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Abstract: [Objective] To evaluate the ecological environment quality of coal mining area in Huaibei,
and provide a scientific and theoretical basis for monitoring the ecological environment change in the mining area.

[ Method] The growth and development condition of Caenorhabditis elegans in the water environment of the
mining area and the change of soil nematode community structure were studied to evaluate the ecological
environment quality. [Result] The water environment in the coal mining area reduced the life span, the
survival rate, the body length and the number of eggs laid by C. elegans, meanwhile induced the apoptosis of C.

elegans germ cells. The longer the coal mining time was and the closer the sampling site was to the mine, the
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more significant the inhibitory effect on the nematode development indicators was. Soil environment in coal

mining area decreased the number of nematode genera, increased the relative abundance of phytophagous. At the

same time, the Shannon diversity index, Wasilewska index and free-living nematode maturity index significantly

decreased, and the phytophagous maturation index significantly increased, indicating that the mining

environment reduced the soil health status. The longer the coal mining time was and the closer the sampling site

was to the mine, the greater the influence on the soil nematode community structure was. [ Conclusion] The

responses of C. elegans growth and development index to water environment and soil nematode community

structure to soil environment have well indicated the quality of water environment and soil environment in

Huaibei coal mining area, therefore nematode can be used to evaluate the quality of water environment and soil

environment of coal mining area.

Key words: Coal mining area; Water environment; Soil environment; Caenorhabditis elegans; Soil

nematode; Growth and development; Community structure
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Fig.2 Influence of mining area water environment on lethal time of 50% and survival rate of Caenorhabditis elegans
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Table 1 Contents of the major pollutant elements in water samples of mining area plng'L™h
IKHE | B B fi s
Water sample Copper Zinc Chrome Arsenic Fluorine

Wek 0.04+0.001g 0.29+0.002f 7.05+0.001g 1.77+0.004g 0.384+0.001g
W, 1.45+0.003a 5.01+0.001a 22.77+0.003a 15.85+0.004a 2.20+0.006a
W, 1.06+0.004¢c 3.24+0.003b 16.86+0.001b 9.54+0.003¢c 1.57+0.005b
W3 0.78+0.002d 1.08+0.002d 12.54+0.003d 7.25+0.002d 1.26+0.004d
W,y 1.19+0.002b 1.53+0.001c 16.56+0.002¢ 11.57+0.004b 1.33+0.003c
Ws 0.71+0.002¢ 0.78+0.002¢ 11.67+0.002¢ 5.36+0.004f 1.07+0.003¢
Wy 0.43+0.004f 0.23+0.002¢g 11.12+0.006f 6.18+0.003¢ 0.73+0.002f

1)V 5 408 6 7R ) 5 54 A AR & 1 £ 5+ 2 % (P<0.05, LD )

1) Different lowercase letters in the same column represent significant differences among different water samples of mining area

(P<0.05, LSD method)
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Table 2 Correlation analyses of Caenorhabditis elegans growth and development indexes and pollution element contents in

water environment

ERKKF IR {22 !E% fi £
Growth and development index Copper Zinc Chrome Arsenic Fluorine
FZUEHERT (8] 50% lethal time —0.958** —-0.790* —0.916** —0.890** —0.942%*
&K Body length —0.903** -0.606 —0.798* —0.790* —0.840%
72 9% H Number of eggs laid —0.879%* —0.589 —0.794* —0.792* —0.819*
AEFEZM A T2 H Number of apoptotic germ cell 0.935%* 0.950%* 0.949*%* 0.905%* 0.975%*

1) “*7 Fo %7 530 % R ££0.05420.01 K F 2 F 48 £ (Pearson i)

1) “*” and “**” indicate significant correlations at 0.01 and 0.05 levels respectively (Pearson method)
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Table 3 The proportions of different soil nematode genera %,

