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BEREM, R O EE AN, B O AR
1,%2m, 5125 m, K345 m, FHHAHKIL m,
BRA7. 1 m, A HAMENEEANEE HRMEL,
m/hNS WL Athalamia nana. ¥ f3 @& Herpetineuron
toccoae. & ¥ B Usnea longissima %8 ¥§ &K Parmelia
sulcata, i BERER®E Aphanocapsa montana T ¥ IKJE
B Phormidium retzii % . IR O 8, & & T #
#ERAIER, BEELS, ARELRAGHA. FH
7K, #7KpH f85. 5, 1BE19°C, A8 Y . FHHK17. 2
m,5H 4L 8. 3 m, RAHHVENBELHEY), FIKAA
i, BB, ARSAGERE AL BRKAL,
EKEL , HKpH {B5. 5, BF18°C,BHFI % . BEEH
K295 m, BRFEALL 13 m, TED M, ATHABRE
B, AEEE, AEEENBRRENRAGERKE. #
KFEE, WAREE, HKpH E5. 5, BF 11C, 8E
95% . SR O A AR ME L WAERA SHTE O H
EXRMBREIRANER., ZRAEXEELFEFH—ZIRE [
HER, T=AXZMATEENHZEDT, EEFR
H125°/ 5°, &FAAXIA, hBE—HE, ZREHRRT
=, EHE LI EML R A E.
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2009 £6 A T HA TN R /MBS 1T L HIFE,
BENNYNEFTERAREET RN ENY TR
MYMEERNY . H EEID—-3 BEEXABEHIE
WX AERE R SR E, RIESHREZLREE
IR EEANE R 4R 3 AN e BB BT 5506
FTHERWE., BXFAROR, ERE—MELI Mx
PL b, RKPE e B2 R 4T 6 K8, th M B 51873 5596
HH YRR E —RAE0. 1~10 Mx Z ], L F 2R A
ANFHC R E BT R B A9 KA, Y R ST BB
WHRRBEEO0~0.1 M x, RERFHEEFFIRE
R R EMETL, B A/NAIm (3 mX3m),
T 7 pib T A8 4 B 36 [ AR 72 9 &Y 1B (e Trex Venture)
GPS WLt Tl & R . B E XA R EE
FRFEAEEH WS A2-2 BIREEFEME ;AT
7K pH H ¥ % pH R 400 & 5 T AR £ 5 5
TEH W 6 M B R AT, B3 AR
HERURE T # 1k HEZRRM A 45 ES N
HEUR 7XBK 500 mL, 2R ZRT B, 12100
B . RE#HTEALHE, BEH AA800 FF RIS
LA 6300 P AU RMEESGBRTENEE;
KR, B AL, R T AAB0O JRF IRt 1%
{0 6300 [ FRANENRMNEESRBTENS
B VRRSER BT HE HR.EE. 258

AAB00 [F T W St 1 X A 6300 JFF 9K e i LK
MEESBTENS R AXELBLENTAXER
FTERKE T BT R R IRHE(GB15618—1995)
FE&EW 8 f, B R (Hg)., 5 (Cd) . 48 (Pb) . 5%
(Cr) B (As) & (Zn) . (COFIE (NI,

3 BRESW

3.1 FEARFBHNLE
L EFSME X S W AR A R LIRS KD
WtRAs551 5, 3 E MK, I H 29 Fr (KR,
B3 176 4910 H20 ®l, FRAMMAEXHEREL,
F1 HRNEADDHPAEESTEHLER
Tab.1 Species composition and relative number of
animal in the Zhengjia small cave

