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Republic of Korea improperly managed. Understanding its physical and chemical characteristics is crucial
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E-mail : mglee@sangjiackr digestates and liquid fertilizers from domestic biogas facilities. Anaerobic digestate had

average values of pH 8.21, EC 48.68 mS/cm, NaCl 0.28%, moisture 96.99%, CODCr

) 20,973 mg/L, SCODCr 8,016 mg/L, T-N 0.53%, P,Os 0.13%, K>O 0.30%, and total
2:::3‘1 E:zzzzz :’2'2%23 NPK content of 0.95%. NH4-N was 3911 mg/L, NO; —N 228 mg/L. Trace elements As,
Accepted : December 22, 2023 Cd, and Hg were below detection limits; Pb 0.49 mg/kg, Cr 0.89 mg/kg, Cu 13.90
mg/kg, Ni 0.47 mg/kg, Zn 58.21 mg/kg, CaO 1,219.41 mg/kg, MgO 429.11 mg/kg,

B,0; 56.76 mg/kg, MnO 11.18 mg/kg, Fe 255.41 mg/kg, Mo 8.56 mg/kg. Liquid

fertilizer by anaerobic digestate had pH 8.69, EC 29.74 mS/cm, NaCl 0.23%, moisture

97.46%, COD¢; 14,022 mg/L, SCOD¢, 5,710 mg/L, T-N 0.30%, P,Os 0.08%, K,O

0.27%, total NPK content 0.65%. NH4-N was 1923 mg/L, NO; —N 334 mg/L. Trace

elements As, Cd, Hg, and Cr were below detection limits; Pb 0.23 mg/kg, Cr 0.76

mg/kg, Cu 9.79 mg/kg, Ni 0.41 mg/kg, Zn 51.78 mg/kg, CaO 693.73 mg/kg, MgO

268.18 mg/kg, B,O;5 50.56 mg/kg, MnO 6.63 mg/kg, Fe 190.70 mg/kg, Mo 7.30 mg/kg.

Maturity assessment using mechanical disruption indicated "immature or semi-mature"

phosphorus lacks defined legal standards posing potential environmental risks if

to prevent soil, water, and air pollution.This study assessed the quality of anaerobic

status for most samples. The germination index yielded a value of "0" for all samples.
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86 Ol% - HXIR - 4T - 4T - 2P0t 0[HF
N2 [FolA] AL QA AL Shi= Aol TRt nlHrg v
- 7t Eodel YUY A9 HeAU B O HoR 2he
U SAMIY Ao g Qsf 7SR o] SRS A 5o -t 7]- Eksl o] otdgke uld 4= qle 0 7 A
&2 0 2 Lol Mot} (Kim et al., 2016a). = 715 A5t sﬂra} ol J7] 4500 9 | 7] 4sfeln] o] 08-S o4
i YRR 202019 7] A%F 5,1885HEC] ot o] £7-315H] 5494 mfefole Zlo] FolHT 5475
% HH|S} 2 F-gHE T glon, A= A
o ’HH AT (ME, 2021). 7F ke 2H

lsﬂr Q]of| & Hio] @ 7k AJAkS FR]t ol
2 AR THE R O] A 2]
o} Eﬂl of ol 429 ﬂ%ﬂﬂ‘r—t— gHol oM 1 287t
2]7} &= 0™ (Han et al., 2013), O84S Z7HA]7]7]
HOoHA SARE A A & & = sEFEY T
Q3 U x| AAE7[& 0]t} (Yoon et al., 2012). ©] A H &
= 7717397152 PdsHA Ag-g-ste] Al
UA]Ql Hlo]ertas Aatets THAolat & 4 Qlct
(Alburquerque et al., 2012).

