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ABSTRACT: Objective To compare the water quality indexes and microbial community structure characteristics
of self-contained water sources in different regions of north and south China and evaluate their safety. Methods
This study sampled 317 self-contained water sources in remote areas (Beijing suburbs, Heilongjiang border areas,
Inner Mongolia remote areas, Guangxi border areas and Yunnan border areas) of 5 provinces in north and south
China, and analyzed water quality indicators such as turbidity, total hardness and pH. The microbial community
structure of water samples was analyzed by high-throughput sequencing method. Results There were great
differences in water quality and microbial community structure of self-contained water sources in different regions.
The maximum value of anion index in remote areas of Inner Mongolia exceeded the standard seriously. The
maximum concentration of SO,> in water samples from Inner Mongolia-east and Inner Mongolia-west were 543.12
and 666.33 mg/L, respectively, the concentration of CI" and NO; also exceeded the standard. Proteobacteria was the
first dominant phylum in the water samples of self-contained water sources in the 5 provinces, and the relative
abundance was 56.87%-99.38%. Brevundimonas with certain pathogenicity was widely distributed in various
samples (1.50%-27.27%). Pseudomonas, a typical denitrifying bacterium, existed in water samples from Beijing,
Heilongjiang and Inner Mongolia (2.96%—38.41%), but was not detected in Guangxi and Yunnan. The numbers of
functional expression genes in water samples from Beijing, Heilongjiang and Inner Mongolia were much higher than
that in Guangxi and Yunnan. Conclusion There are differences in water quality and microbial community
characteristics of self-contained water sources in the 5 provinces of north and south China, compared with the
southern self-contained water sources, the self-contained water sources in the north are generally affected by human
activities.

KEY WORDS: self-contained water source; high-throughput sequencing; environmental factor; microbial

community; functional gene
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S A S RIS L TP . 2 R )
(4 317 A~ H &K BT R, BEAT KBRS AR I 7 DA Bl
YIRETE S5 R RFAE 23T, 38 7R bR IR 5 DR 5 A K B2
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IR SR NPAR DUR B AR S Mk, P52t -0 R A Sk M iR
BRI IR . |V A2 e SR sk S o ek, b
SRAEHIT A AL RBIX

FERAE 317 1 A A5 /K TR (E 48 Hh KRR 2 M T Kk
rafsE, Hrhdeat 46 . BIBIT-Z8 60 . FIBTL-TH 61
By WS- 21 08, NSEH-TE 18 6y, TP 20 7. =
91 1. KEERRE. RIF. B LIRS RHR GB/T
5750—2006 { A= TG FH KRR 36 )7 ik ) HEAT o
1.2 SN

AL, BRERET . THRRE . 2 RV R AN (o
i, [E 25 S AL 2R A BRA 7)o

Hach2100Q {545 =ik AR (W s K BT 4 BT A3 A B 2
]); STARTER 3100 52332 pH iH(3EHE OHAUS 4 ));
ICS-2100 &7 % (ZEE Thermo Fisher Scientific 23 ));
Agilent7900 HLIBHE A S5 B TS (GEE Agilent 22 F])o
1.3 XA
1.3.1  KFHBAFRE

KBRS I R AR 2 11 33, LA g | URE MR TS
VEME 9 AL B8R 458 T (Ca™h) . HE T (K.
BEB T (Mg™) . BNES T (Na™) . pH. ¥ I B A (total
dissolved solids, TDS) . & i B 23k (SO,™) ALY (CD);
1 Wi 2EFE bR FEPRER(NOS), & IEFRIE Irk 3% H
S ICHRE 0L
1.3.2 # & DNA RRA &id &0 5

FEA DNA 2GR ] DP328 DNA $RBGAH &R, #:
Ve AR &l Bk T X 16SIRNA FE[H (1) V3~V4 [X J7
B AT PCR 73, 5l¥)y 44 1Em 514 B341F-
CCTACGGGNGGCWGCAG M1 JZ [ 5| 4 B785R-
ACTACHVGGGTATCTAATCC . W 24 A TiAE: 95 °C 3 min,
ARPE 95 °C 30 s, FHER 25 1K, 55 °Ci 2k 30's, 72 °CHEAiI 30 s,
72 °CH AL 5 min, {8 F Qubit Fluorometer 46 ill ST DNA
BTEWRIE, KT 1.0 ng/uL K&, 1] Qseql00 DNA
Analyzer Kl SCE DNA K40, Ao B BRKE, £
— U TCHES RN BOg I 5 4%; 1 KAPA Library
Quantification Kit X 3CFE DNA FIEE/R ik B T8 i, DAL
VBRI SCPEIR A RO o K SCRETR A A8 MERS, JINACEY Tllumina
MiSeq W77 & AT @ = I 7007 .
1.3.3  FIBESH

