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Abstract

The non-powered wastewater treatment device holds broad development prospects for small-scale ru-
ral wastewater treatment, and the types and structure of microorganisms inhabiting it determine the
treatment efficiency. To investigate the microbial distribution patterns in non-powered rural domestic
wastewater treatment systems, samples were collected from the upper layer (0.3 m from the inlet) and
lower layer (0.1 m from the bottom) of the device at different time points. High-throughput sequencing
technology was employed to analyze the microbial community structure in the samples, followed by
statistical analysis methods to process the experimental data. The experimental results demonstrate
that the non-powered system achieved removal efficiencies of 76.63% for CODcr, 82.56% for NH3-N,
39.95% for TN, and 17.41% for TP in wastewater treatment. Microbial community analysis identified
Proteobacteria, Actinobacteriota, Firmicutes, Bacteroidetes, Chloroflexi, and Acidobacteriota as the dom-
inant bacterial phyla in the non-powered rural domestic wastewater treatment system. Among these,
Proteobacteria and Bacteroidetes were primarily responsible for nitrogen and phosphorus removal,
with their relative abundances ranging from 27.50% to 90.96% and 0.30% to 15.95%, respectively. At
the genus level, the dominant taxa across all water samples (excluding S1 and X1) included nor-
ank f_Rhodanobacteraceae, Castellaniella, Rhodanobacter, Acidocella, and Mycobacterium. Notably, the
microbial composition in the second lower-layer sample (X2) exhibited significantly reduced diversity,
dominated exclusively by Proteobacteria and Actinobacteriota. In conclusion, the non-powered
wastewater treatment system demonstrates rich microbial diversity, which significantly enhances the
treatment efficiency of rural domestic sewage.
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Figure 1. Schematic and actual view of the non-powered wastewater treatment system
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2.2. DNA 2B PCR ¥/ 18

K H Power Soil DNA Isolation Kit i/ &(MOBIO, 3 [H)#2H DNA J5H 514 V3-V4 A[ 48 [X 27F/1492R
(5-AGRGTTYGATYMTGGCTCAG-3"/5-RGYTACCTTGTTACGACTT-3")#4T PCR ¥4, 347 16SrDNA
R o TR P2 P AR AT 1 5635 AR W R 25 R A BR 2 ) 58 A

2.3. HIRAIES S5H

BT AR SR S, BEATREVE ZREVE TR L AT . BV ZFEPE ST /2 Alpha 224
I3, IR ZREVEAR AR B 2 e aa e, 2R £ ESEE 2 A 2R TR RO IR B A
AR E M RESE R, B A 2 A IR ST IR AR A B o ZAEIERR RN Z 1. W
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T Venn B3 ST 2 4B MEA R I AT A0 Rh (0 ASVYELH ,  THIRA LA FIA SRR AL
A YR, TR SO BRAL S A FR ALY biomarker (9772 — ARIEHET Bar &, W LAELUL R I
IR (1) SRR R EEATRMMAEY: Q) FEARE A A 3T 5 ).

3. ER51T1ie
3.1. EEIHEEX SRR E

IRYE R PP R R T IE8) J115 K A 2% B 1) A 35 K AL BRI 7E 9], ATE8h 1115 /K b s
f’) COD¢, HE KM FEAE 103.1~185.1 mg/L Z [8], ¥t KRB N 133.4 mg/L, H7KIKREELE 10.54~56.86 mg/L
Z 18], P KA FE A 31.04 mg/L, % CODc: 1 2B ZIAF 76.63%: NH3-N /KK EETE 4.58~10.58 mg/L
2 18], PRI E N 8.35 mg/L, H/KIRELE 0.99~2.32 mg/L 2 ], P4 H /KK E A 1.46 mg/L, %} NHs-
N K2R LT 82.56%; TN #FE/KIKEELE 15.32~26.66 mg/L 2 (8], “FI3E/KHkEE N 20.80 mg/L, HKK
FELE 5.53~19.87mg/L 2 [8], “FIJHIKIREEN 12.49 mg/L, *F TN K ZFRZFIEF] 39.95%; TP HEKIKELE
0.913~1.564 mg/L Z ], ~“FIJ3tKIkE N 1.258 mg/L, HI/KIKEELE 0.727~1.314 mg/L Z 1], ~F-¥iEKHk
9 1.042 mg/L, Xt TP fIEBRFIEF] 17.41%. HHKKFREEE CRAAE TS KA Bt K 15 4Pk
FrifE) DB51/2626-2019 i) —Zibnitl, XKW TCH) /715 7K A 325 B 6 AR5 7K 1R A B R R AR

