J. Korean Soc. Environ. Eng., 46(2), 48-56, 2024
https://doi.org/10.4491/KSEE.2024.46.2.48 KSEE
ISSN 1225-5025, e-ISSN 2383-7810 s

Research Paper

Performance and Microbial Community analysis on Denitrification
of Electronic Wastewater using Various External Carbon Source

Hyunjun Song’® - Taegeun Kim® . HyeonJung Cha® - SungYeop Jung"
JCnM Co,, Ltd. Institute of technology

(Received November 17, 2023; Revised January 4, 2024; Accepted February 5, 2024)

Objectives : In the biological denitrification process of electronic wastewater, the denitrification performance of
various types of external carbon sources and the changes in the bacterial community before and after denitrification
were evaluated through NGS analysis.

Methods : After selecting 6 types of external carbon sources, the concentration of nitrate nitrogen was analyzed
for 6 hours under anoxic conditions with a C/N ratio of 4 to evaluate the denitrification rate, and the changes in
the community distribution of bacteria before and after denitrification were confirmed through NGS analysis.

Results and Discussion: As a result of comparing the denitrification performance of various external carbon
sources, Ethylene glycol(EG) was the best at 79.9% after 6 hours, and the specific denitrification rate(SDNR) was
1.000 mg NO;-N removal/g MLVSS-hr. The bacterial community change using NGS was distributed more than
90% of 10 phylums at the phylum level, and Proteobacteria, Saccharibacteria, and Chloroflexi were dominant, and
among them, Saccharibacteria and Chloroflexi were confirmed to be bacteria contributing to denitrification. At
class and genus level, when a external carbon source was added, the number of y-profeobacteria increased in all
experimental conditions, but the distribution of denitrifying bacteria was less than 1.27%, indicating that various
bacteria contributed to denitrification.

Conclusion : In the case of Ethylene glycol(EG), it is judged that it can be used as an external carbon source, and
there was no significant change in the community depending on the type of carbon source injected, and various
bacteria such as Saccharibacteria and Chloroflexi contributed to denitrification and eliminated nitrogen pollutants.

Keywords : Electronic wastewater, External carbon sources, Denitrification, Next Generation Sequencing, Bacterial
communities
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2 I E9|: thFdt o Reralo] B Hla 23t Ethylene glycol(EG)0] 6A17F o] % 79.9%= 71 95313
o H]gd25(SDNR)E= 1.000 mg NO5-N removal/g MLVSS-hro] itk NGSE 0|83 uhgg]o} ¥ H3k= &
(Phylum)Z=Z=of| A 107} o] 90% ©o]A} H-3E3}W Proteobacteria, Saccharibacteria, Chloroflexi®] =2 & 9% 319
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T UAATE H(Class) oA HEEZ 4 Ayt BUE oReaY Ao et Ayt 2349 ZolE B
92.] yeproteobacteria®) 7§ TaAE FIT ABTONN BE ZIHEIT H(Genus) SzolA] T A}
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FEYOKNH)E FAF]2(NO) o= HAZA7] = 22 -
At o] I AAR Fg= Yol ofwgt A A A
A gkt sRR|YE gAY dAitol 9] $HelE XA
FFH o2 Ya/AR HF HelHt BAR A4st nzE
ik (Anoxic) 2404 dojih= AFS T FTHH(Anoxic
respiration) ¢l Ar3}-2H] Wh-g-olH {71&2 HAToA = &
8815 WAkl e Akh Al AASE AR ol gaiA ek,
o] el Tolsh B4 HrE|Plob hEAR 471 el
A & A(Nitrate Reductase, Nar), oFEALE gelsa
A~(Nitrite Reductase, Nir), AFsF& 4 2 & A (Nitric oxide
Reductase, Nor)9} 24 3 &4 (Nitrous oxide Reductase,
NosyE A4t =m 50| segtojilo] upeh 2 njlE=
E5eekFig. 1).
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Fig. 1. Total denitrification reactions and genes.

