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Obijectives : Korea is a global aquatic product producer/consumer country, and shellfish including oysters are no
exception. Oysters occupy the largest proportion as a single variety in the domestic aquaculture industry. The
production volume reaches an average of more than 300,000 tons per year. The oyster shells left after harvesting
oyster is reaching over 280,000 tons/yr. About 70 % of these are recycled, but the remaining shells which are over
60,000 tons, causing serious environmental problems such as odor and water pollution. In order to solve this
problem, some local governments investigated the possibility of applying microorganisms, but it was effective only
to remove odors and it was not possible to decompose the oyster shell itself. In this study, an attempt was made
to solve the problem of waste shell decomposition by using multi-complex microorganisms rather than
microorganisms composed of a few species.

Methods : As a waste food extinction facility in Korea, the first certified Q mark equipment was used. After
mixing oyster shells and food wastes in a 1:1 ratio, they were subjected to decomposition and extinction treatment
at a high temperature of 80 C using multi-complex microorganisms. Multi-complex microorganisms are composed
of various soil microorganisms, including aerobic and anaerobic microorganisms. They are in an activated
ecosystem by forming a symbiotic relationship to obtain a strong decomposition synergistic effect.

Results and Discussion : The composition of complex microorganisms was mainly Firmicutes at the beginning,
but Proteobacteria accounted for a half after 29 hours from the start of the experiment, and after 77 hours, it was
shifted to Firmicutes A. All-organic components were decomposed within 72 hours, and the shell was changed to
a powder form, and the total weight was reduced to less than 10 % of the input total weight. It was found that
treatment for at least 48 hours was required to decompose organic components from food waste, and after the
organic components were decomposed, oyster shells were transformed into fine particles. The main components of
the particles were calcium carbonate, which was identified as Aragonite and Calcite.

Conclusions : Considering that the main component of the shell is calcium carbonate, and the temperature at
which calcium carbonate is decomposed into quicklime and carbon dioxide is around 800 C, the result of weight
loss of the shell is difficult to explain with the existing thermal decomposition mechanism. It is necessary to
explore further a new possible mechanism of shell decomposition by complex microorganisms.
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(c) Shells loaded in the waste food decomposer

(d) Oyster shells in the waste food decomposer

Fig. 1. Waste food decomposer and mixture of waste food and shells charged into it.
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(@) 0 hour

(b) 3 hours

(c) 11 hours

(d) 29 hours

Fig. 2. Morphology change of the waste food and oyster shell mixture over the time of treatment with microorganisms.
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Table 1. Composition of the prepared multi-complex
microorganisms.
Genus %
Propionibacterium 76.5
Lactobacillus 7.1
Megasphaera 6.9
Komagataeibacter 4.4
Acetobacter 3.9
Parabacteroides 1.1
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(a) Specimen in a glass bottle with
a treatment time on the label

(b) Close-up view of specimen. Left, 48 hours of
treatment and right, 72 hours of treatment

Fig. 3. Specimens were obtained after the treatment of 48 hours and 72 hours, respectively.

(a) 48 hours of treatment
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(b) 72 hours of treatment

Fig. 4. The shape of the samples collected after treatment of 48 hours and 72 hours. It was photographed after heating at

120 °C for 30 minutes in order to dry.

Table 2. Changes in the composition of the multi-complex
microorganisms over time.

Phylum 0 hour 29 hours 77 hours
Firmicutes 42.48 11.01 8.26
Bacteroidota 27.25 3.32 3.45
Actinobacteriota 26.93 14.39 13.15
Proteobacteria 6.04 5458 16.09
Firmicutes C 2.99 0 0
Firmicutes A 1.09 6.61 57.49
Patescibacteria 0.01 5.84 0.67
Others 0.74 - -
Uncharacterized 0.16 4.3 0.9

AR w712 W Aol RAE F A
F wstE 243 A 27] 59 Al °F 40 ke
ool GOt 48A13ke] AN BASHA ZolE ¢ 724
7k ol Folliz 4 kg of512 ZolEYith. 270l SA1Z 2
Q1gLoLt 24417k0] AL

