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2] o]% 6UA}| 2+ (Swine slurry anaerobic diges-
tate, SS AD)+= pH 9.5, pH 7.0-@7]4-3}H (Swine slurry
anaerobic digestate pH 7.0, SS AD pH 7.0)< pH 9.0, pH
6.5-87]A43}8 (Swine slurry anaerobic digestate pH 6.5,
SS AD pH 6.5)2 pH 8.3.0.2 % Z7l5t £-212 Yeh)
ATt (Figure 1A). THETL (SS AD)Q] ¢ 274 2] A2
% pH7t57koted Z71419] 717+ F<9E 9.0 9.6 Afo] = Lt
EFE oM, Kim et al. (2015)°]14 &= @ 7]4-3}90-2 TAORT
371 A Al Z71A4 2 AlZte] Zutetol whet £7] 27
pH 8.151olA pH 9.8 =2 5715192 ™, Jeong et al.
(2013)9] Aol = WA R S E Z71 42
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S0 YA Wolx]= S HATH (Jeong et al,
2013; Kim et al., 2015). pH 7.0-@7] 43} (SS AD pH

= = = 3%
7.0)2} pH 6.5-@ 7143} (SS AD pH 6.5) 25 Z7] ]2
(A) (B) ©
10 200 3
° ° ° [ 180 @ SSAD 32
. o T Somins M 1
o 160 % 0 v v g o)
N v 140 ® 28 °
v ° T 20 £ ©
e g 0o § 2
v &
% 80 Q 2 8 :2:39H70
\ " S " ° v SSADpHES
5 ® SSAD o " ° L]
G e . I ; 9
. ol | - v 14

0 6 12 18 24 30 6 12
Operating time(day)

18

Operating time(day)

24 30 0 6 12 18 24 30
Operating time(day)

Figure 1. Change of pH (A), NH; (B), and EC (C) in anaerobic digestate after pH adjustment and aerobic treatment. The symbols
represent the different digestates; @ SS AD (Swine slurry anaerobic digestate), O SS AD pH 7.0 (Swine slurry anaerobic
digestate pH 7.0), ¥ SS AD pH 6.5 (Swine slurry anaerobic digestate pH 6.5). Error bars denote standard deviations with n = 3.
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Ho| Hzro] 2P HA pHYF oA WAt dAf o= o mS/cmOA] 12.0 mS/cm& ZAsH= ARS BT (Kim
T etal,, 2015).

YHUok= F71E9] ool A WAishs 714 = A pH 7.0-@7]4-3}8 (SS AD pH 7.0)9] EC= Z7]2]¢]
2L pH 5= HIReH e 2] whet gt & 4= ) 7 28.1 mS/emO A Z7] 4] 6L21f] 26.2 mS/ecm=z FA

(Jeong et al., 2013). TZTF (SS AD)= Z7|2]2] & 644}
ol 78 ppm, 1242} 64 ppm OS2 F 2}o]E Ho|z] kgt
O} 18U 160 ppml.2 FA35] F715te] 304}
140 ppm 2. & FERIT} (Figure 1B). o]2]3t A= pHE
Z AR o2 A7 A8 Q1 iR (SS AD)7HH-50] %1
ol weh tEyoprt F25] WA Ao R Bk
Jeong et al. (2013)9] AN L HA R S22 E Z7]
A 2] AAIRE RS F oA FHE Yo A skt Har 27
710k AdS Holtprt B 7|3t A=A 54
St 74T (Jeong et al., 2013).

pH 7.0-37] 43} (SS AD pH 7.0)S] NHy= 27| 4] 2]
622l 78 ppmo] .2 1294t 26 ppm o2 F4 5]
Hobxl o, 7|42 30LAtls 7 ppm 2 HEFHT.
T3} pH 6.5- 7] A3 (SS AD pH 6.5)2 Z7] 2] 64
21 15.6 ppm, 1282} 4 ppm 0 & Z4-510] 3042} 1
ppm & LEFHTE 304 9] Z7|A 2] 53t NH; & H| et
A} pH7F Y245 NH7H Ittt pHE 24617] g2
A7|4st0el 23 (SS AD)7} pH 7.0-8 71451 (SS
AD pH 7.0)7} pH 6.5-@7]43tH (SS AD pH 6.5)Ect
NH37} 32 ©]fi+= pH7} =21 Qf= Lo (NH;) JEH=
341=] 7] wjZo]th (Hwang et al., 2018).