FHR = FED Relative abundance

i Genus Scx s, S, S5 s S5 e
12ieJ@ Helicotylenchus 8.20 63.36" 13.08" 16.93" 21.58" 11.45" 28.16"
#L1iEJ8 Rotylenchus 2.56 527 — 3.88 5.16 1.45 2.55
AL B Tylenchorhynchus 7.38 6.80 22.61" 17.60" 18.70" 23.93" 19.60"
FHARJB Pratylenchus 28.62" 1.87 18.72" 8.00 17.89" 19.05% 6.94
22 B I]J& Filenchus 3.45 2.80 15.70 6.40 2.44 429 5.79
B I1JE Tylenchus 7.38 1.87 — 19.96" 3.25 2.86 1.65
TEARIE Hirschmanniella — — 2.30 1.25 — 6.67 —
WE & Chiloplacus 5.84 _ 3.62 _ 1.63 _ _
ZWRJE Panagrolaimus 0.68 0.32 — 2.74 0.12 0.15 1.26
53L& Plectus 423 2.24 1.03 2.39 2.56 5.24 6.57
LI J& Cephalobus 1.72 2.54 1.42 0.84 — 3.25 4.56
¥k & Eucephalobus 6.20 3.87 248 2.40 5.48 5.71 8.40
Z£J& Ditylenchus 1.66 1.45 1.55 5.61 1.54 3.40 221
HAF J)IE Aphelenchus 8.20 2.33 3.01 0.80 3.00 0.15 3.44
18 7))@ Aphelenchoides 3.10 1.80 1.04 — — — 2.24
FLWRJE Aporcelaimus 2.46 — 3.31 4.80 6.20 8.30 1.10
15 J& Mononchus 0.42 2.54 2.70 — 0.15 1.25 1.40
B L8 Eudorylaimus 6.56 0.93 6.47 6.40 7.06 2.86 4.13
WP 28 Mesodorylaimus 1.36 — 0.96 — 3.25 — —

1) Sck~S1.85.85.84.S5.Se 4 KA H R LIE IR F ATy “#7 A THHBB; “—"F T k&0 3

“ ”

1) Sck»> Sis Sz, S3, Su, Ss and S are soil environment samples in the mining area; “#” indicates dominant genus; “—

indicates no genus detected
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Table 4 The ecological indices of nematode in soil samples of mining area

. BARL R FLT AR R e B B AR S d YT S
Soil BH(H) RH(WD) REL() RE) A FR (M) JR A F5 £ (PPT)
Shannon Wasilewska Dominance Evenness Free-living nematode Phytophagous
sample diversity index index index index maturity index maturity index
Sck 2.47+0.10a 0.55+0.02a 0.12+0.00b 0.85+0.04a 1.12+0.01a 1.62+0.05d
S, 1.56+0.07¢ 0.18+0.00e 0.41+0.02a 0.57+0.02b 0.44+0.06d 2.41+0.11a
S, 2.26+0.02b 0.20+0.01d 0.14+0.01b 0.82+0.01a 0.89+0.02¢ 2.02+0.03b
S; 2.3340.04b 0.20+0.02d 0.12+0.01b 0.86+0.04a 0.88+0.04c 1.96+0.02¢
S, 2.18+0.12b 0.21£0.02d 0.13+0.02b 0.81+0.03a 1.10+£0.07a 2.01+0.07b
Ss 2.25+0.09b 0.26+0.01c¢ 0.14+0.01b 0.83+0.02a 0.97+0.02b 2.02+0.04b
Se 2.30+0.05b 0.44+0.02b 0.14+0.01b 0.83+0.03a 0.90+0.01c¢ 1.87+0.04¢

1) FI 9| 248 )5 R B B F Bk A 18] £ 5 % (P<0.05, LSDi%)

1) Different lowercase letters in the same column represent significant differences among different samples (P<0.05, LSD

method)

fl Sis Son S3v Sys Ssv S A A ZFEVETREL (H) TU
W sR MR 2 (W) BE KT Sy MEY)EF A2 H
FCABE R HL (PPT) 22 & T Sk (P<0.05), HH1, Sy,
Sa~ S3n Sy Ssv Sg IR ZFEMEFR B Scx 777l P&
KT 36.84%- 8.50% 5.67%- 11.74%- 8.91%-
6.88%, PLIT R IT-RIEEEL Sck 7 IBRIK T 67.27%.
63.64%- 63.64%- 61.82%- 52.73%- 20.00%, H4)
B AR 2 U A FE TR AU Sk A AIBE N T 48.77%-
24.69%- 20.99%- 24.07%- 24.69%- 15.43%; KWK
A [X 398 1 2 O U G5 M B 0 R RIS, 33 Rk
RIBLAL 2

