HJ Heaven and Earth CheonBo 
Training Center, affiliated with the Family Federation for World Peace and Unification (FFWPU), with psychiatric treatment 
for mental disorders. The research, conducted in collaboration with the Department of Mental Health at HJ Magnolia Inter-
national Medical Center, emphasizes a case study approach. The study addresses the limited academic research on spiritual 
healing within FFWPU, focusing on defining it through the teachings of True Parents. Four themes emerge from the discus-
sion: spiritual illness, separation of spirits by Holy Spirit and Truth, restoring mental health through holistic change, and 
prevention of recurrence. The importance of factors like faith, hope, sincerity, tenacity, repentance, reflection, forgiveness, 
and appreciation are highlighted, along with the significance of spiritual inheritance and environment in preventing mental 
health issues. The study concludes by emphasizing the crucial role of a warm family environment and the need to assess 
spiritual problems in the patient's home or residential area. 

Keywords:  Spiritual healing, Family Federation for World Peace and Unification, HJ Heaven and Earth CheonBo Training 
Center, HJ Magnolia International Medical Center, healing case 

 

1. Introduction 
In this study, the impact FFWPU's spiritual healing program on mentally ill patients is discussed through case 
studies. The study is conducted using literature review and case study methods, and based on the understanding 
of Christian spiritual healing through prior research, the definition and practice of spiritual healing FFWPU are 
explored. This study is expected to make an important contribution to the field of spiritual healing by suggesting 
a way that spiritual healing of FFWPU can contribute to mental disease healing. 

2. Theoretical Background on Spiritual Healing of FFPWU 
First, based on the general understanding of Christian spiritual healing, the theoretical background for spiritual 
healing of FFWPU is explained. To briefly introduce the definition and characteristics of Christian spiritual heal-
ing, it is that “the intervention of God's supernatural power to heal human wounds, pain, and disease, that is, to 
fight spiritually against Satan and evil spirits through spirit discernment, etc. with the help of the Holy Spirit who 
came to Jesus Christ. [1] It can be said that it is a process of winning, sharing with Jesus the negative emotions 
and actions generated through painful memories, practicing the word of truth, imitating Him, and recovering to 
a healthy state both spiritually and physically [2].” In detail, the Christian spiritual healing is divided into divine 
healing, inner healing, and healing through spiritual guidance. 

FFWPU's spiritual healing centered on divine healing is “to help people suffering from spiritual or physical 
pain and illness due to the work of Satan and evil spirits through the work of the spirit and truth of the True 
Parents of Heaven, Earth and Humankind. It can be defined as "the process of separating Satan and evil spirits, 
achieving holistic growth through the materialization of the Word of Truth, regaining the appearance of a true 
human being resembling the True Parents of Heaven, Earth and Humankind, and restoring the original healthy 
spirit self and body.”  
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The Analytic Frames of FFWPU’s Spiritual Healing are described by 3 points of view, that 1) diseases caused by 
the work of Satan and the evil spirits, 2) separation of spirit due to the work of the Holy Spirit and Truth, 3) 
Spiritual and physical restoration through materialization of the Word and holistic growth. 

3. Case study 
Research methods include literature research, in-depth interviews, and case study methods. [2] The subjects of 
the survey were selected from patients who received spiritual healing at HJ Heaven and Earth CheonBo Training 
Center and HJ Magnolia International Medical Center (Table 1). The case analysis analyzes the family associa-
tion's approach to spiritual healing and its effects through several cases in which spiritual healing has been ap-
plied. 

Table 1. Patient personal information 

Pt No age/sex Dx Hospitalization  
type 

marriage 

A 10s/F schizophrenia outpatient no 

B 60s/F other psychosis outpatient yes 

C 20s/F schizophrenia agreement no 

D 30s/F acute psychosis protection yes 

E 10s/F schizophrenia protection no 

F 20s/M shizoaffective disorder arbitrary no 

G 20s/F schizophrenia agreement no 

H 10s/F depression protection no 

I 20s/F Possession disorder,  
conversion disorder 

arbitrary no 

J 40s/M alcohol dependence, 
impulse control disorder 

agreement yes 

K 10s/M Anorexia, adjustment disorder agreement no 

L 10s/F Irritable bowel synd agreement no 

M 20s/M multiple PD agreement no 

N 40s/F depression 
borderline PD 

arbitrary yes 

 
Several examples describe the changes and healing experiences experienced in the process of spiritual heal-

ing. These examples include the development of diseases caused by the action of evil spirits, the separation of 
spirits through the work of spirits and truth, and the restoration of spirituality through the realization of the 
words and the growth of the whole person (Table 2). Each case has its own background and problems, and shows 
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the process of restoring physical, mental, and spiritual health through the spiritual healing approach of family 
associations. 

Table 2. Patient case analysis 

Analytic 

Frames 
 

Disease caused  

by the work of Satan and 

evil spirits 

Separation of spirit due to 

the work  

                                       

of the Holy Spirit and Truth 

Spiritual and physical 

restoration through  

             

materialization of the Word 

and holistic growth 

A 
A/H, being played by spirits, 

delusions of persecution 

Sighting angels and beautiful 

clouds. Separation of the spirit 

in the uterus 

Improved male phobia, regained 

her original bright personality, 

and actively volunteered. 

B 

A/H telling you to die, 

sensation of hitting your 

head 

Angel and Absolute Good Spirit, 

separated by doctor's persuasion 

Absolutely believe the word, 

follow the doctor's instructions 
spiritual and physical recovery 

C 
spirit blames his mother, sees 

evil spirits 

Separation of central spirit 

through the ordination of 

Daemonim 

Studying and practicing the 

Word, fasting and prayer 
Recovery from spiritual 

symptoms 

D 
spirit Invasion, 

delirium 
work of spiritual healing 

separation of spirits 

study the Words, 
prayer and sincerity 

Symptoms of possession 

disappear 

E 
Comfort women spirits trying to 

commit suicide 
work of spiritual healing 

separation of spirits 

Becoming one with her mother, 

overcoming illness and 

improving relationships with 

her parents 

F visual and other hallucination work of spiritual healing 
separation of spirits Unity with father 
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The Analytic Frames of FFWPU’s Spiritual Healing are described by 3 points of view, that 1) diseases caused by 
the work of Satan and the evil spirits, 2) separation of spirit due to the work of the Holy Spirit and Truth, 3) 
Spiritual and physical restoration through materialization of the Word and holistic growth. 

3. Case study 
Research methods include literature research, in-depth interviews, and case study methods. [2] The subjects of 
the survey were selected from patients who received spiritual healing at HJ Heaven and Earth CheonBo Training 
Center and HJ Magnolia International Medical Center (Table 1). The case analysis analyzes the family associa-
tion's approach to spiritual healing and its effects through several cases in which spiritual healing has been ap-
plied. 

Table 1. Patient personal information 

Pt No age/sex Dx Hospitalization  
type 

marriage 

A 10s/F schizophrenia outpatient no 

B 60s/F other psychosis outpatient yes 

C 20s/F schizophrenia agreement no 

D 30s/F acute psychosis protection yes 

E 10s/F schizophrenia protection no 

F 20s/M shizoaffective disorder arbitrary no 

G 20s/F schizophrenia agreement no 

H 10s/F depression protection no 

I 20s/F Possession disorder,  
conversion disorder 

arbitrary no 

J 40s/M alcohol dependence, 
impulse control disorder 

agreement yes 

K 10s/M Anorexia, adjustment disorder agreement no 

L 10s/F Irritable bowel synd agreement no 

M 20s/M multiple PD agreement no 

N 40s/F depression 
borderline PD 

arbitrary yes 

 
Several examples describe the changes and healing experiences experienced in the process of spiritual heal-

ing. These examples include the development of diseases caused by the action of evil spirits, the separation of 
spirits through the work of spirits and truth, and the restoration of spirituality through the realization of the 
words and the growth of the whole person (Table 2). Each case has its own background and problems, and shows 
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H 
Comfort women 
spirits threatens 

work of spiritual healing 
separation of spirits 

Repeated improvement and 

worsening, requires follow-up 

I sad spirit comes, impulsiveness 
Improvement of spiritual 

symptoms after hospitalization 
Spirit separation experience 

Prayer, sincerity, study of the 

Word 

J 
alcoholism 

violence 

After the liberation ceremony, 

ancestors appear in a dream and 

offer comfort. 

Improvement of suspicious 

symptoms, restoration of a 

harmonious family 

K Suicidal thoughts, anorexia 

Angels often appear 
Separation of spirit, 

improvement in vomiting after 

convulsions 

Prayer, sincerity, and activity 

recover 

L 
avoidance of public 

gas symptoms 
liberation of central spirits, 

separation of resnetment spirits 
The original bright personality 

returns. 

M multiple personality work of spiritual healing 
separation of spirits 

Prayer, sincerity, study of the 

Word 

N A/H, V/H 
Ancestor liberation, medical 

angel 
separation of resentment spirits 

Prayer and sincerity, marital 

conflict and instability 

 
The case study explores how the spiritual healing of family associations contributes to the realization of true 
family ideals, and how to bring peace and harmony in individual lives and families. Through the analysis of 
spiritual healing cases, it suggests that the spiritual healing of family associations has the potential to contribute 
to family, society, and even world peace, not just individual healing.  

4. Discussion and Conclusion 
The developmental methods of FFWPU’s spiritual healing consist of four main themes: spiritual disease and 
medical diagnosis of mental health, therapist's posture in mental disease treatment and spiritual healing, pa-
tient and guardian's posture in mental disease and spiritual healing, and prevention and recurrence prevention. 
In the first topic, we explore spiritual illness in connection with psychiatric diagnosis. Here, we need to under-
stand the interaction between spiritual problems and mental illness, and find out that spiritual problems are 
behind many mental illnesses. This emphasizes that accurate diagnosis is the first step in all treatments, and 
aims to increase awareness and understanding of spiritual problems.  
  The second topic focuses on the therapist's posture, and the therapist who works on mental illness treatment 
and spiritual healing must respect and understand the patient's spiritual needs and beliefs. This means consid-
ering the patient's spiritual background during the treatment process and applying the principle of spiritual 
healing to promote the patient's overall recovery. The third topic deals with the posture of patients and guardi-
ans. Patients and guardians engaged in mental illness and spiritual healing should actively participate in the 
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healing process and have an attitude that incorporates spiritual practice into their daily lives. This includes rec-
ognizing that spiritual practice can have a positive impact on an individual's recovery process. 
Finally, discussions on prevention and recurrence prevention include prevention and recurrence prevention of 
spiritual inheritance and prevention of recurrence of spiritual environment. This aims to explore strategies and 
methods for individuals and communities to maintain spiritual health and to prevent recurrence of spiritual 
problems. These measures are expected to contribute to the development of spiritual healing of the United Na-
tions for the Peaceful Reunification of the World and to provide more effective support to those suffering from 
mental illness.  
Implications and suggestions suggest that spiritual healing can be used as an auxiliary method in the treatment 
of mental diseases, and the integration of spiritual healing into treatment programs can be beneficial. This can 
increase the effectiveness of treatment by allowing the patient to pursue both mental and spiritual well-being. 
Future research needs to analyze the effects of spiritual healing more closely and explore the applicability of 
spiritual healing to various types of mental diseases. In addition, research is needed on how spiritual healing 
can contribute to the management and treatment of physical diseases, especially chronic diseases. 
Through an in-depth analysis based on real-world applications of spiritual healing, this study explores ways 
spiritual healing can contribute to improving mental health and provides evidence to consider it as part of inte-
grated health care. 
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1. Introduction 
Japan's population is aging at a speed unparalleled in other countries. In particular, in 2025, it is predicted that 
the generation born in the first post-war baby boom will reach the age of 75 or older, resulting in an increase in 
demand for medical care, nursing care, and social security, and a significant imbalance with demand. 

As a countermeasure, the three pillars are enhancement of the community-based comprehensive care system 
[1], fairness of the review of the burden of public expenses [2], and securing of nursing care personnel [3]. 

Nurses can play an important role in coordinating and guiding multiple professions as comprehensive health 
care providers in realizing the "enhancement of the community-based integrated care system." 

As a nursing manager at a long-term care facility for the elderly, Natsumi no Sato, a long-term care health 
facility for the elderly of the Hojukai Medical Corporation, I am working to develop nurses who can instruct and 
coordinate multiple professions and collaborate beyond the boundaries of the facility. 

2. Main Essay 
In the midst of the new coronavirus pandemic, the dedication of the nurses is still vivid in people's memories. 
Personally, I experienced four clusters as a nursing administrator. 
We are overcoming the pandemic and returning to our old lives. 

Japan is now facing a super-aging society that it has never experienced before. This is due to an increase in the 
elderly population, a decrease in the population, and a decrease in the working generation. In FY2022, the aging 
rate reached 29.0%, and the proportion of the working generation that supports them has decreased to 59.4%. 