A7)0} Yol A Bhas w7 EAR SR o] 2]
o] &E|Z|9t A4, QUG 7He] T 2 FYEHo] v
Fefo] Astohg WA B o]E A5}
PR F7H QA FA 2] o] 84T (Han etal., 2013).
F= FFA) E8E= W o re AHe} 3 PohA
27} Aot A2k 2 o] 7% oFA dgtEte) ol 4-91d)
W FEEHol o JEstL Q7] wiwoll R 7
ol 9HE57] of el &t ofuet A% Fgol] Zh5E
T (Kim et al., 2016b). ©]9} Z-& O]vi AA| 2 7
I 7|4 A% B AHIE AR A2l
=W d7| 40 F WAsh= 9}0“4 A 5 i
w2 Helot WS AElshs A2 HAISkAL It} (Jeong
etal., 2014).
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e A71astlE Rt Y oekqint & AqtellA
U HRo| @7FAAA A ABAtEE F7]45E 2 F7
slold] 22 EAS ZASH] 95ke] 2021 69-7Y 5
ot 57140 A7) A5t 57 W @) ASlH] 57 0] ME
= THstloH, 7t vio| @7k ERHE O] {ol U= 9] F
4 H]-&-3 Table 1°f] YeHch 2H, 7152 A3t
A BFAA o] w2 H H2] 5% (BOD 33,000 mg/L
9] 714 HH|3} A] HRT (Hydraulic Retention
Time)= 0.03 m-air/min-m® 74 454 A& 9] A|7H9]
A9 = (ME, 2023), £ AollA S=3H @7]| 45

Hl= 25304 ol 71427 | A 5716

THE A28 9 @r]asthn] AY %% Hh‘a%*é
TAAA 71 =l w4 (N), F (P,05), 7H
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Table 1. The current status of biogasification facilities to be investigated.

A B C D E
Pig manure Pig manure Pig manure Pig manure Pig manure
(77%) + (80%) + (75%) + (70%) + (76%) +
Raw materials Food Waste Food Waste Food Waste Food Waste Food Waste
Leachate Leachate Leachate Leachate Leachate
(23%) (20%) (25%) (30%) (24%)

Treatment method of anaerobic digestate

Aerobic treatment (Liquid fertilizer)

SLAESHSE|X| H253 35
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2 (Moisture content) ¥} T 94 UV‘“ 291 E. coli(0157:H7),

salmonella spp.= w5ttt T3t 11 Q|= 40| 25 %
(pH), A7| A= (EC), 3Feta4t4 @ 4% (COD), 83l
AJSFSYE 41 @ 79 (SCODG), HZUOMIEA (NHAN)
AL (NOsN), 2] (Ca0), PFIH|E (MgO), F4
(B205), 7t (MnO), & (Fe), =2EH (Mo), ToFA|
(Germination index, GI), 45 (Maturity) S F-4oto] &

J\aslol 8 @]l MBS0 FeH) B2S B}
SH3ITT.

T-N, NH;-N, NO;-N-2 27} Spih, S5, gHpsoiet
.o 2 =A5Ht P,0s, Ko0, As, Cd, Pb, Cr, Cu, Ni, Zn,
Ca, Mg, Fe, Mo, Mn, B= tlo]IZ2o]E (QWavel000,
Questron Technologies, USA)Z At 7}<=E3]] & ICP (Spectro
Blue, SPECTRO Analitical Instruments, Germany) = 22+
Z2519.0 1, Hg=1to] 2 €o]E (QWavel000, Questron
Technologies, USA)Z At 71E8) & 4~2BA47] (RA-5,
NIC, Japan)E ©]-&3dto] Z4strt. & sE= ICP
(Spectro Blue, SPECTRO Analitical Instruments, Germany)
E Na2 et & SIS S5f NaClz gHtste] A
A5k, AU =2l E coli(0157:H7), salmonella
spp.2 WIS Aoz 259t Has Ry
o} M2 o] 835t 7| A A Hak =%
KSP, Korea)?} Ao -& o]-83F H]—O]'X]T (GI)E
skt 11 9] pHeF EC= 44
(HANNA Hi-8424N)E o|-g3lo] =
% 9 SebEs 7S TR IE] gt
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Table 2. pH and moisture properties of AD and ADLFO
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2 o] sk pH7} 7
A9, 7 9] SElare] A9 @y|astel, @740
o] Wi A0 ]2k EAE LT,

