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THE SEVEN CELL OXIDATION  POND *»
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Raw sewage of Ahmedabad has been utilised directly
for irrigation since 1894, after screening and removal of
detritus in the two pumping stations. The fotal éuantity of
sewage and industrial wastes at present is about 50 mgd. of
which about 10 mgd. consists of treated textile mill wastes.
Owing to the limited avaiiable area of about 2856 acres in
the farm, most of the sewage finds its way into the river
Sabarmati throughout the year excepting the monsoon season,
when the entire sewage is diverted into it. So, inadeqguacy
of the farm area, épplication of a heavy dosage of raw
sewage on land and the_resultant odour and mosquito

nuisance have all created problems for an immediate solution.

One of the remedial measures taken by Mr. M.J. Xakkad,
the city Engineer, was the construction of a series of
stabllization lagoons in the Pirana Sewage Farm beginning
from four ce;ls in April 1961 to seven cells in 1943. The
results of examination of the bio-chemical changes taking
place in each of the seven cells or ponds working in series

during the year 1963 are discussed in this paper.

2. BSTRUCTURAL FEATURES OF THE PONDS3.

(2) Location: The ponds have been constructed at

the junction of the farthest end of the auxilliary sewage
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main carrier and the sewage channel which branches off
from the main carrier from the spot where the single unit
pilot-plant oxidation pond is located in the Pirana sewage
Farm (Fig.2b). The sewage after a travel of nearly six

miles in these open channels resches the ponds.

(b) Topography: The area in which the ponds are
situated is on the eastern bank of the river Sabarmati,

and is open and exposed to prevailing winds.

(e) 80il characteristics: The ponds are situated

on a sandy loam extending to a depth of 25 fect.

(d) Shape of the Ponds: The first three ponds are

rectangular, the next three are quandrilaterals and the
last one is triangular and have bsen constructed according

to the suitability of the available area on site.

. (e) Area and Volume: The area of each of the seven

ponds and their volumes are given for 4' and 5' depths in

Table No. I.

BOTTOM: The bottom is a natural sandy soll made as
level as possible and having no obstruction to circulation.
No attempt was made at artificial sealing of the bottom as
that would have increased the cost of construction of the
ponds, which came to about Rs.3000/~ per acre. Also this

portion of the farm was used as "drying beds"™ ( Ganapati
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et al 1965) for more than a decade and so the bottom had
become compacted and relstively tight to prevent excaessive

seepage.

DYKES: The embankments are also made up of

excavated soil from the surrounding sandy area and they
were compacted where required by buttressing the sides with
the city refuse collected by the municipal conservancy
department. Top width is about 4 fest, free board is kept
minimum at 2 feet in ofder to allow the act%on of wind to
play fully uvon the water surface of the ponds. No attempt
was made to prevent erosion of the inner sides by pitching
as that would also have increased the cost; and the inner
and outer slopes were kept at two horizontal to one vertical.
The embankments were not seeded. Yet rank vegetation was
found to grow almost thrqughout the year on the innerside
slopes aboul water level. They were removed by manual
labour of the strength of one person per vond which

prevented the likely breeding of mosquito larvae.

inlet and Outlet arrangements: The inlet and out-
let to each pond were made of Hume pipes of one foot in
diameter simply placed on the dykes pending the construc-
tion of regular welr structures their inverts being 5 feet
from the bottom excepting the inlet to the first pond, and
the final outlet which were provided with regular steel

welrs each measuring 2'-6". The inlets were also located

diagonally to the outlets in each of the ponds so that
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there was no possibility of short circuiting.

3. CLIMATIC CONDITIONS

The climatic conditions for 1958 are shown in
Table No.l (Appenxix). It will be seen from a study of the
Table that the range of temperature is highest during
summer { 18.é~41.2) and 1ow§st during the cold weather
~(12.3-38.6). The range of monthly hours of bright sunshine
(357.7-281.3) is also highest during the hot weather and
lowest (119.8—202.1) during the monsoon season. During
the cold weather the range of monthly hours of bright
sun-shine is comparatively higher than in the monsooﬁ and
post-monscon seasons although the temperature range is
comparatively lower. In the post-monsoon season the
temperatﬁre and the hours of bright sunshine are compara-
tivgly higher than the respective minimum ranges. Also the
total annual rain fall and the monthly fall are not high.
So it would appear that all the year round favourable
conditions for growth of algae for the produqtion of
photosynthetic oxygen seem to exist in Ahmsdabad. The

total evaporation per annum is about 5 ft.

4, FEED SEWAGE: ITS QUALITY & QUANTITY.

i

The essential characteristics of the sewage of

Ahmedabad have been described in detail by Kothandsraman
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et al (1962). Suffice it to say that the sewage which was
feeding these ponds had travelled over a dista§ce of
nearly six miles in open carriers oy channels as a result
of which a certain amount of natural purification had
>taken place (Ganapati and Bppardikar 1962). It is a
strong domestic sewagé mixed with textile mill wastes in
the ratio of nearly 4:1. The quality of sewage entering
the first pond is described at the appropriate places in

the body of this paper.

The quantity of sewage flowing ;nto the first vond
was found to fluctuate between 1.0 and 5.0 mgd. depéﬁ&ng

upon the time of the day.

5. COLLECTION OF SAMPLES

Grab samples were taken once a week and in'special
cases twice a week at about 11.00 a.m. and 12 noon, fronm
all the seven ponds from one and the same place i.e. near
the inlet of Pond 1 and from the outlets of each of then.
Thes sets of samples were taken from each pond in the
following order. Samples for Chemical examination were
taken first, next for bilological examination. Two separate
sampless; one for dissolved oxygen and the other for BOD
were taken in narrow mouthed glass stoppered bottles of
250 ml capacity, taking the usual precautions for exclud-

ing air bubbles.
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A1) examinations were done under comparable
conditions and the maximum time between collection and
analysis did not excesd one hour. Temperature and colour
of the liquid as it appeared to the naked eye were recorded
for studying the physical conditions. Tests for dissqlved
oxygen, 5~day BOD, oxygen consumed from acid permanganate
at 27°C, alkalinity, chloride, ammoniacal nitrogen and
phosphates were done for studying the important chemica}
conditions. Numerical estimation of the dominant algal
organisms was also made by the drop-sedimentation method.
The methods followed for the tests were the same as those
deseribed in the first paper, Part II. The data collected
under physico-chemical, and bilological conditions are
presented in a series of basie tabulations condensed to
form monthly averages separately in appendix. A discussion
of the salient features of each important factor is made
in the body of the paper. All results are expressed in -

milligrams per litre or parts per million unless otherwise

stated.

6. PHYSTICAL CONDITIONS

(a) Temperature (OC): Maximum and minimum varig-

tions: The monthly averages are shown .in Table 2 in the
appendix from which the maximum and minimum values for

each of the seven ponds are shown below:
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TABLE NO. "2¢
Maximum Minimum Armmual
Source Temp. Month Temp. Month average
“Inlet to Pond I 32,8 May & 24.5 Jan. 30.2
Jine
Effluent from :
Pond No. I 30.8 May . 2.8 Jan. 27.9
- do - IT 30.7 May 20.9 Jan. 28.1
- do - vl 30.3 July 13.5 Jan. 27.1
heel dO - VII 301 7 .{"iay 19 ® 5 Jan. 27c 4
‘Average 30.2 20.1 27,4
The temperature of the efflients from the seven ponds

was always less than the temperature of the influent.

