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Abstract: This paper is the result of environmental geological survey engineering.

[Objective] Seawater intrusion has become a major environmental and geological problem as well as research hotspot in coastal
areas all over the world. To explore the characteristics of groundwater microbial communities in coastal areas can play a fundamental
role in the management and prevention of seawater intrusion. [Methods] This study took two typical costal zones in Yellow Sea and
Bohai Sea such as Longkou west bank and Dagu river coast. The microbial 16S rDNA of groundwater was analyzed by
high—throughput sequencing method, to explore the diversity and structure characteristics of groundwater microbial communitiesin
different areas. [Results] The groundwater in Dagu river study area was more seriously affected by seawater intrusion than that in
Longkou. In Dagu river study area, the TDS concentration of groundwater was 1.06—3.19 g/L, mainly Na—Cl-HCO, and Na—Cl type
water. In Longkou study area, the TDS of groundwater was relatively low, mainly Ca—Na—CIl-HCO, type water. The Alpha diversity
index showed that the microbial uniformity and richness of groundwater decreased with the increasing seawater intrusion in
Longkou, while the variation of microbial diversity of groundwater in Dagu river study area was complex. The groundwater
microbial community structures of three monitoring wells in Longkou study area were similar, but the groundwater microbial
community structures in Dagu river study area were different. The representative microorganisms of groundwater in Longkou were
Burkholderiales, Comamonadaceae and Hydrogenophaga. In Dagu river study area, the representative microorganisms of
groundwater are a little, only Proteobacteria was identified at the threshold S:=4.0. TOC and DO were positively correlated with
bacterial abundance in groundwater in Longkou study area. In the Dagu river study area, Na’, CI', SO,” and other indicators were
negatively correlated with bacterial abundance in groundwater, which was related to the long period of seawater intrusion.
[Conclusions] This study revealed the response characteristics of groundwater microorganisms and the environment under the
influence of seawater intrusion at different degrees, and showed different representative microorganisms, indicating that microbial

indicators can be used as a new and effective method to identify seawater intrusion.

Key words: groundwater; seawater intrusion; groundwater microbial community; high—throughput sequencing; environmental
geological survey engineering

Highlights: High—throughput sequencing was used to reveal the characteristics of groundwater microbial communities in different
coastal zones; To explore the response relationship between groundwater microbial communities and environmental factors in coastal
areas.
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FIE B, Liu et al.(2014) 5FXF BRIT. = £ P Hb X Y
R 7K A2 5 AR AT 0 G R AT 40T, U AR
TRETE T AR 7% 24 LI 7K A AR A = £ I Ak 25 b
FOFI G, A I 45 i 5 K JZ T K Y BT
Unno et al.(2015) 76 55 M & 5 1 3 X R FH AR 900
M Bt A7 1R 7K o e A K AR KA 5T, HA
SR A3 AN AT AR R K AR B 345 . Rocca
et al.(2019) N3d 1 BK 5IR AR A SE 5 AR K
A2, SE— AR 7R i A e L i 56 2R

BV VU b DA A b [ K AR B
XN Z —, BARIB 2 E N OCE A E A (R
4%, 2018; Gao et al., 2019; Fh 4 1B 45, 2021; Yu et
al.,, 2021) . HHETCAMICEEE X Y HiE K AR IX
Ho R KA MR AE AT 98 (Chen et al., 2019), Jf
LA X iR 7K a8 X rp o R K A e st i) L A
AT T TR0 AT, ST B T =FA K 0 T K Bk
YIREVR S5 4 5 ZREVERRE (Chen et al., 2020) . #R 1M
A2 8] B 4 TR 5T 24 M T 5 b R K S R
7% £ T R B IR, R K UE M RES 5K
YA W) B AR RL H 3 2 A A% Jrg, DRI AS R AR AR AN
)i = A B i 25 57 (B 555, 2018), 3% AU oY
B4, ) S0 B A AN [R) 0 R i b K B P e
VEFRIEAT 18 338 X o 7R SO S5 00T Vi g b DX L
VA L VA T 3 g 3 Ay O T K A
AWIHEAT 16S tDNA 34T, X A B TR J2 445 (1Y)
R KA DB Z REPEANSE MY AL AT, 48 /R 7E AR TR
AR B R 25 S5 W 38 1) X Bl b T 7K U B
V25 5%, BIR AMZ AP PR A 4
2 MESIE
21 HIREMR SRR

