STUDIES ON THE POLLUTION OF THE BHADRA RIVER
FISHERIES AT BHADRAVATHI (MYSORE STATE)
WITH INDUSTRIAL EFFLUENTS

by A. Daviv. Central Inland Fisheries Research Sub-Station, Allahabad
{Communicated by B. S. Bhimachar, F.N.I.)

(Received February 4 ; after revision June 15, 1956 ; approved for reading on
January 12, 1957)

CONTENTS
L Introductfon
II. Physidgraphical Features of the Bhadra River near the Factories

III. Physico-chemical Nature of the Trade Wastes and the Effluent Diluted River Water
(a) Pulp and Paper Mills ..
(1) Process of Paper Manufacture ..
(2) Nature of Paper Effluents

(b) Wood Distillation Plant Effluents
(¢) Affected River Water
IV. Biotal Studies

(1) Methods
(2) Distribution of Biota

(@) Zone I—Clear Water

(b) Paper Mill Effluent .

(¢) Wood Distillation and Iron Works Wastes

(d) Zones II and ITT—Between Effluent Outfall and the Road Bndge
() Zone IV-—Pool below Road Bridge .

(f) Zone V—Between the Pool and the Confluence

V. Experimental Observations on the Effects of Paper Factory and Wood Distillation
Wastes upon Fish Life

(1) Experimental Studies on Survival of Fish
(2) Observations ..

VI. Observations on Fish Distribution and Condition

VII. QGeneral Discussion

{a) Direct Effects .. . e . - .
(b) Indirect Effects .. o

VIII. Suggestions .. .. .. .e
IX. Summary
X. Acknowledgements
XI. References . .. .
XII. Appendix .. .. . .e .. .

VOL. 22, B, No. 3

Page
133

133

134

134
134

136
136

138

138
146
146
147
148
149

150
151

152

153
167

158
159
159
160
162



A. DAVID: STUDIES ON THE POLLUTION OF THE BHADRA RIVER FISHERIES 133

I. INTRODUCTION

The question of affording protection to fish life has not received as much atten-
tion in India as in many progressive countries where opinions of expert fishery
scientists are invited and their recommendations rigidly executed whenever damage
is feared to fish life by the construction of dams and discharge of industrial wastes.
Beginning with an editorial article in the Current Science (1938), Fowler (1939),
Hora (1942), Malden (1943) and Bhaskaran (1947) have stressed the need for pollu-
tional studies in rivers to protect fish life from the injurious effects of factory wastes
and sewage contamination. Some investigations thereafter were conducted on
the subject by Hora and Nair (1944), Nair (1944), Ganapathi and Alikunhi (1950)
and Ganapathi and Chacko (1951). Observations on utilization of domestic wastes
and sewage for fish culture were described by Bose (1944) and Fowler (1944).
Data from mainly a sanitary engineering and public health point of view were
collected by Modak (1938) and Seth and Bhaskaran (1950, 1952 and 1952a) the latter
making some observations also upon the possible conversion of such wastes into
valuable by-products.

The present study was conducted during 1945 under the guidance of Dr. B. 8.
Bhimachar, the then Fisheries Officer, Mysore State, as a result of an enquiry by
the 1.C.A.R. to the State Government. A detailed report was prepared in 1946,
but it was not possible to compile it in the form of a scientific paper till now, although
a short account was presented at the Indian Science Congress Session (1946) by
Bhimachar and David (19486),

I1. PuvysiograpruicaL FEATURES oF THE Buapra RIVER
NEAR THE FACTORIES

The Mysore Paper Mills and the Mysore Iron and Steel Works are situated on
the left bank of the Bhadra river in the township of Bhadravathi in Shimoga district.
The hilly and forest. catchment of the river Bhadra, which together with the Thunga
forms the Thungabhadra, is about 950 sq. miles with an annual rainfall of about
150 inches, which is variable between 46 and 202 inches. The total length of
the river is only about 115 miles, covering elevations between 5,540 and 2,000
feet above m.s.l. and hence is sub-montane in character. It has a perennial flow
with a maximum discharge of about 90,000 cusecs during the height of the monsoon
and a minimum flow of 75 cusecs dwuring the driest part of the year, i.e. May.
The course of the river is tortuous, and its bed is carved out of hard granite rocks
forming precipitous banks, ravines and rapid vortices. At Bhadravathi, the river
enters comparatively the drier part of Shimoga district with an undulating country-
side and is mainly rocky with occasional sandy and gravelly patches. The right
bank (being lower than the left) is subjected to overflows whenever there is a
moderate rise of water. Exposed sandy part of the bed is generally covered by
a scrubby and bushy vegetation. There are numerous broken up channels, quiet
pools and riffles fit enough to shelter a good fish population in the stretch of the
river near Bhadravathi. The river is only 300 to 525 yards wide without any
appreciable sized stream bringing into it a fresh supply of water below Bhadravathi.

A low masonry weir (sketch map) across the river serves to maintain sufficient
depth for the intake of water by the Iron and Steel Works. For avoiding con-
tamination by the poliutants, the outfall of the Paper Mill effluents is led below
the weir. Wood distillation wastes and washings from the Steel Works are, however,
drained below the railway bridge, some half mile below the first discharge head.
Between the weir and the road bridge, for a distance of nearly a mile, the flow in
the river is restricted to the right bank during the dry months, exposing part of
the river bed on the left. Presence of & large reservoir-like pool of about half sq.
mile in area below the road bridge observed at the time was of some importance
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in this study as it acted as a septic-cum-recovery pool for the combined effiuents.
A small pool (cul-de-sac) at the mouth of a dried up minor stream (sketch map) on the
right was often found to shelter affected fish.

TII. Prysico-CHEMICAL NATURE OF THE TRADE WASTES
ANXD THE ErrLUENT DinuTteEp RIvER WATER

The Mysore Iron Works commenced functioning in 1924 when smelting of iron
ore from the nearby quarries with wood charcoal specially manufactured in an
accessory wood distillation plant was undertaken. Later, several new factories, e.g.
a paper mill, steel rolling mill, cement factory, fire bricks factory, etc., were set up
close to it. During the war years the problem of water supply was considerably
aggravated by the fact that the river water began to be contaminated by effluent
discharges of the paper mill. Though there do not appear to have been com-
plaints originally, only after the establishment of the paper mill (sometime during
1939) the pollution of the water was brought to the notice of the Government
owing to the bad odour and discoloration. Thereafter, a few tests were carried
out by the State’s Chemical Examiner, but no effective remedial measures appear
to have been taken. During investigations in 1945 the work was handicapped
for want of a chemist and laboratory facilities for water quality tests, such as
determination of B.0.D., etc. Hence the author has relied mainly upon a few
chemical tests which he himself could undertake in the laboratory of the Iron and
Steel Works.

