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Optimal addition of aerobic fermentation sawdust in landfill sludge reuse

WANG Jiejie', YANG Jinyan'?, CHEN Buzhang', YAO Bo', PEI Jianchuan'?,
LI Mei'?, ZHONG Ling', FANG Yufei'

(1. College of Environment and Resources, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. Water
Pollution Prevention and Control Institute, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] The objective is to explore the optimal amount of sawdust during landfill sludge
fermentation so as to improve the potential of sludge in landscaping. [Method] Three groups of fermentation
materials, i.e. C/N20(T;), C/N25(T,), and C/N30(T;), were prepared by using sludge from a landfill in
Hangzhou as the main raw material and sawdust as a conditioning agent. Through batch aerobic fermentation,
the changes of physical and chemical indicators such as temperature, pH, conductivity, nitrogen, phosphorus,
potassium and heavy metal forms were analyzed. [Result] The fermentation was a typical medium temperature
fermentation (30~45 °C). During the fermentation process, there was a significant difference in temperature

between different sawdust additions (P<< 0.05), and the pH increased first and then decreased, which was
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significantly affected by sawdust amount while the conductivity was less affected. The ammonium nitrogen loss
rates for T, T, and T; after the fermentation were 30%, 47%, and 42%, respectively, and the nitrate nitrogen
rates increased by 8.25, 6.27, and 3.85 times, indicating that the addition of sawdust had a great impact on
nitrogen. The growth rates of total phosphorus for Ty, T, and T3 were 7.0%, 11.8%, and 10.8%, respectively,
and the proportions of available phosphorus were 8%, 9%, and 9%, respectively. The growth rates of total
potassium were 27%, 36%, and 44%, and the proportions of available potassium were 8%, 12%, and 17%,
respectively, among which there was a significant difference in total potassium between T, and T, (P<<0.05).
The bioavailability of Cu for T, T, and T; increased from 32%, 38%, and 40% to 72%, 74%, and 74%, and the
bioavailability of Zn for T;, T, and T; increased from 84%, 85%, and 86% to 96%, 98%, and 97%, respectively.
There were significant differences in bioavailable and oxidized Cu and Zn under different sawdust addition
levels (P<<0.05). The fermentation products of the three groups had no toxicity to plant growth (/5> 80%),
but the toxicity of T, was significantly greater than that of T; (P<<0.05). [Conclusion] The pH, nitrogen,
potassium, bioavailable Cu, stable Zn, and seed germination index in the fermentation process are significantly
affected by the amount of sawdust (P<<0.05). The indicators of the three treatments are all in line with the GB/T
23486—2009 limit standard for argillaceous alkaline soil for landscaping, of which T, has the most reference
value for sawdust control in fermentation process. [Ch, 6 fig. 4 tab. 27 ref.]

Key words: landfill sludge; sawdust; C/N ratio; acrobic fermentation
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Table 1 Basic physical and chemical properties of composting materials
IR pH FTKRI%  HHB(g kg  BiR/(gkg!) BE/g kg RA L H/(mg-kg™) /(mg-kg™)
15 7.26+0.04 69.40+0.46 651.5+1.2 183.38+1.24 26.90+0.92 6.80+0.21 1793.36+£29.90 3152.02+57.14
YN 5.51£0.01 12.38+1.00 997.0+0.0 481.52+0.12 2.20+0.04 218.90+9.00 8.30+0.21 15.54+0.50
#0.045m’ min~'-m”, FHK 30min, HK 20:00 1% M
MEPRIREE, JEFH5 0. 3. 8. 14, 54 K 9:00 BUk, R
BHELE 3 :
13 AmAE S R HTEETIETECT O — ik R 2
SR FHAR T 2R BE T 22 0 2 v ) AR B A (N W
Vi 0 B R K IR RLE 1:10 A, 725 /S S ReSEsa S iE | —
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S S Y T S S s pd
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Figure 1  Sketch map of static fermentation reactor

R A AL PR B HE Iy 5 L 0k, A A U 4 50
BRI EAL PR AR S MO e, RV o B 0 B R S AN S A BB OB RERNY, AR
BRI RS R SRR, SR T B0 e R FH SR A R DGR AN AR B 3 B
KV B 2 mol- L i MR VA MR IR $21: 1% o 43 J& 45 8 25 I 2 >k H BRCUH 2 [R) (AR #E ) 5 )71 (European
Community Bureau of Reference, BCR) PUAL4E LY, 4 8 4 i I R F AR i 48 = AR -T2 (HCLO,-
HNOs) JH& M, HEBEAS5 E TR ESHEIE{L (ICP-OES, Prodigy 7, Leeman, FE[E) ME ., F1 &%
B O A SR R S R ke i AR R 103, AR L h E RO, S mL IR T A nE 40
20 Ki/INFISR Brassica campestris FiF B IEFRILA, 25 C ROERESR 48 W, FHE A O HRUE =
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Figure 2 Temperature, pH values and electrical conductance values during sludge composting process with different amount of sawdust
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Figure 3 Nitrogen contents during sludge composting process with different amount of sawdust
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Figure 4 Phosphorus contents during sludge composting process with different amount of sawdust
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Figure 5 Potassium contents during sludge composting process with different amount of sawdust
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23 ESRERESBERSET