Maximum reduction of 20.4% was found in January and the

minimum reduction (nil) in December. The annual average

reduction was 9.3 % ( Table II, Appendix).

SEASONAL VARTATIQONS:

The results are shown in TPTable NO.

3
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TABLE NO. 3

Cold Hot Monsoon  Post~
? weather weather monsoon
SOURCE _ Dec. Jan. HMar. to July to Oct. to

& Feb. June Sept. Nov.

Inlet to Pond I 26.2 31.9 30.9 30.7
Outlet from Pond I 25.6 28.9 2.4 28.2
n woom T IT 24,8 2.2 2.8 28,5

1 v I1T 23.7 28.3 2.3 28.3

" nooon IV 22.4 28,4 2.3 28.2

n " n v 23.3 2.1 2.0 27.8

n 1 " VI 23.0 28.0 2.6 28.0

n " " VIT 23.1 D.4 28.7 28.0
Seasonal Average 23.7 28.6 Q.2 28.1

The seasonal averagés, also, were always less than the

corresponding figures for the raw sewage entering the first

pond.

(b) Colour: (vide Table III, Appendix): The colour of

the raw sewage entering Pénd I was black or greyish but the

colour of the effluents emanating from the seven ponds varied

from purple to green. The effluent from Pond I was purple from

January to May and later it was pale green or dark green with

an occasional pink, during the remaining months of the year.

The effluent from Ponds 2,3,4,5,6 and 7 were also purple from

January to April, and later on they turned pale green or dark



green with an occasional pink for a few days during the
remaining eight months of the year. On the whole the ponds
turned out pale green e%ﬂuents for the major portion of the

year.

7 CHEMICAL CONDITIONS

(a) . Dissolved oxygen: The monthly averages

expressed in mg./l. are shown in Table No. Appendix from

which the following data have been gathered.

MAXTMUM & MINIMUM VALUBES:

TABLE NO. 4
Maximum Minimum Annual
SO0OURCE Value Month Value, Month averages
Inlet to Pond I Nil - Nil - Nil
Effiuent from Pond I 4.62 Sept. " Jan.- May 1.89
" n n II 9 » 04 " n Jano - Apl‘il 20 62
n " n III 3. 9 2 " i1 n 1 . 3'7
1t 1" 1] IV 5. 7 2 i 44 1 2. 25
n i " V 5. 9 2 1" i 4 " 1 . 9 6
" " " VI 6.23 0ct. n " 1.83
" n " VII 7.14 Sept. " n 2. 50
Averacge 6.08 Sept., -+ Nil Jan.=- April 2.06

Maximum production of oxygen was found in the effluent

from Pond II and the minimum from Pond III. Oxygen was found
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from June to December only in all the ponds. The annual

average was found to be 206 mg./l.

SEASONAL VARTATIONS: The seasonal averages for each

of the seven ponds are shown in Table No. 5.

The production of oxygen was found to be maximum in

the monsoon season and to be least in the cold weather.

The seasonal increase or decrease in oxygen content

over the preceeding pond and the cumulative increase for

the series of ponds in each season are shown in Table No.b5.

The cumulative increase for the whole series of
ponds is found to be highest in the monsoon season and
lowest in the cold weather period. The maximun éumulative
production was 30.51 mg./l. in the monsoon season and the
least was 4.41 in the cold weather, meriod. There was a
progressive increase in the averége oxXygen content from
the cold weather to the monsoon season and then these

was a slight fall in the post-monsoon season.

(b) B.0.D. ( 5 days at 20° C):

The results of analysis of the quantity of oxygen
required for satisfactory oxidation of organic matter by
aerobic bacteria are shown in Table 5 (Appendix) from which

the following observations are made:



TABLE NO. 6

- - - - - . D W S o WD e A S A S A M R T Y R M R AL et M M M S S M S T A e R Wm  w N an e e

Maximum Minimum Annual

SQURCE B.0.D. Month B.0.D. Month Average
Inlet to pon@ I 257 Jan. 133 May 189
Effluent from Pond I 210  Dec. 60 May 125
" " w IT 152 Feb. 40 Aug. 98
n n n TIT 130 Feb. 38 Aug. 83
" n n IV 118 Jan. Bé Aug. 69
n n n v 82 Jan. & 30 Oct. 58

Fab.

n " n VI 175 Jan. 25 Oct. 44
" " "VII 74 April 12 Oct. 37
Averaege : 120 34 73

Tt will be seen from Table No. 6 that there is a
progressive reduction in BOD values both in the maximum,
minimum and annual averages. Maximum pe rcentage reduction of
94.1% in October and the minimum percentage reduction of 57.7%

in April have been recorded ( Table No.V), appendix.

Seasonal Changes are shown in Table No. 7@

From a study of the above %table it will be seen that
(i) the greatest percentage reduction in BOD takes place: in
Pond II being 55 in the post-monsoon season and the lowest

percentage reduction of 3 in Pond VII in the monsoon season.
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The greatest cumulative percentage reduction of 93% takes
place in Pond No. VII in the post-monsoon season and the

lowest of 72% in the hot weather.

(e¢) OXYGEN CONSUMED ( 4 hours at 27° ¢)

This test measures the quantity of oxidisable
carbonaceous matter and the results are shown in Table No.VI

(Appendix) from which the following.conclusions are made.

MAXIMUM & MINIMUM VALULES:

TABLE NO., 8

-~ - - W” " W WS e kTR B W W Wed R W W R W N S PP W MW CW T WS e G e e Mwt S W S T T G U WS e R R e WS MW T R S W W W

SOURCE MAXIMUM ’ MINIMUM ANNUAL
Oxygen Month  OxXygen Month AVERAGE

____________________ consumed ________comsumed _________________
Inlet to Pond I 74 April 32 August 52
mffluent from
Pond sevenn. . I 84 " 21 " 48

" n 1T 87 n 20 " 45

n " I1T 76 " 20 July & Oct, 44

" " 1v 87 " 16 October 43

1" H | V 85 5t 12 " 40

n b1 VI , 80 7° lo " 39

] " VII 86 " 7 4] 36

AVveracge 83 April 15 Qctober a2
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Maximum velues have be=n recorded in April and the
minimum in October. The annual averages show a gradual

decrzase from first to the last pond.

There is an increase in organic matter content vary-
ing between 16.0 and 23.0% in the final effluent during
January to April due to the vresence of sulphides in all the
oonds. From May to December, the final effluent shows a
reduction varying between 44.0% and 83.0%, when there is
algal development in the ponds. In the final effluent maximum
reduction of 44.0% in May zs¢ seen. In the first four months
i.e. from January to April there is an'increase in the vélueé
which vary bstween lé% and 23% and this increase is attributed
to the presence of sulphides, resulting from anaeroblc
decompositién oﬁ sulphates and sulphur containing organic
matter in the individual ponds (Table VI appendix). Seasonal
variations are shown in Table No.9. The seasonal average
reduction is lowest in the cold weather and highest in the
monsoon season taking all the ponds into consideration. But the
cumulative reduction in the final ef{luent is lowest in the

cold weather (5%) and highest in the post monsoon s=ason (75%).

(d) PHENOLPHTHALEIN ALKALINITY:

This test is an indication of bacterial or algal
activity. In thecgase of the former the figures are phenol-
phthalein alkalinity will be lower or nil and in the case of

latter the figures will be higher. The maximum, minimum and
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the seasonal variations in phenolphthalein alkalinity have
been taken from table No. VII (Appendix) and are shown in

Table No.0.

