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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 capabilides 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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AOEET LT AERRTLCAESR
PLEEBER R 48 kmo X E TR Z WML
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20C,B&K -5C(1 A),B&EH40C(T A),
FEHERBTY 1457 mm, TEUAAFE R T,
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BT 1984 R, ERTERFRIBEP =4
TKESE Pb,Zn,Cu, A FESRWEBEME
K RKHEBCR A 61.678 v B , B 4E AN 2 000
LBMEERT —RE RN 20 km” #FEFH1.
1985 AR K F b E AR REFER D,
MELEPSKBEER/NT 0.15 mm A T#H
KB ERSE, THRAIBN. A TIHREM
BEXREFBOES, —B2EMNAEDAR
BFERBTRKEN T, AEMESEEEK
HEYEE, RSk HEREE Y,
Zd+ZENEN AR CEHE M, S
EEBRTURE FH. EHMESEZFAERES
YA FERHATEBISKLEERE, HFF
HWERIER. XREAH 4 RBHHER(E1LL,HE

1), 7R &H KENBKBUET kB4
T, B 1 @NER E3/LENETIH
FERKBRTRY, KRB EHE /D, K& KK
HALRE BB S, S, CERET 38R
i, HAFEH 1 FBH 2 ELKERE T 1995
AEF0 2001 FFAEF, B, R R AKDIRE T
B2 MR R REBKRKRAR 3 figm4, B
AL RESBISROEAKES R 1 BRA
B2 P,

1 AONHETEREBRSE 4 RBHBEARR

1 2 3 4

3 Fiet | (4E 47 ) 1985 1988 1995 1998
5 R Bt 18] (4R 43) 1995 2001 - -
B (m?) 87 500 23 510 14950 33220

H1 BHRETFEEMELESR
SR, WE,2. KB 1:3~6. ,7~10. 2,11, Fl;EH 2:12. T ,13. FiE;
Wb 3:14. HE,15. FH; B 4:16,17. BH

2 M-S

2.1 BASRE 200241 AEVFREBHA
G AR EYEELE (Neoyrudia ). F H
( Typha ) \T= ( Miscanthus ) 11 B ( Paspalum ) iR 7
FAERO~5cm EHN L, HPEBH1H 94
TH BEEAES I~ 1B 2 P2 EH B
WS 12~13; @3 P2 NLHE FAKT 14~
15842 LB, ERRS 16~ 17; &0
RAIMIAZESRITRMKERE 2 M LHEN
SRS S 1~2, THEABRE, L

WHELEE, T HEZHNARNTE, #1TRE
HYWEEMERER, RN, SR K
M EHENYEALES

2.2 EHMEREFRE W3]

2.3 ITMBALEROUNE REEUGEER
RWETEAPESR PbZn Cu.Cd AR, H
PESE pHUABE N BEP.BEKKEER, B
BEHEERSR¥KFERS N HE T
(Institute for Natural Resource and Environmental

Management, and Department of Biology, Hong

Kong Baptist University) 3 i, Fi JE F W W 43 ¢
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HEEMELHEPELRE Pb.Zn.Cu.Cd WE  HEEAOHEEF 40 km K HKE, KHEE
EYREAEMES ;ASNLaRUEs &, 4258, pHER 7.8M,
P; KIGYEE iH M & K; BHLR & &; pH i HER2AR,MERESLEHRE TP
WE pH1E. WE. BHPESRFYSRTERTEHES
HH B B IX,Pb.Zn.Cu 1 Cd BRI HREK

3 4 B X _

_ ) 151.67.5 & 16 £, #EEKMEHN =118 H
3.1 REXTEEAER =1TEHHEL  FHO~10mWEIEPEHERYKRENSF
B E 2, STRAW T RBEMERAMTE PR R, L Pb A Cu BIMR BEAEIL B W EA B o

