Kor. J. Microbiol. Biotechnol.
Vol. 33, No. 1, 56-64 (2005)

=X 2|&°| Bioindicator

ChRE A BSZA T, 7B A

Bioindicator in Advanced Wastewater Plants. Lee, Chan-Hyung*, Kyung-Suk Moon!, and Ing-Nyol
JinZ. Public Health and Environment Institute of Daegu City, 706-732, Korea, 'Environmental Installations Cor-
poration of Daegu City, 703-825, Korea. 2Department of Microbiology, Kyungpook National University, Daegu
702-701, Korea — The occurrence and abundance of protozoa at advanced wastewater treatment plant were
compared with operating parameters and effluent quality using statistical procedures. It seemed that plant
operating conditions influenced the distribution of protozoa in the mixed liquor. In statistical analysis, the dis-
tribution of protozoa showed the operating condition of plant and predicted effluent quality. Once enough data
concerning protozoa, operating parameters and effluent has been gathered, the operator has a valuable tool for
predicting plant performance and near-future effluent quality based on microscopic examination. Plant opera-
tor manipulates operating conditions if he knows near-future effluent quality is deteriorating. Perhaps more
importantly it can be used to actually control the plant to adjust the operating conditions to obtain the proto-
zoal populations that have been shown to provide the best effluent quality.
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Fig. 1. Schematic diagram of advanced wastewater treatment
plants,
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Table 1. The main characteristics of the two plants.

Advanced treatment plant

Charcteristic
4-stage BNR plant  DNR plant

Influent BOD(mg/l) 66.8 76.4
Influent TN(mg/l) 28.4 25.6
Influent TP(mg/l) 1.97 224
Influent flow(m>/d) 77,759 117,879
MLSS(mg/l) 2,659 1,995
SVI 112.7 184.5
F/M(kgBOD/kgMLSS) 0.066 0.097
SRT(d) 24.7 20.8
HRT(hr) 9.4 8.0
Effluent BOD(mg/[) 5.3 4.1
Effluent TN(mg/l) 17.5 109
Efftuent TP(mg/l) 1.06 1.27
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Fig. 2. Protozoa distribution at 4-stage BNR plant.
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Fig. 3. Protozoa distribution at DNR plant.
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Table 2. Abundance and occurrence of protozoa and their rank.
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4-stage BNR DNR 4-stage BNR DNR

