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Assessment of Ecosystem Health of Baogang Tailings Groundwater Based on

Microbiome Index of Biotic Integrity ( M-IBI)

AN Xin-li""*, CHEN Ting-ting’, ZHAO Han" >, ZHANG You-chi', HOU Yan-wei’, CAI Chao'"

(1. Key Laboratory of Urban Environment and Health, Institute of Urban Environment, Chinese Academy of Sciences, Xiamen
361000, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. College of Chemical Engineering, Huaqiao
University, Xiamen 361000, China)

Abstract: Index of Biological Integrity (IBI) is a scientific tool used to evaluate health of aquatic ecosystems. IBI associates
anthropogenic influences with biological activity in the water body, and is formulated using data developed from biosurveys. Compared
with other biotic assemblage indicators of water quality, little attention has been paid to the application of microbial community in
ecosystem health assessment for groundwater bodies so far. An approach based on microbiome index of biotic integrity was developed to
assess groundwater ecosystem health in this study. The method based on Illumina high-throughput DNA sequencing was applied to
achieve the information of microbial community. The key environmental factors were selected based on CCA analysis and the optimized
values were calculated for defining the taxonomic genera sensitive and resistant to these factors. The resulting candidate biotic factors
were used to construct microbiome index of biotic integrity (M-IBI) evaluating system. The results showed among the studied sample
sites from groundwater of Baogang rare earth tailings, 33.3% of samples were at “Great” level, 16.7% at “Good” level, most of
samples (41.7% ) at “moderate” level and 8.3% at “Bad” level. The ecosystem healthy status of the sample sites near the tailings
was affected by human disturbances, while the samples far away the tailings were at healthy level. The results of the groundwater
ecosystem healthy assessment based on M-IBI system had a good match with the groundwater quality standard based on chemical
properties. It indicated that M-IBI could be a potential index to evaluate the health of groundwater ecosystem.

Key words : microbial community; index of biotic integrity (IBI) ; groundwater ecosystem; ecological health assessment; microbiome
index of biotic integrity ( M-IBI)
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earth tailings analyzed in this study
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g v DR ARl Bt A 190 e A e AR A L ABURR A 7
Huth SZ 2 EE T SR RREL TR BT LUH T8 3%
TEAEATE A WL & &, SKEATE h A Y

32

R_OL | ] l
- G0 =

CCA2(21.9%)
=)

CCAl (38.1%)

i Sk S A BEARR IR H T (9 IE SR S
i Sk KR EEARHRAR SR
B2 WMEMHESHTUSRERTFEXEN CCA 2
Fig. 2 Canonical correspondence analysis (CCA) of microbial

community distribution variation and environmental factors
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IETER D) SR ARSI (Se) X 4 DIRBIR TAE N SCHIETH 7, Eff 1S
(DO | IREE(T) , A RRERER TSR (PL) FIAG & BRSURIZAR T A R 3.
R SEAMED S ISR

