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ABSTRACT Built in the 6th and 7th centuries during the Baekje period, the Buyeo Royal Tombs consist 

of seven tombs, including Tomb No. 1, which contains murals. To preserve Tomb No. 1 from damage 

caused by microorganisms, periodic microbial-distribution investigations are conducted. Following such 

investigations in August 2016, June 2018, and November 2019, the microbes were classified according 

to the investigation period, location of collection, and space. This study compares and analyzes the 

results. The concentration of airborne microorganisms in Tomb No. 1 and the number of microbial 

genera identified in each space of the tomb decreased as proximity to the main room with murals 

diminished. During the investigation period, the genera Bacillus, Cladosporium, Penicillium, and 

Streptomyces were commonly identified on Tomb No. 1. The microorganisms collected from the main 

room walls were mostly isolated from the east and west walls where the genera Bacillus, Cupriavidus, 

Paenibacillus, Pseudomonas, and Streptomyces were commonly identified in three or more walls. In 

particular, the genus Streptomyces is a dangerous strain capable of damaging murals by penetrating 

into and discoloring the pigments on them. The data generated from this study may be useful for future 

research on microbial distribution in other domestic mural tombs and those located in North Korea 

and abroad. 
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1. INTRODUCTION

Ancient tombs, monuments in which human corpses were 

buried, provide historical and archaeological data. Mounded 

tombs were constructed by covering the upper part of the 

burial with soil or stone (Park, 2006). In the Republic of 

Korea, ancient tombs are generally attributed to the Three 

Kingdoms period (Beack, 2017). Various burial relics and 

murals can be found inside ancient tombs. Tomb murals are 

evaluated as materials of rich historical and cultural value 

because they provide some insight into the lifestyles, 

customs, and religious views of ancient societies.

Ten mural tombs exist in the Republic of Korea. The 

Yeongju Sunheung Mural Tomb, Yeongju Sunheung Eo Suk 

Tomb, Gongju Royal Tomb No. 6, Goryeong Goari Mural 

Tomb, and Buyeo Royal Tomb No. 1 were built during the 

Gaya and Three Kingdoms period (National Research 

Institute of Cultural Heritage, 2019). For this study, the 

Buyeo Royal Tomb No. 1 (hereafter referred to as Tomb No. 

1) was selected as the research site among the mural tombs 

of the Three Kingdoms period in Korea (Figure 1A-B). Tomb 

No. 1 is an ancient tomb that belongs to the Royal Tombs 

of Buyeo (late 6th to early 7th centuries), which consist of 

seven tombs. The Royal Tombs of Buyeo, designated as 

Historic Site No. 14 in 1963, were simultaneously included 

in the Baekje World Historic Area and registered as a 

UNESCO World Heritage site in 2015. Among the seven 

tombs, Tomb No. 1 is the only tomb with murals painted 

on the four walls and ceiling of the tomb chamber. The four 

guardian deities are painted on the east, west, south, and 
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north walls of the main room, and lotus and cloud patterns 

are engraved on the ceiling.

Tomb No. 1 was the first tomb to be investigated during 

the Japanese colonial period from 1915 to 1917 (Buyeogun, 

2008). At the time of that initial investigation, the murals 

were relatively clear, but they are are now largely faded (Lee, 

2000; National Research Foundation of Korea, 2021). A 

systematic and comprehensive investigation of Tomb No. 1 

began in 2008, and the murals’ condition, cause of damage, 

and preservation environment were first examined. The 

current study focuses on the microbial distribution within the 

tomb; thus, relevant findings from previous research will first 

be presented. 

A 2008 study by Gyeongju University focused on 

identifying fungi, bacteria, green algae, and cyanobacteria by 

collecting microorganisms from locations where discoloration 

had occurred because of living organisms (Buyeogun, 2008). 