i vsearch %t BRI T ALK SE4 7 B Ao v,
PL97% AR PEXT P FIE T RIS, MUERTF 97%M)F
G ¥ B hy [R] — A~ #2443 2% B JTC (operational taxonomic
units, OTUs), [FR# ] denovo B Z: B 51K 41, B
LA OTUs RFEFINGEH TREYFIFER. #H
mothur {3 H 5 OTUs ¥4 A8 B8 fe v BL AT {5 3k

80% L E ¥ Al s BT OTUs M4 K451 R. i
mothur THEEAFEAR ZHENERREL, Chao, ACE 5% Ik
A B8, ZHBE R RHMEY BN ES
SRR, AR (Shannon) FT=F 3 #& (Simpson) & £ AT K
TR I REIS 0 Z 060, Shannon FEECH R, FIAREK M
Z AR, Simpson $8 50N 5 Z M5 o FETF unifrac B &
B AT F A FR 43T (principal coordinate analysis, PCoA)
S3Hr. it CANOCO #i {441 RDA FE, IH-a#ridd 9
FETR S50 5 FREE IR 10 0GR o T 40 1R AE X 3 B Bkl )
JH Excel 2R E, 85UV REE AL, M4 KEGG
Bds P v A AR T B 1 4 28, XS KRR R W R
HEAT D g 5L A

2 FER5HH

2.1 IKIRIEFR

H 2K IEKAE B FE AR ge i T4 SRk 1 FR, pH A
T 4.85~8.77, Wi EORE, SHIEUKFE pH O 5CH
6.90~8.04, S MEIRSIIRE . WEE MR T THARE, Ml
IKAEEE MR R ER R T GB 5749—2006  H i) It 38 R A1
LUK IR oK EAR SRR A 3), Horp, N5 -5 BB
VL2 P KRR S TP O T 1 R 3. VM
I RIPMR /K B R IR I 5 AR, AL .
U RIS . SR . e S AT RE S AR FH K
BT 00 X FE ph BERR AR KR, BT OR A BerbuE ki
BARLEPE RS A T A, DRIEAR T K 2 4, Y i FE A
WA FIFIRAARPARENE. &1, WETHERI R,
254 B 2K IR 1R R AR K A SR 45 A