ZEAIH] G714 8 EAI(Next Generation Sequencing, NGS)
A ESE oA Y] A o Bt 7Hs st
ol AEsHa] A agoA o e AALE 24
WA Ao Pofal utdjziote] o] shsalet.
o)Zo| A= 16s rIRNAE 7|HHO 2 3= Amplicon sequencing
S A Holo] 7hsAdo] WAL Primerz ARES 4= QL
= 9] REHRQ(Conserved regions)E 71Xl Q1o PCR
(Polymerase Chain Reaction)&Z0] &-0]3}o] g 2o} 3
Ao A sl 16S rRNAS] 521% F(Species)-> 1980
1791204 &) 61,7002 o]A7H2] Z7}81e] 165 rRNA 7]
wel 2% G714 BARTE e FaEgleh
# Aol A W Aae AN HEH) 9
3 SRRl thekt R0l oREAUS gt et
SRS vty A QR Eade N TS &
sk} skl o NGSEAE s &4 -3 g eote
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1

AN VRS o ARH FHLUS F 6ERR AL
Z =2 Methanol ¥} A& 072 EA4]0]
22 Ethanol, 2127 = 9] Glucose, L TZ272] Ethylene
glycoli} Glycerol, Propanol®] ©|A&A| Isopropyl alcoholZ&
SagoR AAshgih Ethylene glycolo] 79 57147}
714 ZAo|A mE MRS 7} 71551 Isopropyl alcohol- &
slpetnglome] QA gol WaEx ekont 17
o+ -&(Methanol, Ethanol) % 37 §t4AE EZ3H6lo] @JFErA

Table 1. Return Activated sludge(RAS) characteristics.

Return

Activated Sludge 714

234 0.05

Table 2. COD and TOC of external carbon source.

Methanol CH50H
Ethanol CHsOH
Glucose CeH1206
Glycerol C3Hs(OH)3
Ethylene glycol HO(CH,),OH
Isopropyl alcohol (CH3),CHOH
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< o]&ste] SAsHt 7 B0 AREE F7124x(Total
Oxygen Carbon, TOC)2} Z724x(Total Nitrogen, T-N) 242
TOC-L analyzer series(Shimadzu Co. LTD., Japan) 2.2 43§
3tk 3712 MLSS(Mixed Liquor Suspended Solids)2}
MLVSS(Mixed Liquor Volatile Suspended Solids) &40 2
WiRks SefA e ndEe] w5 SRlskelth 2845
B7HE S8l WS SefA9] 27] A4k C/NH 4
of Aldsh= QH et COD. S 7|F02 £ 3 Jartest
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(Unit : mg/L)
25.49 7.70 22.0 4,760 3,450
555,750 162,600
682,750 183,200
375,250 106,550
607,250 161,800
543,000 147,300
875,500 222,300
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SDNR(mg NOs -Nlg MLVSS-hr) = 50 20 1)
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(Maker)& 3}of bp 7|5 Blastity. 7|96 Sl B
o] ek bpZ LrERIE AL 219l 5 Qubit HH|E o]
galo] @71 A ES Belshe 2 NS 7] Fre B
A3lA s Alste] slute] MER &3 & iSeql00 Reagent
(Illumina, USA)®]| 3¢]3}9] illumina iSeq 100 (Illumina, USA)
NS Bl A7IAEel E43) EzbioCloud(CJ Bioscience,
Korea)?] 16S-based MTPE Z3f =g 2o 3 3|43}
ot

Agarose 1%

3.1. 2 REIAH EH EHEYs §Y
core oReaYs B §
3} A3} Ethylene glycol(EG)S AR&3H oAl 79.9%=
7V 94235191 2.5 Glycerol(G), Ethanol(E), Isopropyl alcohol
(IPA), Glucose(GC), Methanol(M)2] <=A=Z 73.2%, 62.0%,
61.4%, 43.6%, 41.7%°] BAA S 2IrkFig.2, Left). 64]
7k ¥Hg 0] HEFUSE(SDNR)E AbEat ATloAs EGE
H71et Aol A 1.000 mg NOs-N removal/g MLVSS-hr2

g we Sold A EEsiglon olnead SR
w2} 0.512~1.000 mg NO;5-N removal/g MLVSS-hr H$] 2]
SDNRE zl= Aoz uyelytckFig. 2, Right). Grath M.

Home'¥] $1- A7} AAJH SDNRO] 79 0.332~3.328 mg
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Fig. 2. Denitrification efficiency of using various external carbon source(Left), Comparison of SDNR input external carbon source

after 6hrs(Right).
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Table 3. Residual concentration of COD.. 6hrs of denitrification.