In 2013, the airborne and wall microbial distribution inside 

and outside of Tomb No. 1 was confirmed, and a report 

predicting the growth of microbes, which may damage the 

murals, was created based on the general microorganism 

growth-temperature (Buyeogun, 2013). Subsequent monitoring 

of microbial distribution was conducted in 2016, using the 

same methodology as in the 2013 study (Buyeogun and 

Backje World Heritage Center, 2016). In 2018, microbial 

research attempted to analyze substances presumed to be 

microorganisms generated on the wall of main room along 

with their distribution status (Buyeogun and Backje World 

Heritage Center, 2018). Research projects to identify the 

suspected microorganisms found inside Tomb No. 1 have 

been undertaken twice (National Research Foundation of 

Korea, 2019; 2020). 

The above research is significant because it can help 

predict a mural’s risk of damage based on the microbial 

distribution in Tomb No. 1. However, the status of the 

microbial distribution can only be measured at a specific 

point of time. In the current study, the microbial distribution 

statuses of Tomb No. 1, collected in 2016, 2018, and 2019, 

were classified according to the investigation period, location 

of collection, and the space it occupied. Subsequently, the 

results were compared and analyzed.

2. MATERIALS AND METHODS

2.1. Microbial collection and culture

2.1.1. Airborne microorganisms

The interior of Tomb No. 1 comprises four spaces: the 

Figure 1. Location of Tomb No. 1 in Neungsan-ri, Buyeo. (A) Aerial photograph of Tomb No. 1 (photo

source: Baekje World Heritage Center), (B) Front view of Tomb No. 1.
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entrance, aisle, front room, and main room with murals, the 

size of which may be found in Figure 2. In our study, 

throughout the four-year period, we conducted our research 

in accordance with the monitoring cycle of Tomb No. 1 and 

the 2013 report titled “Microorganism Occurrence Risk 

Prediction”. Airborne microorganisms existing within and 

outside of each space were investigated in August 2016, June 

2018, and November 2019 (Figure 2). Microorganisms were 

collected for two minutes at a flow rate of 100 L/min after 

the potato dextrose agar (PDA, Difco, USA) medium was 

mounted on a biological sampler (BUCK Bio-CultureTM, 

B30120 Pump, A.P. Buck, Inc., USA). The collection was 

repeated 2‒3 times in each space, and the microorganisms 

were cultured in an incubator (WIG-155, DAIHAN 

Scientific, KOR) at 30±2℃ and a relative humidity of 

50±5%.

2.1.2. Wall microorganisms

The microorganisms on the wall of Tomb No. 1’s main 

room were collected simultaneously with airborne 

microorganisms. They were collected from the center, which 

was determined after dividing each wall at regular intervals. 

Microorganisms were collected from several collection sites

―24 points from the East wall, 24 points from the West wall, 

10 points from the South wall, 12 points from the North wall, 

and 18 points from the ceiling―using sterile swabs (Figure 

2). The collected microorganisms were placed on a PDA 

medium and then cultured in an incubator for about two to 

five days.

2.2. Microbial analysis method

2.2.1. Determination of microbial colony count and 

concentration

The number of microbial colonies was counted with the 

naked eye or using a colony counter (CC-1, AS-ONE, JPN), 

and the concentration was confirmed by calculating the 

number of colonies per unit volume in the air (colony 

forming units [CFU/m3]).

2.2.2. Microbial classification and identification

Cultured microorganisms were isolated into a single 

colony based on the colony’s form, size, and color. Fungi 

were cultured in the PDA medium, and bacteria were cultured 

Figure 2. The locations from which airborne and wall microorganisms in Tomb No.1 were collected

(Buyeogun and Baekje World Heritage Center, 2016; 2018; Buyeogun, 2017; National Research

Foundation of Korea, 2019).
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in nutrient agar (NA, Difco, USA) after inoculation. This 

process was performed until a single colony of 

microorganisms was isolated. After undergoing one more 

morphological classification, sequencing analysis was 

performed.

For sequencing, the identification service of Macrogen 

(Seoul, KOR) was used. Fungi were primarily analyzed with 

the sequencing of the 26S rRNA gene (D1/D2/D3 region), 

and the ITS region and 18S rRNA region were secondarily 

analyzed for the unidentified strain. Bacteria were analyzed 

with a 16S rRNA region. The analyzed sequencing was 

identified by using the Basic Local Alignment Search Tool 

(BLAST) of the National Center for Biotechnology 

Information (NCBI).