TERE A AL R AT X, — A e T
PUWTI, G BN, 5 — 0 T B KU, I
VTR (E 1) o Se57E T RFSE X LA R R T Tl AF o
DX F0) = HR W) 2R 4 6 ZH MR KRR, 450
DZ1. DZ2. DZ3. DG1. DG2 il DG3, 454 /K # %
£ 3 NATRE S, JEoRAE 18 KRR, 7S HR W 3
B HRIELE 14.4~20.0 m, BUK 20734 R 55 DU R 8%
KEKE, AR | b ERFIRR AN T2, Hoh s —
AR AV 000 S 1) — 3B 4 KRS FE 4 L SRR SR,
S5 — I AL KR T 0.22 pm TG AL IE RS A T 5

U8 BT UE AP AR ECE T 50 mL LR O, I
AEF Tk N R EE A E]-80°C), M A A L5 =
AT A DK TR I R RS 48 bR A
TOC (/K FEWAE#E 500 mL A% f i, I8 47 T
4°C VKFE N, E 2T
2.2 DNA fZER5 PCR ¥ &

{#i F§ Power Water® DNA Isolation Kit 2 & X
TR 5 W UE A TR ) DNA $EHL, 8 HARAE
1 —80°C M A% il VK AH 4 . ffE I 51 9 341F( 5
CCTAYGGGRBGCASCAG-3") fll 806R( 5~-GGAC
TACNNGGGTATCTAAT-3") X} 16S rDNA % [A it
V3-V4 X 317 PCROE & Big4% [ )i, Polymerase
Chain Reaction) ¥ 34 . 240 B FH Y PCR 4 354X
#1454 ABI GeneAmp® 9700, I 554442 95°C A%
P 5 min, 95°C fEFF 30 s, 55°C LB 305, 72°C 3"
18 45 s, 72°C $7fi 10 min ELEFEMLE] 10°C.

SR G PCR =L Rl — S FEAR SR 47 HE T
W BT B g0 5 4000 8% 58 2 DU D, LU 4%
A3 R AR5 . 3853 Tllumina HiSeq2500 %Y
(BIPES) 18 A J15UiR 7 51 0F A iU B il feJm
K HI QUME # AT 5017 -

2.3 HZitath

fili ] Alpha ZHEVEFE BORFRAERUEY) OTU(#:
YE43ZE HJT, Operational Taxonomic Unit) A%X H 1
TV Z R, ISR AE QUIME 4 58
A (QIIME 145 7792 WL http://giime.org/) . HA=F&E
& 35 B0 45 Chaol 45 2 F1 Observed species 15 %4,
ENTH TGRSR E N 20, WA ER A
47 Shannon 48 £, H TARURAE G B 5 18 3 (F
e, 2022) . PDIEEIH TRERE KT RE
(Lozupone and Knight, 2008; #%)}5%, 2015) . F&F
FE St AR = B, AT DL DU S s R K G E
T AEARRAE . 2tk 3 1 (LESSe) AT LA
PRI TR ol AR R A o 38 3 X PN ()
b ARSI P A B AR N AT [l 2, 1o
WIHEE R F XA YRR AN,
PICRUSt XJ i1 T 7K Gt A= Wy i T BE AT T, JF- LA
HYjmeRitE2: 5 .

