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Aerobic Composting of Wastewater Sludge
Using Beneficial Microorganisms(BM)

Ha, Shin Young

Department of Civil and Environmental Engineering

Graduate School of Korea Maritime University

Abstract

Organic waste is an organic resource which can be converted into
useful materials by microbes, and can be seen as a resource which can
be recycled in a variety of ways. However, until now, organic waste has
been disposed of through the inexpensive offshore dumping. However,
with the implementation of a ban on offshore dumping set in place
since 2014, demand for land-based treatment facilities for the stable and
sustained treatment of organic waste has risen, and large budgets are
being appropriated to this end. Sewage, wastewater sludge and food
waste, which are representative organic wastes, have a high potential
for conversion into animal feed or compost, but due to their odor and
high moisture content, are difficult to handle. In addition, they have high
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concentrations of hazardous materials. This study focused on converting
wastewater and sewage sludge treated with beneficial microorganism(BM)
into compost, using food waste as a supplementary nitrogen source that
the sludge lacks.

First, a laboratory-scale reactor innoculated with BM agents was used
to produce sludge treated with BM. In testing to compute the optimal
amount of BM, the efficiency was highest when the amount of BM
inoculation was 1%(w/w). Observation of changes in concentration of
proteins and carbohydrates in the sludge resulting from the introduction
of BM showed increases of 52% for protein and approximately 32% for
carbohydrate. Also, due to introduction of the BM agent into the
wastewater, the removal efficiencies of suspended solid (SS), chemical
oxygen demand (COD), total nitrogen (T-N) and total phosphorus (T-P)
were 94.5%, 91%, 79% and 81%, respectively satisfying domestic
standards for the effluent.

Secondly, the composting characteristics of BM sludge and the control
sludge were compared. Feasibility of using coffee grounds as a bulking
agent was examined, along with sawdust. It was observed that
composting of BM sludge had a faster rate of reaction than with the
control sludge, and higher temperatures were reached. When using
coffee grounds as a bulking agent, the caffeine in the coffee seemed to
absorb the odors, allowing a composting with almost no odors. Moreover,
when coffee grounds used as the bulking agent, total organic matter
content increased by approximately 17% over sawdust, while total
nitrogen increased by 49%, and available phosphorus by approximately
3%.

Comparative microbial community analysis based on pyrosequencing
analysis was performed for the BM agents used for composting and for
the control sludge. Analysis of the diversity of microorganisms showed
559 out of 1580 reads OTU for the control sludge, and 594 OTU out of
2174 reads for BM sludge, indicating a higher diversity control sludge.
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Pyrosequencing of BM sludge showed that Proteobacteria (41.30%) was
the most dominant, followed by Gemmatimonadetes (14.12%). microbial
diversity analysis in the compost showed 249 OTU out of 3406 reads in
the control sludge compost, and 183 OTU out of 2632 reads for BM
sludge compost. Whereas the diversity of microorganisms in the control
sludge were observed to be slightly higher than that of BM sludge, the
diversity were decreasing as the composting proceeded, leading to a
larger proportion of Bacteroidetes, Proteobacteria and Firmicutes
occurred during composting for both sludges.

Fourthly, a study was conducted to investigate composting efficiency.
In the test for germination rate, the control sludge failed in some cases
to satisfy the standard of 70 for matured compost after 28 days, but
when using composted BM sludge, all cases were shown to satisfy the
requirement. The result for BCL compost was highest, at 101.5. Plant
germination rate was shown to increase when using coffee grounds as
the bulking agent. Use of BCL compost was observed to have a positive
growth effect on leaf weight (g), leaf number (ea), leaf length (cm),
root weight (g), root diameter (cm), and root length (cm), etc. Lastly, an
economic feasibility analysis on BCL compost, which was shown to have
the highest efficiency of composting, showed that approximately 22.2%
cost savings relative to current food waste composting were possible,
mainly because the caffeine in the coffee grounds absorbed odors,
removing the need for odor reducing facilities, and enhanced the value
of the compost by boosting the organic matter content and total
nitrogen content of the completed compost.
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Table 2.1a Compost quality assessment standards of organic matter, moisture
contents and inorganic matter recommended by Rural Development

Administration [5]