Table 1  Diversity indexes and abundance of microbial community in the studied groundwater
P/ g S E A Gl G2 G3 G4 G5 G6 G7 G8 G10 Gl11 GI12 GI13
Methyloversatilis J&/ % 0.22 0.20 0.15 0.17 079 0.18 0.20 0.20 0.45 0.30 0.19 0.28
Pseudidiomarina J&/ % 0.02 0.03 0.04 0.03 005 003 0.03 003 006 0.05 0.04 0.03
Thiobacillus J&/ % 225 0.22  0.24 0.29 0.25 0.23 0.26 0.24 0.52 0.28  0.26 0.21
TARAGEL 2.23 2,72 224 2.8 2.8  2.65 2.80 249 279  3.11 2.77 2.63
AT 0.76 0.8 0.76 0.91 0.89 0.87 0.89 0.81 0.8  0.92  0.90 0. 87
(ERSUTORA 412 9.14 413 10.96 894 7.74 9.36 532 891 1280 9.72 7.97
Pielou 5] 484 0.40 0.48  0.41 0.52 0.49 0.46 0.50 0.45 0.54 0.54  0.50 0.49
PD_whole_tree 50.09 55.56 49.49 59.44 64.22 60.33 60.59 56.28 64.23 64.55 56.24  54.19
Chao 1 1531 3388 4022 3566 4155 4492 4545 4290 3976 4909 4390 4249 3856
Observed species 1211 1488 1235 1562 1600 1552 1554 1390 1760 1623 1563 1447
Ykl 23188 275 273 247 251 315 330 277 269 180 307 244 225
F2 GONHLIET ERLM TKEEHFE mg L
Table 2 Geochemical characteristics of groundwater around Baogang rare earth tailings/mg+L '
LA Gl G2 G3 G4 G5 G6 G7 G8 G9 G10 Gl1 G12
Eec 10. 05 1.61 1.79 6.36 10. 59 5.79 2.61 3.38 1.79 0. 86 0.65 0.96
Eh 17.2 4.3 -245.7  -17.5 27.1 163.8  -71.4 -129.8 -62.3 -5.6 -156.3 1.4
Asx10 74 12.2 7.6 24.8 4.8 8.1 7.4 40. 6 15.5 88.5 24.9 34. 1 27.8
Sex107* 4.4 4.0 4.5 2.1 2.4 1.7 3.4 4.8 0.9 1.2 1.1 1.4
TDS 7780 1210 1250 90 10100 5500 1920 2740 966 524 426 558
Pl 1.4 3.1 1.4 3.0 2.0 2.9 1.9 2.1 1.9 2.7 1.6 2.8
GH 3 860 631 661 2900 5460 2700 811 1360 470 280 216 276
DO 2.81 0.32 0.26 0.48 3.78 4.00 2.05 1.24 5.42 1.41 1.28 2.52
T/°C 11.4 9.7 10.6 10.9 11.4 9.3 10.2 1.1 13.0 12.3 10. 6 1.1
S03- 2645 418 427 2489 4444 2491 627 913 332 16 3 18
cl- 1 666 176 145 947 1417 682 303 500 161 34 17 48
NO; 5.1 0.0 0.0 9.3 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.6
NO; x1073 78 3 11 29 491 24 9 3 11 3 8 3
NH, 36.79 0.32 1.08 0. 44 57.26 0. 36 1.33 0.91 2.06 10. 36 3.36 9.53
F- 0. 86 0.42 0.71 0.58 0. 49 0.93 0.74 1.81 0.79 0.47 0.72 0. 84
Na* 618 99 156 528 802 860 342 302 168 69 62 103
K* 17.20 4.14 5.48 8.35 40.4 8.25 5.51 8.85 7.02 11.9 6.95 15.10
Mg’ * 548 67 71 319 797 260 102 180 68 48 34 54
Ca®* 535 144 111 617 643 537 132 219 90 15 28 21
(ofor 227 182 342 203 159 153 504 367 385 404 430 565
pH 6.98 7.49 7.73 7.43 7.47 7.34 7.59 7.73 7.69 7.66 7.70 7.83
IRARAERRACE V2 VES V% V% V% V% V% V% V% m 2 m
xR3 XENBEEFEZMEAMSRERHIF
Table 3 Distribution of major environmental factors in the damaged sites and references sites
V745 AT A FE R W/ ME ON( ¥iE bRt
WA/ mg- L 9 0.26 5.42 2.26 1.86
TR T/ C 9 9.3 13.0 10.8 1.1

AR AR 2/ mg - L ! 9 1.40 3.10 2.19 0. 66

fifi/mg-1.7! 9 9x1073 4.8x107* 3.1x1074 1.4x1074

IR/ mg- L 3 1.41 2.52 1.74 0. 68

S LB/ C 3 10.6 12.3 11.3 0.9
R AR B/ mg - 1! 3 1. 60 2.80 2.37 0. 67
fili/mg-1.~! 3 1.1x107* 1.4x10°* 1.23 x10~* 1.5x10 73
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2.2 SCHEPRIE DN T HEURm AN 32 Y 2

AR BIAP- 2 [ U5 345 B A 2 2 2R R Y
ISP R 1~ 0 B (L, WA W o 26 23 ) U 2
FEUR R RN 52 8. A5 AR AN R R 7K R 5B 3 A
FAAEBR I 2257 BRI OL NS 4 s,

R4 MRERFHROWIZOBENTLXBNECS
Table 4 Summary of microbial taxonomic genera which were sensitive

or tolerant to the major environmental factors

HWEEHRF R A 53 2B RIS
il R 25
il 57 29
IR 30
st 67
o T AR 57
(=3 72
A ML 28
AL 2 32

2.3 A S E Tk

A 535 FH 0T DA R Bl b T K A R VE e
B R RER B LG L K A T IS R D e
R WRFREE AR AR X AR 25 2R G 235 0 TN T BB Y 52 T, Fe ¢
B 1 26 i T 7K A 9 59 A= 4 5 B PE 45 B (M-
IBI) Ay E M B H (3R 5).
2.4 HEE S o BT S Ao b

X g E S EGHA TR RE 1 04, AR5 T LAZ:
51158 M-IBL 1 4 A A=Y S50 M13 ( Methyloversatilis
JRAHXT B ) 5 M20 (5 it B8ORS JE AR X A2 ) 5 M25
( Pseudidiomarina JEAEXT F}"Z) ;s M26 ( Thiobacillus J&
AXTERE) (K 3). Xt 4 D2 EGHAT Pearson MG
S AT 45 SR W, MI3 R M25 BLA B I OE (P <
0.05) ,fHZ r =0.67 <0.75, Fr LUK X 4 NSEOHT
M-IBL JH A R Am s BUE Y (K 6).

