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Impacts of the hydrochemical characteristics of coal seam water on the structures and
metabolic functions of microbial communities

WANG Gaohao', DUAN Shengjie', WANG Bei', NIU Guobin', LIANG Yongping',
YU Feilong', MA Kai', ZHAO Weizhong™’
(1. Coal Geology Bureau of Ningxia Hui Autonomous Region, Yinchuan 750002, China;
2. School of Resources and Environment, Henan Polytechnic University, Jiaozuo 454000, China)
Abstract: [Background] The core of coalbed methane (CBM) bioengineering is to inject bio-fracturing fluids rich in ef-
ficient methanogenic bacteria into coal reservoirs to promote the conversion of coals to methane. However, the relation-
ships of the hydrochemical characteristics of coal seam water with the structures and metabolic functions of microbial
communities remain unclear. [Methods] This study investigated coal seam water from 12 typical mining areas in Ningx-

ia. Based on microbial classification and sequencing, as well as statistical analysis, this study explored the relationships
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of pH, anions, cations, and chemical oxygen demand (COD) of coal seam water with the structures and metabolic func-
tions of microbial communities. [Results and Conclusions] The results indicate that the bacterial communities consist
primarily of hydrolytic bacteria and bacteria enabling acidogenic fermentation, with dominant genera including Protein-
iborus, Clostridium_sensu_stricto_1, and Thauera. The metabolism of methanogenic archaea occurs primarily through
mixotrophy, with Methanosarcina identified as the dominant genus of these archaea. The coal seam water exhibits pH
values ranging from 7.4 to 8.5. A decrease in pH value corresponds to increased diversity of the bacterial communities.
However, the pH value exerts a small impact on the archaeal communities and an insignificant impact on the microbial
metabolic functions. The diversity and abundance of the bacterial communities are positively correlated with the mass
concentrations of anions CI” and SO;~ when their mass concentrations are less than 905 mg/L and 1 974 mg/L, respect-
ively. In contrast, the mass concentrations of cations Ca>" and Mg”" are significantly negatively correlated with microbi-
al cell motility, intracellular transport, secretion, and vesicular transport, as well as the metabolism of inorganic ions,
when their mass concentrations range from 5.6 mg/L to 411.0 mg/L and from 30.3 mg/L to 697.0 mg/L, respectively.
Additionally, the COD in coal seam water exhibits significant positive correlations with the energy generation and trans-
formation, along with the carbon cycle, involving microbial communities. Higher COD is associated with richer organic
matter in water, thereby enhancing the involvement of microbial communities in the carbon cycle. The results of this
study reveal the mechanisms behind the impacts of the hydrochemical characteristics of coal seam water on microbial
communities while also laying a scientific basis for optimizing the formulation of bio-fracturing fluids in CBM bioengin-
eering. Moreover, these results help understand the potential impacts of environmental changes on underground microbi-
al communities during CBM production.

Keywords: coal seam water; microbial community; hydrochemical characteristics; cellular metabolism; methanogenic

bacteria; coalbed methane (CBM) bioengineering
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Table 1 Sampling sites of coal seam water in the study area
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Table 2 Microbial diversity indicators of samples of coal seam

water
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Fig.l1 Venn diagrams of varying coal seam water samples based on
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Fig.2 Bacterial community structures based on the genus level
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LG BT . R BEAF R R 5 —38) iz A B R e
B, BEREAI ] Ho/CO, VR A iU e, AR 2R
R I A B, A0y R %) Gippsland 7 #b . BV
() Tharia 4 I K [ 07K 2 M 607
FH a8 (Methanocorpusculum) & ZQ W) =
FBE T, AR R 35.75%(8] 3). 5 H e A2,
FRHJE R AT th 38 13 1 S CO, AR e X B ol T 1Y
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AR, AT EI XZK T, CO, i i ] g2 H e
R F RS, A, AR I T — SRR Y
P E, WS T B (Methanobrevibacter, FiX =
FE 0.10%~4.54%). W Bt M B (Methanolobus, 0.61%~
3.98%) 1 H % ik B (Methanocalculus, 0.17%~1.22%).
RARIXSE TR & B AR R BRI, (e AT TSR ) FH e
ARG R R T E LR EIE
2.3 HEKHZHFHE