. . Amount of manuring
Analysis item (Unit) (1000 kg/10a) Assessment
> g/1va

< 25 4,000kg < -

25 ~ 27 3,700 ~ 4,000kg 1

27 ~ 29.5 3,400 ~ 3,700kg 2

295 ~ 323 3,100 ~ 3,400kg 3

Organic 323 ~ 357 2,800 ~ 3,100kg 4

matter(%) 357 ~ 40 2,500 ~ 2,800kg 5
40 ~ 455 2,200 ~ 2,500kg 6

455 ~ 52.6 1,900 ~ 2,200kg 7

52.6 ~ 63 1,600 ~ 1,900kg 8

63 > 1,600kg > 9

< 55 -

50 ~ 55 3

45 ~ 50 4

Moisture 40 ~ 45 5
content(%o) 35 ~ 40 4
30 ~ 35 3

25 ~ 30 2

25 > 1

< 55 -

50 ~ 55 1

45 ~ 50 2

40 ~ 45 3

Inorganic 35 ~ 40 4
matter(%) 30 ~ 35 S
25 ~ 30 6

20 ~ 25 7

15 ~ 20 8

15 > 9

_’]7_



Table 2.1b Compost quality assessment standards of heavy metals and

Fermentation recommended by Rural Development Administration[5]

Analysis Item permissible concentration (mg/kg)
As 45
Cd 5
Hg 2
Pb 130
Harmful Cr 200
Ingredients Cu 360
Ni 45
Zn 900
E. coli N.D
Salmonella N.D
C/N ratio 50
equipment method of Suitable : 4 ~ 8
solbita
. Unsuitable : 1 ~ 3
Compost <solbita>
equipment method of Suitable : complete
combak

<CoMMe-100)> Unsuitable : incomplete

germination rate Radish : > 70%
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Table 2.2 Identification of microorganisms in BM agent by pyrosequencing[21]

Microorganism Distribution(%)
Prevotellaceae uc s 22.2
Lactobacillus_uc 17.7
Lactobacillus parabuchneri 6.9
Lactobacillaceae uc s 6.5
Lactobacillus paracasei 5.8
Lactobacillus parafarraginis 43
Lactobacillus camelliae 3.0
Lactobacillus manihotivorans 2.4
Acetobacter lovaniensis 23
Lactobacillus collinoides 2.2
Lactobacillus vini 2.0
Lactobacillus hilgardii 1.8
Lactobacillus pentosus 1.7
Lactobacillus rapi 1.5
Lactobacillus pantheris 1.3
Ethanoligenens_uc_s 1.2
Veillonellaceae uc s 1.2
Lactobacillus similis 1.2
Lactobacillus harbinensis 1.0
Rhodospirillales_uc_s 0.5
Others 13.8
Total 100.0

Note) uc_s : Unclassified species
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Fig. 3.1 Photograph and schematic representation of the bioreactor system in

this study.
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Table 3.1 Operating condition of a bioreactor system for this study

Parameter(unit) Condition
pH 7.0 ~ 8.0
DO(mg/L) 02 ~ 4.0
ORP(mV) -180 ~ 280
MLSS (mg/L) 4,000 ~ 5,500
F/M ratio (Kg BOD /kg MLSS-day) 0.051 ~ 0.068
Temperature(C) 20 ~ 23
Returned Sludge(%) 30 ~ 35

322 43U Fdds

Table 3.2 Characteristics of the

I FAEHA AP Ao A=
AL g o, A2 YUY FEH Q= Table 3.2¢9 20 #<

pHE 20% NaOH &< ARgste] 6.8 ~ 7.22 41331t

influent used in this study

o
!