£2 AOBET=/BiHtt1~10cm T ERBLER

- BEE R (mg/L) © wE . BR BR T
Pb Zn Cu Cd (%) (mg/L)  (mg/L) (mg/L)
2 23323 o764.3 253.995 3815 1.03 7.645  8.3695  8.7525 2.104
(4754) (663.1) (54.205) (1.605)
3 11 063 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) (58.455) (7.2155) 0.07 8.03 1.876 5.7295 1.4705
Xt B 90.81 152.94 21.9 1.52 - 7.8 0.174 0.047 -
*FEESWNY DTPA FEFMBESREE
X3 A REANREDIVRESHER
e pogiis 31 |2 B3I B4
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
FEFHY TR
P
WEE]
BB G HR Bodo caudatus + + o+
HNEGH B.edax ¥ + +
RE G R B. globosus + +
/MNEEH B. minimus + + o+ + 4+ + o+ o+
BB G R B. ovatus +
$#ITHE R B. saltans + +
B ER Bodo sp. +
MARBEMEDR Cercomastix parva +
TR BA/NEE X Cercomonas simplex + + + o+
INSRE B, Chlamydomonas microsphaera .
REEEH Chroomonas acuta + + .
M/NEM R Clawtriava parva +
/N B Monas minima + + O+ o+ o+ o+ o+ o+
B H M. socialis +
BKMIE 8 Pleuromonas janculans + + o+ o+ o+ o+ o+ + o+ + + +
REE
At KB L Actinophrys sol +
BIERR Ameoba sp. + +
XS KA B Cashia limacoides + o+ + o+ +
MERE R C. angelica + +
WIKRZZEE M Filamoeba nolandi + +
BIBFW KB Hartmannella cantabrigiensis + + +

BRI KA H. vermiformis
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Bih2 B3 B4

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

KSR Hyalodiscus actinophorus
) WAL KB Mayorella bicornifrons
MEDEKR M. penardi +
KRR Mayorella sp. + o+
RAEFER R Thecamoeaba terricola
P K2 8 Vahlkampfia inornata +
AR V. vahlkampfia
R R Vannella platypodia
#E01

By BB R Colpoda praestans + o+ o+
JRERARE Cyclidium citrullus + +
i 548 1 Drepanomonas obtusa
MR O B Frontonia depressa
K#BkH Halteria grandinella
AR B A Histriculus similes
LN B Microthorax simulans +
HEK#IEE R Paracolpoda maupassi + +
BHBGBR P. steinii
KB TIE 8 Spathidium longicaudatum
BiREH 8 Trachelophyllum pusillum +
REREHR Urotricha armatus

Bt 16 5 11

+
+ 0+ o+ o+
+

5 5 27 3 4 3 10 8 13 10 7 5 4

+ BRI ERERAES I X B2, KB 1:3~6. 2,7~ 10, K75, 11, FiF; 8 2:12. 5,13, FH;BH3:

14, M, 15, FW; R4k 4:16,17. FW

3.2 BMEAN EEBENMTRIBRBSPILRIAR
w2 HPEERSE IS, AER 10
B1sH, 2R 118 2/, Bk HGHERLL
3, BERMWEE R RHPE T H (Bodo ), 47 E
BRE I R (Colpoda), W B BN & A &
( Vahlkampfia) . FHREERKFEAXHTEIHSH
SCRREe

3.3 ZREBOLAIXE FEESIP=K%K
HHHLAXRLR4, NLBAIXRBTLLEFES,
2% H A 88 o 8 E R P R B L BB AR R
WRGEHK; MHEYRRP = KEHIFE AL
VR FAIXARBARI (RS, FEBHAMA LR
AERAMSHWHBRK  REREHFBMEN &
HERZFBRABRARAGERNMALEH, H
R MANRAMES PHABFBLE S RKEBHLBE
A YRR BT S R R, B R A RS,
HERKZ , WERE/ND,

%4 THMREZY=KIEBALL B X R (ind/g DW)

L BN HFEHR AP} B X7

& B X R 2303 72 2 1152:36:1
T 1 161 10 1 161:10:1
TEH 2 14 0 0 14:0:0
B3 10 1 10:0:1
i 4 48 3 0 48:3:0

£5 AAHEPREZAERFEETHIHER
B bk Bl 25 % (ind/g DW)

By WESR SEH ARR  HHAXR
¥ Miscanthus 198 17 2 99:9:1
K Neyrudia 88 1 0 88:1:0
EWH Typha 48 1 1 48:1:1
WH Paspalum 14 0 0 14:0:0

