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PREFACE

" A water treatment plant may be compared with 

a Refinery in which the raw material is crude 

and impure water obtained from rivers or lakes 

and the end product is pure water which must 

conform to all rigid standards for drinking 

water. Like all refineries the aim of a Puri­

fication Works is to manufacture at low cost 

pure and safe water fit for human comsumption 

from highly polluted water. This can be done 

only by efficient maintenance and intelligent 

operation of the plant and is solely dependent 

on the personnel managing and running the Works."

( S.Y. Gore 1961 ).
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i. LIJJJiJJJi-QJ

A water works system consists of (a) the source 

of raw water supply, (b) the conduit or open channel taking 

the raw water from the source to the treatment works,

(c) pre-treatment units, (d) filters, (e) chlorinators for 

disinfection, (f) underground filtered water storage tanks 

or reservoirs and (g) service reservoirs, water towers and 

distributory system. All the above seven stages in a water 

works system can be considered from a purely engineering, 

physico-chemical or biological aspect.

All natural surface waters contain a diversity 

of micro-organisms in suspension. '» These low forms of 

life can give rise to various difficulties in the water 

works. They may cause trouble at the filtration stage by 

blocking the beds too quickly or, by penetrating thejbeds, 

$$$$, spoil the clarity of the filtrate. They may render 

the water unpalatable, form unsightly scums or block pipes 

and strainers. In any event the biological examination 

will be of great value in ascertaining the cause of the 

difficulty, in assessing its extent and in controlling 

any remedial measures which may have to be taken "

( Manual of British Water Supply Practice 1954, p. 718).
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So biological management of a Water Works is as 
important as the engineering or physico-chemical management 
and one of the essential characteristics of a good biologi­
cal management is a systematic collection, identification 
and enumeration of the micro-organisms found at different 
stages of the purification system. It is only in this way 
that one can know how far the treatment processes are 
successful in removing the offending organisms. It may also 
disclose the weak points in the system of purification in 
order to evolve an intelligent method of operation of the 
plant and to effectively operate it. The results of a 
regular and systematic biological examination of the Nimeta 
Water Works at Baroda made during 1963 and 1964 are discu­
ssed in this papery and for the first time the Water Works 
Superintendent at Baroda will have an idea of the intensity 
and types of growth in the filtered water supplied to the 
town.

II. Methods and collection of biological 
samples and numerical estimation of 
micro-organisms.

Plankton samples were collected from the raw

\

water inlet, clarified water before reaching the filters 
and from the filtrates of each of the six individual rapid
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Pig* 20. Collection of biological samples with
the plankton net from the filtered water 
well in Rapid Sand Filter Wo.2.



sand filters in operation within the Water Works as detailed 

below;

(a) Raw Water Plankton; This was collected from the 

raw water passing over the rectangular weir by holding the 

plankton net firmly across the weir for five minutes.

The quantity of water passing through the net was 

calculated as follows;

Length of the rectangular weir = 84”
I

The height of water passing over the weir = 10M

The rate of flow of raw water = 3,95,800 gallons per hour.

The diameter of the mouth of the net =6”

. e The approximate quantity of water passing 

through the net in 5 minutes =

= 3,95„800 „ 22 „ 3x3x5 
84 x 10 7 60

1 = 1111 gallons.

(b) Clarified Water Plankton; This was collected by

filtering 50 litres of clarified water through the net 

each time. [

(c) glltred Water Plankton; This was collected 

from the filtred water cell or inspection box as the water 

was passing over the weir in each filter by means of the 

same plankton net which was held across the weir for
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5 or 10 minutes on each occasion. The quantity of water 

passing through the net was calculated thus:-

Length of the rectangular weir = 18”

Height of water passing over the weir = 7"
id.

The rate of flow of filter water over
the weir = * * = 56,000 gph.

The diameter of the net = 6^

. . The approximate quantity ,
filtered water passing 
through the net in 5 minutes

= 56,000 x 22 x 3x3x5 
18 x 7 7 60

= 1048 gallons

(d) Sessile Organisms: The organisms attached to 

the side walls of the raw water channels, sedimentation 

basins and filters were carefully examined on each 

occasion and the organisms found were separately collected 

and preserved for later identification.

(d) Counting of Organisms: -Numerical estimation of 

the organisms found in each situation was made by the 

" drop-sedimentation" method as detailed in the American 

n Standard Methods," and in Part I Section A of the thesis.

III. The Biology of Nimeta Water Works at Baroda.

The Nimeta Water Works system consists of (i) the 

Ajwa reservoir which is the source of raw water supply;

(ii) the two covered-in conduits (30" and 36" diameter )
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carrying raw water from the bottom of the reservoir to the 
Water Works at Nimetaj and (iii) the water works system 
consisting of the raw water flume, two Paterson floceulators, 
open channels carrying the alum-treated and flocculated 
water, three series of rectangular sedimentation basins 
each series containing three tanks, six Paterson rapid 
sand filters, filtered water conduit, the underground 
filtered water reservoir, high level filtered water storage 
tank and the distributory system. The biology of the Ajwa 
reservoir has already been dealt with in Part I- section A; 
and in this paper the biological conditions in the two 
covered-in conduit pipes carrying the Ajwa reservoir water 
for a distance of nearly five miles and in different 
situations of the 1-jmeta Water Works system alone will be 
described.

