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Tab. 1 Chemical analysis of water quality of four rivers* (pollutants in mg/l)

Bk = j i . | oEx | sex
2 W2 i A owm e S ,

Na-H_IL of Number of stations Oil Phe Sulfide COD | BOD Benzene Methyl | Isopropyl
rivers nol benrene| benzene
FEE B | 10t 0.5 o7 5.1 0.43 | 0.0003 | 0.002 0.000
Dashi  3— HWIICAG 14.55 | 14.0 | 0.365 | 16.97} 3.601| 0.0012 | 0.004 0.844

1

FEERT | 6 e qyis ok piassh | 14.56 506.2 | 0.25 1165.47122.01 | 0.000 | 0.002 | 0.068
ngg‘é“)“' 1S —— 12 U 5 K AT 12,40 | 15,4 | 0019 | 26.01)34.00 | 0.000 | 0.002 0.52

T BRI TS & M 1020 23,4 1 0.255 | 94,69 1.87 | 1.72 5.484 1.65
RIPE 10— T e SR | 353.2 4.8 [ 0,37 | 61.7910.404] 0,006+ | 2.328 0.032
Dongsha 112——& K Bk K $56.6 [130.2 | 0.62 | 42.90(40.47 | 0.010 | 0.050 0.343

14— —g2yb L 178.0 | 51 0,565 | 35,060 4.182| 0.036 | 0.024 | 55.08
THRER |20 —81 % & LB K 3.03 | s.8 | 0,115 | 12.11) 1.4950 0.566 | 0.380 0.072
Dingjiawa |23 THRAEKEHD ! .8 S.0000.29 | 13.71) 1.284

* BRRRAETREA DM ERRR. R AR R A TRIEE RS, b E R 5 R B IR

RAFABIRWE 3 3 T TR Em MR ANIIA,, EREZMREAFRS. MFE 1H
BACEDIRE R SRRV (7,10, 12, 14 35) & O JET (16 35)o Hh S22 8105
MR REE o R NS HBNLLEERNRSHRS, 5PFU RERBRE S
COBET S &MK oH KESRCE 2)e BRI 16 B pH AR, 1E 15 RN
TRE 2.1, & E0 12, T AR— K™ LA RE 03B, Rl 2K T L%
REPHROE K. CRFESRORE (£2)o FADENH SR bR (1
VYRS o AT A S e Y BE i R T S AR — R R TS e,

(Z) REDMBENERSHEEST
o LEDRAR 165X 5 KT S EIF A 209 351 Fl, R EEE R 84 AL S0HE
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Tab. 2 Conductivity and pH in five rivers (April-June, 1985)

-8 % o
o Conductivity (pV/cm. 20°C) P
ooo& B
; No. of PFU RRERH PFU B R

Nante of rivers stations PFU exposure time (days) PFU exposure time (days)
1 3 6 [ 10 | 15 1 3 6 [ 10 | 15

AAF 1 340 335 | 315 330 7.7 7.8 8.6
Dashi 3 820 865 785 795 | 1130 | 8.1 8.5 8.9 7.9 8.7
7 800 773 755 7.6 7.7
TR 10 750 | 885 | 735 7.8 | 7.8
Dongsha 12 795 885 | 645 7.7 | 7.9
14 785 735 680 7.6 7.8
FnJER 16 3000 | 2520 | 640 | 1110 | 3800 | 3.0 (12 7.5 | 9.7 | 2.1
Zhoukoudian 18 1410 2000 ) 1085 ) 1465 ) 1000 | 7.5 6 4.5 8.2 7.2
T 20 890 | 930} 920 910 675 7.9 | 7.4 | 7.3 | 7.3 | 7.3
Dingiiawa 23 905 900 880 845 | 8.8 8.4 8.1 8.5
PHEr 24 1020 1020 950 920 [ 970 | 8.1 8.3 8.9 8.8 3.6
Xisha 25 1050 1000 | 1105 | 1200 | 1120 | 7.8 7.8 7.9 7.8 7.5