HYKE B S .!?;tt

53 8 #f Subulinidae

E I E Opeas funiculare 4 0.73

W AR Tortaxis mandarinus 40 6 8.35
8% 8} Clausiliidae

N¥EE Y Phaedusa delavayana 5 0.91

{LFARR B ¥ Formosana kiangsiensis 35 6. 35

ATWEQF. pacifica 21 3.81

R H B Y Euphaedusa fitzgeraldae 47 8.53

DHERE. gemina 32 5. 81
1t 88} Camaenidae

K ERE Camaena cicatricosa 1 0.18
B #§4-#} Bradybaenidae

INBEYE Chalepotazis infantilis 27 10 6.72

KK IR S Aegista initialis 2 0.36

KBS E Bradybaena ravida 2 3 0.91

FRERE B. strictotaenia 2 1.27

TR Pseudobuliminus sp. 2 0.36
AL ¥ 4H Corillidae

BB B Plectopylis stenocila 1 0.18
#1414 Oniscidae

M 5 BLIH Porcellio scaber 4 12 2. 90
F& ¥ #1 Amaurobiidae

B FEBR ¥k Coelotes luctuosus 2 5 1.27
55 % £} Leptonetidae

Bk Leptometa sp. 3 4 127
5 % # Theridiidae

BE %% Achaearanea tepidariorum 5 3 1.45
Brsk £ Saiticidae

RGUBIR Plexippus setipes 2 2 0.73
111 # Spirobolidae

1117 88 Orthomorpha sp. 8 3 2.00
B 11 6 2 Bt £ Glyphiulidae

B 15 98 B RE Glyphiulus valgatus 2 8 24 6.17
% 5 ffi £} Paradoxosomatidae

2 B Kronopus sp. 4 5 21 5.44
£ % Bl Cambalidae

$i 8 OFG Podoglyiulus sp. 2 7 13 3.99
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3% %& # Rhaphidophoridae

Bi4t T Diestrammena marmorata 5 26 29 10.89
# F# Carabidae

% B Onycholabis sp. 2 0.36
I F Noctuidae

BN IR Sypna picta 5 8 2.36
K 4F} Tipulidae

K8 Tipula sp. 32 17 15 1162
Biu8# Hipposideridae

K EF9R Hipposideros armiger 16 2.90
% 3L $8 Bl Rhinolophidae

K% L8 Rhinolophus rouzi 12 2.18
& it 280 135 136 100.00

B 10% B ERR BB HERE 1%~ 104 R B HARIH 1%
UTRABHHRLE.

MR 1 F B HR/NF PR3 Fp 2 s B AR
BFEE QMR , ABXPMKFE REKETEH
MEBR KWAMEERE, 2SS HEREH
25.41%.11. 62%#110.89% . NKFHHE, FIH
M ER %280 5), BEHIKZ (136 5), HtH &K
4> (135 5, 43 Bl i B K EUH 50. 82% . 24. 68 %l
24.50%,

3.2 BR/MNETEHEBER.LEHKGFEHE
EREEH

BT EH S MHEEMHRBERD, K R 2
EREMEENPHLARLBNESESE DR
% ORER B BRI 2 CGRIF P WRIE A R ER
B)MLBE RIS MERE RN EERLEK 2~4,

®2 BRAEATEDHEABRNESREE(E M me/ke)

Tab.2 Contents of eight heavy metal elements in five animal groups in the Zhengjia small cave

me Pb Cd Hg As Cu Cr Ni Zn

WA 4.89 2.59 0. 68 20. 03 20. 66 1.34 60. 06 184.2

DRk 0.81 2.29 0. 42 6.73 62. 86 1.87 ND 314.8
it 0.72 0. 80 3.77 7.12 29.38 ND ND 279. 4
Lo g 1.76 0.51 0. 43 6.70 53. 83 0. 40 75.22 670.5
11592} 2.85 1.12 0.48 3.30 391.70 6.27 230. 80 180. 50
FHE 2.21 1. 46 1.16 8.78 111. 69 2.47 122.03 329. 48

I ND ARG S .
®3 BRDMEAALENELREE (L4 .mg/kg)
Tab.3 Contents of eight heavy metal elements in soil samples in the Zhengjia small cave

me Pb Cd Hg As Cu Cr Ni Zn
I 28.77 0. 08 0.48 17. 31 41.30 35.37 128. 20 381.10
B 32.84 0.29 0.85 15. 54 80. 93 90. 73 120. 90 323.00
B 48.18 0.20 0.97 8.01 105. 40 89.73 132.10 255. 50
FHy{E 36. 60 0.19 0.77 13.62 75. 88 71. 94 127.07 319. 87