ERZKD, HEF M AR EfA B EN L
BEMERIRE 2 R . EEHE P Na' K Mg™

Ca™, T FEE BB Tl CIAISOZ . Na By i vk i
267~5 804 mg/L, ¥J{H 2 109.25 mg/L, W] Na 242
AR A A PH S o KA TR R A R AR,
1E 5.4~163 mg/L, {8 29.90 mg/L. Cl HY & ik )& N
187.2~8 268 mg/L, H4{H 2 224 mg/L, W% & F1EH"
DR A P B 3 R R BE (3 3). SO I BT i ik i hy
53.1~6 720 mg/L, ¥J{H 1 900.6 mg/L, & W HAEH" X /K
FEFR T Z A4 . AUAE HE, GZ Al MH £ 7 Hp A6 ) 51
CO; . MEZ/KAY pH EATF 7.5~8.5, ¥I{H 8.03, W R
DX K AR AR S S5

X3 FE RANHRBTXHESKEFHTESH

Table 3 Parameters of the hydrochemical characteristics of coal seam water from 12 typical mining areas in Ningxia

b B TR (mg L) TDS/ CoD/
T ca® Mg* K Na* cr Noye HCO; co¥ mgL)  (mgLhH PH
YD 49+4c¢ 55+3e 5.42+0.6g 300+8 201+26h 480+5%h 347+71de 0 1332+120h 46+2¢  8.2+0.11
HL  411+16a 201+14b  21.3£0.5¢ 32354264 3890+229c 3 058+328b 151+12f 0 10975+1526b  82+1b  7.5+0.07
WW  28+1d 30+3f 9.3+1.2f 267+32 187.2+18h 1954201 386+32¢ 0 950+124h 48+2¢  8.2+0.11
JN  163£27b 229+13bc  12.1+0.9¢ 835196 525+28g 1974+188¢ 659+45b 0 4230+£211f  58+3.5d  8.1+0.09
HE 21+le 37+1f 7.7£1.0f  1030+19 696+22f 1127497fg  490+22cd 8+la 3300+408g 67£1.5¢c  8.5+0.08

JF 316+35b  20549c 10.3+1.2e  918+77 983+117f 1731+116cd  384+23e 0 4532+4224f  48+2.2¢  7.8+0.06
GZ 6+1f 101£12d  32.3+1.2b 28264311 2293+38d 2761+138bb  800+27a 4+0.5 8764+1246d  95+1.8a 8.3+0.05
ZQ 85+12¢ 81+3e 19.7£2.1c 1966138 1841+153¢ 1664+299de  698+58ab 0 6245+1195¢  40+£1.9f 8.1+0.09
WZ 393+16a 697+63a 44.9+4.8d 5708+231 6053+188b 6 720+434a 433+34d 0 20039+£1039a  82+4.3b  7.9+0.01
YX 137+42¢  123+4de  10.7+1.0e 1261+112  905+95f 1590+95de 5314+95¢ 0 4 456+95f 39+1.7f  7.5+0.07
MH 25+1e 78+11d  163+20.8a 58044297 8268+264a 53.1+4i 1694+137g 271422b 16 185£1050c  69+3.5¢  8.4+0.06
HS  157+21b 81+9¢ 22.14£3.1c  1161+111 842+57f 1455+123ef  504+38cd 0 4125+160f  5242.8de 7.9+0.13

TE: 494N LR IES BN (bR 2e, pHIEHAL, DA TR SEAEAFMT AL L. PR R, SRS ErekeAh

B shR, ARVNGFRE@, b, e, d. e, f. g. )FR0.05KFEERBE,

3 itig

31 BREAKUEHFESREYESEEMNNXE
3.1 RACF AR L AL A0 R

16 HL BEASH, 24 pH {ER 7.5 I, B REE ) 24
P35 21| 5 5, Shannon $5 %00 2.91, & W rb 1 i i, 1) 24
Bed A A TR REE A, 2T, 78 MH BEA
B Y pH {HL(8.4) X)W Y 41 P Shannon 5 F3AIR,
U 1.61, FIIFER S pH BREE T, 4 REVR ZFEVEG
Bl . AR A O, BAIK pHEA G T, 7R &
PR A0 A /KR TR o 2 S 67, o I 200 PR 3 7 P R
559 1R P BR BT rp 2R 0 5 Y TR 4 . 7E pH<8 1Y BF
A(WZ., YX. HL. JF) ", Z8 (G . BRI B AN FC B S5 R
JE AT FE B . SR, B pH (AR TR, 13X R4
ARG 3 B I d TR, P RE S 55 i B B PR B A1) T
HAKAK,

