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Relationship between the dynamics of mixed liquor fauna and
the efficiency of wastewater purification
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Abstract In Series Four of Beijing Gaobeidian Wastewater Treatment Plant the largest wastewater treatment plant in
China with the treatment capacity of 1 000 000 tons of wastewater each day, 124 samples were taken during a period of
one year and 122 species were identified. Epistylis plicatilis was the most frequently occurring protozoan species and usu-
ally appeared in large numbers. Rotifers occurred frequently and in moderate numbers. Other metazoa occurred on occa-
sion and only in small numbers. The statistical analysis of Pearson Correlation was applied to the study of fauna and physi-
co-chemical varables in the activated-sludge wastew ater treatment plant. The diversity index show ed negative association
with the density of Epistylis plicatilis and Apisica costata. In winter the diversity index was low since Epistylis pli-
catilis dominated the fauna structure. From May to Junes the index was also low because high density of Aspidisca costa-
ta. The metazoa density showed strict positive association with fine sludge settlement. The swimming ciliate density
show ed positive association with effluent BODs values. The fauna diversity index show ed negative association with SS val-
ues, and show ed strict positive association with nitrate values in the anaerobic part of the tank. The metazoa diversity in-
dex showed strict negative association with ammonia values in the effluent, and show ed strict positive association with the
total nitrogen values in the anaewbic part of the tank. The crawling ciliate diversity index showed strict positive associa-
tion with nitrate values in the effluent, showed positive association with the total phosphorus values in the effluent, and
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show ed negative association with the total phosphorus valuesin the anaerobic part of the tank. The attacked cliate diversi-
ty index showed strict positive association with the total nitrogen values in the effluent. [ Acta Zwlogica Sinica 49 (6):
775— 786 2003 .

Key words Wastewater treatment, Activated sludge, Protozoa, Metazoa, Effluent quality
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1 Pearson

Table 1 The Pearson correlation coefficients among total number of some fauna taxa and effluent physico-chemical variables

Name of group Melazoa  Sessle Swimming Creeping Sarcodine Flagellate  Ciliate  Total number of animak
(M etazoa) 1.000 0.464° 0243 0165 —0068 —0 198" 0.394" 0.445 "
(Sessile) 1,000 0.133" —0.216" —0.190" —0.320" 0. 897" 0.909 "
(Swimming) 1000 —0.123 —0.098 —0.029 0. 091 0. 109
(Creeping) 1. 000 0106 —0.017 0 225" 0.203 "
(Sarcodine) 1.000  —0.047 —0 047 —0. 101
(Flagelate) 1.000 —o0. 310" —0.311"
(Ciliate) 1. 000 0.997 *
(Total number of fauna) ~ 0.445*  0.909* 0109 0.203* —0.101 —0.311" 0. 997" 1. 000
BOD) —0.013 0.046 0.380° —0.006 0 091 0.103 0. 060 0. 055
(S$) 0.046  0.204 0.058 —0.052 —0.071 —0.049 0. 094 0. 102
(N-NH{) 0.204 0.137 —0.001 0 191 0113 0071 0.279" 0.285"
1 (NFNH{) 0.213 0.127 —0037 0223 —0019 —0167 0274 0.292"
(N-NO3) 0.038  0.101 0.120 —0.408" —0.190 0.046 —0.299" —0.286"
1 (N,—NOp) 0.028 0.077 —0.151 —0 381" —0.001 0.002 —0 278" —0.280 "
(TN) 0. 025 0.078 0088 —0 340" —0.029 —0 244" —0 251" —0.256 "
1 (TND —0.150 —0 302" —0.027 0031 —0022 —0 021 —0 202 —0.216
(TP) 0 214 0.103 0251° —0.250° 0.319° —0 048 —0. 088 —0. 106
1 (TPD —0.040 —0.098 0131 (516" 0092 —0136 0 38" 0.382"
SV%) —0.425* —0.154 —0.001 0.256* —0.145 —0.071 0082 0. 067
(Temperature) 0.086 —0.528° —0. 114 0 081 0.042  0.225 —0.305" —0.309 "

(Sample size) =70 *. P<C 0.05
TNF: (Total number of fauna) ~ BOD: (Biological oxygen demand)  SS; (Solid suspension) ~ TN:
(Total nitogen)  TNI. 1« ) (Total nitrogen in the anaewbic pond)  TP: (Total phosphorus)  TP1: 1( )
(Total phosphorus in the anaerobic pond) SV % (Sewage volume%;)
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Fig.1 The annual variations of microbiota density in Plant G4 of Beijing Gaobeidian Sewage Treatment Plant



/f OKER - PEIFHEKF K ess ks tezm LRE1 $RRE

http://www.chinacitywater.org TRiLT $FEH SRER T4 THER

4500 | 13500

E

g 3000 <
< 3500 Vo e [EAEREF R (Peritrich) €
~~ M w
‘E 3000 » —— JBATHLFE M (Crawling ciliates) 2500 g
E n M 3\
= 2500 2000 & 3
= ' H E
£ ’ W o
2 2000 } ; 1500 P 2
) ! -
S 1500 ; L
o : 1000 2 §
& 1000 ; g
ki ' 500 =
W 500 z
m_\‘ === . )
R0 prmTT VA NG R o &
H  -500 500

Feb. Mar. Apr. May June July Agu. Sep. Oct. Nov. Dec. Jan.