3. RESULTS

3.1. Comparison of airborne microbial distribution

3.1.1. Number and concentration of microorganisms

During our investigations in August 2016, June 2018, and 

November 2019, the average number of microorganisms 

collected from inside and outside of Tomb No. 1 was as 

follows: 34 from the outside, 106 at the entrance, 59 in the 

aisle, 45 in the front room, and 12 in the main room 

(Table 1). The number of microorganisms tended to decrease 

from the outside to inside, with the entrance having the 

highest concentration.

The concentration of microorganisms in August 2016 and 

November 2019 was “too numerous to count” (TNTC) in the 

entrance, aisle, and front room. The concentration of 

microorganisms in the main room was the lowest at 243 

CFU/m3 and 6 CFU/m3 in 2016 and 2019, respectively. The 

concentration of microorganisms in June 2018 was TNTC 

outside and at the entrance of Tomb No. 1, while it was 

confirmed that the average concentration of microorganisms 

was 305 CFU/m3 for the aisle and front room, and 144 

CFU/m3 for the main room (Table 1).

3.1.2. Microbial genus level distribution according to 

investigation period

Twenty genera and 40 species were identified from the 

microorganisms collected in August 2016. Among the 

microorganisms, 14 fungi genera (such as Aspergillus) and 

six bacteria genera (such as Arthrobacter) were identified. 

The genera Penicillium and Bacillus were the dominant 

microbes, which accounted for a high distribution rate of 

15.0% and 12.5%, respectively (Figure 3A). In June 2018, 

21 species from 18 genera (11 fungal genera, seven bacterial 

genera) of microorganisms were isolated, and no dominant 

microbe was identified as the microorganisms were 

composed of one or two strains and belonged to each genus 

unit (Figure 3B). In November 2019, 35 species from 24 

genera of microorganisms were identified. Among them, 16 

genera of fungi and eight genera of bacteria were identified. 

The genus Aspergillus, which occupies a high distribution 

rate of 14.3%, was identified as the dominant microbes 

(Figure 3C).

3.1.3. Characteristics of dominant microbes according to 

investigation period 

During the entire investigation, the genera Bacillus, 

Cladosporium, Penicillium, and Streptomyces were 

commonly isolated (Figure 3A-C). Bacillus genus is a 

representative soil microorganism, and a total of seven 

species (B. cereus, B. flexus, B. megaterium, B. 

Investigation 
period

Collecting sites 

Aug. 2016 Jun. 2018 Nov. 2019

Colony CFU/m3 (avg.) Colony CFU/m3 (avg.) Colony CFU/m3 (avg.)

Outside 25 407 57 TNTC 20 283

Entrance 146 TNTC 62 TNTC 110 TNTC

Aisle 60 TNTC 21 305 96 TNTC

Front room 53 TNTC 21 305 60 TNTC

Main room 18 243 12 144 6 6

TNTC: Too numerous to count

Table 1. The numbers and concentration of airborne microorganisms inside and outside of Tomb No. 1
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pseudomycoides, B. safensis, B. stratosphericus, and B. 

thuringiensis) were identified. Cladosporium genus was 

identified with C. cladosporioides, C. halotolerans, C. 

tenuissimum, and C. sp.; C. sp. grows optimally at 18∼28°C, 

and can also grow at 30∼35°C (Larone, 1987; Patterson and 

McGinnis, 2009). Penicillium genus was identified with P. 

copticola and six other species (P. decumbens, P. herquei, 

P. oxalicum, P. rolfsii, P. sanguifluum, and P. sp.) and 

Streptomyces genus, a type of actinomycetes, was identified 

with five species (S. durhamensis, S. galbus, S. naganishii, 

S. nojiriensis, and S. subrutilus). Data on microbial species 

in this content are not presented in tables or graphs. 