MR 2 ATLUE B, Br SRR & Ni, Bk Bk
F il & Cr A1 Ni 4b, Bi & Sh i K B AR e kel ks R 1 31
H#TE , i HIE B SR X NiBEAE 3% Cr MINI &
EREN, NRK2FEAEL , ARWTEER—X
HAPENHERERBA, SRS KT HIR
FF R 824 Zn>Ni>Cu>As>Pb>Cd>Cr>Hg,
i h Zn>Cu>As>Cd>Cr>Pb>Hg, it B 4
Zn>Cu>As>Hg>Cd>Pb, RiE % 4 Zn>Ni>Cu
>As>Pb>Cd>Hg>Cr, IH & # H Cu>Ni>Zn>

Cr>As>Pb>Cd>Hg. B —TC R &R F KB sk
AR EEHA—H,Pb &8, EREIREH6. 04
&, RBAL TRy 6. 79 & He WE B, B SR IREH
8.98 i, BUEHKM5. 54 1% . Zn FICu BB LMK
HH & BT RES, X EKEFHEEEEY
¥R (FE3FO, M Zn MCu ERIE NN LF
TE. B 5N EHRE BT ESEKSPEAY
EREKE; NP NS MEAKMELETE. A
GEAMENRK, RNESKIPDENHETEHR
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K. WIELBRBREFZBERANEEERIRIE
B FREFIERANEEMSIPREEFHEN
Y, NRIBEFENELREER . BREHE Zn(670.5
mg/kg) ,iX 3k FIEEHE B T R SMEIFF B Zn i35
PR HH,

RIFHEEH ERARAATPR-TENSE
FEZR,MHg B LBRRAE T <FEH B
W Zn MBEXHE>SHHEH>BHEW ., RN
PAETENEREERER MBRTHELBER
R Zn>Ni>Cu>Cr>Pb>As>Hg>Cd, KT ETE3

THHETHFEEREMEITREN T ETRE, X
FTRE S R IRE BOR B A A A X T X
RSt B#EEENETE, DFERRRERYLAS
3oL R, P EEREBE—REE, AL
BHRRMMBTRAREFEAVL L ATIEARE
TRTHESRTREIEOARE. W EARES
1 7CHM R PR 3R 0 A JR S e 35, TE K R B 49 B I
TERSH I e, W AEFFENESR TR
i B KA S N BNR X T 3 A R
TP GEIR R EFFEEO,

#4 BRDMEAKGBHESELR (24 mg/ke)

Tab.4 Contents of eight heavy metal elements in water samples in the Zhengjia small cave

me Pb Cd Hg As Cu Cr Ni Zn
BN 4.83 0.36 2.69 5.59 7.82 23.28 23.00 236.50
H/Iw 2.84 0.14 0.83 1.23 12.18 12.50 2.64 272.00
Brw 4.38 0.99 0. 47 0.18 6. 04 8.49 10.70 5.93
FHYE 4.02 0.50 3.99 2.33 8. 68 14.76 12.11 171.48
IERAFFIEHEEERE, ETEESHHEKIE  Pb>Hg>As>Cd,

THEBREA - ENARE Bt KEPFREE
EERTEMEBERBER. NEFHKFE.3 L
HHREFERESHR Zn(171. 48 mg/ke) T B &
& Cd(0. 50 mg/kg) , & lKIMTF A Zn>Cr>Ni>Cu>

3.3 FRIMABVNESENEE S
EESMMERBEAHBERRYRAT.ER AR

HEKESRESRIVBANEREERERE

HyhafME, 8ditH, ZRRK5~6.

