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Effects of chemical characteristics of groundwater on microbial community structures in the Liuli River
LI Jun' ,LAN Funing' ,ZOU Shengzhang' , LIN Yongsheng' ,ZHANG Cuiyun®
(1. Key Laboratory of Karst Dynamics ,Ministry of Natural Resources & Guangxi , Institute o f Karst Geology
Chinese Academy of Geological Science ,Guilin 541004 ,China;2. Institute of Hydrogeology and Environmental Geology ,
Chinese Academy o f Geological Science ,Shijiazhuang 050061 ,China)
Abstract: Nine groundwater samples in the Liuli River and its surrounding areas in Beijing were taken to investigate the effects
of characteristics of regional groundwater chemistry on microbial community. Characteristics of groundwater chemistry were ex-
amined , and the V4-V5 region of 16S rRNA was scanned by the high-throughput sequencing. The correlation between groundw-
ater chemical characteristics and microbial community structure were then explored. The results of hydrochemistry showed that
HCO;-Ca « Mg, HCO; « Cl-Ca, HCO; « Cl » SO;-Ca and HCO;-Ca were found and the main type is HCO;-Ca « Mg in the stud-
y area. Microbial analysis results showed that Proteobacteria was the predominant phylum and predominant gene was not found
in the study area. The microbial diversity from different types of groundwater showed that the level of microbial diversity in-

creased with complexity of groundwater chemical types. A total of 113 genera were found in the four chemical types of ground-
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water,and the numbers of microorganisms in HCO;-Ca « Mg, HCO; « Cl-Ca, HCO; + Cl « SO,-Ca and HCO;-Ca were 186,32,

33 and 2, respectively. The order of groundwater impact on microbial community was turbidity™>EC>DO>>pH. The turbidity,

Pseudomonas, Vogesella and Hydrogenophaga were benefited from Higher EC and DO values, and the Gallionella and Nitrospira

were stimulated by moderate increase of pH. In summary, the characteristics of regional groundwater chemistry had significant

effects on microbial community.
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Fig. 1 Locations of the sampling points
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T . #E i DNA $25CR 2L [E MP 24 w] FastD-
NA SPIN™ kit for soil i &5 . R FI BT AS i EE I H
KR4 9696 BE 11 (NanoDrop2000) 58 B DNA 5%
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X Hb T oK A2 2 Ay HCO,-Ca « Mg 7K (SW1,
SW2.SW7.SW8), HCO, + Cl-Ca 7k (SW3.SW4) ,
HCO, « Cl » SO,-Ca 7k (SW5, SW6) Fil HCO,-Ca

K(SW9), FE KA Jy HCO;-Ca » Mg /K., pH A
T 6.96~8. 54, BK R 550k K. ORP 2 M1 T
IKEAAR IR I EEESE  CARII Y 4 LR
oL B SWA Ah, Heg ¥/ F 100 mv, 356 HA 843 7K 14
T 2B YRR T AT, DO [HTE— & 72
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THEEAK MR AR, 55 DO AL, SW2 & DO {H it
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1 NO;~ Fil SO2 . NO, FHE Mk EE A T 3.85 ~
159. 20 mg/L, V-3 gk Bk 75. 42 mg/L. % &
MR O A AR A U (WHO) 3% % Tk K
NO, -N FRE{E 10 mg/L™7, 5 SW3,SW9,SW6
M SW4 K i NO,  JiT & ¥ B 4y 9 b 159. 20,
155. 30.114. 10 1 90. 45 mg/L, 81 76 = #b T 7K
i EFRME (GB/T 14848—2017) [l 27k NO, -N R
FEfE 20 mg/LPY RS AR, SO &
WREEA T 22. 44 ~321.00 mg/L, V-4 i & Wk Ky
138.00 mg/L, & SW6 F1 SW5 /K#Y SO,* i v
FEAr3)28 321. 00 mg/L F1 278. 80 mg/L. #13 T E
T KT AR UE (GB/T 14848—2017) [ /K 5
{4 250 mg/L. EAFE A AISIRH.
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Tab. 1 Characteristics of hydrochemistry

