ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCLE




w % B3 $3T % S

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2016 4E 5 A 15 H

H K
2015 4E 12 AL STTT 25 S T V5 Yeast AT B 5 YL B HE RIS AL, «veveeerereeeeeereemmmmmnniiiii ettt
...................................................... %ﬁ@y@%y%%ygﬁ%y%;ﬁy%%yi E lJJ y$£ﬁ$’$§ﬂ§, Ef]/ﬁ)i{( 1593)
b5 APEC 1 8] A B0 2 S T TR V5 GL A AE J2 L «vvveeeememmreeeessnmitetee e e s sttt e e e st e e et e e e
............................................................... FIEW, TEY, e, EE R BEA MR, K, kR (1602)
FIH] SPAMS 237 L ST RBREL | AR LR IR LR 25 1 A LA BT TR A AT wveeervrveermmmmeeemmmeesniiiee e
..................................................................... TR XA M E Eew st X, R R, B S (1609)
22PN T P, V5 Y E B BB AT <+ vveeveeeemmmeemmmese e FHrL B R, T, EW, AHE(1619)
FCA T PRI A5 T PM, | IR T5 YK T ACTET - veveveveeeeeeeos WA, L R, KRR, 255 (1629)
Fh T S T R DU T LU S A TR B IR IE «+vveeeeeeeeeesessennnnmmnnnnnnns XEW, LW, EEF A, S IE(1639)
] T HE RS L (B KU ST JT BRI TEE ST woeeee ettt e e e s s e BRIE K (1646)
AT IR PSRRI HEHOK T AFAEIR  ooovveeeeeeoesseeees WA, K, ER, BRT, DB (1653)
ﬁﬁﬁﬁ%%*i%@@%*%&ﬂ%ﬁﬁ ................................................ E; ,%%‘%?, ? % % ’jﬁ\fﬂ: , Eé;{j&( 1662 )
CoCuMnO, JEAEMLSA ST VOCs FEPE B HE Sy 2f woveerveeeneeeens HHEA, DAL AR R R, S A A B 0 (1670)
AL TSR T B 30T 3T 112 . W S0 S R TEE B S FA veeemvveeemmmmmeemmme sttt
.................................................................. g)ﬁgg,gﬁ,ggﬂﬁ’%ﬁﬁj}%%;‘(yﬁ%%jljfgﬁ,ﬁ,%%( 1677)
BRI XA R R B2 A AR RRAE oo SWRE AL, FICKR, M, AR O, U (1685)
FUHSN-NO, 1 8 0-NO; /R EIE BRI FURIAEEICIE  «-eveeeereresrereresemeese e
................................................... BEE LEMR EEE, THF, o4&, HRR,RER, 720, E®E % (1692)
WYL 2 7R 2 T K S BRER 43 A o AIE S L MR R B AT - eeeeee oo ER L ABRE,RETH, ZEE,EET(1699)
I DX NS 7] b bR S TR R AL G RO +ovveevvennmennenmmnnnneeeeneeinniiinns BRi &, 8 AR LR, R R, AR £ (1707)
W e g X A VAT M AR P R R IR ST oE - i, Fa s a4 B8, & 0E, %, HEA, 24 K(1717)
S JEE ] [ BT 5 L) A A BR BIIITITIE v vvvvvvememmmmmmeeeeeeeee e e e e e s s s s W, A4 BHEA (1724)
UUKAE YRR A RIS G5A 2 T . AR A 5] eevvemmmenneeeen KT T, EEm,E4%, 287, EE#(1734)
I K PEREMRE S S MO IR oo A, A% RS, AR, £, 0, RS E, L, KR (1742)
ST B85 7K W LTS JeBAR B AU T oo IO, KB, B, D HOR R, B, B (1754)
G K 38 - e R TR T R e A SR ARy oo EEHCKREF, Uu, B4, 4 HH(1763)
& M B, I B R AR X K IR Z2 VR B A TS e HE 5 A XU - vvvevreremmeeem e
........................................................................... F{F\é’?‘,ﬁéifﬁ, B %jp_’%gi’%’%ﬁ ’—%—%ﬂ:’éfgé ( 1771 )
LYVLRR LB K F BB TR SRR B oo WA, EAE U, T KEI, R AR (1779)
ER UMY R /K TOC i BOE0AR 2 M7 - LA TR DR A Rl B R ] oeoeveveeeeeeoeees T GHE KT (1788)
T IR S B PO K TT 2 ZE A B Al B M PRI 25 eeeeeeeeeereeeesnsaantb bbbttt e e e e e e e e