(@) Pulp and Paper Mills
(1) Process of Paper Manufacture

The Mysore Paper Mills manufacture various grades of writing and printing
paper from bamboo pulp. Its production during 1945 was about 12 tons per day
from an average of 25 tons of dried raw bamboo. Manufacture of pulp is by the
‘Sulphate’ process. Well-dried bamboo chips are fed into three digesters followed by
a solution of sodium salts such as caustic soda and sodium sulphate together with
calcium carbonate. Under high pressure cooking with steam at 160°C., sodium-bi-
sulphide is produced which together with caustic soda softens the fibrous tissue
separating the cellulose pulp from lignins and pectins, The ‘spent lye’ or a mix-
ture of waste chemicals which is a black syrupy liquid is evaporated, dried and
incinerated with an addition of sodium sulphate, Most of the lignin is burnt in
this process partly supplying the combustion heat. The resulting ash is dissolved
in water to form the ‘green liquor’, which after causticizing with lime produces
the ‘white liquor’ for re-use. Recovery processes are usually adjusted to keep
pace with production of pulp, but in emergencies such spent lye may be let out into
the general wastes causing the fish mortality reported often from sites of many
paper mills in India. The amounts of chemicals and raw materials utilized and the
products obtained per each production day (during 1945 and during 1955) are as
in the following Table.

During 1945 one ton of chlorine was being produced to obtain the required
quantity of sodium-hypo-chlorite for bleaching pulp and 1-5 tons of alum and 1 ton of
rosin were also employed in the paper machine for sizing. There appears to be a
proportionate increase of nearly twice the above figures during 1955.

(2) Nature of Paper Effluents

The waste liquor from the digesters contains the original cooking solution in
combination with nearly all the cellulose constituents of the bamboo and a complex
mixture of sulphur compounds with organic derivatives like mercaptans, ligno-
sulphonates, fatty and resin acids. Some amount of formic and acetic acids are
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i
Raw materials 1945 1955 Products 1945 | 1955
Tons Tons Tons Tons
Bamboo o e 25 50 Pulp .. 10 24
Rags .o .. 3 3 Paper . 12 ) 20
Waste paper .. e 2:5 3 Cardboard .. 05 1
Caustic soda .. 1 3 Mil. gals. | Mil. gals.
Sodium sulphate .. 3 ] Effluents . 2 35
Lime stone (calcium car- !
bonate) . . 5 14 :
China clay . 2 4 i
Sodium chloride 2 2 !
Mil. gals. | Mil. gals. i
Water 3 4 |

also present, Untreated alkali and alkali sulphides also go into solution. A high
percentage of fermentable sugars are also found in such wastes, but in bamboo pulp
wastes, this can be considerably higher. The relief gases which condense contain
also the bad smelling mercaptans, sulphur-di-oxide, di-methyl-sulphide, methyl
alcohol, ammonia, ete., with traces of turpentine and similar aromatic oils. Chlorine
utilized for bleaching pulp is also washed off mostly as chlorides. As chlorine
readily forms compounds with organic substances, a number of such compounds
may be present in the effluents. The total rate of discharge of effluents into the
river works out at 1,388 and 2,430 gallons per minute respectively during 1945 and
1955. Considering that the flow of water in the river at a modest estimate is 72-80
cusecs (472-505 gollons) per second in April and May, the completed dilution of
the paper effluents in the river works out at between 185 and 208 times in 1945 and
106 and 120 times in 1955. These dilutions are for the driest months of the year
in April-May after stabilized conditions prevail (following the previous monsoon
floods) for about seven months,

The mixed effluent originating from the various plants is usually brownish,
but is variable in colour, smell and other properties, becoming light brown, green
or yellow, but is always ill-smelling, pungent or irritating, depending upon the nature
of washings. The Chemical Examiner’s reports show the following fluctuating
values :—

;
i
Minimum ' Maximum

p.p.m.  p.p.m.
Total solids .. .. 770 ' 1.460
Suspended solids .. - 180 380
Disgolved solids .. .. 590 380
Oxygen absorption in 24 hrs. .. 32 83
Chlorine .. .. 80 200
Sulphide as HgS .. . 40 17

In samples of undiluted effluents, suspended particles settle to about } of the
graduated cylinders. Allowing to settle for 24 hours or boiling did not destroy the
smell nor colour of the liquor materially. Though all fibres were removed by filtra-
tion, filbrate did not lose its colloidal nature due to suspension of sulphur freed
from sulphides by oxidation. It is obvious from the table that the values of dissolved
solids are much higher than suspended solids.
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(b) Wood Distillation Plant Effluents

Smelting iron ore with wood-charcoal, a rare process, is profitable in Mysore
on account of the abundance of forest wood. Charcoal is manufactured in the
ancillary wood distillation plant of the Mysore Iron and Steel Works in airtight
iron retorts where uniformly cut raw wood is subjected to slow destructive distilla-
tion. Vapours are condensed into the valuable pyroligneous liquor which is sub-
jected to solvent extraction and fractional distillation to isolate acetic acid, wood
naphtha, wood tar, methyl alecohol, methyl acetone and formaldehyde. The average
quantities of the above products are as follows

Amount of raw wood used .. 100 tons  (per day)
Charcoal produced .. 2 ' .
Pyroligneous liquor .. .. 10,000 gallons "
Acetic acid .. .. 1-5 tons -
Wood naphtha, crude .. 250 gallons »
Wood tar .. .. 2  tons )
Methyl alcohol .. . 100 gallons ’

Amount of efluents generated—10,000 gallons per day.

In addition to the above components, unrecoverable pyroligneous liquor is let
out frequently when acidity falls below 2 per cent.

The efluent which is discharged into the river is a brown liquid with a pyro-
genous smell holding minute quantities of phenolic bodies and tar particles in suspen-
sion and contains about 0-3 per cent acetic acid. Its estimated flow into the river was
about 7 gallons per minute. The flow being slow in the open meandering drain,
much of the suspended particles tend to settle to the bottom, forming an impervious
sticky bottom of hard tar.

(¢) Affected River Water

The effluents from the pulp and paper mills are led into a small open settling
tank which, having silted up, served no useful purpose at the time of these studies.
Overflow from this swampy tank was then led into a 2 ft. diameter pipe which carried
it by gravity to the river’s bank for a distance of nearly a mile, to discharge with con-
siderable force into the river below the weir (sketch map). By an eight feet fall and
the presence of caustic soda and other alkaline mixtures, a huge amount of soapy
froth was being continually generated at this spot. The characteristic sulphate
mill smell of mercaptans was very strong in the vicinity. A dirty greenish black
sub-soil of 6-8 ft. depth covered the river’s bed at the outfall where foul-smelling
gases could be observed bubbling up. Pulp with precipitated gritty chemical sub-
stances formed cardboard-like layers, which constantly peeled off from the dry
river margin. The effluents imparted a dark brown colour to the water close to the
left margin, clearly demarcating the polluted waters on the left bank from unpollu-
ted water until admixture took place almost completely close below the road
bridge. The discoloration persisted in the Bhadra till its confluence with the
Thunga.