3.2. TR RMEYRES ST

Table 1. Mean values of microbiota a-diversity indices

F 1. MEVIEE o ZHMHERTKTE

P ACE 8%t Chaol 8% Shannon 54§ Simpson FE%
S1 2044.35 1949.50 5.84 0.0106
S2 871.14 868.80 4.46 0.0502
S3 363.06 354.45 2.90 0.1488
S4 787.29 763.70 3.67 0.1524
X1 1586.60 1587.355 6.31 0.0072
X2 56.59 55.45 1.62 0.2966
X3 863.72 846.01 4.75 0.0372
X4 390.57 379.67 3.24 0.0809
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AT AR, i BB S 2 BEYE T (o ZHF 1) BB AE MR 10 & FE RN 2 FEE, 04
— RINGHF M e BUS TE A REVE (MR E BE R Z AR . H Chaol #8501 ACE Fa ¥ SRR
(=EE FE[10][11], Shannon FE%UFI Simpson a4 R EBAEMF ) ZAEVE[12] [13]. Chaol FE%UFI ACE &
HHUER, RPTEVRR F RS . MAEMBE o ZREEINER 1 s, 43R, X BER,
B IRRFE AR 8 B dem, 58 RSB DY VCR P AR MR 8 FEARIT, 28 = UCRAE I
AVIREE R ERAK: T TERE, B UCRHERNMAEREE & E s, B RPN RE RS
FFERAC XA R P BRI, BREE = IRFEZ MR LR BRI A R £ 8 S E T
)2, Shannon FEECEEMA, RPFADIHETE ZFEMEERE, Simpson faEEUE K, RAMAEMEIEZ
BEMERRAR. S5REH, XHT EERY, 8k 5% UCRIEERIME RS ZREMEME, SB=k S50
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Figure 2. Analysis of microbial community diversity at different sampling times
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Ace. Shannon 1 Simpson FEE(CT- A + FrifEZE) A 1805+477.4, 1861+503.2. 6.028+0.3874. 0.00924
+0.002993, X E 5 RRREM) Chaol. Ace. Shannon 1 Simpson TEE(CFHME + bRUEZE) 73714 462.1 +
478.9. 463.9+480. 3.041+1.648. 0.1734+£0.1501, %% 2 = YCRAEM) Chaol. Ace. Shannon FI Simpson
TR CPME + FRUEZ) 29N 600.2 £286.8. 613.4+292. 3.827+1.128. 0.09299 + 0.06748, %5 & rh &5 Ik
KAFEM Chaol. Ace. Shannon F Simpson FEEUCFINE = #aHEZE) 75N 571.7+£301.7. 588.9+311.1. 3.456
+0.2777. 0.1166 +0.07749, K 1ZEE b & I [A] BRAH T 11 7= & FEAI 2 FEMESS AL T kP Hodr, BE—iX
SRAF AR = & BRI AR e i, AR LG A 1 = & B 2 AR AL T — M ZEA R IR, X B
HICEN ARG T K AL RN TRV SE G, KR th i E 2 R AN R & BEAR L. Z e A A SRR, AR R E L,
S RHIRE S R TH = UCR IR RS M (P <0.01); fEZFEME L, Shannon TEER /R —CKHIFES
JE T Z UK IR 18 A BBV ZE (P < 0.01).  FHAMTES SR AT DRSS — ORI 40 B 5 & FEA 2 e Ab
T MEGEK, BB R, MEREFE RS 2R P, JHE T MaE R,
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Figure 3. Analysis of dilution curves in microbial samples at different sampling times
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Figure 4. Analysis of Venn diagram of microbial communities at different sampling times at the phylum level
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Figure 5. Analysis of Venn diagram of microbial communities at different sampling times at the genus level
