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ABSTRACT

Lignin is a major component of wastewater generated in the chemical processing of
wood. Because it is recalcitrant, it inhibits biological treatment of wastewater of pulp
manufacturing, especially high concentration of lignin may inhibit the anaerobic
digestion. The objective of this study was to evaluate the toxicity of high molecular
hardwood lignin(lignosulfonate, MW = 20,000) on aceticlastic methanogens in the
batch reactors at different temperatures with different sludge concentrations, using
anaerobic serum bottles. The hardwood lignin was found to inhibit anaerobic conver-
sion of acetate to methane and carbon dioxide, shown with a long lag-phase before
methanogenesis started. The methanogens assumed not to be able to acclimate to the
lignin were found to be acclimated slowly in the batch experiments. finally reaching
non-toxic levels in which methane production could start. The hardwood lignin was
found not to be bacteriocidal but bacteriostatic to aceticlastic methanogens.

Hardwood lignin(lignosulfonate) at 1.3, 2.6, and 3.9%(w/w) inhibited the acetate-
utilizing methanogens of anaerobic digester sludge by 14.5, 17.8, 21.1 days(in non-
inhibitory condition it took 10 days) to produce the same amount of methane. The
inhibitory effect of lignin was examined at temperature ranges of 30T to 50C. When
2.6% of lignin was contained in wastewater, methane production was highest at 30
during initial 8 days. At 40C, methane production rapidly increased after 12 days of
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digestion, the value became higher than that at 30C after 14 days. However, the
methane production was completely inhibited during whole digestion period at 50C.

High ratio of lignin concentration to initial anaerobic sludge concentration gave
tolerance to the inhibition. In this experiment, high molecular hardwood lignin was
not degraded and decolorized.

Key Words : Anaerobic Digestion, Temperature, Sludge Concentration, Hardwood
Lignin
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olct. o]¥ Fade GEHAY BEAEZA AA e YEIAA Ao o2 &g 2y, 53
TFol #& A% 87149 48l 9Al(inhibition) B3 2 Zgdle Aoz geid gy}, &
Ao e AP E B3t HriA L3lold 259 ¥Id 23 SRl g BE ¥
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of 4EHoz Farl e PG WY B
AelA 2ladel HEHH Edlle oty HEAE,
& EAF(MW)] 600 ©3e Tz (monomer)
9} &8l 3 (oligomer)oll ¥t = Jn nEA}
F 2lade P74 Bdle olFoAA g A=
g 5"
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W&o, #2714 oA 2lade] viAjle dgE
Bele Ae ade §RE ey 7189 A
o £83% 99t U, Bladg FAHse AFE
AL p-coumaryl alcohol, coniferyl alcohol %
sinapyl alcohole]l 1o, 2lad el &A)sin
e °lE WTFEHY HEL HFY FF, Y ¢
ZA o ute} chofaict, iAo Gy Bade
coniferyl alcoholel FAEolvi (2} 80%), E§H+
28]2d coniferyl alcohol® sinapyl alcohol®]
FU &2 FAS] Ut B & HITH e
2l 2 (mixture)©] methanogenol Wit /e &
e AF7 ol Rl AN gEFY ALF ¢
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dME gaFst A Aade) 24 e 30
3 mEa gade] FriH ez EaER gede
A€ AAE A, ERE nEA §95 #ad
MEE A2 Pr4 23loM 22 d7 4 &
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2. 4ENE ¥ YUY
2.1, #9% 2lad WEe M=

15 L9 rotary 2¥¢¥H8-71(0.5 rpm/min)el Al

A Fgoq AHEEA ZAA A A5 VR 24
A 93 sulfite pulping liquor(2~5% free SO2) &
U2 27to] 283 A Ax P YEIHAH
WErlE Ao FeUA HAE3 sdde A
1.5412F el & 105C7A &8}, oA 71
€ AN 2 g 1543 Holle %8 146
TR &ela o] E=oA o 2083% #A3gd
(oldle] A1 = 8.0 keg/em®). o] AAAM U
B o EA3tE 44 @lade &84 ligno-
sulfonate® A &HA A4 o2 gH=o Y
A B4, whgo] ¥ F WEEE ZlA o3t
o B2 2~3% A

A3z MY EFPF F ultrafiltration
(DDS-RO-Division, DK-4900 Nakskov, denmark)
gta] EzlgFo] 20,000 |39 ¥z BladE ¥
et ol¥A B nia gad g9 A
ZE 8 &7 ¥ 1Y 8L Fx7 30% €
W 7tA] F&A171n 21 ohE £52427](china model
QP-1)2 @43 dx3tdq ETYue ¥z 89
 gad A& (lignosulfonate, MW = 20,000,
sulfo-degree = 2.934 mmol/g)-& ¥sict.

2.2. ¥7|d == Batch &/¥

WA 28 AdYolHe 25 125 mL 3
Arg-atdct. glade] ¥l LgtelA aceticlastic
methanogen® @74l vlAl& QL acetic acid
g ZTER wiAlo] dAF ¥ elade Hobstn
gade ek ke AW E dET(refer-
ence) 22 A3te] Z} AP PAHE dert
29 YAFE 2o vaste PHeR FEs
ok, Aol ALEE acetic acid WiAle 1 LY
vlR}ell 2 g acetic acid, 0.2 g yeast extract, 0.1
g NH4Cl, 27 mg KH:POs4, 25 mg MgSOs -
TH20, 11.3 mg CaClz, 2.8 mg FeSO4 - TH20,
5.5 mg MnClz - H2O, 0.68 mg ZnClz, 1.2 mg
CoClz - 6H20, 1.2 mg NiSOq4 - 4H20, 0.025 mg
NazMoO4 * 2H209 0.026 mg Na2SeOs - 5H:0&
A7tete Azt