The current situation is that two people of the working generation support one elderly person. The proportion 
of the elderly will continue to rise, and the proportion of the working generation will continue to decline, and a 
society in which 1.3 people in the working generation support one elderly person is about to arrive. 

Japan is promoting the "enhancement of the community-based comprehensive care system" from a hospital- 
based system to a community-based system. What is the "Community Integrated Care System"? It is a system 
that provides housing, medical care, nursing care, prevention, and life support in an integrated manner so that 
even if a person becomes severely in need of long-term care due to a decline in physical function or cognitive 
function, he or she can continue to live in his or her own way in the community where he or she is accustomed 
to living until the end of his or her life. 

Healthcare providers are encouraging early discharge from the hospital once acute treatment has been admin-
istered. As a result, elderly people whose physical and cognitive functions have declined due to hospitalization 
are often unable to return to their original places of living immediately. In addition, long-term care facilities that 
can be entered at public expense are required to have stable physical and cognitive functions. 

Under such circumstances, the elderly health center where I work has specialists such as doctors, pharmacists, 
nurses, rehabilitation staff, caregivers, registered dietitians, nursing care support specialists, and support coun-
selors, and it is possible to accept elderly people who have just completed treatment at the hospital. In addition, 
as an intermediate facility between hospitals and homes, it supports the elderly to live in a familiar place through 
multidisciplinary collaboration and home support through return to home. 

In Japan, where nuclear families have progressed, there are many cases where elderly people care for the el-
derly and people with dementia care for people with dementia, making it difficult to detect abnormalities in the 
elderly at an early stage in daily life. 
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In outpatient rehabilitation, elderly people living at home are provided with rehabilitation, bathing, meals, and 
recreation during the day. In this context, it is possible to detect changes in the physical and psychological aspects 
of the user, collaborate with the family and care manager, provide necessary medical care and services to the user 
and family, and detect and respond to abnormalities at an early stage. 

For example, by finding bruises when bathing, you may notice that a family member is tired of caring for you 
and has been violent, or that there is a discrepancy between the progression of the person's illness and the living 
environment. In such cases, we review the future direction of the facility while providing medical care and reha-
bilitation to the person and time to rest for the family. In some cases, it is difficult for the family to treat pressure 
ulcers made at home, and patients who do not improve are admitted to the facility, and the nurse treats them and 
improves them before returning them home. 

In addition, by entering the old age, the doctor can also adjust the medication. Recently, elderly people living 
alone were required to inject insulin once a day, but because they could not self-inject, there were cases where 
family members living in different houses had to go for injections every day. Due to his family's work, he was 
admitted to an institution because he could not inject insulin. During that period, I was able to change my blood 
sugar control from injections to oral medications, which was appreciated by my family because I was able to 
reduce the burden on my family. 

Recently, the elderly health center also provides terminal care, and it is a facility with various possibilities. 
Prior to the introduction of terminal care, it was judged that it would be difficult to continue to see elderly people 
whose condition had deteriorated in a facility, so they were transported to hospitals. In the midst of all this, one 
man said, "Please, don't send me to the hospital, I want to die here." He cried and appealed to me. At that time, 
the facility did not have a system for taking care of the man, so he could not fulfill the man's wishes. However, 
he has now made it possible to fulfill that wish and realize the life of the elderly in the community to live their 
own lives until the end. 

"You are there and I am, and people shine when they are there for the other person. We aim to be useful to 
society." In accordance with our corporate philosophy, we provide medical and nursing care on a daily basis 
while respecting others and valuing our gratitude. 

3. Conclusion 
In the community-based comprehensive care system, elderly people play a variety of roles in order to realize that 
the elderly in the community can live their own lives until the end. It can be established through multidisciplinary 
collaboration and multidisciplinary collaboration that transcends the boundaries of facilities, not only in facilities 
but also in hospitals, nursing homes, and homes, focusing on the elderly. Among them, nurses are in a position 
to coordinate and guide multiple professions as comprehensive medical care providers. Ibe et al. say that "the 
quality of nursing care is also greatly related to the quality of life of local residents"¹⁾. What we need to do as 
nursing managers is to guide and coordinate multiple professions, and to train nurses who can collaborate across 
the boundaries of facilities to overcome the super-aging society. 
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Abstract:  Many research studies have shown acupuncture to be effective in treating allergic rhinitis. The acupuncture points 
that are classically used for the symptoms of allergic rhinitis, were shown to be more effective than a general acupuncture 
treatment. Acupuncture has been shown to regulate levels of IgE and cytokines, to improve symptoms. Other ways of meas-
uring the effect, include the Rhinitis Quality of Life Questionnaire, and the Total Nasal Symptom Score. Studies have found 
that acupuncture is more effective than western style medication, for the treatment of allergic rhinitis. Acupressure and mox-
ibustion have also been shown to be effective. Acupuncture can influence biochemical pathways that are relevant to allergic 
rhinitis. Acupuncture has the effect of down-regulating proinflammatory neuropeptides and neurotrophins. Additionally, 
acupuncture down-regulates Th2 cytokines and proinflammatory cytokines, thus shifting the Th1/Th2 balance of T helper 
cells towards Th1. Electroacupuncture has the added benefit of targeting certain neuropeptides, according to the electric fre-
quency used. In an inflammatory pain model, acupuncture influences adenosine in the body to act on A1 receptors, to produce 
antinociceptive effects of acupuncture. TRPV1 expression is inhibited by acupuncture, through downregulation of production 
and release of NGF and/or by blocking PI3K/PIP3 signaling between trkA receptors and TRPV1. Adenosine release from 
acupuncture also inhibits TRPV1. 

Keywords:  Allergic Rhinitis, Acupuncture, Moxibustion, IgE, Adenosine, TRPV1 
 

1. Introduction 
Allergic rhinitis is a chronic or seasonal illness, characterized by inflammation, sneezing, nasal discharge. The 
condition has a marked effect on quality of life, in addition to having uncomfortable symptoms. For some people, 
Western style medication may be sufficient. Other patients might benefit from pharmaceuticals plus acupuncture, 
to fully address symptoms. Some patients with severe conditions, do not get much benefit from Western drugs, 
so acupuncture will provide a novel opportunity to treat the illness. 

2. Materials and Methods 
Research was conducted by intenet web search. Relevant research articles were found on various databases, such 
as PubMed. The research for this paper is limited to articles written in English. 

3. Results 
In Chinese Medicine theory, allergic rhinitis is categorized as Bi Qiu. The Zang-Fu organs of kidney, spleen, and 
lung, may be affected by deficiency, excess, heat, or cold, thus resulting in allergic rhinitis [1].  

Allergic rhinitis is induced through immunoglobulin E (IgE), in response to allergens in the air. Inflammation 
of the nasal membranes, will show symptoms such as nasal congestion, sneezing, itchiness, and nasal discharge 
[2]. Allergic rhinitis negatively affects quality of life. In the USA, 60 million people suffer from the disease, annu-
ally. Western treatments for allergic rhinitis include antihistamines, glucocorticoids, and bronchodilators [2].  

Examples of acupuncture points used for allergic rhinitis include, XinWu (sphenopalatine ganglion), YinTang, 
Large Intestine 20, Urinary Bladder 13, Du 14, and Large Intestine 4, among others [2]. Treatment durations may 
range from 1 to 2 months. Adding moxibustion to the acupuncture treatment, is shown to increase the effective-
ness of the acupuncture treatment, by providing the most benefit to IgE levels [2]. Acupuncture is shown to be 
more effective, than conventional Western medicine, for treating symptoms of allergic rhinitis.  

Acupuncture has been used for thousands of years, to treat allergic rhinitis, with established techniques. Re-
search into the biochemical effect of acupuncture on allergic rhinitis, involves studying downregulation of pro-
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inflammatory neuropeptides, cytokines, and neurotrophins [3]. These have a relationship with the Gprotein cou-
pled receptor, transient receptor potential vallinoid (TRPV1) [3]. Other research focuses on the cholinergic anti-
inflammatory pathways. During acupuncture, acetylcholine released from the vagus nerve, can inhibit proin-
flammatory cytokines, by binding to α7-nicotinic receptors [3]. The balance of Th1/Th2 cytokines, can be pushed 
away from Th2 dominance, with acupuncture treating allergic rhinitis [3].  

Vagus nerve stimulation along this pathway involves both sympathetic and parasympathetic functions [3]. 
Dopamine receptors will act in a selective manner during the acupuncture. D1 receptors, found in the brain, will 
inhibit analgesic effects. D2 receptors in the spine, will boost analgesic effects [3].  

Inflammatory pain can be moderated by adenosine A1 receptors. Adenosine triphosphate (ATP) is released in 
the tissue during acupuncture, and then metabolizes into adenosine, which will then act on the adenosine A1 
receptors, to reduce inflammation [3]. Desensitization of chemokine receptors, can contribute to adenosinein-
duced downregulation TRPV1, which will benefit symptoms of allergic rhinitis [3].  

Conventional western treatment for allergic rhinitis, mainly involves the use of antihistamines and intranasal 
topical glucocorticoids. Long-term use of glucocorticoids, leads to side effects, such as nasal dryness, and bloody 
nose [4]. For some patients with moderate to severe allergic rhinitis, the drug treatment fails to be effective [4]. 
So, naturally acupuncture provides a different strategy for potentially effective treatment, with no severe adverse 
effects.  

In 2017, a study in Germany, researched acupuncture for seasonal allergic rhinitis [5]. The participants of the 
study, either received acupuncture, or were placed into one of the control groups. It was an 8 week long study. 
As pollen season reached its peak, during the study, the patients in the control groups increased their use of 
antihistamines to address symptoms [5]. Whereas, the acupuncture patients did not increase antihistamine use 
during peak pollen levels. Acupuncture points used include Large Intestine 4, Large Intestine 11, Large Intestine 
20, and YinTang. At least three out of eight of the following points were also used during each treatment session: 
Urinary Bladder 13, San Jiao 17, Spleen 6, Stomach 36, Lung 7, Liver 3, Gallbladder 20, and BiTong [5]. The anti-
histamine used during this study was Cetirizine. 38% of acupuncture patients in this study did not use any anti-
histamines. 16% of control group patients did not use any antihistamines [5]. The study showed favorable results 
for acupuncture. 

A study on Ear Acupressure, has shown benefits for allergic rhinitis treatment [6]. Points used on the ear were 
ShenMen (TF4), Internal Nose (TG4), Lung (CO14), Wind Stream (SF1,2i), and Adrenal Gland (TG2p). Stainless 
steel pellets were taped to the points. Patients were advised to press the pellets on the acupressure points, for 
about 10 seconds, three times a day [6]. Pellets were removed by the acupuncturist after one week, and then the 
opposite ear was given a new set of acupressure pellets for the coming week. This study used only acupressure, 
with no skin penetration [6]. 

4. Discussion 
Acupuncture regarding allergic rhinitis, has ample research to show its safety and effectiveness. Improving this 
evidence would involve further clinical trials with larger sample sizes. The points that are traditionally used for 
acupuncture, can be shown to have positive effects on biochemical pathways involving the immune system. Mox-
ibustion provides added benefit for relief of symptoms. The conclusion is that acupuncture is a useful strategy 
for treatment of allergic rhinitis, especially if symptoms are not properly addressed by Western pharmaceuticals. 
As acupuncture becomes more popular in the future, we may see the rates of allergic rhinitis decreasing.  
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of the nasal membranes, will show symptoms such as nasal congestion, sneezing, itchiness, and nasal discharge 
[2]. Allergic rhinitis negatively affects quality of life. In the USA, 60 million people suffer from the disease, annu-
ally. Western treatments for allergic rhinitis include antihistamines, glucocorticoids, and bronchodilators [2].  

Examples of acupuncture points used for allergic rhinitis include, XinWu (sphenopalatine ganglion), YinTang, 
Large Intestine 20, Urinary Bladder 13, Du 14, and Large Intestine 4, among others [2]. Treatment durations may 
range from 1 to 2 months. Adding moxibustion to the acupuncture treatment, is shown to increase the effective-
ness of the acupuncture treatment, by providing the most benefit to IgE levels [2]. Acupuncture is shown to be 
more effective, than conventional Western medicine, for treating symptoms of allergic rhinitis.  

Acupuncture has been used for thousands of years, to treat allergic rhinitis, with established techniques. Re-
search into the biochemical effect of acupuncture on allergic rhinitis, involves studying downregulation of pro-
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1. Introduction 
Eastern medicine and Western medicine are trying to move on the path to unified medicine. 

Oriental medicine actively incorporates the knowledge of Western medicine to improve the therapeutic effect. 
Knowledge of anatomy, physiology, and pathology has helped to provide more detailed, accurate, and safe treat-
ments. The method is shown in 2.1.  

Western medicine, on the other hand, has an increasing number of treatment methods, such as replacing scal-
pels with acupuncture and replacing medicines with herbal medicines. There are also more options for patients. 
There may also be more diseases that can be cured. However, this is only the introduction of the tools of Oriental 
medicine into modern medicine. The essence of oriental medicine has not been introduced. 

