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HORG, COD Ml BOD B L BRFREIBEIA ] 90% LA b o 46 78 % 53 8 FR 15 K Ab B R e KW s ke e s AT I, 73
MM TZBIT MM AEY2EAEXNZREHT T Mo 4 REY, ZRERAMG AR A SR8, TN,
TP B B M BE 43 54 9.68 mg'L™'. 1.17 mg-L™" 1 6.18 mg'L '\ 0.25 mg-L™"; % Z& %0 i 48 b R0 IR 480 o Th 3 R 9L T L)
Befr A O R EML SRR, A LREMBEGERmMWMAYETEMESEE., A bh EERE N
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o, (516 2.49% 1 Leptolinea 3T E IRV IE & FUBFEARAMX A YRS AR T 3®wBEE, (BT 208
FRPMAIEK . XLRARERKE RSB RYNETN B TAE, RETZRENWRTBITAR
I A PR

KHBIE TSR BESR DR MEMREE Rt

TERK A IR gD, WUEY RIS G R 4k . — M=, 16 vEIS Je A B R ge b ik
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DIRer) 7. HET, 5K RSN FEMEYRFENRCA KEMRE . INED WiFRR
WY, TEIKE B, WIS I i A e 3 Z A TP AR I R 1] (Proteobacteria) . THZ W] (Actinobacteria) |
UK ] (Bacteroidetes) MR BEW ] (Firmicutes)4 Fl o ZHANG 5™ XM 1 75 /K Ab BE R 45 5 416 P
B MUE Y RS b E B, FERTA SRS T, BT ER4MET], 5 ET]
(Chloroflexi) MR AT 1 ] (Acidobacteria) WL . 1EX S T, AL H ] (Proteobacteria)
ST e RGP iR W R AE T 28, R AR SR IR K AR Py Ak B0k A v i OGS A T B A RSO R
B, % ] 575 7K AR W Ak B RR v A AT HIL ) A R R i 3 AR O, i SR T Y Zoogloea
e 2 H) W P T Ve TR I A ) A LR TR, TE 2 R A DL B R i R b s AR Y AT
I'] (Bacteroidetes) J& 5 FE AW ) 71 — K EETIE, 82 5 A VK AE ALY IEAY . &I
2 PR AT A B bl DL By P R A, LR 0 T B RE R S BE IR R L O R /R ik A e 2 WS A AL
AU, U R, BRI T BT R 8 (Bacteroidales) TEWS R - i R 208, JF
IR LR AE R R AR T S SR A DL I A Ry I TR TR BB TR . SRR ] (Chloroflexi) V2R
AT E LR R, BA RS A LR ARSZEE MY, IR A BRI R fge Sy, Al
H LR, JERETE 1] (Firmicutes) |12 /0 A5 TE IR A IR, & 1R A (Clostridium) . % 0 1 4
(Bacillibacteria) 55 2 Fh D) RE T/ 40, FL A3 HLY 19 7K MR A0 1R fb A3 B S/ U sk, BRAT R T
(Acidobacteria) ML L ] (Actinobacteria) )& 15 7K Ab 3 ) PR A 1 F2 h FE LA D RE TR #F . 2 IR AN
et R A IR, A KRR AR RN DL Ak s yE KA R TR UL E R B R e, K
2 T I K AR YA F S AR, B RAE WA BT TR SR BT BR 545 B R 1Y S5 R AR B 45
R R, Ml KRG TR . B E IR, T P RET% 0 25 74 28 A6 FURPBE o3 A B I A7
ik — oY

=EE R RS2 KB R D K AR A ALY G2 (DL COD 1) R v Mk B ey
AU BE AR AT, 7K R 0 5 i L A AN B8 R AE A K 753K, COD:N:P {4 100:0.4:0.07.,
RIMAGRKMBITIR RN, A ERZTZNEMT, ZRRBITRE, T5KEMER R,
HACOK BB S T E R (5K GHEBRE ) (GB 8978-1996) 1 —ZdnifE . Ak, AWM IZTTE
TR K AL ZR G v OGP IS G B AR LA T T NI, O S R S Ve A AT T il
W F AT . AR BTEN RGBT KI5 Ve AE Y A R 25T 208 2K R G K )
R AT L, SR 32 AN A4 1 v W B A AL K 1 A 3 e R e k4 PR A 45 46 5o