Bl 34 MR H 54 By FBR 179 TR 3)o WRREHE 4 FAFA LY (7. 16,
20, 24 W) RSN MRS AT EdEsh (1 36) AR, B O SR B 2253
Eil, RS o fh, Xt Bus(13)HAH 120 o RPPHNMRBAREHRD, B4
90 Fbo EFENHFAMT RERHMUEN RISZENAX (FO8AEESEmMUA).
ETHIARNTEMELE EBEMENEZ, RREZTEHN. ANRRAKFENYE
BIEE, HENE , B A R4 S a4 K, SO T A (in 3 3), R RN B R ER
BEITEM(dn 18, 14 ¥k),

%3 SHEARPEENHHMNHIE (PFU BRI E)

Tab. 3 Distribution of number of protozoan species in five rivers (PFU and slide methods)

; RER | TRER | @ i W W N
Name of rivers Dashi Dingjiawa Xisha Dongsha dian
Number of stations 1 |+ 3 20 23 24 25 |- 7 10 12 14 16 18
N MoOm 120 | 163 | 102 |124 |112 | 134 | 90 | 94 | 98 | 104 9 | 58
umber of species
B . 351
Total number of species

2. 8BMAE WEMEAIRE. FE. SRERURMEHMERTHTCE 4)0
1 3L O, BB R R BRI RS, 0K 36 7, IB FRMEEE R — RS
(Chroomonas sp-) K{#, FERALA MU LY, ZERPATLANEIDZ W, 1€ 3 J5
B 32 Fh, MBMEMBFHEAEEANURFE-—REBRAER, BREFR




Tab. 4
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Distribution of protozoan number of species and abundance in five rivers (slide method)

{£# A Predominant species
& ¥ 5 ¥ FOE | gaemser
Number|Number| Abunda- K;Jjjgflﬂji HRBINE S
Name of of of nce dive%sit‘ ¥4, Species Abundance(in
rivers |stations! species | ind./cm? ind t P percentage of
meex total number)
: 36 124.65 775 ErER (Chroomonas sp.) 52.92
SRREpas Rt (Cryptomonas ovata Ehr.) 7.89
KA fEIRFhE R (Carchesinm polypinum Linne) 53.91
Dashi b Chlamydomonas sp. 14.68
3 52 | 1asng1 | g [RO (CHlamgdomonas sp)
YRR (Epistylis plicatilis Ehr.) 11.67
AR EE (Chlamydomonas kornma Skuja) 7.22
7 18 126.24 3.51 BERES (Pl;rKIMECitlﬂl caudatum Ehr.) 80.20
ik phgEd (C. polypinum Linne) 26.11
g% (Opercularia coarctata C. u. L.) 14.78
10 18 41.94 4.55 | iE s (Snctoria sp.) 13.79
MBS (E. lacustris Tmhoff) 12.81
B EH (Bodo candarns Dujardin) 12,81
BHE@f (P. caudatum Ehr.) 36.63
Wt @ (P. aurelia complex) 16.67
N 12 27 109.00 5.34  \mEkphEh (Cinetochilum margaritaceum 7.99
T ‘ Perty)
Dongsha R (B. globosus Stein) 7.64
BN¥EH (B. caudatus Dujardin) 25.84
d#IfR (Euglena intermedia (Klebs) 10.11
Schmitz)
W Re s (Uronema marinum Dujardin) 7.87
EERER (Chlamydomonas Romma Ehr.) 4.49
14 26 15,39 8.59  Ieipqs=dn (Entosiphon obliguam Klebs) 4.49
i1 (Peralomonas mediocanellata 4.49
Stein)
#wEIE kR (Colpidium campylum (Stokes) 4.49
Bresslau)
O (Spirostomum teres C. u. L.) 4.49
16 ! 0.21 0.00 |H¥CRF| none
AAjEHR . 2 =
Zhouko- xEEm (Chlamydomonas spp.) 36.70
udian 18 8 11.26 2.89  |BaEH (B. caudarus Dujardin) 29.35
MEE s (B. minimus Klebs) 23.85
RiEg R (B. candates Dujardin) 69.44
. 20 1 672.00 1.5+  |Bk{Ed (Anthophysa vegetans Stein) 20.83
TREA o .
B oM (B. globosus Stein) §.90
Dingjia
wa ahsspds (Vorticella campanula Ehr.) 75.97
23 24 1184.90 3.25  |SRyspamty (Crypiomonuas ovaia Ehr.) 5.64
B & (Stentor miilleri {Bory)) 5.35
iEEE s (Cateria sp.) 32.03
R 24 36 59.66 7.78  |Bppgd (B. caudatus Dujardin) 15,44
T - tena pividis Ebr —
FrMEE (Fuglena viridis Ehr.) 9.6
Xisha
AR C. polypi Li 70.1
)5 3 515.50 4.9 iR R (C. polypinum Linne) 3
BEEH (P. candatum Ehr.) 5.88
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(Carchesium polypinum) X7, MEMEBENMN 105, SREEMBEM 775 %4
4260 RypEI M LI (7 3) BT (14 35 H A% BB L Bus (1 35)24540, R
fE20 FpETo kI 7 WDIBEB R (Paramecium caudarum) S0, & FEMETRBAE LTS
P AR, BRI RTE R AR T Eo B 10 AN, WHBMEHLUEFE LA BRI E, I
SRR I gt L NE B (Opercularia minima), W EKR H (Epistylis lacustris), W& SR (Su-
ctoria) F,RINX—FBEWESERBK. KD 12, 14 SEE Az REHE R, L
FETEL RBEUEEFERGRE, MAENREERRE JE R (Bodo spp.), B
B E R (Cinetochilum margaritaceum), WHRLH (Uronema marinum), ARG
(Euglena intermedia) % JLAMEHF, TRIB S M BEN LA, K 3.51 732 8.59, FH
AT 14 WK RE AR E. THREN LI 20 3 AMBKREEG KOER, HE
HRE M UBEHE—RBWT R (Bodo caudarus) S, HTWH 23 W(TH
HKEEE Q)RS R EORIME] 24 &, 'SREMEREUA 154 EF4 3.25, DIFhE A
B (Vorticella campanula) 5%, KR EHEGERFBK, SRESERRBE, APHEIER
ZHEFEGAKOENE, BFEE, SHEEBREERE. HTH (25 35)HEHRUEEME
Carchesium polypinum S0, BRBEIERERK. BATENEAOENKN 163, H
=B S s, R IS R U BSEAE Y, HEEREBRAER. 2T i 18 yhin pH &
BE A, B EERE, HIT 8 MHEASY, UEHE R —KE R (Chlamydomonas
sp-) H{UH, BESHEEBEERTIEN, RE 2.89, RiE LRSI EOEREE 2
BIEE, RPHKRZ. AYPAMTRENBEEEFRNFHIG .

