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Biological Treatment of Ironworks Wastewater with High-concentration
Nitrate Using a Nitrogen Gas Aerated Anaerobic Membrane Bioreactor
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Abstract:

Nitrate contained in wastewater can cause eutrophication of rivers, lakes, and marshes, as well as contamination of
soil and groundwater, thus appropriate treatment is needed to prevent its release into the environment. This research
developed a new wastewater treatment process using nitrogen gas aeration as the existing steelworks infrastructure.
A demonstration test using a 4 000 L pilot equipment was successful in efficiently treating steelworks wastewater
containing more than 6 000 mg/L of nitrate. In addition, microbial analysis revealed that a denitrifying bacterium was
involved in the effective nitrate removal. This new process is expected to be used in various industrial sectors where

the treatment of wastewater with high nitrate concentrations is a problem.
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Table 1 Comparison of nitrate removal performance with different types of reactors

Reactor Wastewater Carbon Nitrate remov?l rate  Nitrate concentration
source (kg NO;-N/m”/day) (mg/L)

Expanded-bed reactor Electroplating wastewater Methanol 2.0 ~650

Stirred activated sludge reactor Metal refinery wastewater Acetate 2.5 ~1500

Packed bed reactor Metal processing industrial wastewater Methanol 3.2 ~280

N, aerated AnMBR Ironworks wastewater Methanol 1.1 5 300-8 000
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Fig.1 Overview of test equipment
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Fig. 2 Performances of the bench- and pilot-scale AnMBRs throughout the whole operation period; concentration of nitrate
in the feed wastewater (A, C) , concentrations of the nitrate, nitrite and TOC in the treated wastewater (B, D)
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Fig.3 The class-level phylogenetic identification of the pilot-scale AnMBR microbiome throughout the

operation. Classes with the relative abundances of >5% are shown in colors. “Other” in grey indicates
the sum of classes with the abundances of <5%. The average abundances of the 3 and 2 replicates are

shown for the bench and pilot scales, respectively
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Table 3 The 3 most abundant species in the pilot-scale

AnMBR AnMBR
. Bacteria Relative . Bacteria Relative
Species [D Class Specics abundance (%) Species [D Class Specics abundance (%)
Day 11 658 Betaproteobacteria Sulfuricella 77.61 Day2l 658 Betaproteobacteria Sulfuricella 35.24
denitrifcans denitrifcans
16926 Alphaproteobacteria  Hyphomicrobium 3.37 6792 Gammaproteobacteria Idiomarina 12,51
nitrativorans maritima
7571 Gammaproteobacteria Rheinheimera 2.90 15735 Gammaproteobacteria Aliidiomarina 6.88
nanhaiensis taiwanensis
Rheinheimera Day 49 16926 Alphaproteobacteria  Hyphomicrobium 53.87
pleomorphica nitrativorans
Rheinheimera 17 868 Flavobacteriia Flavobacterium 10.08
aquimaris gelidilacus
Rheinheimera 17 525 Balneolaeota Candidatus 7.32
baltica cyclonatronum
Day 39 16926 Alphaproteobacteria  Hyphomicrobium 25.83 proteinivorum
nitrativorans Day 78 16926 Alphaproteobacteria  Hyphomicrobium 55.83
658 Betaproteobacteria Sulfuricella 12.98 nitrativorans
denitrifcans 17 384 Bacteroidia Parabacteroides 9.24
16 513 Alphaproteobacteria  Defluviimonas 9.94 distasonis
pyrenivorans 13491 Gammaproteobacteria Halomonas 6.91
Day 77 16926 Alphaproteobacteria — Hyphomicrobium 68.35 denitrifcans
nitrativorans Halomonas
10 563 Alphaproteobacteria  Pelagibacterium 13.76 ventosae
luteolum Halomonas
16 513 Alphaproteobacteria  Defluviimonas 11.91 aquamarina
pyrenivorans Halomonas
daqingensis
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0~9 HED <TI3, 1HRAOMAEYH O XAFE & 13/ 2
= ORER Y b LN ZE L iz s, sl (x>
Fallt: 3~11 HH, sty Fidhi: 9~15 HE) <, Mk
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