)

Item Chemical Concentrations(mg/L)
COD Glucose(CsHi20¢) 2,500
N NH4CI 30
P KH,PO, 25
FeSO4 25
MgSOq4 50
Buffer & Mineral CaCl, 40
MnSO4 13
NaHCO:; 250
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NEgEL HAF WE § 7]1Fo 2 A3ka & pH, BOD, COD, SS&
T-N, T-PZ 3}t SAWHL Standard method®} FE LA TAHAIIAYH &
S Fx3te] Table 333 2& W og B3¢ tH28, 29]. EPS &4 24

HH

<= f8l grdted e B4 grdtE e Fe dedat

=
o5 EAstAT. o] ke A48 $ Bio-Rad Protein Assay Kit
1= 2739 TH301

Table 3.3 Analytical parameters to monitor of bioreator system for this study

Test item Analytical method
pH Standard method 4500 (YSI 63)
CODCr Standard method 5220
SS Standard method 2540
T-N Standard method 4500 (Hitachi U3000)
T-P ES 04362.0
DO Standard method 4500 (YSI 58)
ORP ASTM D1496-08 (Thermo Orion 720)
Carbohydrate Phenol-sulfuric acid method
Protein Bio-Rad Protein Assay Kit I
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Fig 3.2 Removal efficiencies of COD, T-N and T-P depending upon BM

noculation amount.

3.3.2 €8A EPS & ¥ vl

)
WAFES 233Ut WA @z o] gpSSaF vl wAE A= Table 3.43

2o, 9utEaiA] Y g de] xE= oF 500 mgLgoy BEFHFEnAE
o] X ¥ BM €21X 9 ©ild HxE= 1270 mg/LE UERY} oF 52%9] =
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ol debstth BEE

©o gut

AnkE R 9] F=7F 770 mg/LAdl Bls) BM
<8 A= L1440 mgLE °F 32%7t S7tet= A= eyt ol S8+

n A Eo] £#A A4S F4AIA EPSS Eu7t FUiE Az ddd
o}.

Table 3.4 Comparison of protein contents between control sludge and BM

sludge
o SS EPS/SS
Condition mg/L (mg/L) (ng/g)
control sludge 498 822 607
BM added 1,028 812 1,266

Table 3.5 Comparison of carbohydrate contents between control sludge and BM

sludge
. SS EPS/SS
Condition mg/L (mg/L) (ng/g)
control sludge 778 822 946
BM added 1,142 812 1,406
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Table 4.1 Operating conditions for aerobic composting reactor

Operating Conditions

Item

28 day

Operating period

15 ~ 18%

Air volume(%, v/v)

Twice a day

Agitation

55
25

high
low

Temperature(C)

52 ~ 56

Moisture content(%)
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O
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Fig. 4.1 Schematic diagram of the aerobic composting reactor used in the study.
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Table 4.2 Chemical properties of raw materials for composting
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Moisture
content(%)

item

VS(%) OM(%) Salinity(%o)

T-C(%)

materials

0.1

78.2

16.2

20.6

78.0

BM

Sludge

72.1 89.5 16.9 60.7 0.4

Sludge

50.8 49.2 48.3 88.2 0.4

Garbage

10.5 89.5 80.4 89.8 0.0

Sawdust

42.1 57.9 53.7 92.7 0.2

Coffee
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Table 4.3 Analytical methods of compost quality

Test item Analytical method
pH Standard method 4500 (YSI 63)
EC Standard method 4500 (YSI 63)
Moisture content ES 06303
Organic matter ES 06301
T-N Standard method of RDA (2013-29)
Heavy metal ES 07400
Salinity ES 04356
Composting level Standard method of RDA (2013-29)
Inorganic constituents Standard method of RDA (2013-29)

Odorous compounds

ASTE
(NH; H,S, CH;SH) GASTEC

Standard method of Ministry of

Caffein Food and Drug safety (2014-09)
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Table 4.4 Chemical properties of mixtures of composting materials

Moisture - . Temp Opergting
Item content(%) pH Salinity(%) C/N ratio (T) period
(day)
SSL 53 5.6 0.9 42.5 55 28
SSH 52 5.6 0.9 42.5 24 28
BSL 53 5.5 0.6 39.5 55 28
BSH 55 5.5 0.6 39.5 24 28
SCL 52 5.5 1.1 40.5 24 28
SCH 53 5.5 1.1 40.5 55 28
BCH 53 5.6 0.8 43.1 55 28
BCL 54 5.8 0.8 43.1 27 28
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Fig. 4.2 Variation of temperature in the composting period with different

composting methods. bulking agent : top, sawdust ; bottom, coffee grounds
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Fig. 4.3 Variation of moisture content in composting period with different

composting methods. bulking agent : top, sawdust ; bottom, coffee grounds
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Fig. 4.4 Variation of pH in composting period with different composting
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Fig. 4.9 Variation of odor component NH; of composting experiment period

using sawdust and coffee grounds as bulking agent.
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Table 4.5 Chemical properties of the composts used in this study