JKBE R A LS S B G Ca®t KT Mg il Na™,
HRBRWEAN T 0.30~942.82 mg/L, FAEFH28b FH ¥
M KA TDS FUEEEE o Si il 4o A P O BOnT 45, NSl
KA e B e R ol v LA, P SR - PE KR
Ca*" (36.61 mg/L). K (3.24 mg/L). Mg>" (37.86 mg/L)#
Na™ (193.35 mg/L)M BT i /KA i i s {E, 19
S50 -ZKFERY TDS (455.00 mg/Lyic k. IAh, M52t HhIX
IKAERRERE | Na W K TDS e KAE bR, T PEKFE e
BT AR, K (0.94 mg/L), Mg®" (3.23 mg/L)HY
R P B T AT KRR AR . B OE VK RE Y BH B
WIEHIT, BIpIT-4 0 Ca® Wk (13.84 mg/L) N T 45 K B
HIFEAR Ca® e . 2 B /KRR Na VR (1.14 mg/L)Ffik .
KW EERERERTRKNZN &R ETIER, NE
WFEAL T B A& KR AR B = T A A KR, KR
B RVRE E (259.50 mg/L) e i, IR A K 4 R )
DM RS MR G R IR RGN, H, TR E
A i it AR AP 7K DK R R
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Table 1 Statistical table of physical and chemical indexes of water samples (Min~Max; Mean)
AT DX KA et BIIL-AR IEIL-pY WS -4 U] i) Faye)
H 6.28~7.99; 6.09~8.11; 6.73~8.77; 6.80~8.32; 7.00~8.29; 5.07~8.40; 4.85~8.50;
p 6.90 7.14 7.27 7.14 7.68 8.04 6.98
TDS/(mg/L) 15.00~517.00; 1.00~357.00; 19.00~415.00; 88.00~1637.00; 4.00~1996.00;  16.00~239.00; 4.00~303.00;
& 324.50 115.00 172.00 455.00 43.00 94.00 107.00
8 0.15~4.10; 0.22~46.80; 0.12~8.90; 0.30~77.30; 0.14~7.87; 1.50~60.70; 0.10~10.00;
VE i E 5 5 > > 5 ; ;
FRHREE/NTU 0.45 1.13 0.63 1.83 0.32 3.00 1.00
R 0.50~382.00; 0.25~328.00; 14~294.00; 30.00~1008.00; 0.25~506.00; 14.00~252.00; 7.00~406.00;
=] i B 5 5 5 5 5 5
BRI (mg/L) 259.50 102.00 84.00 244.00 29.00 84.00 107.00
Ca®/(mg/L) 4.16~34.22; 1.50~51.58; 1.02~51.95; 3.47~104.49; 7.78~207.36; 2.37~39.88; 1.08~65.12;
& 20.61 13.84 16.48 16.47 36.61 14.45 16.83
K'/(mg/L) 1.02~1.98; 0.80~3.69; 0.98~13.36; 1.02~4.72; 1.25~14.42; 0.30~6.83; 0.39~6.42;
& 1.36 1.04 1.26 2.33 3.24 0.94 0.95
Mg /(mg/L) 1.26~44.90; 1.13~37.81; 1.85~27.49; 4.57~120.00; 8.62~83.59; 1.84~11.91; 1.10~37.16;
g /me 22.17 6.78 7.96 25.47 37.86 3.23 435
Na'/(mg/L) 2.62~91.48; 1.74~53.98; 2.96~134.66;  2.50~631.99; 33.19~942.82; 1.60~44.96; 0.45~13.65;
g 36.23 11.43 15.93 80.79 193.35 2.87 1.14
NO™/(mg/L) 0.01~12.64;  0.01~17.60; 0.01~26.00; 0.26~114.96; 0.01~13.22; 0.07~1.70; 0.01~23.20;
g 3.47 0.80 1.30 3.67 0.86 0.63 0.70
Cl/(mg/L) 0.35~73.50;  0.50~52.53; 0.89~64.38; 2.23~492.54; 0.68~783.49; 0.58~32.63; 0.37~25.73;
& 36.82 7.13 15.00 31.16 13.75 1.64 1.09
SO 2'/(m L) 0.32~139.17;  0.50~55.76; 1.43~70.62; 2.57~543.12; 0.47~666.33; 0.67~8.54; 0.24~43.54;
¢ & 66.08 14.09 21.10 71.40 4.07 5.35 4.94

GB 5749—2006 HLiE, YK SO CIEIBRIE N
250 mg/L, NOy HYFR{E A 10 mg/L(H T 7K 5 FR {5 B K
20 mg/L), £ HuIKFE 3 FBH TR bR P B AR PR
e WIS, AFEh & BRI 78 SO, M
WA T 024~66633 mg/l, Lk Ny CI, WIEILE N
0.35~783.49 mg/L, ¥ & fix X A NOy, 4 T 0.01~
114.96 mg/Lo VA& 3 Bl 8 714 o g o e vk 2 rP (7 00
PRAEAL 5 AP 52l -4 KRR, Bl SO > FEdb it Rl 5 i -
IRAKHRE Y T v B R i B 0 66.08 T 71.40 mg/L,
T THABAKRER SO WREEHOIEUE . ENSEd AN
ST -PE ALK BE R SO> Fe Kk BB 43591 h 543.12 AN
666.33 mg/L, CI'5 NO; tLAF7EMBniE L, Hutnl W, W5
T IR B B T AE AR K (AR . R PEK
B, CUA NOy & A 25 AR/, LR B i 0 BB AR T3
HbAKBE, SOL> B FeAR I 234 B 7 1 (4.07 mg/L)H BRAE
WS -PEKFE, (H g I PUKRER Y SO> Wk Hhfir
BARME, 43518 4.94 F1 5.35 mg/L, DL E45 LB L 50
WS- A & KEZ SO,% . NOy I CIAg IS Jedy ™,
— 77 THT ] B2 e b fof, ) SR AL 22 IS e 5 R, 55— D7 T )
AIREE A K IR L 2032 2 Tl A = RIS sl s el
KIAKH SO MEARIIK, 2 BIREREE T I, JE5 TS
KM AR . K CUBAR 2N B i e, %t 8
B N BB . TR B T aCHR g L 2 kR
BB T LA SO CU AR KK, NOs7E 4k
FAMETEE F— ARSI 3 mg/L, ARG EIE

