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Analysis of Pathogenic Bacteria in Reclaimed Water and Impact of UV

Disinfection on the Removal of Pathogenic Bacteria
JING Ming'?, WANG Lei*"

(1. Suzhou Environmental Monitoring Center, Suzhou 215004, China; 2. College of Environmental Science and Engineering, Tongji
University, Shanghai 200092, China)

Abstract: In the study, 454-pyrosequencing technology was employed to investigate the species of pathogenic bacteria and the
proportion of each pathogen in secondary effluent. Culture-based, qPCR and Q-RT-PCR methods were employed to analyze the removal
of indicator (E. coli) and pathogen ( Salmonella and Mycobacterium) by ultraviolet (UV) disinfection at a dose of 60 mJ-cm . The
results showed that 11 kinds of pathogenic bacteria were found and the most abundant potentially pathogenic bacteria in the secondary
effluent were affiliated with the genera of Clostridium (2.96% ), Arcobacter (0.82% ) and Mycobacterium (0.36% ). 99.9% of
culturable E. coli and Salmonella were removed by UV disinfection (60 mJ-cm ™), however, less than 90% of culturable
Mycobacterium were removed. The removal efficiencies of viable E. coli, Salmonella and Mycobacterium were low. Q-RT-PCR seemed
to be a promising method for evaluating viable microorganisms in samples. Besides, pathogenic bacteria entered into VBNC state at a
UV dose of 60 mJ-cm >, Other advanced treatment processes were needed to ensure safe utilization of reclaimed water.
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Table 1  Water quality parameters of reclaimed

walers used in this study

WA kK Hizk
pH 7.34 6.97
A /mg-L"! 14.4 0.15
F T AR/ mg- L ! 264 17.9
AT E R/ mg - 1! 259 0.9
B/ /mg-17! 172 5
E"ﬁ/mg-L’l 15.6 5.02
S/ mg L] 3.52 0.13

R AN R SRR A5 7R L = AT, 2R
RSPRG0S AMT A (O b i 4 A
J7L AL YT 1320) AT, S SR AMR I A2
ARHIFFE R FH R 58 ST 8 06F 52 56 rp 7R i e DX Sk ) 5%
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PoFkEas b AT 5 B 5 HMT AR KRR H 32 5541
HEGF. SCER TR BRI (m)-om 77) = APk
FREE (mWeem ™) x BRGFAAE] (s).
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40 mJ-cm 7, K [ AR AR HE R 80 m)-em 2,
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1.2 Z9uboKRh i 2R b
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P 1L KRR RR 2R 4 28 B U8 K i iy
W T — A% A 15 mL CH O, A 10
mL K 5 ) PBS FETEH 4 5 25 b L e 8 B 1)
ORI, KRR B E T 4°CE0 10 min,
HE P10 000 romin =" ( H 7, 85 . CFI6RN). 3
LW R AR 2 mL OB, T
4°CE LS min, 5533 12 000 r-min ~'. FE FIHR,
BN 500 pL BARIEFT DNA A9 DNA $2BCR
H FastDNA“ Spin Kit for Soil ( MP Biomedicals, J= i
' 16560200 ) 2k 7 &, BAARSER AR o B e 500 5 i
17, FJE155) DNA (KRB0 50 L. X521 DNA it
744k, & A Universal DNA 4l 1k 81 s 3 51 & ( K
R, = g5 . DP214) . $EHUS B9 DNA HF 454 £
R 7.
1.2.2 PCR ¥ 1

PCR 44 [X 35 ) 40 B 16S tRNAFY V1 ~ V3 X,
YK E R 500 bp. FIES ¥ M 27F .5 - BlE A-bR
% -CA % 3k-AGAGTTTGATCMTGGCTCAG- 3", F iif
519 K. 533R: 5'- fll & B-TC 4%3k-TTACCGCGG
CTGCTGGCAC-3". K T X 43 [A] —4& & i A [R] 4
i TEG IR I I A —> 10 bp AYARZE. PCR S
& N 50 pL: 5 x FastPfu Buffer 10 pL; 2.5
pwmol-L ™" dNTPs 5 pL; 5 pmol-L™" FEFi#E514) 2
wL; FastPfu Polymerase 1 wL; DNA ifz 100 ~ 200
ng; HATHMGERK AL 50 wl. PCR ¥4 52 )i 12 ¢
4256 95°C 2 min; SRJE AT 30 PMEH(95°C 30 s,
55%C 30 s,72°C 30 s) , 5%/ 72°C 10 min. #f PCR =
YIHEAT 2% SR AR EEE RS FL UK 7E 500 bp o7 B ALK 5]
Z%47 , B PCR r=4¥ | TaKaRaMiniBEST Agarose Gel
DNA Extraction %I [0 it 77 & ( TaKaRa, 7= i 5 .
9762) [t PCR 4. & H 48 66 A 1l 2 DNA
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PR SERENE , F EAREA R P51 (R KAy
— RS K AR R ) 3 @FF R BOREEAR T 200
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1.2.4 PSRN R 03285400 Hr