(a) Raw Water Conduits: Towards the latter part of 
the year i.e. in October 1964 there was a leak in 
one of the conduits carrying raw water about a mile 
from the reservoir towards the Njmeba Water Works. 
That part of the leaky pipe had to be replaced by 
a ne.w one. The Department had to cut open the pipe.
An opportunity to study the inside conditions of 
the pipe was thus afforded. A careful study of the 
deposits revealed that there was an incrustation of 
about 9rt consisting essentially of iron hydrous
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oxide and slimy organic matter. On the outer surface 

of the incrustation there were profuse whitish growths 

of Megascalaris of Porifera, Infusors, Crustaceans, 

Nematodes and Oligochaete worms.

(b) Haw Water inlet at the Nimeta Water Works; - 

The raw water from the-Ajwa reservoir is conveyed 

through the two gravity conduits (3011 and 36u) to 

the purification plane at Nj_meta where it discharges 

into a stilling chamber suitably baffled to quieten 

the delivery and to ensure accurate measurement of 

water and addition of chemicals for clarification.

At the entrance to the stilling chamber a regulating 

penstock is fitted. A scale is attached on the wall 

of the stilling chamber to record the depth of 

water flowing over the seven feet rectangular weir.

Just before the raw water overflows the weir,the 

plankton net was held across a portion of the area of 

the weir for five minutes every time. As the length 

of the weir, the area or cross section of the water 

overflowing the weir, the rate of flow of raw water 

and the diameter of the net are known, the quantity 

of water passing through the net was calculated on 

every occasion as shown at the beginning.
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After five minutes, the catch retained by the net 
was carefully washed and transferred to specimen tubes 
to make a volume of 15 ml and later preserved after a 
microscopic examination in the field laboratory by the 
addition of enough formalin to make a 4% solution. The 
sediments were later measured after centrifuging and 
again made up to a much smaller volume for counting 
depending upon the density of the organisms in the 
sediments.

The plankton flora and fauna identified from 
catches made during the two year period from the raw 
water are listed below;

A. PHYTOPLANKTON

CHLOROPHYTA
1. " Cosmarium depressum Fag.
2. Cosmarium contractum Kirchn.
3. Odegonium Sp,
4. Pediastrum simplex. Meyen.

EUGLSNOPHYTA
5. Trachelomonas volvocina (Shrenb.)

CHP.Y50PHYTA
6. Botryococcus Bra»nii

bacillariophycbae

7. Achnanthes exilis (Kutz).
8. Achnanthes minutissima (Kutz).
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BACILLARIOPHICEAB (Contd.)
9, Amphora beneta (Kutz) Bust.
10. Gocconeis placentula (Ehr.) var. lineata.
11. Cymbella affinis (Kutz).
12. Cymbella mieroeephala (Gran).
13. Cymbella tumida (Breb.) V.H.
14. Diploneis (Cf. D. Smithii) Breb,
15. Epithemia sorex (Kutz).
16. Epithemia argus (Kutz).
17. pragillaria crotenensis Kitt.
18. Gomphonema gracile var. auritura (A.Br.) V.H.
19. Gomphonema gracile var, dichotomum (W.Sm.)Y.H.
3D. Gomphonema subclavatum Gran.
21. Mastigioia smithii v. amphicephala Gran.
22. Melosira granulata var. angustissima 0. Mull.
23. Navicula eryptocephala Kutz.
24. Nitzschia ( cf. N. acicularia W.Sm.)
25. Nitzschia Kutzingianaaa 0. Hilse
26. Plsurosigma delicatulum W. Sm.
27. Rhopalo^dia gibba (Ehr.) O.Mull
28. Surirella tenera var nervosa A.S.
29. Synedra ulna (Nitz) Ehr.
30. Synedra acus (Kutz)
31. Synedra acus var. radians (Hust).

CZMQPRYTA
32. Anabaena sp,
33. Anacystis cyana (Kutz) Dr. & Daily.
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CTANOPHYTA ( Contd. )
34. Cylindrospermum sp.
35. Micro»coleus ehthonoplastes(Mert) Zanard.

