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Abstract : Fankou Pb-Zn mine, located in Shaoguan of Guangdong Province, is known as one of the
largest Pb-Zn mines in China and even in the world. So far, a lot of works were carried out on many
organisms of wetland treatment system of Pb-Zn mine tailing water. But the work of soil protozoa has
not been reported yet, and the investigations of the soil pollution and its restoration are few. In this
paper, the author quantitatively analyzes the soil protozoa in the wetland, employing the Singh and
Stout’s culture method, from the samples collected during the wetland treatment system of Pb-Zn
mine tailing water in December of 2001. The protozoa was mainly composed of flagellate, ciliates
and amoebae, and a total of 42 species were found. The average abundance was 2 377 vs 113
individuals per g soil (dry weight) between reference and control sites, respectively. The abundance
of flagellate was higher than that of ciliates and amoebae. Comparison of physical-chemical

parameters between the two sites indicates that Pb-Zn mines tailing are very harmful to soil protozoa .
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Similarity analysis based on species and abundance reveals that the current being-used wetland 3 is

severely polluted. And the effects of press in the unused wetland 1 and 2 are relative lower, while

the effect of press exists in the wetland 4. The discrepancies of the soil protozoa abundance in

different plant roots from the whole wetland system suggest that capabiliies of 4 kinds of plant

absorbing heavy metals are as following: Neyrudia > Typha > Paspalum > Miscanthus. Therefore,

our study shows that the utilization of the most-frequently plants, Neyrudia and Typha, in the global

processing systems of the polluted water, is reasonable. It could benefit for the soil ecosystem not

only removing of polluted materials, but also restoring of the polluted soils. The dominance of

flagellates in the wetland system was contributed to the soil specific porous structures of soils, and

source of its foods.
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FIRESRSRCSHEEAIMEREE, ES
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SREBEBCREN BHILNEE. HatkE
PHIRENVIENRKESRAZITREBREY
ErEYMERBRAGCH ZMNA. Bt
Bt E AR AL o T R A S IR
HENBRWEZALED TR LHES R
GMEREY 45 RFIECH 200 UL EMX
MIEH R AENYE R T EA R TN A R,
18 577K B85 e i A 3R AR T IZ R K A TR
A ShY AR L - IR A Bh ) A T ER AR U I A
Mg,

THEANYEHEEFEL R PSR L EE
HEENEEYPHEENY  HEELHNE
HNEVRE . LHP RAENYEEFEENY
MEHEMER, EEOR THBEMREE . 2
TRAENBEN - TEEHBMS £ LEE
BRENYRBEANERERALPREETHEE
MPERS . FEat 2k B9 80 TT Y A A 05 0 A
e BEHYEEMAELRESRYRFEE
AEW. Wk B Metopus ) MEERH L+ Z
AR K , ¥ £ B 72 51 ( Centropyxis halophila)
KRBHEERVIREE L MAARAEARTTX
EMBEER R, 48 L RIFAE YIS

TREFEEREA . BER, B L HHIF
AR TESRZBEREE RN IIERIF
B, CfiEMM RIS EMRGEE R
RSN R ERON HRAERES .
HEMAESAEBESRY L RIFE YN
BRSO TR E AR L PR
ENYRKEEEMRTRTEALEN LE,
1B REXF 32 75 3 7 B 4t X - 398 o [ A 5 4 9 e B
oA BRERL TR,

IREBXALOEET AT ETTE LM E
KEFAXBT Z—. BHBAINE, AXNLOH
BT XY B ABREEYE R TSR
HOFEHIERHALRMS ZREREERT R K
MERREERBEN. BR RV ERRSR
FLEY R RRE . LR R EE R
BB R ik, A S0E
PR AENYEEERMT, RS
R Z IR, ATTIEM A LB RGN
WREE, It — MR BB R G F LB ERT
RKEMEH FIR R

1 BFoT SRS

ROSaET T REBET /L%
WN.RBEEERRET 48 km, ZX R THIEZ ML
PSRN 100 ~ 150 m, FE KB Y
20C.BAkH ~5C(1 ), B&&N40C(7 A),
EHRNERTY 1457 mm, HELIOE A E,