MAXIMUM & MINIMUM VALUES:

TABLE NO. 10

MAXIMUM MINIMUM Annual
SOURCE P.4lka~ Month P. Alka- Month average
linity linity
Inlet to Pond I 52 May 15 Nov. 34
Effluent from P. I 956 July 25 Feb. 47
" " II 167 Sept. 23 Jan. & 67
Feb.
" " 11T 120 Sept. 15 Jan. 57
n n IV 130 Sept. 28 Feb. 56
n n v 140 Sept. 24 April 68
" w VI 138 June 10 Feb, 62
® " VII 166 Sept. 20 Jan. 64
Averacge ' 136 - 21 - 680

The pond water is alkaline throughout, the annual
average maximum being 136 ppm which is about 151 % over the
raw water maximum. The average minimum is 21 which is about

40% over the raw water minimum. The annual average is 80 ppm.
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Taking the final per centsge of increase or decresse
into consideration, it is seen that there is decresse in values
from January to April the range being (38 to 81%) and that
there is an increase in values during the rest of the year,
when a maximum per centage increase of 403 ia 3eptember and
a minimum per centage increase of 80 in ﬁqgust are recorded

(Vide Table VII Appendix).

SEASONAL VARTATIONS: are shown in Table No.ll.

The seasonal averages show a definite increase over
the corresponding raw sawage figures from the cold weather
to post-monsoon season. The increase i greatest during the
post-monsoon season being 22% increase over the corrcesponding
raw sewage value. Lowest increase of 304 is recorded in cold
weather., The increase in the values has to be attributed to

algal activity.

(E ) IOTAL ALKALINITY:

The values for this tsst are shown in Table No. VITI

(Appendix) from which the following inferences are drawn.

MAXIMUM & MINIMUM VALUES:

TABLE NO. 12 (see next vage).
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TABLE NO. 12

MAXIMUM - MINIMUM Annual
i M.0. Month M.O. Month Average
SCURCSE Alka- Alkali
linity ~-nity
Inlet to Pond I 713 Jan. 475  April 513
Bffluent from
Pond R R B S B R ) I 778 Febo 497 lﬁ.ugust 609
n " II 727 Jar. 487 " 538
" " I1T 770 Feb. 490 " 617
n n Iv 770 Feb. 475 " 607

1 " v 800 Feb. 490 October 607

" I VI 890 Jan. 448 Sept. 584
1 n VII 838 Feb. 459 " 587
AvVveracge 7686 - 478 - 528

. el et = . g o e S+ . S ki e e ol Sl S R o A 8110 . A i o sl . Nl i Bt P e ot S Sl e S L St Al S o S D ok it AN Sl Y o bt Sl A SO e e e

The .maximum values are found to fluctuate between 8690
and 838 ppm (in January and February) the average being 768
pom. The minimum values also are found to fluctuate between
446 and 497 ppm (in August, September & October), the average
being 478 ppm. The annual average for the ponds is found to
be 598 and that for raw sewage to be 6813 so that there is a
small reduction of 2.4% only which has to be attributed to
the fact that from January to Aoril (excepting March) there
igs an increase of 9 to 294 and that {rom May to December
there is a decrease of 4 to 30% in the values of final

effluent.
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SEASONAL VARIATIONS: (See Table No.13)

The seasonal averages do not show a definite increase
or decrease only, but increases are found to fluctuate.
Sometimes there is an increase and sometimes there is a
decrease. The annual average increase 1ls found topbe 1.3%
in the cold weather and 6.2% in the hot weather. But it is
found to decrease by 8.2%4 and 9.0% in the monsoon and post-

monsoon seasons, respectively.

(f) Chlorides: do not seem to have any biological
significance. The results are shown in Table No.[X in the
appendix from which the following Tabular statements, have

been prepared.

MAXIMUM AND MINIMUM VALUES:

TABLE NO.14

MAXIMUM -MINIMUM Annual

SOURCE Value Month Value Month Averages
Inlet to Pond I 464  Nov. 272  Aug. 338
Bffluent from Pond I 450 " 310 Sept. 386

" n " IT 451 " 300 3ept. 358

o " L I O 457 April 20 Qctober 370

" " n Iv 420 May & 335 Sent. 381

June

" noow Y 477 April 280  Sept. . 384

" noom YT 485 April 300 Sept. 388

n . n o VIT 455 April 270 Sept, 377
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The maximun value is shown in April, iay, June or
November and the minimum value in September or October. The
annual average value shouws an increase of about 11.0% in the
final effluent over the corresponding valuss for raw sewage
and this may be sttributed to Wes evaporation and the result-

€

ing concentration.

SEA30ONAL VARIATIONS: The results are summariesed in Table

-

No. 15.

In the above Table there is a cumulative annual average
increase of 6.2% in the cold weather, 6.5% in the hot weather,
12.2%4 in the monsoon season and 12.7% in the post-monscon
season._This increase has to be attributed again to svapora-

tion, and the resulting concentration.

(g) Ammoniacal nitrogens The maximum and minimum values

and the seasonal variations are discussed belows

MAXTMUM AND MINIMOM VALUES:

TABLE NO. 16

j - MAXIMUM . MINIMUM Annual
SOURCE Value Month Value Month average
Inlet to Pond : I 30,0 May 17.0 Sept. 23.5

. Qutlet from Pond I 28.0 April 10.0 Dec. 17.5

" " " I1 28.0  Feb. 7.5 n 15.8
" nn " I1T 2.0 Jan. 5.5 " 18.9
n n n Iv 27,0 Jan. 6.0 " 15.8
n n n v 2.5 Mar. 4,0 " 14.6
" " " VI 22.0  Jan. 3.0 OQct. 10.8
n n f VIiI 28.0 Mar. 2.0 " 11.6
Average 27.3 - 4,2 - 14.7
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It will be seen from a study of Table No. X in the
appendix that the effluents from the ponds do not show any
reduction till April dﬁe to the production of HES and the
concomitant development ofaéurple coloured sulnhur bacteria
in the ponds. From May onwards reduction in ammoniacal
nltrogen was noticed accompanied by algal growths in the
ponds. So, maximum values were found to be bl?her, and they
were reached during January to April; and the minimum values
were reached during October or December. But the annual
average value for each of the ponds is lower showing greater
reduction from May onwards. The reductions varied bhetween
4.2% and 89.04. The annual average reduction was only 50.6%

in the final ef{fluent.

SEASONAL VARTATIONS: (See Table No.17).

The average hlghest reduction of 49.1% and the lowest
reduction of 28.8% were seen in the post-monsson and the
cold weather periods respectively. But the cumulative percen-
tage reduction was 89.2% in the post-monsoon season and

35.0% in the cold weather period.
(h) Phosphates (P0g4):

The maximum and minimum values and the seagsonal

variations are shown in Table No.18).



From the above Table the méximum gverage reduction was
70.4% and the minimum average reduction was 46.9% and the
annual average reductionwas 56% taking all the ponds into

consideration.

SEASONAL VARIATIONS: (See Table No. ).