B. 20Q-PLAHRT0H 

PROTOZOA
1* Arcella /
2. Difflugia hydrostatica
3. Centropyxis
4# Lecquerevsia
5. Vortieella —

ROTIPERA
6. Anuracopsis coelata
7. Anuracopsis fissa
8. Aseomorpha saltans indiea
9. Brachionus angularis
10. Brachinous caudatus
11. Brachinous diversicomis
12. Brachinous falcatus
13. Brachinous forficula
14. Cephalo-della gibba
15. Cephalo-della: megalo-cephala
16. Collotheca
17. Colurella oxycauda
18. Dicranophorus epicharis
19. Euchlanis dilatata
20 Filinia terminalis
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RQTIFBRA ( Contd. )
21. Keratella valga tropica.
22. Le.cane arcuata
23. Lecane arcula
24. Lecane bulla
25. Lecane clostero-cerca 
26® Lecane galeata
27. Lecane hamata
28. Lecane harringi
29. Lecane hornimanni
30. Lecane luna
31. Lecane lunaris
32. Lecane papuana
33. Lecane quadridentata
34. Lecana thienemanni
35. Lecane unquitata
36. ■ Lecane ungulata
37. Mytilina ventralis
38. Notommata
39. Pidalia
40. Polyarthara
41. Pompholyx complanata
42. Ptygura furcata
43. Ptygura sp.
44. Testudinella patina
45. Tetramastix opoliensis
46. Trichoeera mycersi
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ROTIEERA (Contd.)
47. Trichocera ruttneri
48. Trichocera similis
49. Bdelloidea ' "

COPEPODA
50. Allodiaptomus Raoi Kiefer.
51. Allodiaptomus c.inctus (Gurney).
52. Mesocyclops leuekart deccanensis (Lindberg).

53. Mesocyclops
54. Nauplius larvae
55. Diaptomus
56. Helio-diaptomus cinctus Gur.

57. Harpatctictade 

CLADOCERA
58. Alona Baird

59. Alona affinis

60. Alona Cf. Archeri
61. Alona chydorus

62. Alona macrothrix

63. Alona verrucosa

64. Alona cambouei
65. Alona intermedia
86. Alone11a karua
67. Bosminopsis cf. Pernodi
68. Cerodaphnia riguadi Rich.
69. Chydorus Barroisi
70. Daphnia lumhdt zi
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CLADOCERA (Contd.)
71. Biaphanosoma paucispinosum Brehm.
72. Dunhe vedia
73. Macrothrix Baird
74. Moina dubia Rich.
75. Sida sp.

PORIFERA
76. Megascalaris (of a fresh water sponge).

Percentage composition of the different plankton groups;

TABLE MO. 1

Name

(a) PHYTOPLANKTON

of the algal group No. of species %of the total
1. Chlorophyta 4 11.1
2. Euglenophyta 1 2.9
3. Chrysophyta 26 72.2
4. Cyanophyta 5 14.1

Total ., 36 100.3
(b) ZOO-PLANKTON

1. Proto zoa 5 6.7
2. Rotifera 44 , 58.7
3. Copepoda 7 9.3
4. Cladocera 18 24.0
5. Pori fa ra 1 1.3

75Total 100.0
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THE DOMINANT & CONSTANT FORMS:
"

The Most dominant algal organisms were Pediastrum 
simplex Meyen, Trachelomonas volvoeina. Botryococcus 
Braunli; Achnanthes exilis (Katz); and Surlrella tenera 
var nervosa A.S.

Among the zoo-plankton organisms the dominant ones 
we re * Annracopsls eoelata; Brachionua diverslcomist Brachl- 
onua forflculas Keratella valga tropicas and Bdelloidea of 
the Rotifer group} Meaoeyclops leukart deccanensis (Lindberg); 
and Naupllus larvae; of the Copepoda group; Daphnia 
Lumholtzi of the Cladocera group and Megascalarla of a 
fresh water sponge.

(o) Raw Water Channels Carrying Alum Treated and 
Flocculated Water to the Sedimentation basln3

Spirogyra 3p. in long trailing filaments were seen 

attached to the two side walls of the channels carrying the 
alum treated raw water. This was found almost throughout 
the year. These were periodically scrapped off by manual 
labour.

Microcoleus chthonopleastes (Mert) Zanard and Micro­
coleus subtorulosus (Breb) Gora., sporeless indet., were the 
two other organisms which were, seen in M Carpet-like **, thick, 
growths attached to the walls and bottom of the channels.



H7

Fig. 21. Photo-micrographs of organisms from the 
raw and sedimented water.



These carpet-like, thick, slimy growths were found to peal 
off from the sides on some occasions, and to be carried 
off to the sedimentation basins, where they began to have 
another lease of life*

(d) Sedimentation basins: Raw Water with or without 
treatment with alum is flocculated by means of two Alexan­
dria type of Paterson flocculators and sedimented in 3 rows 
of rectangular tanks of the old conventional ” over and

i

under flow” type with three compartments in each. Each of 
them has a conical hopper bottom with ridges and furrows 
in which holes are provided for scouring the accumulated 
sludge periodically^hydrostatic pressure. The retention 
time is stated to he 3-4 hours.

The biological conditions in the sedimentation 
basins are described below under two heads* (a) Sessile 
organisms; and (b) planktonic organisms.