5 HIMERTEDDEBEHLREPESRNERRK(E M mg/kg)

Tab.5 Accumulation coefficient of heavy metal elements by main animal groups

from the soil samples in the Zhengjia small cave

podEl Pb Cd Hg As Cu Cr Ni Zn
-5 0.134 13. 632 0.883 1.471 0.272 0. 019 0. 473 0.576
275 0.022 12. 053 0.545 0.494 0.828 0. 026 — 0. 984
B E 0. 020 4.211 4.896 0.523 0. 387 - - 0.873
IRAE 2 0. 048 2. 684 0.558 0.492 0.709 0. 006 0. 592 2. 096
ihE 0.078 5. 895 0.623 0.242 5.162 0. 087 1.816 0. 564
F6 BRPEAATENDERNAGIESRNEERY (XL mg/kg)
Tab. 6 Accumulation coefficient of heavy metal elements in main animal
groups from the water samples in the Zhengjia small cave
WA Pb cd Hg As Cu Cr Ni Zn
LB 1.216 5.180 0.170 8.597 2. 380 0. 091 4. 960 1.074
Bk 0. 201 4.580 0.105 2.888 7.242 0.127 — 1. 836
Bk S 0.179 1. 600 0. 945 3.056 3.385 - - 1. 629
i 3% 0. 438 1.020 0.108 2.876 6. 201 0.027 6.211 3.910
W 0. 709 2.240 0.120 1.416 45.127 0.425 19. 059 1. 053
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MNESBH, SHYABENLER-BELBTE
HWESEENEARCL EEA2EHMAT 1, BEEPD
MCr, EEAEMNF 1L XRASEKSPYMCAdHE
£EREHE9R X Pb MICr MERRESKT.

ME6 A EL, SIWEBNKEABELR
EENERRYEPb Hg MCr Sh, M HERTENE
H£EZHFKT 1. Ro6 FEEREA—IWAEFEXTKE
FRELBRTENEEZBEZREN, WL E A3
Cu MEE R K45 127, Hg E L ZHH
0. 120, A& B8 HEF IR JF & Cu>Ni>Cd>As>
Zn>Pb>Cr>Hg; FE B A BT KGR —TEH
EERHTABBEL, WP MEEREBE KR NE
(1. 216) T E /P REREAL S (0. 179) , AE B KA HEF
JBUF IR INE M > RIEE S TS HA D,

— B N KK E YT R EE A
¥ORTF 1000 A EEMTERRRZ, LRI
KRN EERE AT INABENTERER
e Ko~ TUBIEMEY . SRR ANE
ERREABRSFEEE OFHEEHEFA—,
ERXHAZHEEEERR NN AAELRE
TENBERNGFEEER . EWAYKRNELRE
ENHERS, MEYNEBNASEE FERE.
ERMESRANERMKES FRITEMRRE
BEZ, M5 LY RN EASE, KEMEEMDRER
HREREER . £V EG AN EERAMER
JREH LY WMELBTEEBFEEDTHR
Z], Morgan et al (1998)iA %, T #ipH FiCa B & &
XFPb By R E B EEW, LEEIRXCd WREH
IV A0S, il A SPSS 4EiH 4Kk 14 Xt sF B M B AL 2
EF5ELRTEEIVERANNERZBHTHX
GLERER BE EURERE AR LR
BH—0.9MEBEEERMX, HXERN

—0.997;MEREM_EARYEBEIEME, HE
AHH R0 098 ENEEEFTHX HELEHNS
0.998:; B E5FMRERERAMA. HXEAH Y —
1. 000; 5B EF 2B ERMX, HEREN—0. 999,
HEAMEUEH AR E XEARENFEE T FH—
BB TENESRRENTZRAR, R —FEEF3
AAMESRTENRHERECEER.
3.4 BFNMERTIBEELBRSEIEMN

EERF RN L ER RSB EEH EER
BREZz—  ERCEBET LB ETEDER,
ARANEYEERHRZ, RUREEERRIFTAE
MR ET RN, U RREGERNNEES,
FIREBRORENERX, BYEREFER R
REBRM KBRS EREETBRAR L. AR
ERARMRAGIYEEERE L ERHXEFI
Yok R RIS R E R B R WA &
L ERAMRAADYBEEERNEER Y
MER RN LB 25 R BES R E L
B BRIUE R B (PORSE & 15 R P) EXH
REEHFTESBISRIFN, AT
p=1vp,
RF,Pi HRETIGTRIEEC W E R HEME
(mg/kg);Si KGR BT RHE (mg/kg) s P H57
BB REHGn A LB P ERY RO, RIS
R Pi<l B, RARKRBHR: Y 1<Pi<2 B, R
BISH; L 2CPi<3 B, RARFIHR; B Pi3 B, R
REFRM, FAERERP<L ORGSR, 0~
2.5 BI5H,2.5~5.0 Fi5H,5 0~10. 0 EI5H, P
>10.0 =E G,