£S5 MTKMEDEYTERBHNREENSY

Table 5 Candidate biotic indexes for M-IBI in the groundwater

o o PO K/ o L PO R

S i L i
M1 T4 FE 5L ( Shannon ) Vs M14 SR AZ AR W
M2 SRR Simpson) W MIS R s
M3 i AR SR (Invsimp) > M16 G AR a8 A T = b
M4 IR ERITHCS) Hm M7 AL AR e
Ms PR RR TR s MIS AT HLE IR o
M6 T 2 R ESF S ERITARXS 2 i R i M19 o R T 22 e A X = >
M7 i3 PRI ESCARRT R AR B M20 R R AR 3 B
M8 Tl 4 HREFASERITARXS 32 8 R i M21 V5 Yeifit 32 S AR Xt = D Ik
M9 HI 5 RSB TTATNS R B M22 95 YU AR R A 2 Y B
MI0 GBI AR X Wb M23 pielou 5] FEFREL( ) Wl
M11 Chao 1 5%% R M24 PD_whole_tree Vo
MI12 Observed species U M25 Pseudidiomarina J& A%t 35 >
MI13  Methyloversatilis J@ A0} = & > M26 Thiobacillus J&FHXT = >

1) FE%F 4 FSEBEPRET IR T 52 1 B ) 20 SR I B 5 2) 400 4 RO R ER B2 R T UBR A MU E ) 2 2K i S

£R6 4 EWIEE Pearson XM ST

Table 6  Pearson correlation analysis for the four biotic indexes

M25 M13 M26
M25 1
M13 0.67"
M26 0. 008 0.39
M20 -0.09 -0.12 -0.24

1) # & P<0.05

2.5  M-IBI PEM IR R brif

BT OB B SRR A A MAIBT A, BT S
BT AR 7.

¥4 DY SHERE 7 HE TSR, B
53] M-IBI #5550 M8. 111 95% 4305 B (3. 25) VE Tyt
FRARIE , AT 5 5543 5 , MUK 43 S AN [m) ) £k e 55 4
(#£3).

*£7 REXTEAR
Table 7 Formula for calculating the scores based on the ratio method
Y = HEARK
Pseudidiomarina J&HIXTEEE (M25) M25/0. 143 x 100
Methyloversatilis J& X325 (M13) M13/0. 563 x 100
Thiobacillus J&FAXS 3= (M26) M26/0. 865 x 100
o ek AR AR X 2 B (M20) 1 - M20/1. 399 x 100

*8 MERXET M-IBI MMM TR ETRERRTFNITE
Table 8 Groundwater ecosystem health assessment

criteria based on M-IBI index

M-IBI 55l TEERRE A
2.60 ~3.25 {5
1.95 ~2.60 WV f B
1.30 ~1.95 — i
0.65 ~1.30 W
<0.65 W2
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Fig. 3 Discriminatory power analysis of the four biotic indexes in the damaged sites and references sites

ARAE A M 7K M-IBI 48 BU B PPN AR
e X R SR R K 12 ARSI TR T A Y
AWy e BEVERE BN AR S R SR ROK I, 4h2R AR
W], TER -4 @ A R R T K R S 4
AL THREBRE A, b7 ERE A 33.3% 5 2 M Ak
TARFEKF, 5 SRS 16. 7% 5 5 LR —
AR, h 41.7% 5 1 AL EZZ I K
i 8.3% (#£9).

*9 ET M-IBIEHNMRRTRKESRERRIEN
Table 9 Assessment of groundwater ecosystem health

by M-IBI method in study area

FEROIA BRI M-IBI {i§ RIS KRR
Gl ZAR AL 1. 69 — i i}
G2 ZARRL 2.25 VA FE II
G3 ZAR R 1.55 — i i}
G4 ZAR R 1.58 — i I}
G5 ZAR AL 1.92 — i}
G6 ZAR R 0.98 B \Y
G7 AR 2.80 fet bR I
G8 ZAR R 1.81 — i}
G9 ZAR R 2.05 BIRESE S I
G10 SR 3.25 fradss3 I
Gl1 SR 3.20 fiadss3 I
GI12 SR 2.89 fiadss3 I