(a) Sessile Organisms 
TABLE No.2

Date Organisms

24.4.1963

24.5.1963

1. Mollmsgan fauna; Succinea putris. 
ii. Spirogyra sp. upto a depth of 10 feet 

seen in long trailing filaments.
Globular slimy balls seen sticking to the 
sides of the basins. They consisted $£ 
of Rivularia globiceps.
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20-5-1963^ Spirogyra So. seen slowly developing
19-7-1963 "" ^Molluscan faunas Succinea putris and

Limriaea palustrls (Hull)
30-3-1963 Spirogyra Sp*. Osclllatoria limnetlca
25-9-1963 Spirogyra Sp*, Osclllatoria limnetlca
24-10-1963 Oedojtonium So.

Spirogyra Sp«, Megascalaris of a fresh 
water sponge.

29-11-1963 Very young molluscan fauna and a few 
bigger ones also seen sticking to the 
sides in hundreds*

19-12-1963 Gastropods in different stages of growth 
seen attached to the walls of all the compartments in hundreds.

23-1-1964 Slight slimy growth of Spirogyra sp*
24-3-1964 Gastropods seen again attached to the 

side walls.
28-4-1964 Gastropods in thousands seen.
11-6-1964 A few gastropods seen.
24-7-1964 Spirogyra and a few gastropods.
28-8-1964 Shrimps in abundance seen. Long trailing 

filaments of Spirogyra sp.
24-9-1964 Gastropods. Spirogyra and Osclllatoria Sp.
24-10-1964 Gastropods. Spirogyra and Oseillatoris Sp.
aS-11-1964 Spirogyra Sp., Naias plant visible in 

one of the compartments.
17-12-1964 - do - - do

(b) Planktonic organisms:
The organisms found In a litre of the clear sedimented 

water are show* in Table No. II ( Appendix)* Fifty litres of
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water were strained through the net and the catch obtained 
was examined. The table shows that the number of organisms 
found is comparatively less than that in raw water i.e, 
about 18# of the number of species for raw water are seen 
in the sedimented water.

(e) FILTERED WATER

The effluents from each of the six Paterson rapid 
sand filters were examined for their planktonic content 
systematically as detailed at the beginning of this paper. 
The results of the qualitative and quantitative micros­
copic examination are shown in Table No. Ill ( a to f ) 
from which the following conclusions are made,

(i) The number of genera in each group recorded in 
the filtrates from the six rapid sand filters is shown 
be lows

TABLE NO. 3Name of the
group. Number of the genera recorded inlaw *Filtrate from Rapid Sand Filter No. 

water* ^ s 3,4 5 6
A.Phytoplankton

Chlorophyta 4 1 1 1 1 1 1
Euglenophyta 1 - 1 1 - - -
Chrysophyta 26 1 2 1 1 1 1
Cyanophyta 5 - - ' - - - «*

Total ... 36 2 4 3 2 2 2
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Fig. 22. Photo-micro graphs of phyto and zoo­
plankton organisms eollaeted from the 
filtrates from the Rapid Sand Filters.



TABLE NO.Ill (Contd.)

Name of the Number of the genera recorded In
group flaw *Filtrate from Rapid Sand Filter No.

miter* 1 2 3 4 5 6
B«Zoo-plankton:

Proto zoa 5 1 1 1 1 1 1
Botifera 44 31 29 28 18 24 20
Copepoda 7 3 3 3 3 3 3
Cladocera 18 4 3 3 3 4 4
Ollgochaeta 1 1 - 1 1 1 1
Nematoda 4 4 2 4 3 4 4
Porifera 1 1 1 1 1 1 1(megascaleres) , -- - - - - - .. ...

Total ... 80 45 39 41 30 33 34

From a study of the above table, it will be seen 
that while comparatively few plant organisms passed 
through the filters, a largest percentage ( 56.2 ) of ^ 
animal organism passed through Filter No. 1 and the 
least ( 37*5 ) passed through the Filter No. 4.

(ii) The names of the species passing through the 
rapid sand filters are shown below*
A. Phytoplankton

a) Chlorophyta * Pediastrum simplex. Meyen
b) Buglenophyta - Trachelomonas volvocina(Enrenb)

Ic) Baeillarlophyceae - Surirella tenera var nervosa.
A.S. Nitzschia (cf. N. acieula- 
ris W. Sm).



