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Microscopic sludge investigation in
relation to treatment plant operation

D. H. Eikelboom, TNO Research Institute for Environmental Hygiene, The
Netherlands
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Table 3.1 — Microscopic examination of a bulking oxidation ditch sludge

FILAMENTOUS MICRO-ORGANISMS(1)

CATEGORY: 4

“Cyanophyceae” S. natans Type 0914
H. hydrossis: 0  Thiothrix Type 0961
M. parvicella X  Type 0041 0 Type 1701
J N. limicola I Type 0092 - 0 Type 1851 0
N. limicola 11 Type 021N .
N. limicola 11T Type 0581
Nocardia Type 0803 Various species

PROTOZOA - ROTIFERS — NEMATODES — AMOEBAE(2)

Cilates + Lionotus Monosiga
Carchesiz;;rx Paramecium f5s 7#‘}"’1—euromonas
Epistylus Spirostomum Poteriodendron

3 Op.e;;u_l;;ia + Tn;;h ;1017}1 yhmrlw Trepomonas
Vorn';;lla + %
Aspidisca Amoebae —
Blepharisma Thecamoebae ++
Chilodonella Flagellates — Heliozoa -
Colpidium Bodo BN Rotifers +
Euplotes +  Hexamitus * Nematodes o

MORPHOLOGY OF THE SLUDGE FLOC

VARIOUS FEATURES

I'irmness and shape of structure

size
the floc open CO;;;Q small n;c;;;xvv;ﬁlt;vr;evDiversity *
i !r;ﬁ»,-mmewhat rounded X —_—;-(i s Free cells(3) +
l’vi‘r;:“irr‘eigular shape E Zoogloea’s(2) -
V;t;;k, somewhat rounded - Spirochetes(2) ++
Weak, irregular shape -  Spiril) >

Agglomerates X

40 40  Organic fibers(2) +
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Fig. 3.1 — Classification of activated sludges based upon the extent of filamentous

growth. Type 021N dominant; 125 x
A = category 1, B = category 2, C = category 3, D = category 4
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Table 3.2 — Results obtained for visual estimation of the filament category
number by ten people.

Sample no. Category number estimated Real value
1 4 3 4 4 4 4 4 4 4 4
2 211110222 1
3 2 2 2 23 2343 2
4 3 23223333 3
5 211111102 1
6 4 4 4 4 4 4 4 4 4 4
7 2 212 22222 2
8 0 00O0O0OO0T1O0 0
9 4 2 3 3 3 33 34 3

10 4 4 4 4 4 4 4 4 4 4
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Fig. 3.2 — SVI, category numbers and filamentous micro-organisms in an activated
sludge. In week no. 34 the pilot plant was restarted with oxidation ditch sludge.

X =dominant; 0 = secondary
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Table 3.3 — Results of different bulking sludge control strategies

Dominant fila- Cate- SVl Method Results
mentous species gory (mg/l) applied
A S. natans 2 300 Chlorination; Type 0961 and
[13] Type 0961? 10-20 g C'l,/m? S. natans almost
Type 1851 return sludge disappeared.
Type 1851 was not
destroyed. SVI
dropped to 100.
B Type 02IN 4 400~ Chlorination; SVI dropped in
600 2.5gCly/m? 14 days to about
return sludge 125, Type 021N
disappeared.
C M. limicola IT 4 200 Mixing stage of Category number
[14] Type 0041 sewage and decreased to 2-3.
sludge; floc The SVI dropped
loading 40-60 to about 100.
mg COD/g MLSS  Dewatering of the
sludge improved.
D M. parvicella 4 140~  Mixing stage of M. parvicella
[15] 180  sewage and almost disappeared.
sludge; floc Category dropped
loading 60 mg to 1-2 and the SVI
COD/g MLSS to about 60.
E Type 021N 4 400  Mixing stage of Type 021N almost
500  sewage and disappeared; cate-
sludge; floc gory dropped to
loading 180 mg 1-2.
COD/g MLSS
F ‘Cyanophyceae’ 4 >300 Chlorination SVI dropped with
H. hydrossis (4 Cl,/m? return  Cl, to 200. After
sledge) during the incorporation
1 week followed  of the mixing
by the incorpo- stage the SVI
ration of a mixing decreased to 100-
stage; floc loading  150. H. hydrossis
not known disappeared. Mode-
rate numbers of the
‘Cyanophyceae’ are
still present.
G M. parvicella 4 175~  Mixing stage of SVI dropped to
300 sewage and sludge; 125-175. M. parvi-
floc loading not cella still present
known sent (category
3-4)
H Type02IN 4 200— Mixing stage; Category 2-3;
M. parvicella 400 floc loading SVI 100-200.
N. limicola IT about 120 mg T 021N and M. par-
COD/g MLSS vicella disappeared.
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Falsely branched filaments