3 gR51He
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Table 1 Physico—chemical parameters of groundwater samples of Longkou and Dagu river study areas

- Jer K]
PHLsb DZ1 DZ2 DZ3 DG1 DG2 DG3
GL/m 331 291 ~1.89 —0.52 —0.40 —0.69
T/C 16.51 17.08 16.60 18.97 18.74 19.50
pH 7.62 7.30 7.35 7.61 7.68 7.54
TOC/(mg/L) 1.70 1.80 1.70 1.80 2.50 2.80
EC/(mS/cm) 137 1.82 2.52 1.45 4.13 4.40
TDS/(g/L) 0.68 0.91 1.26 1.06 3.05 3.19
ORP/mV 13.00 21.00 6.00 72.00 49.00 -59.00
DO/(mg/L) 5.28 438 4.40 6.28 6.05 2.10
Cl/(mg/L) 173.08 311.79 604.26 279.15 1314.62 1408.37
HCO; /(mg/L) 246.01 289.27 376.42 311.71 616.20 787.62
NO, /(mg/L) 286.01 98.34 153.07 1.08 1.14 32.73
SO, /(mg/L) 114.09 178.80 167.22 135.74 299.03 269.80
Ca®'/(mg/L) 198.20 208.62 284.48 52.02 50.43 75.18
Na*/(mg/L) 81.00 106.37 174.50 188.03 886.81 676.60
Mg*/(mg/L) 22.00 26.74 34.90 40.07 67.59 91.07
K*/(mg/L) 2.10 3.08 3.24 23.40 48.04 45.84

VE: GL—IE/KH F/KAL; TOC—m A WLER; EC—H S, TDS

SE MR ORP—SALIEIFHIAL; DO—E 4.
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T 7.30~7.68, Z A K, L P m s mstt 3. B
F1RI R I 0T PGS F 52 X HB R 7K TDS e B 3 2 B
W ¥4 in 4 A, HL TDS ~F-3ME 43 51 R 0.95 /L il
2.43 g/L, KIH A 55 X H R 7K LA Na—C1 54 K oy
F, e FAESE X R /K A Ca-Na—Cl-HCO, 2K
FEE2) . B TR Mg W& T Ca® VR EE,
PR G FH Mg/Ca B IR HE R D7 A 16 7K A AR 1) i
( Wook et al., 2003; Valenzuela—Madrigal et al.,
2017) . ARPEFR 1 AKAL2EL B AR 2, K i
%% X Mg/Ca M A T 1.28~2.23, 1iii & 1 #f 5% IX.
Mg/Ca HAEAT T 0.18~0.21, #4h, CVHCO, FE/R I,
J e T AR [ i K AR, CEAE i /K 1 iR T
b, HCO, 1B M ith R IR K B RFEFE bR, IR 5E X 1Y
CVHCO, A4 AT 1.54~3.67 F1 1.21~2.76. 1R
P PIASBIF 5 X Z W A T8 br AT A 9R 45 18 7T LA
50, KI5 X b T 7K 52 WK AR 52 5
FEEE (RESHRESE, 2019), Tk TR X b T KAEAE
WY Sk 1) B 2 s 4V E F (GRS 55, 1996) 6

Jen
Longkou
PN
Dagu river
20
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2 e IR I SY X T 7K EE i Piper — £k 4]
Fig.2 Piper diagram of groundwater samples of Longkou and
Dagu river study areas

3.2 WEMBEEME ZFE

SBUN A ARy AT N R RN I o
IKIGEY) alpha ZHEEFE PR AT LA th, T8 HBF5EIX
FEAH R Chaol $8 %k, HoAt 3 495 BER & W AR,
Ui B R KA W i X A0 B N A B R KA
1R AR EE B SRR/ o TR T VT B 5% DX A ot 5
Shannon f8%§, HoAth 3 4842 7E DG2 HUFE gifir
IR A EAR, U DG2 i o7 B K I M 3 5 B
B, X AT RESE 32 B A PR R 520 (% 2) o