BR T pH fEAL, 51 B 2 sE ma 40 i 2 A0

AT BN ZE, CI. K, SO HI Mg™ Ay hn 5 4 B R 7%
M) Z AR FE B 2 EAH G . 7 HL, WZ, JN, HE, JF
M GZ FEA H, CI ot & ¥ & M 187.2 mg/L 3 Jin )
2293 mg/L. K" 5.42 mg/L 8441 %] 32.3 mg/L I, 4H7H
() Shannon 8 51 A 2.60 34 % 2.91, % 3 WA 5 1
CUFN KMk B REAS I UE 240 TR EVE I SRR . 4%
SR . 77 TR A AR TR (W2 [Q TR 7 L BEE 2 1 TR
A CQ TR )Y 3 B B 25—V B () P s I 34, 3K 22 240
TR AT REAMROSRY A 1Y) 85 R B A T AGHTG 3, JUHAE AT
UYL AN S S N Y (S e AW R R RN PN e TS
/3 BT (redundancy analysis, RDA) 7w (1€ 4a), & [CH .
;RO TEVE TR S [P 55 CLR KV 3 22 9 2 1E A
Ko, RT3k L B (W AEAE AT REA Bl TR 2F 3K SE 20 1R 1Y)
AR IBE . BRI, SO Al Mg™ U 2 3 H A [ i 5 i
B, SO MRIE 57 LR Vg K [ 1Y £ 8 2 IE A,
X FE B2 A T TT R FH B R Eh A by FE 32 IR Bl ok
U8, VAR AR . SO Fll Mg ¥e Ji X} 7 2. e vg 2K 14
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Fig4 Redundancy analysis (RDA) and canonical correspondence analysis (CCA) based on the species information of samples of coal seam

water from typical mining areas in Ningxia

PR A28 QR e B D R S, T 2 I3k 26 41 I 7 s
P b v B IR P JevE A U KR BRERER O TE
X FPRAE AT T B RREA S5 B (SRB) Z G HE 2L, (A1)
P A AN AR 7 P e ) 200 BT TR 7 A IR R R «
3.1.2 RAFHIENFAEL G TR

FE T RBETE R, pH B RIS 73k B Xt 2R v A
RS M AR T AN PR VR B o 2404 . AR pH (B X 20 TR
VR BRI, (R B SE M AR /N . BRI & 3,
Ca”' il Mg™ FRR AR AT Ty TR B 4L AT 2 i
2 Ca™ il Mg> 3 B 4576 25.61 F1 39.82 mg/L I, H
LEAFPRE MH, WZ RN FEAS R (48 2 Sy . X3k
3k 2 18— 1T B 7 02 1 iy T A AR I I 8 v 7 S B A
HH, 5B AE B e A i B b, ca® f Mg® T RES 5 —
S S R A AN N B 5 A T BE B ZEHE . B Ca¥ RN
Mg Y B (93— 25+, JF . HL Rl HE REA b i1 P 6
I\ BR AR B R R T (4l O R
St B AR R IR SEA, o HOE F ot /S BR B B
BRI TR 52 1, REREIE IV = Wk B i . RN TR AE TR
P8, FEIXSERE S, Ca® R M B 1k B s ]
fE Mk e B AR A TR I BREE, T HAE R X K (A b 4k
FEERIERE . 5340, AR B REE Z 8T REAF e
TR . TR R K TN R A7 B 1 A o A
A A LR A A AR S =T A R,
FE 7 H B AR LR (n Z R AR, A E R e 2
J o HLFE X N 43 BT (canonical correspondence analysis,
CCA) fb 7R (] 4b), K SE 41 TR 3% (40 % TG TR FZE [T
1 =F B 55t R I& T ) R e B R R ot \ B R T —
FE ORI . IR, AT B XK, A0
I TR AT B e AR A A G SRR R AR
S