1 TZR%GEHMR

1.1 KEKREHR

= A R R 25 ) T5 K AL PR A AL H K B 290 1000 mP-d ™, 1K 43 R R T AR 7R R K R
AENETG K AT R ORE TR A ERIVERZEE LM . bk . RS A T R, RIEOK R R TR
K COD i o B shyu e K, FEECAE PTG Y% (UL COD 1) Ji i ik B 3 % 76 1 000~2 000 mg-L™" J%
&y R AP ABESE FILE S ERMK (TN<O mg L', TP<I mg-L"), K T W BagxERE. T2
I 4A BEBE S ith MLSS 4 3 000~4 000 mg-L™', MLVSS 24 1 500~2 000 mg-L™", SVI & 100~150 mL-g"'. &
IKZ 5 K AL BRG AE BSR4 K HE AT B R, A 28k VR FE AL B S AR ST oK T | .
1.2 TZRE

RGBT EZRAAOTE, RAABRRAICTY, R IRRAEEGRESRAGLOHT
2o A THEMARM KK, EAMGE T 2R S5E T 20T T2, 158k E
B A R K (WK, B e DR K BRK o B TR, TR AR B R AT i AT A
A LG G A R A, TS I AR LR T K BUK i S XA RS, W KA R EE A S SE Y
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fi, Z295 U8 HPARUAE W K B BILAI AT S SRR, K PRSI S R K AT AR 4 Tt 2
Fr BB A B 2R o e At 1 /K 2R T I A S, 7R R A R S AR W IR TR, A RO B A A AL
Gy B E i oK 2 ad Z i ek B e, o HOKHEATTEUE I, R R ARG R K i iR
BEULTE . BRI M . W RE A R AL BT AR BRS AR oK MU . RGETVRAN T 2R AR A 1
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Fig.1 Process flow diagram
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21 SHMBRGE

43 9 BB 45 th 0 A Ak Ak BB 5T A% R il A o 1) HR K R AT K BRI . SR AR o D 0 X oD,
HA . WS . TN, TP, SS. SVI. MLSS. MLVSS Z 4545 k4TI ; DO, pH. /KiRZ &L
SHOK A A € .
22 WEMBEENRFES R

fE L RGuaArad B, I3 e PR Ay . Mg iy s P A W AE . >R T CTAB 3 SDS Jr
0I5 e RE 3L R 20 DNA PE AT HR B, 4R ECRE S B DNA R, Rl &K BIY T A A
Barcode ¢ 2 514, #E4T PCR Y If X Fo =My A7 4lifh . 8 A — 4k, B B3 SO (SMRT
Bell), # &f 09 SCEAe 3k 17 SCIE ke, B K & 4% 19 SC % ] PacBio Sequel #f 17 AL /¥ . i
USEARCH(10.0 Jiit) 78 #H B4 97%(ERIN) 1 K- b XA 3 i bR 25 e A kA7 S 2%, BN DL e 5
SIELIY 0.005% 1 K B {E ik & OTUs. LA silva S B 505, FANZR DU 37 73 25 28 % OTUs RFE ¥
GIVHEAT oy 55 i RE, 1R8I F 22 5 B, Mgt SRR ENT . 9. H . B BAFKE -
(B V% 4L s A QIIME #1153 4 B il 7 97% MBI /K- F i ACE. Chao, Shannon & Simpson
FE8 o B BUE L B T A QUME B ff, X OTUs R AT 4LIH 22 208, A2 R R 43 28K By
FiERER, A RIET T HLH AR &0 285K R IREE 2R,
3 #HR5TR
34 RGKEAEITRRE S