The essence of Eastern medicine that differs from Western medicine is that it considers human beings as spir-
itual beings as well as physical beings. In other words, human beings have a dual structure of spiritual and phys-
ical bodies. And acupuncture stimulates the spiritual body at the same time as inserting acupuncture needles into 
the body. The spiritual stimulus is then transmitted through the meridians, which are the spiritual vascular sys-
tem, and has an effect on the affected area. 

It is hoped that Western medicine will diagnose human beings as spiritual beings in this way and treat them 
with spiritual influences in mind. However, spiritual beings themselves cannot be ascertained by existing meas-
uring instruments, and therefore their existence cannot be recognized. Diagnostics will be highly mechanized, 
and only the data that comes out of the measuring instruments will be treated as the truth, and anything that is 
not will be non-existent. It is expected that measuring instruments that can detect spiritual beings will appear. 
Or, as in the case of Oriental medicine, spiritual sensitivity can be incorporated into the diagnosis. Examples of 
diagnostic methods in Oriental medicine using spiritual sensibility are shown in 2.2. 

Another major difference between Eastern medicine and Western medicine is the way the mind and body are 
perceived. The patient's mind has a great influence on the state of the body. In Oriental medicine, we believe that 
each internal organ is responsible for its own unique emotions, as shown in Table 1. That's why we place im-
portance on the patient's mind and use it for diagnosis and treatment. An example of this treatment is 2.3.  

The mind and body are the internal nature and external shape of one individual. These are similar. Similarly, 
if the internal properties and external shapes of each organ are similar, we can imagine the internal properties 
from the external shapes [1]. In other words, psychological effects can be imagined from the shape and physio-
logical effects of organs. Since each organ is in the body, the function of each organ is not individually recognized. 
The internal organs are responsible for each of the body's physiological functions as a whole. Similarly, the mind 
has a variety of emotions, but it is difficult to know where they are coming from. The whole feels like one mind, 
but the internal organs are thought to be responsible for each. This hypothesis was shown in the results. 
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2. Methods of Oriental Medicine 

2.1. How Eastern Medicine Incorporates Western Medicine Knowledge 
(1) Perform qigong treatment on patients with sinusitis while looking at the anatomical diagram around the si-

nuses. Using the structural knowledge of the sinuses, it is possible to perform qigong more finely and accu-
rately. 

(2) Treat patients with uterine fibroids with reference to abdominal imaging and doctor's explanations. Infor-
mation such as the condition, size, approximate location, and number of fibroids is helpful. 

(3) For patients with foot pain, treatment of the foot did not heal. The position of the abdominal aorta toward the 
foot is grasped by the anatomical diagram, and qigong and acupuncture are used to concentrate qi there. 

(4) For patients who feel tired of the head, perform qigong diagnosis using knowledge of brain anatomy and 
cerebral physiology. By referring to the anatomical diagram and injecting qi into the details, you can remove 
the extra qi as if you were cleaning the details. 

(5) By referring to data such as blood tests and blood pressure, it is possible to know whether the treatment is 
deteriorating or improving. 

(6) The condition of gallstones can be known by diagnostic imaging of gallstones. This will lead to a course of 
treatment. 

2.2. Oriental Medicine Diagnostic Methods Using Spiritual Sensibility 
(1) Value the first impression of the patient. 
(2) Instantaneously capture the impression of touching the body. 
(3) Pulse examination examines the pulse of the arteries in the left and right wrists. Two skilled acupuncturists 

may diagnose different diagnoses when they examine the pulse of the same patient. This means that the results 
will vary depending on the person who examines the pulse, and the spiritual influence cannot be ignored.  

(4) Put a spiritual hand in the patient's body to find out what is wrong. 
(5) Explore whether there are any places around the patient's body that feel different from the usual space. 
(6) Investigate the patient's face, eyes, body surface, and clothes to see if there is any unnaturalness. 
(7) Investigate whether there is anything unnatural in the patient's voice, smell, gestures, etc. 

2.3. How Oriental Medicine Uses the Relationship Between the Mind and Internal Organs to Treat 
(1) The liver is the organ responsible for sharing anger. People who have a lot of anger have stiff flanks, which 

are the reaction points of the liver. Acupuncture here relieves shoulder stiffness, but it can also relieve anger. 
(2) The heart is an organ that shares pleasure. People who have little emotional expression and little joy may feel 

pain when they touch the area near the pulpit, which is the reaction point of the heart. 
(3) The stomach is an organ that shares thoughts and sorrows. In order to think quietly and think deeply, it is 

necessary to have a stable stomach qi. 
(4) The lungs are the organs responsible for sharing grief. How to become a person who can feel the pain of others 
(5) The kidneys are the organs that share fear. 

3. Results 

3.1. Psychological effects of each organ derived from the relationship between mind and body 
3.1.1. Liver 
The liver can store blood and release it as needed. Considering this, the effect of emitting anger is in the liver.  
The liver is responsible not only for anger, but also for the determination to start something and the upward 
emotion of taking the first step. 
3.1.2. Heart 
The heart constantly delivers nutrients and oxygen throughout the body through the blood. Considering this, it 
plays a role in delivering love and vitality to the whole body. It is like the heart of a God who loves mankind 
without ceasing, and it is full of joy. 
3.1.3. Stomach 
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The stomach is responsible for the digestion of food. What can be considered from this is the digestion of 
thoughts. In our social lives, we are bombarded with many thoughts from others. It is the stomach that digests 
these. 
3.1.4. Lungs 
The lungs take in oxygen contained in the air as they breathe. At that time, the air from the outside is temporar-
ily accepted into the body. What you can think of from this is to take the other person's feelings and grasp them 
emotionally. It works to read the atmosphere around you. He is also in charge of emotional responses such as 
sadness. 
3.1.5. Kidneys 
The kidneys take waste products out of the blood to make raw urine and return the necessary water to the 
blood. It works to regulate blood components and maintain homeostasis. What can be considered from this is 
the maintenance of psychological homeostasis. Work like a conscience. When you are about to do something 
wrong, your conscience kicks in and puts a stop to it and pulls you back to its normal position. It is the kidneys 
that feel the pangs of conscience and fear. 

Table 1. The relationship between the five organs and the mind 

 

Liver Anger 
Heart Joy 
Spleen  Melancholy 
Lungs Sadness 
kidney fear 

 

4. Discussion 
As mentioned in 2.1, Eastern medicine benefits from the test results and knowledge of Western medicine. It can 
be treated without it, but if there is information from Western medicine, it is actively incorporated. However, 
there are many things that I wish could be treated in an integrated manner with Western medicine. For example, 
the example shown in 2.1 is as follows. 

(1) For patients with sinusitis, if it is possible to use images of the patient's sinus area instead of the anatomical 
diagram of the sinus area, it is possible to perform qigong more finely and accurately. It would be even better if 
I could watch the video in real time while being treated. 

(2) Even in patients with uterine fibroids, the shape, size, and position of multiple fibroids change depending 
on the stimulation of treatment. It would be very helpful if we could grasp this situation more accurately in the 
video. 

(3) If we could treat a patient with leg pain more accurately by looking at the image of the abdominal aorta, it 
would be more reliable than relying on spiritual sensitivity to search the abdominal cavity. 

(4) Qigong treatment for patients who feel tired of the head can only confirm whether or not the results have 
been achieved by the patient's own subjectivity and the spiritual sensitivity of the practitioner. It would be very 
good if this could be easily confirmed with an electroencephalograph or a device that measures blood flow in the 
brain. 
These things may be possible with adequate diagnostic equipment and cooperation with specialized physicians 
for patients. 

On the other hand, the answer to the question of whether Western medicine benefits from Eastern medicine is 
infinitely negative. The purpose of this paper will be achieved if the following points can be incorporated into 
the diagnosis and treatment of Western medicine. 

(1) Refer to the spiritual sensibility shown in 2.2 in the diagnosis.  
(2) Diagnose the mind and body in a unified manner. I would like you to examine me from the perspective 

shown in 3.1.  
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(3) I would like you to incorporate the methods of oriental medicine in your treatment and make use of your 
way of thinking and philosophy. 

References 
1. Holy Spirit Association for the Unification of World Christianity, Divine Principle,2nd ed. (Kogensha, 1995).  

 



101

  
  

 
3rd ICHJA 2024 https://www.ichja.org 

3rd International Conference of Hyojeong Academy 
2023 

Research on a Whole Person Health Model Integrating Unifica-
tion Thought and Ken Wilber's Integrative Healthcare System 

Hyunmin Ryu 

Oxygen Footprint Co., Daejeon, Korea  
ryu-topia@hanmail.net 

Abstract:  This research focuses on developing a whole person health model that combines Unification Thought and Ken 
Wilber's integrative healthcare system. Given the importance of physical, mental, and spiritual health in modern society, this 
research emphasizes the unification of body and mind, the integration of Eastern and Western medicine, and the importance 
of exercise, diet, prayer, and meditation in daily life. The purpose of the study is to develop a new multidimensional approach 
to health through the convergence of Unification Thought and Ken Wilber's system and to provide a new perspective on the 
understanding and practice of health. The results of the study show that the fusion model integrally promotes physical, mental, 
and spiritual health and has the potential to positively impact overall well-being. The model provides a new understanding 
of health and offers healthcare professionals a new way to manage the overall health of their patients. 
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1. Introduction 
Modern society increasingly recognizes the importance of physical, mental, and spiritual health. This study ex-
plores the need for a whole-person health model that combines Unification Thought and Ken Wilber's integrative 
medicine system. Unification Thought emphasizes the unification of the body and mind, centered on true love, 
and the integration of Eastern and Western medicine, while Ken Wilber's system of integrative medicine views 
the health of the body, mind, and spirit as a continuum and emphasizes balance. The purpose of this research is 
to develop a new multidimensional approach to health by fusing these two schools of thought. This approach 
includes the unification of body and mind, the integration of Eastern and Western medicine, and the importance 
of exercise, diet, prayer, and meditation in daily life. The research question focuses on "How can we effectively 
fuse Unification thought with Ken Wilber's system of integrative medicine, and what new perspectives can this 
fusion provide for our understanding and practice of health?"  

This research is expected to bring a new multidimensional approach to health to the health field, which can 
contribute to promoting overall health and well-being. By providing a new understanding and practice of health, 
it will also provide professionals in the field with practical guidelines on how to effectively address the complex 
needs of patients. 

2. Theoretical Background 
2.1. Health in Unification Thought 
In Unification thought, health comes from the unification of body and mind [1]. The visible body and the invisible 
mind must be united to be healthy [2]. According to the Divine Principle, the mind and body are in a relationship 
of dual characteristics. The mind is the internal nature and the body is the external form, and they are interde-
pendent. The physical self is the dual characteristics of the physical mind and the physical body, and the spirit 
self is the dual characteristics of the spirit body and the spirit mind. In addition, the spirit self receives vitality 
element from the physical self to grow, and returns living spirit element to the physical self [3].  

By receiving life elements from God and vitality element from the physical self, the spirit self has access to the 
divine beyond the self, from which it derives vitality and joy. As a result, the spiritual self returns living spirit 
element to the physical self to promote the health and vitality of the physical body. In other words, the health of 
the spiritual self is affected by what vitality element it receives from the physical self, and the health of the phys-
ical self is affected by what living spirit element the spiritual self receives from the physical body [3]. On the other 
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hand, human suffering and unhappiness is due to the lack of a smooth give and take action between the physical 
and spiritual self. The failure to live by human nature and conscience and to be drawn to instincts and pleasures 
that come from selfishness are the causes of human suffering [4]. 

Unification Thought emphasizes that it is God's ideal to fulfill the three great blessings of Genesis 1:28, which 
are nourishment, reproduction, and to rule over the universe. Humans have been given the authority to rule over 
all things instead of God, and the body and mind must become one through self-domination, where the mind 
rules over the body. However, when the body, which is supposed to be under the control of the mind, is instead 
under the control of the mind, suffering ensues. This is why Rev. Sun Myung Moon emphasized, "Complete self-
dominion before seeking universal dominion!" [5]. Just as God created creation, ruled it with his heart, and ruled 
it with love, it was believed that it was possible for humans to perfect their ruling nature when they began to 
resemble God's ruling nature. 

Therefore, the first condition for liberating ourselves from suffering through the unification of body and mind 
is to restore God's heart. The heart is the "impulse of joy and love" that comes from the deepest part of the human 
being [6]. When the heart is developed, the sinful nature is extinguished, the mind is purified, and the impulse 
of joy and love is triggered, resulting in the healing of the mind and body. The impulses of joy and love triggered 
by the mind and body promote the unity and health of the human mind and body."[4].  