3.PFU % NEHBBRESTHESHE —HETE. 5 FARVERH
L(E 2. 3), UAAHES, BOBERNERRK, ZERAKER. XAM 1 3R B,
MRZEE, BIPERS FRRPRENY, oH BUEETRESNMHER (R2)o MR
MacArthur-Wilson FUBEZKIE 3 N Seay G, Taps 47814 44.68., 0.32, 7.10 (& 5),
EEB I MNARBITEAY Douglas B, £ 1979 49 3 S84 A4 42.58, 0.26, 8.85

S %] [~
= =3 =)

Jri A B Y R :
Number of colomzng protozoan species
o .
(=3

1 3 76 15,

b?iﬁ[[)ays
B2 KEHE 3 FEBN (7, 4 EMEOER (165 18 35)
FAERYE PFU ANBELE
Fig. 2 Protozoan colonization of PFU in Dashi river (station 1, 3),
Dongsha river (Station 7, 14) and Zhoukoudian river (station 16, 18)
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Fig. 3 Protozoan colonization of PFU in Dingjiawa river (Station 20, 23)
and Xisha river (station 24,25)

#5 S&ETHS PFU BMiTiZa1EH .5 MacArthur-Wilson ZH#X S =5.,(1 — e ") HEHEE
Tab. 5 Colonization parameters for PFU colonized in five rivers. and fit ness of
MacArthur-Wilson equilibrium model S, = S.(1 — 7 ¢T)