RGN 10 FRyisfrd i, AFRURERE, BAKREILE Y A . BRREM, SREK (5
IKERGHEFRE ) (GB 8978-1996) Fl {15 7K HE Ak T T 7K 1 /K B bm#fE ) (CJ 3082-1999), Hrf, COD
F1 BOD M BRI &8 90% L Ly A8 LR MIEE] 70% 224 . £ 1 8/n T R4 K861
ARSI S5 5
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Table 1  Status of the effluent from the Chinese medicine wastewater treatment system
HAbK BT H0 % (mg- L)
WA ss  coD  BOD; AA TN TP B TERMETEMA

WIATE  pH

bRERIA 9.05 101 47.00 1296.67 931.33 4.05 8.05 0.38 0.95
Ttk 746 3.67  13.00 8133 12.67 047 233 0.12 0.03
LB — 72 94 99 88 71 68 97

32 RGESMEBLIERRSHT

N REEEFRELMH TSN B FETERE, A SCI0 X 2R G itb Ak B 4% J 7 gt A o H 7K 7K B
HEAT T HURERE I o 2R G0 v 45 b B R S5 400 A i HE 7K 5 S ) 2803 B AR A IR 2 v 7 o K G N 245
T, FUEFRIK I AR N FR Ge 45 Ak B B ) A0 B PR RE A B s AL TE RGRE . BLE
Gp A R T RS B T ARG A KA, AL, BEAE DR R AR e A A B A i S RN A A R P A B AR
U R . DAY COD K BRFEN 52% Aotv, 4F %A MY COD LFR%FH 93%, F 4t COD B LR

I8 98%, XEWHARGHA RIFAA YRR . TN F12 A /0 M fie 5 27 B8 B -5 B, B
AR R R N 9.61% Fl 1681%, IF4A BN 5 o 12
29.37% F1 95.75%., FK & ok #2 h & Bk g A 1800}

EJF, Xare s Had K/ SRT A 56, AR« 1600,

W1, DR R R RERCE SRT ™, i 5 8 2
KA SRT 25 T BUA W iy B 48 Y, ARG £ 1ooof 16 Fi
bR SR T 5 U0 K N I RO A s I, 2
SRT K3k 78 d 7547, A7 il g S8R e FE 1ot ool =
. HCSh, ATBFRCY I, MRSV RS 0 e I’
B 2 BRSNS VRN KA. DL, T O N R . S
ABIEFE b i T R B bl = TS R F R A P A POk A T B

TofA, TR OB, ol R T PR St B2 kI M R KSR FEIREEWL
Ak EF SRR, Fig.2 Average concentrations of the pollutants in effluent at
33 BEEKETREMEYEESH different stages of the wastewater treatment system

TG KA R R Grp A RS R BRI BB RATE , R Ew s e &
YA R, AR I e 35 R G AL BRI RE B o A R TR R K T SRR 2R G A )
M, AR FERT 1275 7K Ak B ZR e v i) DR Al R A AR B S0 A 75 DR A A AT T R I Y, B A
A S AR B SR KT R K Ak B R G v A MR T I 25 R

1) oy o P B HE 45 R B, 9% &R G b A A R DR GRS 1 7 0T BB 4 il 4 625 R 4 8755
TE 97% A ARALLEE 7K SF- B XA %05 51 9 25 OTUs, 4 40Tk AR S03t 1) OUTs £ i 43 1l ok 253 1 78, 4F
A OUTH i &, R E M B ARZMMAEYMIE., A EiEEx LA 1907,
2440, 55 0. 628, 70 )& ; IREAHANEATE EA 1811, 274, 35 H., 44 %}, 51)&.

OUTSs i 5 ] £& BB 6% 50 31 I )3 B840 ot 2 5 2 DL S A o v A W Bl 2 A, O (R 2 S LA v rh 4
Pl =F & R . B 3 Uron 9 OUTs Ff BE 26 B T AERp el A T REHT R B A, 2558 %
WY, £ 97% WIARALEE K b, a4l . DR A RE & P 510 5043 Gl ZE 0~1 500 T 0~1 000 B, il £k
FTHCN AR LT, RS DA REY R LB YRS T 585 K T 4 500 il
36255, MM T V22, R MIREE o 0P A S B ¥ E0a i B B 25 £, RN #)1f
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Flo 2% Hh 28 150 B IZ I 45 SR RE 0% i e 2 A 4k ith 00T