In short, true love, which is generated from the heart, is a core value of Unification Thought. Resonance of body 
and mind is also possible in true love [7]. True love is the love that gives and forgets, that gives and forgets [8]. 
In love, there should be no selfishness or desire [9]. The more we love, the younger our inner man, the spirit self, 
becomes [10]. Unificationism emphasizes that health and happiness come from loving and serving humanity, not 
self-centeredness. Pure love for an object creates a resonance that harmonizes with the frequency of the object 
and unites them. Through resonance, love is amplified, meaning that the object of love is comprehensive and 
integral, from human beings to all of creation, from the individual to the family, society, race, nation, and world. 
Health is not merely at the individual level, but is possible when health is improved and restored in all areas of 
human connection, with true love at the center. This is because the human body is a microcosm [11] and a micro-
cosm [12] of the universe, with a corresponding relationship with the nature of the Creator.  

Therefore, according to Unification Thought, for the sake of our health, we must love all of creation that is 
connected to us. On Earth, the love of God's creation surrounds us on all sides, so we should be grateful for the 
fruits of love [13], love the sunlight, love the earth, love the water and air [14], because all beings have the same 
heart [15].  

In the same vein, the methods for personal health are also centered on true love. If you also have a loving heart, 
you will not get sick, so you should also practice moral discipline [16]. For example, Reverend Sun Myung Moon 
taught the True Love Diet, saying that when you eat with true love, all things are abundant, there is harmony in 
all of heaven and earth, and you can live without illness until you die [17]. He also maintained his health through 
daily exercise and breathing exercises, saying that when he woke up, he exercised all five fingers from the little 
finger up [18], and stretched his shoulders, neck, and back [19], and started the day with a breathing exercise he 
developed [20]. He also recommended meditation, which is a time of enjoyment and friendship with the mind   
[5], and emphasized that if one is diligent in fasting and praying, the mind can control the body [21], and with 
this mental strength, one can stay healthy and overcome any difficulties [22], so that one can be tired but not 
controlled by tiredness, [26] that one should think of oneself as a healthy person who does not need medication  
[24], and that if one is sick, it is only to become healthier [25] that the sickness will come and go and one will 
become healthier.  

The Unificationist concept of health emphasizes holistic well-being through the integration of body and spirit. 
To this end, it emphasizes that health and happiness are amplified when love extends beyond the individual to 
the whole of humanity and all creation. This suggests that humans are part of nature and the universe, in a cor-
responding relationship with the nature of the Creator. Therefore, maintaining good health requires disciplines 
such as proper exercise and breathing techniques centered on true love, and meditation and fasting prayers to 
cultivate mental strength. These methods provide a way to harmonize the body and mind, and to improve outer 
health through inner peace. 
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2.2. Ken Wilber's Integrated Healthcare System 

Wilber's thought describes the holistic universe as a dynamically evolving process, driven by the Absolute Spirit, 
and the human consciousness of the various tides developing on different wavelengths, in a fully integrated 
model of hot, cold, and holistic [26]. In this context, Ken Wilber's system of integrative medicine is part of his 
broader theory of integration, an approach to healthcare based on an understanding of the multidimensional 
nature of human existence. Wilber presents a concept of the "whole person" that encompasses physical, mental, 
social, and spiritual dimensions, and emphasizes the ways in which these various dimensions interact and 
influence each other. Based on a critical reflection on conventional medical approaches, Wilber's system 
emphasizes a holistic approach that takes into account the mental and spiritual aspects of the human being, rather 
than treating only the physical ailments. It aims to address underlying causes and improve an individual's overall 
health and well-being, rather than simply relieving symptoms. It also incorporates the best of both Eastern and 
Western medicine and includes a variety of therapies and practices to address a person's health in a 
multidimensional way. Wilber's system of integrative medicine can be seen as an attempt to bridge the gap 
between conventional and complementary medicine and provide a more comprehensive and personalized 
approach to treatment. 

 

 
 

(a) (b) 

Figure 1. (a) Kenwilber’s AQAL; (b) The four quadrants of integrated healthcare [5].  

Figure 1. is a schematic representation of integrative healthcare, based on Ken Wilber's quadrants. This pattern 
is called AQAL, which is a shorthand for All Quadrants, All Levels, All Lines, All States, All Types [27]. Wilber 
proposes that each of these quadrants represents a different aspect of reality and that they are all interconnected. 
For example, an individual's health is not only a matter of biology (external to the individual), but is also 
influenced by individual psychology (internal to the individual), cultural beliefs and values (internal to the 
group), and social structures such as healthcare systems (external to the group). Ken Wilber's integrative 
healthcare model argues that in applying an integrative approach to healthcare, we need to consider the whole 
quadrant, rather than the conventional modern medical approach of the idol quadrant. While the right quadrant 
deals with disease primarily through physical interventions such as surgery, medication, and behavioral 
restrictions, the integrative model emphasizes that the inner state of the individual in the left quadrant is an 
important cause of disease and has a major impact on treatment. This suggests how the individual's consciousness 
interacts with the intersubjective elements of the lower left quadrant, which are intertwined with cultural values, 
beliefs, and worldviews. In the lower right quadrant, social systems, economic factors, and insurance systems 
play an important role in the social context of disease and access to care. This means, for example, that failures in 
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dominion before seeking universal dominion!" [5]. Just as God created creation, ruled it with his heart, and ruled 
it with love, it was believed that it was possible for humans to perfect their ruling nature when they began to 
resemble God's ruling nature. 

Therefore, the first condition for liberating ourselves from suffering through the unification of body and mind 
is to restore God's heart. The heart is the "impulse of joy and love" that comes from the deepest part of the human 
being [6]. When the heart is developed, the sinful nature is extinguished, the mind is purified, and the impulse 
of joy and love is triggered, resulting in the healing of the mind and body. The impulses of joy and love triggered 
by the mind and body promote the unity and health of the human mind and body."[4].  

In short, true love, which is generated from the heart, is a core value of Unification Thought. Resonance of body 
and mind is also possible in true love [7]. True love is the love that gives and forgets, that gives and forgets [8]. 
In love, there should be no selfishness or desire [9]. The more we love, the younger our inner man, the spirit self, 
becomes [10]. Unificationism emphasizes that health and happiness come from loving and serving humanity, not 
self-centeredness. Pure love for an object creates a resonance that harmonizes with the frequency of the object 
and unites them. Through resonance, love is amplified, meaning that the object of love is comprehensive and 
integral, from human beings to all of creation, from the individual to the family, society, race, nation, and world. 
Health is not merely at the individual level, but is possible when health is improved and restored in all areas of 
human connection, with true love at the center. This is because the human body is a microcosm [11] and a micro-
cosm [12] of the universe, with a corresponding relationship with the nature of the Creator.  

Therefore, according to Unification Thought, for the sake of our health, we must love all of creation that is 
connected to us. On Earth, the love of God's creation surrounds us on all sides, so we should be grateful for the 
fruits of love [13], love the sunlight, love the earth, love the water and air [14], because all beings have the same 
heart [15].  

In the same vein, the methods for personal health are also centered on true love. If you also have a loving heart, 
you will not get sick, so you should also practice moral discipline [16]. For example, Reverend Sun Myung Moon 
taught the True Love Diet, saying that when you eat with true love, all things are abundant, there is harmony in 
all of heaven and earth, and you can live without illness until you die [17]. He also maintained his health through 
daily exercise and breathing exercises, saying that when he woke up, he exercised all five fingers from the little 
finger up [18], and stretched his shoulders, neck, and back [19], and started the day with a breathing exercise he 
developed [20]. He also recommended meditation, which is a time of enjoyment and friendship with the mind   
[5], and emphasized that if one is diligent in fasting and praying, the mind can control the body [21], and with 
this mental strength, one can stay healthy and overcome any difficulties [22], so that one can be tired but not 
controlled by tiredness, [26] that one should think of oneself as a healthy person who does not need medication  
[24], and that if one is sick, it is only to become healthier [25] that the sickness will come and go and one will 
become healthier.  

The Unificationist concept of health emphasizes holistic well-being through the integration of body and spirit. 
To this end, it emphasizes that health and happiness are amplified when love extends beyond the individual to 
the whole of humanity and all creation. This suggests that humans are part of nature and the universe, in a cor-
responding relationship with the nature of the Creator. Therefore, maintaining good health requires disciplines 
such as proper exercise and breathing techniques centered on true love, and meditation and fasting prayers to 
cultivate mental strength. These methods provide a way to harmonize the body and mind, and to improve outer 
health through inner peace. 
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the distribution of food or the delivery of drugs and therapies can have a direct impact on morbidity and mortality. 
By providing holistic care that encompasses the physical, emotional, mental, and spiritual levels, Ken Wilber's 
integrated model addresses the multifaceted causes of disease and improves quality of care while reducing 
healthcare costs. By adding levels to each quadrant, the model seeks a comprehensive and effective approach to 
healthcare that promotes the overall health and well-being of patients. 

2.3. Access to Health in Major Healthcare Organizations 
2.3.1.Concepts of health at the World Health Organization and the U.S. National Center for Complementary 
and Integrative Health 

The World Health Organization (WHO) defines health as "a state of complete physical, mental, and social well-
being and not merely the absence of disease or infirmity." [28]. It is one of the fundamental rights that all human 
beings should enjoy, regardless of race, religion, political belief, economic or social situation, and includes the 
enjoyment of the highest attainable standard of health. The WHO also explains that health is influenced by a 
person's situation and environment. This includes where you live, environmental conditions, genetics, income 
and education levels, and relationships with friends and family, all of which have a significant impact on your 
health. Similar to the factors considered in public health activities, access to and use of health services also have 
a significant impact on health, the organization emphasizes.  

The U.S. National Center for Complementary and Integrative Health (NCCIH) distinguishes between comple-
mentary and alternative medicine, integrative health, and whole person health [29]. According to NCCIH, "com-
plementary" in complementary and alternative medicine refers to non-mainstream practices used in conjunction 
with conventional medicine, and "alternative" refers to non-mainstream practices used instead of conventional 
medicine. It's important to distinguish between the two because complementary medicine is used alongside 
standard care, while alternative medicine is used instead of conventional care. Integrative health is a treatment 
that harmoniously combines conventional and complementary approaches. It emphasizes complex interventions 
that combine two or more interventions, such as medication, physical rehabilitation, and psychotherapy, with 
complementary approaches such as acupuncture, yoga, and probiotics. Holistic health extends beyond the treat-
ment of disease to improving the health of individuals, families, communities, and populations across multiple 
interconnected domains: biological, behavioral, social, and environmental. It involves understanding the connec-
tions between different aspects of health. 
2.3.2. NCCIH's Classification of Complementary Medicine 

  
 
 
 
 
 
 
 
 
 

Figure 2. 10 Common Complementary Health Approaches – 2012 [30] 

The 2012 National Health Interview Survey (NHIS) [30], which includes a comprehensive survey of Americans' 
use of complementary medicine, reports that Americans are actively utilizing a variety of complementary medi-
cines in parallel with conventional medical approaches. This trend reflects the growing importance of comple-
mentary and integrative healthcare in healthcare. 

According to the NCCIH, complementary medicine, which is non-mainstream medicine, can be categorized 
according to various treatment modalities. These include nutritional approaches, psychological approaches, 
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physical approaches, and combinations of each. Nutritional approaches include diet, weight loss, dietary supple-
ments, herbal remedies, probiotics, and more, also known as natural products. Psychological approaches include 
mental health improvement methods such as meditation and mindfulness. Physical approaches include physical 
therapies such as massage and spinal adjustments, and combined psychological and physical approaches include 
yoga, tai chi, acupuncture, dance and art therapy, mindful eating, mindfulness-based stress reduction programs, 
relaxation techniques, qigong, hypnotherapy, Alexander Technique, and Pilates. The herbs, vitamins, minerals, 
and probiotics included in nutritional approaches are publicly accessible and often sold as dietary supplements. 
Combined psychological and physical approaches, such as tai chi, yoga, acupuncture, and massage therapy, are 
often taught or practiced by professionals or teachers and can be helpful for a variety of health issues. Research 
has shown that acupuncture can relieve chronic pain, arthritis, and more; yoga can help with general well-being, 
including relieving stress and supporting healthy habits; and meditation can be beneficial for reducing blood 
pressure and improving anxiety, depression, and insomnia. In addition, some complementary medicines, such 
as Ayurveda, Chinese medicine, homeopathy, naturopathy, and functional medicine, do not fall under the 
NCCIH's specific classification but are widely used. Each of these modalities is used selectively for specific health 
conditions. 

3. Developing a Whole Person Health Model 
3.1.Structure and Elements of a Health Model 

Figure 3. is a schematic model of whole person health that complements and organizes the core of Unification 
Thought and Ken Wilber's four quadrants of integrative medicine. The whole person health model is divided 
into four parts by a coordinate axis (x-axis, y-axis), with the upper part of the x-axis divided into individuals and 
objects, the lower part into groups and environments, and the lower part of the y-axis divided into internal on 
the left and external on the right. The first quadrant on the right corresponds to Western medicine. It is a medical 
system that is primarily concerned with the external aspects of the individual and is associated with a reductionist 
worldview. The second quadrant on the left corresponds to complementary medicine. It"s primarily concerned 
with the inner life of the individual and is associated with a holistic worldview. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Whole Person Health Model. 
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The lower left quadrant is the inner aspect of groups and environments, relating to the family, society, tribe, 
nation, world, and global environments that surround the individual, and culture. The lower right quadrant is 
the external aspect of the group and environment and can be related to the economy, institutions, policies, etc.  