Genus Number Abltr‘;:;mce Number Abu(r;)i;mce Genus Occzl(;;)ence Rank Occzlo;;)ence Rank
Aspidisca 3,081 26.3 2,507 22.2 Aspidisca 100 1 98 2
Poteriodendron 1,666 14.2 603 53 Trachelophyllum 98 2 98 2
Trachelophyllum 1,345 11.5 1,947 17.2 Vorticella 98 2 98 2
Epistylis 875 7.5 627 5.5 Cinetochilum 96 4 100 1
Pleuromonas 775 6.6 100 0.9 Oikomonas 96 4 91 7
Cinetochilum 722 6.2 499 44 Pleuromonas 93 6 40 18
Oikomonas 613 5.2 546 4.8 Monas 89 7 91 7
Vorticella 605 5.2 1,159 10.3 Rotaria 87 8 56 15
Monas 415 35 418 37 Poteriodendron 85 9 22 22
Childonella 245 2.1 54 0.5 Litonotus 83 10 91 7
Rotaria 159 14 87 0.8 Childonella 80 11 44 17
Litonotus 151 1.3 262 23 Epistylis 74 12 96 5
Bodo 136 1.2 65 0.6 Euglypha 67 13 69 14
Amoeba 131 1.1 176 1.6 Peranema 59 14 40 18
Euglypha 117 1.0 246 2.2 Arcella 57 15 93 6
Peranema 113 1.0 63 0.6 Lecane 57 15 73 12
Drepanomonas 85 0.7 30 0.3 Amoeba 54 17 73 12
Arcella 81 0.7 788 7.0 Chaetospira 46 18 53 16
Lecane 69 0.6 174 1.5 Tokophyra 43 19 20 23
Coleps 60 0.5 75 0.7 Drepanomonas 35 20 18 24
Chaetospira 58 0.5 68 0.6 Coleps 33 21 33 21
Paramecium 46 04 3 0.0 Paramecium 30 22 4 28
Tokophyra 44 04 26 0.2 Pyxidicula 28 23 87 10
Pyxidicula 40 0.3 342 3.0 Podophyra 24 24 0 35
Opercularia 31 0.3 3 0.0 Bodo 22 25 40 18
Podophyra 23 0.2 0 0.0 Amphileptus 17 26 0 35
Amphileptus 14 0.1 0 0.0 Opercularia 7 27 2 31
Actinophrys 5 0.0 297 2.6 Actinophrys 7 27 84 11
Sphaerophrya 5 0.0 6 0.1 Euplotes 7 27 7 26
Euplotes 5 0.0 14 0.1 Sphaerophrya 4 30 4 28
Dyplogaster 4 0.0 3 0.0 Dyplogaster 4 30 2 31
Blepharisma 3 0.0 0 0.0 Blepharisma 4 30 0 35
Aeolosoma 3 0.0 0 0.0 Aeolosoma 4 30 0 35
Entosiphon 2 0.0 55 0.5 Entosiphon 2 34 7 26
Chaetonotus 2 0.0 6 0.1 Chaetonotus 2 34 4 28
Vaginicola 0 0.0 45 0.4 Vaginicola 0 36 13 25
Prorodon 0 0.0 3 0.0 Prorodon 0 36 2 31
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Table 3. Rotated component matrix.
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Factor  Factor  Factor  Factor Factor  Factor  Factor  Factor
4-stage BNR plant 1 2 3 4 DNR plant 1 ) 3 4
Aspidisca - - - - Aspidisca 0.244 - 0.886 -
Trachelophyllum - 0.334 -0.320 - Trachelophylium 0.221 0.276 - -
Vorticella - - - 0.817  Vorticella - 0.233 - -
Cinetochilum - 0.668 - - Cinetochilum -0.290  -0.361 -0.724 0.222
Oikomonas - 0.787 - -0.220  Epistylis - - -
Influent BOD 0.315 - 0.865 - Influent BOD 0.724 0.598 - 0.233
Influent TN - 0.758 - -0.208 Influent TN ‘0.823 0.305 - -
Influent TP 0.616 - 0.438 -0.213  Influent TP 0.798 0.461 0.215 -
Influent flow -0.942 - - - Influent flow -0.957 - - -
Temperature -0.568  -0.209 - -0.608 Temperature -0.769 - -0.261  -0.406
DO - - - - DO -0.354 - -0.432  0.499
MLSS - - -0.249 0.796 MLSS 0.856 -0.313 - 0.243
SVI 0.422 0.732 - - SV1 0.532 - 0.395 0416
Return rate 0.389 0.232 - - Return rate 0.904 - 0.217 -
FM -0.316 - 0.881 -0.266 F/M - 0.922 - -
SRT 0.254 0.225 -0.437 - SRT -0.215 - - -0.863
HRT 0.930 - - - HRT 0.961 - - -
Eigen value 3.644 2.897 2410 1.431  Eigen value 7.599 2.259 1.732 1.346
Accumulated variance % 21.44 38.48 52.66 61.08  Accumulated variance % 44.70 57.99 68.18 76.10
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Table 4. Correlation between operating parameter and protozoa at 4-stage BNR plant.