(2) EC, NaClo| &2

A7) 4310 9 o 7] As1oH]| o] EC, NaCl9] 4] A}
= Figure 1] YePH Tt @7] 480 9] 0|3} g4 Ht gk

2 EC 48.68 dS/m, NaCl 0.28%= LFERF oo, &7] 45}
OHH]+=EC 29.74 dS/m, NaCl 0.23% =2 24 = it Kim et
al. (2004) A7toll 2HA =8 slurry #7% HH] (n=70)2]

A9 ECY] HHAE 34 mS/ecm= YERGE=Y), B Ao
A A7| 22N O] EC 78-F- E= slurry HH| Hoh 22 210
= Ut R @] a0t ou| e} A 2]t 7] A0}
oH] o] -2 7] A3t ME o] Hopx|= S B
o, o]e} -FAKSHA Byeon et al. (2020) Aol A% &7

o

%

MC? TS*
pH
(%) (%)
Mean 8.21 96.99 3.01
l Min* 8.00 96.26 1.58
AD' (n=5) 5
Max 8.45 98.42 3.74
Standard deviation 0.16 0.79 0.79
Mean 8.69 97.46 2.54
R Min’ 6.46 96.75 1.16
ADLF~ (n=5) s
Max 9.48 98.34 3.25
Standard deviation 1.25 0.61 0.61
Official standard of commercial ) >05 )

fertilizer

'AD: Anaerobic digestates; 2ADLF: anaerobic digestates liquid fertilizer; >MC: Moisture content; “TS: Total Solid; *Min: the lowest
among the analyzed samples; “Max: the highest among the analyzed samples.
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Figure 1. EC (A) and NaCl (B) properties of AD (n=5) and ADLF (n=5).
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Figure 2. CODCr (A) and SCODCr (B) properties of AD (n=5) and ADLF (n=5).
Asjol ofuls} He] et Kol Hel et M/ HEE L Figure 29} 2t} @7]45l000] olsfslgal Bghe
7} ZAshe Ak 2 R 1 E T} Ca, Mg, Na, SO, Cl COD¢; 20,973 mg/L, SCODc;, 8,016 mg/LZ LEPF O™,
59 EAR o] A2 AFEAR sl 2HEe] E A7]42F0H] = COD; 14,022 mg/L, SCOD(: 5,710 mg/L
o4 ol 8BL A7, ol LEA WA fH0le 2 Uehddth CODE BODS} Hie] 2 @2 Hre) %]
O] ZE Aolsto] g2 s olE FZAIZIth (Oh et HZ o]§E]1 Ql=H, COD2] 7% Jung et al. (2015) A
al, 2010). YIHOE Fr|Astlo] A9 GRS §71 Tl wEW ofu]st A AH 2N ThEe o R At
2 QY7 Aol ofeh HALET o7k s whRel B AT S ek B Shick Eak o] f4}
@71481008 o] EC ghS EOF ) A 4183 27 FollA B EL0lH] 0] COD 0] 79 AT
= Zrtof glo] a7k g]lo] & 4= Q. 1 A7|Asl dH] dHFeR W2 FEE FASHET

=1}

P

=

A9 357 BUL FIE ECE FHOE ¢ AT
27730 " 351} (Hong et al., 2012). 3T w
costolg 9ol FmebA FoAsAL A% Alele 7
o]
AR

o]

=

o

=

Hr
o

i
Jol GRu 37151 42 AR Aol

= EEBEEREL R EES R EL
Fago] FokA] Fataick

(3) CODCr, SCODCr9'| ?:I-Eok
714l Bl g7]49leH] 2] CODe,, SCOD 2] 7
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(Kang et al., 2017), °|& 2= o] F7]43feho] & 11
FEA sk BODY COD 52 2] TAollA
Z|tigk A A5k Zlo] viera]stttal Abm et 2 Ao
A 7145l div] 7)Ao o] A AS-2 HaA]
© 2 2FCODer 33.14%, SCODcr 28.77% LFEFHTE.