The center of the quadrant is love. Love is an essential source of power that exists at the center of humans and 
all things, and is a key requirement for health as advocated by Unification Thought. There are six realms centered 
around love. The top represents the level of human consciousness, progressing from body, to energy, to mind, to 
soul, to spirit, to God. The bottom level is the environment surrounding the individual. It extends to the family, 
society, tribe, nation, world, and global environment. 

The integration of Western and complementary medicine at the top is described as a holistic worldview. Ken 
Wilber's holism views the universe and the evolution of life/consciousness as a holarchy in which each part is 
both a whole and part of a greater whole. He emphasizes that the impetus for the emergence and evolution of 
life/consciousness comes from the spirituality of life, and that everything in the universe is interconnected to form 
a complex, multidimensional system, indicating that every aspect of the universe contributes to the vast web of 
life. From this perspective, the spectrum of consciousness at the top is consistent with the concept of Panca-Kosha 
from the ancient Indian scripture, the Taitiriya Upanishad. Panca-Kosha describes the five layers of human exist-
ence: the physical layer, which is nourished by food; the energy layer, which consists of breath and prana; the 
mind layer, which includes emotions and thoughts; the wisdom layer, which is related to intellect and insight; 
and the bliss layer, which represents spiritual peace. Enveloping the bliss layer is the atman, or supreme God. 
Ken Wilber agrees that there is an infinite reality behind, beyond, above, within, and as the entire manifested 
universe [26].  

3.2.Western and Complementary Medicine in the Health Model 

Western medicine is a modern medical system based on biological principles that scientifically explores the 
causes and treatments of disease. It consists of basic sciences, such as anatomy, physiology, and biochemistry, 
and clinical medicine, which focuses on bodily functions and pathologies. Western medicine aims to identify the 
specific cause of a disease and treat it directly with medication, surgery, and other methods. Therefore, it's not 
easy to connect it to holism. However, we can categorize them as follows 

The body is connected to general medicine and surgery, and the qi to internal medicine, which deals with 
energy regulation and metabolic processes. Mind can be assigned to psychiatry, soul to medical ethics, and spirit 
to palliative care, which focuses on quality of life and spiritual well-being, and includes chaplaincy services and 
counseling to meet the spiritual needs of patients, especially in difficult situations. From the perspective of med-
ical disciplines, subjects such as anatomy and physiology correspond to the body, biochemistry to the qi, behav-
ioral sciences to the mind, and neuroscience to the soul.  

Complementary medicine is an important part of a holistic health model that includes a variety of therapies 
used in conjunction with Western medicine. It encompasses the body, energy, mind, wisdom, and spiritual as-
pects, and promotes physical health through diet, including enzyme therapies such as probiotics and prebiotics, 
and manual therapies such as chuna, chiropractic, osteopathy, Thai massage, acupressure, taping, and foot re-
flexology. 

In the chi realm, energy is regulated through herbal treatments such as acupuncture and moxibustion, energy 
therapies such as qigong, reiki, tai chi, and sound therapy, and the use of technology such as electrical and mag-
netic stimulation.  

Mental health is promoted in a variety of ways, including mindfulness interventions such as MBSR, MBCT, 
ACT, and MSC; psychotherapies such as CBT, DBT, coaching, and counseling; and mind-body practices such as 
meditation, yoga, and hypnosis. 

In the realm of the soul, deep self-understanding and wisdom are explored through semantic therapy, gestalt 
therapy, vipassana, transcendental meditation, and kriyayoga. In the spirit and God realm, spiritual and trans-
cendent experiences are sought through spiritual retreats, pastoral counseling, Kabbalah, Sufism, meditation, and 
specific spiritual practices. While we have categorized some types of complementary medicine in this study, 
many of these therapies address different aspects of human existence through a multidimensional approach, so 
there may be overlap across multiple dimensions. For example, yoga and meditation can be categorized as mind-
fulness because they benefit mental health, but they also affect the body, and they can also be categorized as 
spiritual and divine.  
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This multidimensional approach of complementary medicine is key to addressing human health and well-
being holistically. Each therapy interacts with the physical, energetic, mental, intellectual, and spiritual compo-
nents of an individual, reflecting the basic principles of a holistic health model that recognizes health as more 
than just a physical condition. In this way, complementary medicine contributes to comprehensive health care 
and treatment that goes beyond the limitations of conventional Western medicine, and supports people in living 
a full and harmonious life as a whole. As such, complementary medicine plays an important complementary role 
to modern medicine and makes an important contribution to the promotion of overall health and well-being. 

Table 1. Items and highlights of the whole person health model quadrants 

Complementary medicine Levels Western Medicine 
Specific spiritual practices, etc. 

Spiritual retreats, pastoral counseling, Kabbalah, Sufism, 
meditation, etc. 

God 
Palliative care, chaplaincy services, and counseling 

Spirit 

Meaning therapy, gestalt therapy, existential therapy,  
Vipassana, Transcendental Meditation, Kriyayoga, etc.   

Soul Medical ethics 

Mindfulness Based Interventions such as MBSR, MBCT, 
ACT, MSC, CBT, DBT, coaching, counseling, etc. Psycho-

therapy, meditation, yoga, hypnosis, etc. 
Mind Psychiatry 

Korean medicine such as acupuncture and moxibustion, en-
ergy therapies such as qigong, reiki, tai chi, color therapy, 

sound therapy, etc. 
Energy Pulmonology and Endocrinology 

Diet, including enzyme therapies such as probiotics and 
prebiotics, manual therapies such as pranayama, chiroprac-

tic, taping, and tui na. 
Body General Medicine and Surgery 

Internal environment LOVE External Environment 

Family ties and positive culture, emotional support, and 
conflict resolution skills 

Family Economic stability, safety in housing,  
family medical history 

Social support and sense of community, social networks 
and belonging, and social inclusion 

Society 
Public health systems and access to care, education and job 
opportunities, social safety nets, and community health in-

frastructure 
Health beliefs based on cultural traditions, sense of belong-
ing and identity, and understanding and respect for tradi-

tional values 
Tribes Racism and healthcare access inequities,  

Ethnically specific health campaigns 

Awareness of public health, national identity,  
health literacy 

Nations 
Healthcare infrastructure, health insurance systems, na-
tional health policies and programs, and government in-

vestments in health promotion 

Sense of global citizenship and solidarity,  
awareness of global health issues 

World 
The role of international health organizations such as the 
WHO, Global initiatives, international epidemic response 

and coordination 

Sustainable living, living in harmony with nature, 
environmental responsibility 

Earth 
The effects of climate change, including natural disasters 

and infectious disease outbreaks, Sustainable resource 
management, global environmental protection policies 

3.3.Internal and external environments for whole person health 

Whole person health starts with recognizing that an individual's health is a multifaceted phenomenon that is 
influenced by a complex set of internal and external factors. This whole person approach is essential for a com-
prehensive understanding of health and healthcare. In this study's whole person health model, we categorize the 
environment into six domains that encompass both the internal and external environments. In the first domain, 
the home, internal dynamics such as emotional bonding, family communication, and conflict resolution skills 
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society, tribe, nation, world, and global environment. 
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and the bliss layer, which represents spiritual peace. Enveloping the bliss layer is the atman, or supreme God. 
Ken Wilber agrees that there is an infinite reality behind, beyond, above, within, and as the entire manifested 
universe [26].  

3.2.Western and Complementary Medicine in the Health Model 

Western medicine is a modern medical system based on biological principles that scientifically explores the 
causes and treatments of disease. It consists of basic sciences, such as anatomy, physiology, and biochemistry, 
and clinical medicine, which focuses on bodily functions and pathologies. Western medicine aims to identify the 
specific cause of a disease and treat it directly with medication, surgery, and other methods. Therefore, it's not 
easy to connect it to holism. However, we can categorize them as follows 

The body is connected to general medicine and surgery, and the qi to internal medicine, which deals with 
energy regulation and metabolic processes. Mind can be assigned to psychiatry, soul to medical ethics, and spirit 
to palliative care, which focuses on quality of life and spiritual well-being, and includes chaplaincy services and 
counseling to meet the spiritual needs of patients, especially in difficult situations. From the perspective of med-
ical disciplines, subjects such as anatomy and physiology correspond to the body, biochemistry to the qi, behav-
ioral sciences to the mind, and neuroscience to the soul.  

Complementary medicine is an important part of a holistic health model that includes a variety of therapies 
used in conjunction with Western medicine. It encompasses the body, energy, mind, wisdom, and spiritual as-
pects, and promotes physical health through diet, including enzyme therapies such as probiotics and prebiotics, 
and manual therapies such as chuna, chiropractic, osteopathy, Thai massage, acupressure, taping, and foot re-
flexology. 

In the chi realm, energy is regulated through herbal treatments such as acupuncture and moxibustion, energy 
therapies such as qigong, reiki, tai chi, and sound therapy, and the use of technology such as electrical and mag-
netic stimulation.  

Mental health is promoted in a variety of ways, including mindfulness interventions such as MBSR, MBCT, 
ACT, and MSC; psychotherapies such as CBT, DBT, coaching, and counseling; and mind-body practices such as 
meditation, yoga, and hypnosis. 

In the realm of the soul, deep self-understanding and wisdom are explored through semantic therapy, gestalt 
therapy, vipassana, transcendental meditation, and kriyayoga. In the spirit and God realm, spiritual and trans-
cendent experiences are sought through spiritual retreats, pastoral counseling, Kabbalah, Sufism, meditation, and 
specific spiritual practices. While we have categorized some types of complementary medicine in this study, 
many of these therapies address different aspects of human existence through a multidimensional approach, so 
there may be overlap across multiple dimensions. For example, yoga and meditation can be categorized as mind-
fulness because they benefit mental health, but they also affect the body, and they can also be categorized as 
spiritual and divine.  
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play an important role in shaping an individual's health. In addition, external factors such as economic stability 
and safe housing contribute significantly to well-being. 

In societies, internal factors such as social support networks and community engagement influence health, 
while external factors such as the availability and quality of public health services, education and employment 
opportunities, social safety nets, and community health infrastructure affect the overall health of individuals in 
a society.  

Within an ethnic or racial context, internally, cultural practices and shared beliefs influence health behaviors 
and attitudes, and issues such as access to healthcare and racial discrimination in the healthcare system can affect 
the health of individuals in that community. 

The national perspective emphasizes people's perceptions of public health and national identity, and the qual-
ity of healthcare infrastructure and national health policies play a pivotal role in shaping a country's health envi-
ronment.  

At the global level, global citizenship and solidarity play an important role in addressing global health chal-
lenges. In particular, the role of international health organizations and global initiatives to combat infectious dis-
eases and address global health challenges is important.  

Finally, the global environmental context calls for living in harmony with nature, sustainable lifestyles, and 
personal responsibility for the environment. Furthermore, the impact of the climate crisis and global environ-
mental policies have a major impact on human health. 

At the center of many factors that directly or indirectly affect health is love. It strengthens emotional ties be-
tween families, promotes inclusion in social settings, and honors cultural diversity. It is also a key force on many 
levels, from supporting national health initiatives to strengthening global health cooperation, encouraging re-
sponsible environmental stewardship, and fostering global solidarity on health issues.  

In short, whole person health requires a comprehensive consideration of the individual and the various cir-
cumstances that surround them. Above all, it is love that has the power to recognize this complex web of factors 
and strengthen the interconnections between them. 

4. Conclusion and discussion 
This study emphasizes the importance of a whole person health model that fuses Unification thought with Ken 
Wilber's integrative medicine system. This model proposes a multidimensional approach to health that centers 
on true love and balances the health of the body, mind, and spirit. This integrative approach provides a new 
understanding of health and contributes to the promotion of holistic well-being. 

Through the development of a whole person model of health, the book explores how to understand and pro-
mote health in a multidimensional way, encompassing various aspects of human existence and extending health 
beyond physical conditions. In particular, it is expected to contribute to improving the overall health and well-
being of individuals by providing an integrated approach to health care that transcends the boundaries of West-
ern and complementary medicine. Furthermore, it emphasizes that the consideration of health is not limited to 
the individual, but is possible in a complex interaction with various environmental factors surrounding human 
life, including the family, society, tribe, nation, world, and global environment, with true love as the driving force 
at the center. 

Limitations of this study include the limited scope of applicability to specific cultural contexts and populations. 
In addition, there is still a lack of long-term and extensive empirical studies to verify the practical effectiveness 
of the theoretical model used. Future research should evaluate the applicability of the model in different soci-
ocultural contexts and further explore the validity of the model through clinical studies in a wide range of popu-
lations and different health situations. These studies will expand the universality of the model and contribute to 
the development of more targeted health interventions. 