5 |

Nad o B N;zn"f:f;of Seq G (a2 F Feo.0n(355) = 5.41
AT 1 44.67 0.32 7.10 2,44 oA Fit
Dashi 3 47.62 1.49 1.53 3.41 FFAMA Fit
7 37.91 0.99 2.30 5.30 RFAMET Fit
TRIPE 10 38.13 2.11 1.09 0.53 WA B Fit
Dongsha 12 32,58 2,42 0.94 1.7 | #aEm Fi
14 30.58 1.53 1.50 0.62 AT Fit
B JE A i6 1.00 16.19 n.14 1.00 MR Fit
Zhoukoudian 18 15.82 0.53 4.29 42,84 A SER Lack of fit
TR 20 34.29 1.15 2.00 4044 AT Fit
Dingjiawa 23 42.18 0.44 5.19 2.46 FEEA Fit
T 24 32,90 0.98 2.34 15.47 ARPFSME Lack of fit
Xisha 25 37.94 1.905 2,18 3.21 FEER Fit

Seq——Equilibrium species number
G

Toeg—-Time to 909 of equilibrium species number

Colonization rate constant

(Pratr %5, 1985b)09, WEABIILRE R, R KGR 1 58040 7 S HIX BIEE A
Bilo WBIE R OEM 16 35, 15 RMOFHEL —E BT IRA, B KRR 4
BV, RO K R B3R, AP ISR SoRTE 5 &M Mirh B &, pH 8 1L
TAF LA RRE, BRI BB IIER(E 2), BEEM&ERIRD . T R ERRED
F, BB TV B K 54 B 15 KR A A5 Ro — A A 1G5 K REXT & T3 B AK 7= 15
UBORRE , BIAN S B AR BE RS MR 1D 7 SEBI T ol 14 SEEHEM(K 1o mT &
BEAPSAR-BEERBL MATEE SR EYEEEHERREN, R
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A HEEEEOERTAE KR, SRR TRER FIT 3 £ BE S R
Fo BRFEIDF SN, B FebEHOMEE B T U0k 8 B EHIN, RIDEN 7 FIEE 16 F, TH
FEIT M 7 REHEEE 15 B, IR KR 78 % 5 BB 5 R RREH MBS, Gairns
(1969) W5y F H P BT T 54) PFU REEITRR, BIERS RS ER Ry A&t
SACHTAER S &M, HEFRRBMERER, (A FERHRN, 2 18, 24 A4S
A (p = 0.05) 0, HA KIS REWKHAHA, 5I] MacArthur-Wilson 454 7
B EHEAE o MBEFE Seo ST, 55 40 RDL ERARET 1. 3 B5F0 T 5 &R
T 23 5, BEEX WK R T, (RS A E AR AR GHEE, G5 Ty KK,
HHT GRBRRBRESN Toso HHIGHEEEE RIS, HREMBAEYE
BUZERE . /KIUHEEIR SRR A, NS A M B S B e, G K. RIVIT 4 3 (7,
10 12, 14 35), FEIDETAOFE UG (24,25 35U T 5T 20 J5H Seq #57E 30 L &, 8
MG R ELES, RIPF I GERK,  5HEA K BIETEE A RE £ E B EE %,
JECIJER] 16 35 Seq FUA 1 F, RECHU KRB R R BB AL, 7EX RS
THIG AR, BREZIFCEBANHIE RS EOREE R, WA 18 35T, Sq
BT 15 B, RWoKPBHEETHE, YRMGEAR LEEFM. PFU KA RES K fkeh
85 % INEETEFI s BT IEKRMBIAKT, MENETEEAL, MWEFIH AL
FREDVTRILERFRI 5 FRFPRFLER FRLERBE K, MERNAGRA
SUTENEOERANERRENTER(E 9. 7 PFU i, RITE RN AT RN,
e T HREBIEM(E 6)o 725 KD, PFU B ME RIS A K L BMERHE
WTiE, WS 3, 6,15 RIOTHEORGEIT, RENQFEAEDYES REREES, %
9.39, RBKFRtE, HRETRENMEDE, RPAER, SEEEOERN, X8k
HFEBR R A 9.39, 8.34,7.50, 7.26, 3.92, £ PFU #ip, W ERIFAZDYBHEISE
FI% REME TR T, RATIA G AR ML B &5 0O vk FE HET R7 29 KOG T 5 i PR b T

#®6 5&FMS PFU B it s ity

Tab. 6 Margalef diversity index of PFU protozoan communities colonized in five rivers