BAHE.BRMILEESRABRERNE
7 iR,

Pi=Ci/Si;

®7 BRDMEATRESRSEER

Tab.7 Pollution of heavy metal in soil samples in the Zhengjia small cave

G R i - R BRE

i Pb Ccd Hg As Cu Cr Ni Zn R )i 2374
A 0.82 0.40 3.20 1.15 1.18 0.39 3.21 3.8 .77 BiEH
B 0.94 1.45 5.67 1.04  2.31 1.01  3.02 323 2.33 Bi5H
BgH .38  1.00 6.47 0.53  3.01 1.00  3.30  2.56 2.41 LX)
Rie=]i-t .05 0.95 511 0.91 2.17  0.80 3.18  3.20 2.17 Bi5Y
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MR7 B, BI5 RAHE 3 MR P T
{6 B /RHg.Ni fMZn R EI5H, 58805145, 11,
3.18 3. 20, XHBHERRPMIN L EES RIS R
BmEHREHg Ni fl1Zn, NFEEIFRIEHE.3IN
W EHEN2. 17, BRER. BAERFR/ ML
BREESRER BERATEHE, HALENESR
BRIBFRAENREE, H—2# R L BKk$
HeRTEMB R KETEESERRAANLEF,
E_REBAEIHBRPSESHELZBTR. It
Sb R KT ER A WREHRESBRITENA
HHEN.

4 B

B R — ST AN AES R,
M EEDREAL, ERBETLERELHEY S
AL BT AR EYEERZ FHRANESSE
WEREF BRI EEEEE > AEF—EWRAR
#H, AREXAWNESREFR AMUAHE—SHER
B 0 R A BB AR b B X T B FE R A R AT
R R B9 2 JE , T ELE 7T (|82 T R /U4
HFREESRE AR,

MBR/MNIAELBERYTREREN, IRE
BEPZn B EEES (670.5 mg/kg) , X B[ 1% BF
THEARSEEFERE Zn FRENE, BHEX NI
5Bt DXt Cr MINi TEEREN . FILREI MM
TEIHFHESGERESTREN BT RE, &
JBF HEF 2 Zn>Ni>Cu>Cr>Pb>As>Hg>Cd,
7K 4K % Zn>Cr>Ni>Cu>Pb>Hg>As>Cd. F—
MYEBEMNTEMKELRRESBETENERRE
ERBR AR LEBETKER—-TENEELERE
BUBBRR, EFSEYHAEEMESEE FFER
R EMESCROERMKESE R, BIEEER
BRHg Ni flZn EENHT L BT HET R, NGF
BIERERE 3MEHHNRITE, WAZREE
ERIERERE,

EE

[1] Sket B. Cave fauna and speleobiology in Slovenia[J]. Nase Jame
(Our Caves), 1993, 35(1): 35—42.

(2] BER.FE SMRAOAETHYREFR). £5%1,
2001,21(1):126—130.

[3] Elliott et al. Competitive adsorption of heavy metals by soils

[J1. Journal of Environment Quality, 1986,15(3):214—219.
[4] Gyedu-Ababio et al. Nematodes as indicators of pollution: A
case study from the Swartkops River system[J]. South Africa.

Hydrobiologia, 1999,397: 155—169.

.[5] Rod NM and Akastair G. Assessing the impact of copper on

nematode communities from a chronically metal-enriched
estuary using pollution-induced community tolerance[J]. Mar
Pollu Bull, 1995,30:701—706.

[6] Yeates GW and van der Meulen H. Recolonization of
methylbromide sterized soil by plant and soil nematodes over 52
months[JJ. Biol Fert Soil, 1996,21:1—6.

[7] Aescht E and Foissner W. Auswirkungen organomineralischer
dinger auf bodenorganismen des b&hmerwaldes in
oberésterreich [J]. Forstliche Schriftenreihe Universitdt fir
Bodenkultur Wien, 1995,9:107—146.

[8] Forge et al. Protozoan bioassys of soil amended with sewage
sludge and heavy metals, using the common soil ciliate Colpoda
steiniiJ]. Biol Fert Soils, 1993,16.:282—286.