(4) T-N, P,0s, K,09| ah2h &l 2+

A7) 4100 9 o 7] 49} H] O] T-N,
A (T-N+P,05+K,0)- Table 37} 2Tt @ 7] 45}l 0]
H| 2 AR HdZES T-N 0.53%, P05 0.13%, K20 0.30%
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Table 3. N, P,Os, and KO properties of AD and ADLF.

N P,0s K,0 N+P,05+K,0
(%)

Mean 0.53 0.13 0.30 0.95

] Min’® 0.46 0.04 0.24 0.85
AD" (n=5) .

Max 0.60 0.21 0.33 1.07

Standard deviation 0.06 0.07 0.03 0.09

Mean 0.30 0.08 0.27 0.65

R Min’ 021 0.01 0.13 0.39
ADLF~ (n=5) .

Max 0.45 0.16 0.35 0.89

Standard deviation 0.08 0.06 0.08 0.16

Official standard of commercial fertilizer - - - 2>0.3

'AD: Anaerobic digestates; >ADLF: anaerobic digestates liquid fertilizer; *Min: the lowest among the analyzed samples; ‘Max: the highest

among the analyzed samples.

Table 4. NH4-N and NOs-N properties of AD and ADLF.

NHs-N NOs-N
(mg/kg)

Mean 3,911 228

] Min’ 3,098 116
AD’ (n=5) .

Max 4,500 348

Standard deviation 525 86

Mean 1,923 334

R Min’ 489 108
ADLF? (n=5) .

Max 2,969 804

Standard deviation 835 225

' AD: Anaerobic digestates; 2ADLF: anaerobic digestates liquid fertilizer; *Min: the lowest among the analyzed samples; “Max: the highest

among the analyzed samples.

2 NPKEHAZLS 0.95%% LeRFom, 0:17]_]___94.091:]]
T-N 0.30%, P,0s 0.08%, K-O 0.27% % NPKZAFF
0.65%= Lebdtt. d7|aeielu]|o] T-N ¢t&f —EEL
7148}l tH] 23% A5, P05, K00 g2 947
A8l oijH] 242} 0.05%,0.03%2 FAstsct. Bl2EH
T4 710 T-N+P,05+K,0°] 424 AF 0.3% ©1/3e]
tisiA @7128190 0.95% B @71 401HH] 0.65% 2 212}
Bl =574 2] 7]l Fget Al

—}

il

O
e

(5) NHa~N, NO5-N2| &2¢
g7) 45}l 9l §7)451olH] O] NH,-N, NO; —N<] 3t
22 Table 47} 2t} @ 7] 4810 ] NH,-N, NO; — N B
%A% ¥7}3,911 mg/L, 228 mg/L2 WYEF}ow, §7] 45}
oHH] ©] NH,-N, NO; —N B3k 242} 1,923 mg/L, 334
mg/L=E UERHT 2= A2l & Hatt a4 o

B OZ N (D), P (4D, K (7H]) 5ol 2L.2™ (Yang,
2008), o] % Ale] el 2 o FNel ohet el
7t ol Fastch A40) £5 Fel dmiold A,
OFZALA] K A ZIALA] 2 A4 o] Al =22 ZA)| gt (Leeetal.,
2008). 97} kol migol Bz Foh el
A A4olH, R Yot FEj = S5 SHAEE SA]