As dilution of the paper effluents increased in the water, a dark soft ooze became
perceptible at the bottom, blanketed by colonies of whitish fluffy fungus-like higher
bacteria and T'ubifex worms. A good amount of pulp fibres and silt were also caught
in these colonies which gradually built up a loose anaerobic substratum. Roughly,
this part of the river may be designated as the paper wastes’ pollutional area, though
somewhat complicated by the addition of wood distillation wastes part of the way
below the railway bridge.

In the following table, results of several chemical tests that were carried out by
the author during summer months of April and May are given. Three series of
tests were conducted on samples collected at stations 2 and 3 and one series at 1, 4
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and 5 on different days spread over a month, Where fluctuations were high, both
the maximum and the minimum values noticed are given (on different days),
but when low, only averages of the readings are noted. The Chemical Examiner’s
reports indicate that the river water has a B.0.D. of 0-5 p.p.m. in 12 hours and 17°5
p.p.m. in 24 hours at 65°F. which is quite high. According to Gehm (1948), 550-750
Ibs. of B.0.D. are discharged per ton of pulp produced in America, and this is mainly
due to the sugars present in the wood used. These values are likely to be much higher
in bamboo than in American forest woods. Repeated tests did not reveal even
traces of ammonia in samples of water collected for a mile below the paper effluent
outfall, showing the low nitrogen content.

TaBLe 1

(All values given are parts per million—p.p.m.)

. Dissolved ! : l Dissolved
Station Dissolved | =0 hyon- | Dﬁls olved hydrogen
OXYgen | gioxide | SMOTPC 1 gulphide
e ’ l :
H i
L | | =
Unpolluted waters (above weir) .. o112 484 I
2. ; | l
Above railway bridge. Polluted with paper I i . |
mill efluent .. .. Lo 8-65 | 548 . 10-64 | 8-00
to ‘ to i 0
10-00 19-00 ; 15-2
3. ' t
Between bridges. Polluted with both paper k i
mill and wood distillation plant efluents .. © 84 47 i 7-b5 i 2:58
035 ‘ *
1. . !
Below road bridge .. . . 808 | 306 780 2:04
5. !
Close to confluence of the Bhadra with the i

Thunga .. .. .. 1024 . 42 936 0-82

From an inspection of the foregoing values it is observed that the river being
a cascading type, slightly higher D.0. in surface waters is not unusual. Tt is only
slightly reduced when the paper effluents mix with the river water. It is also not
too low in observation points downstream, indicating thereby that known lethal
limits of oxygen depletion are perhaps not generally reached in the waste-diluted
portion of the river. Amount of CO; in river water does not seem to be greatly
affected, but an intense photo-synthetic activity by chlorophyll bearing phyto-
plankton and higher flora cannot be entirely ignored in station 4, where slightly
lower values were observed. Lethal limits of CO, saturation are not often reached
but fish are known to be highly resistant to free CO,, and only prolonged exposures
to 50—100 p.p.m. of free CO, dissolved in water prove lethal to most fish (Doudoroff
and Katz, 1950).

It is also seen that free Cly in undiluted paper wastes varies between 80 and
200 p.p.m. (Chemical Examiner’s report). A value of as much as 9-36 p.p.m. in
river water 11 miles below may be an interesting exception due to excessive hypo-
chlorite washings. It may be mentioned here that these values are many times
higher than the known lethal doses of 1-00 p.p.m. Since several sulphur compounds
are utilized in the paper mills producing complicated mixtures, only the inter-
mediary total sulphide values were determined. A total sulphide value between
40 and 47 p.p.m. in the raw paper effluent is variable on dilution only between
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8:00 and 1520 p.p.m. in the river water and indicates that accumulation of sulphide
ocours in the stream, Thereafter it gradually diminishes to 0-82 p.p.m. lower down.
Precipitation of sulphur compounds invariably takes place and production of HyS
from the soft sub-stratum also occurs in appreciable amounts as evidenced by the
numerous bubbles released.

IV. Broran StTupiEs
(1) Methods

For purposes of biotal study, the several areas were designated roughly as
follows :—

(1) Zone I—Clear Water Area—Comprising the uncontaminated river stretch
above the weir,

(2) Zone IT—Paper Mill Polluted Area—The river stretch between the paper
wastes outfall and the railway bridge.

(3) Zone ITI—Pollutional Area of both the paper mill and wood distilation
plant wastes—Between the railway bridge and the road bridge.

{4) Zone IV—Septic-cum-Recovery Area—Large pool some distance below
road bridge and connected channels.

{6) Zone V-—Recovery Area—Nine miles stretch below the large pool to the
confluence of the Bhadra with the Thunga.

Besides the above, the undiluted paper mill and wood distillation waste channels
have been considered separately for biotal studies together with their connected
stagnant pools,

For a better understanding of the nature of biota (excluding fishes which are
dealt with in a separate chapter) and their distribution, comprehensive collections
of flora and fauna were made both qualitatively and to a lesser degree quantitatively.
Floating and swimming organisms were collected by a circular close-meshed hand-
net with a bucket provided at the apex. For deeper areas, an ordinary ring plankton
net was used with a long hauling-in cord. Ooze along the margin up to a water
depth of 2 ft. was collected by pushing a semi-circular-shaped hand-net provided
with teeth along its diameter, and thus well adapted for scraping the surface. Care-
ful attention was paid for collecting ‘epiphyton’ (organisms coating submerged
objects) where ordinary scalpels and watch glasses were used. From inaccessible
pools of over 4 ft. depths, sub-surface bottom tows were made by nets mounted on
runners and the deep bottom sludge by a toothed triangular dredge similarly mounted,
both provided with long cords for hauling. The collection equipment was made
locally according to Reighard’s designs (vide Ward and Whipple, 1945).

As far as possible, uniformly identical hydrological conditions, such as currents,
depths, sub-strata, etc., were chosen for comparison from one part of the river to
the other while collecting organisms, Bottom sludge was washed in glass jars and
macro-fauna hand-picked and counted. In case of specific indicator organisms,
their counts were made to compare their density in each square foot of water not
exceeding 5” in depth at suitable intervals. As these studies at best could only be
relative, the intensity of distribution of the various groups are expressed on lines
usually indicated in such studies and denoted as abundant, very common,
common, fairly common, infrequent, rare and absent.

In Table II, the list of organisms provisionally identified up to the genera or
family is given for easy reference.

(2) Distribution of Biota

(@) Zone I—Clear Water.—A reference can be made to Table II where the
several organisms found in the unpolluted natural water are listed. Peculiarities
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observed in their distribution are discussed with reference to the polluted areas in
the ensuing paragraphs.

(b) Paper Mill Efftuent.—The raw effluent is not entirely devoid of organic
life (Table II), though there appears to be an absence of bacterial life due to the bac-
tericidal action of excessive alkalies, chlorine, hypochlorite and sulphurous acid.
A few colourless Ciliata such as Colpidium, Chaenia, Paramaecium, insect larvae
such as those of Culicids, Chironomids and Haliplus and two small aduly Dytiscid
beetles constituted the animal life of this toxic water in the aged stagnant pools
where no fresh effluent admixture was taking place. A few Diatoms, namely Navi-
cula, Pinnularia, Gomphonema and Fragillaria, and some Euglininae and Cyano-
phyceae, like Euglena, Oscillatoria, Nostoc, Spirulina and Batrachospermum, represen-
ted the aquatic plant life. Presence of T'ypha and other grasses on the margins
of the overflow tank, together with a thick growth of some other weeds, showed
that the rooted plants probably do not die out in the efluent fed water.* A large
number of frogs inhabited the edges of the pool indicating thereby that the effiuent
is not toxic to them. No tadpoles were, however, found in the area.