COD¢ (mg/L)

33.9

36.9

36.2

JGC: Glucose 30%, ”M: Methanol 40%, “EG: Ethylene glycol 40%, YG: Glycerol 40%, ®IPA: Isopropyl alcohol 40%, E: Ethanol 35%

Table 4. Number of reads by NGS taxonomy.
Return Activated Sludge GC

EG G IPA E

Read counts 86,891 94,627

94,968

95,082 94,975 94,737 95,272

o7 gl mWtY? U3 FR® § COD.| IiEEs
hRIRE A3 MojlA] 83.5 mg/L2 7H g ©haflo] hRs)
Qo1 EG, IPA, GC, E, G& E3F AT XA AL 33.9~
384 mgl BT BRIk 219 < 2= 9lgirk(Table3). 413
%7] C/NH] 40 sfFsl= 25 ehag E0% % 93.6 mg/Lo}
YEuks e Ao Z3E COD,o 52 nes|E uf o
9] 67.8% o= At on HHago] 7P W
MejlA] 29.9%9] QJFeralo] 4u7h E dojul F Ut CN
H] B2 e 37.9%2] 2fo]7} sk Z1S 2elskal
ok g, 2o A9 g2idsol vis) 2T COD.7} Rot
o] #ofst= ute| 2o} o] 2] 9] g gjot2 e ANZFH]
of Za3 ThAaYo R o] &EGS AR wWhHEh

3.2. Htg|2|ot 2 2A

R o A WstE= v Rlol FRHEE NGS(Next
Generation Sequencing)S ARE-3lo] ArmHEgrow dHig| 2o}
H.2(Taxonomy)o]] ©]-8% Read counts+= 94,272~95,0827]| =
2] X(Significance) = 72 Read countsE 4,0007] ©]
oz mefe By @ ATeiTe] TURAL 3| A%
% Read countsi= §oJ4 Sl 59 A0E & = 9o
oetads AT HYE EFolA Reads countse=
84-9.19% Z71ete] SATHgolA 2] ezt A4 Eet %
7bE AL o % UsickTable ).
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Fig. 3. Phylum level taxonomic of NGS analysis input various
external carbon source after 6hrs.

3.2.1. E(Phylum) &=Z&2| gg|2|of 2 &HSt

(Phylum)===of| 4] &+7(Taxonomy) ¥l A 447 = |
2lok % 491 107] 2] 47} 90%014F EIghon] o) ek
29E FAsHA] o2 di2aty} vjus] & of 239 &
A ¥EkERlE itk 7H 2 e ARtk B2
Proteobacteria= 28.3~30.2%% 2.1 th&-0 2= Saccharibacteria

Table 5. Taxonomic composition of phylum in the top 90% input various external carbon source after 6hrs.

(%) Return Activated Sludge GC M {¢] G IPA E
Proteobacteria 28.6 30.2 283 30.0 27.8 29.2 283
Saccharibacteria 22.6 25.0 234 23.0 26.7 239 243
Chloroflexi 12.0 15.4 15.8 16.2 14.4 15.4 15.7
Bacteroidetes 8.5 56 7.0 6.6 6.4 6.8 6.7
Planctomycetes 6.1 5.6 7.6 6.9 7.3 6.9 7.3
Acidobacteria 57 34 43 3.7 4.3 3.8 4.0
Verrucomicrobia 3.3 2.7 2.9 2.5 2.6 2.7 2.7
Cyanobacteria 1.9 1.4 1.7 1.4 1.4 15 1.4
Actinobacteria 1.7 2.7 1.7 2.1 1.4 1.5 1.8
(%) 90.4 92.0 927 92.4 923 917 922
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Ql%itiFig. 3, Table 5). 7} & FXEE A
Proteobacteria’= %54 U] t}oFsl A X AN EHE =
gl2joto|H"™ Saccharibacteria®) 79 3714 4 FAAZR
oA grdof e = HH P oS AlAbehE At
Aok MnET UeE B, o BaY R 5 AP 2
T WSk} ol el Chioroflevi= S47 0 Fa T2
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Fig. 4. Class level distribution of NGS analysis after 6hrs of
external carbon source input.
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Table 6. Changes in composition ratio of Denitrifying microorganisms(%).

Denitrifying microorganisms  Return Activated Sludge

Hyphomicrobium 0.451 0.554 0.770 0.567 0.563 0.493 0.535
Acinetobacter 0.284 0.279 0.255 0.245 0.231 0.215 0.251
Pseudomonas 0.005 0.053 0.240 0.029 0.016 0.040 0.030

Alcaligenes 0.002 0.004 0.002 0.002 0.001 - 0.011

Achromobacter 0.001 - 0.004 0.00 0.001 0.002 0.001

Al 0.743 0.890 1.271 0.843 0.812 0.750 0.828

Table 7. Bacterial diversity indexes of the denitrification samples.

Return Activated Sludge GC M EG G IPA E
OTUs 1,592 1,698 1,650 1,636 1,642 1,679 1,651
Chao1. 1,743 1,837 1,759 1,754 1,753 1,799 1,758
Shannon 497 5.09 5.17 5.21 5.17 5.26 524
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Fig. 5. Principal coordinates(PCoA) analysis of bacteria by type of external carbon source.
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