TABLE NO. 18

MAXIMUM MINTMUM Annual

S0U0URCE Value Month Value Month average
Inlet to Pond I 19.4 June 13.5 Jan. 17.0
Qutlet from Pond I 12.2 Sept., 6.2 Nov,. 9.8
n n " 11 12.2 Sept. 4.6 Mar. 8.5
“u n n 17T 10.9 Sept. 4,7 Qct, 7.8
n n n Iv 10.0 Aug. 3.0 Mar. 7.2
" " " v 9.6 Aug. 3.0 Nov. 6.7
n " n VI 8,4  June 3.0 Mar. & 5.3

Nov,

n 1 ® VII 9.2 June 3.7 Nov. 6.5
AvVveracge 10. 3 - 4.0 - 7.5

e e . o o SO i i e o S T Y WY RO o A i s ) e = RO M O, S b i O S oG I o Yl A S St Ry TG P YR SIHE Y SN i 08 =t e 2 e T e A ABE S e A i, S
Jo=vemonie oo Sonenner i fomssutnnbtdise e e oo st aiocfiemmiriribamo - ooefou ovipano s psco ooingitsnitiveripots uses usicgisitanl e iuiscnsi-Phote Jputioues Bt disusinuc ey lsvoe i s e

The maximum average reduction was 20.17% in November and
the minimum average reduction was 41.65 in August and the

annual average reduction was 61.8% taking all the ponds into

consideration ( Vide Table XI, appendix).
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The highest average reduction of 89.25 is seen in the

post-monsoon season and the lowest 40.0% reduction in the

cold weather period. Also, the cumulative percentage reduc-

tion was-highest (72.5%) in the post-monsoon and lowest

(50,0%) in the cold weather period.
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LIST OF THE ALGAL AND OTHER ORGANISMS RECORDED IW THE SERIES

8. BIOLOGICAL CONDITIONS

OF SEVEN OXIDATION PONDS DURING 18963.

A
P )

C.

11,

CHLOROPHYTA

1. Ankistrodesmus falcatus
2. Chlamydomonas sp.

3. Chlorococcum humicola

4, .Chlorella pyrenoldosa

5. Micractinium sp.

6. Pandorina morum

7. Pyrobotrys sv.

8. Scenedesmus quadricauda.

FLAGELLATA

9. Zuglena gracilis

10. Phacus longicauda
CYANOP&YE&
11. Oscillatoria chalybea
12, Oscillatoria limosa

13. Chroococcus turgidus
14. Arthrospira khannae Dr., & Strickle.

PURPLS COLOURED SULPHUR BACTHERIUM

15. Thiopedis rosea Winogradsky.

THE DOMINANT AND SUB-DOMINANT ORGANISMS RECORDED
AT ONZ TIME OR ANOTHER.

1. <Chlorella nyrenocidosa
2. Buglena grdellis

3. Arthrospira khannae
4, Oscillatoria chalybea
&, Thiopediz rosea

The maximum and minimum number of organisms per ml

recorded in each of the ponds during the year.
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TABLE NO. 20

- . T - " oo " T o . S Vet 0 e ok W ot W e e Sew St S T S L Sr - A s R S S S o — - — - 0 -
P - - -

Maximum Minimum Annusa
SOURCE Value Month Vgzlue - Month average

xlo3per ml. Xlosper ml. ) ;
Pond I 6613.0 May 32.5 July 1747 .4
Pond II 8297.7 May 36.1 Sept. 1681.2
Pond 11T 428,7 May 25.4 July 1568.7
Pond Iv 4368.6 April 25.0 Sept. 1301.1
Pond v 4227.8 Jane. 27.0 Sent. 1809.2
Pond VI 8978.8 Feh. 31.0 Nov, 1658.0
Pond VIiT 8405. 2 Feb. 32.5 Nov. 2007 .9

o - S - o S S R S W A W o e KA S W P A S0 R R T T TR S AN AN LA R AR W T e A AP San e S e A W s A A R S TS M S M e S

Maximum number of organisms was recorded in the sixth

pdhd and the minimum number @f in the fourth pond.

The names of the dominant organisms in each of the ponds

in each month during the year is shown below:-

TABLE NO, 21

Month I IT 11T Iv v VI VII

Jan‘ LI I ST I A 2L T I IR I N O BN Thiopedia I'Osea L I R O N IO R A B A AT A S A )
Feb. LR BN IR 2R N IR IR A I I n

LAEIE BN B A B B A B AR

Mar. s e seseersaresaane n ecoeerrrat et cas s
T o 3 ot 15 " ceeseersesssataessan v
May Thiopedia ++.¢vce... Chlorella sesesesesrassaseenssesene
June TPFFPT oo svsosesesosoy " B e PO s et set et st e s e a
J'U.lyg LB A AR A BN A Y B B IR A B A n LI R R R N A N A A A I S S AT B A B R ]
JUlY § eoevencrnceccenasss APELHTOSPDIPrE cuiveeernunorvencnancasanns
‘Augo‘a).oo-oc--ea.o-o.--ao Thiopedia L R R I A I B BT AE BC RN B A I
AUZe § cevcennrsrenencana . Chlorella Gt e ieereassesueanecanasoan

SeDPts  svesirscrcsccencees ATENTOSDITE eevevertnsevsanseraocascae
OcCte § eeeeeees Buglena «veevae cessessssevsssArthrospirace....
Octe § eevevevecvenccnnnass Thiopedia ettt eceitectetaresennsnan
Nov. Euglena Arthrospira Buglena ...cicevee.. ATthrospiraeeee..

Thiopedia eceeeeceeeeecesseseeas.Thiopedia veveene
Dec. cecescccnscscsccase ChlOTella seeescrcsnansnanns ’

LR I

o o ot s oW 2 . oA vt A M . i e A ek < ) e oy A o S S Tk S P e, T e e e o o ey e ok A it Pl okl A < S <5 S o A A S Sl PR AN OO e e e gD S0 S T ik el
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The dominant organism was Thiopedia rosea during the

rirst four months of the year in all the seven ponds, when
pacterial photosynthesis was taking vlace. In May, Thiopedia
rosea continued to be dominant in the first pond only and
in the remaining six ponds Chlorella was dominant; and the
same organism continued to be dominant in 211 the vonds in

June and July. In July Arthrosvira also was dominant towards

the latter part. In August Thiopedia was first dominant and

later it was succeeded by Chlorella. Arthrospira was the

only dominant organism in September. In October Fuglena
i

was dominant in the first three ponds and Arthrospira by

Thiopedia rosea in the same month. In November Euglena

became dominant in the first pond, Arthrospira and Thiopedia

in the second, Zuglena in the third, and sw Arthrospira and

Thiopedisa in the remaining ponds. Chlorella became dominant

in 'all the:seven ponds during December.