(¢) Wood Distillation and Iron Works Wastes.—Absence of any animal or
plant life in the flowing wood distillation waste liquor, mixed with sulphuric
acid from the steel plant, is not surprising as it is highly acidic. But the fluffy,
brownish floating scum formed on the surface of the stagnant sandy pools in
the river bed consisted of a demse growth of Fungi conglomerated with various
kinds of Bacteria, Diatoms, etc. Of the latter, Rhapolodia, Mastogloia, Eunotia
and of the Desmids, Cosmarium, Merismopaedia, etc., may be mentioned. Some
Protozoans, Tracheilus, Sarcocystis and Paramaecium, were found attached to the
wet undersurface of the flocculent substance together with Rotifers, Monostyla,
Diplois, Noteus and Melicerta, Oscillatoria and Nostoc were also found in this
surface scum. Though the raw liquor is highly toxic, due perhaps to the formation
of complicated sugars by polymerization of numerous aldehydes present (on prolonged
exposure to atmosphere), favourable conditions for their growth are created which
support an aerobic life. A dark ooze at the bottom consisting of fine tar particles
supported a fairly rich Bacterial and Protozoan life of the anaerobic type. These
included, among Bacterial group, unicellular Bacteria and the higher group of both
septate and non-septate ‘Fungi’ Leptothriz, and amongst the Protozoans mainly the
shell forming varieties Sarcodina, Diflugia, Actinopoda, Arcelln, Buglypha, Centro-
pyais, ete. A number of colourless Infusorians, namely Sarcocystis, Paramaecium
and a variety of colourless Flagellates, were also observed.f Raymond and Lindmann
(1942) have stated that colourless Flagellates can thrive under highly anaerobic
conditions, Clusters of ‘rat-tailed maggots’ of Eristalis fly within the sludge are
further evidence of a high degree of anaerobicity of the bottom. According to
Campbell (1939) these maggots thrive in the short zone of active decomposition
where anaerobiosis flourishes along with anaerobic Protozoa. Such conditions are
always associated with an absence of Fungi and green plants. Larvae of Psychoda
fly and Leptid pupae (snipe flies) were also found in abundance in this area with the
adults hovering on the damp edge. Two species of Copepoda and one of Cladocera
were collected only occasionally in the aged pools. Three to four species of
Diatoms were also observed in the ooze. It is obvious from the above that a
certain amount of breaking up of organic components, e.g. by Bacterial activity, upon
phenols and polymerization of organic acids, may occur in the wood distillation

* Author has since noticed a fairly good vegetable gardening practisedl by direct utilization.
of paper effluents at Dehri-on-Sone in Bihar, the raw effluents serving both watering and
manuring purposes,

+ Well corked tubes in which ooze sampled were kept without fixative showed living colour-
less Infusorians after a lapse of three months. The original phenolic smell still persisted as
obviously no chemical action had taken place. Many generations of Infusorians must have
lived in the tube during this period.
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effluent on long exposure to atmosphere and sunshine, In course of time this begins
to support both aerobic and anaerobic life, This does not involve any dilution.

(d) Zomes II and III—Between Efluent Outfall and the Road Bridge.—The
region between the paper efluent outfall and the road bridge is treated as a
separate sub-unit for purposes of discussion here (unless otherwise stated) as the
effects attributable to wood distillation effluents alone are obscured owing to its
broken streamlets mixing with the already paper waste-diluted water of the river at
several points. This stretch is characterized by a dense growth of sheath-forming
Bacteria (both septate and non-septate) of the Sphaerolitus (Crenothriz) and Beggiota
types. At first sight their colonies may be mistaken for tufts of dirty cotton flocs
or pulp and even ‘flocculent deposition of certain salts’. It was further seen that
several types of unicellular T'hiobacteria and Eubacteria are also dominant in this
stretch storing sulphur compounds in their cell structures. This fact is of importance
ag constituting one of the most potent hazards to fishes which feed upon the bottom
muck.

Thick masses of Tubificid colonies were the next important animal group.
These aquatic Chaetopodans, mostly Dero, Stylaria and Tubifex, were found thriving
side by side with fluffy bacterial colonies. Raymond and Lindmann {op. cit.) have
found that their presence is a sure sign of high degree of anaerobiosis and that they
have a capacity to split water into Oxygen and Hydrogen for their survival. Their
gills further assist the process of oxygen absorption. The extent of projection
from their tubes indicates the relative oxygen depletion in a bacterially active sub-
stratum. Though well over § of their bodies were found to project outside their
muddy tubes in the area near the railway bridge, hardly 1/8 part of their bodies
were seen exposed further down 8 miles below, where a certain amount of recovery
had taken place. Of these, Stylaria with its long proboscis was predominant in the
area above the railway bridge and Dero more so below. Their decreased density
lower down was not perhaps so much due to any improved water conditions but
to the presence of numerous minnows feeding voraciously upon them (see p. 141).

Terrestrial Oligochaetes were absent in marginal areas even slightly affected
by polluted portion of the river flow indicating their great sensitivity towards per-
colated effluent waters. These reappeared only two miles below the first outfall.

Protozoa generally increased in density but showed a decided decrease in Para-
maecium and Chaenia; whereas Arcella, Nebela, Phryginella, Colpidium, etc., were
recorded from paper wastes polluted region, Actinopoda, Euglypha, Tracheilus and
Sarcocystis were found in the area where there was an admixture of wood distillation
wastes as well. Turbellarians and free swimming Nematoda were found in the
first part of the stretch above the railway bridge but were absent below it in the
wood distillation waste affected part. Though a few Rotifera, ie. Monostyla,
Diplois, Noteus and two species of Melicerta, were only occasionally found in the
first part, their population was very common in the wood distillation affected area.

Molluscs of which Gastropods, Vivipara, Melania, Pleurocera and Indoplanorbis,
and two Pelycepoda—Lamellidens and Corbicula—entirely disappeared from the
affected region reappearing only gradually in Zone IV below showing their great
sensitivity to pollution. Clusters of their colonies were seen in puddles formed of
fresh sewage water far above the margin of the river water, the animals evidently
having migrated to escape pollutional effects. Amongst the Entomostraca, one
species of Copepoda, two of Daphnia and one of Bosmina only survived in the region.
One of the former, a pink variety, was collected from the deep ooze in association
with Chironomid larvae. QOstracods were not represented.