In conclusion, this study provides a deeper understanding of a new approach to health care, which can help 
health professionals better address the complex needs of patients. It is also expected to contribute to human well-
being by offering patients a more comprehensive approach to health care and treatment. 
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play an important role in shaping an individual's health. In addition, external factors such as economic stability 
and safe housing contribute significantly to well-being. 

In societies, internal factors such as social support networks and community engagement influence health, 
while external factors such as the availability and quality of public health services, education and employment 
opportunities, social safety nets, and community health infrastructure affect the overall health of individuals in 
a society.  

Within an ethnic or racial context, internally, cultural practices and shared beliefs influence health behaviors 
and attitudes, and issues such as access to healthcare and racial discrimination in the healthcare system can affect 
the health of individuals in that community. 

The national perspective emphasizes people's perceptions of public health and national identity, and the qual-
ity of healthcare infrastructure and national health policies play a pivotal role in shaping a country's health envi-
ronment.  

At the global level, global citizenship and solidarity play an important role in addressing global health chal-
lenges. In particular, the role of international health organizations and global initiatives to combat infectious dis-
eases and address global health challenges is important.  

Finally, the global environmental context calls for living in harmony with nature, sustainable lifestyles, and 
personal responsibility for the environment. Furthermore, the impact of the climate crisis and global environ-
mental policies have a major impact on human health. 

At the center of many factors that directly or indirectly affect health is love. It strengthens emotional ties be-
tween families, promotes inclusion in social settings, and honors cultural diversity. It is also a key force on many 
levels, from supporting national health initiatives to strengthening global health cooperation, encouraging re-
sponsible environmental stewardship, and fostering global solidarity on health issues.  

In short, whole person health requires a comprehensive consideration of the individual and the various cir-
cumstances that surround them. Above all, it is love that has the power to recognize this complex web of factors 
and strengthen the interconnections between them. 

4. Conclusion and discussion 
This study emphasizes the importance of a whole person health model that fuses Unification thought with Ken 
Wilber's integrative medicine system. This model proposes a multidimensional approach to health that centers 
on true love and balances the health of the body, mind, and spirit. This integrative approach provides a new 
understanding of health and contributes to the promotion of holistic well-being. 

Through the development of a whole person model of health, the book explores how to understand and pro-
mote health in a multidimensional way, encompassing various aspects of human existence and extending health 
beyond physical conditions. In particular, it is expected to contribute to improving the overall health and well-
being of individuals by providing an integrated approach to health care that transcends the boundaries of West-
ern and complementary medicine. Furthermore, it emphasizes that the consideration of health is not limited to 
the individual, but is possible in a complex interaction with various environmental factors surrounding human 
life, including the family, society, tribe, nation, world, and global environment, with true love as the driving force 
at the center. 

Limitations of this study include the limited scope of applicability to specific cultural contexts and populations. 
In addition, there is still a lack of long-term and extensive empirical studies to verify the practical effectiveness 
of the theoretical model used. Future research should evaluate the applicability of the model in different soci-
ocultural contexts and further explore the validity of the model through clinical studies in a wide range of popu-
lations and different health situations. These studies will expand the universality of the model and contribute to 
the development of more targeted health interventions. 

In conclusion, this study provides a deeper understanding of a new approach to health care, which can help 
health professionals better address the complex needs of patients. It is also expected to contribute to human well-
being by offering patients a more comprehensive approach to health care and treatment. 
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perceived anti-religion. This was because some of the religious dogmas and rituals were not founded on evi-
dence-based truths of nature, rather those were based on orthodox, unwarranted beliefs, and science did not 
encompass the areas of human psychology such as love, compassion, ethics, forgiveness necessary for human 
peace and co-existence. Because these areas of psychology were very well perceived and adopted by humanity 
in religions, those were embraced as great principles of life. As a result, there existed a deep-rooted and unshak-
able submission by the followers to those religions while the foundation of modern science was being laid. Sub-
sequently science progressed rapidly, decisively and it led to industrial and agricultural revolutions in the middle 
of 18th century [1]. This proved to be the real saviour of mankind for food, clothing, shelter and medical care to 
not only provide scientific treatment for diseases but also enhanced life expectancy. Since science offered evi-
dence-based understanding of nature, people started believing in science and religion became a parallel system 
for all those domains where science could not provide any credible path. However, still the religion and science 
could not be put in the same basket. While science gave birth to technologies for life like modern transport, resi-
dential and commercial buildings, food, communications, clothing etc. and created humongous job opportunities, 
it has not yet answered the questions such as origin of life, understanding of death, ethics and most importantly 
the origin of psychological disorders and defilements, and the traumas generated due to those. On the other hand, 
religions proved to be offering some subjective solutions to such problems, mostly psychological. As a result, the 
religions are still important for the humanity despite a colossal success of science. Of course, there are a significant 
number of people who are atheists or non-believers, which doesn't undermine the realms of religions significantly. 
In this paper we propose a science-based model of religion and vice versa to bring a consonance between the two 
in an effort to elicit these entities which are the best of both worlds. While science should work on the areas of 
religions and accept its own limitations, the religions should adopt the logical findings of science to benefit the 
humankind comprehensively. The possible routes to this model and its different nuances will be presented and 
discussed in this paper.    

2. Scientific views on creation, existence and annihilation  
Creation, existence and annihilation are the three most fundamental processes of nature which concern humanity 
at every level. Therefore, these subjects are common to both science and religion. In science, despite the colossal 
efforts to understand these fundamental processes of nature it is still not known that how energy and matter are 
created [2]. As we understand, it is the fundamental forces such as gravitational, electromagnetic, nuclear and 
the rest of these which are responsible for the existence of matter in its current state and its destruction at micro-
scopic and macroscopic scales. But we are aware of the fact that science has not yet elicited and understood all 
the kinds of fundamental forces of nature. As mysterious as it is, the ex-nihilo creation of matter and energy is 
actually an area about which we are scientifically clueless. Are there some forces in nature which have the capa-
bility to create energy and matter ex-nihilo and do we not yet know such forces? This is the point that bothers 
scientists even today.  

Creation, existence and end of life is even more mysterious because of one more parameter i.e., consciousness. 
How non-living elements become living organizations is a subject of infinite mystery. Is there a force in nature 
that creates consciousness in the aggregated elements of cosmos? What are the prerequisites and conditions un-
der which non-living elements become part of a living entity? These questions are baffling even to the most bril-
liant minds of today and had been bothering in the entire history of science. One reason for this is that the living 
beings are so intricate and so perfect in design and functioning per se, that it is impossible to believe that nature 
could create such living organisms in primitive and advanced forms through any random or accidental process. 
It appears as if there is some highly intelligent force in nature which designed and created the myriad forms of 
sentients, the most intricate of those being humans. What is that force? Is it the same force which in the field of 
religion people call as ‘God’? The scientists think that we do not yet know any such force nor we are closer to 
find such a force at the moment. We may mention that the myriad of life forms that we have talked about here 
are the ones that we observe on our planet Earth, while we do not exclude the possibilities of existence of other 
forms of life somewhere else in the gigantic galaxies of the universe.    

3. Why is religion important? 
As discussed in Section 2 above, objectivity of science necessitates that we have yet to search the forces or its 
alternatives responsible for creation of matter, energy and life. Although we have not yet succeeded and puta- 
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1. Introduction 
Nature produces, sustains and destroys human beings. From the beginning to the end, life is a game of nature. It 
is therefore important to understand nature as the central point of human life and its myriad of associated rami-
fications. These ramifications can be put in the form of questions like, how and why did human beings come into 
existence? What is the purpose of life? How did human transform from the earlier primitive form to the modern 
scientific and technological life form? Is life in its current form sustainable or do we need to change our ways for 
a better world for our future? Today these questions fall within the purview of science, because primarily it is 
science and its philosophy which has reached to an adequate level to understand and unlock the mysteries of 
nature. Even then these questions can be answered in a limited way because many pertinent aspects are known, 
some are partially known and others are not known at all. This is the strength of science that it openly admits 
that what we know is finite and therefore unknowns are infinite.  

Ever since the dawn of humankind, the developed form of human brain and the mind played a crucial role in 
fulfilment of the most basic instincts of survival through food, shelter for protection and reproduction etc. It is 
plausible that the primitive man in the wild had to struggle for these basic needs and there was no need for 
advanced social ventures such as economics, finance, politics, religion and science. As the human population and 
experiences grew these higher needs became imperative and through its developed mind humanity advanced 
these systems of social interactions. When fears of unknowns like diseases, natural calamities and death became 
stress, and ethics in social, financial and political dealings became inescapable the foundation of religion must 
have been laid. Later religions became organized sectors through experiences over ages and some of the religions 
became dominant and authoritative social setups to which populations subjugated. Over the course of time, cer-
tain religions and empires were unified to become authoritative and powerful that disobeying their dogmas and 
diktats were punishable offense, even to the extent of death sentence.  Sometime during such dark ages of hu-
manity certain courageous truth-seeking individuals established and advocated the truths of nature which came 
to be known as science.  

 
Although science in its modern form originated much after the religions, at least a few thousand years, it 

quickly became an entity to be reckoned with. However, there was a stark contrast between the two. Science was 
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perceived anti-religion. This was because some of the religious dogmas and rituals were not founded on evi-
dence-based truths of nature, rather those were based on orthodox, unwarranted beliefs, and science did not 
encompass the areas of human psychology such as love, compassion, ethics, forgiveness necessary for human 
peace and co-existence. Because these areas of psychology were very well perceived and adopted by humanity 
in religions, those were embraced as great principles of life. As a result, there existed a deep-rooted and unshak-
able submission by the followers to those religions while the foundation of modern science was being laid. Sub-
sequently science progressed rapidly, decisively and it led to industrial and agricultural revolutions in the middle 
of 18th century [1]. This proved to be the real saviour of mankind for food, clothing, shelter and medical care to 
not only provide scientific treatment for diseases but also enhanced life expectancy. Since science offered evi-
dence-based understanding of nature, people started believing in science and religion became a parallel system 
for all those domains where science could not provide any credible path. However, still the religion and science 
could not be put in the same basket. While science gave birth to technologies for life like modern transport, resi-
dential and commercial buildings, food, communications, clothing etc. and created humongous job opportunities, 
it has not yet answered the questions such as origin of life, understanding of death, ethics and most importantly 
the origin of psychological disorders and defilements, and the traumas generated due to those. On the other hand, 
religions proved to be offering some subjective solutions to such problems, mostly psychological. As a result, the 
religions are still important for the humanity despite a colossal success of science. Of course, there are a significant 
number of people who are atheists or non-believers, which doesn't undermine the realms of religions significantly. 
In this paper we propose a science-based model of religion and vice versa to bring a consonance between the two 
in an effort to elicit these entities which are the best of both worlds. While science should work on the areas of 
religions and accept its own limitations, the religions should adopt the logical findings of science to benefit the 
humankind comprehensively. The possible routes to this model and its different nuances will be presented and 
discussed in this paper.    

2. Scientific views on creation, existence and annihilation  
Creation, existence and annihilation are the three most fundamental processes of nature which concern humanity 
at every level. Therefore, these subjects are common to both science and religion. In science, despite the colossal 
efforts to understand these fundamental processes of nature it is still not known that how energy and matter are 
created [2]. As we understand, it is the fundamental forces such as gravitational, electromagnetic, nuclear and 
the rest of these which are responsible for the existence of matter in its current state and its destruction at micro-
scopic and macroscopic scales. But we are aware of the fact that science has not yet elicited and understood all 
the kinds of fundamental forces of nature. As mysterious as it is, the ex-nihilo creation of matter and energy is 
actually an area about which we are scientifically clueless. Are there some forces in nature which have the capa-
bility to create energy and matter ex-nihilo and do we not yet know such forces? This is the point that bothers 
scientists even today.  

Creation, existence and end of life is even more mysterious because of one more parameter i.e., consciousness. 
How non-living elements become living organizations is a subject of infinite mystery. Is there a force in nature 
that creates consciousness in the aggregated elements of cosmos? What are the prerequisites and conditions un-
der which non-living elements become part of a living entity? These questions are baffling even to the most bril-
liant minds of today and had been bothering in the entire history of science. One reason for this is that the living 
beings are so intricate and so perfect in design and functioning per se, that it is impossible to believe that nature 
could create such living organisms in primitive and advanced forms through any random or accidental process. 
It appears as if there is some highly intelligent force in nature which designed and created the myriad forms of 
sentients, the most intricate of those being humans. What is that force? Is it the same force which in the field of 
religion people call as ‘God’? The scientists think that we do not yet know any such force nor we are closer to 
find such a force at the moment. We may mention that the myriad of life forms that we have talked about here 
are the ones that we observe on our planet Earth, while we do not exclude the possibilities of existence of other 
forms of life somewhere else in the gigantic galaxies of the universe.    