£ A 70 mLY acetic acid iAo wjA]
o nEA PG5 2lad & §8A712 2 M NaOH
gdo2 pHE 7.022 2HIYT. 7] wjz |
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10%(v/v)el Sg=ElEe #7148 23 €A (A3
F2% Mg YA L3zoM AH, 2 ¢/L9
acetic acid ¥ix| oA 17483} enrichment 31&)
g ¥ g3 ARE ALrt2E A: ¥ 2T
ol 9}b aluminium capl.2 YY) 2ady
A7VFe wiAl g 1.3%, 2.6%, 3.9%3} 5.2% (w/w)
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22 E Z+7} 30T, 40T% 50C2 #AEAL, €
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254 YHW-L shaking incubator(150 rpm)el
A shakingdldA F713 o2 A= & vlole 7t
29 HAFH oo ¥FE FPHAU.
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Yol YA E vlole rhxe] YFL 1)
2 &4 884 # 10 mL9 30 mLe f&l
Z2A718 ARl 23t derlag B4
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o3, H%7]+ flame ionization detector(FID),
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2 Uy ez Adsiglch dee ¥ fd
A &R vtol e 7hao g3 g Fge 24
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E}..14)

3. €ot ¢ 1F
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wide] glade] A7tE Aol eladel A
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A Adde Aoz JeElth(Fig. 1), Fig. 1€ &
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2.6%% 3.9%9 2lade] 7td A Sole e P
o] vigr-g YA sed 22 14,549, 17.847 21.1
gz 4=t 4714 ¥R g€44 Bade
aceticlastic methanogen©l tH# bacteriocidal #
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Fig. 1. Cumulative methane production dur-
ing the inhibitory effect assay of the
lignin at 30°C. The hardwood lignin
concentrations in the medium were
0%, 1.3%, 2.6%, 3.9% and 5.2%,
respectively.
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o dAZ g ot Baddn. 28y B A7
dMe gladel Bxigel 20,000 ©143Y A=
JAzeE e Reg Jelgrh oAL omix
£ ATolA ALRE BdF elad AEe] sulfo-
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7t 744 Zot 124 A RE 40T ey
=7t 43 F718d 149 Fole 2 AQY- S
o] 30CE 2339t 28lm 50CANE £2 of
ggAdo] ¢4 Aates Aoz Vel oy
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A g+ 2lade dAE o AA wede
AE BAdFct 1 olf& ol 71A W§sta] g
U 2y g Fe4 7o Axy Tz 49
F glch, dutdoz e 7o AEeE pA3
2 UEe AFE g T3uFAPit(saturated
long-chain fatty acids, SLCFA)S.2 o] &ofl y}
ol F24 T B2 XA (unsaturated
long-chain fatty acids, ULCFA)2.2 FA =T},
o714 ngAate] 234 =(SLCFA/ULCFA)
€ MEY {54 4%E FE 7MY Fa% 82
olth'” olgjg FxAQ BN & FFAH I
°|2 aceticlastic methanogeno] £4 &2 s
ngoM o AEA wHePde AL Hwast
Lettingga'®<l o8] Bnd w k. AF7AA @
714 28telA glade] dARE vyhEe g4
3 W3AA gL dFojct. a3y ded e
Aadg ¥5Y Bz AAHSE Ao o]
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Fig. 2. Effects of temperature on the ace-
tate-utilizing methanogenesis without
lignin (a) and with 2.6% hardwood
lignin (b).

RLHT F2 YU 20t o AAHYGE T F
At
agn @714 AgeA A o] ©tE 1
A g glade] 9% ¥487) H3lo 2
g A7k ¥%E 399 2.6%2 adg A
7H & Aol 25 A9 $28 4 10%,
20%% 30%E WHAIZ. BadEg FiskA) &
%& A9 Aad & FEAE Aol 25 &8
29 F2rt ¥2@ EFE VISR & A
o2 vyt gladg HrkeA }¥uE A, €
A FE7F 20%Y Wt 10%Y W) oy
£x9] Aol 30%%Y W} 20%Y el veAy
29 ol FugHer T Aoz eyt
(Fig. 3).
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Fig. 3. Effects of anaerobic sludge concen-
trations in the methanation of ace-
tate without lignin. (AnS: anaerobic
digester sludge)
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o] #2ix] Fro] & vigdSEe ol
adE #AlEkR ge AR 49 2 Aes v
elgtt}h, Fig. 37 48 BHY &8jA] %o ©g o
gA4E&zE gade AU A9 6UAs A
7FetA] @& 7399 TdHl vlmA & Aol & e
W3ltt. Fig. 3904 64A9) wagyAd4Es} 2zt
0.15, 0.57, 0.95 mL/Y2A Fig. 49]4 7¢x 9]
e & x 32,66, 61.47, 71.84 mL/Yel v]3)
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4 At o A P14 4sldA &eix 9 Fx
7t #29 ¥€%, § L/AnSe] ¥/} Rtod #g
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Fig. 4. Effects of anaerobic sludge concentra-
tions on the inhibition of anaerobic
digestion by hardwood lignin at 30<C.
The lignin concentration in the
medium was 2.6%. (L: lignin, AnS:
anaerobic digester sludge)
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Fig. 5. Degradation of high molecular hard-
wood lignin in the anaerobic diges-
tion, at 30°C. The lignin concentra-
tion in the medium was 2.6%. (L:
lignin, AnS: anaerobic sludge)
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4. 82 E
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17.89% 21.1do] 2851},

2) 50T =AM, BadE Mt ¥ 3
Dol 27 743 A AAE W o
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dol A AAE wrhrt 129 F5E vigA
dol A4 ez ojRolHT},

4) ¥r714 4a3dM A9 =/ ¥o9 ¥
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