TERAE YA T S5 F4 J7 T8I, 53 50060 A5 DX i
ToKMAED T W B BB T2 7R
Kb, ZEJE R 1T (Proteobacteria) 76T A 41 E& 1 rh
di b K, WA B 58 KRR o v 33 0 B ) R
89% F1 97%. B& M Z A, BUFF 1] (Bacteroidetes)
FIAHACIEE # [ ] (Nitrospirae) W i i — g Lol &
T Lk 4hie, #— 2 X 25 W 1] ( Proteobacteria)
FEN KV 0 B AT 40 B, Horh B2 I R A
( Betaproteobacteria) M o—"% & & 2N ( Alphapro-
teobacteria) i i EE AL . TR X = 09
TUZE WA I 2 A R BE AR R I S, O R B T3
M, B2 IE 18 2W ( Betaproteobacteria) B H 43 b & &
Bifi 5 R B 00 38 i 2 R A, T o-A2 TR TR 4N
(Alphaproteobacteria) W 5 Z A1z o KA 5T X
B = 1 HE R B A O B T 45 R R T AR X Ak 2L,
HTESE T K BT A I A DG3 5 HAB T 111 1
ANE, JLF-#% B2 I 4N ( Betaproteobacteria) It 5
P, XTS5 DG3 i M A K (& 3). AW
FERM, FRIHNCEL, 2595 AB X L1 MoK fUE
WIS FA 52 (He et al., 2019; Gai etal., 2021).

PRI IF 5% DX Hb T 7K A W0 e T A2 45 A 1 H 1
BRKF EE5HRAEARRL . WAl 4 Bios, e FFFEIX
R K A WA B 2K B EE DA e IR H
(Burkholderiales) ] 3, TERK- | FE LI E A

R 2 EOSXEATR KM TR EREREYREE Alpha SRR

Table 2 Microbial community Alpha diversity indices for the groundwater samples of Longkou and Dagu river study areas

e AN R
=i DZ1 DZ2 DZ3 DG1 DG2 DG3
Shannon 4.49 4.75 3.46 4.54 4.48 4.20
Chaol 706 573 701 728 338 572
Observed species 239 200 179 218 131 190
PD 17.0 17.0 14.2 20.6 9.4 15.9
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Fig.3 Pie charts representing relative abundance of the dominant bacterial communities from groundwater samples classified at the
phylum level in Longkou and Dagu river study areas; Bar graphs representing relative abundance of the dominant bacterial
communities from groundwater samples classified at the class level of Proteobacteria

Bl ( Comamonadaceae) 3 . . T I W57 [X b
TR P AE BRI OK S AR A 4, A s G H
(Burkholderiales) , LI H (Rhodocyclales) , fi H.
M B H ( Pseudomonadales) , 21 4l & H ( Rhodobac-
terales) , \E R B (Comamonadaceae) , L TH
B} ( Rhodocyclaceae) , i 5. il T8} ( Pseudomona-
daceae) , 2L M B (Rhodobacteraceae) 2 I H 4%
T AR =E

PR S F 98 X | K A 0 B VR 7R B K
LRRRAE A S B R o AT AR BLAE R L E 5T IX
o, = W A A AR TP AR W AR

J& (Hydrogenophaga)® UL B ¥ #F K W J&@
(Sediminibacterium) o FER ST X = 1 W

FHIAFFESS A LR, I E AT, DGl f7HE

4 T3 JE , 145 ZLAT I8 (Rhodobacter) , SR K TR
J& ( Crenothrix) , il L2 i€ 7 J& ( Nitrospira) FIE B
£ [CHE 8 (Rheinheimera) o« DG2 TE1E 4 ML HE,
f 45 . 2 WK AT R S8 ( Pseudomonas) , Wi & 1 J&
( Hydrogenophaga) , W MK ( Zoogloea)
Methylotenera 1 J& . DG3 17 1E 3 ML &, 145
Dechloromonas T J& , W & % J& ( Hydrogenophaga)
FNEE AT 1 & (Pseudomonas )

R i — RGPS X b R K A P
FEE2 SR, RNLAMEHN 53 Bk (LEfSe) R R 51
A ERE, HEmTR s HAR S AEY (K 6) o I
AILUE S, 2 AT X b S A Y B 2 Tk
TRFFEIX . FEBI(E 2.5<5t<4.0 I, o FHF9E X b
IR 223K 26 Fl, TR RIFIE XALA 5 F
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Fig.4 Pie chart representing relative abundance of the dominant bacterial communities from groundwater samples in Longkou and
Dagu river study areas (a—Order level; b—Family level)