A YT W 2 R 250 1 v RS M
Alpha Z £ 1 (Alpha diversity) Sz Bt fY J2& # 200 | -

ANRE B B R B R R R — B £ =0l w0

fif i ¥84R, W Chao, ACE. Shannon I Simpson. % ol :‘

Chao il ACE & %I il T i £t ) b = J&2 B ) b 4K i TTYTTYVTVTTYTYVIYVYIVYYYYYYYeY

i [ £ /b5 Shannon Fll Simpson $§ £% F T 4 1= o v'vvv

YRh ZHEPE, SZAREMIET Th R T BE R Rl Y o . . . . .

5] (community evenness) (9B . 72 A 4 0 1000 2000 3000 4000 5000

FEGRITFEIEL

B3 OTU #Rihsk
Fig. 3 Rarefaction curves of OTU

FEOE T, BEE DAY S B, #F
7% Z FE % # 5 ; Shannon A1 Simpson $5 5 {H #%
K, FERYIRD ZREME R . DR . 480

St BT V6 50 2E WD FE A 1Y) Alpha 2288V 43 BT 45 w2 IR REHHMEMEE
e 2 s FEEMZHEMIER
. " Table 2  Richness and diversity indexes of microbial
i 2 WAL, 4 S HY OTUs . Chao 45 %4 community in the aerobic tank and anaerobic tank

I ACE #8809 2 i T IR 4800, Ui B 4 S8t /Y

KAWHIC OTUs  Chao ACE  Shannon Simpson 7 #%/%

MBI INFEE . W, 400 AY Shannon
¥6 KN Simpson $5 Bt w5 T IR A, KL

IS 253 259.2432 2622059 6.4124 09751  99.53
IREGH, 78  78.3333 78.5846 3.9206 0.8622  99.96

AL L DR AR B A T B VR 2 R . D S
iR Geit TR i 15 5 (coverage TRAR), LAY 8 W45 R 5 AUSRAE S AR ) ) ELSC G O . R 2L
AR, DUAEAS A e g D R SR R 2 N R B R R R T 0,99, Ul BN 45 R e A
WA il A A 0 1 LS OO

2) ffF A IR TE ] KA b Y AN T R T& 20 AT Q0 18] 4 7R o TR B 22 53l i, 34
) A B T BE A AR JE & ] (Proteobacteria, 65.8%). %k W ] (Chloroflexi, 6.26%). AT I 1]
(Bacteroidota, 4.95%). ¥t %5 |1 (Planctomycetota, 4.67%) VA S MR ¥T & 1] (Acidobacteriota, 3.76%).
XA 25 5 WANG A5 2056 v (5] 14 75 7K Ab 31 38 450 20 TR 2 A M ) SR B R I 1 23 B 45 SR AR —
B, EFE MR AR T RS AR E B ] (Nitrospirota), X EE 5 1.76%, F£HE M EAH B IH
AL ER . Ieah, BiATFE ] (Desulfobacterota) F1 Armatimonadota 11435 &5 1.61% F11.57%. ANTUNES
FP MR, Armatimonadota ') 5 K TFEA ALY (UL COD if)., TOC. TDS FI SS ¥ & 2

}g,z‘;’ef)?l‘wt,” ia E= Bacteroidetes
CHlorofes, . Dteoncira
Planctomycetota S Patescibacteria
fedobacterios 16310 <TEEL T Frmiees
3.76% f—— Desulfobacterota Spcf;gghggiggla
4.67% Armatimonadota Desulfobacterota

= Verrucomicrobiota
Dependentiae
Others

773 Unclassified

NN Verrucomicrobia
Bacteroidota
[ Others

39.29%

65.8%

Itk PREb
() GF S DT AR v 2l S o A (b) DA IR - B R 451 K o3 A
B4 TRt REMIKFAREEELMRSH

Fig. 4 Bacterial community structure and distribution in aerobic tank and anaerobic tank at the phylum level
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FHIEMSE . HIL, RGP R EA VLK EASR BT Armatimonadota | 1IN . 104N, FEH AR
WO IS PR IR RE TR ] (Firmicutes) ML B 1] (Actinobacteria), TEARMEIE 5 AR /D>, F1E
X — 25 5 1 R A R — DR 5E

