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Abstract

This study used an aerobic batch reactor feeding TMAH (Tetramethylammonium hydroxide) con-
taining synthetic wastewater to evaluate TMAH degradation and microbial community changes in
the aerobic batch reactor through different influent TMAH concentration. Based on different in-
fluent TMAH concentration (0, 1000, 3000 mg-L-1), TMAH 0 mg-L-! showed a good nitrification
reaction, and the proportion of Gemmata genus in the Planctomycetes was higher than that of the
other two groups. With TMAH concentration increasing, the relative abundance of TMAH 1000
mg-L-1 was high, and Proteobacteria and Bacteroidetes were the new species. Afterward, the dis-
tribution of TMAH 3000 mg-L-! strains was affected by a combination of factors (high TMAH con-
centration, nitrification inhibition), and the total amount and abundance of the species were spe-
cificc. Among them, the Reyranella genus in Proteobacteria was obviously higher than TMAH 0
mg-L-1and TMAH 1000 mg-L-1.
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1. 51§

LS LCD 4/ L2 i H TMAH fE 8B, TMAH 2 —MEAHEMMNSE G, %
B WUR K ELA ol R s . H A A EORRE R A R ] TMAH HEBORE, H BT8R R
ROARETK, GUERREREIT e B XI5 K T K8 22 G0 5 5] 3 L R BaR KR, BT ARk X
B R WAB IO K S ARAE, H TMAH 29\ — B HI(TMAH < 30 mgL ™).
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Figure 1. The structure of TMAH
E 1. SECMREEREHRE

AN F I 5y 72 ON(CH) NOH, g5 1, HarFER o115, £ —ME @y,
HA B (Amine) SR 2T /K. pHIEKT 13, /KRGS OH 2. TMA (L Kk, 2008)
1]

—

AT B BRI U ST LAY 0 il R K H 1 TMAH o FGE SR A TR 20 DU FR 22 4 3 R AR g 42
F S DAE S A A S N DY A P B e 1 = FF BE JH (Trimethylamine) . — H 3% (Dimethylamine).  H
L[ (Methylamine), 1 fEBEE ML FE, HEE(HCHO) SR R 2 #0B i K (Anthony, 1982) [2].
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®The biochemicsstry of Methylotrophs. (Anthony C, 1982.)
@Beyond nitrogen metabolism: nitric oxide, cyclic-di-GMP and bacterial biofilms. (Rinaldo et.al., 2018.)

Figure 2. Mechanism metabolic pathway of TMAH
2. TMAH BYAE#IRIIRE

A G ARG A W e AR A AR S S PR e SR BRORT R B TR SR S R, AR AR P SR AL - F NH,-N
(I NO3-N. NO»-N (38 J5K 2 B A U<, DU R L BRE A B I[3]. iRYE L EAH G SCBRIC
TMAH PR BRI 2.

Lei & N[4]0F A0 T —FETELF AR A TR EL A S TMAH. — 2 51 fA(DMSO)Fl B 2. i (MEA)
BIREAK, TAMFETEIL N #B AT e PR TMAH. 746, SCRREERA Z 0] DLor i TMAH 2349,
Mycobacterium sp.~ Pseudomonas aminovorans (Urakami et al., 1990; Ghisalba et al. 1985) [5] [6]R] i -4 1)
IR N TMAH. RREMATE T 5 Methanomethylovorans spp.~ Methanococcoide spp.fll Methanosarcina spp.
B E R R TMAH K9V 71(7].