B. Zoo-Dlankton
d) Protozoa - Centropyxis
e) Rotifers - Anuracopsis eoclata

Anuracopsis flssa
Ascomorpha saltans indiea
Brachionus angularis
Brachinous caudatus
Brachionus diversicomis
Brachionus falcatus
Brachionus forfleula
Cephalodella gibba
Cephalodella me galocephala
Collotheca
Golurella oxyeauda
Bicranophorus epicharis 
luchlanis dilatata
Filinia terminalis
Keratella valga tropica
Lecane arcuataLeeane arcula
Lecane bttlla
Lecane closterocera
Lecane galeata
Lecane harringi
Lecane luna
Lecane lunaris
Lecane papuanaLecane quadridentata
Leeane unquitata
Lecane unqulata
Mytilina ventralis
Notommata Sp.
Pidalia Sp.
Polyarthra Sp.
Pompholyx complanata
Ptygura furcata
Tetramastix opoliensis
Trichocera mycersi
Trichocera ruttneri
Trichocera similis
Bdelloidea

Rotifers are reported to be '» often present in 
small numbers although their growth seldom, if ever reaches 
troublesome proportions'* in the water works of England 
{[Manual of British Water Supply Practice 19S4, p.7235.
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Fig. 23. Photo-micrographs of oligochetes and 
Nematodes in the filtrates from the 
Rapid Sand filters.
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But it is not so in Baroda.

f) Copepoda Mesoeyelops leuckart deccanensis(Lindberg)
Nauplius larvae '
Diaptomus

g) Cladocera Bosminopsis cf. Pemodi.
Cerodaphnia riguadi Rich.
Daphnia Lumholtzi.
Diaphanosoma pauclspinosum. Breb.
Moina dubia Rieh.
Maerothrix Baird.

w Like the Rotifera the Entomostraca rarely cause 

difficulty in Water Works but the brown winter eggs of 

Cladocera often collected, forming thick scums in the 

comers of reservoirs and filter beds1' ( Manual of British 

Water Supply Practice 1954, p. 723).

i) Nematoda Aposcelaimus sp.
Cylindrocorpus Sp. 
Ironus Sp. 
Myoliaaus sp.

j) Porifera Megascaleres. 
(Fresh water 
sponge)

(iii) Constant Forms?

Of these, the forms occurring constantly in 

almost all the collections during the two year period were:

(a) Chlorophyta - Pediastrum simplex. Meyen*
(b) Bacillariophyceae - Surirella tenera var nervosa A.S.
(c) Protozoa - Centropyxis
(d) Rotifera - Keratella valga tropica
(e) Copepoda - Mesoeyelops leuckart deccanensis

(Lindberg). Nauplius larvae 
(f ) Cladocera • Daphnia lumholtzi
(g) Porifera - Megascaleres.
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(iv) DISCUSSION OF RESULTS

(a) Occurrence of Zoo-plankton organisms in the 

Filtrates*

From the foregoing it is evident that a fairly 

large number of planktonic organisms, especially soo*plankton 

forms are passing through the six rapid sand filters. Of 

the 110 genera recorded for raw water, 47 genera In all 

are passing through} and of these 7 genera are almost 

always found indicating that they are really troublesome.In 

the Water Works in England 68 genera are stated to have 

caused trouble, though only in the case of 28 can the 

difficulties be classed as acute.

The organisms reported as having eaused difficul­

ties in British Water Works are classified under five heads: 

(a) those blocking filters, (b) penetrating filters,

(c) causing taste or odour, (d) growing in pipes, filter 

drains etc. and (e) causing unsightly scums. Of these five 

categories of the organisms, we are concerned only with 

one group viz. those organisms, which are reported to 

penetrate through the filters. They are, listed below*

TABLE NO. IT

Group
Phytoplankton

Diatoms 
I sokontae

Chrysophyeeae
Euglenineae

Genus

Synedra,Nitzscbla & Stephanochiscus
Green unicells ("Pleuroeoecus1*) &
Chlamydomonas
Synura and Mallomonas
luglena
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Zoo-plankton
Rotifera - Diglena, Colurella,Anurea, Polyarthra

& Tirathra
Crustacea - Cyclops, Diaptomus, Canthocampus,

Niphargus, and Daphnia

But, Cyclops, Daohnlds, Nematodes. oligochetes 
and Megascaleres of Porlfera (Freshwater sponge) have been 
noted in the filtrates from the rapid sand filters of 
Baroda. George and Kausik (1964) have reported about the 
presence of Nematodes alone in the two water supplies 
(Rapid Filtration Plants) at Delhi drawing water from the 
river Yamuna. The worms were stated to be unaffected by 
the excessive doJg$ of more than 1.1 ppm of residual free 
chlorine. They have been identified as Triplidae Andrassy 
(Syn. Trilobus) of the family Triplidae in different 
stages of growth. But the nemas found in Baroda belong to 
different families altogether. Four genera have been 
recorded and they are* Aposcelaimus syllndrocorpus sp., 
ironus sp., and Myoliamus Sp. Of these Cylindrocorpus Sp. 
and Myoliamus Sp. were most numerous. They were not 
affected by the terminal dose of residual chlorine, of 
0.2 ppm. According to Dr. Calaway (personal communication) 
who helped us in the identification believes that they are 
present either in the form of eggs or adults in the under­
drains of the six rapid sand filters at Baroda. Chang et al 
(1959) and Chang et al (i960) have also reported about the 
passage of nematodes through rapid sand filters in the 
Water Works of some cities in the United State of N. America.
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Cyclops have been recorded by Crabill (19S6) in 
the Water Supply at Indianopolis. The eggs of these 
organisms were not killed by the dose of chlorine applied 
at the plant and very large numbers of these organisms 
'were able to pass through the filter sand and hatch out 
and develop in the mains. He has suggested the addition of 
cupric-chlor-amine as being very effective against Hals,** 
Worfes. Water fleas, rotifers and nematodes. Hart ( 1957 ) 
found Cyclops. Daphnia. Hais and Nematodes in the Water 
Supply of Paringdon, England. He was able to destroy Naias 
worms using a free chlorine residual of 0.5 ppm in thirty 
minutes, while Nematodes, Cyclops and Daphnia required 
much heavier concentrations to kill them. English (1958) 
tried to kill Daphnia with pyrethrins and found that it 
required a dose of 1.0 ppm within 2d hours and 0.1 ppm 
within 48 hours.