3.4 HEREE SREWELBEEDHY
FMEMEFFERRKNER(H2), EED
JBLRE K. B Hb 1(35) > ¥R (18) > ¥R #b 2(16) >
B3 3(12) > @ 4(6) . F B K/NBF 3 R
(2377 ind/g) > ¥ HL 1(172 ind/g) > 1B Hb 4 (51



13 BERE: AOEHT BHLABRREN L RBESY 7

ind/g) > {3 2(14 ind/g) > MM 3(11 ind/g) , H
PRI B KRB R B RAPFEAES Y ERE
BERT4NEH., ATREMEHEREG PR
RRBEYBRRBEEDNYMHEERERORR
(B 3), =RAFAESHYH FEFER KA 217 ind/
g, KB XK (89 ind/g), B IK R H W (49 ind/
g . BERME (14 ind/g), BR, MUK EE
EYFHRH BB DT R K (30) > FH
(19) > ££(18) > WE(10) .

g

—&— ¥ (ind/g WD)
—o— AW

FRBAEN (ind/g WD)
g ¢

S
i

1

AE WM M2 | M3 WM

2 EXBUTMREDNMHANREN

250 (

O K
é 200 ® EE (indg WD)
glso
-
“+.
& 100
o
g
50
0
T by -2 wHE
B3 BREITRALNEURE
REDDMHEAERER
3.5 BESWER WEMESSN 48

b B ot R AP - SR AR Sh ) Fp 25 0 A Sérensen #H
PSR IS = 2c/a + b, AR S A RBEX Z
B JRAE S Y B AR Bl R 3, BPAB A e E ET
REH O R BT RE T, 4 B A IE R R
AR KER, XEMEBRALXFHE
(Unweighted pair-group average), F¥i% R K L
B4, 5 MREXK T RFEASYE 0.871 BB
BAKFEGABWAKBE, KEEZNA
Complete Linkage, Weighted pair-group average,
Ward's method % 7 B ¥ 7= AL MHIU B & 3R, 55—

MRBLFER 2.8 3. .81 4,58 X
FEBI1(FARRNE) 5B, £—1%
B, 2 58 3 EEEREECN 0.527 K
FEEERREN—FAH ZXPBEEBRE
$90.688 KV L5 4 BE. B MRBR
B 1 5XREERRHEY 0.684 KFEEERE
H—FKB,

0.90
0.85
0.80
0.75

# 070

& 0.65}

i 0.60
0.55

0.50
[ 1
W14 g3 BH2 B R
: (FARE)

4 fE{EMRERAEM(KTIYE)

4 it
4.1 FEDMEESESRHNXE O
BT BEARKATIRMRGE S, KikFESL R (Pb.
Zn.Cu.Cd) B ¥ BE BB 25 HETS O BE B A9 38 B
BERKS . BRNK2FTUFTH 73 &
BiF T EPESRABNEAABRIFAER
BE, ERANERE Pb.Zn BHBR, AHUS
Cu.CdELFEBEH. BR, ITBEIFELENS
BEFERABKGEELRNE, FREH, &
ARTEFB L EPEDH THRERME
RTREEME TR, VR (IR, 2
B MAERBE TR, BA4H BB KR
BEZIEW, BEAWEERT LA, 1830
VEEYERESIRELBRNKEEEHBEN R
XU, NE 2 R ATUBRMEES B
B, L EEEHYHIBERERL
AR, S H 4 B E KB = MBS T
BrRERAFYNELRAETSHLR, XN
TR BRI ERLRAY RS )X E
EREBERMRBMER . FERE, Forge A
RHEZRBMN LBA TR Colpoda steinii T MK
/NIBFE A Ni> Cu> Zn™ , Prant EE LR EEFH
TR LA £ R Colpoda i 21 T 5L
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B, RAFHAPR Cd> Cu>Zn, ¥ BIENE
43 81% 25.30 B 119 pg/L™ . Madoni %38 3 Xf
EHBRPIE LM T AIEERM 240 WEHE
EHIB, ANELBEEX/DNIFH Cu> Hg
>Cd>Zn'", Bowers ZIA NS KEBEELRE Cd.
CuPbZn W X+ WPEL B LEIE R
Colpoda inflata MR N 5 pH ERERE T
WHEH BRI BEMX, pHEKXT 4.0 i #
PN, pH /T 3.5 HEHE KRS, f=4
SHH#AFTHMREEFM S BEESN, FEINR
AERASBRV X IHEH#HTHEHEROTES
B, EANANRAREESY, FREEL LK
FRERESIY A, AXBREEFR LA
WEAESY ., BETEKBHRE LR PREE
B EERE TR, UAMER4.75%,.
BhESET(WEE . BF AIRSE. L%
BES)NELESBELENYHBRBES
¥ & 2 AR Ak, BE T T 3R B9 28 AL AR 3 B R L
REGARBENEYMHBRIAN., £E 2
bt B RASYRARSHMEES MAE
WEBEK, RAZMA/NBBRETFEESY
MAkLS BEBERD  RAZPHER, XEE
EHTHEAFIRIBEELRESEREER TR
WX+ EFELRERTEMNKERME(Pb.Cu.Cd #
W6 5508 43 31 & 345.53.0.56 mg/L)™ ,3F H KK
B R A 3 Y A BE R & (Cu Zn M HIE
FIBHN 30 K 119 pg/L) ER. XHEAE
KREELROSERT BN L REES YR
EHBHABA HEES RS MHEELRE
95.25%, MHABHM AL W L RZESRITR
+4E, LRI B EERK,