..................... BRI, RI, XA R, E T O, RN B A, Ak, A, Bk, B = (1798)
J:F PCR-DGGE FHUFF B ( Bacteroides ) 16S rRNA A 7L T /K A 15 YL Wi/ ERAIFSE « LA EE PSR LU 0 T i Tl
/‘zf:éﬁjﬂfﬂ ........................................................................ ?ﬁ?[x,ﬁ%’?,?ﬁ@ﬁ,fﬁﬂfh,5%?5,755’7]‘)(%(1805)
IR SR T T P YA A A NS 2 AR AT R SR JE AT B LS AI AR - v vvvememmemmeee e et e e e et e e e e e
.................................................................. %’VE%,%’J‘EM ,é%ﬁ@,iﬁ/}i,ﬁa‘ié, gﬁﬁfﬁ’}’gi’ J_Hx_ﬂ( 1814)
%ﬁ(ﬁ’fhﬁ*ﬁ@;fﬁ%’fhﬁ*ﬁ*1&5”?%5@5‘:}1& ............................................. ;}J [/ﬁ ’ﬁ_\}% , % j] ’gsgj’(‘t , Fﬂ]‘%&.@( 1823 )
KA RAE EACT B PR O BRI S L IIBITE oveeeeeesseesnns ThE EHE Kk, BHF(1831)
%%%ﬂ:@(ﬁﬁﬂ(ﬁ*ﬁ*ﬁ] [ﬁ”{ﬁﬁm%iﬁkﬁggﬁu@% ...................................................... %%E , glﬁ/& ﬁﬁ , @' %( 1837 )
V5 KA IR DA AR - oveveeeeeoeseeeees A23 K UL, X3 B, 0 B (1845 )
HDTMA S 930 7 B K PSS I HERE I Z J1 2 -ooeveeeeesesems s BT, EH(1852)
THT TP 1 K A B I Bt B D B BRI T v eeee e e e e i HE, 2%—, HXE(18SS)
Tk Fe, O, BEMSTEIR-TE ST I IRIBIK T 25 FRIFTL «-vveereveerrremmesss e e, Fah, BMI(1864)
()BT SBR A JHE TV AT BRI JUERE o oveveeeeeeeeoeeeeecenns RN XIBLBT BRI, &R R B E (1873)
R IR 7 A HEAC T S A /N B HE CO, NSO HERIGE F BRI - eeeeeeeme e
........................................................................... ?Mﬂ]‘%,ﬁiﬁ,?}%%,%%,%ﬁ&,Zﬁﬁ%,lﬂéﬁ#%( 1880)
TS T X BT CH, SN OURBERAE -veeereeeseesessemseeccs BRE, Ky FHE EFH, 0 F(1801)
B URE AT P 5 1 FE LGS RN OHEBGI - ovvoeeveeneeesesecsine o L, T A, B (1900)
A SR 5 - AT LT AN RIS FTA0 FH P S B JELALZ] < v ee ettt et e e e e e
..................................................................... W T E,EN, AN, KA, REAE, R BEE(1908)
2B+ Bl XUV A AL ZS A S AR - RS, DR, B X B KO R KER, EEE(1915)
BEE 7 2O S0 K RS £ TR AR G WL K T 4 B B AR RFAERE I eeeemeeneeeeeeeneeees I, R 2 H B, P E (1923)
AC IR AR B 0 2 B 4 0 A R IE S AR AR AR IR, «oveeeeeeeeeeeeeeee s BAE, DAk, W B AT, 27 W (1931)
HERIE R X 4T 4 8 V5 Y RIS AT «oevvveneemmmmmnnneeeeennnniiinins X HEE IR, ER,H A (1938)
K TiO, X HIEHE L SRR SIE SRR FIM  cevveeneermmmnneenennen kA, EEF,REW,EEMW, KA, B, X (1946)
YK B AR A4 RS 7T e b HEH Cr( VD) BRI 2 v eeeeeemmmeeee e Az AT, B HIE(1953)
A T WU XA TR 05 T (0 34V T R Xof - S0 4 S IR (T I -+ vttt e e et e e e e e e e
.................................................................................... R, B3 Eie 2k B &g, A#(1960)
*ﬁﬁéﬁ@%%}iéﬂ*%ﬂﬁ@ﬁéﬁ({i |:f:1 E/‘J%Al‘iﬁzmﬁj ................................................... é,g\—@ , ﬁ@: , gﬁ ﬁﬁﬁ% , ;r%é?( 1968 )
BEBE ARG e R AARPRALEI AR AR ZE AT oo ERE ELME, BB E(1978)
e R AL AR X PR IR R PR s e ATE,EW,ELL %% Ry, ik, ETF, #A&K(1986)
TEREHTMETH I G HENC AR AU SCERFAE  wovverrrrerenmmmnnnnennenniiiiiins A EEK T A FRE,Rah, ZEF(1993)