MIFRAEBR B&, 5 S, L, S, &R Z M
AL LT R RIR S 51 FR 2. B AETR 4R
B FRHOR 2 G I, AR A FEFR B ) A AR 2
FCEAE F5 BT 22 PR AR (P<0.05), 28 B0 IR (] fry 184
PR g m s, b S, MERZHMERL. L
WroR R Fa 3 S TR B AT B A
BN S, 1 1.404 1.17. 1.42. 2.50 £, T 5
FEFRELL S, BRIK T 68.29%, HEH) 75 4= £k dt sl i
FREEAR T 16.60%; 7 BHRAT I (7] (1) 38 hn A - 158 4%
TV SRR E TR PR, IR BRI AR 2

MK 5B SR A, LN AU S,y S,
S; MHEM AT EL AR AFERE ER
(P<0.05), FEESH Mz, M7 A2 4 R FE 4R 2k
BN B R Sys Sse Se LT R BT R A8 HA 5
FH A 175 4 HUBOGI RS R B (E B35 2 R/ (P<0.05), R
B IRk, TOHT AR MR IR EGE R, B B AR LR
FCAEFR BRI o 25 R IBEE R 50 IR
I3, R BT SRR e g, TR

.
223 B IBEEMET R LEP EEFE
AFNXEZ BMTREVXTERREFEESR
5 G IR AR, T 4 2 U R S5 5 A B R
MRS, R BRAI LR F R RSB S EM T
i, 255 W2 5. TIPS EbRifE GB 15618—1995
B % AR R e, LR R . B A
B Al TR AR HEBRAE 4 7 9 200+ 100+ 250+ 300
0.30. 30, 0.50 mg-kg'. HFE 5 ATLLE B, B [X 115
FE i PR T 50 BOR 45.84~54.24 mg kg, 4 i B
BN 17.91~23.62 mg-kg ', £ B0 %CH 50.99~
60.58 mg-kg ', H )i & /3 AN 15.78~23.77 mg-kg ',
BT N 0.10~0.19 mg kg !, Bl BN
9.28~16.35 mg-kg ', 7K & 7344 0.09~0.28 mg-kg '
HoA1, Si4 Son S3n Syv Ssv Sg FIES & EHE Sk 7l H
B 7 30.79%- 19.51%. 10.66%- 25.03%- 10.54%.
16.88%, #il & B4 Sk 3 Ml = T 59.38% 38.19%-
29.82%. 28.07%- 44.67%- 20.85%, £ & mH Sck 75
27 T 44.00%- 37.60%- 25.12%- 31.00%- 26.72%.
21.20%; FIAR™ X 38 i BE S B R R,
B X L ESE S RS LA A
SERI AR TR AR S M AT AR B R 6, R 6 7]
DUEH, TEFELPESESER SRR
A O, S AE ) BF A 2 R R ARSI A R
(P<0.05); H & EH QB WAL AN FE FREH
PEFE S, B AR MR FR A B 2R TR R R A F
T U O (P<0.05), S HEY) 5 A2 28 HUAE X 3=
£ Y 7 A A e R R R 4R O 3 IR A oG (P<
0.01); B & B 58 BB & BN B, iRk~
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Table 5 Contents of major pollutant elements in soil samples w/(mg-kg™)
ey e £l =2 it} % il K
Soil sample Chrome Copper Zinc Plumbum Cadmium Arsenic Mercury
Sck 41.47+0.02¢g 14.82+0.03g  42.07+0.05g 18.21£0.02f  0.16+0.00c 8.55+0.02g  0.02+0.00g
S 54.24+0.02a  23.62+0.02a  60.58+0.08a  23.77+0.03a  0.19+0.00a 16.35£0.01a  0.11+0.00d
S, 49.56+0.03¢c  20.48+0.02c 57.894+0.07b  20.54+0.01b  0.18+0.00b 13.58+0.01c ~ 0.09+0.00e
S3 45.89+0.01¢ 19.24+0.10d  52.64+0.05¢ 18.47+£0.02¢  0.16+0.00c 12.14£0.01e ~ 0.08+0.00f
Sy 51.85+0.02b 18.98+0.03¢ 55.11+0.01c ~ 20.17+0.02¢  0.13+0.00d 13.01£0.02d  0.28+0.00a
Ss 45.84+0.02f  21.44+0.11b  53.31+0.06d 19.89+0.02d  0.12+0.00e 9.28+0.01f  0.15+0.00c
Se 48.47+0.02d  17.91+0.01f  50.99+0.07f 15.78+0.01g  0.10+0.00f 14.51£0.03b  0.17+0.00b