X 1.2, 3 1A 2 A A ¥ 51 HERS A SILVA %
P& & ( http://www. mothur. org/w/images/9/98/
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WA F H). A mothur 2R A4 (http://www.
mothur. org) , M4 320 9 51 P81, KBRS K
(chimera) ¢ %1, i i X RDP #0398 % ' (http://
www.  mothur.  org/w/images/5/59/Trainset9
032012. pds. zip ) Y PDS J3 51 #E 47 L X, HEBR i 2%
(N2 A NN ISR YR B T /W o8 s
AR B Z U3 S 24> OUT. 3 £ AH LK
0. 03 M HEATJe 2270 Fr MM s th 2. F1 A mothur
AT B AN Chao T 48 2L (hitp://www.
mothur. org/wiki/Chao ), Shannon % £ 1 #§ %

(http;//www. mothur. org/wiki/Shannon ), Simpson
Z FE M 5 %0 ( http://www. mothur. org/wiki/
Simpson ) , 7 @ & 45 %0 ( http ://www. mothur. org/
wiki/Coverage ) M Pielou ¥ 2] i 5 %0 ( http://en.
wikipedia. org/wiki/Species_evenness) .
L3 4 Ak

AHIFSE e T R4 7R B R AT R 1 H AR
TR, WO 45 R BEAT 0 A, e R U0 1T IR
TG RCAT B S i A 00 A5 D . 2000l >R JH 4 5%
7. qPCR K Q-RT-PCR J7 1 A6 I /K A v 240 T 114 34k
JEIKF-
1.3.1 ¥Rk

PN 7L R I WIANE DN & s TR DR RN valll
SRR 11 ] #EAT.
1.3.2 DNA $&H

THFE T S B A 20 R T 1. 2.1 9 SIS 3 1Y
DNA. {5 B Jo W 40 1L Fp MR A, i B 7 4 R
12,1 7ty
1.3.3 qPCR

(1) qPCR 519 B R AT B3 4%

ABEFEHRIAHT B AAAT Y PCR AR
H SYBR® Green qPCR. K] Tagman® qPCR €&
R yb 1 QT AR Y H Y 5L PUFITRR 5 149 31
WA 2.

2 ZEZPCREHANEMEREMERSIHFTI

Table 2 Gene targets and primers used for qPCR detection

EILZER S H A% A JF51(5'-3") P/ bp ik
E. coli
uidA-F widA ATGGAATTTCGCCGATTTTGC 167 127
widA-R ATTGTTTGCCTCCCTGCTGC
Mycobacterium spp.
Th11 hsp6s ACCAACGATGGTGTGTCCAT 441 (13
Th12 CTTGTCGAACCGCATACCCT
Salmonella spp.
invA-156f CATTTCTATGTTCGTCATTCCATTACC
invA-288r invA AGGAAACGTTGAAAAACTGAGGATTCT 132 [14]
invA-189p 6FAM-TCTGGTTGATTTCCTGATCGCGCTGAATATC-TAMRA

(2) qPCR Ayt fih i il £

it SR FH BRL AR fE i, A O s 2 D0 SR
[157], #1485 &4 uidA . invA F hsp65 K& PR B Ji ki
DNA.

KIGHFFREARE A EE R ok R BT IR S
widA FEPRARRL A 519, U T T IR B AN invA BEDRURR N
(5190, 53 R FF B s o i 19 4 3 SR FH 93 A A 4
hsp65 BERAHN 519, HiR K 4 PCR 3 2 5

W4 5 1 7 W % 2 A pCR 2.1-TOPO # {&
(Invitrogen) H, 28 ask BV 56 5 43+ B AR5 s 42
AL RS K G FFTE DNA ARifER. RIS A
AN DNA R 2. K A5 20 9 Bk DNA 2 10 6%
B ER R, 15 qPCR ARHE .

(3) qPCR &

K FF B M 9 B FF B qPCR ( TaKaRa, Code:
DRRO41A) WK% M (20 pL) : SYBR® Premix Ex



2 4

S,

T 7K 8] FH R S S R AR AT S SR M R A

625

Taq™ 10 pL, EFHEGI¥4 0.5 wl (&K 0.25
pmol + L") , DNA (A #E S 5 AE 5 ) 5 wL, AFEK 4
pL. 7P 40 qPCR( TaKaRa,Code ; DRRO39A) JZ Jif
R Z K (25 pL) : Premix Ex Taq™ 12.5 pL, T
M4 2.5 pL ( B 1.0 |.Lmol-L_1 ) ,Taqman®
PEOCERET 1 pWL( W 0. 25 mol - L"), DNA (b
SERER) S WL, WZEAK 1.5 pL #MERFZE 25 plL.