A A Gl A AR ER = AE7|E 29
ot i A59] &5EET B4 "ol Furk A" Aol 2t
<= A R EefEEA a7k @ASH EolE itk
T2A1 ol W Az Ao 7 JAEE vHEA At
a7 HEEo] miE AU AR Az A= s}
7} =)3ick. Fig.33} 40]l4 ®Izo] 48417k & A23E A=
o) A7k FeMolglont 12417 Ae) Foje AN W
aHlrk. ol Aol 714w 1B o] aEAe HEo
wkel Ajzro] Zebxl dlA] v)Qlets Ao sk
ofzte] ol metiE Raf Lol Aol7t g Ao
WEEAS As 9 ks Ads] Hdo] ddste] vz
Azl Ag o 2 AulZle dA 3= Fig.d4= HF
AMFES 120 CollA 308 F<F 71gdsto] AR & Zdst A
oA wWzto] Ze 2ZER BaE AL B 5 Ak

FAFRIRISI0IZ BH 2 XRD 24

QH 5 A 2E Z}' AlZE 2 SEM3E 4 EDXEA, XRD
45 Sh9lrh SEMBA 23} Fig. 5o 4 8] Azl g

CisHErE 2ats|A| 1437 M|8S 2021182 583



GunWoong Bahng et al.

10pm  KITECH 5/6/2021
SEM WD 19mm  11:21:55

- E
lpm KITECH 5/6/2021 lpm  KITECH 5/6/202
SEM WD 19mm  11:24:35 SEM WD 19mm  11:24:55|

— 10pm KITECH 5/6/2021 il 10pm KITECH 9/8/
15.0kV LED SEM WD 19mm  11:35:37 SEM WD 19mm  11:0

— lpm  KITECH 9/8/2020 — ipm  KITECH 9/8/2020
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(b) After 72 hours of treatment. From the top left, 500X, 2 k, 5 k, and 15 k, respectively. Thin film has been disappeared.

Fig. 5. Scanning electron microscopy of samples treated for 48 hours and 72 hours.
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(a) After 48 hours of treatment

(b) After 72 hours of treatment

Fig. 6. Results of X-Ray diffraction analysis. Red peak is for aragonite and blue peak is for calcite.
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(a) After 48 hours of treatment. Red curve is for heat flow (endo down) and blue curve is for weight change.
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(b) After 72 hours of treatment. Red curve is for heat flow (Endo down) and blue curve is for weight change.

Fig. 7. Results of thermogravimetry and differential thermal analysis (TG/DTA).

Table 3. Summary of the TG/DTA analysis.

Weight loss of samples treated for 48 hours 334 % 11.8% 62.1%

Weight loss of samples treated for 72 hours 1.3% 289% 472 %
Table 4. Weight loss after heat treatment of 1 g of samples for 1 hour. (unit; g)

Samples treated for 48 hours -0.05 -0.55 -0.14 -0.05 -0.79

Samples treated for 72 hours -0.03 -0.31 -0.26 -0.02 -0.62
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120 °C 500 °C 700 °C 900 °C

Fig. 8. Accumulated weight reduction after 1 hour of heat
treatment at each temperature, (Blue line and brown
line are the curves of the samples treated for 72
hours and 48 hours, respectively.) Samples were
dried at 120 °C for 30 minutes before heat treatment.

Heating temperature 550°C

Samples treated for 48 hours
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Samples treated for 72 hours

L'.

Fig. 9. Photography of samples after heat treatment at each temperature for 1 hour.
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Table 5. Weight loss of treated shell samples after mixed with concentrated hydrochloric acid. 1 g of sample was mixed with

20 ml of concentrated HCI. (unit; g)

Weight loss right after the mixing with HCl solution -0.08 -0.23
11 minutes later after mixing -0.08 -0.23
40 hours later after mixing -0.12 -0.27
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Fig. 10. Photographs were taken after mixing the samples
with concentrated hydrochloric acid. Left is a
sample treated for 48 hours and right is a sample
treated for 72 hours. An aggressive reaction was
observed for the sample treated for 72 hours.
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CaCOs; (s) + 2HCI (aq) — CaCl, (aq) + CO, (g) + H,O (1) (2)
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