(b) Significance of the occurrence of Nematodes:

Cobb (1918) was perhaps the first to draw the 
attention of Water Works Engineers to the presence of 
nematodes in slow sand filters. Later Chang and his co- 
workers £ 3959,1960 (a} i960 (bj have reported about
their occurrence in the final distributed waters of some

/

cities in the States, and urged the necessity for an 
understanding of their possible role in disease transmission.
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Kelly (1955) and Chang (1960) have demonstrated the ineffec 
tiveness of chlorine in controlling them. The latter also 
showed that nematodes which preyed upon pathogenic bacteria 
and viruses gave complete protection although 90$ of them 
were immobilised. Recently Engelbrecht and Austin ( 1965 ) 
and Calaway (1963) have discussed the factors influencing 
their occurrence in Water ^Supplies and the various genera 
recorded in Water Supplies. Calaway (1963),ftp. 100) states*
“ The occurrence of nematodes in the treated waters of 
various cities has been of recent primary concern. Most of 
these worms which we are considering here are normally the 
inhabitants of the soil. Their presence in water then 
indicates that contamination is occurring. This is not a 
definitely polluting contamination, but it does indicate 
the incipient danger of contamination of possible sanitary 
significance. The presence of nematodes may be likened 
to a high bacterial plate count or even to the presence of 
Aerobaeter aerogenes,both of which may arise from soil 
contamination, but both the worms and the bacteria raise 
some question concerning the quality of the water examined. 
The presence of nematodew in water supplies presents 
problems the actual severity of which cannot be fully 
evaluated because of the present state of our knowledge. 
Wot only can the presence of these worms be likened to 
high bacterial counts, but since many of them feed on 
bacteria or prey upon other organisms that are bacterial



feeders, they are associated with conditions that produce 
high bacterial plate counts. They are found in many surface 
waters in varying abundance and their presence in well 
waters is known to occur when conditions in the aquifer 
allow the entrance of surface waters. Such conditions may 
make the supply subject to sanitary pollution. Gobb 
stated in 1918 paper already cited that nematodes were 
eommon in the tap water of some cities.M

^ The two reports of Chang et al (9) and Chang 
et al (10) then should be no real news to those interested 
in Water purification and quality. These reports only 
give further specific instances of the occurrence of 
these animals whose presence in many tap waters has been 
known for almost half century. Therefore, the American 
Waterworks Association, in a recent article (11), has 
taken what appears to he a fairly logical stand which may 
be summarised as follows:n

" Since the presence of nematodes in raw and tap 
waters has been known for a number of years and there are
no known cases in which the relation of their presence

\
to disease has been traced, their occurrence in a water, 
while not desired, need not be a cause for excessive alarm. 
So the major problem they pose at present is an aesthetic 
one and research is going on in the States for a better 
understanding of the subject with a view to develop 
adequate methods of their control ( Engelbrecht &
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Austin 1965) n. Peterson (1965) has studied the removal of 

free living nematodes by rapid sand filters and concluded 

that (a) the present worm removal was independent of con­

centration at the flow rate, concentrations and length of 

filter periods studied; and that the concentration of worms 

in the lower layers of sand increased with the increased 

worm removal by the filter.

(c) Causes for the penetration of Zoo-plankton 

organisms.

Again, in the Manual of the British Water Supply 

Practice (1954, p.744) it is stated; ’• It has been 

recognised, however, that under some circumstances the 

rapid sand filter is an imperfect method of removing 

plankton unless used in conjunction with chemical treatment. 

Indeed the removal of micro-organisms may be anything from . 