I AE P e K AR S RS A BB 7, AR EIR LS K BRI A & VIR, HAs
R B2 A 7K 5 75 G A Amr AR R A AR B AR B8] [9], BN IFE AR IR EE RGN . A WA 73 A5 Je i 4 5507
MBI EEIEH . TR, MR Z PR 5T e TR 4 T EHOR[10] [11] [12],
Iy ER R LA B B R P A SO A, 38k 4 B ) R AT A SRR TR il rh PR AR A P 2L i S
A, T A TR OO S R R Y HEAT 2 B R, R oA I oK R BE FR IR, SRSt
WA L B SO v T I RS0 [ 13] [14]. 110 16S rDNA 385 /E N4 @ LE VW AR IEAZ TR
51, 16S rDNA & HEAT i sl e A A AE A 15] [16]. AWFAR EZR A llumina MiSeq U7 H AR 7
AN[E] TMAH ¥R BE T XL R AR A VR V& 4500 22 S A R

2. EWEFE
2.1. iTiRFEIBEERE
2SI 56 AT AE B RS AL V5 Y IR T BV 5 SR T W R B YA RE A, IR I N 2% P i#E7K 2 FFH RO
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AKANTEHIEEAE TMAH RS EK . #RSSE ISR N NHLCL A2 UK B4 200~400 mgL™
FA, RSN EEF LT 0, SLI0 A pH 424 T 7.5~8.5.

SSREE IR, A F IR TR AR IR AR RN SR HUE . & 1 NN
IEAIL AR S5 (=18

Table 1. The initial and final concentration of wastewater quality

1. FEEKNIES &LEMRSD

415 A 5 B HialC
TMAH 0 mg-L™ TMAH 1000 mg-L™" TMAH 3000 mg-L™"
Vagiipg:| L] & Wi R%& Wi ®4
NH;-N 228 1.5 234 62.5 243 232
TMAH - - 1107 <10 2713 1080

R mgl .

2.2. BAEE
AT I Z KT M A I pHL NO,-N. NO,-N. NH;3-N. TN 2 284k 5355 TN 52 & ) TMAH
WEERETT WSS TMAH BIFEARIG 0L, 72 2 N TR Z 8T 77

Table 2. Methods of analysis for wastewater quality

® 2. KRZEENNGE

gE| T3
SS Standard Method 2540 B&D
VSS Standard Method 2540E
NH;-N HACH Method 8038 Nessler Method
NO,-N HACH Method 8507 Diazotization Method Powder Pillows or AccuVac® Ampuls
NO;-N HACH Method 10020 Chromotropic Acid Method Test ‘N Tube™ Vials
TN HACH Method 10072 Persulfate Digestion Method Test ‘N Tube™ Vials

2.3. WEYIAERZERL. 16S rRNA EEMFFEE(Amplicon Library) 3y SEiBERIF

N ZHEAT 16 KI5, HFE%E Genomics (Taiwan)/A 7 AT HUAE WAL IR SR T , M0 04k
K AR FF AR Tlumina MiSeq 2000 sequencing system (San Diego, USA).

3. ER51T1i8
3.1. HRUFRES

Fii B 2k (Rarefaction Curve) H IR AL AR S ZREVERT 2R, o] B B2 S el 7 s i & 3, JF
A2 S BRE S R (R T s R . P RE R BT, DA IR 00 3 25040 15 0T 7 (1 470 b 5 S s it 4%
WE 3 Frs, AEEHLIECOI FEECE KT 30000 450, dhZkam TE, RN EEE RS A, 52
5 R R BT B OUT (Operational Taxonomic Units)il R sk & /N o 1M 2400 P B A R, 40 B i
7% OTU HUERI N4 B (TMAH 1000 mg'L™") > 415 A (TMAH 0 mg'L™") > 415 C (TMAH 3000
mg- L"), FHI5 B (TMAH 1000 mg L™ )YiA: ¥ & 1 B 55 i T AR 5
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Rank Abundance fIZ&(15] 4) /Bt T FE G R ARG 8 BEAS ST . MoK TR is FEIOR, R
FE R MRy 2 I RO, R R S R AR 3 SRR A K. B 4 IR
351415) B-TMAH 1000 mg-L™" [RHI 2G5 B, ARFDAI I F & B T H A P4
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Figure 3. Rarefaction curve for Sample-A, B, C

3. HEmEVERR L E

10° ! ! ! ;

Relative abundance

10°

i i i i
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Figure 4. Rank Abundance curve for Sample-A, B, C
[& 4. ##85:H9 Rank Abundance B2k &