1968 FROMETFE-HERE ™, $=
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BT 1984 FEM, B TENFRIBH ™%
TKE®E Pb,Zn,Cu, Cd £ FE & B 69K & FK
K, EKHER B A 61.678 vH , BELA N 2 000
LCEBERT —RERAN 20 km” HEF R,
1985 FLIRT R F i L AR LIEERH LD,
MALtEPEREEL/NTF 0.15mm AFTH
KB ERE, TEECIHRER . N TIHRER
BEXREFHMNOEE, —REEMNBEWA
HIEBRMTAKEN T . CFEMHSEEEK
BES. AR HEMEDSE ",
Zat+EBEMNE N AEYREC RN, HS
EERTURS FHF T HMESEFELELR
MY FEEHA TR KLEERRE, AP &
BERNER. ZAGH I RBHWE(ELE

1), FERM P FHKENERK B TURE T KK 40
TE., Bt 1 ENEBR . EI3JLEMNETER
FERKBTRY, HEHZHE /N, KE KK
HLBE IR, B, EEEET 38
i, Hpg# | MEH 2 2 2%EF F 1995
FH 2001 FAEA . HE, R RKTRES
a2 AR BIRRKTARS 3 Mt 4, B
KAVERESRISEMBEKEL R 1| FRA
B2 H.
1 AORBTEBRSGISBHKERRR

1 2 3 4

B A et el (1) 1985 1988 1995 1998
& et | (5 4) 1995 2001 - -
T () 87 500 23 510 14950 33220

B1 EHREREFEFHEANEES
STH 1. ME .2, KB 1:3~6. t£.7~10. K. 11. FH: B 2:12. .13, FHF;
BH 314 HE IS, BFHBH 400617 FH

2 MRETT®

2.1 HASR# 2002F 1 AETREHER
Gh AR EYELE LR (Neyrudia ) . & 7
( Typha ) T ( Miscanthus ) FITH B ( Paspalum ) H 7
FEBRO~5em B L, KB 1 49 4
TR ARSI~ 1B 2P 2 MR HA
HE12~13:B3F2 MEH HARS 14~
15; 42 LK HERS 16~ 17: €5
XAMAZESBISYEM/KER 2 S LHER
SHROEARS 1~2, LR ABRLS, L

WhEEkE, L REZHNBRNTE, H#TEE
HYMEHAMERER. R, 52BN
LMY EAL S

2.2 EMMEREFE W3]

2.3 THBAEFRNIAIE REENGEE
RME+LHHESLRE PbZn . Cu.Cd W EE.H
PUESE.pHNOAE NS P AKHNEIE. &
R EBRSKEKERS M5 E H BT
(Institute for Natural Resource and Environmental

Management. and Department of Biology., Hong

Kong Baptist University) # fit, F & F & W 5 %
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KEEWELHEFTESLR Pb.Zn.Cu.Cd K E
B Y EERENMES N;SESRLakieE s
P kMG ENES ;AR SR pH it
W2 pH 18 .

3 4 R

3.1 ¥EEITEBAEERE =1TEMHEL
‘iR RE 2, MHEAM LT REBAEFRHAHE

HEEALOHET 40 km K HAE, KHEFA
B, L, pH N 7.8

HE2AIRL MARESLIEHRTHH
. BHTELRVHSBRCEETEZES
BY A B X,Pb.Zn.Cu F1 Cd 73 H & ¥ B X
B 151.67.5 R 16 ff. R KRELHN =121
FHO~100ecm MEEFERFRYKENSF
FRF&AE, LA Pb A1 Cu MR LB AR .