Viewed from the standpoint of seasonal variations, it
was found that in the cold weather veriod.the dominant

organism was Thiopedia rosea; and it continued its dominante

in the first half of the hot weather period. In the latter

half Chlorella became dominant. Arthrospira, Thiopedia and

Chlorella were dominant in the monsoon season; and in the

followlng post-monsoon season, Buglena, Arthrospira and

Thiopedia were dominant.
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DISCUSSIQN OF RESULTS

Parker (1962) had tried to purify Australian sewage by
making it pass through a series of eight oxidation ponds. The
chiel point of difference between our series ¢l seven ponds
and his was that his first two ponds were anaerobic and the
last six were aerobic while all cur pondsthough considered
aerobic were working anaserobically for the first four months
and serobically for the rest of the ysar. Also we used only
seven ponds. All the same an attempt is made below to
compare his results with ours in respect of the three impor-
tant parameters such as BOD and ammoniacsl nitrogen and
orthophosphates for the two seasons i.e. summer and cold
weather or winter for which he has furnished figures. The

results are shown below:

TABLE NO. 22

"Raw Tt A DS ™MRA "Fingl
Analysis  'sou-! AUSTRALIAN PONDS NUMBER ‘Red 7
':age:12 4 5 8 7 7 8 :
SUMMER
5 day BOD 521 100 48 22.7 22.7 13.5 1C.1 10.0 10.6 98.0
Am-N 32,4 48.4 52.5 48.7 45.0 42.5 40.0 28.1 18.9 42.0
WINTER 341
5 day BOD 341 94 45.6 33.8 33.3 9.8 13.9 -~ - 96.0
An-N 21.9 90.1 42.5 40.0 38.0 33.0 29.9 - - 36.5

— —— o o} o Y7 i Ao, ] o i T O S0 o T, . SO S A, i, 1 N S g, Wy RS T O Y I W, Mt LS I, O e e, e TR
———— e L L L N R R S R I L L L S N N L L N R R I L L o L o R ROun oMUl === s
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TRaw ! AFMEDABAD POND NUMBERS :Final
Analysis ::Zg-: 1 5 3 2 5 p B > B Red %
SUMMER ,
5 day BOD 1297 14 108 115 70 62 54 55 72.0
Am-N 27.5 21.0 16.5 25.6 18.0 18.4 15.0 18.2 41.
PO4 17.3 14.1 7.6 7.6 6.3 6.5 5.8 8.5 62.5
WINTER
5 day BoD 191 176 130 106 8 89 53 44 77.0
An-N 25.0 18.7 18.5 19.8 18.4 18.4 15.5 16.5 35.5
PO4 124 9.8 8.4 7.4 7.7 5.4 6.3 8.2 50.0

T T T T T T T T T T T e s v v e o e v vt o o o o o e

In respect of BOD, Parker's final effluent nad given
96-98% reduction in summer and winter. In our case, the

reduction was 72-77% during the same periods,

With regard to ammoniacal nitrogen, Parker's final
effient showed reductions ranging from 35.5 - 42.0% while

our ponds showed 35.5 - 41.17% which were almost similar.

Unfortunately, Parker had not given any data regard-~
ing phosphate reduction. Our ponds showed greater reduction
than ammoniacal nitrogen and ranged from 50.0-535% duizyg

during the same periods.

Another point of difference between Parksr's and our
ponds was that the purple coloured sulphur bacterium -
Chromatium sp. was dominant in his first two araerobhic vonds
during the summer season only. In the case of our ponds,

although none of them was working anaerobically, still the
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purple coloured sulphur bacterium, Thiopedla rosea was the

most dominant organism from January to April.

Next, a comparative study of the results of the
final effluents from the single unit (pilot plant) oxidation
pond and from the series of seven ponds of Ahmedabad, is made.

The results are shown in Table No.23.

From a study of the above results (Téble No.23),
it will be seen that there is a greater reduction in bhe
series of oxidation ponds in respect of 5-day BOD at 20° C,
moniacal nitrogen, and phosvhates which are the most important

factors to reckon with in purification of sewage.

The production of diss lved oxygen is greater in the
single unit than in the multiple unit. There is the same

amount of chloride concentration in both the cases.

50,1t would appear that there is an advantage in

running a series of ponds than a single unit zlonse.
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TABLE NO. 23

ANNUAL AVHERAGES

Single ﬁUnit Seven Units
1.} increase increase
A. PHY3TCAL CONDITIQNS
1. Temp.( °C) 27.5 - 27.4 -
2.Colour Green - Purple
Grien
B. CHEMICAL CONDITIONS
3. 5-day BOD at 20°C. 47.5 74.4 37.0 79,6
4. KMnO4 value 30.2 2.8 36.0 12.0
5. Dissolved oxygen T 6.58 - 2. 50 -
6. Phenolphthalein 74.5 +109 84.0 +223
alkslinity
7. Total a:lkalinity 680 +10.4 587.0 4.0
8. Ammoniacal nitrogen  12.2 47.1 11.6 50.6
9, Chloride 365.5 +12.5 377.0 +11.0
10. Orthophosphates 7.1 52.4 8.5 51.8
C. BIOLOGIGAL CONDITIONS
11. Algal ngmbers per 1349 b 2007) 4
ml x 10
12. Dominant organismss dhfpygﬂaym,{”ac[fmium ehlorells
Chlovoepecum ,Avitrvospuora Ao 8 puva ,
@ seilletoyia | Funglema, Englema

2
ad /cho//wbi.o» reolea WAM Vopen

. o i e o Sl e e et B, et Ot e o e T S Ak i T e S TR PN A ot Pt T, T vt S SV N Al St e et e 9 PO S S o . ek el ot P e S g et g s U T WD e Yk e,
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SUMMARY

The working of a seven unit oxidation pond in the Pirana

Sewage farm at Ahmedabsd is described.

The ponds were workiné anaerobically during January to
April and aerobically for the remaining period of the year.
During the first period there was bacterial vhotosynthesis
and the dominant organism was the purple coloured sulphur

bacterium Thiopedla rosea, which was also effectual in bring-

ing about sewage purification. 4 reduction of 57.0% to 74%

in 5-day BOD at 2000. was noticed.

During the rest of the period there was algal phobtosyn-

thesis when the reduction in BOD alone varied from 884 to 94%.

A couparison of the results cbtained for the single
unit and the wmultiple unit for 1963 has been made. It would
apvear that the multiple unit is more advantageous to use

than the single unit.

EEE AT A
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TABLE NO. I

CLIMATOLOGICAL DATA FOR AHMEDABAD FOR 1963.

‘Monthly

Month 2 Season E Temperature (°C) :Average hours
. , Maximum | Minimum 'gnggiiggt
] 1 t ]

Deec.  Cold 2.5 15.1 273.2
weather )

Jan. n 26.3 12.3 292.0

Feb. " 33.6 14.7 286.5

Average " 2.8 14.0 283.9

Mar, Hot 31.3 18.6 289.8
weather

April 0w 38.7 23.4 293.4

May " 41.2  25.9 357.7

June " 33,3 27.1 281.3

Average @ " 37.6 23,7 305.5

J’uly Monsoon 33,0 25.8 151.3

Aug. n 30.5 24.8 119.8

" Sept. " 30.1 21.6 - 202.1

Average ‘n 31.2 24.1 157.7

oOct. Post- 35.6 21.1 286. 2
monsoon

Nov. " 32,2 18.6 268, 1

Average n - 33.9 19.8 277.1
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TABLE NO. IT

AVERAGE TEMPSRATURE ( © C) OF THE SURFACE WATER TAKEN BEIWEEN
11.00 A.M. AND 12.00 NOON OHCE A WEEK,

1963 T'Influ-' Effluent from Ponds numhering TFinal %
Months'ent to' 1 2 3 4 5 6 7 Reduction
'Pond I'! ) f

Jan. 24.5 2%.8 20.9 206.1 12.8 2C.0 - 19.5 13.5 20.4
Feb. 27.2 24.6 25.7 23.8 23.1 23.0 22.6 22.9 15.7
Mar, 2.5 26.8 27.C 26.0 25.7 25.2 25.2 28.1 4.8
Apl‘il 32.5 2804 29.1 28.8 2804 28.9 2’7-8 4,408 8'3
May 32.8 30.6 30.7 2.3 2,9 22.3 30.0 130.7 : 5.4

June  32.8 2.8 30,1 2.2 2.8 9.2 2.0 .1  11.3
July 319 30.2 0.2 2.8 2.7 2.5 350.3 30.0 5.0
Aug. 2.9 2.0 28.8 23.9 28.6 28,4 .2 2.2  22.4
Sept. 31,0 29.2 30.4 B.1 2.6 D.1. D.2 9.0 6.5
Oct.  30.5 28.5 2.2 28.8 28.9 28.8 29.0 9.0 5.0
Nov.  30.9 28,0 £7.8 27.9 27.5 7.4 27.0 £7.0  12.8

Dec. 26.8 28.0 27.7 27.1 24.3 27.0 27.0 2A.8 0.0
Avel’a- 3002 27.9 2801 27.4 2701 27.1 2741 2‘7&4 9-3

o T T T T T T L et 7l e T o T e o o S o W e il i il o ot S "o 4 T T P S o o S e . s . O S S SOV B PO Byl e, S A S S, . St A R s e ol
O S U Ul 0 S A o o o it e, e e e e e e T T I I I I I I I e e e T I e e e e o o e
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TABLE NO. IV

THE CONTENT OF DIS3SOLVED OXYGEN IN THE EFFLUENT FROM EACH POND.