Composting Fe Mn CaO MgO K,O
Compost ) Av-P,05(%) T

periods(Day) (mg/kg) (mol /kg)
SSH 0 0.89 7.81 315 30.42 18.45 20.25
28 091 8.13 318 33.24 20.36 21.56
SSL 0 0.89 7.81 315 30.42 18.45 20.25
28 0.94 8.57 321 35.85 22.79 23.58
BSH 0 0.93 8.60 362 31.52 21.52 24.52
28 0.95 9.00 371 35.95 22.65 25.29
BSL 0 0.93 8.60 362 31.52 21.52 24.52
28 1.09 9.58 379 38.96 26.75 27.34
SCH 0 0.89 7,81 315 30.42 18.45 20.25
28 0.92 9,06 348 39.54 22.56 22.56
SCL 0 0.89 7,81 315 30.42 18.45 20.25
28 0.98 9,85 412 43.58 26.89 24.58
BCH 0 0.93 8,60 362 31.52 21.52 24.52
28 0.96 9,42 402 38.45 23.25 26.55
BCL 0 0.93 8,60 362 31.52 21.52 24.52
28 1.12 10,76 498 46.24 28.45 29.54
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Table 4.6 Sclf-Assessment result of compost quality

index standard SSL SSH BSL SCL BCL BCH
Color Dark ©) ©) ©) O @) @)
Moisture
50% > © © © © © ©
content
odor Soil odor x A ©) A © A
Organic
30% < © x © © @) ©
matter
C/N Index 0.75 < X X O O O O
infective
, , N.D x x @) @) @) @)
microorganism
Gl 70% < x x © © © @)
* © : Satisfied A : capability x : Dissatisfaction
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Table 4.7 Analysis result of the experimental compost quality

Analysis Item (Unit) standard BSL BCL

Organics Meter(%) > 30 34.7 41.8

As(mg/kg) < 45 N.D N.D

Cd(mg/kg) <5 N.D N.D

Hg(mg/kg) <2 N.D N.D

Pb(mg/kg) < 130 2.3 2.2

Hazardous Cr(mg/kg) < 200 12.9 10.4

Ingredient Cu(mg/kg) < 360 76.2 114.0

Ni(mg/kg) < 45 9.6 6.5

Zn(mg/kg) < 900 157.8 142.8

E. coli N.D N.D N.D

Salmonella N.D N.D N.D

C/N < 45 19.6 16.6

NaCl(%) < 2.0 0.7 1.0

other Moisture(%) = 30 42.6 43.3
Composting complete complete

Insoluble material(%) <25 43 1.1

T-N(%) - 1.3 2.5

Av-P,05(%) - 1.1 1.1

K>2O(%) - 0.5 0.4

pH[1:10] - 7.4 6.3

EC[1:10](dS/m) - 4.9 1.3
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collection tubeZ &% T DNAE silica filter membrane®] 2et&A 3t7] <
st T HE A2l Solution C4 1200 pl E4F=Ho] H73F & 5%7F vortex
sto] sttt EXNL spin filtero] 2 F 10,000 x g2 187 Ao
A AAEE ST Spin filterol &2E o] EA S A A7 3 500ul &
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Fig. 5.1 Comparison of rarefaction curves of BM sludge and control sludge

from the bioreactor system.
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Fig. 5.2 Comparison in microorganism diversity using rarefaction curves of

BCL and SCL composts.
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5.3.2 Pyrosequencing = 23t Bacteria &3 ¥4
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Actinobacteria | <3} Actinobacteria 6.01%, 71EF (K 5%) 15.25%<C. &
Uhehge.
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Fig. 5.4 Comparative analysis of the dominant phyla in BM sludge and control

sludge.
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URt= A& F(Species) T = A 51H Saprospiraceae uc s’} 3.60%
2 7 =2 vEES AAEF A, I U522 Caldilineaceae uc_s
(3.35%)2} FM213038 s (3.22%), HQO014633 s (2.97%), Nitrospira defluvii
(2.02%)  Fimbriimonas uc  (1.96%), FI710748 s (1.83%), ©] <9l
Cloacibacterium rupense (1.77%), Cloacibacterium normanense  (1.64%),
GU455152 s (1.58%), GU454905 s (1.51%), GU455152 g uc (1.329%),
Macellibacteroides ~ fermentans  group  (1.26%), A4B298726 s  (1.26%),
FJ936783 f uc_s (1.26%), 71} (K1%)7} 69%E3E3t= Ao 2 YElTh