®2 AONET=/1EBH1~10cm TENBLER

B SEESREFE (mg/L)" AWE oH B =¥ B
Pb Zn Cu cd (%) (mg/L) (mg/L) (mg/L)
26532.5 6764.5 253.995 38.15 1.03 7.645 8.3695 8.7525 2.104
(4754) (663.1) (54.205) (1.605)
3 11063 17622 82.195 10.743 0.775 7.59 5.9225 3.331 1.4705
(1219) (737.5) (9.663) (4.1315)
3752.5 6524 43.975 24.97
(1383.4)  (623.95)  (s8.455) (121550 O 8.03 1.876  5.7295 1.4705
po gt 90.81 152.94 21.9 1.52 - 7.8 0.174 0.047 -

* S AN DTPA FEEFR B EE MKE

23 VA REANREDNBESHR

g X B 12 4 1 B2 |3 B4
1 2 3 5 6 7 8 9 10 11 12 13 14 15 16 17
FRAEDHYER
PN
BWET]
B ¥ S 8 Bodo caudatus + + 4
HE TR B.edav + + .
R BN B. globosus + +
NEE R B. minimus + + .+ + o+ 4
S E R B. ovatus + + +
BTHE R B.salans + .
# S Bodo sp. +
MR BEMWE R Cercomastix parva +
R /NWEH Cercomonas simplex + + .+
/NBRAK B Chlamydomonas microsphaera +
REEB IR Chroomonas acuta + + +
W/NEY R Clowtriava parva +
/N3 Monas minima + + + o+ + o+ o+ o+ 4+t
BB M. socialis + o+ o+ &+ +
Bk B Pleuromonas janculans + o+ o+ £+ 4+ 4+ 4+ + + +
HEE]
B8 KB 8L Actinophrys sol +
A BB Ameoba sp. + +
VKGR B Cashia limacoides + o+ + +
M EAER C. angelica . +
WERLEH R Filamoeba nolandi + +
S BFMA (K B Hartmannella cantabrigiensis + + +

BRI KB H. vermiformis
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. xt B B 1 B2 BH3 B4

1 2 3 5 6 7 8 9 10 11 12 13 14 15 16 17

KB BA R Hyaodiscus actinophorus
WAL KR Mayorella bicornifrons

B SEHR M. penardi +

LK HE Mayorella sp. + o+
REPEE K Thecamoeaba terricola

N A H Vahlkampfia inormata +

R A W V. vahlkampfia
¥ EHE R Vannella platypodia

HEM

BB H Colpoda praestans + o+ o+
AR W Cyclidium citrullus + +
o %4 N Drepanomonas obtusa +

1 /8 B O #. Frontonia depressa

KBkt Halteria grandinella +

URE Y Histriculus similes +
LN Microthorax simulans +
HRBIBE R Paracolpoda maupassi + +

WHEEE R P. seinii
KR JIO W Spathidium longicaudatum
BAEEH K Trachelophvllum pusillum +
REREMR Urotricha armatus
Bt 16 5 11

+ + + +
+ + + o+

+

+ +

+

+
+ + 0+ 4+ o+ o+ o+ o+

+

+

+
+
+ + o+ o+ 4+ o+ +

5 5 273 4 3 10 8 13 10 7 5 4

+RTREMEE RS R B2, KRR 1:3~6. T .7~10. K11, FH;EH 2:12. .13, FHE;EH 3.

14. ME.15. HH:8H4:16,17. FH

3.2 #MEAEN EENMLBIBPHLAR
w2 f P HERSE ISH, ALR 10
B1sM, g0 118 2/ BEE2HBELR
(3. BERLHEER A G H(Bodo) , HE
BN F I R ( Colpoda ), P & B K A & B
( Vahlkampfia) . FEEEREAXFGIHEEH
SCRRS e

33 ZTAEBOLEBXE FEAmhm K%
BB ERRE 4, MBI XLRFATLUE T,
A% H 1 58 ¥ E P ) LR B R
WRSGEPRK, NMEYRRY = KEHELES
MBI X RBAF (K S), FERMA LR
EERZNSHFRK  RAEREHEMES £
MEREARABRA LI ERMA LR, H
R AEXIMESHHAEFHE ZKREHLER
AP E BT & Bl B B X,
HERRZ AR HE/ND.