" & J5E | PRUMERS PFU exposure time (days) | -7 ‘; UM\ mpeese
Name of |Number of A B 1 Average -value
rivers statidn - verage va.ue for the river
1 3 6 10 15 for 3,6,515 days
K 1 3.39 | 6.52 { 7.57 | 10.17 | 10.93 8.34 5. 39
Dashi 3 8.69 9.60 | 10.15 11.56 | 11.60 10.45 )
I 7 — 7.25 6.89 — 9.25 7.79 ’.26
Dongsha 14 - 6.98 | 7.46 — 5.80 6.74 :
HoER 16 -— 1.21 1.54 0 0 0.91 3.92
Zhoukoudian 18 — 5.39 | 7.65 | 7.05 | 7.75 6.93 :
THRER 20 — §.08 6.86 7.70 7.71 7.55 5,34
~ Dingjiawa 23 — 6.98 | 10.31 | 9.04 | 10.13 9.14 o
B b 24 4.88 | 4.95 | 7.43 | 7.03 | §.83 7.07 ) 50
Xisha 25 5.66 6.10 9.14 9.29 8.57 7.93 )
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Fig. 4 Deundrogram from cluster analysis by the coefficients showing species
similarities among the PFU protozoan communities in the five rivers

RibHE A TR

4. FRHEYRRZE HOTT 5 A 24 B 12 DREENE SRS FRRAP I EA
FEEM S0 EREE RN— M7 %, HENERILE 7. KAar 1 ihRAER Y
B2 2160 AN/ TF (BEHEEE ), KT 60 F£ARMNERBMIFLOHNF FIHE (4 270
AT, REITEIEE ), R 1 AN ISR EH Y. MENERN, XE&

FRAE LS E L ks 12 MHEILWEAFIERYRT 5 FE. HERX
JUS I e — AR TN, HE — Uk MR AU R PR 0t 2 e DURR TA Yo
7 SEARPEEDNDHBNSAH (1985 F 5 JJ 24 BdilfE=Piiek)
Tab. 7 Distribution of protozozn abundance in five rivers (24 May, 1985, with
method of planktonic settling)

’ KAHE B OE T kG TR

Name of rivers Dashi Zhoukoudian Dongsha Xisha Dingjiawa

W = N ] .3

Number of station 1 3 16 I 7 J 10 12 14 24 5 20 23

|
Ab\l?dgat(lg/(;fn)d i 2160 | 28320[ 390 !5070 4650 126790 60528 22020 {44913 |32280 [147480|992610
2] i
LAl R A 5 A B A et R P EE RO K R B Kb BT RS HEA B R

KR & 10 B

Rio NS #ﬂh‘ 5

BB B S Lk

g H@ﬁzﬁﬁs%mﬁéﬂ%ﬁﬁﬁlﬁmw\ﬁwﬁ
B3 F A PRU B s

B,

SRR E A

A B AL S 4

FRIRFEMRCE L,

RN, A MRV G 0 KSR R

2)o MANEH R
BREREBSKHAK R KELGETS NG Tié’!.lxl&bﬁ7kiﬂ£#b)ﬂin/lﬁ%%%’§

T3, At

&Lk

ﬁﬂmﬁﬂ%PHJH%%MMWsW%@&WT&&W?

H"\j?ﬁ%)

REEHICE 7).,

B XRA G R R A TRE T ILRERBHRE,

BT 3—15 RN

it DL 4 T S R i s
LA LE B R ED SR T S LR B 12 A,

{5 Hedl) AL



10 X O£ E #B ¥ R 12 &

ML, TS MRS A Bk RRMN A O SR RRDFA KN EYE, HE
BB TR EMEIISEEE(E 4). PFU BR TRELERSHN, BRET
BRI RSB, TITI RS BB R B UL & Bl B PFU Bl 23l TR R AT
HEFNWGREENZN(E 2, 3; &5, 6)