Of the aquatic Insects, Dytiscid and Hydrophyllid beetles, Nepidae (one species),
Odonata—Anisoptera (Dragon fly nymphs), Culicidae, Chironomidae and Dixidae
were recognized. Eristalis and Leptid fly larvae and pupae were rare in the mainly
paper waste affected area above, but were collected in the second part below spots
where wood distillation effluent mixed with the river water. An interesting black
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Acridiid cricket, probably Scelimena sp., which was not observed in the clear waters
above, was found in abundance in the margins hopping in and out of the water.
This amphibious cricket (slightly smaller in size) was also collected in the sludge
from depths of 7-9 ft. in scores during bottom hauls with the dredge. It was appa-
rent that the species is associated with the septic sludge containing either a Bacterial
sub-stratum or Tubificid worms (or both) as these may well form its food. A large
number of Chironomid larvae, ‘blood worms’, was found in this region both from
the margins and in muck in 8 ft. depth or more. Egg masses of this fly were obtained
from the water margins. ‘Water Scorpions’, Nepidae, probably Laccotrephes
(Ranatra was not found), were freely collected except at the vicinity of the outfall
of the effluents. The insect is apparently unaffected as its breathing tube projects
out of the water and it does not hence suffer oxygen depletion. Two species of
Notonectidae and one of Corixidae were occasionally collected from many isolated
areas, but their numbers were never high. Dragon fly nymphs were in abundance,
their population greatly increasing towards the large pool below the road bridge.
Mostly adult Dipteran insects, such as Midges, Chironomids, Snipe flies, Syrphus
flies (Syrphidae), Dixa midges (Dixidae), Moth flies (Psychodidae) and Mosquitoes
(Culicidae), were common along the affected river margin. Large numbers of Spiders
and Ants (Hymenoptera) were found active along the damp margins, having obviously
been attracted by the abundant food animals and decaying substances present.
Many of these were also being carried by breeze into the running water thus account-
ing for their presence in fish guts.

A great increase in the occurrence of Bacillariophyceae and Myxophyceae, namely
Coscinodiscus, Pleurosigma, Navicula, Pinnularia, Gomphonema, Fragillaria and
Asterionella, was observed in this stretch. Cyclotella was first recorded here and
showed an increase lower down. Oscillatoria and Nostoc, abundantly seen earlier,
decreased relatively downwards. Of the Chlorophyceae only Pandorina, Ankistro-
desmus and Cosmarium were represented in the river above the railway bridge, but
the first two disappeared in the contaminated wood distillation waste part of the
river.

(e) Zone IV—Pool below Road Bridge~—The main septic area is confined to a
large pool some distance below the road bridge. This pool showed, at the time of
these observations, all the characteristics of a heavily manured pond. There was a
thick deposit of soft mud consisting apparently of humic matter and silt mixed with
disintegrating pulp fibres which contributed towards an unprecedented growth of
fauna and flora rarely seen in the course of a runming stream. The hardly
perceptible current further helped a more stabilized aquatic life to emerge and
multiply. It is obvious from Table II that practically every group of aquatic
organism is represented here unlike in a pond or a reservoir, where only a few groups
can be obtained at any one time. The constant renewal of nutriments as well as
an adequate supply of oxygen and carbon-di-oxide during the preceding months of
stable water conditions, enhance chances for colonization of the pool by most
varieties of organisms that may drift into it.

Free living Bacteria of types earlier mentioned were found abundantly in the
sludge but the fungus colonies occurred only frequently. Amongst the Protozoans
almost each type mentioned earlier together with several additional species, e.g.
Amoeba, Dydinium, Hydrosphaenia, ete., were recorded. Hydra and Porifera
(two species) reappeared in the pool. Turbellarians—Catenula sp. (2}, free living
Nematoda, ete., also increased particularly in the less polluted right portion of the
river amongst vegetation. An abundance of Rotifers, as listed in the Table, gives
a fair indication of the fertilizing qualities of the pollutants involved. Chaetopo-
dans, earlier listed, were less in density on account of mainly smaller shoaling fishes,
which were found to feed upon them heavily.

Reappearance of Molluscan life in the pool is indicative of a certain measure of
recovery, but some of the riverine forms of Gastropods, like Pleurocera, occurred
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only along the infrequently seen clean sandy patches towards the comparatively
sludge-free right margin. Gastropods were found to be more sensitive than Bivalves-
Unionidae of which Lamellidens was collected from the sludgy depths of 5-6 ft.
Many of them were the largest seen in any river, being about 4” in length. Several
freshly dead (Gastropods were also found and many had migrated to the exposed and
half-submerged portions of rocks to avoid continued immersion in water as was
evidenced by their clustering together. But on the right margin they were found
amongst vegetation, where they also bred as seen by the mucilaginous masses con-
taining their tiny shells, Though Leeches—Hirudinea—were unrepresented else-
where, a species nearly }* long was found in large numbers on one of the Gastropods,
probably parasitic on it. A variety of Gastrotricha, as distinct from the one already
noted in the polluted area earlier, was noticed amongst the vegetation. Entomos-
traca was the most abundant major animal group, swarming in the shallower regions
of this pool, or creeping along the sub-stratum and vegetation, and some even found
burrowing in soft ooze. A pink coloured Cladocera (the same as found in the pollu-
tional area) up to a size of 4-5 mm. could be collected in abundance. Yet another
species of a size well over 5 mm. was collected while half buried or creeping along the
soft ooze, on the left polluted margin of the river. Brightly coloured Ostracods
reappeared in this pool along with Hydracarinae (water mites) which were found in
appreciable numbers. No crabs were noticed, but several prawns were found dead
or dying, and a few well grown specimens were obtained on the vegetation.

Among insects, a species of Lepidoptera, probably a Pyralid or a Pyraustid
larva, was found within cases built of Hydrilla leaves. These larvae showed 6-8 gills.
Caddis flies (T'richoptera) were well represented, but Ephemerids and Plecopterans
were rarely seen. Damsel fly nymphs reappeared in this area having been earlier
recorded only in the clear water stretch. Dragon fly nymphs, however, were in great
abundance. Flat bodied Naucoridae were gathered from 6-8 ft. depths in the dredge
hauls particularly close to spots where two of the wood distillation waste channels
emptied directly into the pool.

Amongst the aquatic vegetation, presence of numerous Desmids on the right
side of the pool was a striking feature (Table II). Similarly, Volvox, Pandorira,
Eudorina, Euglena, ete., reoccurred in this stretch. An abundance of Pleurocera,
Navicula, Pinnularia, Gomphonema, Fragillaria, Asterionella, etc., amongst Diatoms
was attributable to the pollutional effects as noticed previously, but their unabated
intensity here was probably an indication of incomplete recovery. At the same time
occurrence of Spirogyra, Zygnema, Volvox, Hydrodictyon, etc., showed that in parts,
at least, some recovery had taken place. A variety of submerged vascular vegetation
listed in the Table blanketed the pool contributing to the purificatory processes
and also sheltered a rich aquatic life inclusive of fishes.