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Figure 6. Analysis of microbial community composition at the phylum level
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Figure 7. Analysis of microbial community composition at the genus level
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(Proteobacteria)~ TR | J(Actinobacteriota) JEEEW '] (Firmicutes) FUFF# [](Bacteroidetes) %ZE W 1]
(Chloroflexi) « B ¥ & I'] (Acidobacteriota) « # ¥ Jfd T 1] (Gemmatimonadota) , 1 %t = £ 43 7 N
27.50%~90.96% « 4.73%~31.06% « 3.89%~33.76% « 0.30%~15.95% « 0.16%~12.39% . 0.04%~6.88% .
0.02%~6.58%, HARTTHIAN FEERAK. KT E 1 1(Proteobacteria) THZRH | 1(Actinobacteriota) N7K
W — RS IR ZARAEE T B I EH, BrT S1 46, HRFEM AR 1(Proteobacteria) i
XFEEEME, X2 AT ] (Proteobacteria) F 0 F= B fie e, X UL —UCKFE S EE AR TR
(Proteobacteria)ib T — PR AT 5 LIRZS, 1M F )2 FITEAE X = BEAE 28 IR FE SR Bl e, e =55 14]4E
ALt bR %08 . IR e WK SEAGTE 11[8], X TREE FEMEE HLY), IXAETT/KAbH
HAAEFEENER. 28 IR R IR E T (Actinobacteriota) 5 X3 AN FEEAH IR, X4 HBIFHXT =
FEdR i, X1 AR EEE R AS, 7T DUE H EJERE T TR B T ] (Actinobacteriota) AR XS 3= BB W4 &, 1£
VU VRE LI UGB, 1 2 R B ] (Actinobacteriota) WA X 3 B2 A2 Bl 26 AL BRI (8] Y 2B 2 FTH
. R R LKA, v LR 4R G LA, RIRBRERR, 5K REA —E
MITTHR[15]. X1 FFdh o JEBETE ] (Firmicutes) X £ fE e my, 58 RS M =R EEFE b EBER ]
(Firmicutes)FA%F F & —F#E, X2 W EBEE | 1(Firmicutes)¥A% F E &%, 7] LLE HEEEHE 1 (Firmicutes) )2
T it T PRI REL R = B2 B A A BRI [) (R R 52 T B SS T X2 i S BE B T ) (Firmicutes) R R =F BE S MG, FRER
TIRFECAAN, H EERE S R EEER [ (Firmicutes) AN £ E L T EFESR IS . JEREE | 1(Firmicutes)
AT CAG AR R K AR R A AL TS 3, fERAVE A SO A T R B E ZE M [16] [17]. X2 &H
H LA B 1 1(Bacteroidetes), X3 " HIFUFF 5 | 1(Bacteroidetes) A%} = 5 55 i, 3 1 BH Bifi 26 A B S (1] 1) 428
K, AR E B>, PR TS 3= FEERIN, & TESREE S T T LR KAR I HLA[18] .
LR 1(Chloroflexi)AHX} 3= FEBE A AL BRI [R] 1) E K 56 TR G EAREa, HAhES — IR EERE S
H, X4 %, BEAE PRI R RE K o [F]— Kb R T, TR BRATE [T (Acidobacteriota) fX F B & T EJE,
HAE RN B s, X3 BRI F R BRAR, BEA AL (A IS, BRAT B T ] (A cidobacteriota) i
XEERE TG BT RS, S A 5 PR R R | R B T AR R SR ]
(Gemmatimonadota)— AL YR R A, ALK RO E[19], AR I B 14
XEEERBAR, X HARME201F A —E, arReKiEh &R ED, ALK, SRS, 3Bk NER
s AN B D, LB T AN T B | 1 (Proteobacteria)~ TZE T | 1(Actinobacteriota), 5 =ik )2
FEML R 1AW 1 (Proteobacteria) TZR i [ 1(Actinobacteriota) JEEEE | 1(Firmicutes).