EFgFEAHE $HEHAE F(Species) FFOZ 2] 35HH FQ658948 s
7} 1255%%2 7F =& vle&S AR st AR, I 22 =F  Bacillus
funiculus  (9.75%)2} Pseudomonas monteilii  group (7.03%), Nakamurella
multipartita  (2.62%), AY548945 g uc (2.25%) Pseudomonas hunanensis
(2.16%), Flavimonas oryzihabitans (1.37%), ©] 9| EU135435 s (1.37%),
Dokdonella uc  (1.28%), HQ440080 s (1.19%), FJ936783 f uc s (1.10%),
DQ660884 s (1.05%), Saprospiraceae uc s (1.01%), 71€} (K1%)7} 55%+-E3}
= Ao=Z YEgt.

B G auAE 4 & A A 7.03% A E Pseudomonas= HT52)
AESHH Ql AA EfE Fv ASE 4HA o, 9.75% 14
Bacillust= ¥4, 2 &, U3HE 5ol #ost= mAER A A
[651(66]. AY548945 g uc= ANAMMOXEEH Aol A F2 WA R = njA Eol
o A E SHART ESFEuAAE SR A 225%2 -3 H o
FAE FAHoNA HAiaAAN Eve FE A= AARATHIE]
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Fig. 5.5 Comparative analysis of the dominant Species in BM sludge and

control sludge.

5.3.2.2 §H|

A)

Aut=e1 A EH9 bacteria wH = T(Phylum) TEoE E43% 2
!
Proteobacteria (30.53%), Acidobacteria ° <38F+= Acidobacteria (6.01%),

ol
rir

Bacteroidetes 9l 458}+= Bacteroidetes (58.86%), Proteobacteria w°l <

Actinobacteria =9 <3b+= Actinobacteria (2.75%), Firmicutes %9l 43+

Firmicutes (1.7%), 71€F K 1%) 0.11%<=o 2 e T

>

R8I E £3A EH] 9 bacteria v S E(Phylum) FFo2 A
3t A3} Bacteroidetes 9l 4:3b+= Bacteroidetes (62.61%), Proteobacteria -

o &3} Proteobacteria (29.33%), Actinobacteria<= 43} Actinobacteria

_78_



(4.71%), Firmicutes &9l <38}= Firmicutes (3.26%), 71E} K 1%) 0.07%<2.
2 YEE T

UrA Rl EH| g DHE = bacteriax R Firmicutes, Bacteroidetes,
Proteobacteria, “12]3L Actinobacteria® R.I1F 131 JTHE8] £ AFoA =
fe] Bi1e} o] bacteriar ol HEE O H, Bacteroidetes7} ERFEE A
HH et Er&rde 3 B8H 2 P gel BEdte S g9
T AJH. It oz RSyt A EFF Bacteroidetes®] EE7F HAFA
o2 wopAH & AFAE HF HHE oz 307 Wed =
BExEes Zow ARdATHE8]l EFFErdE 3 E89A 2 lA
Firmicutes7} 11.4%% T4 Bo| H=F /\}\——14' HH7F 8P o] Tl &
FFEvAE - HHdA 3.26%% AENA Rue= 9HA AESH A
ol FHIZt 7|+ A ASEHOL —1?—4?‘0] AP=HAA ASHA7E =

e Hue dATHeEs]l. F O WHAE ol HEH  bacterias
Proteobacteria® dRFE# A9} HF&rdE BT HlzsHA =5 A
Bl G anWE EH|o|A Actinobacteria’t YW
Ul Actinobacteria= 18H HAAHE FFste 98 st FH|7F s40]

&

YR PM LEh mAY D W) BHEI} obA v BEH

=

&l s <
A7 ARt A BHtp Fa 2E7F w31, 7 A7) wEdd Bl A&
HeEdH B9 & AoE2 AsdY O 3224 uAAER] Chloroflexic 4
WrE2 A HHloA = 18 AEHA ¥ SEREuds HHldAs A=