RERS  WTAHFERE o <m§ ('){;w ﬁfu/ <m§?si/;1> ( ,Jf(;fn'l) ()EE/ <rl:g0-3 141> (224.2 1;/1)
SW1  HCOs-Ca + Mg 7. 69 5. 44 1.10 549.3 786 75 6. 61 53. 20
SW2  HCO;-Ca+ Mg 7.31 2.28 0 805. 5 1137 47 3. 85 60. 70
SW3  HCOj « ClCa 6. 96 1.97 7.90 985. 7 1 340 92 159. 20 139. 80
SW4  HCOjs » Cl-Ca 7.15 4.96 0 895. 4 1321 107 90. 45 149. 20
SW5  HCOjs « Cle SO-Ca  7.61 5. 62 16. 40 1184.0 1683 — 80. 96 278. 80
SW6  HCO; - Cl»SO;-Ca  7.77 6. 14 6. 50 1 286.0 1751 114.10 321. 00
SW7  HCOs-Ca + Mg 7.98 4.87 2,50 573.3 853 — 47. 60 81. 15
SWS  HCO;-Ca + Mg 8. 54 6. 33 0.52 392.2 602 20.73 22. 44
SW9  HCO;-Ca 7.80 7.94 4. 30 857.2 1222 — 155. 30 135. 70

2.2 MAEMBE LM
APy, JEAR AL T 51 319 244 4%, SWI,
SW2.SW3.SW4.SW5.SW6.SW7.SW8 il SW9 4>
4k 48 52 699, 33 354, 38 683, 32 435, 34 744,
31 721,58 885F136 72355741, FT LAKE AT 51 451
Bk 31 000 4%, J¥ 51 - K A T2 395.4 ~

396. 3 bp, MIFFEEH4L 97 YoMIUEE HEF 7RIS, J3K
184 836 OTU, #HL Chao #5441 Shannon 5%k
oA BRI R, DL 2, A ol A B ol 4k 340 1
% UL B Y 450 T 5 H R A 4

HH 2R 2 0, Bl 7 28 55 A BE 1Y Coverage $5 5K
AT 0. 982~0. 997, B57E 98 YorKF-LA b BB A Y
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RAERAT R, REIAR OTU i H 2 SWI(288) <<
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(1 379)<<SW2(1 668)<<SW8(1 672)< SW6(1 676) <
SW7(2132), HAFEIZKAEIPFE S OTU S {E A,
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Mg 7K (1 713)>HCO, « Cl » SO,-Ca 7k (1 325)>
HCO; » Cl-Ca 7K (1 154)>HCO,-Ca 7K (288),
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Tab. 2 Microbial a-diversity from different groundwater chemical types
RS RS Sobs Shannon Simpson Ace Chao Coverage
SW1 1379 5. 509 0.015 1.809. 1 1874.6 0. 985
SW2 1 668 5. 629 0.011 2122.6 2 159.0 0. 982
HCO;-Ca « Mg SW7 2132 6. 300 0. 008 2 326.7 2 313.4 0. 987
SWS 1672 5.093 0. 057 1925.3 1933.2 0. 986
SEI{E 1713 5. 633 0.023 2 045.9 2 070.0 0. 985
SW3 1065 2.798 0. 288 1 836. 2 1576.4 0. 984
SW4 1243 5. 364 0.021 1316.8 1321.5 0. 994
S 1154 4,081 0. 155 1576.5 1449.0 0. 989
SW5 973 2.981 0. 162 1464.0 1407.8 0. 985
HCO; + Cl » SO;-Ca SW6 1676 5. 806 0.013 2 059. 6 2 098.0 0. 984
SEI(E 1325 4. 394 0. 088 1761.8 1752.9 0. 985
SW9 288 2.535 0.129 338. 7 335. 4 0. 997
g . S —1 p v e
Tk 2 ) B T AL R, PR A5 FE5E LR 3(b) . AIRIFE S A e TR A

BIFFREANT 10 Fh, other 7RG IFYIFIAA
XPRERE . HUF KRR S T TR A s 3 3 L&
3(a), WEFE X HL T IKARHE ] K Proteobacteria,
Proteobacteria £ 15 SW1,SW2,SW3, SW5, SW6.,
SWO o £ i 35 8 5 50%, 78 SW9 b F 3k
95. 2% fE SW8 T FJF /N, M 26.4%.,