KGR FWTE .1 MEH.95C, 1 min;
40 MIEFR.95°C ,20 s; 60°C,20 s; 72°C,15 s( Y dE
B ; KA R :959C 1 min, M 60°C I
A5E30 s IRETFE 0.5°C, Bt E T 71 NGRS, 45
FRIE R 95°C , RN A5 R Z S5 4°C AR AT

VIR I B AR P . 1 N E R 95°C, 10
min; 40 ™G .95°C ,20 s; 60°C,30 s; 72°C,25 s
(WD) s AN EBHIL, RS R Z 5 4C
TRAE.

SRR R AN o1 AMEEF:94°C 1 min;
40 ME.94°C ,60 s; 60°C,60 s; 72°C 60 s ( Wk
W) 5 Ko i S B R R KA AT A

FRUGE i PCR R ARIEEZS 10 B ( LUAH R4 R
BRI DNA) | BRI E 15 2 A4S FATHE.
1.3.4 Q-RT-PCR

Q-RT-PCR Fifi it 1 il #8225 SCHR[ 7 ] .

FEMBIH 452 IR 1.2, 1. RNA AUHLBCR ] Fast
RNA ® Pro Soil - Direct Kit ( MP Biomedical , e
5:116070050) .

2 #R5iTie

2.1 KT TR S A 2
2.1.1 AW ZREE BT

W XF 5 AHEREE B 16S rRNA KL [F SC k47
Ry, e 8y L4 n, LiR151 128, 1299,
1292, 101911 462 55 LALIF 51, )7 9 K R
545 bp. ¥HEALIFFNESTIE S SILVA X E #1758
I HE 97 % FARIME R 73 I3k 252, 264 375 315
F1554 OTUs, Fgi th& aniEl 1 s, ] A, 2430
P AR 1 0008 AT5 A B Y OUT RI g . 7 i
it B 7 510 3 0 A o S 2E 3R AR A SR AR B
PG, R30I T o SR AAEN 2R

b
RIS
600
I -
—_————n - -
500 | 2 L
‘‘‘‘‘‘ 3 .’_,’
q00 p T o
-
o -1 - ="
juarg L L
§ 300 F o e
— e -7
=} o
200 | Rl
e
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Fig. 1 Rarefaction curves of secondary effluent samples

R3 “RHKBREYYIEEENSHEMEITN

Table 3 Richness and diversity estimators of bacteria in secondary effluent samples

FESER OTU R Chao $8%k Shannon 84X Simpson FH% Pielou 5] %
1 252 0.8590 578 4.1843 0.0375 0.7595
2 264 0.8838 473 3.8145 0.089 4 0.684 1
3 375 0.8259 716 4. 6699 0.038 8 0.7879
4 315 0.7910 726 3.9593 0.1355 0.688 3
5 554 0.7524 1170 5.0611 0.049 5 0.8012

XU 25 AT 1] B AL T 53 B (X 5 A
i A28 R0 AT Rt AT T /N T 1% I,
RIA AW ) |, 3 Hrah R an &l 2 s, ARUPE
97% I, A it b 2L AG I 2] 21 AT, AR RR AT ]
( Acidobacteria ) . HC 2 B 1] ( Actinobacteria ) .
( Armatimonadetes) . fLUFT |1 ( Bacteroidetes ) . 2525
B '] ( Chloroflexi ) . ¥ 40 & '] ( Cyanobacteria ) |
Deinococcus-Thermus . JEBE T |1 ( Firmicutes ) . 3 FT
11 ( Fusobacteria) ., Gemmatimonadete . it 1€ B
I"J( Nitrospira) | ¥%%% i | ] ( Planctomycetes) . A8 JE B

I"J( Proteobacteria ) . W2 € &[] ( Spirochaetes) . H.FF
B 1] ( Synergistetes ) FIPE# i ] ( Verrucomicrobia ) .
e 794 5P SN AN RER S AT ], X 2240
T P BB A R A

SIS I T N 51 DR = T B AR 1 I
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Table 4  Proportion of pathogenic bacteria in the sample

o , T
Arcobacter 50 16. 13 0.82
Clostridium 181 58.39 2.96
Escherichia 11 Shigella 44 14. 19 0.72
Legionella 7 2.26 0.11
Leptospira 1 0.32 0.02
Pseudomonas 1 0.32 0.02
Streptococcus 2 0. 65 0.03
Treponema 0 0. 00 0. 00
Mycobacterium 22 7.10 0.36
Bacillus 2 0.65 0.03
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Fig. 4 UV inactivation curves of E. coli
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