T4 ITRMEEDYW=KEBRA L FIX R (ind/g DW)

WEH HEH B2 HBXF
R HATE 2303 72 2 1152:36:1
B 1 161 10 1 161:10:1
2 14 0 14:0:0
B 3 10 1 10:0:1
T 4 48 0 48:3:0

5 TRAEYRR-KEBREDWHR
K bt B1% % (ind/g DW)

MY LR WEHN HEH REH HHAXE
= Miscanthus 198 17 2 99:9:1
¥ Neyrudia 88 1 0 88:1:0
I Twpha 48 1 1 48:1:1
ME Paspalum 14 0 0 14:0:0

3.4 MYEEE EXREVHELIEELIY
FMEMFEFEFEABRANER(EH2)., fEEZL
WG 7. V2 3b 1(35) > XFER(18) > @b 2(16) >
Bih 3(12) > B4 4(6), F B K/IMIF R xR
(2377 ind/g) > fEH 1 (172 ind/g) > fBHb 4 (51
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ind/g) > Y& 1 2(14 ind/g) > FEH 3(11 ind/g) . H
BB AR R X AP A S EE
BERTINEH. ETXENMRBESZF R
FRMEYRRFEED Y LR RFEE AR
(B3), ERRBELESIYHEER KN 217 ind/
g, HIK R (89 ind/g) , IR & F 3 (49 ind/
g) . MERME (14 ind/g). BR,HYWEE
AR E B E R DIF KK (30) > FH
(19) > ¥ (18) > HME (10) .

100007
—a— ¥¥ (ind/g WD)

10004 —— PR

FpRI A (ind/g WD)
2

MR Ml B2 B3 M4

2 ERENTMEAENHABR EE

250 I
O #aE
§ w01 B EH (Gndg WD)
3
2 150
~
,“+.
& 100
E
ES
® 5
0
* % E-4 ] wWE
EH3 BHEEPFFARAXREHWREK

REDNPHABEFE

3.5 BESHER XNEBHAZIH 458
3 R X5 B b + SRR AE sh Y R3S N A Sérensen AH
LSRR IS = 2c/a + b, IR S MPREKXZ
IB] JAE 3 4y 0 AR RLHE R 3, BB AR A R
RO RPOHETRAE 0, B S B R
MAEKIKER, XEEBEEXARXTYE
(Unweighted pair-group average) o BREZER
B4, s REXNEIRREHYIE 0.871 B
BKFEDABWARE. XEEBMNA
Complete Linkage, Weighted pair-group average,
Ward's method %77 35 38 7= A ML 45 5, 56—

TRBLFER 2 B 3 B 4, FE - XRHFG
HE 1(FARENE) 5XTHE, 1%
Frh B2 58 3 EBEB RN 0.527 K
FLEEEREGN —FEH IEXHEEBRYK
F0.688 KFELERM4RE. B_ANEBR
i1 SXEEBEE RN 0.684 KF¥ RS
H—FARH-

0.50
0.85
0.80
075

% 0.70

5 0.65

 0.60
0.55

050 l__]

045

®i4 |3 M2 B ps il
(BFRRE)

B4 HOERBBEXEBCETFEE)

4 it
4.1 BEDMFERBSESRMNXE LOH
By RAKATIRMBES S, KE+PESERE(Pb,
ZnCu.Cd) KW BE B 3 B #E V5 O BE 25 3% fin T
BEREKT  ERAE2PATUES, &3 &
BRI ESRSTENTAARAFER
BE., ZANERLS Pb.Zn BE R, BHS
Cu.Cd2 bFHEa%, BR +EPELRHOE
BREFEBABKEREZME, BIERY, &
R R 7 5 P A Y R SRR K
R VEYRE TR, WY (5 52 8 B
BADMAEKRHLRE TR, BEHAE HAHHE
BAEZBZW, MR RMRE R LT, %5
NEEYESTIRESBRMKREAAVENR
MR, ME 2 AT UEMEESRIKE
A, LRBRE DY R REERD

AR, — & H 0N E KR E ME ST
BRIBEEDYNELRIHEETHEIE, XA
WA ERILHE ML KA Y (RS EY) XN E
SBEHERN MR ER ERH . Forge 1A
HELBY LIBA E R Colpoda steinii THE K
/NBE R Ni> Cu> Zn'? , Pratt £7E LR 5
TR L MA E R Colpoda 2 YEF L