3 g
3.1 M-IBI 208 S #1104 H
TE IBL PR AR R A b, S BR300 e ¢

PN AR BRI . H AT E NN S — 1k
FebmifiE, 32 AR M SEE ST, © 2 ARMESR
FIFTB AR AR S R G TESEPRIETE b WP
FANT— BRI B SR A AL A A AR L 25
Z2 N ZA A 2 2 IR A 0k PR v, AR B0 E P A e
K532 MR RN 2 400, B R 1) 2 R R L AR R
(917 10 AR AR A T 4 b K B AL A3 BT 4G
PR oY) LS i VS BB LS i N
AL TR bR [ 5 T oK —bRiE | A2 REE
R R AT R RO B ST
PUIs SR AR N S B A, 2 IR H
220 5P EUR I HER E A TRROCR. —
VNI TSRS e A = 3 R P RE P S LR G
AL B Rl A e s A5 AL R BE A 2L AL X AN A v ) 52
M, 4 2 M-IBL 5 B SO e 2 K BREE %
A RREE RSN T R A Bk
SEROVE T A2 Sh IR . IR IIA A b
IR LE , T 7K R85 52 ) S0 407 Az g i
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IFREE AT BEAI R AR > Y AR s I A m A
SO B B YRR SR AR, AT DAE— R R
JE B X R H AR A W oy AR oL, A, BR
THb N AKCRAE TAESEBRERE Y 5 22k KU Yo A
PR, A I RE R AR AME B AP B T 3 MR
S AR R, W A ) e R R AR B
A 45 Sl S e T R PR S b K A A R G
(AR RS | 8 B AR SC 2 BE S R S R bR ofE & 2, 18
Hi.
3.2 T M-IBLISEOTN B EH N KAER RS
fa B B T AT

H AT C T A U A= Wy e s e £ i FH I 52
& T E (ARG A T A WA BRI 58 ARk | 4R
WG T IS (A 0 22 RO S8 B 04 B AR 1B i
FEEERIRGE 15 76 A2 2 R G TG h & J 5k
T E M-IBL FE 08N T fE. 8254 R R
HilE B B K 2 SR BT R E S
B, R LN A 57 B VR U A T A ) e R kA
BTN 2%, T T VA Tt i S i e S R 4
I RRRAL. AT 5T R AT — A8 B Mumina =3 &
DN AR SR 3 U 4 i ) T K AR W BV A5 B
(T AL E H AR AN B R BR ) L A8 T R E
MEEES 2RSS IS EUN T2t
S M-IBI VR RRUE. ARWFSE AN S5 RIEARSF & B
JE JE T K 32 NS s AR O . B SR R
W TS YRR, 52 NS0 3 T8 FAs ok A BRIk O bl At
28 M T AR — B E AR (B 2E) K =
MR B R T Y IEMELAY BB B B S N, 2
JARAZEIE sh /N % XS R kA S R 48
ZBWIREE /AN A TFEFR K. G7 RS SEE B &
N ABIPN S5 R B GT #u R K AR R G ab T
B 33X AT g5 1% R A5 DX 8 /N PR A0 7K SC b TR 4%
A e, TRKJF R S R 7K A 25 2R GOk I ) H % ]
T, 5% TRBKT S oy 2bniE™ a0 s f +
R PR SR T R KK B 3 o R g e | A E L —
M B0 WREE S b, M-IBI F8 50T 45 SR8 - Hb
X 43 T ASRIRE 57K BT 00 45 14 O, 22 B A A M-IBI
BT LU e T KA S REWR. 4G RE,
AR A W S B P 5 8 (M-IBL) AT LU T4 R 7K A=
B RGAEFHARD T
3.3 M-IBLI8EOTVHr b T /K Az 25 22 4 il B 19 AN
el

FE NS M-IBT (% 7 FH WITRIEE 25, % F i A

SERNMERE BT T AR R D, AT S 1) SCHR B R
AR AR IRV A Py e S PR B0 | A HL T K
R RGAEFITM, Wi R B 25 AR T e A A 2
(RN S 1

5T, PP BRAE R 43R AR ) S R MR BT AN
TG, HRTIE AN FEAE — g — R bRt &
ZREY R R oy Tk, 3 il | 4 o3 lvs A
FUAB TR B LAY 3L 2 2 R G sh 43T
WK IR B R GE L2 KH 3 o hl 4 43k, ABF
TR WAk 3 M-IBI 484k, JF H R 5 25%
OB PERBRERA L, LA 95% S0 0r 8k PEA s o
RT3 1 T AfR Sz B AFE 5% Xk ) 75 % el e iR
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ARG A I LR ik N K AR R G0
M-TBI $8 50T J PFAd TR IE I T i M & 038 4
{23 T IBL M RS0 AT i 5 0% 8. (H Yk =
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S0 M K IR AR A ) e AR BTN TR A
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Fig. 4 Developing process of the microbiome index of biotic integrity

(M-IBI) for health evaluation of groundwater ecosystems
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