1) B9 586 R R B 54 A AF 8 B £ 52 5 (P<0.05, LSD3%)
1) Different lowercase letters in the same column represent significant differences among different samples (P<0.05, LSD

method)

*6 TREARETHEMRSLRFRFISRARSENEX LS

Table 6 Correlation analysis of soil nematode ecological indexes and pollution element contents in soil environment

EATREL B ] =2 it} % fi K

Ecological index Chrome Copper Zinc Plumbum Cadmium Arsenic Mercury
PP’ 0.750 0.920** 0.909%** 0.749 0.506 0.677 0.122
BF’ —0.534 —0.627 —0.729 —0.714 —0.636 —0.362 —0.108
FF’ —0.632 —0.807* —0.819* —0.453 0.097 —0.361 -0.615
OoP’ —0.225 —0.287 —0.137 —0.137 —0.195 —0.494 0.352
H' —0.813* —0.802* —0.748 —0.811%* —0.449 -0.712 —0.164
WI —0.681 —0.823* —0.890%** —0.668 —0.364 —0.480 —0.346

A 0.662 0.690 0.589 0.757* 0.524 0.638 —0.065

J —0.725 —0.695 —0.625 —0.790* —0.509 —0.662 —0.029
MI —0.638 —0.769* —0.687 —0.622 -0.512 —0.735 0.159
PPI 0.855* 0.953%* 0.924%* 0.808* 0.397 0.713 0.269

1) PP': #i4p % A 4% k4 xf F &, BF":
RS AERMEIEH, WL LA AR A 35 4%, 4

Fed; “x7 Fa “xx” 53 KT AE0.05F20.01 KT 2 F A8 X (Pearsonik)
1) PP': Relative abundance of phytophagous, BF': Relative abundance of bacterivores, FF': Relative abundance of fungivores,

WA R AN FE,FF R AR K EATEE,OP: X2/ MR R kMt F: 5, H: &
RREIRH, T A I ML B EAFR RIS, PPL M £ & A

OP’: Relative abundance of omnivore/predator, H': Shannon diversity index, WI: Wasilewska index, A: Dominance index, J'":

Evenness index, MI: Free-living nematode maturity index, PPI: Phytophagous maturity index;

correlations at 0.01 and 0.05 levels respectively (Pearson method)

FEHOE | W FUH DK (P<0.05. P<0.01), 51847
T3 A 2 s B AR B A 2 A R R O
FIEAK (P<0.01): i & 5/ RZFEIEES. B
51 BEFE MR 3 UM O (P<0.05), 503 BE 5. HE
P2 A 2 R AR B 2 IEAH R (P<0.05).