J& K EKAR R R AR W E 7 B, AR EEN norank_f Rhodanobacteraceae
(2.38%~39.64%), Castellaniella (0.07%~22.63%), L4 J&(Rhodanobacter) (0.13%~25.08%), #:=% [CFH
B (Acidocella) (0.40%~43.19) , 73 B ¥ B J& (Mycobacterium) (0.35%~13.18%) » Chujaibacter
(0.25%~14.34%) , A 3 #F & J& (Acinetobacter) (0.09%~7.55%), Leifsonia (0.08%~12.97%), Sinomonas
(0.05%~8.91%) , Ji& *F B2 *F Wi ¥T B (dlicyclobacillus) (0.55%~10.36%) , 4= B i A & (Comamonas)
(0.17%~7.91%), Candidimonas (0.01%~9.95%), unclassified f Comamonadaceae (0.03%~3.99%), Clostrid-
ium_sensu_stricto_1(0.09%~3.98%), norank f Gemmatimonadaceae (0.01%~6.27%), norank f Caldiline-
aceae (0.25%~3.12%), norank f JG30-KF-CM45 (0.10%~3.38%), Pseudomonas (0.09%~4.94%), Protein-
iclasticum (0.06%~5.53%), Domibacillus (0.01%~6.75%). W3 AbHER [0 ZEK, norank fRhodanobacter-
aceae MIXTFE 2 EFHAEE . R JE IKE &8 (Castellaniella) X FEAE X1 R iRAK, 78 S3 Hfm,
Bt A EEI (R B4, R IR 22 J8 IR HR & (Castellaniella) ¥ F % 2 56 ETFE RS, 2@ HILE
FIESIE IR A [21], KA EE IS . 2 H R (Rhodanobacter)fiXt FFELE S2 s, 1E X3 AR,
Rhodanobacter &1 H I A JE[22], 1ERAACAER T BA EEKIEH . Acidocella FHXTFFEALE
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X2 Hhi i, AR AR S AR BRI B A I, WTRES X2 1 pH IR T H AR %, Acidocella
NFEASIF AR, HIAERRMEZKAR 23] [24]. P EAFTEJE (Mycobacterium)FH%T=FEELE ST Al X1 HAIK
HAHIE, B AERR R REK, 5 2 SO 15 8 (Mycobacterium) X F B2 2 FARIES, S HEATHE
(Mycobacterium) & BA L GNE R BURE[25], XK G303 B AL B AR E 15 K (A 4R 2 . R IR
FF 5 J& (Chujaibacter) FAXT £ EE X4 e, 16 X1 A1 X2 FRi%Aa Kl 224 (AT 8 (Chujaibacter), BE%
Ab PRI R (R AE K, R AT 1 )8 (Chujaibacter) M F 5 8 BT, BIIT03N ) AL 1G5 7K 3 B Ab B )
T AT & (Chujaibacter) & 5 . RNENFF @ (Acinetobacter) AN EEAE S1 i, 78 LZEh &R
BT, AR T Eh A R R . 5 B IR & (Leifsonia) FIAHXS 32 JEAE X4 i, TAE X1 Al X2
HRIEA H B T 1 8 (Leifsonia), B ALEERT (B AIREK, 56 (1A & (Leifsonia) AR XS £ 5 2 EF-RIES, X
PEHE T A iE TG K b R A K [26]. AR B (Sinomonas) AN FE FELE S3 e, MAE X3 TRk,
16 BB & (Sinomonas) J& T i 28 B ] (Actinobacteria) , 5 840 36 4 52 I EL[27] . 1B 30 B2 2F B AF
(Alicyclobacillus) £ S1+ X1 X2 H &AM, XA g2 4 i 4 B 5 R K B 36 R 2 M #F
(Alicyclobacillus), % REEM EWAEYI28]. SR E(Comamonas)FXT - FEAE S1 fx i, 7EHAR
FE b A B AR R %A L, X TRe g B, BT KEREA S E, XE5MRITFERIA
Z5R—%. Candidimonas FXFF-JEAE X4 Hdgedr, TAEHAMFE S b AR S8R, Candidimon 47 AL
1EH, BemeEALENIII30]. unclassified f  Comamonadaceae FI¥FEEETE S1 WHik s, HIKN X3, H4e
FEa A RN T 1%, BEE IR [BIFEK, unclassified [ Comamonadaceae X 3=FE %,
unclassified f _Comamonadaceae J& T RASICEE[31], Ui BIACHLES (8] & 52 unclassified fComamona-
daceae ‘B4 . Clostridium_sensu_stricto 1 #& Firmicutes FWH &, JETREH, {EAKKFEEIHRIE, 50
THEMA[32], AU, 7E X1 i, X2 FRK, X2 B e G K KRIE M A 7258 5K
11 N o norank f _Gemmatimonadaceae 1 Xt £ E £ X3 & om o, X2 Bk kB
norank_f _Gemmatimonadaceae, FARAESAIZIEAHXFEE/NT 1%, norank_f _Caldilineaceae F%f =%
TE X4 Wi i, X2 N TE8) 1128 B AL BE IG5 B R T norank_f Caldilineaceae ‘& %, norank f_Caldilineaceae
A RERIETEN) COD PEARBE[33], TAE S1 A S2 HAHX FEEAHZEAK . norank_f_JG30-KF-CM45 fHX =
FELE S2 i, MiBEE AR RIIREK:, norank f JG30-KF-CM45 ZiisE B g AR A Es « 5 5 i 1
J& (Pseudomonas)¥AXT £ ELE X1 Fixm, MAE X2 Al S4 itk AIZE. MRS E(Proteiniclasticum)
7E S1 g, 1E X2 Fl X4 HR MBI, XAl Rl T KR R A e B A I EE - W L E R [34]. P5lalef
AT T8 J& (Domibacillus)FXT F=JEAE X1 feidr, AR HARARE S AR £ BN T 1% BRI S, 35— 0
" norank f Rhodanobacteraceae Acidocella. Chujaibacter Leifsonia. Sinomonas~ Alicyclobacillus
Candidimonas YA I, ZHONIFAME, HE IR R B, KA AR & B R A B R
M H R ) Sinomonas WA AT RE B AEKZEEFTEL, Alicyclobacillus J& T i B, & 1 H BT RE & 5l
HXR, Candidimonas J& T V&R FI4NTE, HAE 30°CA A AEKEAE[12], A CAENRE RS Candidimonas »
7E X2 F1 X4 " Comamonas~ norank f _Caldilineaceae Proteiniclasticum KB, X2 H Chujaibacter-
Leifsonia. Alicyclobacillus. Comamonas- unclassified f Comamonadaceae Pseudomonas- norank f _Cald-
ilineaceae- norank_f _Gemmatimonadaceae~ norank f _JG30-KF-CM45. Proteiniclasticum YA H B, Xt
223 To B 7728 B AR TR 5 5 KR JEAE i AR YR T v BN T R AR, 1E G AR K AR EE