(f) Zone V—Between the Pool and the Confluence.—In this stretch commencing
below the large pool for a length of 8 miles up to the river’s confluence with
the Thunga, the hydrological characteristics of clear water area above the
weir were more or less repeated. The sub-stratum was sandy and the flow wasg
comparatively fast interspersed with rapids and channels. Masses of black humic
deposits with isolated fluffy ‘Fungus’ type Bacterial colonies of Sphaerolitus
occurred ocecasionally. But numerous unicellular sulphur Bacteria were found in
the soft ooze. Recovery cannot be said to have fully taken place even in this stretch
as Tuabificid worms were still seen, but their muddy holes were generally empty, the
animals having been preyed upon by active minnows. Fauna and flora of this area,
though quantitatively less than in the preceding area, was equally rich in variety.
Additional organisms recorded here were Chaetosphaeridium, Tribonema and Micro-
sterias. Sponges were much more in evidence especially near the confluence with the
T}ilun%:d as in the clear waters. Nymphs of Caddis flies and stone flies were also
collected.
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V. ExPERMENTAL OBSERVATIONS ON THE EFFECTS OF PAPER FACTORY AND
Woop Distiuration Wastes uvpoN Fisa LiFe

Simultaneous with the foregoing biotal investigations, effects of various concen-
trations of effluents upon fish life were studied both by a few direct experiments
and by extensive field observations. As elaborate methods for bicassays could not
be undertaken, reliance was placed mostly on actual field data. As the main object
was to estimate in broad terms the causes of damage to fish life directly by toxic
effects and indirectly by hindering normal feeding, breeding and migratory habits
of fishes —hence to fisheries, studies made are found fairly adequate.

(1) Experimental Studies on Survival of Fish

As dilution of waste ingredients in the river varies continually, it was hardly
proper to use a sample of water taken at any particular spot to carry out survival
tests in the laboratory. Assessment of percentage concentrations of toxic substances
could not also be done owing to the complicated nature of mixtures and lack of
facilities. Since, during casual field inspections, there seemed to be no obvious effort
by fiskes to avoid polluted waters, it was decided to carry out survival tests in different
parts of the river itself by keeping some of the fish caught in submerged baskets and
observing their survival for prolonged periods.

Four rectangular ‘live’ baskets of 20" x 14” x 12” dimensions with a small side
door were made locally of thin bamboo strips so that any fish over 24” in total length

TasLE 111
Results of swrvival tests on fishes in differently effluent diluted points along the river course

No. of | Clear water— | Paper wastes | Mixed effluent | Septic-cum-
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and about & thickness of }” could not escape. Four points along the river were
selected, approximately as shown in the sketch map : C—as control in the clear water,
P~—close above the railway bridge where paper effluents had been mixed with river
water, W-—between two bridges, where in addition to paper efluents, wood distilla-
tion wastes had got mixed about 120 yards above, and E—below the road bridge at
the very end of the large pool where still an incomplete dilution of both effluents had
occurred in the water. A number of small fishes of the region were obtained alive
from the unaffected clear water above the weir. These belonged to seven different
genera comprising Mystocoleucus, Danio, Chela, Rasbora, Esomus, Garra and Cirrhina
ranging in sizes approximately between 23" and 6”. In each basket 20 specimens as
shown in Table I1T were introduced maintaining as nearly as possible a uniformity
in size of different species. It is seen from the Table, that the selected species also can
be broadly grouped into mainly surface or sub-surface, column and bottom feeding
fishes. Except Chela, Rasbora and Hsomus (which are found in stagnant waters also)
the remaining species are mainly rapid water or hill stream forms. Survival of these
fishes was noted every hour for the first four hours and later every four hours for a
period of 48 hours continually.

Fishes of the stretch were obtained regularly by cast netting for a distance of
5 miles commencing from the clean water above the weir up to 2 miles below the
septic-cum-recovery pool. It was later observed that the affected fishes were in the
habit of concentrating in the latter pool for shelter and food not found elsewhere
in such abundance in the stretch under study. By examination of these and the
catches of local fishermen much valuable data were procured. All these fishes were
examined for gut contents, signs of internal damages, as well as external marks of
injury. Gut contents were noted, with the nature and volume of food. State of
digestive organs, such as stomach, liver, etc., and any peculiarities exhibited in the
blood vessels were recorded. Results of examination of 413 fishes are tabulated in
the Appendix. Percentages of food have been calculated from averages of total in
each species which includes one or two empty or full guts where 10 or more specimens
were examined.

(2) Observations

When healthy Rasbora, Chela and Danio were introduced into the raw paper
mill effuents in a glass jar, they died in 8-15 minutes exhibiting immediate distress.
They showed violent gulping and jumping movements, flitted about in great confusion
and died helplessly floating and recovering alternatively for short durations. All
of them died keeping their natural balance and not turning their belly upwards. Death
was later found to be due to severe asphyxiation and congestion of gills which had
become swollen though there was no damage by bursting. Mucus on the gills was
found to be coagulated even though body mucus seemed to have remained unaffected.
In the raw wood distillation efluent, the same species of fish died within 2-3 minutes
by still more violent gasping and jumping movements, They died dashing wildly
against the sides of the jar turning on their belly with the operculum half closed and
respiratory movements becoming feebler. Mucus on the body as well as on the
gills was found to have coagulated and the lips and margins of the fin membranes
had turned whitish. In samples of diluted river water taken between the bridges
(where a certain amount of dilution by the wood distillation waste had taken place),
these fishes died in 8~10 minutes. Death in this case was again due to asphyxiation
of gills and loss of equilibrium as all these fishes floated with their belly upwards.

In experiments with fishes kept in cages it was noted that one fish had died in
the clear water zone after 3 hours, evidently as a result of an earlier injury at the
time of collection. Corresponding to the paper waste diluted water, though 13 fishes
survived at the end of 4 hours at point P, by the end of 24 hours, 4 survived and
only 2 at the end of 48 hours. At point W, no fish survived at all at the end of
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4 hours. In the thoroughly mixed septic-cum-recovery pool at R, all 20 fishes survived
for 4 hours, 16 at the end of 8 hours, 7 at 24 hours and 6 at the close of 48 hours.

The dead fishes were examined carefully. In many cases such post-mortem
examination was rendered difficult as the dead fishes greatly putrefied within 4 hours.
Most susceptible fishes in the order of their death were Mystacoleucus, Chela, Danio,
Rasbora, Esomus, Cirrhina and Garra. In fishesth at had died at points P and R
the gills were not congested or choked by pulp, etec., but had turned whitish at poing
W. It looked as if paper effluents alone were responsible for death of fish at B (and
also at P) but wood distillation waste was lethal at W being quick to act even at
slightly lower dilutions. Later to these observations, it was found that no fish
survived for more than 50-60 minutes in water samples taken between the bridges.
Such lethal action apparently disappeared on higher dilutions below. Al these dead
fishes as well as the surviving ones showed empty guts indicating that they had either
vomited or purged on coming in contact with the pollutants.

