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The effect of microbial agent and phosphorus—containing additives on compost maturity and pollutant gas
emissions during sewage sludge composting

LI Wangwang', LIU Yan®, LI Guoxue®, YANG Jia>, YANG Yan®>, MA Ruonan’, YUAN Jing™

(1.Hubei Xiaohuan Environmental Technology Co., Ltd., Xiaogan 432100, China; 2.Key Laboratory of Farmland Soil Pollution Prevention
and Remediation, College of Resource and Environmental Science, China Agricultural University, Beijing 100193, China)

Abstract: The effects of VT microbial agents and phosphorus—containing additives (superphosphate and phosphogypsum) on compost
maturity and gas emission during dewatered sludge and corn stalk composting was investigated in a laboratory—scale system. The results
showed that microbial agent addition had a higher final germination index (GI) , (126%~158% ), which significantly promoting compost
maturity. The microbial agent combined with superphosphate reduced NH; and H.S emissions by 63.3% and 42.8%, respectively. The
combined addition of a microbial agent and phosphogypsum reduced NH; and H.S emissions by 97.6% and 54.4%, respectively. All
additive treatments reduced CH, emissions and microbial agent addition reduced N,O emissions by 30.7%. However, combined addition of
the microbial agent with superphosphate or phosphogypsum increased N,O emissions in the early stage of composting. Two treatments
involving phosphorus additives increased the total nutrient content (TN+P,0s+K,0) from 18.3% to 22.9%. Therefore, combined addition of
the VT microbial agent and phosphorus—containing additives is an effective method for improving the compost maturity and reducing
pollutant gas emissions.
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Table 1 Physical and chemical characteristics of the raw materials
" P N\ -\ i 0
T B R e R s i
Wi 7K 5 Y8 Dewatered sludge 85.39+0.85 23.28+0.04  4.00+0.03 5.83 7.76+0.35 0.52+0.04 7.09+0.08 786.00+5.43
T KFEFF Corn stalk 8.70+0.96 40.12+0.11 1.01+0.02 39.66 0.05+0.01 0.24+0.01 7.24+0.02 183.00+0.93
Tt PRI R E
Note:* Wet basis determination ;" Dry basis determination.
F2 WWigit
Table 2 Design of experiment
JOBL JBE K5 U FORFEFF VT 5 T WS WA
Treatment Sewage sludge/% Corn stalk/% VT bacteria/%  Superphosphate(SSP)/%  Phosphogypsum(PPG )/%
CK 85 15 — — —
VT 85 15 0.1 — —
SSP+VT 85 15 0.1 3.5 —
PPG+VT 85 15 0.1 — 3.5

e SEFWRIE . CK, 2 FUU IR VT AR NG R s SSP+ VT, V8 I G AL IR 55 s PPG+VT WS I & 7 Al i . R Il
Note:* Wet basis determination. CK, blank control; VT, VT bacteria alone; SSP+ VT, combination of VT bacteria and superphosphate ; PPG+ VT,

combination of VT bacteria and phosphogypsum. The same below.
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1. Air pump; 2. Lattice cell;3. Heat insulation layer;4. Compost
materials; 5. Temperature sensor; 6. Gas outlet sampling; 7. Automatic
control system ;8. Solid sampling ports ;9. Leachate samping port
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Figure 1 Diagram of forced aeration composting reactor
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Figure 2 Changes of temperature and O content in different treatments of sludge composting
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Figure 3 Changes in maturity index in different treatments during composting of sludge
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Figure 4 Changes in NHi—=N and NO3—=N content during sludge composting
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Figure 5 The emission rate and cumulative emission of NH; and H.S during sludge composting
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Figure 6 The emission rate and cumulative emission of CH, and N,O during sludge composting
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Table 3 Balance of carbon and nitrogen and total greenhouse gas emissions

Lb T V-4 * Carbon balance/% AP Nitrogen balance/% €O, 244 CO, equivalent/(g-kg™)
Treatment €0,-C CH,~C TC loss NH:-N N,0-N TN loss CH, N0 Total GHG
CK 39.5 1.1 56.0 31.5 0.9 37.1 11.4 62.0 73.4
VT 38.4 1.0 53.6 30.8 0.5 35.0 2.9 43.0 459
SSP+VT 30.4 0.6 46.0 17.0 0.9 26.1 2.5 63.0 65.5
PPG+VT 29.3 0.7 472 143 0.8 22.0 33 55.5 58.8

TE P IEURH I AR BBk (TC) FLE U (TND B 7 43 BE, FE T F SRt . CHL A NLO A3 2 5800 43 il 44 100 4RI ] JUBE, CO, 14 25 f5 Al 298 £ 1155 .

Note:*" The initial carbon (TC) and nitrogen (TN) percentages of the raw materials, based on dry weight. The greenhouse effect of CH, and N>O is

calculated on the 100-year time scale, 25 times and 298 times of CO,, respectively.

F4 R RITRSH

Table 4 Element analysis of compost products

JCZ Element  Hf#Unit CK VT SSP+VT PPG+VT
4 TC g-kg! 2442 2479 2236 23.63
Nutrient okg 251 242 261 265

P.0s  g-kg' 3825 4352 5153 5433
KO  gkg' 1878 1658 1629  16.20
Y Ca g-kg' 3395 3861 5135 4842
Mineral 1, okeg! 590 526 553 575
S gkg' 780 830 1421 1920
Fe gkg! 4988 5624 4621 4733
Mn okg' 086 073 073 0.60
Na okg' 204 179 179 1.68
Al okg' 872 970 830  17.80

HAE Cu mg-kg! 7842 6714 6842  61.44
Heavy Zn mg-kg'  715.64 68584 639.85 568.16
Cd mg-kg” — 0.02 0.1 <0.01
Cr mg-kg' 12618 100.68 8874  71.76
Hg mg-kg' 737 692 657 6.01
As mg-kg' 619 500  9.45 5.62
Ph mg-kg'  27.89 2838 3852  20.66
e —IRAERIZ LR 5 SR B AR T 353150

Note: —refers to below the detection line; Elemental analysis is

metal

calculated on the dry basis of the materials.
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