100 per cent downwards, according to conditions. The case 

with which plankton penetrates a sand bed will depend on 

several factors, the principal ones being the types of 

growth, the velocity of filtration and the grading of the

sand. Apparently there are very few data as to the relative
UnJL

importance of these factors, though they likely to be 

effective. For instance flagellate organisms like 

Suglena, Synura and Chlamydomonas penetrate with great 

facility, probably because of their motility, and there 

can also be little doubt that the higher the - rate of^low, 

the more easily the growth will wash through. Obviously,



too, sand grading is important and here it has to be borne 
in mind that the sand in rapid filters may become encrusted 
with Chalk when a water of high temporary hardness is being 
filtered? «

" If a plankton growth is tending to penetrate a 
bed it may only be washed through quite gradually, the zone 
of penetration slowly spreading downwards. It may be some 
hours before this zone reaches the under drains and the 
clarity of the filtrate becomes visibly impaired. In these 
circumstances the bed is in effeet acting as a large 
" trap *, and frequent washing, even though the bed is not 
blocking, will sometimes help to maintain a filtrate of 
low algal content".

Let us now examine the several factors mentioned
!

above which are likely to cause the trouble at Baroda.
The bed of sand is the » heart "of a rapid sand filter 
and it may be considered first:

Filter Sand: Filter sand from one of six rapid 
sand filters l.e. Filter No. 5 was collected on 19.7.1963 
and its characteristics were determined as detailed below*

Size grading* Samples of sand from different 
depths were taken from six different places after drain­
ing away the water; and representative samples were 
analysed for particle size. The results are shown below:
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TABLE NO. V

Sand taken from Effective
depths_____ ( mm )

0" - 6n 0.53
6" - 12" 0.56
12" - 15" 0.56
15" - 18" 0.57
18" - 24" 0.60

Average 0.564

Size Uniformity
____  Coefficient

1.47
1.51
1.51
1.66
2.37( Coarse 

'____ sand mixed?!
1.70

In the six Paterson rapid sand filters at Baroda, 
filter sand which passed through a 16-mesh and retained on 
a 30-mesh sieve has originally been used. Ordinarily such 
a sand will correspond to an effective size of 0.54 mm and 
uniformity coefficient of 1*33 ( Jain & Dhaneshwar i960).
But the effective size of sand in actual use is slightly 
higher than the normal size.

In England it is usual to specify the grade of sand 
to be used as that which passes a 16-mesh and Is retained on 
a 30-mesh sieve, the meshes used being in accordance with 
B.S* 410s/1943. The meshes lave a nominal width of 1.003 mo 
and 0.5 mm respectively. According to British Practice the 
terms " effective size and uniformity coefficient "developed 
by Hazen in America have no particular meaning.
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True Density of the Sand

TAB IE No. 6

Sand taken from 
depths

0“ - 6"

6" - 12“
12” - 15”
15" - 18"

13“ - mn

True density

2*2
2.3
2.2
2.5
2.5

.Average 2.34

The silica sand has a density of 2.6 but the 
average density of sand used in the filters is 2.34 only 
and it shows that it is lighter so that washing may not 
be effective.

TABLE NO. 7

Sand taken 
from depths

Moisture Organic
matter

Insoluble Calcium

0" - 6” 0.416 1.50 98.0 0.062
6" - 12“ 0.580 1.58 97.5 0.092
12“ - 15“ 0.600 1.60 97.9 0;053
15“ - 18“ 0.545 1.03 96.2 0.049
18“ • 24“ 0.520 2.10 96.2 0.076

Average 0.532 1.56 96.8 0.064
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The bottom layers of the sand seem to contain 
more organic matter indicating that fouling of the under­
layers had taken place in the filter. The quantity of 
Calcium also is very low, and the hardness of raw water 
is also not very high.

w The depth of sand provided in the filter usually 
is considerably greater than the maximum penetration which 
is likely to occur with a normal type of water. This extra 
depth provides an ample safety factor and is normally 
capable of dealing with the finest suspended particle 
likely to occur* (Manual of British Water Supply Practice 
1954, p. 420). In the Paterson rapid sand filters at 
Baroda the depth of fine sand is 24 inches so that normally 
it should be capable of dealing even with the smallest 
sized micro-organisms. But that is not so.

Velocity of filtration; The rate of filtration is 
ordinarily 80 gallons per square foot per hour for a major 
portion of the year and is 100 gallons for the summer 
season. This velocity of filtration is also normal and 
therefore, cannot be held responsible for the penetration 
animal plankton organisms through the filters.

Type of growths; Most of the organisms passing 
through the filters are rotifers, copepods, crustaceans, 
nematodes and oligochaetes, which are comparatively larger 
in size.
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There is one special feature of the Water Works 
practice at Baroda which calls for comment. The Water 
Works authorities at Baroda do not add alum for nearly 
seven months in the year (January, February, Marfh, April 
October, November and December) on the plea that the 
turbidity of the raw water then is about 10 or less than 
10 ppm. It is a point for consideration whether it is a 
correct practice to do so. It has already been pointed 
out in the Manual of British Water Supply practice (p.744) 
that * under some circumstances the rapid sand filter is 
an imperfect method of removing plankton unless used in 
conjunction with M Chemical Treatment". Indeed the 
removal of micro-organisms may be anything from 100 per 
cent downwards according to conditions*. So, it would 
appear that the non-addition of alum for seven months in 
the year may be a contributory factor for the passage of 
the large sized rotifers, cyclops, daphnids, nematods 
and oligochaetes.