3.1.4. Microbial distribution according to space

In August 2016, genera collected in each space comprised 

the following: eight genera of microorganisms from the 

outside, 12 genera at the entrance, five genera in the aisle, 

11 genera in the front room, and eight genera in the main 

room. Moreover, all microorganisms were also found inside 

except for the genus Nigrospora, which was collected from 

Figure 3. Airborne and wall microbial distribution in Tomb No. 1 classified by investigation periods.
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No. Description (genus)
Collecting sites

Outside Entrance Aisle Front room Main room

1 Achromobacter ■

2 Alternaria ◈ ◈ ■ ◈

3 Apiosporaceae ■

4 Arthrinium ◈

5 Arthrobacter ○ ◈ ○ ○◈

6 Aspergillus ○■ ○■ ○■ ○■ ○■

7 Bacillus ○■ ○◈■ ○■ ○■

8 Biopolaris ○ ○

9 Choanephora ○ ○

10 Cladosporium ○◈■ ○◈■ ◈■ ○◈■

11 Cochliobolus ○◈ ○ ○■

12 Conidiobolus ○ ○■

13 Curtobacterium ○■ ■ ○

14 Curvularia ○■ ○

15 Dermacoccus ◈

16 Doratomyces ■ ■

17 Engyodontium ◈

18 Epicoccum ■ ○

19 Fusarium ○

20 Kozakia ○ ○ ○

21 Leifsonia ■

22 Leptosphaerulina ○

23 Lysinibacillus ■

24 Melanophoma ■

25 Methylobacterium ■

26 Microbacterium ■ ■

27 Mortierella ■

28 Mucor ◈

29 Neosetophoma ■

30 Nigrospora ○

31 Pantoea ◈ ○

32 Paraconiothyrium ○

33 Paraphaeosphaeria ◈ ◈

34 Penicillium ○ ○◈■ ○◈■ ○■ ○

35 Phaeosphaeriaceae ■ ■

36 Phanerochaete ◈

37 Phoma ◈

38 Pseudomonas ◈

39 Pseudopithomyces ■

40 Rhizomucor ○

41 Robillarda ■ ■

42 Scopulariopsis ■

43 Streptomyces ◈■ ■ ○◈ ○■

44 Subsessila ◈

45 Trichurus ○

46 Tsukamurella ◈

○: Investigation period -2016. 08.
◈: Investigation period -2018. 06.
■: Investigation period -2019. 11.

Table 2. Distribution of airborne microorganisms based on the space of Tomb No. 1 where they were found
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the outside. The genera Aspergillus and Penicillium were 

isolated from all interior spaces, whereas Leptosphaerulina 

and Paraconiothyrium were identified only in the main room 

with the murals. In June 2018, Alternaria and six other genera 

(Cladosporium, Mucor, Pantoea, Paraphaeosphaeria, Phoma, 

and Subsessila) were collected from the outside (Table 2). 

Among them, the genera Alternaria, Cladosporium, and 

Paraphaeosphaeria were also found. As we entered the 

interior space, the number of collected microorganisms 

decreased; Arthrobacter and Tsukamurella were found only 

in the main room. In November 2019, a total of nine genera 

of microorganisms were identified outside; among them, 

genera Bacillus, Cladosporium, Phaeosphaeriacea, and 

Robillarda were also found inside. Specifically, Aspergillus 

was identified in all interior spaces, whereas Bacillus and 

Cladosporium were isolated from the entrance, aisle, and 

front room. Achromobacter and 15 other genera were only 

collected during this investigation (Table 2).

3.2. Distribution comparison of wall microorganisms

3.2.1. Microbial genus level distribution according to 

investigation period

The microorganisms collected in August 2016 were 

classified into 32 genera and 50 species. The microbial genus 

unit included 14 fungal genera (such as Bionectria) and 18 

bacterial genera (such as Acinetobacter). Streptomyces 

(10.0%), Mortierella (8.0%), and Paenibacillus (8.0%) were 

identified as the dominant microbes (Figure 3D). In August 

2018, 41 genera and 68 species of microorganisms were 

classified, and a total of 21 fungal genera and 19 bacterial 

genera were identified. Streptomyces (14.7%), Bacillus 

(8.8%), and Paenibacillus (7.4%) were identified as the 

dominant microbes (Figure 3E), with the genus Streptomyces 

occupying the highest distribution ratio and identified with 

S. atratus and nine other species (data not shown). In 

November 2019, 36 genera (20 fungal genera, 16 bacterial 

genera) and 77 species of microorganisms were classified; the 

genus Streptomyces was identified as the dominant microbe 

with a distribution ratio of approximately 5% or more (Figure 

3F).