3.6. YIEEF%E NMDS 43#f

AR 52 B 2 25 FURE 73 M (NMIDS) i 2 T A S5 R ok i 0 0 O 3 AT HE P 20 BT R TR) R B FE 0 A T3 7 %
AN TR IS T) b7 J2 S R A0 T R 0 45 4 22 S 2E AT NMIDS 20 #r, 5 R LIEL 8. S ALEIR, stress < 0.2, BLH
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B BA — e MR S, AT LU 3% I [R) B 20 G 3% TR SR R B 25 DX, 0 I I B 2 1) 45 A B
Boz, VEHIRE AR SE IR R ZE RO, BRER —IRFEZ AN, AR TLURE SR 1) (1 A5 1 [
BHES, HOWHERDSMNEBRERE, WHMEDRESHAENRENES, F—R
R HVIRFEA A 22 3 E 2R H T NMDST 45, 158 — RS 5 = A R 22 57 £ 2R B T NMDS2

YEFE .
NMDS on ASV level
stress :0.109
0.7 o
on
o
o
o
é
-0.5F
| | | 1 | ; | 1 | 1 | |
-05 -04 -03 -02 -01 0 0.1 0.2 0.3 0.4 0.5 0.6
NMDS1
Figure 8. NMDS analysis of overall structure of upper and lower layer bacterial communi-
ties at different sampling times
8. AERTE2H ETEAEESESEM NMDS 547
4. g

HIEG KA TN IR BTG, ASFEAEERE AR R B VE A S 2 A R E R . BIRET]
(Proteobacteria) TZH | 1(Actinobacteriota) JEEEWH [ 1(Firmicutes) T [ 1(Bacteroidetes) %25 TH ]
(Chloroflexi) R B 1] (Acidobacteriota) 55 L35 A B 1) (1) AH X 3= 5 AE AN [R] Ab B I 8] 2 (8] 35 2 I HS W6l 28 22
5, Hh X2 AR, R ERAIE R 1 (Proteobacteria) T | 1(Actinobacteriota) %, Bk
S1 F1 X1 4b, HRIKIEFLEE A norank f Rhodanobacteraceae Castellaniella. #1411 J&(Rhodanobac-
ter) Acidocella J¢ 53 ¥i ¥ & J& (Mycobacterium), FH X2 FiA A SAH X @8, FEBE nor
ank_f _Rhodanobacteraceae~ Castellaniella. Acidocella A% .

EE&HE
N T RHL LRI E B SR THRITUE R A TEB) 7575 K AL B A AT i B R R T (RS FRR)
(22ZDYF0048).
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