3.2. AEEMFESERE

7 3 ATAL, 400 A-TMAH 0 mgL™' 3 EIIHHE R SIEOEE 76,832 2% Tags, 11 97%I 7 FIAH LI
AR, T43H 2809 4 OTUs, 145 40,260 4% Unique Tags, 40,247 4% Taxon Tags; 25 B TMAH-1000
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mg L™ B I PHEF I BOL A 78,493 4% Tags, 1E 97%HIFEFIMMIESAE T, AT43 N 2651 4~ OTUs, {2
$% 43,352 4% Unique Tags, 43,335 & Taxon Tags; 21 %] C-TMAH 3000 mg-L™" 5 2| (5 5 51 50t 74,489
2% Tags, 1E 97% T FUARIMPESAE TR, 71409 1851 A~ OTUs, 45 38,180 % Unique Tags, 38,180 & Taxon
Tags. MIXEEHRITTLLE N, AWML RS &4A TMAH 1000 mg L' %, H'5 TMAH 0 mgL ™' #4:
YIHEBREZRAKR, HEFEEET TMAH 0 mg L' & 1% TMAH #2754 3000 mg-L ™' SR GEY
MK B E AR L — . TMAH IS B N I B A 3 s, (HIRE I 3 — e L)
i, TMAH 83 PE 20 i A e K i 28 /b

Table 3. Numbers of Tags and OTUs
% 3. ¥ESRY Tags #1 OTUs # B 4eit

OTU
5 Total_Tags Unique_Tags Taxon_Tags OTUs
AO0mgL™ 76,832 40,260 40,247 2809
B 1000 mg-L™ 78,493 43,352 43,335 2651
C 3000 mg-L™ 74,489 38,180 38,180 1851

FesH E) OTU BE nf B FEEE, vt—0 o HAFh=F & E 5 20(Community Richness). %)
Fh515] FEFE 4 (Community Evenness) LA S % 2 #5145 £ (Community Diversity). #9F0& F& RN YR
BH, BHEZREEFEER, LSRRG . YRI5 U — AN R SR SR E
(o BRI, St AR AR S B FL 3 SRR, — AN EESE R SR MRS B AL, 0%
YIRS S B v TEMDAY S AR R L N At S B 2, Ut B PP 22 1 1l s

R OTU K& AT L TR, UMK T 5 0, XA 3T — AL 2], A R
i Z H) G FUREE [ OTU H 4 fE (1] 5). MBI aT LLEEIE AN FIRE & OTU # H 4H el Ll i &
RSN, 3 AMEERSEA R OTU #H N 105, AFEFESH4FA OTU FHUAZLA] B-TMAH 1000 mg-L™" £
(155), #H5] A-TMAH 0 mg-L ™' ¥k (121)41%] C-TMAH 3000 mg-L ™" H{%(57)-

A-TMAH 0 mg-L? B-TMAH 1000 mg-L*

C-TMAH 3000 mg-L?

Figure 5. Flower diagram based on OTUs
5. T OTUs LML E

3.3. TMAH REMREYE E LN Z #I

FiE fh 25 A (TMAH 0 mg- L™ P A0SR LU IR 36958 14 N1 26 MR 514H L 71 MR 1134
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OmgL-! 1000mg-Ll 3000 mg-L -

-~ i

k_Bacteriasp_Proteobacteria 368% 283% 35.0% 47.4%
k_Bacteria;p_Planctomycetes 20.1% 25.5% 14.5% 20.4%

\_‘-‘ ‘ k_Bacteria; p_Patescibactetia ‘ 15% ‘ 0% H 27% H o
- | Kk Bacteriasp_Chloroflexi 332% 37.9% 362% 253%

’ | ‘ k_Bacteriap_Bacteroidetes ‘ 2.6% ‘ 13% H 62% H 03% ‘
- Ik Bacteria;p_Actinobacteria 5.0% 55% 3.9% 5.6%