3.2.2. Characteristics of dominant microbes according to 

investigation period

During the investigation, B. cereus and eight other species 

(C. basilensis, C. campinensis, D. japonica, F. oxysporum, 

M. sp., P. alginolyticus, P. terrae, and V. boronicumulans) 

were identified. C. basilensis and C. campinensis are 

Gram-negative bacteria isolated from the soil (Goris et al., 

2001), and the optimum growth temperature was reported to 

be 25∼30℃ (CCUG 49340; DSM 11853). D. japonica is 

a gram-negative bacterium mainly found in soil. This strain 

can flourish at 10∼37℃, grows optimally at a temperature 

of 25∼30℃ and pH 5.6∼8.0 (Xie and Yokota, 2005), and 

produces a bright orange pigment (Dar et al., 2020). V. 

boronicumulans has a yellow color, and optimum growth 

conditions require a temperature of 4∼37℃ and a pH of 5∼

9 (Miwa et al., 2008). Data on microbial species in this 

content are not presented in tables or graphs.

3.2.3. Microbial distribution according to wall location

In August 2016, June 2018, and November 2019, the 

average number of microbial genera isolated from the main 

room wall was calculated. Most microorganisms were found 

on the East wall (20 genera), followed by the West wall (18 

genera), the South and North walls (14 genera each), and the 

ceiling (13 genera). 

In August 2016, Bacillus and eight other genera were 

identified on three or more walls; genera Cupriavidus and 

Mortierella were found isolated on all the walls. In June 

2018, the east and west walls isolated 20 genera, the most 

significant number of microorganisms. The genera Bacillus, 

Cupriavidus, and Streptomyces were isolated from all walls, 

whereas six species from the genus Bacillus, three species 

from the genus Cupriavidus, and 10 species from the genus 

Streptomyces were identified. In November 2019, Bacillus 

and 14 other genera were isolated from three or more walls, 

including Bacillus, Chaetomium, Cupriavidus, Mortierella, 

Pseudomonas, and Streptomyces which were isolated from all 

walls (Table 3). Among microorganisms, the genus 

Streptomyces was identified the most, with a total of 14 

species (Data not shown).

3.2.4. Characteristics of dominant microbes isolated in 

wall locations

During the entire investigation period, Bacillus, 

Cupriavidus, Paenibacillus, Pseudomonas, and Streptomyces 

were commonly identified on three or more walls (Table 3). 

The genus Bacillus is an aerobic and facultative anaerobic 
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No.
Description

(genus)

Sampling sites
No.

Description
(genus)