2. EXCGREBIFER A M0 PFU SR S8 (R E . SR 1RED) RiThES K
(BRI E)X 5 KPR EM, AXERBERK AR T RER FEDE RDFE . A
FER TG A H SR 16 WA MR A AR BRI, RAESMEE R THE, KT
WEHY 18 BERR B AL AR B KRB E S RV PIRE A MBI BoR HE IEH 25 SRk
IR, RR R BT AR £, M R B R 1050, BB LB KB H, KIDFR T
W (14 35 B SR MRS, KREEFTIFRER. BDFEAT Rk LR A YHENE
DLE R, BT RER T iF (23 35) KAz MR ETE ER L, K AR 3 M.
RARPHFECS )T REAKE (23 B)WEESYRE TSR L BRI L5
KB R AR (KAF LI 15 R EHEYERE, HRE-FEEFHNE
Vo MABREARERAE SN, R KA REGEE LXK KIS Zei 5, 4t
ELDFR—MBENR M. REXRESZERECTEBMUAMLEATNNATHE
M, EERBFBE> TEERF, ZEHRERLI/NAKR. \

3. FEMS LIS AL 3R PFU BT AL BER AR AKREW RN, HRRFY B
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ON THE EVALUATION OF THE EFFECT OF PETROLEUM
WASTES ON WATER SYSTEM IN YANSHAN REGION )
BY USING PROTOZOAN COMMUNITIES

Shen Yunfen, Gu Manru and Bei Qingsheng

(Instizuze of Hydrobiology, Academia Sinica, Wuhan)

Abstract

The water system in the Yanshan region, Beijing, including Zhoukoudian River (St. 16,
18), Dongsha River (St. 7, 10, 12, 14), Dingjiawa River (St. 20, 23), Xisha River (St. 24, 25)
and the middle reaches of Dashi River (St. I, 3), was polluted by industrial wastewater and
municipal sewage from the Yanshan Petrochemical Company (Fig. 1, Tab. 1, 2). The most
harmful contaminents were oil, phenol, and strongly acid or alkaline effluents. The present
study aims at an evaluation on the ecological effects of these pollutants based on the protozoan
communities. From April to June of 1985, protozoan communities were collected from the
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mentioned five rivers simultaneously with three methods: (1) slide method for periphytic pro-
tozoans, (2) PFU method for protozoan colonization, (3) classical method of planktonic set-
tling. The upstream Dashi River (St. 1) was used as the control station for the assessment of
water quality. 351 protozoan species (84 for Phytomastigophora, 34 for Zoomastigophora, 54
for Sarcodina, 179 for Ciliata) were found in the rivers. Compared with the result of the con-
trol station, the number of protozoan species in Zhoukoudian and Dongsha rivers decreased
dramatically (Tab. 3). It was found that all of the three methods are effective for monitoring
the deterioration of water quality in the upper reaches of the Zhoukoudian River (St. 16),
where protozoans were practically wiped out due to the sharp and alternative change of acid
and alkaline effluents (Tab. 4—7, Fig. 2). In Dongsha River, polluted by the petroleum re-
finery and municipal effluents, the results of slide method and PFU method both indicated a
gradual selfpurification process. The species diversity index of this river increased gradually
toward downstream reaches (St. 12, 14) where water quality became recovered and the attached
ciliates (Peritrichida) were predominant in station 10 (Tab: 4). The slide snethod was inca-
pable of evaluating the difference of pollution between Xisha River and Dingjiawa River. The
PFU method has the ability of examining the structural and functional processes at community
level, such as species diversity, cluster analysis of similarity coefficients (Fig. 4), and coloni-
zation (Fig. 2, 3, Tab. 5). Based on the structural and functional parameters, the PFU me-
" thod could differentiate the nature of Xisha and Dingjiawa rivers. To compare the quality of
the rivers, results indicate that the toxic stress increased in sequence as Dashi River—Dingjiawa
River—Xisha River—Dongsha River—Zhoukoudian River. Because of receiving waste dischar-
ges from the other four rivers, the middle reaches of Dashi River (St. 3) exhibited eutrophic
phenomena, such as the presence of heterotrophs and lower indices of species diversity, as com-
pared with the producer-dominated and higher diversity indices in the upper reaches of that
river (St. 1). ‘Therefore, the potential pollution of Dashi River js threatening the North Juma
River, one of the important water resources of Hebei Province. Pollution control of the water
system in Yanshan region is becoming an urgent problem.

Key words Biological monitoring, PFU method, Colonization, Periphytic protozoans, Si-
milarity coefficient ‘