Zlo] 97) Aol Welz §4u7] Aol EoFo 2 f AL
ol e Bk e A2AE s o S 24t
4 Az0) Belel N F4ol Eolok et (Paik ot al,
2017). Jeon et al. (2012)3} Kang et al. (2017)°] E113F &
SoH|eF 2 AellA 7AE @7]astlT v Al
NH4-N9| 5= (3,911 mg/L)y= "¢ =32, NOs-N &
T (228 mg/L)= A o & Wedrh |7]4stu]| o] 7
£ NH,-N9| 5% (1,923 mg/L)+= %32 H, NOs-N 5=
(334 mg/L) = FHAH 2= Wk,
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7Hs Z|tHE2 As 5 mg/kg, Cd 0.5 mg/kg, Hg 0.2 mg/kg,
Pb 15 mg/kg, Cr 30mg/kg, Cu 50 mg/kg, Ni 5 mg/kg, Zn
130mg/kg = Aokl a7, EF AU Y= 21 E. Coil

T U= A 84 Foll shtolth (Jeon et al., 2013).
a7]14s 9 @] 431lH]| 9] As, Cd, Hg, Pb. Cr, Cu,
Zn, Ni> Table 53 2T, @7]4-8}00 0] 54 Bl g2
Pb 0.49 mg/kg, Cr 0.89 mg/kg, Cu 13.90 mg/ke, Zn 58.21
mg/kg, Ni 0.47 mg/kg= UEFF O, &7] Aol H] = Pb
0.23 mg/kg, Cr 0.76 mg/kg, Cu 9.80 mg/kg, Zn 51.78 mg/kg,
Ni 0.41 mg/kgZ UEFITE As, Cd, Hg= B7]43H 2

(0157:H7)%} Salmonella spp. &= &5 A] gotof gty
553 8% (As, Cd, Hg, Pb, Cr, Cu, Ni and Zn)2] £4

oL 3% sFo] XY nIFALES AP, AR

o T8 W4 S0) BH 0= Abge] ArtEhd], SBA
oA AFES B b, PR R vjEs|o] o] o)
AB) A £ U 534 %4 9 Ael ) ABSE 0

AlZIt} (Ahn et al., 2021). HEAUPEL] A 7FEE R

MRS E] Agstol AL Bl Al 1gE

F7]4etlH] B

3. A2 SEf o)

@71 4890] ol

=]
= &4

% @7]a-toH] o]
Coil(0157:H7), Salmonella spp.-2 % A] &

O

.
= gz

% B4

A Ol

S2 Ve 1 9] @7]48H
A HLAdu|PES E

ot

AL P

2 WS Ca0 1,219.41 mg/kg,
MgO 429.11 mg/kg, B,03 65.65 mg/kg, MnO 11.18 mg/kg,

Table 5. Characteristics of heavy metals contents and detection of pathogenic bacteria in AD and ADLF.

As Cd Hg Pb Cr Cu Ni Zn E. Coil  Salmonella
(mg/kg) (0157:H7) Spp.
Mean N.D. N.D N.D. 0.49 0.89 13.90 0.47 58.21 N.D. N.D.
] Min® - - - N.D. 0.34 10.75 0.36 39.89 - -
AD' (n=5) \
Max - - - 1.23 1.62 18.04 0.58 91.31 - -
Standard deviation - - - 0.67 0.49 2.97 0.10 19.45 - -
Mean N.D N.D N.D. 0.23 0.76 9.79 0.41 51.78 N.D N.D
R Min’ - - - ND. 026 475 03 2153 - -
ADLF” (n=5) .
Max - - - 1.14 1.77 14.19 0.56 77.54 - -
Standard deviation - - - 0.51 0.66 3.76 0.10 23.76 - -
Official standard of <5 <05 <02 <15 <30 <5 <5 <130 N.D.

commercial fertilizer

'AD: Anaerobic digestates; >ADLF: anaerobic digestates liquid fertilizer; *Min: the lowest among the analyzed samples; “Max: the highest

among the analyzed samples; *N.D.: Not Detect.