Hi (H) (Date,month)

2

Fig. 2 The annual variations of density of the attached and crawling ciliates
in Plant G4 of Beijing Gaobeidian Sewage Treatment Plant
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Table 2 The Pearson correlation coefficients between Simpson diversity index and effluent physico-chemical variables

Name of goups Metazoa Sessle  Swimming  Creeping Cilate Sarcodine  Flagellate Fauna
(M etazoa) 1. 000 0.218" —0.346" 0 084 0.310" 0. 148 0. 120 0. 366 "
(Sessile) 1. 000 0. 005 0.242" 0.404™  0206"  —0.020 0. 629"
(Swimming) 1. 000 0. 029 —0.164 —0165 —0 180" —0.09
(Creeping) 1. 000 0375 0210° —0053 0. 404"
(Ciliate) 1. 000 0.390 " 0.278 " 0. 681"
(Sarcodine) 1. 000 0.123 0.289 "
(Flagellate) 1. 000 0179 *
(BOD) —0.079 —0.283* 0057 —0.038 —0.106 —0 141 0.214 —0. 050

Ss$) 0. 083 —0.160  —0.052 0. 025 —0.109 —0087 —0143 —0.239"

(N-NH3) —0.461" —0347° 0002 —0.399" —0 246 0. 042 0357 " —0 0339 "

1 (NI-NHy) —0.422°  —0.230 0.094  —0.273° —0.195 0. 013 0.321° —0.350"
(N-NO3) 0.316" 0.386 " 0. 119 0.518" 0. 224 —0.102 —0.339" 0.429 "
1 (N;-NO3) 0.327" 0.386" —0.08 0367 0.332° 0114 —0271" 0. 445"
(TN) 0.288 " 0404 " —0. 078 0. 223 0. 220 —0. 124 —0.177 0.385 "
1 (TND 0305 —0.017 —0239 —0131 —0 003 0. 212 0.064 0. 062
(TP) —0.097 —0.035 0. 059 0272 0. 106 —0.215 0.025 0. 234"

1 (TPD —0. 171 —0.050 0. 087 —0.539" —0.284" —0 127 0 305" —0 307"
SV%) 0172 —0.050 —0.286° —0.115 —0075 0. 028 0.086 —0 114
(Temperature) —0.018 —0.023 —0093 —0 136 0. 199 0. 693 * 0.043 0. 262"
(Sample size) =70 *P.<C 0. 05 1 (The abbreviative letters have the same meaning as those in the Table 1)

. ( 4.5 o=, o 3
(r=—0.296, P<<0.001). s
b 7 b
11 , , .
, (r (Salavado et al., 1993;
=0. 405, P<<0.001), Curds et al., 1970a; Shahwani ef al., 1991).
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Fig.4 Annual variations of microbiota diversity and dominance in Plant G4 of

Beijing Gaobeidian Sewage Treatment Plant
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1 (G )
Appendix 1 The composition of protozoan species in the activated sludge and density (ind /ml)

124
Taxa Frequency in sam pling Density Total number of 124 samples
(Ciliates)

( Trachebocerca tenuiwllis) 2 6 8
(Chaenea teres) 3 12 20
(Cyrtolophosis elongata ) 1 2 2

(Colpoda reniformis) 2 2 4

( Trachelophyllum pusillum ) 52 42 372
( Plagiopyla nasuta) 3 4 10

(Dichilum cuneiforme) 2 4 6

( Tetrahymena pyriformis) 1 2 2
(Colpidium cam pylum ) 2 2 4

(Hemiophrys p leurasigma) 50 34 437

(Hemiophrys fusidens) 9 3 17

(Hemiophrys pectinata) 4 6 18
(Hemiophrys meleagris) 5 2 7
(Hemiophrys proera) 1 1 1