Figure 6. Relative abundance of OTUs assigned at the phylum level
6. FPERRRAIZEERK

OmgL ! 1000 mg-L ! 3000 mg-L !

k_Bacteriasp_]

I 5 g 55%  03%  24%  140%

‘ - H ctom 3 t £ Gema > H 12.9% ‘ 231% H 103% H 4% |

[ | e e e e T G R

319% 358% 350%  247%

Figure 7. Relative abundance of OTUs assigned at the genus level
7. FRERARBZERERK
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J& K 113 NFl. LT T 2R290KE, Chloroflexi N # . Proteobacteria X2 iR /& Planctomycetes (/4] 6).
LB RIZH KT, Caldilineaceae (Genus uncultured) NEAR . Reyranella {2 FiK & Gemmata (K 7).
205 B (TMAH 1000 mg-L ™) /7115t 2 LG R 64420 18 AN 32 A4, 65 A~H . 96 AMEE 150 M@
Ko 175 ANFfe LLIT2REH KT, Chloroflexi A fi# . Proteobacteria X2 il /2 Planctomycetes (I 6).
LLUB I RIZS KT, Caldilineaceae (Genus uncultured) NI AR Reyranella IR 2 FiK 7% Gemmata (] 7).
#173) C (TMAH 3000 mg L™ )P AU FE L R 3L 8] 14 AMTTL 23 AL 46 NH . 62 MR 97 MR K
113 M. U382 KE, Proteobacteria A fL# . Chloroflexi X2 F K2 Planctomycetes (< 6). PUJ&
193 RIZHAKT , Reyranella N Caldilineaceae (Genus uncultured)iX 2 F§K & Planctomicrobium (7).

34. HRERESH

Alpha 2 FEPE 32 BRI RE S A IEE VIS AR, @I 2 AT VT Al SR8 R A B o AR = =
MEFEERIZER . FAFEREER T 7% T AR — OUT, 8 #ANZIR H [F—/Mh(Species
Boundary) Fif3f] Alpha ZFEVEFREICF- A W12 4 Fs 0 HTRER Bl BUORE RUI 2 AR P 25 5 Coverage
BIeT 99% R UTIN P2 A8 55 FEiF H AR m 5 ReRgARRFEAR I B 51510, Shannon FE¥UFT Simpson
FREON 2 S b = s BE RIS ST FE R 2 NS4, FUAEBRRAME TR 5) . BVE 2R, IR
4 AL, 3 V% Shannon ZFEMEFREUR Simpson 2 REMETREHER 20 B 8415 B (TMAH 1000 mg-L™)
> 253 A (TMAH 0 mg'L™") > 415 C (TMAH 3000 mg'L™), 455RMmKE TMAH R4 A EBEE
RPN BUK. Chaol FREURAZ S TANEREARY R £ 5 FE R0 TR, RIN4 B (TMAH 1000
mg L HER K. 413 C (TMAH 3000 mg L") AK, RUIFTHBENFE B, EEFEERIK.

Table 4. Diversity index of bacterial community

4. WMEMREESHMER

FE A R BHEZ R WHEERE W PR FE
N e . . B
W 7% Shannon 5 %{ Simpson %1 chaol
Goods coverage %
4
A él 4.329 9.627 424 100
0mgL
il B
1000 mg-L" 4.629 10.028 476 100
Hil C
3000 me-L" 3.746 6.789 276 100
3.5. A

T SRR ERE G R BEIE S5 22 5, 6 OTU 34T 2 7 51 LE Xt I35 T Weighted Unifrac #7555
¥ A2 22 JE AL 2 P 25 SR 2R HE B (Unweeighted Pairgroup Method with Arithmetic Mean, UPGMA )45 844
8 fi7m, %) B (TMAH 1000 mg-L™)AIZL5%) A (TMAH 0 mg-L )AL e, 4H50 C (TMAH 3000 mgL™)
5 AR S BE B Bz,  ARACLRE B A
3.6. Z&itie

e S(A) LRI HT 45 e &N, -85 1 1(Planctomycetes) T () Gemmata J& T-405) A 5 22.52%, £
HA B M A CEIE>E10.29% % 5.13% Tk [ 1(Actinobacteria) 1 ) Rhodococcus J& T 45 A i 2.68%,
TR B A C DA <2%, FHXEE S, R TMAH X Gemmata J& 2 Rhodococcus J&AHK
AP HIAE A -
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48