3 SR IS AN ) A A T B s R P A L BESE 2 PP ER 4 JE T B I A I T b, A5 R
222, REVWEREIRT, 8. BEESEGE T GB/T 23486—2009 (3 #E 15 /K Ab B V5 e Ak & el ke ik
FAVE ) it 3875 Y g BRAE,  JHE b el o i 0 BOHbR 19.5% . S RB TN R S, R ENRFEER
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Table 2 Cu and Zn contents after fermentation with different amount of sawdust

Hil/(mg- kg™ B /(mg-kg ")
Qb3
K BER A K BER R
T, 1075.304+7.23 1295.06+80.62 1 734.76+45.26 1 985.38+21.49
T, 970.76+6.03 1024.01+3.18 1514.27+17.16 1 615.77+4.75
T 816.38+4.70 916.96+11.66 1240.61£20.82 1346.57+16.14
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Figure 6 Distribution of Cu and Zn during composting process with different amount of sawdust
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A, RUBEMAED TR S K. X ATRE B S A VTR MRS, R, T,. T,. T34
AT R FHZS AR5 84% . 85% . 86%. K Meid A HaF iyl i SR 25 A n] AL S 0 Be R IRAIR, 155 R 7 i
AOrBCRIGIN, 0 B T LA RS I RRARIE . RS RS, AR T, T,. T WAyl R AEE
TR K 96% . 98% . 97%, FWAKEEMEr S TAYWAHMIEE A, X 5HEEZHEN . GiEd
L0 B BIF ST 45 A —E

AR S I A W R R A B AR B RS R A 3 B o T DK VS R X 2 I8 TS e
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(P<0.05), XtFA=8a] F S A B & (P<0.05), AJE G = Al ARS8 dfase
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£33 ABARBMEINAFLERSSERELNZM (REEFTES)

Table 3  Effects of different amount of sawdust on distribution of Cu and Zn during composting process(univariate)

AR 254 2 5 2 AR A L 5
A BERR T .
R T " E%Ef BERR A ) H:ya]
WS RS RS Rk AEES WAkE SRES R

s ! FIFIAS s ! FIHZS
Prim 0.02 0.08 0.02 0.09 0.01 0.02 0.24 0.20 0.00 0.34 0.47 0.00
Pri13 0.01 0.00 0.01 0.19 0.00 0.01 0.02 0.04 0.03 0.05 0.05 0.03
Pryr3 0.02 0.06 0.05 0.01 0.00 0.05 0.27 0.27 0.04 0.07 0.62 0.03

24 WFERZFIEE ()

Pl & 2R B0 RAE S R B IS W15 I AR Y 0 B2 AR AR AR 2 — o 2475 R AR MO e 58 i
I AR KT 70%>, REFFTIGIRERE I N 34.7%, XFFRZEMEIERESR. T,. T,. Ty KEEIRET,
Ig GEiH Nz 4 Fion, 0dWF T, Ty, Ty (0 IGHH 70%. REWITEMEE, I %8 FIHE Bimi, &
SRS R T, 7R 8 KT, HEATTA NIRRT E R AR . 28 . BRGEREEY
BT, XHEPAR AR . WA KB SETT, YA, RTRI A SRR R EOE
YHEPE K EE RS, (ESEE 0T, KRS RE, T, T,. T3 89 I H 518 164.2% .
186.4% . 160.2%, Wrn T, XFpFaptEfe/h, M HGHH I AR B % 225 (P=0.04), VLIIFT &2
FEEZ A TE BN A

R4 REIRBMHTRIFREY U BEEIT

Table 4 Statistics of different amount of sawdust on seed germination index (/) during composting process

I/%
Hif ) /d
T, T, T
82.749.5 Ce 86.7+9.9 Be 103.2+5.8 Ad
103.7+7.4 Cd 133.942.2 Ac 127.5+6.9 Be
8 162.8+10.1 Cb 184.8+6.6 Ab 172.6+4.3 Ba
14 142.6+23.7 Ac 105.8+8.7 Bd 96.8+10.0 Ce
54 164.2+18.4 Ba 186.4+7.5 Aa 160.2+13.6 Cb

BEIA : RJRIR S FhE 28R [l — I a) A ) Ak B ] 22 5 B 35 (P<<0.05), AN[E)/INE FER 7 [a] — b FROR [R] i 7] 22 57 i 25 (P <<0.05)

3 4%

U S BT 3 O TR B B Rl Y BERTRR IR B B SR 3 BB, AR TE AR R IR . pH., AL
B AR S L RRRE AR I A REEYERZ R (P<0.05).
AFIAE BN AL PRI 5 e, 28 WS pH. R B M & I P57 GB/T 23486—
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