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1 AR AN VR ZREPE ST AT BOAR 2 R . B, AT X NE T R A A K T i R v AN
TR 8 75 A A BT 5% 0 i D R )

AHIF ST L) 3 [ 1 07 T 1 5 - U TR AL B T4 A R K T N SRR, SR T NovaSeq6000
o 30 M R N B A Z 45 T2 BT K R P e A 0 R ) A0 T R S R AT AT, AR T AN
BEVEAE T A R A5 SAE AL EE s OF T EE A MB0R R AL AL, LAY R 4 i B Ak 7k
YRS
1 MMSH%

1.1 K HARLETZ

A RIKT (LLR AR )) SRR 40 000 t-d ™', LK T FLZ) 4 km?, IR 55 A 25 160 000
No KA AKIE, IR A M . ZFFLHE M R EEnh . RV DITEM . I PE s ug b . U8 B 4= )
AU KM EZ T 2800, TEARBWME 1R, RE RS LS, el 1.0~20
mg L' (DL AL ERTT) s T00 804k 500 R 2 500 35 ok R R 4, BB B iE 7y 0.5~1.0 mg L™, FIH
iR 1.5~2.0mg L', ¥LLCLit.
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Fig. 1 Schematic diagram of GAC-UF advanced treatment process

1.2 HRLE . RESKE

JKFEHK B GAC-UF & T2 B IT iy K, 2B IEAE & SR 46 B GAC-UF 15 4 7 18 3t v 1 3% 7
R, FEMCSRAENA T ZRTRABITRES R, RAEESWE 1 i, HEa AR08 K . Ul
K UK O EIE K W TR ORI M R A R, X R (7 H ) B SRS 8 SRW
S.CSE. S.GACFE. S.UFE. S.FW fil S.GACB; XI I (4 Z=HE i 45~ W.RW, W.CSE. W.GACFE,
W.UFE. W.FW 1 W.GACB, /KR4 BB #E 4T K A 38, 3G PEacre il B TR mw 48 DA
R S I BORAE 3 Oy ATRES, , IR A YA T AT AR SR AR B I A B R B R AT
R, GnJC S A ST B EAT ARSI, T T 4 °C KA T RAE, %E%hmmmhmo@ﬁﬁﬁMM&ﬂ
RS SCHR [10]0 SR 0.22 pm Y8 RS0 7K A R TE 1 A ot () A0 38 T R E AT a0k, EL BN BB AR Ik
Tk ZJEH IR E T K E A BB LE T, T80 C &M FIR-A7 -
1.3 KRIEFRADE

{8 Fl HACH HQd 22 2 5K J5i 3 B {306 W SR B2 A b B9 pHLL 7K I R ik 40 S B R A7 0 7 5 i
}maanN@EﬁM&\mmmmmnmaﬁm%@mu\WWMNQmwmé/ﬂhﬁﬁﬁ
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GBI XM EE . TOC/DOC. UV, #EAT Rzl 5 it I Az 3 IR F K br HE K 38 7 7% ) (GB/T 5750-
2006) By 7R B . A . AR IR LTS 2L (COD,,) . BVE MEE S bR AT RN 5 AR W AT R A
fi A LR (BDOC) 58 75 462 % Sk [12]; 557 W i 80 (HPC) 2% 3Cilik [13].
1.4 HHERSENF 24

T, AR AR R 4] DNA ff /S b = B SR AL B (CTAB) IL 4 10, >R J0 I /KR 32 B
RAF M) DNA R BE 2 1 ng-pl™', DAtk DNA 4R, #E#E 515F Fil 806R 55 16S V4 X 5| Wit 175K 4 Tl
BN (PCR). SRJE, R NG BE S (M B A 29%) % PCR #=Hy B4 B BRI, 3 e 1l i 38 541
& (qiagen 22 F) X B g 25 47 B . B e, I TruSeq® DNA PCR-Free Sample Preparation Kit %
JPEA ) G A B SC %, 3 i Qubit A1 Q-PCR X SCEFEATE &, SCUEMING )5, #£ NovaSeq6000 F- 15
AT
1.5 NF#ES