M2, PR M B B i 0900 329 e 1712 35 K Ab 3 2R 48 v DL SUFT 181 1) (Bacteroidetes), 5
MOBEVE I 39.29%, HR S 1] (Proteobacteria, 29.05%) Fl 4% 25 1% 1] (Chloroflexi, 16.31%).
FREA T TR A b 5 . F by, UERHIR A b k28 T R AP a9k g FIRIE/ER o 539k, Patescibacteria
MTEREM Y & 9.61%, JEEEE ] (Firmicutes) &5 1.98%. [% Patescibacteria 71 VAL LWL H T 1]
5 AHRING™ il (i AR R Ge b WU 1] — 8 fELMERBTE D, CTRRA RS Patescibacteria
M 5T B I L3 7D o Patescibacteria |12 R ZTT, HE W A7 T SKZ 08, g
Y . DO VR B BRI R oK PR, X — TR AN AR, AR SRR
b, BEfme KPR B M A B TR B2l b AT #EI , T TR AR RG0S i o0 A 5 208 IR KR A
BE B B A AE — 8 1Y OCHK .

3) DA 2 AR Ak A TR R VR TE N KV BB oA R E (8] 5), dF AUt 0 DS T 20 32 S A4 y-8 TR AR
(Gammaproteobacteria, 40.25%). oa-“FIEHN (Alphaproteobacteria, 24.71%). AR E M (Anaerolineae,
6.26%). KT I8 24 (Bacteroidia, 4.95%). 7% %% # 2W (Planctomycetes, 2.68%) LA ) Vicinamibacteria 5
P (2.53%). LA, KB T RS AL IR TE B 40 (Nitrospiria, 1.76%) LA X A% UL Fimbriimonadia T 4
(1.55%) F1 Blastocatellia TH 24 (1.19%). 538 & MMF 58 45 A R, 4f S i R S g9 v th 31 17 IR
4 18 2N (Anaerolineae), 1 T AW & K T Ao fif A SIS 10 DRGECAN AT 4 0 L BB % 7 4 S0 3t v o 48 198 D[R ]
B S Anaerolineae YW 1) — SE TR T2 > T8 S AVIRUAE P O, AT 55 S0 57 28 7 o 81 55 4 781 1 I) 5% e
KON A, RIE T RRATE ] (Acidobacteriota, 3.76%) 1 Vicinamibacteria & 2N #1 Blastocatellia T %X
AR BEZ R 3.72%, R K ZRAT W 1A EZEDImk# o Vicinamibacteria R B A VLR IR H ,
RS 32 ) 2 /) pHYw [, X AR AR ERMEA TS EA R sCE8w ™, m
Blastocatellia T 24 1) 41 &1 D 4 B = 35 72 (AR KDY, RBUE AE T 52 F0E TR BRI A9 25 18 1 A= A2 B9
Fimbriimonadia & — 2" ¥ 55 B AE B s ARG TR, X R R 2 ERKEMEFRA T, 46K
5348 ML P41 AS BE AE Ay flk i e FL R R B

#51 Gammaproteobacteria MEEY Bacteroidia
AT jiﬁl@iﬁ?’l{)yfggsac’lerm @28 Deltaproteobacteria
I i 137 B dchliae
= bee| Planctomycetes ey L% el Clostr(zgdia
¥, T3 Vicinamibacteria 16.25% i b | WS6_Dojkabacteria
e g;;:lgilz?ilr:zlgnadia % Saccharimonadia
6.26% ; 5N Blastocatellia FWE IGammgpr;) feobacteria
g — i Verrucomicrobiae B inobacteria

[ ] Others

@ Actinobacteria
] . Others
BB Unclassified

7 38729

24.71% 28.21%
L4t 3R Ri
(@) G4 b A0 K- 2 R RIS 4540 B o A (b) PRAHBAN/KT-2H B & 45 A0 S 53 AT
5 e REMNKFARAEEELMRIT
Fig. 5 Bacterial community structure and distribution in aerobic tank and anaerobic tank at the class level