The surviving fishes in cages at P and R were in a dazed state as if narcotised.
They were all swimming in a sluggish aimless manner, but none had lost
equilibrium. There was a green tinge on the usually whitish coloured abdominal
wall. None of these fishes attempted to escape when handled. This inactivity was
not observed in fishes kept as control at C which were healthy and active even at the
end of 48 hours. Majority of them having had no access to food showed almost
empty guts. Further, in fishes at points P and R, the entire abdominal cavity was
found to have turned yellowish and exuded a strong smell of chlorine and sulphides
indicating thereby that the tissues were capable of absorbing these noxious gases.
Chokage of gills by pulp fibres or bacterial attacks was, however, not found to be
the cause of death in any of these fish. On the other hand, the immersed cages were
thickly covered by mucilaginous tufts of Sphaerolitus within 6-8 hours in all the
three lower points.

VI. OsBsErvaTioNs oN Fisg DISTRIBUTION AND CONDITION

In the course of investigations various species of fish found in the Bhadra at
Bhadravathi were recorded and their relative scarcity, if any, noted. Fishes
marked (*) are of economical value and those marked (ab) were either unrepresented
or recorded very rarely from the affected stretch or above the weir in clear water.

ab  Notopterus notopterus (Pallas)
Chela clupeiodes (Bloch)
Chela argentea Day
* Chela phulo (Ham.)
Laubuca atpar (Ham.)
ab  Barilius bendelisis Ham.
Barilius barila Ham,
Barilius barna Ham.
ab  Barilius gatensis (Cuv. & Val.)
ab  Barilius canarensis (Jerdon)
Danio strigillifer Myers
Danio malabaricus (Jerdon)
Brachydanio rervo (Ham.)
Esomus barbatus (Jerdon)
Rasbora daniconius (Ham.)
ab  Osteochilus nashii (Day)
ab  Osteochilus thomasst (Day)
Amblypharyngodon melittinus (Cuv. & Val.)
Aspidoparia morar (Ham.)
Barbus amphibius (Cuv. & Val.)
ab * Barbus neilli (Jerdon) = Tor neilli (Jerdon)
ab * Barbus khudree {Sykes) = Tor khudree Sykes
ab * Barbus kolus Sykes
* Barbus pulchellus Day = B. dobsonii Day.
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ab * Barbus filamentosus Gunther = B. mahecola (Cuv. & Val.)
* Barbus sarana (Ham.)
Barbus sophore (Ham.)
Barbus dorsalis (Jerdon)
Barbus narayani Hora

* Barbus lithopidos Day
Barbus chola (Ham.)

Oreichihys cosuatus (Ham.)
Cirrhina fulungee (Sykes)
Garra jerdonii Day

Garra mullya (Sykes)
Garra bicornuta Rao

* Labeo potail (Sykes)

* Labeo dussumeirs (Cuv. & Val.)

* Labeo porcellus (Haeckel)
ab * Labeo fimbriatus (Bloch)
ab * Labeo boggut (Sykes)
ab * Labeo kawrus (Sykes)
ab * Labeo ariza (Bloch)

* Labeo calbasu (Ham.)
Schizmatorhynchus nukia (Sykes)
Rohtee neilli Day
Rohtee cotio (Ham.)

Mystacoleucus ogilibis (Sykes)
Lepidocephalichthys thermalis (Cuv. & Val.)
Nemachilichthys shimogensis Rao
Nemachilus striatus Day
Nemachilus bhimachari Hora
Nemachilus sinuatus Day
Nemachilus denisonii Day
Nemachilus anguille Annandale
ab * Ompok bimaculatus (Bloch)
ab * Wallago attu (Bl. & Schn.)
ab * Muystus seenghala (Sykes)
ab * Mystus aor (Ham.)
Mystus vittatus (Bloch)
Mystus cavasius (Ham.)
ab * Rita hastata (Val.)
ab  Rita pavimentata (Val.)
ab * Bagarius bagarius (Ham.)
ab  Gagata dichkea (Sykes)
ab  Gagata viridescens (Ham.)
ab  Qlyptothorax dekkanensis (Gunther)
ab * Pseudeutropius taakree (Sykes)
ab  Pseudeutropius atherinoides (Bloch)
* Xenentodon cancila (Ham.)
Panchax lineatus (Cuv. & Val.)
ab  Ophicephalus gachua (Ham.)
ab * Ophicephalus spp.
ab  Macropodus cupanus (Cuv. & Val.)
ab  Ambassis ranga (Ham.)
ab  Qlossogobius giuris (Ham.)
ab * Mastacembelus armatus (Lacépéde)
ab  Macrognathus aculeata (Ham.)
ab * Anguilla bengalensis Gray

*

Of the above 79 species, nearly 30 are of economical value in the entire Thunga-
bhadra drainage on account of the larger sizes attained. But of these 17 were seldom
recorded in the affected river stretch, but were found mainly as stray young ones in
the clear water above the weir. Well-known food fishes of the Thungabhadra, namely
Barbus neilli, B. khudree, Labeo fimbriatus, L. boggut, L. kawrus, L. ariza, Bagarius
bagarius, Wallago attu, Mystus aor, M. seenghala, Rita hastata, Ophicephalus spp.
and a few others, were found only in one or two young specimens and so they can
be considered as practically absent.

While engaged in these investigations, it was often noticed that local fishermen
were making relatively rich hauls of fish down stream }-} mile from the paper mill
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effluent outfall. Though their catches were restricted (during April-May) to only
a few medium or small-sized forms, those fish could have been of considerable market
value elsewhere on account of the total bulk. But at the time, their value was only
15-25Y%, of the value prevailing for the same fish if obtained from uncontaminated
stretch. On examination, it was found that these fish had turned dirty yellowish in
colour and smelled of paper waste sulphide and sulphonates. These odours were
reported to persist even after the fish had been cooked.

On closer inspection of this polluted tract, a number of narcotised bottom-
dwelling fish species Nemackilus, Nemachilichthys and Garra were picked from the
shallow margins.* Several adult specimens of Labeo potail and Barbus kolus of
lengths up to 21" were found floating dead or dying in an isolated pool cut off from
the main flow of the river on the right margin (sketch map). These fish must have
swam into this pool earlier on their own volition through an outlet as there was no
inlet from the river. Death of fish in this region was obviously by slow degrees
rather than by any immediate effect of the paper effluents. All these fish showed
no external injury, but had a yellow pallor over the body, with eyes turned pale
white. In none of them was there any evidence of choking of gills by pulp fibres, etc.,
as these gills were clean and pink in colour and the opercular movements, though
normal, were rather slow. It was quite evident that the fish had become narcotised
and gradually stupefied, by absorbing through the gills noxious gases and other
chemical compounds dissolved in the water. This has been further confirmed during
survival tests by an examination of dead or dying fish in cages which showed not
only a similar bad odour but also a yellow pallor of the body.

That these fish easily become prey to various piscivorous birds was noted at the
time. There was a good deal of activity especially in the early hours of the morning
when the birds used to pick the aimlessly floating or swimming fishes. Droppings of
these birds showing fish bones were found along the marging commonly. Many
crows and cranes were also busy on the margins picking up any fish that chanced to
come to the edge or surface of the water.