Operating

Taxa

parameters Positive correlation

Negative correlation

Peranema*, Monas*, Testate amoebae®, Litonotus*, Pyxidicula,

Flow Coleps, Tokophyra* Paramecium Oligohymenophora*, Peritrichs
Temp. Peranema®*, Pyxidicula, Drepanomonas, Chaetospira, Metazoa** Vor.tlc.ella » Epistylis ™, Oligohymenophora™*,
Peritrichs**
DO Amphileptus, Childonella*
. . . Oikomonas*, Monas*, Bodo, Pleuromonas**
® #3% ’ ’ ’ K
MLSS Litonotus*, Amphileptus, Vorticella Bodonoids**, Paramecium
Oikomonas**, Bodonoids*, Flagellates*, Cinetochillum?*,
SVI Epistylis**, Oligohymenophora* ¥, Peritrichs**, Hymenostomes**,  Pyxidicula®, Chaetospira**

Ciliates**, Protozoa**, Total number**

Return rate

Oikomonas*, Bodo, Pleuromonas**, Bodonoids**, Flagellates**,
Amoeba**, Amphileptus, Podophyra, Protozoa**, Total number**

Pyxidicula, Euglypha*

F/IM Pleuromonas®, Euglypha*

Amphileptus

SRT

Amphileptus

HRT Oligohymenophora*, Peritrichs™*

Peranema*, Monas*, Pyxidicula, Litonotus™,
Tokophyra*, Paramecium,

* p<0.05, ** p<0.01
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Pleuromonas, Bodonoids, Chrysophytes, Flagellates, Haptorids,
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Table 5. Correlation between operating parameter and protozoa at DNR plant.
Operating Taxa
parameters Positive correlation Negative correlation
Arcella**, Pyxidicula**, Euglypha** Amoebae, Testate
Flow  amoebae**, Coleps**, Prorodon, Drepanomonas, Pros- Pleuromonas*
tomes**
Tem Arcella**, Pyxidicula*, Euglypha**, Amoebae** Testate Poteriodendron™*, Actinophrys*, Monas**, Aspidisca**,
P- amoebac**, Coleps**, Prorodon, Euplotes, Prostomes** Hypotrichs**, Ciliates*
Bodo**, Bodonoids*, Arcella**, Euglypha**, Amoe-
DO bae** Testate amoebae**, Prorodon, Drepanomonas, Cine-  Aspidisca*, Vorticella*, Peritrichs*, Hypotrichs*, Ciliates**
tochillum*, Hymenostomes*
MLSS  Pleuromonas Arcella*, Pyxidicula*, Amoebae*,Testate amoebae**,
Coleps*, Euplotes, Prostomes*
Bodonoids**, Arcella**, Pyxidicula*, Euglypha**, Testate
SVI Vorticella*, Aspidisca**, Hypotrichs** amoebae**, Amoebae**, Coleps, Prorodon, Euplotes, Pros-
tomes**
Arcella**, Pyxidicula** Euglypha* Testate amoebae**,
Return rate Pleuromonas* Amoebae**, Drepanomonas, Cinetochillum*, Hymenos-
tomes*, Prostomes*
. . Poteriodendron, Cinetochillum* Vorticella**, Oligohymeno-
* ET *
FIM  Coleps, Actinophrys*, Litonotus**, Drepanomonas*, Euplotes phora**, Hymenostomes*, Peritrichs*
SRT  Chaetospira**, Cyrtophores** Poteriodendron
Arcella®*, Pyxidicula™*, Euglypha**, Testate amoebae**,
HRT  Pleuromonas* Amoebae**, Coleps**, Prorodon, Drepanomonas, Pros-
tomes**
* p<0.05, ** p<0.01

Table 6. Correlation between effluent and protozoa.

Plant Taxa Positive correlation Negative correlation
Peranema COD CODr
Poteriodendron, Oikomonas, Pleuromonas, Bodonoids, Chryso-

. BODr BOD
4-stage BNR phytes, Flagellates, Haptorids, Protozoa, Metazoa, Total number

& Arcella, Euglypha, Testate amoebae, Vorticella BOD BODr
Epistylis, Oligohymenophora, Peritrichs CODr COD
Prostomes BODr, TP BOD, TPr
Monas BOD BODr
Bodo, Bodonoids, Amoeba SS SSr
Arcella, Euglypha, Testate amoebae, Amoebae, Cinetochillum, BODr BOD
Hymenostomes

DNR  pyvidicula P TPr
Litonotus BOD, SS BODr, SSr
Epistylis BODr, SSr BOD,SS
Aspidisca, Hypotrichs TPr TP
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