3. Why is religion important? 
As discussed in Section 2 above, objectivity of science necessitates that we have yet to search the forces or its 
alternatives responsible for creation of matter, energy and life. Although we have not yet succeeded and puta- 
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nature. Even then these questions can be answered in a limited way because many pertinent aspects are known, 
some are partially known and others are not known at all. This is the strength of science that it openly admits 
that what we know is finite and therefore unknowns are infinite.  

Ever since the dawn of humankind, the developed form of human brain and the mind played a crucial role in 
fulfilment of the most basic instincts of survival through food, shelter for protection and reproduction etc. It is 
plausible that the primitive man in the wild had to struggle for these basic needs and there was no need for 
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5. Conclusions 
In the preceding discussion we have shown that science and religion are not in conflict with each other, rather 
they are complementary to each other. Both of these are necessary ingredients for the peaceful co-existence of 
mankind. While science agrees that our ignorance about understanding of the nature is still infinite, the religion 
agrees that scientific studies are the answers to unlock the mysteries of nature. In a science-based religion nature 
should be the supreme power and we adopt the known practices of spirituality and religions, keeping nature at 
the central stage. We conclude that nature-centric religion is the religion of science and it has the capacity to 
provide the expected peace, harmony and joy of living collectively for making this planet a better place. While 
both science and religion are products of social collaborations and understanding, human psychology plays an 
important role in their implementation. Therefore, religion-based science should adopt the natural tenets of reli-
gions such as ethics, morality and psychological practices for peace, harmony and joy of co-existence.      
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tively the efforts are going on in identifying such forces or its alternatives, it doesn’t mean that we have to live 
with the stress of this yet unknown. So how do we get peace, love and joy of living within the myriad of such 
unknown forces? A further extension of these unknowns encompasses the uncertainties of life and death which 
creates a psychological fear and restless mind. Lower animals of nature simply follow the basic instincts to man-
age their fears of life and death. Advanced brain and mind of human beings are assets for dealing with such 
problems, for example, through medication. However, the same developed mind can also create a source of en-
hanced fears and other defilements such as violence, corruptions etc. Such stresses can sometimes be life threat-
ening to oneself or even to others. If there were no fears, greed, corruptions etc. the human mind by nature would 
be peaceful, loving and joyous. It is the tenets of religion which are supposed to bring peace and joy of life despite 
fears, greed, violence and corruptions. Traditions such as faith in God, love, compassion and forgiveness, medi-
tation for peace and joy, prayers for universal well-being are the human practices which bring about psycholog-
ical relaxations despite so much of violence, unjust, unrest and prejudices and biases in the society and even 
natural calamities such as diseases, pandemic, earthquakes, hurricanes, flood etc. Religions transform the fears 
of unknowns such as death due to accidents or natural calamity into submission, obeisance and love for God. As 
we know religion and its concept of God is a creation of human mind for achieving the noble purpose of peace 
and joy of living. As per the tenets of religion if one has submission, obeisance and love for God, God protects 
them from the agonies and sufferings caused by the unknowns such as uncertainties of natural calamities, dis-
eases, financial losses, vilification etc. Because these tenets of religion is effectively working since ages, religions 
have an important role to play in human life even though science does not yet provide any basis for it. Therefore, 
religions are as important as science for a comprehensively good living. 

Religion has one more profound positive effect on the collective co-existence, that is ethics and morality [3,4]. 
While science has not yet ventured into evidence-based knowledge on the necessity of ethics and morality, reli-
gions preach these great qualities of human beings as necessary components of submission, obeisance and love 
for God. As we know that for our peaceful co-existence and shared prosperity ethics and morality are essential 
the importance of religion is self-evident. Some scholars tend to think that morality and ethics can be independent 
of religion [3] but for common masses this doesn’t seem to be so. As stated above religions invoke the feelings of 
submission, obeisance and love for God, this in turn naturally brings about the feelings of ethics and morality in 
the individuals [4].  

4. How to formulate a religion based on science? 
Having stated the basic tenets, different ramifications and rules of science and religion in human life let us now 
discuss the possibility of formulation of a religion that is consistent with science and vice versa. Basically, the 
central component of religion should be that which human being believe, subjugate and practice with full devo-
tion so that their psychological stresses are mitigated and morality and ethics come to the fore in routine behavior. 
At the same time such a religion should have a logical veracity of science which means objectivity, universality 
even though its complete understanding might be still unknown or partially known. We propose that the nature 
is that entity. Nature is real, true, the creator, the sustainer and the destroyer. The nature is in everything and 
everything is in nature. So, in a religion conforming to the tenets of science and vice versa nature should be the 
supreme power. In the religion of science, we understand nature, we submit ourselves to nature, we love nature 
and we worship nature.  

Nature worship is not alien to humanity; it has been practiced in many traditions [5] since the beginning of 
human civilization. However, it could not become an organized universal practice perhaps because of lack of 
understanding of its fundamental tenets or unappealing profoundness of its rituals and modus operandi [6]. 
Nature worship was more common at the dawn of humanity and its culmination into a social set up, and now it 
has been practically completely replaced by other religions. Religion of science is supposed to be more compre-
hensive which includes the studies in sciences, especially the life sciences, and the practices of spirituality such 
as mediation, oneness of mankind living in communion with nature and practices to preserve and use the re-
sources of nature prudently. Similarly, science based on religion should accept that everything is not yet known 
in science and practices to counter the adverse effects of unknowns may be encompassed in the domain of religion. 
As those unknowns become knowns through scientific studies those migrate from the domain of religion to the 
domain of science. This migration is plausibly dynamic and unidirectional.    
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5. Conclusions 
In the preceding discussion we have shown that science and religion are not in conflict with each other, rather 
they are complementary to each other. Both of these are necessary ingredients for the peaceful co-existence of 
mankind. While science agrees that our ignorance about understanding of the nature is still infinite, the religion 
agrees that scientific studies are the answers to unlock the mysteries of nature. In a science-based religion nature 
should be the supreme power and we adopt the known practices of spirituality and religions, keeping nature at 
the central stage. We conclude that nature-centric religion is the religion of science and it has the capacity to 
provide the expected peace, harmony and joy of living collectively for making this planet a better place. While 
both science and religion are products of social collaborations and understanding, human psychology plays an 
important role in their implementation. Therefore, religion-based science should adopt the natural tenets of reli-
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tively the efforts are going on in identifying such forces or its alternatives, it doesn’t mean that we have to live 
with the stress of this yet unknown. So how do we get peace, love and joy of living within the myriad of such 
unknown forces? A further extension of these unknowns encompasses the uncertainties of life and death which 
creates a psychological fear and restless mind. Lower animals of nature simply follow the basic instincts to man-
age their fears of life and death. Advanced brain and mind of human beings are assets for dealing with such 
problems, for example, through medication. However, the same developed mind can also create a source of en-
hanced fears and other defilements such as violence, corruptions etc. Such stresses can sometimes be life threat-
ening to oneself or even to others. If there were no fears, greed, corruptions etc. the human mind by nature would 
be peaceful, loving and joyous. It is the tenets of religion which are supposed to bring peace and joy of life despite 
fears, greed, violence and corruptions. Traditions such as faith in God, love, compassion and forgiveness, medi-
tation for peace and joy, prayers for universal well-being are the human practices which bring about psycholog-
ical relaxations despite so much of violence, unjust, unrest and prejudices and biases in the society and even 
natural calamities such as diseases, pandemic, earthquakes, hurricanes, flood etc. Religions transform the fears 
of unknowns such as death due to accidents or natural calamity into submission, obeisance and love for God. As 
we know religion and its concept of God is a creation of human mind for achieving the noble purpose of peace 
and joy of living. As per the tenets of religion if one has submission, obeisance and love for God, God protects 
them from the agonies and sufferings caused by the unknowns such as uncertainties of natural calamities, dis-
eases, financial losses, vilification etc. Because these tenets of religion is effectively working since ages, religions 
have an important role to play in human life even though science does not yet provide any basis for it. Therefore, 
religions are as important as science for a comprehensively good living. 

Religion has one more profound positive effect on the collective co-existence, that is ethics and morality [3,4]. 
While science has not yet ventured into evidence-based knowledge on the necessity of ethics and morality, reli-
gions preach these great qualities of human beings as necessary components of submission, obeisance and love 
for God. As we know that for our peaceful co-existence and shared prosperity ethics and morality are essential 
the importance of religion is self-evident. Some scholars tend to think that morality and ethics can be independent 
of religion [3] but for common masses this doesn’t seem to be so. As stated above religions invoke the feelings of 
submission, obeisance and love for God, this in turn naturally brings about the feelings of ethics and morality in 
the individuals [4].  

4. How to formulate a religion based on science? 
Having stated the basic tenets, different ramifications and rules of science and religion in human life let us now 
discuss the possibility of formulation of a religion that is consistent with science and vice versa. Basically, the 
central component of religion should be that which human being believe, subjugate and practice with full devo-
tion so that their psychological stresses are mitigated and morality and ethics come to the fore in routine behavior. 
At the same time such a religion should have a logical veracity of science which means objectivity, universality 
even though its complete understanding might be still unknown or partially known. We propose that the nature 
is that entity. Nature is real, true, the creator, the sustainer and the destroyer. The nature is in everything and 
everything is in nature. So, in a religion conforming to the tenets of science and vice versa nature should be the 
supreme power. In the religion of science, we understand nature, we submit ourselves to nature, we love nature 
and we worship nature.  

Nature worship is not alien to humanity; it has been practiced in many traditions [5] since the beginning of 
human civilization. However, it could not become an organized universal practice perhaps because of lack of 
understanding of its fundamental tenets or unappealing profoundness of its rituals and modus operandi [6]. 
Nature worship was more common at the dawn of humanity and its culmination into a social set up, and now it 
has been practically completely replaced by other religions. Religion of science is supposed to be more compre-
hensive which includes the studies in sciences, especially the life sciences, and the practices of spirituality such 
as mediation, oneness of mankind living in communion with nature and practices to preserve and use the re-
sources of nature prudently. Similarly, science based on religion should accept that everything is not yet known 
in science and practices to counter the adverse effects of unknowns may be encompassed in the domain of religion. 
As those unknowns become knowns through scientific studies those migrate from the domain of religion to the 
domain of science. This migration is plausibly dynamic and unidirectional.    
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The subject partner–object partner theory of the Family Federation, as it appears in the current Unification 
Thought, acknowledges the hierarchical differences, akin to recognizing the Confucian principle of Jonbi (high 
and low) in the context of Neo-Confucianism. However, it has limitations in presenting solutions to gender con-
flicts between men and women or role conflicts between spouses. Therefore, it can be argued that the subject 
partner–object partner theory of the Family Federation, influenced by Confucian ideology, particularly the patri-
archal views of Zhu Xi, needs reinterpretation. Rather than adhering to a fixed position of absolute subjectivity 
and objectivity, it is necessary to reinterpret it as a reciprocal relationship where roles can change depending on 
the circumstances. 

In this study, we have proposed that many issues related to gender and marital relationships that cannot be 
resolved by the male-centric subject partner–object partner theory in Unification Thought could find resolution 
through the reinterpretation of reciprocal relationships based on the principle of subject-partner and object-part-
ner. This study does not delve into the exploration of the existence of God from the perspective of Yin and Yang 
principles, nor does it discuss the relationship between God and humans in terms of the subject partner – object 
partner relationship. 

 
2. Yin and Yang Theory 
 
The predominant philosophical system in East Asia, Yin, and Yang theory, initially developed as an independ-

ent ideology and later evolved into the philosophy known as Yin-Yang and the Five Elements, alongside the 
theory of the Five Elements. Yin and Yang, representing the primal forces, initially began as a distinction in the 
primitive era, reflecting human perspectives on the visible and invisible things, sensations of warm things, and 
cold things felt by the touch. As time progressed, human cognition advanced, societies became more intricate, 
and the need for distinguishing various elements increased, leading to the development of a complex conceptual 
framework. 

Yin and Yang theory can be traced back to primitive times when humanity discerned the basic duality of light 
(Yang) dispelling darkness (Yin), akin to the sun illuminating and transforming shadows into brightness. The 
origin of the Yin and Yang philosophy, originating in China, is akin to the emphasis on light related to the sun. 
Similarly, in the Book of Genesis in the Bible, light and darkness are also presented. 

 
In the beginning, God created the heavens and the earth. God said, "Let there be light," and there was light. 

God saw that the light was good, and he separated the light from the darkness. God called the light "day," and 
the darkness he called "night." And there was evening, and there was morning—the first day [3]. 