FE 97% — B ALK b, 8 D 3R AT B AT 8508 3 SR Uparse 3% £ %8 2% 2 OTUs(operational
taxonomic units). Z J5 ¥ OTUs i i Mothur 77155 SILVA [ SSUrRNA %edis 1 1 B A = pr AR = 19
Wik, JEEENT. 9. JEACE EIETRE S ERE AR T . TRIRE BRSSO HTAN R R TS AR

o ZHEPEFE SR PCA 23 #7143 501 5% H Qiime 3K {4 (Version 1.7.0) Fl1 R #f4: (Version 2.15.3)5¢ i
2 #HR512
2.1 GAC-UF RERLEBIZETHR

14 GAC-UF IR E A T 2 B K RS 8084k . a3k 1 T, ) /K pH. 3B |
COD,,,. W% SBERmaem e CEWIRAK D AERE) (GB 5749-2006)" (g Z R . BLAT Y 55
TR KK BibR b, %) HPC 4 FR{E 2 500 CFUmL ', AHF5% b B A 2235 (0 B0 24 3 @ a3
S, AZFH)TKI HPC B3k 323 CFU-mL™' o HPC fE N E ¢ 3654n, FESIREM ., I, 45
% T2 50 HPC I ) T ¥ B8 . M T5 W W ¥ B 800 8 R Biig i = A Lk, il HPC 1Y
R2A BE SR I WL AL N iz, A A T2 me g Ak, Wik, £FW Nt T.2E
11, LIPS K U % 4

Bk pH. K FIVE i S0 3R AR LIS, T2 i b i s br s AR R B R R fash . Hih, B
AP . 2% . BDOC. V&SN LB R BAA, H 5 R 45 R AN &1,

#z 1 GAC-UF RERXBTZAEFKRSHTL
Table 1 Variations of water characteristics in GAC-UF advanced treatment process

KR BES COBRE R @A/ UV,/ TOC/ COD,/ BDOC/ EVEEEU  HPC/

FERATE pH 0 NTU T (mel) (gl (mgLh) em? (mgll) (mgll) (mel’) (CFUMmL)(CFUmLY)

SRW 7.87 282 11.30 7.96 0.206 0.123 0.034 7 4.68 3.06 0.75 260 620
S.CSE 8.84 283 1.62 8.24 1.490 0 0.038 3 2.95 2.85 0.65 112 98
S.GACFE 7.84 28.2 0.61 7.78 0.532 0 0.025 4 2.40 2.48 0.45 21 64
SUFE 7.82 284 0.11 8.65 0.107 0 0.023 6 1.25 1.79 0.23 3 0
SFW ' 7.88 283 0.10 8.62 0.100 0 0.023 0 1.28 1.70 0.19 1 2
WRW 731 172 2.94 9.29 0.124 0.210 0.028 6 2.78 2.50 0.52 150 8800
W.CSE 8.19 173 0.63 9.58 0.105 0 0.0190 2.68 2.30 0.43 68 5700
W.GACFE 7.30 17.2 0.39 9.05 0.122 0.0150 2.16 1.80 0.32 42 1850
W.UFE 7.60 17.4 0.04 9.92 0.137 0.0111 1.76 1.30 0.15 0 370

==

WEFW 765 173 0.07 9.93 0.097 0.0109 1.65 1.10 0.13 0 323
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HEMAERKEE . YR o 2R ER 2 R, R 218, Good’s coverage 3
TE0.98 LA Lo HULTATLAE H, KT KR . 36 M e 26 W JREAE O v 40 T 7 19 7 35 %5, 16S rRNA Il 7
Brae ik 2 .

R2 BHEBOTUs M B o ZHMIEY

Table2 OTUs numbers and alpha diversity indexes of each sample

o FEEE R
GRETEA OTUs
Shannon Simpson Chaol ACE Good’s coverage

SRW 1 695 7.319 0.984 1 876.506 1 956.042 0.985
S.CSE 1411 3.095 0.588 1 506.975 1550.896 0.991
S.GACFE 2435 8.219 0.990 2370.500 2409.806 0.988
S.UFE 1676 5.940 0.958 1 689.852 1721.605 0.988
S.FW 881 4415 0.718 866.174 875.634 0.995
S.GACB 1 896 6.468 0.928 1 858.297 1 898.854 0.993
W.RW 2 060 7.388 0.984 1916.576 2035.472 0.985
W.CSE 1537 6.289 0.974 1 589.256 1651.141 0.986
W.GACFE 2490 8.834 0.991 2497.889 2517.366 0.982
W.UFE 1330 7.297 0.976 1382.941 1 548.965 0.990
W.Fw 1183 5.831 0.941 1 225.567 1311.826 0.987
W.GACB 2278 8511 0.981 2131.875 2227.622 0.984

¥ : ShannonFISimpson iy FFF L FEMEHEEL, Chaol MACE N #EFEEEFREL.