1 B A6 Se=4.0 B, Je 1 B 58 X AR 3 AR W
15 k1A v 2 R 15 G I B (Burkholderiales) , N6
M W B ( Comamonadaceae) F Vg A H &
(Hydrogenophaga) , i K A58 X AR & AR P14
AR IE B ] (Proteobacteria) o X J& H T R ] lf
FE X AN HURE S - KB A W 22 SR, B LAt
— 2R R AR S AT R S . IR 7 AT
VA, Kbl = IR 2K B s &A=y
AISHALR] 3550k B s B T & ( Dechloromonas )
8 ¥ 0 & J& ( Pseudomonas) F 21 4 H J&
(Rhodobacter) .

A P R 7 235 R R AR T LA T4 7S 224 b b
TAKOKBRGL  5 n BiFE 3R B, o S E R R
(Dechloromonas) ., B 5} J& ( Pseudomonas) UL K
Wit Ui & (Hydrogenophaga) 72 FI R V35 44 1 R AL
T, EATHY S o SRR ARV B A G, TEK IR
AT LK il R R 5 Ay — S8 AL A MR A FEA G
S A& (Marcus et al., 2005; Yang et al., 2018; Ahn et
al., 2019); LW |1 (Proteobacteria) ELAG B R £h 1Y)
WS (XHTEAE, 2009) .

3.3 MR REF IR E Y B % = A A

IR DR 2R T2 52 ) b R K U W v 0 B S
bR CRBRASSE, 2023) o 382 0 b R 7K G2 9 =F B A
IR R4 7 181U 43, S5 IR B DR - XU E
EEE AN . MR 3 ATLAE Y, I8 K]
WF 5% DX b K A= 4 2 B 5 BRI R R DG
EZREE LT IR ORI, KRR X T
TR SRR (B T, TOC Fil Ca®) 51t
W) R 3 AE G, U RH PRI Y kb T KR i
WA K, TRl Nat, CI, SO Sy F i & i
FAH IR (P<0.01), FRIABEE 1K A TR )3
5, MR KA IRER AR, TR ST X
ARSI W)~ BEAHDCEAAIL, L TOC #1 DO 5
AV FERIEAHXICR(P<0.05), HELXFMFEH
P Dt PR 55 PR A 5 DX T KA AR T A R s (1] 58 AN
AT, AR GE FBH, JaIR K A P DX AIG R A e R
BR43, AT LATE 8 J6 %) B[] 1 23 [|) b LF Ak Y 335
AW 4k (Sharp et al., 2009; Telesh and Khlebovich,
2010), 73X Fh A% Ak 25 T B P A fig S B 3
HRIFREE, DA = BEALAIR (Gilbert et al., 2009)
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Fig.6 Phylogenetic dendrogram of biomarker bacteria of groundwater in Longkou and Dagu river study areas andtheir LDA score (log10)
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Table 3 Regression analysis of microbial richness and environmental factors in Longkou and Dagu river study areas

WL E— A SRS -1 B
5] )51 77 78 R P EVEyiyE R P
GL y=—0.00654x+0.69245 0.079 0.463 y=7.91x10"%2—0.0075x+1.126 0.658 <0.05%
T y=18.7x70018! 0.004 0.864 y=17.8x00118 0.044 0.589
pH =0.00159x+6.6094 0.099 0.410 ¥=3.83x10"x2-0.0037x+8.425 0.817 <0.01%*

http://geochina.cgs.gov.cn H1E LT, 2024, 51(3)