(Results expressed in mg./per litre)

'
1

1963 t1Inlet ! Effluent from Ponds numbering
' to ! 1 2 3 4 4] 6 7
'Pond I
Jan. Nil Nil Nil Nil Nil Nil Nil Nil
Feb. n n n " " " " "
Mar. n " " " " n’ " "
April " " " n " " " "
May " n 4.12 1.82 1.93 0.92 1.51 3.04
June i 3.91 4.00 1.14 1.54 1.43 3.086 3.83
July i 3.42 3. 56 1.26 3.98 5.04 4.62 6.42
Aug. " 1.00 1.32 .07 1.54 0.32 0.81 0.70
Sept. n 4.62 9.04 3.92 56.72 5.92 1.08 1.14
Oct. n 3. 23 3635 2,83 3.53 3. 33 6.23 3e 54
Nov. " 3,91 3,35 3,73 4.36 2.83 2,45  3.45
Dec. " 2. 54 1.04 0.88 1.94 3.14 2.21 1.43

S T T T T L o T T T T T T T T T T T o T 0 T o I o0 0 0% % 1808, 44 o ot k. o ot . o oot 5440 21 s Y 0. et 1, e Pt 358 i e 20 . i et e e e ot it e 2imn
T i il s S i S A A S T S ity o Sl i, M e . S T o o o o S ook e o e e e T B T N N T T T T T M S T e e o e etk
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TABLE NO. V

THEZ 5-DAY BOD AT 20°C OF THE GFFLUENT FROM EACH POND

(Results expressed in mg./per litre)

éigghs :Ezi%uto: - Ef;luegg froz Pongs numzering7 :gigii_%
‘ 'Pond T ! 'tion
Jan. 180 165 122 90 118 82 75 64 B4.4
Feb. 153 162 152 130 72 82 55 51 66.7
March 257 127 140 103° 8 78 70 68 73.5
April 175 135 127 97 83 70 66 74 57.7
May 133 80 54 50 43 40 30 42 68.4
June 223 135 1100 98 75 60 39 38. 83.0
July 175 94 8 90 82 66 47 26 85.1
Aug. 155 107 40 38 36 42 25 21 87.0
Sept. 173 72 60 52 49 42 23 15 91.3
Oct. 206 93 75 68 “47 30 25 12 94.1
Nov. 195 155 90 85 79 57 31 17 91.3
Dec. 240 210 117 98 67 43 28 16 93,3

Average 189 186 98 83 89 58 44 37 79.6

Do B e i o . S W . S it Sl O O R S, g O S P o s At A WA AR A S D SHAD N A P o Vv S e o e A S S SR it PR Y MRS VA St R S ol it Ay il S S e W S S Y S PO
B e i feowe ety s cpast- s ibassoteeni s oai Bt st nscfiunssipins e imm i iesn il voosisusissioissotuosdtctuss Susipasdfissdivimpasmir s fpateisedraoriguciovivguoiongore
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TABLE NQ. VI

THE VALUES: FOR THE OZYGEN CONSUMLID TEST IN THE EFFLUSNT FROYM
ZACH POND.

§ Results expressed in parts per million ]

1963 Influ-' Effluent from Pond numbering "Final %
Months 'ent to'" 5 354 5 5 7 Reduction
Pond 1!

Jan. 42 48 47 46 48 48 50 50 +19.5
Feb. 48 53 58 48 50 54 53 59 +23.0
March 56 689 52 58 59 &80 54 66 +18.0
April 74 24 87 76 87 85 80 = 85 +16.2
May 50 46 43 42 40 36 32 28 -44,0
June 87 56 %) 43 32 33 26 23 ~-85.7
July 46 38 2 20 18 15 10 8 ~88.6
August 32 21 20 27 25 24 20 18 -54.,0
Sept. 55 43 34 28 24 23 28 21 -82.0
Oct. 41 26 24 20 16 12 10 7 ~-83,0
Nov. 67 556 52 55 43 34 2 20 ~70.1
Dec. 42 38 31 27 25 21 19 16 ~52.0

Aversage 52 48 45 44 43 40 39

W
o

+19.2 §
-85.4 }
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TABLE NO. VIT

THR VALUES FOR PHENOLPHTHALIN ALXALINITY IN THE #FFTUENT
FROM EACH POND

] Results expressed in parts per million }§

1963 1Inlet : Effluent from Pond numbering :gigiit?on
Months 'to o 3 4 5 3 7,
tPond I'

Jan. 3 927 23 15 22 2 25 20 -44
Feb. 37 25 23 21 28 30 10 23 =40
March 67 27 28 40 32 26 18 26 =61
April 45 26 31 17 33 24 24 28 38
May 52 31 112 70 85 76 64 98 +102
June 23 93 100 105 93 . 135 138 150 +208
July 30 95 8 83 93 80 60 90 +200
August 20 47 52 56 53 35 36 32 +60°
Sept. 33 47 167 120 130 148 120 166 +403

October 26 85 53 50 70 91 86 75 +190
November 15 43 50 43 50 , 50 24 60 +300
Decembear 20 40 1782 70 73 78 20 85 +325

Average 34 47 87 87 56 66 62 64 - 24§

1




THE VALUZS FOR

T4BLE NO. VIYT

TOTAL ALKALIVITY IN THE E

TELUZ

e ad

NT FROM Ei

§.Results expressed in parts per million §

H POND

L o - o - - -
-~ . - . W Aer S W A S G G e L S W M R e SR e e T e TR e W e s e - . -

1953  'Inlet ! Bffluent from Pond numbering 'Final %
I e
S S U S UUIUPUUL R Y - - S
Jag. 713 732 727 687 701 731 620 780 + 9
Feb. 687 773 701 770 770 800 5782 8386 +22
March. 803 623 542 547 547 840 656 573 - 5
April 475 5356 630 583 523 523 466 558  +20
May 572 582 554 540 510 525 530 526 -
June ’890 610 508 6830 660 653 508 610 -12
July 510 586 514 540 528 530 505 531 -13
Aug. 500 497 487 430 475 513 550 538 ~ 7
Sept. 650 803 600 615 587 5687 446 452 -30
Oct. 800 5563 543 57 588 430 488 490 -1
Nov. 645 625 587 600 612 620 516 62A -3
Dec, 610 590 573 563 583 5920 540 508 ~-17
Average 813 509 598 617 807 GO;- 564 587 -4