S. natans [IDENYIFICATION KEY OF FILAMENTOUS ORGANISMS

IN ACTIVATED SLUDGE

Present Short, Gram positive filaments —————e=| Nocardia spp.

Truly branched
filaments

Filaments contain
many sulphur globules
( in vivo or after

Non-motile

filaments
Gram negative
. Organisms coiled
Branchin £ v !
e |y o st ™ AT s 1=
e ~blue fi nts
filaments globules or very

few globules of
sulphur inside

the cells _
Gram positive

Neisser positive
Crosswalls ( granules )
not or hardly—
visible

Absent —
v

Neisser negative

(grey-blue filaments)

show a clearly
gliding motility

EAitire ‘ricth{Filamcnti contain sulphur globules ———— | Beggiatoa spp. - filaments
No sulphur inclusions in the cells —————e= _F/exibacterspp.

Fig. 3.3 — Identification key of filamentous organisms in activated sludge.

1y Glwe aals ol f_-,\l s, luobn) busl, ;)
La3) 60400 Jgle,
O—=d ool ) o i, Gz 0555 GBS 50 e
Cwl oal Jf.':
IS 5 G o e B Y molo
RSSO B O T TR T AL EE P WY P SRR PON
Sy sy sy e Buis Jo OWTis Mleuis
by ool ) s b ) b ol U
9 O M@L{hubu&m amo Sy 10 0 0 40

o |;).?_r.o|) L'.L‘JLLJ’_’W U'ZJJ)Jl_,.o ,AS"' |

by Sl ey Y i Aol Sligi=d el
aads 5o o &ala o) o, g_b.SLB_,a_)(_;v__'l:..'\__) 55
e A L Geie Uiss ! - e DL
s IV QA ] Sl ol quoys G2aS Jlo

Slaegaza 355053 KI5 bz © (1,515,062 550

caiasCas S 2l 5 ) H&Uq: o) B Y REIREY

JHe paniS ol o LS 0 o) (25 S gl T

i

Long, Gram 'negative' filaments ———————=| Fungi spp. Neisser positive
(arey-blue filame:

(——== Gram positive ———————s=| Type 0914

—————————————————e= Cross-walls clearly observable

Type 0581
N. limicola | growth of unicel-. Type 1701
lular organisms;

Ne s
M. parvicellz negarlve
Gram positive ———e=| Type 1851

Neisser positive ~——————e=| Type 0092

Cell diameter ——_—_NA timicola Il
0.8 -.1.2 um

nts)
Cell diameter ——e=| A. /imicola 11/
1.5 - 2.0 um

Cell shape almost

square or rectangular —e=| Type 0803

applying the S-test
PR Y109 est) L = Gram negative — o | Thiothrix spp. Sneach absenty

‘cleart filaments;
filaments generally
free in mixed liquor

Cell dia- Spherical, ovoid or Type 1863
meter cylindrical cells

<1.0um

Sheath present
usually attached

filaments protrude
from the flocs

isser ——e=Cell diameter > 2.5 um ———== 'Cyanophyceae'

Gram positive; usually
attached growth of uni- ———-———a| Type 0041

cellular organisms

: Cell dia- ) )

:ff;f:‘; or Giam negative —=| H. hydrossis meter SPHETTEA L. ouely

: —_— 1.0-2.2 ym isgeshape

ent cells; — | Type 021N
filaments filaments not

‘transparent’

Gram negative;
‘clean'

Square or _.-Type 0361
rectangular cells;

‘transparent’ filaments
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1- S.natans

2- M.parricella
3- H.hydrossis

4- N,limicola III
5- Flexibacter

6- Beggiatoa

7- Gram
8- Neisser
Yy- Protozoa

10~ Ciliates

11- Flagellates

12~ Amoebae

13- Floc morphology

14~ Dirersity

15- Dispersed baeterial cells
16- Zoogloea

17- Spirochetes

18- Organic fibres
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