Z71 48] 4 ECE %7 (SS AD)7}26.5 mS/cmE 7}
7 eskom, LA 7|7k Eet A &EH 0 = Aadte] &
71242 3042t EC7F 15.9 mS/cm=Z WGt (Figure
10). Kim et al. (2015)2] oA = @7|ASIHS -2

5000

st ot 129100 27.4 mS/emE Z7I5 - A &Aoo 7
Z7sto] F714 2] 3042t EC7F 29.1 mS/em©]3iH
pH 6.5-@7] 435} (SS AD pH 6.5)2] ECE Z7]2]2] A
29.4 mS/cmol| A Z7]14 2] 642}] 29.1 mS/em= A4S
Aot 12¢210] 29.5 mS/emZ F7IeH & A|&EH o7 =
7¥5ke] Z71 212 30€210Y 31.1 mS/cmo] ek &, =52 &
7|23kl pH 24 Al AA7 pH7H 245 ECT7T =34t
o]2gt A= EC7} NH4-N, K, Na2} J{IAE Hol7]
& NH,-NO| =2 pH 7.0-87]43}9 (SS AD pH
7.0), pH 6.5-@7]1435}9 (SS AD pH 6.5)°] HHZF (SS
AD)ET}EC7} &2 7102 ThE T (Song et al., 2006).
2. pH 2F 2 Z7|22| 7[7t0]| w2 AL (T-N), &
el 24 (NHs-N), 24 24 (NOs-N)2| 5t

s AL, dewe 4
S A4 0] MSh= Figure 22 2t} Z7] 4 2] 2 A
A (T-N)2 pHE 24517 942 tdiZ (SS AD)%}
pH 7.0-8 7143} (SS AD pH 7.0)°] 0.40%, pH 6.5-87]
43190 (SS AD pH 6.5)°] 0.43% %101, GARI £ 2 K
At (Figure 2A). THZT (SS AD)2] T-N-2 Z7] 4] 6
kel 0.39%2 Z7| A2 At 2 2tolE HolA] ggtont
HAF daste] 3093tel| T-NoJ 0.22%= YePsth. pH
7.0-8714:518 (SS AD pH 7.0) pH 6.5-8 7] 484 (SS
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Figure 2. Change of T-N (A), NH4-N (B), and NOs-N (C) in anaerobic digestate after pH adjustment and aerobic treatment. The
symbols represent the different digestates; @ SS AD (Swine slurry anaerobic digestate), O SS AD pH 7.0 (Swine slurry anaerobic
digestate pH 7.0), ¥ SS AD pH 6.5 (Swine slurry anaerobic digestate pH 6.5). Error bars denote standard deviations with n = 3.
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733 é Holok
H714 9]  EEH A (NHy-N)= R (SS AD)
7} 3,866.8 mg/kg, pH 7.0-& 7123190 (SS AD pH 7.0)°]
3,796.7 mg/kg, pH 6.5-@7]43t (SS AD pH 6.5)°]
3,852.8 mg/kg O 2 FAISH =25 H At} (Figure 2B). T
Z7(SS AD)S] NH,-N-2 Z7| A 2] & 2| &24 0 &2 7146}
of Z7]212] 3022}l 2,017.4 mg/kg © 2 LERIT 514]
T 304 2] Z7]%2]oA pH 7.0-8 7145} (SS AD pH
7.0), pH 6.5-& 7] 4-3}0 (SS AD pH 6.5)2] NH,-N+= 212}
3,502.5 mg/kg, 3,936.8 mg/kg 2 2 YR} tZTL (SS AD)
of vlste] Z71A 2] A - Sof|A] F 2tolE Holz] ok

E7]x 8] 7 Ak A (NOs-N)y= thET (SS AD)7H
28.0 mg/kg, pH 7.0-8 7|45} (SS AD pH 7.0)2 42.0
mg/kg, pH 6.5-87]43}H (SS AD pH 6.5)°] 42.4 mg/kg
S5 UERHT (Figure 2C). Z714 2] 3043kl iz
(SS AD)7}21.4 mg/kg O 2 7HAot3.0H, pH 7.0-@7] 4
S}l (SS AD pH 7.0)-2 41.8 mg/kg, pH 6.5-8 7|43}
(SS AD pH 6.5} 46.9 mg/kg & LFERL} T (SS
AD)] H]sto] 2 H3LE Holx] ¢Foftt.

E71A 8] A} T4 pH ZHe| o)t AH[H TN,
NH4-N, NO;-N-& B w3t A}, th+ (SS AD)ollA 7H
2o 225 HYow, pH 7.0-87]1431 (SS AD pH
7.0), pH 6.5-8 7145} (SS AD pH 6.5) =02 =2 ¢
g UEUgioh SR Yok o] pH7F O H oF 2
Holg A4 (NHy) 2 FEl= Firof] E=AfohA =A%t &
1 O] pH7} &0 W Lo (NH;) FEl= $4TE 7] wid

of ol W2 s =2 EA5H Hrh (Hwang et al,
2018). 1382 pHE FA5HA| &2 thZ (SS AD)=
pH7} o} FE Yol FE| = 2J4k=]o] NH,-No| o o
o, pH 7.0-8 7143} (SS AD pH 7.0)7} pH 6.5-8 714
3t (SS AD pH 6.5) pH7} ot et Lo Fei= 24F
&) 2] o} NH,-No| 2714 2] Ak 2po| 7} glaled Ao
= T