R A8l P4 AT A T 29 U] = B SR BUAT T8 4K (Bacteroidia) . 8-“% B W #W (Deltaproteobacteria) VA N IR A&,
28 18 A (Anaerolineae), AHXT F FE 45 4y 38.72% . 28.21% 1 16.25%. H:IK, Microgenomatia % N /5
R 6.41% . BARZEAFT Y (Clostridia) i 1.90%, fiiJq i WS6_Dojkabacteria B 401 Saccharimonadia

B, MXTEEDHN 1.53% M1 1.37%., KZEIK A5 N (Anaerolineae) B ¥ Fi AR RE UEAT & BEAR
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i, A TR ESM TSR AR, RRERGE D N EEN R, 5 AHRING™
IR GE RANR], RARGHIRE BT 2 oA w WA RE, Bl Microgenomatia #1 Saccharimonadia .
Microgenomatia Fl Saccharimonadia ¥3JJ& F Patescibacteria |], AT AL BEUE 1E IR H A Nk 1T 2
A MRS, 1 B BB AE S =W IR = 308 TR KR A KB Microgenomatia TR 40 fig K i
WELFYE R, Saccharimonadia T 49 1 — L T J& Bl A A B TRl 28 o 70

4) &1 6 U7 B 43 LA DR M BRI 2 e 1 o A it A DR S0t 1) B A 0 BE VR 0 AR m K i A
oL SAEPRETEVE Y RN 25 0 AR, P 7AW ROV a I PERE I ZE—1NT5 K AE P b B3k
B, ARV B TE 32 Y SR A . T 2 B Rk A R K B4 A TR R IS, AR AT
o, AN | IREBE R FUE R AR R A R EE N R R A TR R
G A R A KRR R . SEPREE SRR ERWT, A R G000 - S iR Y TR s S R R SRS
HRARGWEAMRKEN . £ — B E G KAI) h, W8T R #aw ) £ 2 0 3 R w8
(Zoogloea). ABhFT )& (Acinetobacter), M AW J& (Comamonas) F1 25 FT & J& (Flavobacterium) VA
KT Ak 85 € 7 & (Nitrospira) 55 ™ T AEAS B 98 h & 400 B4 O 35 3 8 3 45 Amaricoccus(8.03%)
Methylibium(6.50%) . Reyranella(3.1%). Plasticicumulans(3.06%). 5§ & W% AT # J& (Novosphingobium,
2.91%). Vicinamibacter(2.46%). Wi FZ M H & (Dechloromonas, 2.31%). W IEBE & (Methylocaldum,
2.17%). Ideonella(1.97%) Fl Sphingopyxis(1.78%). b, FEE F 5 09 )8 Amaricoccus & — Fh 7% '8
(A . BEEFRAL) WA S, J& T ] (Proteobacteria), o-”SIEH YW (Alphaproteobacteria),
B2 REIPE, BELLZ W MR i 2 B0 FEA . RS E R OU R BRI A E SR, AT RE K i M
ML PHB, Jf& UMb R ™, I, BETE N Pl?l_gﬁﬁiﬂ [ 5541 B4 5 Plasticicumulans

B LRI R SR LIS ’ o
PR N BRI RIRETE , AIREIREE . ZBERITLRA LS wl et
)R R e B 85% I 40 i T AR P AL o
92% ¥ PHB, R4 . RS &G HLA s oo s
FER RS, WA, PHB ML WTEH F b =
PSEE O S St S B U 15 S R T Eoa0f o
B B R, BB DI A A B
RERLEAEAIR . JF 2 S AR ighag K4 4. oo
Plasticicumulans £ 2 PHB {914 it fdi H 45 LA % . fé/% : .
RABEWMFEFRRE R AK . DL XS R 7 Al P
R B SHRL, KL BT S Qe
R 2% S AP HE R L 3 L T RE 05 2% £2 uncultured pacteriun_o_Saccharimonadales
S A 5 R D W A1 L3852 L o A ok P
iiﬁi?:iﬁf,ﬁﬂ&ﬁ%%%ﬁ%, %gﬁ%ﬁ%%ﬁ%ﬁ%ﬁmmn
AR PRIER SR E B 1T = Unclassified
R ARGt 10 O 4 R IR 2 9 9 o 78 3 KT i S
(Geobacter,  26.62%). W )y i ¥ W )& ﬁ %2;%%%%%
(Paludibacter, 20.98%). uncultured bacterium_f Novosphingobium