Table 6. Micronutrients contents properties of AD and ADLF.

CaO MgO MnO B,0; Fe Mo
(mg/kg)

Mean 1,219.41 429.11 11.18 65.64 255.41 8.56

] Min’ 392.46 68.71 N.D. 50.59 54.88 6.84
AD' (n=5) \

Max 1,899.88 806.95 24.15 87.87 379.81 12.48

Standard deviation 596.83 277.54 8.18 12.34 122,51 2.06

Mean 693.73 268.18 6.63 56.76 190.70 7.30

, Min’ 184.60 N.D. N.D. 44.18 54.07 6.03
ADLF? (n=5) .

Max 1,250.73 791.09 16.33 66.62 387.65 8.59

Standard deviation 383.22 296.75 6.15 7.75 121.63 0.90

'AD: Anaerobic digestates; >ADLF: anaerobic digestates liquid fertilizer; *Min: the lowest among the analyzed samples; “Max: the highest

among the analyzed samples; *N.D.: Not Detect.
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Table 7. Maturity degree of AD (n=5) and ADLF (n=5).
A B C D E

AD? ADLF? AD ADLF

AD ADLF AD ADLF AD ADLF

o Semi- Semi- Semi-
Maturity Immature Immature Immature Immature Immature Immature Mature
mature mature mature
Germination index 0 0 0 0 0 0 0 0 0 0

'Maturity: analyzed using the mechanical maturity analysis device for liquid fertilizer; >AD: Anaerobic digestates; *ADLF: anaerobic

digestates liquid fertilizer.

Fe 255.41 mg/kg, Mo 8.56 mg/kg © 2 LFEFHT), @ 7] 435}
o] 2] 739 Ca0 693.73 mg/kg, MgO 268.18 mg/kg, B,0;
56.76 mg/kg, MnO 6.63 mg/kg, Fe 190.70 mg/kg, Mo 7.30
mg/kg= LESTE (Table 6).

B r gt ofn] o] H2ER] A8 A4 o5 (Jeong et al.,
20228 HAY 4 Q= AT Hel Uetels Mol
= w0 o] 15} we)- o) 5} 2 71 o] Al
Eogo] tisl Qg AQ] whe-2 Uetek 2102 ol

Utk & A= AR S ESA 9 dolR]4E o]
goto] A7 A3} 7] Astoln] o] a5 Hrtolg]
ow, 1 AW 7| AH RS ESAL G740k W @4
sl F 109 F 17RF F50= Ueyton, 537,
0% 6o = Uebgth E3 TAPToPH-g o83t Wot
2|4= (G 2] 4% F4 S -2 BEAE BF Gl 0
© 2 YEPFE=H] (Table 7), ol = At|A o g =0 R
T (E= EC)9t 7kl E HEfof ot 2 27] 4=
A = = NH-NG] =2 kol 7]Q1H Ao &2 A
FET
242
2 AN 7Rt ARG 29 AP o=
o =]} (Hto] @ 7kA) Al oA Aite 7] At 5l &
7| a3t H] feid 24 5442 wofst izt sTAE e
o7 A7|A3H (n=5) X F7]A3IHH] (n=5)F FHo}
of ]GRO 24, ol3tetd A4, HAdnIE, 5o
4 ohg, Bk 55 BA6kh

Jeon et al. (2012)%} Kang et al. (2017)7} R 113t Sz &
e 3] osfa}H] AT} H TEl3E v, 2 7o)
A7) 4ol 2l & 7] Astold] o] ECEIT} NH,-N-2 H] W
EC R FESHE S UEHh d7]aeto 9 @
A9l H] O] H2 ECEE Y 9=l 5o 4
ToflA] 7115 A 0 = Abm E|H, NH,-No| 74-9-= @71
Sjolo] E44 ONHIG) B7E 502 Alste] 5714

Mr
ml

N,
FN B o

o
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