 
In this way, the concept of Yin and Yang, emerging across different eras and regions, can be directly related to 

human life. 
As evident from the above, the original meaning of Yin and Yang was closely associated with the sun. Conse-

quently, it was often expressed by referring to the warmth and coldness influenced by the sun in the weather. 
This connection is notably linked to the occurrence of the four seasons. Therefore, the development of Yin and 
Yang is considered to have evolved under the guidance of astronomers who observed celestial phenomena [4]. 
This fact can be confirmed by the fact such information is not found in representative classics of the Confucian 
tradition, such as the "Analects of Confucius," "Doctrine of the Mean," and "Mencius." [5] 

The early Yin and Yang philosophy originated from explaining natural phenomena but progressed to elucidate 
the interaction of certain facts dimensionally, particularly through its encounter with the Five Elements theory. 
Subsequently, with the integration of Confucianism, it expanded its scope to explain natural phenomena such as 
creation and extinction and extended to elucidate rites that explain human duties. In Confucianism, Yin and Yang 
were often distinguished as good and evil, prior and posterior, among other classifications [6]. This expansion of 
the scope of Yin and Yang philosophy was made possible not only through its encounter with the Five Elements 
but also through its application in interpreting the Book of Changes [7]. 

The concept of Yin and Yang philosophy emerges differently in Taoism and Confucianism. In Confucianism, 
particularly in the "Book of Changes", the "Sequence of Hexagrams" states, "Heaven is noble, and Earth is lowly. 
The positions of Heaven as Yang and Earth as Yin are determined," [8] expressing the hierarchical relationship 
between Yang and Yin [9]. On the other hand, Taoist philosophers like Laozi and Zhuangzi do not distinguish 
between Yin and Yang.  
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1. Introduction 
Yin-Yang theory, a representative ideological system in East Asia, can be seen as included in the concept of sub-
ject-partner and object-partner in the Family Federation for World Peace and Unification (hereinafter referred to 
as the Family Federation). However, while yin-yang theory focuses on explaining the existence of objects, there 
is a difference in that the subject and object are explained by focusing on personality, the mental world, and 
mutual relationships. Therefore, if we distinguish between the yin-yang theory and the subject partner–object 
partner theory based on the yin-yang theory, the yin-yang theory can be a relatively material-oriented yin, and 
the subject partner–object partner theory can be a relatively spiritual-oriented yang. In yin-yang theory, if there 
is yin, there must be yang. If a hill on which the sun shines is positive, the shade on the other side becomes yin. 
Also, in the case of positive sunlight, the places where relatively more sunlight shines are positive, and the places 
where there is less sunlight are negative. Therefore, there cannot be yang without yin, and there is no yin without 
yang. 

In the yin-yang theory, there was no absolute yin and yang in Taoism, and there was no idea of respect for the 
yin, which regarded the heaven of yang as “Jon” (high) and the earth of yin as “bi” (low). It can be said that the 
role of neo-Confucianism, which expanded and interpreted the relationship between yin and yang, was largely 
responsible for the later distinction of yin and yang being conceptualized to explain social phenomena and estab-
lish itself as a guiding ideology. In Confucianism, the phenomenon of yin and yang is expressed as reciprocal or 
relative [1]. 

The reciprocal relationship in Confucianism focuses on achieving harmony through interaction rather than the 
literal meaning of opposing things facing each other [2]. Confucianism, which defined yin-yang theory as a recip-
rocal relationship, made a very positive contribution, but it also had the side effect of creating an ideology of male 
superiority over females due to the erroneous idea that yang is precious and yin is inferior. 
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4. Conclusion 
 
In the context of the Family Federation, the subject partner–object partner relationship aligns with the princi-

ples of Taoism and Confucianism, particularly incorporating the concepts of Yin and Yang. Specifically, in the 
context of gender relations, when representing the husband and wife, they are viewed as an immutable subject 
partner – object partner relationship, referred to as the original form. It is emphasized that there exists a hierarchy 
within the marital relationship. The hierarchy, if not maintained, can lead to confusion, extending beyond the 
declarative dimension into ethical principles that must be upheld, even carrying an implicit coercive nature. Thus, 
the relationships between men and women (spouses) in the Unification Thought reflect prevailing universal ideas 
today, aligning with gender equality. Therefore, the interpretation of the subject partner–object partner relation-
ship concerning men and women, as well as husbands and wives, in Unification Thought needs to be reconsid-
ered, potentially drawing from the foundations of early Yin-Yang philosophy or Taoist principles. 

If the interpretation of men and women, as well as married couples, is defined in terms of a reciprocal subject 
partner–object partner relationship, many issues such as gender discrimination and misconceptions about fixed 
roles between spouses, leading to conflicts in marriages, could be alleviated. While the subject partner–object 
partner relationships within the Family Federation reflect certain patriarchal aspects, they also present funda-
mental ethical and spiritual principles that individuals should uphold in their contemporary lives. Particularly, 
the idea that subject partners and object partners must interact in a mutually harmonious relationship through 
reciprocal actions is undoubtedly a crucial keyword in today's society, along with concepts like 'coexistence' and 
'win-win.' 
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The Yin-Yang perspectives in Confucianism and Taoism are not matters of right or wrong but rather subjective 
perceptions among scholars of that time. However, considering the present context, the Taoist view of Laozi, 
which does not assign higher or lower status to Heaven and Earth, seems more valid today than the Confucian 
idea of distinguishing Heaven and Earth in terms of superiority and inferiority.  

Yang and Yin, rather than a one-dimensional approach that distinguishes between before and after, high and 
low, good and evil, hold significance in forming a mutually reciprocal relationship. This allows them to serve as 
tools for understanding the principles of change in nature and all things due to creation and destruction, as well 
as elucidating the diverse aspects exhibited by humans throughout their lives. While Confucianism metaphori-
cally differentiates Yang and Yin as Heaven and Earth, their coexistence emphasizes the reciprocal relationship 
where Earth must exist for Heaven to exist, and vice versa. 

The widespread Yin-Yang philosophy, originating in East Asia, particularly in China, has its roots in an obser-
vational understanding of nature, evolving into a metaphysical framework explaining natural phenomena and 
ethical norms related to human life. It is important to note that it did not develop into a religious dimension 
associated with the unseen Heaven. Therefore, there is a distinction between the Yin-Yang theory advocated by 
the Family Federation and the traditional Yin-Yang philosophy. 

 
3. Husband and wife viewed as subject partner and object partner 

 
God is a Being who is absolute, unchanging, eternal, self-existing, and omnipresent. He exists as a central sub-

ject with intangible dual characteristics, and is a subjective entity regarding the spiritual world, while the physical 
world constitutes the objective entity of God [10]. In essence, God is the subject concerning the physical world, 
and all entities in the physical world, including humans, are the objects. In terms of the relationship between God 
and humankind, the Family Federation assumes that God is a masculine subject in terms of nature, while the 
physical world is a feminine object in terms of form. Additionally, they posit that the relationship between mas-
culinity and femininity is analogous to the relationship between internal nature and external form, and the posi-
tive-negative relationship is seen as having relative aspects, such as internal nature-external form, cause-effect, 
subject partner – object partner, and so on [11]. 

In Unification Thought, it is emphasized that there should be a hierarchical difference between subject and 
object, and the absence of such a hierarchy could lead to confusion [12]. In summary, the Family Federation in-
corporates a worldview that doesn't differentiate the value of the subject and the object, contrasting with the 
hierarchical distinction between Heaven and Earth in traditional Confucian thought, which aims to maintain 
social order while acknowledging the importance of role distinctions based on hierarchical positions [13]. 

Meanwhile, in the Unification Thought, the concept of subject and object is applied not only to the relationships 
between humans and all things (objects), humans and humans, and objects and objects but also extends to four 
types as follows: 

Firstly, it recognizes the universal subject partner–object partner relationship that is eternally established as the 
original form. An example given is the relationship between husband and wife. 

Secondly, it introduces the provisional form, where the subject partner–object partner relationship is tempo-
rarily reversed based on circumstances. In such cases, the original form is not considered to be extinguished. 

Thirdly, it discusses a case where the subjective roles are changed in an interactive manner in which the subject 
partner and object partner change depending on the situation. 

Lastly, it distinguishes a negative form that needs to be determined arbitrarily by the evaluator [14]. 
From the above, God, as the position of Yang, is in a subjective position, designating humans and all things in 

the position of Yin as object partners. Moreover, in the marital relationship, husband and wife are defined as the 
unchanging subject partner and object partner, with a distinction in their respective positions. 

In the above, God, who is in the Yang position, is defined as the subjective position, and humans and all crea-
tion, who are in the Yin position, are defined as objects or object partners. In addition, the husband and wife in a 
marital relationship were defined as an immutable subject partner and object partner, and it was said that there 
was a difference in status between the subject partner and the object partner. From these facts, it can be observed 
that a hierarchical difference similar to the concept of superiority and inferiority, not present in the early Confu-
cian philosophy, has emerged. The hierarchy evident between men and women, husbands and wives reflects the 
influence of a patriarchal society, indicating a discrepancy with contemporary social values. 
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The Yin-Yang perspectives in Confucianism and Taoism are not matters of right or wrong but rather subjective 
perceptions among scholars of that time. However, considering the present context, the Taoist view of Laozi, 
which does not assign higher or lower status to Heaven and Earth, seems more valid today than the Confucian 
idea of distinguishing Heaven and Earth in terms of superiority and inferiority.  

Yang and Yin, rather than a one-dimensional approach that distinguishes between before and after, high and 
low, good and evil, hold significance in forming a mutually reciprocal relationship. This allows them to serve as 
tools for understanding the principles of change in nature and all things due to creation and destruction, as well 
as elucidating the diverse aspects exhibited by humans throughout their lives. While Confucianism metaphori-
cally differentiates Yang and Yin as Heaven and Earth, their coexistence emphasizes the reciprocal relationship 
where Earth must exist for Heaven to exist, and vice versa. 

The widespread Yin-Yang philosophy, originating in East Asia, particularly in China, has its roots in an obser-
vational understanding of nature, evolving into a metaphysical framework explaining natural phenomena and 
ethical norms related to human life. It is important to note that it did not develop into a religious dimension 
associated with the unseen Heaven. Therefore, there is a distinction between the Yin-Yang theory advocated by 
the Family Federation and the traditional Yin-Yang philosophy. 

 
3. Husband and wife viewed as subject partner and object partner 

 
God is a Being who is absolute, unchanging, eternal, self-existing, and omnipresent. He exists as a central sub-

ject with intangible dual characteristics, and is a subjective entity regarding the spiritual world, while the physical 
world constitutes the objective entity of God [10]. In essence, God is the subject concerning the physical world, 
and all entities in the physical world, including humans, are the objects. In terms of the relationship between God 
and humankind, the Family Federation assumes that God is a masculine subject in terms of nature, while the 
physical world is a feminine object in terms of form. Additionally, they posit that the relationship between mas-
culinity and femininity is analogous to the relationship between internal nature and external form, and the posi-
tive-negative relationship is seen as having relative aspects, such as internal nature-external form, cause-effect, 
subject partner – object partner, and so on [11]. 

In Unification Thought, it is emphasized that there should be a hierarchical difference between subject and 
object, and the absence of such a hierarchy could lead to confusion [12]. In summary, the Family Federation in-
corporates a worldview that doesn't differentiate the value of the subject and the object, contrasting with the 
hierarchical distinction between Heaven and Earth in traditional Confucian thought, which aims to maintain 
social order while acknowledging the importance of role distinctions based on hierarchical positions [13]. 

Meanwhile, in the Unification Thought, the concept of subject and object is applied not only to the relationships 
between humans and all things (objects), humans and humans, and objects and objects but also extends to four 
types as follows: 

Firstly, it recognizes the universal subject partner–object partner relationship that is eternally established as the 
original form. An example given is the relationship between husband and wife. 

Secondly, it introduces the provisional form, where the subject partner–object partner relationship is tempo-
rarily reversed based on circumstances. In such cases, the original form is not considered to be extinguished. 

Thirdly, it discusses a case where the subjective roles are changed in an interactive manner in which the subject 
partner and object partner change depending on the situation. 

Lastly, it distinguishes a negative form that needs to be determined arbitrarily by the evaluator [14]. 
From the above, God, as the position of Yang, is in a subjective position, designating humans and all things in 

the position of Yin as object partners. Moreover, in the marital relationship, husband and wife are defined as the 
unchanging subject partner and object partner, with a distinction in their respective positions. 

In the above, God, who is in the Yang position, is defined as the subjective position, and humans and all crea-
tion, who are in the Yin position, are defined as objects or object partners. In addition, the husband and wife in a 
marital relationship were defined as an immutable subject partner and object partner, and it was said that there 
was a difference in status between the subject partner and the object partner. From these facts, it can be observed 
that a hierarchical difference similar to the concept of superiority and inferiority, not present in the early Confu-
cian philosophy, has emerged. The hierarchy evident between men and women, husbands and wives reflects the 
influence of a patriarchal society, indicating a discrepancy with contemporary social values. 

 



Hosted by
Hyojeong Academic Foundation
Sunhak Educational Foundation
Hyojeog Magnolia Global Medical Foundation

Organized by
Hyojeong Academic Foundation

ISBN 979-11-981561-4-3(93060)

HY
OJEONG