Bacteroidetes vadinHA17(14%). & 5 3% ) K 4, f%‘;’?ﬁfiﬁm

& Amaricoccus

EH & Efuncultured_bacteirim‘naf_Anaerolineaceae, 6 FEH. SRk AR EEE R ST
10.82%) SEARN MAN, BRI uncultured_bac- Fig. 6 Bacterial community structure and distribution in

terium_o_Candidatus Shapirobacteria(6.41%) . aerobic tank and anaerobic tank at the genus level
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uncultured_bacterium_f Prolixibacteraceae(2.51%) Fl £F #4f T J& (Leptolinea, 2.49%). #Hx Jo =&
uncultured_bacterium_o_Saccharimonadales 1 5.5 ¥} 7 J& (Syntrophomonas), AHXF =B 4330 & 1.37%
M 1.31%.

HiLFT B )& (Geobacter) 16 R E M fie 5, 15 26.62%. AT & (Geobacter) A T o 878
R E2 RPN AR ™R KA XS B R e 2 el A LY iy |k 5
Fe(ll) Wik i gh &k, ERAFMTUCmE . FHR .. AYEY S 2 a5 R~ 017E B
FHHAFI ORI, 0I5 ] 3 SRS ) Fe(TDY, HIFF B & (Geobacter) X A= 4 R4 19385 N BE 71 Eb
Ao, MAEREA TS Y S K2 L B B DR WS YL i R 7K L AR TG 7KORN 45 P % /K 45 30 B v
PR R LAY P LI RSE, AT R (Geobacter) #5 5 R A H AL 7 A AR KW 1, 7l
DIz WA A LR N IR, W% & PENR TR (VFAs). BE . BRAn 4S50 AN, okt i s
(Geobacter) & ] LA H AW R (7= HBe 8 45 ) e vr H 3G 4%, BV Bl s+ 5645, filn,
& & I8 I o FF B (Geobacter metallireducens) W 5 W It 22 T J& (Methanosaeta) 5% H' bt /\ & Bk 14 &
(Methanosarcina) 55 7= W Bt B 2L 15 72012 WAF B J& (Geobacter) 18 7 J& /KA B 2R 48 R 480 7 32 5 b
7, BLEHIR A & T R 0K R ACVER, RIBHa AT RAFEA P =Bl . [ep, H
R R, WA S AT B (Paludibacter) 32 B30 ¥F B #W (Betabacteroidetes). %5 H. il [# B}
(Porphyromonadaceae) T F)—Fh A% IR S8 W6, X R HE & BE 2 FP BB A A=A 2R . INFR /b T
M2, J&—Fh IR

LR TE R (Leptolinea) TR AT REHS Z0E 554 DLW K it e Ak 0 A AL AR DT IR ™Y, A AT
FERGEAIY WK IR A . EHBEEMWIE, 9 HIE (Lepolinea) J& T EFEZ MR LRI
I(Chloroflexi subphylum 1) F DA N, 75 2 5 HAM A 45 & A BeA UK uncultured bacterium
o_Saccharimonadales(1.37%) Z #8 9% |} Patescibacteria '], EAG AW /N R4 M4 g K/, @5
HA A Py A7 AR AR A B0y — 2 A TR B Ik W B A W WSt R O B A B I g R A A1
EPERT, Al & BRI AR TR VB PR AL M FLIR . S PR B (Syntrophomonas) J2: K8 % B i WL
A=Y, AT LA T W, SR DRENE 15 e D Re IR 8 2 —P%. Syntrophomonas 7] 5 & Ak 7 F ot T4
L R] I FE A B AN S B DR, R IR AL h IS R, B A A SRR AR B TR H
FEARB DD, Syntrophomonas J&TE IR AU it o (19 & 48, AT Rg A B T3¢ = COD 2 R S F1 7™
H B