Weighted UPGMA tree group by Description

3.0 — A-TMAHOmgL*
2.5
2.0 L B-TMAH 1000 mg-L !
1.5
1.0 C-TMAH 3000 mg:L
0.0 0.2 0.4 06

Figure 8. UPMGA phylogenetic tree
8. UPGMA R E

7 5(B)E 41 B (TMAH 1000 mg-L™") 5415 A (TMAH 0 mg-L™)AHEL 380 TMAH ¥ B (48 S 1,
N T HEREYA . 2 H T (Proteobacteria) Brachymonas J&. AT [ ] (Bacteroidetes) Flavobacte-
rium &), HEMEEEHBE R, HEEMT TMAH KE 3000 mg- L' i, 345 EBUR, Z2mEHK
& TMAH — € f2 1M o

AFJEL T | J(Proteobacteria) ' [1) Reyranella J&IEH HIES B ARG E M, MOCHIFRM, B IEE
VIR L 25 e g e bt G SR ER[12], BEE TMAH IR EESG A KA AA L 5T 77 5 n
HHT Reyranella J&ETH, ARV NEAE TMAH WML EWME N, U ERRTEER]
(Planctomycetes) Planctomicrobium J& X T H | 1(Proteobacteria) Castellaniella J&] 7 Lt o 2 I Y I

Table 5. (A) TMAH inhibition (B) relative abundance of TMAH 1000 ppm (C) optimum bacteria of high TMAH concen-

traion
5. BTEFIH(A) TMAH #1$(B) TMAH1000 33 EEE(C)=ikE TMAH RiEE

N - 2050 A Al B Al C

S5

HBURH LSS 0 mgL" 1000 mg-L™" 3000 mg'L”!

Gemmat 22.52% 10.29% 5.13%

(A) TMAH i)
Rhodococcus 2.68% 1.86% 1.74%
Brachymonas 0.00% 0.24% 0.07%

(B) TMAH 1000 AH %t & B

Flavobacterium 0.00% 0.18% 0.01%
Reyranella 24.05% 26.55% 37.54%
(C) Mk TMAH 5 Planctomicrobium 0.29% 2.43% 13.36%
Castellaniella 0.12% 0.18% 4.50%
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B 2

fren
=

4. #ig

AU LR MR R, KAV Z R

1) WS AGNEPIFN 20T LLE s TR GE R B2 0 A 35 4 3 32 225k [ A8 1 1 (Proteobacteria)
¥ %5 1 J(Planctomycetes). %#25 & [](Chloroflexi).

2) A% A TMAH 0 mgL™" ZHR LRI RN, )8 2 450 4R % % 14 1] (Planctomycetes)
Gemmat J& I ELB L AP 24 5. 259 C TMAH 3000 mg L™ i B R AR FE T | ] (Proteobacteria) Reyranella
JEIH R LA A KR B .

3) M E RIS B (TMAH 1000 mg-L™") > 415 A (TMAH 0 mg-L™")> 45 C (TMAH 3000
mg'L™"). 405 B (TMAH 1000 mg- L) 541%] A (TMAH 0 mg-L YL, 3h1 TMAH 3K AR 0, 7T RE
W TR, R+ R

4) HHEBETE OTU BERI AL A (TMAH 0 mgL™") > 41%] B (TMAH 1000 mg'L") > Z05] C
(TMAH 3000 mg-L™"). IR E TMAH 3000 mg-L™" HFh 43 #i %2 238 2 K K (TMAH K & fStL/E R
WA Zosem,  AILALRE fh B RS L, b S B R B R S
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