9] Klein R and Paulus M. Umweltproben fuer die schadsto
ffanalytik in biomonitoring [M]. Jeno, Stuttgart; Gustav
Fischer Vearlag, 1995:183—202.

[10] Abudul Rida AMM and Bouche MB. Heavy metal linkages
with mineral, organic and living soil compartment[J]. Soil
Biologgy & Biochemistry, 1997,27(3/4) :649—655.

[11] REXE,KEH . HDEHT. S L RREENYHFBTRGEY
BAEATED] HAES%MR,2004,15(10):1979—1982.

[12] %H&.KEH HE&H. B LBWERNAHTROGERER
[J]). BAES%R.2004,15(10):1973—1978.

[13] BREE. R RUEE & NAPHEN L5 8208PRD]
PEFHEHE,1991,11(2):100—103.

[14] X438, EfeP.RAE. % ESRERMIEHIYREES
HWEHRD]. FEFE,1996,17(2):1—5.

[15] ER+ . HHEE.KkEKE. % VMELAHKEIIRESRIFE
S BEESER TR B FE,1994,14(1):
64—72.

[16] EF+. KAE HWIABRTLSREMREESREL AT
MRELAHTRO]. LA ESEHR.1990,1(2):156—164.

[17] ERP.KEAH. PEE S LHESERFLRNESE

(Opisthopora) WG B FT[J]. SRR ¥4 3],1994,14(2):
236—243.

(18] X¥. xEBIELHR, % SEEEMETEFBESKED
w0 £5%4,2001,21(11):1790—1795.

[19] #RAK BRHE.KEH %5 FRELBRESREMARHESR
Y— KEFEWASY. SEMER BB TTHRLH
#,2004,(3):32—34.

(20] %, BRE,GRK. FRELRESRLEAFANERT

MEFEWAUHNLEHWO]. TTHRLRE, 2004,
(5):24—27.

[21] %KEE.FER GRELIVFHMBETENSESHHUL L8
24%,1984,21(1) :58—69.




54 FEEE 2010 4

[22] Kennaga E E. Predicted bioconcentration factors and soil FEMIMI LT Bl R, 1998.
sorption coefficients of pesticides and orther chemicals [J]. [24] &%M.FHKRE, W, % FEIFNHERIM] LR k%L
Ecotroxicol Environ. Safety, 1980 , (4):26—38. Ak A3t , 2004 . 94—96.

[23] #B&IE, EER TEHERALBBEEYES LRERR

Heavy metal content in animal body and its relations with soil

and water in the Zhengjia small cave, Guizhou Province

XU Cheng-xiang, LI Dao-hong, MEI Jie
(College of Life Sciences, Guizhou Normal University, Guiyang, Guizhou 550001 ,China)

Abstract: In this paper, cave animal and heavy metal pollution in Zhengjia small cave in Anshun City,
Guizhou Province is studied. The collected samples are 551, belonging to 3 phyla, 6 classes, 10 orders, 20
families and 29 groups. The content of heavy metals in 5 groups of animals(snail, diplopod, Diestrammena
marmorata , bat guano and Orthomorpha) and that in the soil and water in cave is determined, and the
accumulation coefficient of all animal groups and pollution index of soil in cave is studied. The results show
that content of Zn in bat guano(670. 5 mg/kg) is the highest, inferring indirectly the pollution of Zn in the
environment around the cave is more serious. Diplopod has not accumulation ability to Ni and Diestrammena
marmorata has not accumulation ability to Cr and Ni. The average content of all elements in the soil with
light belt, dim light belt and dark belt exceed the background value of soil in China, ordering as Zn>Ni>Cu
>Cr>Pb>As>Hg>Cd, and Zn>Cr>Ni>Cu>Pb>Hg>As>Cd in water body. The single pollution
index shows that Hg, Ni and Zn pollution are severe in the soil, averaging 5.11, 3. 18 and 3. 02 in light belt,
dim light belt and dark belt respectively. The average of comprehensive pollution index (2. 17) shows that
the pollution is light in light belt, dim light belt and dark belt, which means that this cave has been polluted
by heavy metal, but not seriously.

Key words: cave animals; heavy metal content; the Zhengjia small cave; Guizhou province