FEKFETTIR, BRTE GAC T 250 KiEFt = 4h, OTUs Al Shannon., Chaol 5% o Z M 48 27
TG T B MR TR B A B T 20 R R IR R R R S, IREEDIIE T2 BRoT . UF AT ®S T2
B TT X A T 2 R v A B /E o b Ah, E ZEXF OTUs. Shannon I Chaol 119 2% B 8 (48.02% .
39.68% . 53.84%) M @7 T4 % (42.57% . 21.07%. 36.05%), HFEEFRHAIfERE, KB KIREE S
k10 C A4, BRAEEREWNT TABTRCR . DRSS RS EN T GAC-UF AP T 2 4l
HEVE B W I B 23 AR RRE o BEAE, A ZRKAE AR AL OTUs 3 H Al o ZFEMEFR B & T HE 2
HOU 2570 56 7 52 3 0 g YA 3 T 20K T B9 BF 98 45 50 5 AR SOy 45 SR — 30 (BATR 20 207 %h 3% [ 43
HRAEYIE M R R T AR R G AR . UL ENAERY, EARFR K
TR R, A VR 2 RE R R I () AR AR AR T 25 5, AR — S5 R AT BE SRR KIEAK) Hid
IR L A

YN P VR 2 FEVETE GAC-UF IR AN FE T2l B vp R 2 TR ka3, {H7E GAC Hiot i /K h i
Th s ELE 5 A W M5 A T VR 2 AR IR T ROK . A ESE SRR, GAC 38 h 4N 1 K2
24 o BOON “5 1) By F 53 s 36 B GAC 1l 7K b R s Sl A= Wy i A A o IR BEDTIE T 2280 . UF 1.2
BTG T T2 B ou 0T 4 R R v 22 A M B0 kA L TR B DOUE T2 B T X AN BR RV 2 AR
F BRI 20% 247 . {HZ, POITELON 25129 H1 LIN 550 (il BF 97 45 B 260, TR EEVTIE T &5 M T Xt 4
FREE R mAE RSN, XEARCERAE—E B A HaTer R, AR5 H a1 R &R
YE WAL, siAb TIREEUIIE T2 XM AN BEYS 9 Bk . 76 UF 28T, 2 WX 408 2 FEE
2 BRAE 3 B i, R0 TR D8 X T E W i A RO X S TR R SRR R R S R — 2
HE T LT R KK A Y & e BB BERE, L7 B 20 06 4 B B V5 2 B ME 1 L B R I
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i, ABTEA R L BRRBAR, X AT 8 5 S A TE A G
23 TZdiEPAEREERK

D) 1K R AR BRI A . T1KF B R AR e 5 A an 18 20 7s B BT 2 AT 24 Z 05K
FER LR T TH B IEAMR ;. AFEAE, BB (Proteobacteria) 7F B Z=FF i w7 48X L 35, i il
4 '] (Actinobacteria) 7E 4 25 £ 7K A v AH X 3= B2 g =5 T 28 JE I8 '] (Proteobacteria), A % £5 7K+ 1M
T, TEWE R R A YRR A (S.GACB Fl W.GACB) ', ZZJE T ] (Proteobacteria) 7F & 2% (60.79%) Fil 4
& (72.15%) ¥ G g xF L H ;. B A E RN 0 45 IF % W ] (Planctomycetes, 12.79%). R AT 1& 1]
(Acidobacteria, 5.06%) Fll %7 1 B ['] (Thaumarchaeota, 3.62%), 2% Z&if 4145 4% BE B [ ] (Tenericutes,
4.83%). T ] (Actinobacteria, 4.04%) 17775 % | ] (Planctomycetes, 3.12%)s