(Hemiophrys agilis) 5 12 28

(Hemiophrys punctata) 1 2 2

(Loxophyllum uninucleatum) 20 10 83

(Litonotus fasciola) 4 20 30
(Litonotus obtusus) 36 30 267

(Litonotus carina tus) 29 64 237

(Litonotus lamella) 3 6 10

(Paramecium aurelia) 4 2 8

(Paramecium caudatum ) 20 12 84

(Chilodonella uncinata) 25 16 102

(Chilodonella ap lanata) 15 14 64

(Chilodonella algivora) 1 6 6
(Chilodonella capucina) 2 4 6

(Plagiommpa mutabilis) 10 36 54
(Plagiom mpa atra) 1 4 4

Glaucoma macrostoma) 5 8 20
(Glaucoma scin tillans) 3 16 36

(Frontonia depressa) 2 10 16

( Amphileptus claparedei) 14 10 49

(Dilep tus alpinus) 1 8 8

(Coleps hirtus minor) 44 34 491

(Coleps elongatus) 90 52 951

(Coleps hirtus) 68 30 494
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(Continued)
124
Taxa Froquency in sam pling Dersity Total number of 124 samples
(Coleps bicuspis) 7 32 98
(Vortiella wnvallaria) 53 700 5017
(Vortiella picta) 12 16 91
(Vortiella similis) 2 1 2
(Vorticella campanu la) 1 4 4
(Vortiella cupifera) 3 2 4
(Vortiella aequilata) 4 8 13
(Vorticella extensa) 1 2 2
(Vortiella putrina) 14 12 50
(Vorticella striata) 43 18 242
(Vorticella microstoma) 36 32 240
(Vortiella octava ) 6 6 16
(Vortiella elongata) 2 2 4
(Vortiella hamata) 12 187 397
(Vortiella alba) 1 2 2
(Vorticella fromenteli) 1 2 2
(Pseudovor ticella mon ilata) 1 1 1
(Carchesium polypinum ) 29 108 803
(Pseudocarchesium aselli) 47 274 3098
(Intranstylum asellicola) 2 12 14
(Epistylis plicatilis) 93 3043 73 839
(Epistylis urceolata) 21 870 3025
(Epistylis lacustris) 61 694 6 390
(Opercularia micodiscum ) 13 268 434
(Opercularia phryganeae) 21 318 1 635
(Opercularia cylindrata) 22 120 570
(Opercularia elongata) 1 12 12
(Propy xidium vernale) 1 2 2
(Opercularia curvicaule) 3 20 36
(Cothurnia oblnga) 25 26 210
( Thuricola folliculata) 35 85 771
(Haploa ulus elegans) 1 2 2
(Vaginiwla crystallina) 1 1 1
(Stentor coeruleus) 3 2 6
( Tachysoma pellionel la) 12 16 76
(Aspidisca dentate) 1 2 2
(Aspidisca lyneus) 26 356 3501
(Aspidisca sulcata) 23 74 342
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(Continued)
124
Taxa Froquency in sam pling Dersity Total number of 124 samples
(Aspidisca costata) 53 2 854 11 330
(Eu plotes patella) 26 16 144
(Euplotes eurystomus) 3 2 6
(E uplotes m uscicola ) 17 8 55
(Euplotes af finis) 7 22 54
( Tokophrya quadripartite) 10 14 47
( Tokophrya lemnarum) 10 9 36
(Acineta tuberose) 6 26 52
( Tokophrya cyclopum ) 31 8 101
(Discophrya elongata) 3 2 5
(Multifasciculatum elegans) 3 5 10
(Podophrya fixa) 6 2 12
(Sphaerophrya soliformis) 1 2 2
s ( Tokaphrya sp.) 5 14 30
( Acan thocystis aculeata ) 1 2 2
( Mayorella hoh uensis) 34 14 148
( Mayorella cypressa) 7 8 24
(Cashia limacoides) 5 8 18
(Saccamoeba gongornia) 3 8 10
( Mayorella bicornifrons) 4 8 14
(Sappinia dip bidea) 2 12 14
( Thecamoeba sphaeron ucleolus) 69 68 1008
( Vannella miroides) 1 2 2
( Vannella platypodia) 1 12 12
(Striamoeba striata) 4 74 88
(Hya bdiscus actinophorus) 2 2 4
(Glaeseria mira) 2 2 4
(Hartmanella can tabr igiensis ) 4 10 24
(Coch ligped ium bilimbosum ) 1 2 2
(Euglypha tuberculata) 90 38 895
(Euglypha acanthophora) 5 12 34
(Difflugia gramen) 1 1 1
(Quadrulella globulosa) 1 4 4
(Arcella hemisphaeriai) 120 194 4 559
(Arcella gibbosa mitrifor mis) 2 6 7

(M astigophora)

( Anisonema dexiotaxum ) 3 32 50
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(Continued)
124
Taxa Frequency in sam pling Density Total number of 124 samples
(Anisonema acinus) 30 186 490
( Anisonema prosgeobium ) 1 2 2
(Peranema trichophorum ) 75 58 790
(Petalomonas involuta) 4 10 14
(Oikomonas socialis) 2 1 2
(Oikomonas termo) 1 2 2
sp. ( Monas sp.) 6 4 10
(Urceolus parscheri) 1 1 1
(Bodo gbbosus) 3 14 18
9. (Bodo sp.) 1 1 1
(Polyoeca dumosa) 2 1 2
(M etazoa)
(Rotifers) 122 216 8 823
(Nematodes) 37 28 225
sp. (Gastwtrichs sp.) 68 40 549
( Tardigrades) 41 24 253

( Aeolosoma hempr ichii) 47 48 310