A o= PR R EH|S) 7|3 F¢F 2 =Wstel Aol okar A
ZtE o mu Eo] SRS Edoly Aojstal = B FE HAEH=
Acidobacteriax= ¥Wr=# A FH| oA THAE o A& A FRE E4F
=2 FFE = T Ut girEH A HHlE F(Species) T E A A

Sphingobacteriales uc s7} 29.53%=% 7} w2 Hl&S A st A, I
522  Chitinophaga terrae (14.26%)2} Sphingobacteria uc s (5.56%),
Novosphingobium lindaniclasticum (4.22%), Luteibacter jiangsuensis (3.22%)
Achromobacter pulmonis (2.67%), Achromobacter ruhlandii group (2.23%), ©|

_79_
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Burkholderia tropica (1.43), Pandoraca pnomenusa group (1.29%), Burkholderia
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Fig. 5.6 Comparative analysis of the dominant phyla in BM compost and

general compost.
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Fig. 5.7 Comparative analysis of the dominant species in BM compost and

general compost.
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Fig. 5.8 Comparative analysis of the dominant species in the PMP, BMP and
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BM Sludge

Phylum Family

Proteobacteria(41.31%) B Burkholderiaceae(0.28%)
Bacteroidetes(7.59%) Pseudomonadaceae(11.09%)
Firmicutes(11.45%) Xanthomonadaceae(6.76%)
Gemmatimonadetes(14.12%) Brucellaceae(0. 14%)
Actinobacteria(7.18%) Sphaerotilus_f(2.81%)
Planctomycetes(4.37%) Alcaligenaceae(0.18%)
Chloroflexi(4.23%) Comamonadaceae(1.66%)
Acidobacteria(2.67%) Beijerinckiaceae(1.66%)
Verrucomicrobia(2.58%) Aeromonadaceae(1.15%)
Nitrospirae(0.74%) Acetobacteraceae(1.1%)
Chlorobi(0.69%) Rhodocyclaceae(1.06%)
TM7(0.51%) AY234747_f(0.97%)
WS5(0.37%) Enterobacteriaceae(0.09%)
Armatimonadetes(0.32%) Hyphomicrobiaceae(0.74%)
Caldiserica(0.23%) Rhizobiaceae(0.41%)
Cyanobacteria(0.18%) CBTK_(0.64%)
Eukarya_uc_p(0.18%) Steroidobacter_f(0.6%)
Bacteria_uc(0.14%)

MATCR(0.14%) Rhodobacteraceae(0.51%)
SR1(0.09%) Bradyrhizobiaceae(0.41%)
GN04(0.09%) Plasticicumulans_f(0.46%)
0D1(0.09%) M Nitrosomonadaceae(0.37%)

Elusimicrobia(0.09%) Alysiosphaera_f(0.37%)
TM6(0.09%) W Micavibrio_f(0.37%)
Oomycota(0.09%) 8dellovibrionaceae(0.37%)
Chlorophyta(0.09%) Rhizomicrobium_f(0. 18%)
Spirochaetes(0.05%) B sphingomonadaceae(0.14%)
CU922841_p(0.05%) Rhodospirillaceae(0.32%)
BRC1(0.05%) Reyranella_f(0.32%)
WS3(0.05%) Phyliobacteriaceae (0. 14%)
Ochrophyta(0.05%) Methylocystaceae(0.28%)
Bacillariophyta(0.05%) AY234741_f(0.28%)
EU287122_(0.23%)
Coxiellaceae(0.23%)