(IR EEITIR G (1830)  (BRSERMA)ER NI (1977)  f5E.(1698,1851,1992)



55 37 555 5 4] 57 SR = N Vol. 37,No. 5
2016 4E 5 A ENVIRONMENTAL SCIENCE May,2016

E T PCR-DGGE F##T & ( Bacteroides ) 16S rRNA HJ
EAaM TN /KEETERFREREAR - UEXRFLER
iE) 3t T 3T 2 4t A 45

skELT A akimlE’ B FL, BEAE BURKOS

(1. PHR R AR A2 BE IR 4007155 2. v E M BTR 24 Be 5 1 1S 58 B/ B+ BE0REE . ) PE s sh I E R =,
FEM 541004)

WE . AW T KRS H 458 HORIFR TS 2 B PRA AR B2 6. AFSE LA EE BERG LU 22 R 25 5 b T 7]
RGNS, T FHUR R W I b R oK A A ORI FF IR 3SR 1A I SRR TR S5 4R A, AR T ( Bacteriodes ) 48
TN, 2Rl PCR-DGGE /R BR M T 7K rh R IGAT B/ 2SR HT B R IR. Z5 30, 22 o i b Tl 3 34 S 4 7l 7 i /™ E R AR
MANTEECN 10 ~2.9 %107 CFU-mL™", KIGTEBEREGA 4.3 ~4.0 x 10° CFU-mL ™" HiiRp 28 K R #E (FC) FIZEEEBR T (FS) 7
FE AT 1.1 x10° CFU- (100 mL) ~', 1.1 x10° CFU- (100 mL) ~'; FC/FS £%0h 2 LI b W= i T 7K 52 A28 i
. MR AKEERIZEERE S ST IR BEVE 1 PCR-DGGE WX /34 2R B T /K 5 A28 Z [RIAHIME R 7. 1% ~69. 1% , Horiih
T AR TAR) 69. 1% . T AK SR Z EAINE R 1. 1% ~53. 4% il AN 1.5% . (R, NS i T ) 75
B SR BRI S 2805 Y S SR TS Y ) — 3R 3 A AR A B 245 Yok IR, k4, PCR-DGGE =98] e 5 2 IR &8 43
Bacteroides " NS 718 o 3% (8 A U5 1 40 BT

KR EVEH TR 28BS Gy KIBWETRE; 4P ; PCR-DGGE

FESES. X523 XEIRIZE. A XEHS: 0250-3301(2016)05-1805-09 DOI: 10. 13227/j. hjkx. 2016. 05. 026

Tracing the Fecal Contamination Sources Based on Bacteroides 16S rRNA PCR-
DGGE in Karst Groundwater : Taking Laolongdong Underground River System,

Nanshan, Chongqing as an Example

ZHANG Hong', JIANG Yong-jun', ZHANG Yuan-zhu®, DUAN Yi-fan', LU Xian-fu', HE Qiu-fang'"
(1. Geography Science Academy, Southwest University, Chongging 400715, China; 2. Key Laboratory of Karst Dynamics, Ministry of
Land and Resource & Guangxi, Institute of Karst Geology, Chinese Academy of Geological Sciences, Guilin 541004, China)