"~ - " 90 g " e M~ am e e e T = % e e e e o o T oy o e o Y o A o — Oy ;4 o oy
T T T R L L R S L AR R S I R S D D I T O N I R I e ol o R
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TABLE NO. IX

CHLORIDE CONTENT IN THE LFFLUENT FROM EACH POND

( Results expressed in parts per million )

19 6 3 'Inlet ! Effluent from Pond numbering 'Final %
B
________________________________________________________ ase__ ...
Jan. 375 413 358 357 384 398 410 323 + 3.7
Feb. 340 370 347 347 350 353 357 320 - 6.0

March. 383 313 366 383 393 403 400 393 + 2.6

April 415 445 420 4587 390 477 485 455 + 9.5
May 345 372 360 371 420 400 380 427 +24.0
June 303 360 380 3923 420 423 453 417 +37.8
July 230 378 320 380 388 400 393 373 +29.0
Aug. 272 312 308 317 343 320 312 350 +23.7
Sept. 323 310 300 24 335 280 300 270 +l§.4
Oct. 300 320 310 20 330 340 343 307 + 2.4
Hov. 364 450 451 424 4318 415 407 435 +18.5
Dec. 345 340 323 413 37 400 383 387 + 6.4

- D e e e . e T T T T Ve W A WA W A W W T e e S K W W A e b Tep S ted P A W Roh W M e e S i e mn her e b S e bm m e G

S A e et i . o S Wi Sl e e e . T T Sy ot e T Sl W T PR W e o Ao T o et e O TR W T o e S Sk Sl g g AR o Y e e iy oo v S e S o s o e o o oo e
—_——m L I S I I R R I s L L I N I I N R L L L I L I I IR I o Il Tt o i
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TABLE NO. X

THE VALUZS 0D AMMONWIACAL WITROGEN IN THE ZErFFLUANT FROM EACH POND
( Results expressed in parts per million )

- -—— " o - -~ - - o o W nC e M W S A T e R S W e SN G SR A ek e e e s b A e S W U W T g e S T W A TR e S

19 & 3 'Inlet ' Ef{luent from Pond numbering 'Final A
Homths  Mona 1 1 2 3 4 5 8 7 o1 redus
S U OO At 121 SO
Jan. 24 20 20 2 27 27 22 23 4.2
Feh. 29 26 28 26 22.3 24.3 20.5 22 24.1
Mar, 25 27 20.5 21 21 2.5 20 23 +12.0
April 27 28 20.86 27.7 23 21 21 20 25.0
May 30 18 16 17 14 10 3 6  80.0
June 23 il.2 9 11 13 13.3 11 11 .81.0
July 24 16 15 12 14 13 8 11 54.1
sug. 14 11 15 10.2 10 10 8 7 83.2
Sept. 17 12 12 1i.5 15.5 7.8 3.4 3.7 8.2
Oct. 19 13,3 9.8 10 7.8 8.6 3.0 2.0 8.5
Nov. i8 18 18 16 15.2 10.5 4.0 2.0 8,8
Dec. 22 10 7.5 SPRs! 6.0 4.0 4.0 4.5 80.0

- " U . AR T M A = A SO e may Ay st e e me W Y S mie At G T S Wk W S Tl e M M B e B M Rt S W e e e Bk e S A e s o e e e R el

e ot S e A T it S P s g Al At AR Sl WG il e ol A e i OV Sk it b e B s M O ik A b Vo At ot ey S o s AR o ek Sty SN Prhnt S St S ke T A e Al Sk St P Tt ety b e
N R L N R N I I N L R L R L L L R A N o RN RNl Tmoommnmmnmnmmnmmmmx
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ToBLE NO. XT

THE JULNTITY OF ORTEO-PHOGPHATIE (PO+ ) FOUND Il THEL EPFLUZNT
FROM EACH POND.

{ Results expressed in parts per million )

-~ - . R W s Wk o o o o e i A vt s St A e Ay e e R Wk e e S A o8 e e e dw Jme e e S T W Sar W e e S P B

19 8 3'Influ-' BEffluent from Pond numbering 'Final 7%
1 . ' b et 1 s
Mentns ,gggdtg' 1 9 3 4 5 8 - 'Reductlon

———— - Won o T W " . - W e SN W b T o e S M T e e W A S S N e S e o e Gl B Mo Smb Sy D i e e e e ke AC Wl S e W e e . o e

Feb. 17.3 3.5 3.5 2.6 9.0 85 7.5 8.0 53:2
Mar is. & 12.5 4.6 7.5 3.0 4.6 3.0 4.9 59.7
April 15.8 7.5 7.2 8.5 4.5 8.4 4.1 4.0 74.4
May 18.0 10,8 8.4 7.6 9.0 8.4 7.6 8.1 85,0

June  19.4 11.8 10.1 9.1 8.2 7.8 8.4 9.2 52,8
July 16.4 12,1 10.8 0.8 8.4 8.1 7.
Aug. 14.9 7.0 9.9 9.8 10.0 9.8 9

Sept. 18.2 i2.2 12.2 9.2 8.1 7.5 7.2 7.0 58.7

Oct. 17.9 8.3 7.3 4.7 6.8 5.3 £.5 3.4 A, 2
Nov. 18.8 5.2 6.6 5.9 5.1 3.0 3.0 3.7 80.1
Dec. 12.0 10.4 8.7 6.5 6.7 6.6 6.5 6.0 £A8.4

———— - _ ]~ - —_ - - - > o T o S B > % it o o —— 0 - - . - . W - -
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TABLE NO. XIT

DOMINANT & SUB—DOMENANTL#QGAE FOUND IN THE EF¥LUENT FROM
POND NO. 1 DURING 1983, -

- W " - e Wb S W Ao B W M W M e WA S O N R TR NN S MM G TSR e T T R G e A R TR e P e S W M T SO e s S e e

. 1 -
Honth igg@a;1?°§1 Dominan tirghalr Sub-dominant oot
S TS
Jan. 432.2 Thiopedia rosea 61.5 Chlorella ;5.0
Feb. 5040.0 " 87.7 - -
Mar. 16803.5 u 73.6 4 ' -
April  4657.0 n 67.0 Chlorella 22.3
May 6613.0 n 11.4 " 8.0
June 2797.3. Chlorella 47,7 Thiopedia rosea i?.z
July 1788.0 Chlorella 66.0 " 25.2
32.5 Arthrospira 78.1 - -
Aug. 1237.0 Tﬁiopedia rosea 71.4 = - -
2328.0 Chlorells 74.4 Thiopedis rosea 19;0
Sept. 37.6 Arthrospira 67.5 Oscillatoria 32.0
oct. 50.8 Zuglena 76.0 - -
Nov. 162.6 Thiopedia rosea 87.5 - -
Nov. 187.0 Euglena 53.0 - -
Dec.  1184.0 Chlorella 71.6 Thiopedia rosea  28.3

I T T T T Y S I e T I T T I T T S T T T T T S e I L I T T T I I T I I I T I T R I ST I Ry e e e e e e



TABLE NC. XIIT

DOMINANT & SUB-DOMINANT ALGAR FOUND IN THE EFFLUENT FROM POND NO.2

T e T T S T e L S S

DURING 1963.
1Total ' ‘% of
Month 'No. per & Dominant 'the

:ml x 10 -:_ L :TOtal
Jan. 661.6 Thiopedia rosea 31.2
Feb 1941.0 " 32.8
Mar, 1731.5 i 72.5
April  4636.0 n §7.2
May 6207.7 Chlorella 72.2
June 3032.0 " 75.5
July 2692.5 " 78.8
41.8 - Arthrospira 92.4

August. 459.6 Thiopedia rosea 76.9
2050.0 Chlorella 82.7

3ept. 35.1 Arthrospira 70.4
Oct. 66,0 \Euglena 75.0
W 78.2 Thiopedia rosea 72.6
Nov, 42,7 Arthrospira £5.6
1579.0 Thiopedia rosea 84,2

Dec. 1184.0 Chlorella 17.6

o o e it e o St e e S e e S R ot S s e S Y A Tl A T S o S T S i e e S ok e T Lt ot i e o o S e e et o i i o e et S T = =

Chlorella

Chlorella

Thiopedia rosea

1

Thiopedia rosea

Oscillatoria

-

Thiopedia rosea

D T . T S e S )



-TABLE NO. XIV

DOMINANT & SUB-DOMINANT ALGAS POUND IN THE JFFLUENT FROM POND WO.3
DUPRING 1963.