A careful examination of the surface of the 
sand filters was done several times with a view to find 
out whether any cracks had developed on the sand surface. 
The surface, after draining away the water revealed a 
number of cracks including side-wall shrinkage on all the 
occasions. A typical picture of the sand surface in filter 
No. 5 taken on 30th August 1963 is shown
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The cracks were several inches deep. Also, the 

fact that the bottom layers of sand contained more organic 

matter would seem to confirm the observation that the 

zoo-plankton organisms were most probably passing through 

the side wall shrinkage and cracks formed on the filter 

sand surface.

(d) Control of Filtrate turbidity:

Its importance has not yet been realised in 

India, as the following will show: Although the tX.S.P.H.S. 

the W.H.O. and the Govt, of India have specified 5 units 

of turbidity as permissible for public water supplies, 

it is not known why the water works authorities at 

Baroda were filtering at all their raw water from the 

Ajwa reservoir for seven months in the year when the 

turbidity was less than 10 ppm and also when no alum was 

being added during that period. Even after filtration the 

turbidity of the filtrates was never below 1.0 ppm though
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it was recorded so* The observations of Rankine, an 
authority on water treatment may be appropriate in this 
connection* tt in operator of a filter plant would be 
horrified if his plant turned out a treated water no 
better than this standard permits* In fact, if he has a 
turbidity of over 1*00 ppm he is probably worried. Most 
specifications, even for pretreatment units a-head of 
filtration, require an effluent turbidity of not over 10 
ppm and S ppm is not at all uncommon in actual practice, 
fhe effluent of a pre-treatment unit thus theoritically 
complies with the foregoing standard but obviously no 
operator would think of turning it directly into the 
mains ..•w.

Again, Walton (1956) from an interesting study of 
about 80 water treatment plants in the States for finding 
out the relationship existing between incidence of infec­
tious hepatitis and the quality of the treated waters 
established bacterial quality. He found low hepatitis 
morbidity rates in elties supplying filtered waters of 
excellent bacterial quality and very low turbidity of less 
than 0*1 ppm.

Again, Hudson (19$^) has furnished data showing 
the relationship between filtered water with extremely
low turbidity and virus diseases as shown belows
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\

City Average Residual1 Per 100.000 population
turbidity 
of filtered 
water( units)

Chlorine *
( ppm ) 1

t
Jaundice
cases

Polio cases

1 1.0 0.8 130.0 No data
2 0.66 No data 13.3 10.2
3. 0.20 1.0 8.6 7.9
4 0.08

/
0.66 4.7 3.7

It will be evident from a study of the above the 
correlation between the incidence of virus diseases and 
the amount of clarification expressed in terms of filtrate 
turbidity. The clea^the filtrate the iess the incidence 

of viral diseases. So, the importance of controlling the 
final turbidity of filtered water will be evident. A much 
greater refinement of filter performance is needed parti­
cularly in regard to turbidity at Nimeta Water Works at 
Baroda. The turbidity of filtered water should not average 
more than 0.1 ppm and in which case no organism* is likely 
to pass through. Naturally, fine control of turbidity 
requires highly accurate and precise testing instruments 
and cannot be achieved by the use of turbidimeters now in 
use in the water works at Baroda.

(e) Remedial measurest So, the following remedial 
measures are suggested for preventing the penetration of 
zoo-planktonts through the rapid sand filters into the



filtrates* The first step that is recommended is the 

break-point chlorination of the raw water, the break­

point doses varying between 1.8 and 2.9 ppm. This will 

kill all the organisms and also precipitate them in the 

sedimentation basins. Next, the correct dosage of alum 

should be added irrespective of the raw water turbidity 

throughout the year. Thirdly, once a fortnight one or two 

beds at a time after back-washing should be completely
r

drained, raked and the sand exposed to atmosphere for 

drying. In this way, the organic and inorganic coatings 

on filter sand will dry up. Then the filters should be 

back-washed immediately so that the fine dry dust of 

organic and inorganic matter may be removed. Fourthly, 

every month one filter may be super-chlorinated for a 

period of atleast one hour and then back-washed. By all 

these measures it should be possible to free the filtrates 

from any organic growth of animal or vegetable origin.

$$$$ *****



.1.53

V. S_Um_R Y

1. The biological conditions in the different 
situations of the Nimeta Water Works system 
were examined for a period of two years.

2. Largest per centage of 56.2$ of the genera was 
found to pass through the rapid sand filter No. 1 
and the smallest per centage of 37.5$ of the genera 
was found to pass through the rapid sand filter 
No.4. In the remaining four filters the percentages 
of genera penetrating through them were found to 
vary between these two limits.

3. The causes for the break-through of the zoo­
plankton organisms have been investigated and 
practical remedial measures have been suggested.

$$$$$$$$$
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