NO; V5 Y, AR B I LA B A W 15 K B HERCSE  NEE-
A SRIBTL-PG R A B K FE A NOS 3 20 mg/L 152,
VLR | 2K IR D U BT5 4L, 7 2 K B & 001 7
RBE.
22 BEKEMEVEERSEHSH
22,1 MAEMBEE Alpha % FME 54T

A &K BKFE U PR Alpha ZREMESE BNk 2
7R, B2nE I Y R B 1A i E AR BOAAE 99% LA |, SR
FPE SRR, LA BAL HERG bR IR AR R
{5 B0, Shannon K, HEVE ZHEVEBR, Simpson I 5
Z AT JE Rt = FE K BE A Shannon K, Simpson 42
0N, U B K T A B T A R R R R, BRI
JKFERY Shannon #/)N B Simpson K, 156812 H3 A9 AR
YITETE ZREYE B . ACE., Chao 34 I Tl EA th s =
YIRETE E R, WA R Z N L
BT - VUK P I RUE IR VE R 5, T KR
AT P F 8 B R/
222 (AR B LR

M E F K EKRERE RS 725 > OTUs, {045 14 4N,
28 N4, 56 A~ H, 110 MR K 208 AN o T 1K ke
TEL AU 1 TR o ASJE B 1] (Proteobacteria) 7E 5 48 7K
PR EEEY N R, EA KRBT, A
XFFREH 56.87%~99.38%. fHA[r] i dal opr At 3= 2B T TAS
[A, B = 4b, $LFF & 1] (Bacteroidetes) Fl i £k B ']
(Actinobacteria)¥J -}y Proteobacteria ZJ5 FIPLFR ], THPE
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B 1] (Verrucomicrobia) K 7= Fg K BE Y55 — MR BE 1], H:
M XF F E N 30.21%, Bacteroidetes A F B i F
Verrucomicrobia ZJ5, HAEN 10.27%. &KHulssKEELETK
- E R M BT S A R 2B RN K AR AR I G
Proteobacteria J& AN [RIVREEHL T K H O3V ERT ] o 25 255120
iRl Proteobacteria, Actinobacteria, Bacteroidetes J& =%
JE X H B KR A 3R 1] . Bacteroidetes REfS 2 S5 4fi#
AN, Bdbst . BRI ASEE s M A
IKFEPAATE—ERA LTSS, BB Bacteroidetes 2 {HEA7
R AR IR5E

B b, SARKFEPAERTEERT 1% REELA 38
A, KRB RN 2 7R o S0 5 PR (Brevundimonas)
AL RUKEEEE B, B 5 27.27%, HK WA E S

(Comamonadaceae) (12.87%)F1 5 1 (Sphingobium) (9.16%),

Hrp, Brevundimonas 76 B e VT-4< . BIpVT-F8 . NS -4
WEN-TI KRB EE, FESHN 10.12% .
21.38%. 17.34%7F1 14.80%, 7EJ 78 . = BHBAGKAEH

JEART 10%. FEIRTT-ZR KR A 3 B e e O 11 O B T 2
FEEFFIR B4 (Sphingorhabdus), 3k F] 54.38%, imm T
f B B, H R R B MY & (Pseudomonas) (18.09%) Al
Brevundimonas (10.12%). S JEVL-PE/KEEH, Pseudomonas =F
B E, N 38.41%, H kN Brevundimonas 1A %A E
(Dyadobacter), 43510 21.38%F1 9.52% (HAFT H Y2,
Pseudomonas f77E T~ b 5t . SR Jg VL AL A 52 0 K A o
(2.96%~38.41%), | PRI FEFFARAGH o T -RFIN ST
- PO K BE 3= B O R M R 4> Gl )2 Comamonadaceae
(35.20%) 1 £ {5, F1 & (Janthinobacterium) (37.02%), H¥ K
Brevundimonas. ) 747K #£H1 Sphingorhabdus f9 3 B & s, 2
21.29%, [RIEF, #5508 P & (Sphingopyxis) F S 22 B 5 il 14
(Sphingomonadaceae) ) 3= B 3B F] T 19.58%F1 16.63%,
ALUL) PE KA AT B A BRI 5) . mmaskEE, 2
HWiHT  (Prosthecobacter) A2 — L3V, {HIELFEFE{EH(20.39%)
fI% T 3 A K A A Y 58— L ST, IR O A e A
(Novosphingobium) (13.78%)#1 Sphingorhabdus (11.65%).