Prosthecomicrobium_f(0.55%)
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\ |
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Prosthecomicrobium_f(0.04%)
Bradyrhizobiaceae(0.08%)
Rhizomicrobium_f(0.15%)
Sphingomonadaceae(0.19%)
Phyllobacteriaceae(0.15%)
Methylobacteriaceae(0.08%)
AB096215_f(0.19%)
Devosia_f(0.11%)
Shinella_f(0.11%)
Chitinophagaceae(51.94%)
Sphingobacteriaceae(5.28%)
Flavobacteriaceae(2.58%)
Sphingobacteriales_uc(2.58%)
Sphingobacteria_uc_f(0.19%)
Bacillaceae(2.09%)
Lactobacillaceae(0.38%)
Sporolactobacillaceae(0.34%)
Ruminococcaceae(0.23%)
Promicromonosporaceae(3.57%)
Mycobacteriaceae(0.38%)
Microbacteriaceae(0.08%)
Streptomy cetaceae(0.46%)
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icro
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Fig. 5.9 Double pie charts of m

ts the compositions of
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BM sludge and BM compost

phylum, and the outer pie shows the compositions of family.
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6.2.4.2 ES 333 EA 4
EUANFE AHE EEE 15 om Zo]Z2 Z HEER 5 ~ 10749 A&
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Table 6.1 Analytical methods of plant growth characteristics

Test item Analytical Method
Moisture ES 06303
pH

Standard method 4500 (YSI 63)

EC Standard method 4500 (CONSORT C533)
Organic metter(%) Walkley-Black method™

T-N

T-C

Av-P,0;s

Cao Standard method of Rural development

MgO administration (2013-29)

K>,O

CEC
Heavy metal ES 07400
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ig. 6.1 Comparison of germination indices (G.L.) of different composts using

sawdust as a bulking agent after 12-days and 28-days.
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ig. 6.2 Comparison of germination indices (G.I.) of different composts using

coffee grrounds as a bulking agent after 12-days and 28-days .
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Fig. 6.3 Comparison of soil pH's before and after treatment of compost, and

after harvest depending on different compost treatment.
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Fig. 6.4 Comparison of soil EC before and after treatment of compost, and

after harvest depending on different compost treatment.
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Fig. 6.5 Comparison of soil organic matter before and after treatment of

compost, and after harvest depending on different compost treatment.
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Fig. 6.6 Comparison of soil T-N before and after treatment of compost, and

after harvest depending on different compost treatment.
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Fig. 6.7 Comparison of soil P,Os before and after treatment of compost, and

after harvest depending on different compost treatment.
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Fig. 6.8 Comparison of soil CaO before and after treatment of compost, and

after harvest depending on different compost treatment.
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Fig. 6.9 Comparison of soil MgO before and after treatment of compost, and

after harvest depending on different compost treatment.
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Comparison of soil CEC before and after treatment of compost, and

after harvest depending on different compost treatment.
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Fig. 6.12 Comparison of soil Fe before and after treatment of compost, and

after harvest depending on different compost treatment.
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Fig. 6.13 Comparison of soil Mn before and after treatment of compost, and

after harvest depending on different compost treatment.
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Table 6.2 Changes of heavy metals contents in soil during growth of chinese cabbage

Cd (mg/kg) Cr (mg/kg) Pb (mg/kg) Cu (mg/kg) Zn (mg/kg)
Soil
B A-T A-H B A-T  A-H B A-T  A-H B A-T A-H B A-T A-H

Control 0.89 091 0.92 352 36.0 32.5 19.8 20.2 206 8.9 10.1 11.1 46.1 53.0 552

BCL 0.89 1.02 0.98 352 38.1 33.8 19.8 228 229 8.9 13.1 11.5 46.1 62.2 70.4

PMP 0.89 1.26 1.11 352 37.2 34.1 19.8 25.1 26.2 8.9 14.8 12.1 46.1 59.5 65.7

BMP 0.89 1.16 1.08 352 37.9 32.9 19.8 264  26.8 8.9 13.9 11.9 46.1 654 783

B : before treatment A-T : after treatment A-H : after harvest
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Ao 2 YERT

Table 6.3 Effect of pig manure compost based on beneficial microorganism
(BMP) and pig manure compost based on photosynthetic microorganisms

(PMP) on growth of radish

BMP PMP
Standard Standard
Average Average
Deviation Deviation
Leaf lengh(cm) 30.9 + 24 22.0 + 3.2
No. of leaves 11.4 + 0.6 8.9 +13
Fresh weight(g) 110.7 + 14.0 38.8 + 17.1
Root lengh(cm) 12.5 + 19 11.2 +24
Root width(cm) 2.0 + 0.2 1.0 + 0.3
Root weight(g) 22.7 + 44 4.6 + 3.1
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Fig 6.14 Effect of composts of beneficial microorganism pig manure (BMP)

and photosynthetic microorganisms pig manure (PMP) on growth radish.
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Table 6.4 Effect of compost injection by pig manure compost based on photosynthetic microorganisms (PMP), beneficial

microorganism sludge with coffee (BCL) and beneficial microorganism pig manure(BMP), on growth of chinese cabbage