http://geochina.cgs.gov.cn

5551 4% 55 3 F PRI AN [F I A T K G E R T 2 5 2R 22 R AT Y 1017
gx3
WAt __enl : i
EVEpIg R P [EPEpg R P
TOC y=3.98x10"%""7 0.530 <0.05% y=—2.25x10"x>+0.0203x—2.0486 0.256 0.411
EC y=—6.0932x+5080.9 0.097 0.415 y=—0.04561x>+32.549x—1479.7 0.908 <0.01%*
TDS y=-3.1274x+2578.8 0.107 0.391 y=—0.03122x*+21.672x-597.56 0.905 <0.01%*
ORP y=0.00475x>+4.9775x—1286.9 0.097 0.415 1=0.00399x2-3.4867x—714.53 0.642 <0.05*
DO »=0.01107x—0.91302 0.507 <0.05* =0.00036x>-0.2680x+52.943 0.902 <0.01%*
Cr y=2.0873x+1454.8 0.087 0.442 y=—-3.5751x12545.5 0.792 <0.01%*
HCO; y=—0.7111x+673.06 0.111 0.380 y=—0.00886x>+6.966x—650.11 0.835 <0.01**
NO; y=0.86755x—276.62 0.102 0.401 y=-0.0009x>+0.811x—159.45 0.648 <0.05*
SO »=—0.4688x+395.58 0.224 0.198 y=—0.7276x+567.62 0.887 <0.01%*
Ca* y=35468x " 0.047 0.576 »=—0.00088x>+0.7918x—100.75 0.554 0.089
Na' »=—0.3520x+306.59 0.053 0.550 y=—2.4546x+1671.8 0.949 <0.01%*
Mg y=—0.0731x+65.035 0.089 0.435 »=—0.00142x>+1.1802x—151 0.762 <0.05*
K y=5528x""2 0.164 0.280 y=—0.00044x>+0.3235x-9.36 0.847 <0.01%**
e SHFOREEMK (P<0.01) ; *RRHK (P<0.05) .
S 95% B (5 X H]
(| . [ .
Longkou Cell Motility === Fo4 2.67x107°
SNl Circulatory System | 6 8.95x107°
(. Dagu river Amino Acid Metabolism st HOH ‘ 6.41x107
Transport and Catabolism f§ o 9.19x1077
Metabolism of Terpenoids and Polyketides =4 e | 1.68x10°¢
Carbohydrate Metabolism =——=a O \ 2.48x10°¢
Enzyme Families &= a 4.47x10°¢
Metabolic Diseases | ? 2.91x10°3
Immune System | o 3.92x10°°
Infectious Diseases f o 4.23x10°
Lipid Metabolism E===a ot | 5.30x107°
Signaling Molecules and Interaction | o 6.48x107
Metabolism of Other Amino Acids & ol | 1.13x10™
Xenobiotics Biodegradation and Metabolism = —e—i \ 1.87x10™
Endocrine System B <] 1.90x10™
Folding, Sorting and Degradation =’ | FOH 1.93x10™
Cellular Processes and Signaling = 1] 3.19x10 4
Glycan Biosynthesis and Metabolism &= ' ror 4.70x107* &~
Energy Metabolism === ' o~ 846x10*
Translation == | o+ 2.00x1073
Genetic Information Processing fm==r | FoH 2.75%107
Metabolism = e} 3.02x1073
Membrane Transport ——0— | 3.81x1073
Signal Transduction == | Fo 3.85x10°°
Poorly Characterized ‘ tOl 3.91x107°
Transcription == o 4.19x10°3
Replication and Repair = L —o— 454x10°
Digestive System | o 5.72x10°3
Metabolism of Cofactors and Vitamins | HoH 7.24x107
Cell Communication | (9] 0.011
Immune System Diseases | e 0.018
Environmental Adaptation | ? 0.018
Nucleotide Metabolism == o+ 0.020
Cancers | + 0.043
L 1 L 1 1 1 1 1 1 l
0.0 13.1-2.5-2.0-1.5-1.0-0.50.0 0.5 1.0 1.5

SEEE /%

G LEZE S/ Y%

P8 g LRI IS DXl /K S A i v 2 T RE 202 2 /K19 KEGG T RE BN L 7 A

Fig.8 KEGG functional prediction contrastive analysis of groundwater microbial community at level 2 in Longkou and Dagu river

study areas
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