- e e e We e e am mm e mm wm w M wem e ew e me A mm we e @B m —e M e W e My MR s e

Month 'Total No. ! N '% of ! "% of
"per ' Dominant "the ' Sub-dominant  'the
'l x 107 Total! e tTOREL
Jan. 1718.3 Thiopedia rosea 85.5 Chlorella 13.2
Feb. 3346.7 " 83.2 - -
Mar. 15583.0 " 77.5 - -
april  3986.3 n 80.1 Chlorella 47.4
Hay 4236.7 Chlorella 68.8 Thiopedia rosea 20.4
June 1758.6 " 80.7 " 1.9 /
July 2186.5 " 22.4 " 9.4
25.4 Arthrospira 92,0 - -
Aug. 1538.0 Thiopedia rosea  41.3 Chlorella 30,6
2050.0 Chlorells 82,7 Thiopedia roses 13.8
52.6 Arthrospira 90.7 - -
Sept.  474%.2 n 39.1 Oscillatoria 24.5
Oct., 56.9 iuglena 50.0 - -
78.2 Thiopedia rosea 72.8 - -
Nov. 1067.0 Buglena £2.8 Arthrospira 20.0
Dee. 1184.0 Chlorella 71.6 Thiopedia rosea 98,3
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TABLE NO. XV

FROM POND NO.

B e e e e e e e

Jan.
Tab. 1999.2
Mar. 2041.0C
Apr. 4368.6
May 2134.5
June 2550.6
July 1788.0
39.6
Aug. 1308.0
201.4
37.5
3ept. 25.0
Cct. 5C.8
79.5
Nov, 54.9
1165.0
Dec. 1962.0

- s e wwn -
-_—e L N D N D=

(Total No. _,
yper m1x10Y,

WA s e et o ek Gee eeel R e WA MWAN s seme e el WA MAeR Al s ks Mt MR e e e e e e AU T ) A e

Dominant

Chlorella
Thiopedlia rcsea
n

n
Chlorella

1"

"

Arthrospira
Thiopedia roses
Chlorells
artnrespira
"

n

Thiopedia rosea
Arthrospira
Thiopedia roses

Chlcrella

SR T D N DD IS R OMmoEmomomom oI ommomm om oam Dw e v oaw o owe me ome

1 b0f the
t Total 1

FOUND IN THE AFFLUENT
4 DURING 1963.

Sub-dominant

Thiopedia rosea

-

Chicrella
Thiopedia rosea
n

Chlorella
Thiopedia rosca
Oscillatoria

Thiovpedia roseg

e o e weas e vt bt e wow

13.0
8.2
18.7

5.5

35.1
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TABLE NO. XVI

DOMINANT & SUB-DOMINANT ALGAE FOUND IN THE EFFLUENT
FROM THE POND NO. 5 DURING 1963.

- - el e W NS W TN R e W B e e et s e e MM eee MW M e e S SR et S e e e e e

Month 'Total No.,' Dominant  '%of the! Sub-dominant ' % of the
’ :per mlx10 : : Total : : Total
Jan, 4227,8 Thiopedia rosea  68.5 Chlorella 22.7
Tab. 2771.0 " 91,8 - ' -
Mar. 1936.0 n 68.4 - -
Apr. 3349.7 : " 76.8 Chlorella 22,0
May 3094.7 Chlorella 75.1 Thiopedia roses 19.0
June 2217.0 n 57.9 " 30,1
July 1597.0 " 68.5 n 11.7
436.9 Arthrospira 90.7 - -
Aug. . 1025.0 Thiopedia rosea 72.4 Chlorella 20.7
411.6 Arthrospira 97.5 - -
Sept. 27.0 i 78.2 Oscillatoria 19.0
Oct. 27.6 " 53.8 - -
Nov, 32.5 n 95.2 - -
1165.0 Thiopedia rosea 69.6 - -

Dec. 1829,0 Chlorellas 735 -
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TABLE NO. XVII ‘

DOMINANT & SUB~DOMINANT ALGAE FOUND IN TIHE EFFLUSENT
FROM THE POND NO. 6 DURING 1963.

S e e mm mwm mm e mwe et et hdew S e W AN MR o s e e T mAay ket el wews e e Seee el e et e e o

Month 'Total No.,! Dominant 150f thé Sub-dominant '% of the
'per mlx10™! Potal ' Total
LA e e e~ - e e e e e L
Jan. 1182.4 Chlorella = 50.7 Thiopedia rosea 41.8
Feb. 2978.0 Thiopedia rosea87.8 ' - -
Har, 19256.5 " 73.2 - -
Apri  3824.6 " 56.0 Chloralla 26.4
lay 3550.0 Chlorells 87.2 Thiopedia rosea 2040
June 2132.é " 57.2 n 34.2
July 1788.0 n 61.4 o 5.5
43.7 Arthrospira 90.7 - -
Aug. 1255.0 Thiopedia roseaB5.0 Chlorella 31.0
Sept. 24.4. Arthrogpira 61.6 Oscillatoris 31.9
Oct. 412.2 " 74.0 - -
Nowv, 31.0 r 85.5. - -
990.0 fhiopedia rosea 67.8 - -

Dec. 1264.0 Chlorella 79.8 -
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TABLE NO., XVIII

DOMINANT & SUB-DOMINANT ALGAE FOUWD IN THE EFFLURNT
FROM THE POND NO. 7 DURING 1963

- et et v mm et e et b e A S A TOED e SR TEE ey em m e e e et e ewed S S e s e e

Month (Total No.,' Dominant % of the' Sub-dominant '# of the
;Per m1x10 : : Total : : TOEail‘ _
Jan. 1318.1 Thicpedia rosea 43.4 Chlorella 45,0
Feb. 84056. 2 ) n 95.0 - -
Mar. 2306.0 " 58.0 - -
Apr. 3831.3 " 52.8 Chlorells 26.3
Hay 2356.7 Chlorells 63.2 Thiopedla rosza 22.4
June 2215{6 " 68.0 i 2C.1
July 1537.0 " €3.7 " 11.7
Aug. 2704.0 Thiopedia rossa 62.4 Chlorella 21.2
Sept. 243.9 Ar?hrospira 70.8 Oscillatoria 2.2
Oct. 42,7 " 78.3 - -
Kov. 32.5 " 95.0 - -
439.7 Thiopedia rosea 1 67.8 - -

Dec. 159.0 Chlorells 81.8 -
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