LR RTIR , KRR AR P IR A A v A AT K B~ 2, HAEY A & 25 5
R (HEEEXMFEESCRE , A DXL B 145 AZ T # 1] (Proteobacteria)

2) JEIKF ER AR BEVE A . H . A PIZEAE TS KT L A TR B v A B A 1R 3 s o H I 3 AT
A, TEEAKCFHR L, 2R AR AR A R O, AR SFW H 248 X34 T T8 Sy
I M T B (Sphingomonas, 15.15%), F£ W.FW 48 X 0 34 1 )@k 43 AT i J@ (Mycobacterium,
63.32%). MIEHEEIEY MSE, X2 FEBHEA WAtk WA, ATREEEm T RES X
FF & (Mycobacterium) 55T & W B AETE , 8 W 1T 4210 35 1 20 40 B8 2 FE PR 2B R BRI

100 - [Jothers

i 100 M [Jothers
90 | = ggﬁ?&%@e 90 Il Rhodococcus
I Melainab : B Lactobacillus
80 I Melainabacteria 80 B Pseudomonas
< 70F I Chloroflexi < 70 B Bacieroides
> I Thaumarchaeota S B Undibacterium
i 60F I (Gemmatimonadetes M % B unidentified_Synechococcales
# S0 I \eggodycrgbia #50 Wl Perlucidibaca
E 40t =/]§§I:ggtéa(€é:rla = 40 Il Rheinheimera
Z 30} -Firmicul:es Z 30 W Candidatus_Bacilloplasma
204k [l Bacteroidetes 20 =gfl;’g§éz bacter
10} I Planctomycetes 10 B Methylophilus
0 B ALtinobaciars ) AR DGR I incomonas
ctinobacteria Q Q ; . o
SEKILEY RIS CY WM unidentified Cyanobacteria
<SQ‘§) df() QQQ)Q&ygb CS"’Q) Q§ éf(g‘@ Q$Y*& I Proteobacteria %%%’Y.Q%\.B %%?’@Q$§y~%\s$§@?' W Mycobacterium
O ST S TR PR T TS
& =l
FEAMATR

FEdh AR
2 BHEENKF EERRZHAK

Fig. 2 Bacterial community composition of

3 EHERERKFHEEZEM
Fig. 3 Bacterial community composition of

cach sampleat phylunt level each sample at genus level

HR 8 AH S 55 22 HRE - 4 AT & (Mycobacterium) FIR B J 1 J& (Pseudomonas) K & A4 20
J& o X 2P A EUR AR A RSP AN FEE S T E S, BT EIE (Mycobacterium) TE 1
PEp i T 5 2R K R DLTE M A Irig i, Rl B A BFE I 2 . WA, R
AhEE T B R R TR R A B T A A uE b Ab B T2 T R R BUA S AT I R
(Acinetobacter), 12 J& (Clostridium). 7% W J& (Legionella). < ™ Ml W J& (deromonas). V1] &
(Salmonella). HEFERTAJE (Streptococcus) 5 Z M 1 BURE & , HAEBKE MR g AR 1>, B
SRR ZEARAFEOW R 8 AT AL, (HHBAEFIEBOREF ™, XARFH IR CHE, JF8nn
5 O T R K P A A ORI AR .
24 HEBERERTURZLHMED

R FH 3 R34 A % 20 TR R I (R AR AR A E AT TESY, SR AN 4P . R 4 aT R, BRAZTEE
UE K (W.UFE)Sh, B . &0 24 5 20 ) o3 AT 78 55 — £ R4 (RS AR A ) AN, 3k 3R Y 448 287 7 7% 2 B
2R AR A AR R B . AR D8 K (W.UFE) 32 25 U A FF i, 35K 150 BH JHG 5 R Al AR i 40 1 7R o 201
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R, SAFMLIL, HELHMNZ 047