Abstract: Microbial contamination in karst groundwater continually increases and tracing the source researches has become a hot topic
for international researchers. In this study, Laolongdong underground river at Nanshan, Chongging was chosen as an example to adopt
filter membrane methods to monitor the fecal microbial contaminations including the total bacterial concentration (TB) , the total E. coli
concentration (TE) , the total fecal coliform ( FC) and the total fecal Streptocoocci (FS). Bacteriodes was used as an indicator and
PCR-DGGE analysis was used to trace fecal contamination sources in karst groundwater. The results suggested that groundwater in this
area was seriously polluted by microbes from feces. The concentrations of microbial parameters exceeded limited levels greatly and the
total bacterial amounts ranged 10-2.9 x 10" CFU-mL ™", the concentrations of E. coli were between 4. 3-4.0 x 10° CFU-mL ™", the
max concentration of FC was 1.1 x 10° CFU- (100 mL) ~' and the max concentration of FS was 1.1 x 10° CFU- (100 mL) ~". The
FC/FS ratios were mostly over 2 which suggested that the main fecal source in groundwater was human feces. In addition, PCR-DGGE
contrastive analysis of Bacteroides communities showed that the similarities between groundwater samples and human feces were in range
of 7.1%-69. 1% , and the similarity of the groundwater sample from Laolongdong underground river outlet was 69. 1% . Bacteroides
community similarities between groundwater samples and swine feces were in range of 1. 1% -53. 4% , and the similarity of Laolongdong
underground river outlet was merely 1. 5% . The similarity data implied that groundwater contamination resulted mainly from human
feces, swine feces contamination composed part of animals’ fecal contamination, and other animals’ feces participated too. Furthermore,
sequencing results of PCR-DGGE products revealed that most Bacteroides in groundwater originated from human intestinal tract and
human feces.

Key words : karst underground water; fecal contamination; coliform; Bacteroides; PCR-DGGE
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Fig. 1 Hydrogeology, land use and distribution of water

sampling points of Laolongdong underground river system
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Fig. 4 DGGE electrophoretogram of groundwater samples

and fecal samples in May, 2014
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Table I UPGMA-based similarity matrix of groundwater samples and fecal samples in May, 2014
1 2 3 4 5 6 7 8 9 10 11 12
1 100. 0
2 45. 4 100. 0
3 33.3 18.7 100. 0
4 19.1 32.6 32.6 100. 0
5 16. 8 53.5 53.5 61.3 100. 0
6 18.3 19.3 19.3 49.2 39.5 100.0
7 75.9 41. 8 41. 8 11.3 7.1 13.7 100. 0
8 66.0 57.4 57.4 28.5 22.7 25.3 71.5 100. 0
9 64.2 38.3 38.3 15.2 15.0 20.8 69. 1 61.1 100.0
10 57.7 35.8 35.8 7.7 7.1 9.1 66. 1 59.5 79.5 100.0
11 1.1 2.8 2.8 20. 6 20.8 50. 4 1.5 4.7 28.1 19.8 100. 0
12 1.1 1.6 1.6 31.0 27.2 53.4 1.5 4.0 21.0 13.7 85.3 100. 0
1) HEfh RS nE 4
022 0.40 0.60 0.80 1.00 3.3 DGGE VK4
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1 6 R, ARG 2 R, RIS BT, 13 Z At
022 (085 ) XF EEARAYE N 93% ~ 100% 2 [a], 3 & T 3UFF i 1)
2 kR, b2, 3 4.5 7,8,9, 11, 13 K
10
0.44 0.79 0 Bacteroides, 1 51 Macellibacteroides, 4. 6. 12 K
062 8 Prevotella ,10 N Parabacteroides. 41,2 5.8 .9 N
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0.76 T [F]—TF##k Bacteroides dorei strain 175 B[R] A Bt , N
SR 5 i P 4 ok A NSRBI RIFF . s ,3. 6,10, 12, 13 &
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Fig. 5 Clustering analysis( evolutionary tree ) of groundwater

samples and fecal samples in May, 2014
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Table 2 Results of sequence comparison of PCR-DGGE bands

i BT GenBank 1 i) Je A BT ARLEE /%6 BRI
1 NR_117913. 1 Macellibacteroides fermentans strain LIND7H J& 5375 Kk (28 100 B =R K
2 NR_041351.1  Bacteroides dorei strain 175 ANH$F&fH 2] 100 =
3 NR_074515. 1 Bacteroides vulgatus strain ATCC 8482 A2z 30 98 AN
4 NR_113122. 1 Prevotella paludivivens strain JCM 13650 3% [G# 3! 98 + 3
5 NR_041351.1 Bacteroides dorei strain 175 ANZSZ(H 100 =
6 NR_113411. 1 Prevotella copri strain JCM 13464 A A3 [ 32 98 NS}
7 NR_113069. 1 Bacteroides graminisolvens strain JCM 15093 4375 7K 100 435 K