32 KU ESHEYRBIIGENXR

T AR T RE TG 4 5 HL T AL i K AL SR B 2
PIA G, JuHE K Pl ca® . Mg™, K. Na", CI'I &%
COD 28R 5T K 5 X E ARl ™2 1 52 (18] 5),
Ca” Jit 1 e J& Y B 4 5.6~411.0 mg/L, Mg™"Jy 30.3~
697.0 mg/L 5}, Ca™", Mg™ 5 Z Fh 20 M A 35 2 i 52 B 472
FHICHE, F55) 25 4z 3 (A10), AR NIz, il Al
LB HI(AL) LU TCHLE Tz 50 (A19) /Al
SR N B3 . Ca R Mg VR AN P TG 1554
5, HMR R AR A T DL S R i A AR S B AR
FEIE B EA T TR AN I F D e B G2, (Had
(B R 25 | R AR50 B 1) S UG, TP A i 2
AR R R P, O AT ) I B 40 3 sh AN ) s i A
EIHEE Ca R Mg I8 T e I 44 038 B R 4, R R
FT L B4 006 LA S A0 9 0 T A 4

K'Ji & Wk B B 5.42~163 mg/L. Na™ly 267~
5 804 mg/L i, HAE 40 AR 55 o e b i R B Ol 2 2R,
BEAT T M S AT IE A Gk . KL Na' 5 40 i J& 307 2 il
M3 YR HL(A6) K B BIMLE(AT) S ARG,
X T B e PR 7RI S e A, A A T BRI
1 Na™, KRB, DIORFR MRS AS . SR, KT\ Na' 5hk
KA Wi i A (A 14) B LR i AR (AL1S)
EPIEAEK . i# i3 JH#E ATP(Adenosine Triphosphate,
IR R AT AR R AN PN A KRN Na VR R, X —
IR B AR I, v REHESh T 40 M R A AN
I RGN R, PR UE T BRI S . E IR S AR
WA 5),

Cl 5 F v i 2l 187~8 268 mg/L Hif, X 4 it J& 141
Pl Apa 3L Y fkaric(A6). BIEIBLEI(AT) Rk
AR A WA ORI 237 (A20) 52 BUSRE B SAR S



%S5 FEwE S M B KA AR X A 0 95 5 A B At T B B B < 111 -
Al |Al B1: Ca? Al: BHEE RZRE R ESHI R A& B
A2 : /;2 B2: Mg>* Ag IgéNAﬂLlIEMI £
A3 A3 B3:K' .
sl N V! B4: Na* As Eguggﬁgﬂ%? ,
A5 |® A5 B5: CI” A6' N et Bt N1 o N P =R N T
A6 | @ ® o ® a6 B6: SO AT: B L] A R A
A7 |@® CICN ) . A7 B7f HCZO§ Ag %%ﬁ%g#i%,&.m 1.0
A 900 O A8 B8: CO; A10: ZiLiza)
A9 | @ o0®oo A9 B9: COD AlL: U IS S i 26 s 5 08
AlO|O & © ® o ® oAl0 B10: pH AlZéHgJuﬂ;ﬁ EAFE . e :
Al| @ OO INY NI el e
AmMOOO® o o@® - ®orn Al ZUERGE R FIF S 06
A @ 0o @@ ® 0 0O ®A3 Al6: *Zﬁ@&f*?ﬁl*ufwj
A O O@@® ¢ °0@0 6 @0 NI 04
Al @O @@ 0 0@ 69005 A19: THLESFIEHACH
A0 000®00006 ® OO ®ric A0 KENBIIEMER. EHASRAH]) T,
NGl KX T XXX 9000 9. .
A OOO®S o 00®00 OGS S G s
Al9 |0 ® ® & ® 0666066 00 6L 0
A20 @ ¢ v 900 0009 o o 0. ...9A2 SR p<0.05
Bifc @ e ® o e e ® @@® - e e ® o' PR -02
B2 ® 00000000 ® 0 6n R p<0.01
B3 |{® © ®0e [ ) e e o: B3 #xLIR p<0.001 oa
B4 00 o LA JERC N ):%
B5|{® { X ) [ D) o ®®-s;
B6jc @ o 0o 0 @00 o @@0 - 0o 00:06® o o5 —06
37|00 ®® - 000 -0 0066000 -0040.-h:
B |{® @ @ 0 ® o0 ¥ ®90®® °®-ks -0.8
B9 °00 Ol 00000000 0 05
B10}. © o ® Q@ (L) B10 10

PRYR RPN @R O ONOEI IR R IR PS PRI

K5 BEZEKAL SRR E S R E Y D RE R 25 T

Fig.5 Analytical results of correlations between the hydrochemical characteristics of coal seam water and microbial metabolic functions
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