PMP BCL BMP
Standard Standard Standard Standard
Average Average Average Average

deviation deviation deviation deviation
Leaf lengh (cm) 6.20 + 1.3 8.40 + 2.7 11.0 + 2.54 114 + 1.14

No. of leaves (ea) 3.90 + 1.07 6.16 + 0.5 6.46 + 1.56 7.60 + 1.67

Fresh weight (g) 0.30 + 0.20 0.56 + 0.1 0.63 + 044 0.66 + 0.1

Root lengh (cm) 0.20 + 0.08 0.25 + 0.13 0.22 + 0.07 0.24 + 0.11
Root width (cm) 3.50 + 0.32 3.96 + 1.62 4.80 + 1.77 432 + 198

Root weight (g) 0.19 + 0.04 0.08 + 0.05 0.20 + 0.06 0.20 + 0.1
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Fig 6.15 Appearances of chinese cabbage grown on various composts.
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Table 7.1 Economic benefit analysis of BM compost in terms of food waste disposal costs

Annual average cost (Unit: won / year)

. : mbing f F .
Division ftem of expenditure Food Waste i;/)as?e ggdocon?r(())cli combined of Food
sludge waste and bm sludge
Cost of materials® 50 tons per day based on material costs 128,016,400 128,016,400 128,016,400
Labor costs’ 50 tons per day based on labor costs 299,862,822 299,862,822 299,862,822
Power 23,342,250 23,342,250 23,342,250
Water utilities Fuel and water 63,980,735 63,980,735 63,980,735
Depreciation 178,829,400 178,829,400 178,829,400
Repair 55,209,122 55,209,122 55,209,122
Test inspection fees Treatment facility inspection fees 4,953,000 4,953,000 4,953,000
Insurance 27,754,863 27,754,863 27,754,863
Expenses’ Employee benefits Apparel 3,829,577 3,829,577 3,829,577
medicines Deodorants, neutralizing agents, 15, 774 000 127,724,000 -
microbial
Waste treatment Waste water 280,125,000 280,125,000 280,125,000
Sludge 54,000,000 - -
Water regulators costs Sawdust 248,200,000 248,200,000 248,200,000
Taxes and dues Utilities and car insurance 19,538,703 19,538,703 19,538,703
Incidental administrative expensesd (atbtc)x 5% 75,768,294 73,068,293 66,682,093
cost Profit (btctd)x 10% 146,311,777 140641776 127,230,756
Total operating expenses 1,737,445 943 1,675,075,941 1,527,554,721
Operating costs per ton 95,202 91,784 83,701
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Table 7.2 Economic benefit analysis of using coffee grounds as a bulking agent in terms of food waste disposal costs

Division Item of expenditure

Annual average cost (Unit: won / year)

combined of Food waste

and bm sludge bulking agent using coffee

Cost of materials
Labor costs’

50 tons per day based on material costs
50 tons per day based on labor costs
Power
Water utilities
Depreciation
Repair

Fuel and water

Test inspection fees Treatment facility inspection fees

. Insurance
Expenses Employee benefits Apparel
.. Deodorants, neutralizing agents,
medicines ML
Waste treatment Waste water
Sludge
Water regulators costs Sawdust
Taxes and dues Utilities and car insurance
Incidental administrative expensesd (atb+c)x 5%
cost Profit (btctd)x 10%

Total operating expenses
Operating costs per ton

128,016,400 128,016,400
299,862,800 299,862,800
23,342,200 23,342,200
63,980,700 63,980,700
178,829,400 178,829,400
55,209,100 55,209,100
4,953,000 4,953,000
27,754,800 27,754,800
3,829,500 3,829,500
280,125,000 280,125,000
248,200,000 -
19,538,700 19,538,700
66,682,100 66,682,100
127,230,700 127,230,700
1,527,554,400 1,279,354,400
83,700 70,100
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