e g b e steen e
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B, EMFHEA/NNTC> Cu>Zn, EFHENE
4591 25.30 & 119 pg/L® . Madoni % i i3 3¢
HEHBRPSEEN T ERB 240 IR
HHLE,ANESRBREFEKX/DIAFA Cu> Hg
>Cd>2Zn'", Bowes EIN NG RBELR Cd.
CuPbZn M XL+ HWAEBELRB WA ER
Colpoda inflata WHMH NS pHEHRX SR E T
WEHBRMBEFHEX, pHIEKRT 4061 F
RN, pH BT 3.5 HEHEEXRS . BI=4
TRHTHEERHESREERN, EWNNE
REFAZRVRIHEFITHEMERMEHT
¥ B AMRARIEASY , FEARELHE
PREASY M, ALREEEFR LS
MEASY . HET RKEHARSETEPEE
FYWEERETRE (UAMEMN4.75%. £
BPASEHF(NEE. BEF FILESE L%
BMES MERESNEENYHBELARES
¥ &AL, BV X 35 55 40 A L F 4 3 B9 IR L
RETHBBEENEYHBERSHN, £E 2
A REAESYHECTHIRERL,MH
BEER, ZAZWHE/NBHAREPEESY
MRS BERERS KRHUZHEKR. TFE
RHTHHIXIRESRIBE R THIE
WX+ HPELRTERMIERME(Pb.Cu.Cd Y
e 1B 43 B K 345.53.0.56 mg/L)™ 3 H KK
Bt R4 W 2 FIEF &/ (Cu.Zn BIEESE
FESFNNHIOR 19 pg/LERK. XHESHE
WEESRBWHERY EAKN L WIEA Y
FHESRRAX HEBESH BB EEBR R
95.25% ., AR AN T MZELRITH
T4 E RS EER K.

4.2 F4AMFEFESEMIRSTLEERA
HXR TXIERENLEHREYKERNL G
T+ EE , Frouz FQ2001) IR T R EDH X H
VW FNLELTHATEMLIHAYKER
MLRBHAENEEZH M AE BEX AR
WRER RH DR RS R
BNHENRENRBRARLCERLHE
gEmBEE ., T MEEHYS L EOER
5% AERNEBRSEBE LRI ALY

MKSEREE—FXR™., EAOHEY
ARG S, BH 1 FB i 2 F 6 E
B, BESHEESNYEER/NKFNE
1(172 ind/g) > {B#b 4(51 ind/g) > {3 2( 14 ind/
g) > TBH 3(11 ind/g), 18 1| WEET 2 MEH
BEE—THER, FEFREATERRM 1 T
1995 FEILZHRBEK, HEL RIS RME
B2 MTFTELREEANYNKE. RHEREN
B2 e FIEFER . ZARKEEERL B
RERNESE, AR 1E,TRFELRBITRY
HHA—-ERR, BERPIHEESIYEER
RERBHIG—H, B4 TREH RS S
BE -8, - WP EELBEER K
(X)), AMBH 4 FLMELEHNYEEE T
B3, HaNBHEBP I REATYH
REAZRErsHEBEH 1 SNRBREE—R,F£H
ENZ B ASEAM, #F R e B e 15
ABR)ESRIEEMERE, T LEEAES
PIFMEWKE, MBH 234 BRE—RBEH=
EWASRBMEMYN, X5ERBEREEFE.
ATRMABEAGES B THY . 5.
YRS S Bl e E RSN, P YR
AHUESRERENERER, EAEmL
WAL, FEE MR TCIRRELBNH
RABEWE L PSR pH EM L%
MAEYIRIE 3, 1T B 1+ 38 pH 1 & F B X e
NERMEYHWENE, BESHOEREME
MREREXN, - FERZAFER TR,
F—H EBRE T Y BE R T IS BB
J1. BEFHWBEZ, ENXAERENEESN
WR RZEMEE WK, SEHRBTERKE
WiE WA SRENBENE N, BB
YR N R TR RES YRR EEA
Z, Bt MYBRAMAEPRE Y MR
Z FEEETRBEZEY XS R Y8 E K
I BEBREE F1 Ko B Margalef ZHEH R ES
ZE . EBRAHEYREEES YK B S
BR/NBFF R 275 (6.461) > Fid (4.625) > il
F(3.410) >7£(3.160), RHARAMNEL R
MEB R BRENBRR, RKREEW BERM
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HHTE, BR,AREHABISKEAZEHFEH
BEREGHNEKED NS ENEHEZEGHEY,
XEANERTFTESRIFREYMER . FH
FTELRBY HEMRKE .,