a5 K6 SR LUK, IR HEE
MR NTTRE 5. . B S =N E R E UM
5, W IX g R L B R G N R R
TEVR A RS E MR AR T — B AU

@

and “**” indicate significant

3 Wiesgit

3.1 ZHA BRI XK IR A

7 N AT 2 R — il [ B 22 AR SR, 46
TR, B 60%~80% I JERIVEIEER, —E NV
TR R B 22 0, e o A % e VENA
—ANHEGR HR A BT RN, SR
Bk AR BRI I E KR E 3 H
FAEN BT RoR, BEE B XK s 5 &
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s, Ld BT AEK R EREERSE A, BB
SGERRM, FINEEA 2k R R A 2 B & 8 1K 8
W, S0 U AR KR B 18 AN R RR BE IR 3 . AR
T FuASE 3 A ) 75 T B AT 28 IR 7K PR 355 2 R i 00 &
RGN, RBE X KI5 22 PRI 2 e 75 i AUAF
PR E AR FRKE A 0L, [R5 S 4
A FEAN R T, BT R I R, SRR T
FERRIT, XF 2 HUR B FR bR B4 1 FH Bk 2 2
KGR Tn R S RIS R8s, 7 XK
JR & 5 Qe ot & B IR A E K R K R =
FrifE GB3838—2002 11 ZK/KbRiE™, BRI X
IR i B IR B 7 AR A AR I AR 7K R 7K U
— AR X B K TR, X 5 5 SR A AT A R
=8 H—J71H, BRI T BUKIR SR MR &
GB3838—2002 11 ZE/KFRAED, (HHToK 5 eIt
FRBEAS BAE, XL AR BT K E 15
WA A, A TF R R, SRAE B T,
g EK R E 2B R A EAE RO . A 1 o B
ZERROR, F5 TN RRAT 2 U R E AR T RE S
W IXKIRBE AL 4% B SIS B UM OG, R
B 5 R 75 TN B AT 28 HO A X /K A 353 5 8 1 0 0
R R T RE S AT X K P 35 5 1 A
AL
3.2 ZHBSERLMNH X TIEIME R
EHIRAES RS, LI — R+ iREk
A, X T G LB 40 fif s TR0 6 RN 1 358
FRALMR ) GE SR B A + r EERE, fE %
AEAEET A B HALCY, R RV 2 R AT
DA S ke =2ty - 358 () 4 B R 0 75 GR B A HLAY I
5 NIRL S B AR FI A TP R EE SR, A
X LA AR Z R T RN, IR U
NEEW) Z PR B 7 R P10 38 1) 4 R 1 A
IR RGE R AR E MDY g g Y BT K
PR, A DX B8 r A B PR 1 2 PR R A R IR
PIEE &, Tk a2 B A RT3
WK o EHESED BRI, BT TSR 2 ek g
VR SR IR 2 FE I, FRARARE 1t . A
TR SR B o BT 45 BRI, SRR X IR B 2
KL R MEH, i LB rh g H & R P
A 2R AR G T R, TR R R R A 2 R 4R
B PUUR R ARG SIS AR R B AR R
AR U 2 PR, D03 B0 BRI S ) 27 A 2k Rk
ATEAREE E N, RO XIRET PR T 3Lk
Vh 22 FE I AN e HURE U &5 0 IO AGE 1, e etk
LR F AR ZE o R TR RN TR, SRAE SRS

I, R IELE R R K

TG R R BRI RN, X 48
FUGRTCR BTG TR SR GB 15618—
1995 E K - Zhr ™", 8RR EAR R iy, 38
PRAF A PR AO AR 72 | S A il B ) L3 R oK,
XGPSR S X L3R & R BTN 2 IR
—H H—5TH, BEIAFTHCIERE AT S GB 15618—
1995 3% — R hRAERT, {2 i T 38 E 4 B Fh 2R
AR, L RV g e L AR AN [, AT
FFR I TR R, SRAE s B s, 32k R
SERII 2 RE PE RIS e PR BRI, T g R R 2
M AT 45 SR R, Lk VR S5 M AR L ]
RESH X L3RR, . B S EH UM, BW
- 3R 2R B R I AR A A X B B 5 17) )
THAE R A, TR LA X - AR AR A

25 L RTIR, SRR X KPR 548 75 TN R A 2%t
T RH T 2R PR AR KRR P O k>, RIS
28 i A AN AR TR T, FLBE I SR TR K, SR
PEES A I, X 2k B i AR 0 0 A R
o KM IX IR A LR U 1) £ H D,
A 75 A 4 B (AR 2 FE R N, [ 28 A e 2 4
PEFEEL. TOBT R R FE O 1 Pl AR v 2R RO R
B0 BRAR, M2 AR 2R R B FR AR S
TN XA SRR T H &, HAEA R [a]
Ko, RAE IRy @i, ek R BEE S
SRR K . BRI, 75 T BeUFF 4% UK & FR bRt K IR B
R )82, DA Kt 39 4 TR 7 445 A x5 A I 1 g
N, AT DAR AT B 7 H VAR X 7K A 58 5
IR eE S78 0
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