NR_041642. 1 Bacteroides graminisolvens strain XDT-1 437[3]

8 NR_041351.1 Bacteroides dorei strain 175 ANJSZfH 100 =
9 NR_041351.1  Bacteroides dorei strain 175 ANZFEZE(H 100 PNl
10 NR_119166. 1 Parabacteroides merdae strain ATCC 43184 A Z&3&(H 34 93 =
11 NR_125463.1  Bacteroides luti strain UasXn-3 iE{T5/K %] 99 EE K
12 NR_113118.1 Prevotella oris strain JCM 12252 A 555 95 AN
13 NR_041313. 1 Bacteroides finegoldii strain 199 A sZ&{g (36 100 =

1) ZAi g s WL 4

AL PR3P T5 U o3 B A B A TR AR
4 itit
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Table 3 FC/FS-based sources origin analysis of groundwater samples
H#(H-H) /AUt RHBEI EARSFUI mASE2I BFEIE O BRBEFIE W g o
01-14 / 0.29* 0.06* 0.46* 0.99% 27.5° 0.67* 289.23®
02-14 89.33® 2.00% 1.88% 47.73° 0.57* 41.9® / 18.24¢
03-14 2.99¢ 0.99% 16.67® 0.27* 1.104 1.40% 4.55% 1.45¢
04-14 3.95° 0.73% 0.40* 1.824 10.24¢ 0.03* 2.55¢ 4.17¢
05-14 33.33® 1.684 0.09* 0.22* / 31.90® 11.70® 12.82¢
06-14 42.50® — 0.21* — 6.86® 38.89° — 5.77®
07-14 — 2.520 1.06% 1.09% 5.52@ 13.05® 1.214 12.24®
08-14 — / 10.10® 0.48* 0.78* 6.63® 1.80% 23.47¢
09-14 0.90* 7.79® 10.00® — 1.04% 3.80° X 4.38¢
10-14 1.63%4 1.21%4 25.41° 0.01* 52.14® 6.25® 1.21% 0.09*
11-14 0.96* 0.11* 4.22° 0.65* 1.04% 68.75® 1.294 1.24%
12-14 0.87% 0.29* 0.04* 0.07* 0.01* 49.00® 0.21* 2.78°

1) FC/FS LB XTI B35 YL 5 . =4 ( @) AHKIAT R ; 2 <FC/FS <4 ( O)IRA TS, NKIME R T ; I SFC/FS<2( A) TLH4M9E; 0.7 <
FC/FS < 1( Yo )RG5 Y, I MBI 35 <0.7 (k) MM B3 . «— RFERIH W & S BOCEITG </ IRESE R

MRS R EOR TSR 0 HbRgi e
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154,
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AR I P 235 2R S BB 23 2ty I i P A5 T vk 2
B 5 ANHOCH TR R, MR KK FE DNA Z%ai7
H, EEEAMKHEL 5,6, 7, 11, 12,0 5C
R R Macellibacteroides fermentans strain LIND7H |
Bacteroides doret strain 175 | Prevotella copri strain JCM
13464 . strain  XDT-1 |
Bacteroides luti strain UasXn-3 . Prevotella oris strain
JCM 12252. H. 77 Bacteroides dorei strain 175
Prevotella copri strain JCM 13464 | Prevotella oris strain
JCM 12252 #5785 N 288 28 1 a3 Al 3 R T AH
K3 Macellibacteroides fermentans strain LIND7H #l
Bacteroides graminisolvens strain XDT-1 f 5 & 8 F
e sE A= 37 K i, nT BE 5 Bl ) 2k TR OG5

Bacteroides  graminisolvens
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