Sampling sites

E W S N C E W S N C

1 Absidia ■ 36 Leucobacter ■ ■

2 Acinetobacter ○ 37 Microascaceae ◈

3 Alternaria ■ 38 Microascus ◈

4 Arthrobacter ◈ 39 Microbacterium ◈ ◈

5 Aspergillus ◈ ◈ 40 Micrococcus ○

6 Bacillus ○◈■○◈■○◈■○◈■◈■ 41 Mortierella ○■ ○◈■○◈■ ○■ ○■

7 Bionectria ○ ■ 42 Mucor ○◈■ ◈

8 Bipolaris ■ 43 Mycobacterium ◈

9 Bjerkandera ■ 44 Myrmecridium ■

10 Bradyrhizobium ■ ○◈■ 45 Novosphingobium ■

11 Burkholderia ◈ ◈ 46 Ochrobactrum ◈

12 Cantharellus ◈ 47 Paecilomyces ◈ ◈ ◈ ◈

13 Cellulomonas ○ 48 Paenibacillus ○■ ○◈■○◈■ ◈ ○◈■

14 Ceriporia ◈ 49 Paraphaeosphaeria ○

15 Ceriporiopsis ◈ ◈ 50 Pedobacter ○

16 Chaetomidium ◈■ ◈■ ◈ ◈■ 51 Penicillium ○■ ○◈ ■ ○◈■

17 Chaetomium ■ ■ ○■ ■ ○■ 52 Phyllobacterium ◈■ ◈■ ■ ◈■ ◈

18 Chitinophaga ○ 53 Pleosporales ◈

19 Chryseobacterium ○■ ○■ ○■ 54 Pseudomonas ○◈■ ■ ○■ ○◈■ ◈■

20 Collimonas ■ ○■ ■ ■ ○ 55 Purpureocillium ◈■ ◈■ ■ ■

21 Conidiobolus ○ 56 Rhizomucor ○

22 Crenobacter ◈ 57 Rhodococcus ◈

23 Cupriavidus ○◈■○◈■○◈■○◈■○◈■ 58 Scopulariopsis ◈ ◈

24 Curvularia ○ ■ 59 Serratia ◈

25 Daedaleopsis ◈ 60 Sinomonas ◈

26 Daldinia ■ 61 Sphingomonas ■ ■

27 Dermacoccus ◈ 62 Stenotrophomonas ■ ○ ■ ◈

28 Doratomyces ○■ ■ ■ ○ 63 Streptomyces ○◈■○◈■○◈■ ◈■ ○◈■

29 Dyella ◈■ ○ ○◈ 64 Trametes ■

30 Elizabethkingia ■ 65 Trichoderma ○◈ ■

31 Enhydrobacter ○ 66 Umbelopsis ○◈■ ◈ ○◈■

32 Eupenicillium ■ 67 Variovorax ○■ ○■ ■ ○◈

33 Fusarium ◈■ ■ ○◈ 68 Verticillium ○

34 Glaciimonas ○ 69 Volutella ◈

35 Hypocrea ◈ 70 Zygomycete ◈ ◈ ◈

E: East wall, W: West wall, S: South wall, N: North wall, C: Ceiling
○: Investigation period -2016. 08.
◈: Investigation period -2018. 06.
■: Investigation period -2019. 11.

Table 3. Distribution of surface microorganisms by wall sites in Tomb No. 1’s main room
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strain commonly present in soil and nature (Cohn, 1872). 

Among the genus Bacillus, B. cereus was identified in all 

investigation periods and is known to grow at 10∼50℃ 

(ICMSF, 1996). The genus Cupriavidus is a strain commonly 

found in soil, and in August 2016 and June 2018, C. 

basilensis was isolated from all walls. C. basilensis grows 

optimally at 25∼30℃ (CCUG 49340; DSM 11853), and it 

has been confirmed in soil samples taken from burial relics 

inside the ancient tombs (Ha et al., 2013). In November 

2019, C. campinensis, C. necator, and C. numazuensis were 

identified on all the walls. The genus Paenibacillus exists in 

a variety of environments such as soil, water, and plants 

(McSpadden Gardener, 2004; Montes et al., 2004; Ouyang 

et al., 2008; Padda et al., 2017), and P. alginolyticus and 

seven other species were isolated. The genus Streptomyces 

is a kind of actinomycetes and it mainly inhabits decaying 

plants and soil. S. alboniger and 20 other strain species were 

identified on the walls, and among them, S. aureus, S. 

cirratus, S. lavendulae, S. subrutilus, and S. xanthophaeus 

were most isolated. Data on microbial species in this content 

are not presented in tables or graphs. 

4. DISCUSSIONS AND CONCLUSIONS

In this study, the microbial distribution statuses of Tomb 

No. 1 in August 2016, June 2018, and November 2019 were 

compared and analyzed according to the investigation period, 

location of collection, and space.

The results reveal that the concentration of airborne 

microorganisms inside Tomb No. 1 decreased as one got 

closer to the main room. The number and concentration of 

microorganisms in the entrances adjacent to the outside were 

highest in all investigation periods. This is believed to be 

caused by the increase in microbial contamination due to the 

habitat of insects belonging to the family Rhaphidophoridae. 

Another major reason for this phenomenon may be the 

presence of stagnant air over a long period in the outer space 

that is let into the tomb when someone enters or leaves. 

Therefore, installing ultraviolet light for sterilization or using 

an air sterilizer to control microorganisms is required. 

The concentration of airborne microorganisms in the main 

room with murals was in the range of 6‒243 CFU/m3. 