BRI, X UL A T2 BT 2 ] B 4 R VR =

2 IR R, 02y SR
NI TR RO EHEY, R g 7S ONGFE

L 2 T4 KRR AT R A OTUsHEFT 46 3 1K A AEWS

O, SRS Bk, mE ST, iAAK 8 R A

RESEAT B9 OTUSs % H J2 72, 3 300 — 34843 240 74 -02¢ wWorsrE

FAREAEAE T REET, RZEWHHM; i W.GACB

HAEA RSk A ek, W ABEfE R v R G “04p L , ,

%O Eﬁ'b%ﬁi% 7 /I\ OTUs ':F' , %%#Fﬁlﬁﬁ%i -03 -02 -0.1 0 0.1 0.2 0.3

PC1 (19.53%)
4 MEHETHUERDTSHT

Fig. 4 Principal component analysis of

J& 5 AT W JER (Mycobacterium) i i 1 &
(Pseudomonas) It 5 50 H A 1 F1 3, B 5 el &

i 5.56%: bacterial community change
R SRW

3 #Fie W.FW S.CSE

D) KRR | TR VR S EAE OK T AR bR Y 110 189
54 E bR GB 5749-2006 [ E5R W.UFE S.GACFE

e . s 101 763

2) 4B O 2 R TE T2 R P S ] - skw
i 5 S) A A A, TRBEVTIE . UF I 2 2 2R 6s - s sGack:
ARG LR EE T S 0T, HESER  yoce sure (ISP
% o 420 904 :
%%ﬁlﬁlﬂ:géo 161 ggsAECFE

3) FEE AR AAIE ] (Proteobacteria) W.CSE SFW s
JC LR TR ] (Actinobacteria) 5% ; 78 JBZKF F 40 H WRW
VR 25 ek E5 skiEEET OTUs B7E i E

Fig. 5 Flower diagram based on OTUs among water samples

HEMFEFEERE EEQE S M EE
(Mycobacterium) FME S W % J& (Pseudomonas), HAEE LAY R AT SR 5.56%.

2 % X

[1] WHO. Guidelines for Drinking-Water Quality[M]. Fourth Edition. Switzerland: World Health Organization, 2011: XV.

(21 ORAE, BUEGE, Phifae, A5 DK TR P A5 SR B R E R [CY//h [ R TRE IR 2K Tl 2. B AR S B AR
KRR AR SR AR TR, 2011: 476-486.

(31 AL, PO 100 H A iR S B PR A TR S LR TS (D). MRS /R I8 Tl R, 2015.

(41 k@, F/NE. POHKIERE T Z KR EoAR K T[], 47K HEK, 2016, 42(9): 1-3.

[5] 'LIN W F, YU Z S, ZHANG H X, et al. Diversity and dynamics of microbial communities at each step of treatment plant for
potable water generation[J]. Water Research, 2014, 52: 218-230.

[6] LIQ,YUSL,LIUG C, et al. Microbial communities shaped by treatment processes in a drinking water treatment plant and
their contribution and threat to drinking water safety[J]. Frontiers in Microbiology, 2017, 8: 1-16.

[77 HOU L F, ZHOU Q, WU Q P, et al. Spatiotemporal changes in bacterial community and microbial activity in a full-scale


http://dx.doi.org/10.1016/j.watres.2013.10.071
http://dx.doi.org/10.1016/j.watres.2013.10.071

54 BE7TRRAE G VE BRI L AL B T 2 b AR B RE I A M sl A A R 1471

drinking water treatment plant[J]. Science of the Total Environment, 2018, 625: 449-459.

(8] ZEp, MR, 58, 4 =AU KL T2 SOt Ig 0 15 Yeadt )], 457K HEK, 2010, 36(8): 11-15.

[9] ZHANG M L, LIU W J, NIE X B, et al. Molecular analysis of bacterial communities in biofilms of a drinking water
clearwell[J]. Microbes and Environments, 2012, 27(4): 443-448.

(101 SR T i A K HAR W T 24k BT Y AR K B RIFFE[D]. bt iR, 2013.

(1] e N RSN E TLA R, el [ SEhm A i B 2 B3 2% AR T K AR RS 367 7 - GB/T 5750-2006(S]. AL 5T rh AR
JikL, 2006.

(121 XSCH . SR T AL WA AT DL FITH B2 R P A Y (D). bt AR, 1999.

(13 R KK AR BE R G A ) SRS D], 1M AR B T2, 2018,

(141 rhtie RS TLAEE, o B bR (L B2 5% 2. AR TG AR /K TLE AR HE: GBL5749-2006[S]. dbst: v [ b Rk,
2006.