3.pH X
3}

M 3 E7|2i2| 7|7t0f| WE 2opr|4 (GI)2]

pH 24 & Z7]3] 7|7t fﬂr% Hopz|a=o] Hoh=
Table 13} Zt} @7|4% JE

<)°] EHl- OHHM 1% sk 71% 5ol B3t A &
O AFHAQ1 v o] Harte Alm A3 7]E B AR
Soll w3t FP‘* o oJste] ooz FAPToA S AA]
Stla T 7149 6 2A7HA] HiZ-(SS AD), pH 7.0-9
743} (SS AD pH 7.0), pH 6.5-@7] A3} (SS AD pH
6.5) 5 o]t 002 Yesith s Z7] %]
1292}o]= pH 6.5-87] 451 (SS AD pH 6.5)2] Zo}A]
F7} 4022 thET (SS AD)S} pH 7.0-@7] A5 (SS
AD pH 7.0) 2t} =30t Z7132] 18 UAH7E 30427}
A= pH 7.0-8 7143} (SS AD pH 7.0)7} pH 6.5-F 714
5198 (SS AD pH 6.5)°] ®opA]4= fof et 2o & Kol
O TE (SS AD)} H W SHH 52 TopA| & 2
=

Halder et al. (2016)°] HA|S+ Hu|Ho}x] & (LFGI)H
= ol-8stS woll= F714 2] & pH 6.5-9 7] 48} (SS
AD pH 6.5)2] Hro}z]4=7} 50,72 27 (SS AD)2} pH

38

Table 1. Germination index (Gl) of anaerobic digestate after pH adjustment and aerobic treatment.

0 6 12 18 24 30
‘ Untreated 0.0 0.0 0.0b" 0.0b 0.0b 0.0b
i?j;l(‘)‘;ed pH 7.0 0.0 0.0 02+037b 3.0+£0.57ab  7.8+2.52a 82+2.06a
pH 6.5 0.0 0.0 40+164a  57+424a  93+399a  87+119a
Untreated 0.0b 0.0b 0.0b 0.0b 0.0b 0.0b
LFGIT  pH7.0 02+£023b  13.147.62b  57.5+795a  645+9.87a  58.0+524a  59.6+194a
pH 6.5 507+1.82a 477410092 49.8+936a  58.0+13.11a 578+10.11a 49.0+12.10a

" The diluted solution was generated by using the liquid fertilizer germination index (LFGI) method.

Results are the mean + SD of 3 independent experiments.

TLetters indicate a statistically significant difference between swine slurry anaerobic digestates within the same day of each solution

according to Duncan’s new multiple rage test (DMRT) at p <0.05.

Means with the same letter are not significantly different.
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7.0-@7]143}0 (SS AD pH 7.0)Ect =L, Z7]4 g o Ao A& 5H3lS W T pHE 4 & £7]4]
642t &= pH 6.5-% 7] 4310 (SS AD pH 6.5)2] 'HolA]4 2]3t A7) a2l S0l 4] Fol| 7} =Sl
74471712 7V & A5 Bk 7142 1294} o] & A7) a8t S T2 glo] A3 FA | A8 = QL
pH 6.5-87] 4218 (SS AD pH 6.5)7} pH 7.0-3 7] A-2}HR O} 21 B Aol A3 & 7% oFal, o, A== AHE
(SS AD pH 7.0) Ato]of|A] Hrox] o] thigt -f-2J5k 2ol & Algofl 2etstA] 2 I Qlof ARl 7] 4skl
Holz] gfetom, =~ (SS AD) 2] 7-f-ofl = oA 47t HIE A1tsh7] ffsiAe= F4 27 o] B a5ttt (Byeon
0= H3t} =& @7]42t0 0] pHEE & Z 7] A 2= pH etal., 2020) ? A Mg o g 2IH2E 5HA EHH 57
£ 2EH] L F7) ?anP Zofl vl B} LFGIH o ZAAlFd o m dHYot fhke 2T 4 e 20|
HRoA & o5 KRt ol pHE £EsHA] = A E4E Fol= SAlol o F WS Eol7] ¢
2 7]t H T} pH% ZAS @7]4astHo] ofH Y SiAE AHAE 71e =] B asttt (Kim et al., 2013
of viAjo] o] wolx])47} o] E9bH 7 o 72 motEch Fangueiro et al., 2015; Ryoo, 2020).
28 AL AL

2 AL =2 d7]481o 0] pHE 2% 5 F7| A7 2 A9 2T AR 7SRt T UE
= AAto 2N R Yol B S5 Yotk 1l Z7]A of A1&-§ A o]- 87 FAA7| A9 B 7|41 A
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