4.2 REDWEESBEHIRMSTREERR
MXR 7 XI55RE A IKE R RS
+HEE,Frouz 5 (2001) R T REF B X1
ML ENLELEREM LI MAEYKER
,EAAENEEZRGHM AW ERX ER
P LN e SN e e P Y
BB BG RSN BBRMAHRBLERLNE
mg s>, tEELEHNYE L EOB R
584 BERNERSEXBELEFAINY

MASSBEE—EXRDY ., ELOHET
SRS P, B 1 8 2 6 A e E
B, BHEPHEELSYEERDRF IR
1(172 ind/g) > ¥ b 4(51 ind/g) > TR HE 2(14 ind/
g) > 3(11 ind/g), M3 1 BHE 2 MEH
BHE—1THES FEFRRNTREEREM 1T
1995 SE{E L ZFRKBEK, FEE R RBE
W, F T R E A S WK . TR R R
W2 EEILER, ZAEKEBERLD,H
RAERMEE, AL 14, LRPESRTEB
BHE—ERE, BHEPHREESIYEER
REEBHIE—fH. BH4BTREBRSES
BE—5B, tEPLESBKRESR TR
(£2), BB 4 FLBEFEAIWFEERTT
BH 3, 4 MR B HEELEDNYB
BRARERHUEH 1 SMBRE—E, KW
EATZ 08 A B E AR, B TR R 1 (4%
AR ELRELEMEEE, M TFLEFEES
PHENKE, MBH 2.3 4 RE—-BRU=
EREERAMN. X5XRERIEEFE
ALEBAHERGE S, BT HEY . -
W% o B4 Bl ALE AL, 2P E PR
AMAESREENERAER, EAUEWN L
BOYEEW FEENRECIREEARAY
RAEBEHELEPHOMLFTE pH EHM LR
P M Y5 B, T EL 3 pH {H B T I UK
e EYREE., BESHNERENZ
MBREXN, - FTHEZIREETHRW,
A —J5 T g T A P B X T 3R 5 58 1L AR
Ho BEEEWMBE S, T I I HE R BE S
MR, 2 3 N RE T NI R K. SR R KR
Mg HIEAESRENREME N, REBR
Y E R /NI R RS R R R FEA
£, AL, MYBRERMFEPREEHYRIFE
& F B AT R B O %S Y B B 8 2
MARBRBE S K, Bi A Margalef ZH IR LS
2, RAFABEYREFEETIYH SRR
BRI/ R K (6.461) > F 1 (4.625) > 1
#(3.410) > (3.160), RAXFAMELRH
I a R R EE N B K, HREE W, B/ =M
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HME, BR, 2REHAEIFKRSE HFH
BREBRNEKEYRI S ENETELAGHEY,
REAMMAEMNTESREFRYNHER, WA
TESRBFRIENKE .,