#*2 Alpha ZHMEHGITR
Table 2 Statistical table of Alpha diversity index

SR AF H R Chao ACE Shannon Simpson 7 w6 B AR AL
Jeae 287.68 290.95 3.57 0.053 0.996
RIRIT-AR 232.00 282.08 2.25 0.300 0.997
IR 425.40 476.37 2.97 0.129 0.994
EpY N 425.93 425.72 3.28 0.126 0.994
] 288.79 282.62 3.18 0.143 0.997
i 243.61 226.52 2.95 0.096 0.997
= 275.62 284.63 3.55 0.067 0.997

K L, 58 A &KEKFERBEE AR S,
HARF IR £ 7K i R34 B DA S R gt i A T, (L
Brevundimonas 7 45 Mo K BEH Iz 40 A, FEEANTF
1.50%~27.27%, AJH1 Brevundimonas & 5 4 H £ /KIEH Y
T wm, HYRhF AR RN dbat> e -
>N - AR>S -TU>PBIRT-R>am>T . [EfRE
(1 J2, Brevundimonas J& T 7 BOR 1, F5 KK
24, SCHERIRE & B, Comamonadaceae ‘& WL T T 7k &k
FAAKh, JEHL T K b AR IR AL R, R ST
TG 512723 Sphingobium X 77 7E F b 5t K )P K BE,
Sphingobium I FI M EFRY AR T2, WE T
F A7 A ML ERRE AR, A 5% W] Sphingobium
MFEE T R AR L. Rk & 2%, Sphingorhabdus 777 T
Bk PN 5 iy A0 At DU 45 M X, T2 8 SR iR e R AR
BRIV TAE K B, T bt BRI PR S
H &K S 23 T —E R A M5 3 . Pseudomonas 4

SR A R A LR B RRDO Y ARIF 5 R, Pseudomonas |2
e B TT RN St KR, TP S = B KRG 1,
TP R mr Wi NOs & RARF B KeE, AL Wit
7K IR 32 N3 8 B Tl 5 348/
223 RAMBEE T WA

PCoA Zr#iH, unifrac J B SR GYRIEEX R, 3
T unifrac MIIALFEAFRAHTAE 3 BF7R. PIRR E 2R
PC1 Fll PC2 MBTRARAT B A 47.80%F1 23.06%, - HbislFe
AggEh, HEHALMBRE A ZIEI N, A ENE,
Ui I A5 IR IR 5 A AR Z (R 22 SR . /KR
5 H Al KR 2 (R A 22 BT A W R, AT RERE S B KRR
L3N AN ], Prosthecobacter 1 2 ma AK AL I 55— AL 4B
J&, FEH A KRR i B R AR 1.33%, 1 H =K
FEIR HAT 55 5 W S e IE 2 R
224 ZHAE KEGG i@ 3547

Wil KEGG Xt/KARSERHE 74 #3011 A: AR T g 4y
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Fr, Jdid2E KRB IR AT KEGG &40, KEGG
AR U RO R AT it . AnTE] 4 R, 1E KO Levell
SR, R ) REASE R r G A 3 2 i Y B R 2
EYIRE_ L AR SR B B s, KRGS
BN BPRER AR B0 R0 240 5 AR AR e g A R 1 ) R ) 3
R, EMIRRGE . NP FIR 0 AR g i A
I T RE 114 3 R B AR

TE KO Level 2 )2 L, kb G ZEm A
SRR R R RYZERE, 85 SR S RSHHERE A L B
i) PSR aw NIES HE S < aw N B e L 3 D 1) 5 T e N
AT BB, weAk, BERFEE . TR Wk
FIERZEAL AP ot S L A LA R iz st HAg —
EMFE . Ak, FEF—IIREEREET, TR B KRR
HF BB AT HAb AL Ty 3 B K, FTRERmF) M
MKEEHR NOy . SO F & ARME, SEGUEYRA
SRS AR SR B R A TR A, TR G B AR R
A S ITREM A BRI AT S A TR R
225 MAMEESIRE TAAR ST

1 532 JHRDA 73 B T KA R SRR 7 51T KAl 2
DGR . AR, X 7KAE A 1K ST-20 TR R 7 5 44 5 ) g
REGFREEH T4 CT, HCh NOy. SO~ Mg™ | TDS L&
K', I"J7K3F I, Proteobacteria. Actinobacteria., Bacteroidetes .
Candidatus-Saccharibacteria., HfLIEHER ] (Nitrospirae) K
JEAKI](Chlamydiae) . BRFT B[] (Acidobacteria) ., % BRI -
WiFAEE ] (Deinococcus-Thermus) . JEREEE (] (Flrmlcutes)'ﬁ LA
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