4.3 ITMBEEDM=-KEBRMILG 5EEM
REMHXE REFEWNP EERREN LG
£ HERHMRAERD MEFEEHE EN &S
RE, XEFT = HENA, RS S S + 5
S e 1 0F AU N o -8 R b o )
GRE-FH"P, AEHAAERFER L
FHES HE MK KR HEEE KT
EL, ARATFEHERKWAERNA LR
BEV KB/ BEERRRL. X5 Fnlay
00 S AH— B B B E YR UKW
FESHERMKPNER L EXE™ , Finlay A H
i+ HER RAER BREALH A
ERWFHBERKRFE 25K 42 500.
14 300.9 600.2 140 /g™ , HEEBEEWE
KL RGp 5 Detcheva . Darbyshire & Finlay
S ENEREEAFNNMERAERNY FE R
B, EERARBAERAEERELRL ™ 4
WEH, CARSESRFEHERNAEVXRR.&
EREMESLBNEMERMEEEMARK, 7T
RERBKWEAMAEAVNELBREEEH
R BT b+ P HEE RIS B R
Xt BN

Foe THMOAFEEIDERR-KREBUGIXE
( x 10’ind/g DW) *

WEL SE248 RARHR HHIXAR
219:1:92

Bamforth, 1976 263 1.2 110
Darbyshire and Greavea,1967 7.4  0.092 11 80:1:120
Detcheva, 1965 539 5.3 17 102:1:3
Finlay et al., 2000 46.4 4.31 17.7 11:1:4

Vargas and Hattori, 1990 27 19 123 1.4:1:6.5
Darbyshire et al . ,1974 27 0.23 1.9 117:1:8
Ingham et al., 1989 19  0.106 8.3 170:1:78
Rogerson and Berger, 1981 18 0.042 22 429:1:524
Darbyshire, 1973 5.0 0.5 0.22  23:2.3:1
A LB %) R 2.303 0.072  0.002 1152:36:1
AXREH 0.106 0.007 0.001 106:7: 1

* (3R A Sing-Stout 3§ 37 3£ %3
MR 6 TE W, = R KBE P HEE & & (B

MR ERGFETHRAR EH PSR,
SN AZARZRHESHNHWERFERN, E
BES5 BB ILREAN HERLESIYHE
WAHEX, B, L RIZEDYEREE - BER
FEMKES, tRPEEERRS XHFLE
MEMREREH. B—-FKXKIR EX 4 Hi5FE
LR, B — P E LR L 5 HiF B RALBR
B, MALBRBEHTE L FTRAR, #EHRD
EBUN,NTF 10 pm, EEFP LB P REALTE,
H BL7E AR Z B 680N FL BR P AT LA S5 B e R K
FEFYREESIYHHE. T 0B H TH
ERMKBEGF. RERBEKT SRR, VA
HICITHIARE, AT TE B8 B A B/ + 38
P& WRETHELTRREAR. TR
AMEKEE KT 40 pm, X HHABERS,
Bolrikat NEREFRLHMKDT, REEEETE
BRH EIEALBE S, m HRALB K 5 A%
g, AR A m e A 24, I BfE KFLBE
NEHETCHEREDIYREERESIY L. X
BERRE T ERMERF., KK, AP, H
HEFEBANAEYLEH 57 LRPAFILR
Bk 10° ~10° ™, H EREA YR T F
HOER™. RETHZ WHRIFwHE",
TEPHBEREREHHLUAF N RA
ERFIEHAHAHE. AR ERNILELEL
FAMBLRARFERANAHEE S, WO
HHEFOHBRRSHN ST EHBWER.A
Bl HEAERERRR  BEER—-BoER
HelH, —HoBEEA. EEAN RO
KENBEEHAE. oM ENARE. A —
WoRENEEE. XHELUAHENEHFHER
HEAHWELSIYERZBIRY . BME
FFLEPEAENRRHEERRELR.
TR A ERZARBES,EINEHED,
FEmMANE, AmMEmL EEER. EXH
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