4.3 ITMEEDYP-KLBOLHSEEN
REMXR R, HERRERAL LA
£ HEHMARRL MEFEREENE H
RE. XEFHAZ Ak, BRIESEEH %
B R EHE AR B AR, B+ R R
HRM—B"Y, AEANAEAKRER D
FHEE &, (B HA AR R 2 (5T K T 48
BHR, HUATEHARKNA ERAAERK
BEL BINEEREESL. X5 Finlay
(2001) B9 X S AH — 2, B £ AE S A DR
FESHERAKNMNER Hﬁ%%m] o Finlay AH
B tRP BER BAER FRARR &G
BROFHBERKERE S K 42 500,
143009 600.2 140 /g™, {ELR (5% E IR
FELE LR H, 5 Detcheva, Darbyshire & Finlay
SHENERBEERFAMERNE RN EF R
K ARBERBRAERAEGRARALD P, &
FRE, LRSESREUERNAENXER, B
TREMNESRNEVENFEFEAKK, T
WEMBEBEEUNAEANESLBEEER
BB, B 0B b o R R AR o G L
Xt B/

®o IMIRENWEERZALBILHXR
( x 10*ind/g DW) *

WED HEH BARK WHAXE
Bamforth, 1976 263 1.2 110 219:1:92
Darbyshire and Greavea,1967 7.4  0.092 i1 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 x 2.303 0.072 0.002 1152:36:1
LB 0.106 0.007 0.001  106:7:1

* H ¥R A Sing-Stout 3% 35 1k (2633
W 6 T i, =K KB 2

MAREBFETHRA EH B F Lo h,
S ANZRARBHESUNERERK, £
ESIRERNIABRSHN T RIEEIYHE
BARERX. B, LRIAEDNYEEE L RBR
BRERKES, 2 RPFERPMRS XN LE
MEREREH, 85— FKILREX DTS
FELBR, B — &P LB E X5 HiF BMALB,
B, A FLBR B B i £ T AL, B R
BN, /AN TF 10 pm, ZE S FHELB R BB A TE,
F BAE AR B /N FLBR b AT LA SRk B Rk
ARG ESHYHRH R, 4HFHTH
BHMNKEET. ARRBET4FRK, A
BICAT BB, T Ml B A BB/ £ 3%
LBRF L WBRETELTRRTERE, 428
MER,BHE KT 40 pm, X HWALWERF,
HHE WK XBERERRH KD, REEEEE
BARH L RALBR A, T L R FL B R B K 4 A %
g, BRESA AR AT B A 28 4L , 3 HAE R FLER
NEHERBRRESIYHEFEDY LHE, X
AR T BRER, KK, ELHP, A
HREEBRRKNEDEF SR LHPHELRK
BAE10° ~10° I, A LIRS YRET F
BEHRE™, BRE\ETHZ LM RE™,
TRIHMBREBRBHFMEKUAE IR BN
RAEEEFRAE, AW R RNILF LI
HEAMERAR ;A BRMRERE S, T 0
HMEDEHREARMEN, TEHARBEEH A
REHEABHERH, BEET—HIHEE
HE,F—WABREE. BEEH o5
KUBRAW, 5 —WAoMEINEE , EH—
WAMENREE . XFELME N TR
HERUMRENYERSBIRY, BNE
ATLREPRARHRFUEEERKREAER,
TR A B RZIREREESIH B 1 ED,
EERRR AMEWEEYERF, EXH
FHRILBEMMRKBABFENRTE D, R
AREANEBNIAE R RN R BLUKE
AREHE. B, 2T EPURFRUEERERRS,
HRXEARBFMAER,



« 10 -

sh¥)2¥ 4R Chinese Journal of Zoology

39 %

5 & #®

B ALOSET SRS S M LIEFAE
HYPHT TRALENHR. HRRA LW D
B&EM Pb.Zn.Cu.Cd EEL B L HFEA
HYHBEERK, IEREFERERE L,

RO B RES LRELEYY
FEMEFNINERRBT L REZFLER
ROEAESANEN 3 HRZHYR™E, E&1E
HAMEH 1 S 2 T WIS ABECHER
Bz,
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