M ERA TRl R, SUEFRHOK RO, DA BT 3 B R B 5 1 T RE R il & Fh 2 2
ML) B 41 B H )& Gobacter Il Paludibacter, Gobacter ¥ %2 5K I B /K i K B, Paludibacter 2
Hrmat e Hk, RS R IR 19 BR 1 A R K A B AR I 208 SR B Leptolinea Y AERKARHE T
B R A o VU Leptolinea F1 Syntrophomonas "M AL 3 WL 3V 0 J& 5 FoAth Uy 5E v e 1 S AR AR KA ) F
REGH AL B A 247 . Hep, Syntrophomonas 5 7= U sg B 1 4678 77 A48 KRR #E T 7= 50 4 1R
R, AR TRAE W, Bz, DLk e 340 | 78 R A0 i 5 e A K Jor T8 AR IR it
(AR G ey RN DR S AR
4 ZEip

) ZFEFR RGBT RN, KRG TN, TP 5K EZ 10 mg L'l 1 mg L' 5T
KR iztr, HRGEAHBOR R

2) K R R TE BT (55 COD, IR N P 3%) XU E MR p A it 1 ik £ 1, BIOR
AHLY W AEAE N A & A DLW R A B8 0 0 e R W SR A T RUE R . o, IRE P R N
Geobacter(26.62%), -4 M FK M K Amaricoccus(8.03%)-
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NFERAEM T L A7 F MR #7208 R RE R F K, RE AT REE
(Leptolinea) . W48 i ¥ 1) Amaricoccus J& M Plasticicumulans J& , X S840 Vi A B A R A LY
Vefirne )1, IHE R R & BB TA1E, @%%ﬁ?@gﬁ,ﬁﬂiﬁ UEIBAT, INEI R AP FRACR

4) —Se R IATE 5 HAD A 0 B SR A A, R G YRR A A B BL e RS A T MR T
RETZARAGSERYLHE IR R EET. H ‘?BE 28 I 4 (Anaerolineae) . Hi T 5l J&
(Geobacter), £F48 14 & (Leptolinea) I B MR MU J& (Syntrophomonas) S ML X3 o
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Cause analysis of the stability of a Chinese medicine wastewater treatment
system with deficient nutrition
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Engineering, Kunming University of Science and Technology, Kunming 650500, China
*Corresponding author, E-mail: Chenfy1220@hotmail.com

Abstract The wastewater discharged from a pharmaceutical factory in Yunnan Province is characterized by
high organic concentration and extremely low nitrogen and phosphorus content (deficient nutrition). However,
the wastewater treatment system has stably run for the long-term with over 90% of COD and BOD removal. In
order to elucidate the mechanisms behind, a comprehensive investigation of the system was conducted from both
the operational and microbiological-aspects. The results showed that the contents of nitrogen and phosphorus in
the anaerobic and aerobic phases were very low, and the corresponding TN and TP concentrations were
9.68 mg-L™', 1.17 mg-L™" and 6.18 mg-L™',0.25 mg-L™", respectively. The microbial colonies in the aerobic
phase presented a higher richness and diversity than those in the anaerobic phase, and the dominant genera in
both phases were highly efficient organics-degrading ones. In aerobic phases, the dominant bacteria were
Amaricoccus,. Methylibium, Reyranella and Plasticicumulans, of which Amaricoccus was the most abundant
genus with 8.03% of richness, and could grow in nitrogen and phosphorus deficient environment. In anaerobic
phases, the ‘dominant bacteria were Geobacter, Paludibacter, Leptolinea and Syntrophomonas, of which
Leptolinea was. a type of nutrient-deficiency tolerant species with 2.49% of richness. The nutrient-deficient
wastewater environment exerted selective pressure for the microbial colonies, and promoted the dominance of
low nutrient demanding bacteria. These dominant bacteria cooperated at each stages of the system to degrade
pollutants, which guaranteed high removal efficiency and long-term stability of the system.
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