Currently, it is difficult to estimate the level of risk posed 

to the murals in terms of potential damage that they may 

suffer due to the lack of standards regarding the concentration 

of airborne microorganisms in the ancient tombs or a 

conservation and management plan regarding the same 

domestically or internationally. However, we have confirmed 

that the levels present in the tomb are lower than those 

stipulated by the maintenance and recommendation standards 

of the Enforcement Regulations of the Indoor Air Quality 

Management Act (total airborne bacteria 800 CFU/m3 or less, 

fungi 500 CFU/m3 or less). 

The genera Aspergillus, Bacillus, Cladosporium, Penicillium, 

and Streptomyces were mostly distributed in Tomb No. 1, and 

the distribution of dominant microbes collected in August 

2016 and November 2019 were similar. According to the 

“Microbial Occurrence Risk Prediction of Buyeo Royal Tomb 

No. 1”, the period from March to July was estimated to be 

the “safe period for microbial occurrence,” while August‒

February of the following year was estimated to be the 

“caution period for microbial occurrence” (Buyeogun, 2013). 

It can be inferred that the microbial distribution was similar 

because the two investigation periods belonged to the 

“caution period for microbial occurrence.” Microorganisms 

collected in June 2018 belonged to the “safe period for 

microbial occurrence” as only a relatively small number of 

microorganisms were isolated compared with August 2016 

and November 2019. Moreover, the genus Arthrinium and 

nine other genera were confirmed only during this period.

A difference in the microbial distribution in each space 

inside Tomb No. 1 was also discovered. Some factors such 

as temperature, humidity, and nutrient sources affect 

microbial growth (Garg et al., 1995; Seo et al., 2013); thus, 

it can be inferred that the microbial distribution in Tomb No. 

1 was different due to differences in external air inflow and 

temperature. Aspergillus, Bacillus, Cladosporium, and 

Penicillium detected from the outside were found in the front 

and main room and are thought to have been introduced by 

the air flowing in from outside. The average temperature of 

each interior space according to the investigation period was 

16.2°C in August 2016 (aisle: 16.9°C, front room: 16.2°C, 

main room: 15.5°C), 13.7°C in June 2018 (aisle: 14.0°C, 

front room: 14.1°C, main room: 13.0°C), and 18.2°C in 

November 2019 (aisle: 18.1°C, front room: 18.4°C, main 

room: 18.1°C) (Buyeogun and Baekje World Heritage Center, 

2016; 2018; National Research Foundation of Korea, 2019). 

It is assumed that the microbial distribution varied because 
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the temperature difference occurred from a minimum of 

0.3°C to a maximum of 5.4°C according to the time and 

space of microbial investigation.

In the case of wall microorganisms, the genus Streptomyces 

occupied a high average distribution ratio of 14.2% in all 

investigation periods and was identified as the dominant 

microbe. Most strains of the genus Streptomyces have the 

characteristic of producing and secreting a protective pigment 

in the absence of excess salt, biocide, ultraviolet rays, and 

nutrients (Korea Dictionary Research Publishing, 1996; Sakr 

et al., 2012). In addition, as it has been reported that various 

metabolites secreted by most Streptomyces strains can 

discolor pigments (Abdel-Haliem et al., 2013), they comprise 

risk strains that can damage murals. Similar species were 

isolated from Gongju Royal Tomb No. 6, Korea (Gongju City 

and KNU-Research Institute for Basic Science, 2020), and 

identified in ancient Egyptian tombs, the Altamira Caves in 

Spain, and the Kitora and Takamatsuzuka tombs in Japan 

(Abdel-Haliem et al., 2013; Portillo et al., 2008; Sakr et al., 

2012).

Until now, the microbial distribution in Buyeo Royal 

Tomb No. 1 has been periodically monitored. However, the 

results are limited to a specific period of time. This research 

is significant because it comparatively analyzed the microbial 

distribution in Tomb No. 1 according to investigation period, 

location of collection, and space, and identified the growth 

characteristics of microorganisms specific to Tomb No. 1 and 

dangerous strains that could damage the murals. The data 

generated from this study can be compared with those 

generated from future research on microbial distribution in 

mural tombs located domestically, in North Korea, and 

abroad.
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