[15] U. S. Environmental Protection Agency. National primary drinking water regulations[EB/OL]. [2020-05-20]. https://www.
epa.gov/ground-water-and-drinking-water/national-primary-drinking-water-regulations#three.

[16] &) ik, X, TRBAR, 45, W PSR- BB REAL BT 25068 = S L A v RE A S ) S HOM R K AT B B8 L BR[D). BRI
TR, 2018, 12(2): 454-459.

(17] ARLLA. PR 27K R GE U MR I 2 s S sl 2 PO U S [D]. AN : HTVIR7, 2016.

[18] PINTO A J, SCHROEDER J, LUNN M, et al. Spatial-temporal survey and occupancy-abundance modeling to predict bacterial
community dynamics in the drinking water microbiome[J]. MBIO, 2014, 5(3): e1114-e1135.

[19] BOON N, PYCKE B F, MARZORATI M, et al. Nutrient gradients in a granular activated carbon biofilter drives bacterial
community organization and dynamics[J]. Water Research, 2011, 45(19): 6355-6361.

[20] POITELON J, JOYEDX M, WELTE B, et al: Variations of bacterial 16S rDNA phylotypes prior to and after chlorination for
drinking water production from two surface water treatment plants[J]. Journal of Industrial Microbiology & Biotechnology,
2010, 37(2): 117-128.

(21 FRER7E, TR, TR, 55 IR - IR ZH & T 2 A TR Jr s B EUK IIBTIR 0], 47K 4K, 2011, 37(4): 15-18.

[22] KWON S, MOON E, KIM T, et al. Pyrosequencing demonstrated complex microbial communities in a membrane filtration
system for a drinking water treatment plant[J]. Microbes and Environments, 2011, 26(2): 149-155.

(23] FRETTT. POH AR R GE P in S A0 B TR A LT FE D). JEat: i 4R R, 2011,

[24] SUN H H, HE X W, YE L, et al. Diversity, abundance, and possible sources of fecal bacteria in the Yangtze River[J]. Applied

Microbiology & Biotechnology, 2017, 101(5): 2143-2152.
(UHEZ 4% 2B L)


http://dx.doi.org/10.1016/j.scitotenv.2017.12.301
http://dx.doi.org/10.1264/jsme2.ME12035
https://www.epa.gov/ground-water-and-drinking-water/national-primary-drinking-water-regulations#three
https://www.epa.gov/ground-water-and-drinking-water/national-primary-drinking-water-regulations#three
http://dx.doi.org/10.1016/j.watres.2011.09.016
http://dx.doi.org/10.1264/jsme2.ME10205
http://dx.doi.org/10.1016/j.scitotenv.2017.12.301
http://dx.doi.org/10.1264/jsme2.ME12035
https://www.epa.gov/ground-water-and-drinking-water/national-primary-drinking-water-regulations#three
https://www.epa.gov/ground-water-and-drinking-water/national-primary-drinking-water-regulations#three
http://dx.doi.org/10.1016/j.watres.2011.09.016
http://dx.doi.org/10.1264/jsme2.ME10205

1472 o T OB MR %15 %

Spatiotemporal distribution and dynamic variation of bacterial communities in
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Abstract The bacterial communities in a granular activated GAC-UF-advanced treatment process drinking
water plant in the south of China were analyzed using NovaSeq6000 high throughput sequencing technology in
summer and winter, in order to gain insight into the distribution and variation of those bacterial communities in
this process. The results showed that the water quality indicators such as turbidity and total plate count in
finished water all met the standards for drinking water quality GB.5749-2006. The bacterial community
diversities were removed by the coagulation sedimentation, UF .and disinfection, and the removal rates in
summer were significantly higher than those in winter. The dominant phyla in both summer and winter were
Proteobacteria, Actinobacteria, etc., but significant differences in bacterial community composition were found
at the genus level. Additionally, Mycobacterium and Pseudomonas were the main potential pathogenic genera,
and their total proportion in core microorganisms was 5.56%. In a word, the results provided evidence of distinct
spatiotemporal variation of bacterial communities in the GAC-UF advanced treatment process, and contributed
to microbiological safety assurance of drinking water.
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community; spatiotemporal distribution; dynamic variation
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