BIFFEENT 2000 Fl, 1T KAE 5 8 K9

« 100 « 4 & 5

B R 2 S R B A E 5 IX TS B AT R
SW5 L3 E J& /& Pseudomonas Fl Acidovorax »
4 By 32.4% FI 24.6% . SWO IR 8 2
Hydrogenophaga 1 Pseudomonas, F J& 43 5| N
33. 8% 1 31. 3%, SW3 t ¥4 J& iy Malikia, %}
FHEEGL 51200, SWT7 W] AR E A+
AN A B B 4 T H B AR
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Fig. 3 Microbial community composition on phylum and genus level
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%n HCO;-Ca /K (SW9) 4 41, R4 AR T 7K fb 2
KA A EE SR 2 T B (B 4., HE 4
M1, PURR T KA R R A T R A H O 113 4,
HCO,-Ca + Mg 7k (HCM) . HCO; » Cl-Ca 7K (HCIC) .
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A EECE 7 186.32.33 il 2 4>, HCO,-Ca-
Mg KA B S B K THAEH =R 3 Fhik
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Fig. 4 Venn of genus levels
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Fig. 5 Pie-plot of microbial community at genus level
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Tab. 3 Screening results of groundwater chemicals

. fifi e iy
KAE2E
EC pH T E TDS
VIF 1.54 151.60  2.12 2.14 152. 21
N i
KA HF -
EC pH hE
VIF {H 1.54 2. 88 2.11 2.13

T GBI LR KRR 5 R RO R R
Z IR AE G, CCA 25 R LK 6., sz A +F& ,
ECE . DO 5 pH S ffi B ff, 5 W] EC, B,
DO 5 pH HAT AR M. MRS 5520 [+ ¢ &R
B s M PR X bR ZKRE b i R T 45 R
FRBE R BN Ry ph BE >EC>DO>pH, i [f] £
K, HYS CCAL Bl 7V 47, 2 % R KB ZE W)
& L5 5 fe K B K AR 27 TR o b BE R, R B
K2 PR RYD JREAR  BUIR Y SEAE DY P
Z, AN P PR R OB P, SW4,SW6,
SW7 5 pH FIEAHIC A H R B 554K Uk SW7=>
SW6>SW4, i SW3.SW5 Il SW9 Syt EC I
DO TEH SR . SW3.SW5 I W9 i) Shannon {f{
A3 2. 798.2.981 Fil 2. 535, B ZREM: BRI =
ZHFE i 3% = 2HRE S LR CEC R DO SEIIE 7510
9.53 NTU.1 415 ps/cm 1 6. 18 mg/L. B g & F
B RE S EC F DO i SF B {8 4,36 NTU,
1188 ps/cm F1 5. 39 mg/L, iX i BABF 5% X 3t T 7K
MhEE JEC F1 DO 5 P BE A2 1 A Y Vs 24
PEEARI—

B 5 R R E W8 TE 00 R[]
i Y S R R R RN RN IR E R
PRl [A A DGR 55 . H 181 5 AR, Malikia  Pseudo-
monas.Vogesella . Hydrogenophaga 43 5| 5 it B i
EC & IF #d 3¢ 3¢ &, Pseudomonas, Vogesella .
Hydrogenophaga 5 DO 2 IEA I FR KU
EC F1 DO B 7E — & 70 [ N 35 A F| T Pseudo-

102 « A X 5xmH%

monas Vogesella . Hydrogenophaga @£ K., L
HARIE T » Hydrogenophaga % W3 & 5% F & B8
Kk b AR N, O 1 CO, Bl ™, 3t S e Y 1% T
J& S Z B W IEA M. Gallionella  Nitrospi-
ra 5 pH B IEA R AH AR O HEARXT B, 361
pH 76— E U B WA T Gallionella, Nitro-
spira WIRER . Nitrospira 52T 7K EUH W1
AR T & 38 3 S0 4T R I A TR AR Ak AR A v -0
T i S S TR 6 2 410 o) LA 0% 2, i A=
K pHAEA T 7. 6~8. 090 BF5E X b F /K BE o
Fx SW3 SR80 55 gt 2 52, B NO, FLR A
it 0.05 mg/L (SW5 ¥ NO, i & W & i Kb
0.004 4 mg/L), A F|TF Nitrospira ¥ NO, 54k

S NO; S XL KRR A1 .
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Fig. 6 Canonical correlations among samples, hydrochemical

indices and microbial community
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