An examination of digestive organs of several specimens (Appendix) indicated
mainly empty stomachs and intestines; but the blood vessels lining the digestive
tracts and the adjoining body musculature within the abdominal cavity appeared
congested and swollen, many showing pustules or suppurating spots. In several
others, liver had become discoloured and pulpy to touch when a microscopic examina-
tion revealed that fatty degeneration had set in. A strong mixed odour of sulphides,
sulphonates and chlorine emanated on opening these fishes. Even from the appa-
rently healthy fish collected by the author and purchased from the fishermen, such
odours were detected. These observations coincide with the state of the surviving
fishes in the cages as already narrated. It may be of interest to mention that Westfall
and Ellis (1944) have also noticed that in fishes subjected to pulp mill pollution there
is an undesirable flavour of the flesh by absorption of unpleasantly flavoured sub-
stances both from the liquor effluents and from decomposition products of disinte-
grating pulp.

The active ‘sight’ feeders, Rasbora, Esomus, Chela and Danio, were found
darting from the right, effluent-free clear water portion of the river course into the
effluent diluted left side (in the region below the railway bridge) and dart back again
within a few seconds. This peculiar habit was found on close examination to be due
to the presence of dense colonies of Tubificid worms, Chironomid larvae, etc., in the
polluted portion, on which organisms the fish freely used to feed. Such to and fro
movements were repeated many times and usually shoals of these minnows could be
found in the clear water portion engaged in sorties for feeding in the polluted portion.
It is significant that the above fishes and a few Barbus pulchellus, B. lithopidos,

* Similar instances of stupefied fish occurring have also been noticed in Bihar where the
paper mills of Dalmianagar discharge the effluents into the Sone river.



A. DAVID: STUDIES ON THE POLLUTION OF THE BHADRA RIVER FISHERIES 155

Cirrhing fulungee and Garra spp. were also found to be somewhat hardier than the
rest of the fish observed. Though all these ultimately succumb to the injurious
effects of the pollutants, the unaffected portion of the stream seemed to afford a
certain degree of safe retreat; what percentage of such affected fish finally recover is
not known. It was also noted that the bottom feeding fishes showed, more commonly,
the typical pathological conditions than the above-mentioned column feeders. In
the available species of Labeo, Schizmatorhynchus, Osteockilus, Barbus kolus, Garra,
Nemachilus and Nemachilichthys, all of which are more or less mainly bottom feeders,
pathological conditions were observed much more frequently than in others.

VII. Gexneran Discussion
(@) Direct Effects

From the data given in the foregoing chapters and the preliminary field observa-
tions, only broad conclusions can be drawn as to the possible manner in which the
pollutants affect the Bhadra river fisheries.

Alkalinity of up to 9 is known to be tolerated by fully developed fresh-water
fishes and none of the industrial alkalies like NaOH have clearly been shown to be
lethal to fish (Doudoroff and Katz, 1950). This may explain the survival of many
fish in the paper effluents diluted water for longer periods. As there is a sufficiently
large amount of €Oy, i.e. as much as 5-48 p.p.m. in the river water and any large
increase in pH is counteracted by it, excess of alkalinity may be safely eliminated as
a major cause of fish mortality.

Presence of small quantities of hydrogen sulphide and free chlorine are well
known to be toxic to fish to an extreme degree. Usually 1-00 p.p.m. and, under
certain circumstances, even as low as 0-1 p.p.m. of these compounds have been stated
to be lethal to fish. Doudoroff and Katz (op. cit.) have concluded that even traces of
these substances in polluted waters should be regarded as a possible hazard to fish
life. In the Bhadra, values of total sulphides varied between a maximum of 15-2
P.p-1. to & minimum of 2-04 p.p.m. depending on the distance from the outfall, and in
the lower stretch it was still as much as 0-82 p.p.m. Similarly dissolved chlorine
content varied between 19-00 and 7-56 p.p.m. within the affected stretch. That both
these values are very high during the critical summer months when there is a greatly
attenuated stream flow for prolonged periods and are far in excess of considered safe
minimums of 100 p.p.m. cannot be overlooked. Theoretically, though effluents
should dilute nearly 200 times, accumulation of pollutant substances in water and
along the sub-stratum can easily take place in the highly broken up river bed in its
numerous channels and bayouts. As sensitivity of fishes to these substances varies
from species to species, absence of several forms in the 12 miles stretch is not sur-
prising, since they may easily avoid sulphide diluted waters as observed by Carpenter
(1930). During experiments on the toxicity of sulphurous acids fish died due to
coagulation of mucus on gills causing asphyxiation. Shelford (1917) has reported
that 16~19 p.p.m. of sulphur-di-oxide gas dissolved in the tap water was enough to
kill small fishes in one hour. But 0-5-1-00 p.p.m. of hydrogen sulphide and dissolved
sulphides are stated to be critical concentrations for more sensitive fishes under
average water quality conditions. Total sulphide values noticed (15-2~2-04 p.p.m.)
in the affected stretch are quite high and, even 9 miles below, as much as 0-82 p.p.m.
were traceable. These are decidedly lethal dosages for fish however favourable
other conditions may be. In the absence of experimental evidence, it is to be pre-
sumed that the high ‘sulphur * bacterial activity noticed helps in a great measure of
recovery of the water and very likely the accumulated sludge, when taken as or along
with food by the bottom feeding fish, may release sulphur or its compounds on
digestion which may finally affect the fish. Decomposition of lignin sulphonates
and pulp may also produce various substances which also could act as specific poisons.
Under prolonged exposure to dissolved toxic substances, the fish appear to get firstly
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narcotised, finally succumbing to the lethal effects as seen by field collections. Deple-
tion of oxygen and a marked degree of anaerobicity do not seem to be causes of
fish mortality as indicated by the few observations on the distribution of organisms
and field tests.
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Sketch map showing the Bhadra river stretch at Bhadravathi indicating points of observa-
tions, demarcation of effiuent diluted areas, disposition of outfalls, etc. The entire stretch,
except the area of the septic-cum-recovery pool close below the road bridge, is rocky and cut
up into numerous channels which however are not shown.

In the wood distillation effluent area, death of fish is almost instantaneous.
Adam, Potter and Murdoch (1937) have found that even non-toxic tar washings
had irritant effects on fish. During experiments they noticed that phenols of 10-00
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p.p.m. in water caused twitching, loss of equilibrium and partial narcosis. Other
tar bases as low as 2:00 p.p.m. caused loss of equilibrium in 2% hours. 1-00 p.p.m.
of acridine (a substance known to be present in the distillation washings of wood
as well) caused violent gulping and narcosis with loss of equilibrium in 48 minutes.
Erichson Jones (1951) found that solutions of phenol, ortho- and para-cresol are
highly toxic to minnows, and that they appear to have some specific poisonous effect
on the nervous system of fish causing them to lose their sense of balance and capabi-
lity of co-ordinated movements. He concluded that minnows show little or no
capacity for recognizing and avoiding the solution at any concentration between
0:04%, and 0°00039%, of solution and become intoxicated; he also mentioned that
0°0049, is about the threshold of toxicity for phenol. The effect at higher concen-
tration is neuro-muscular in nature.

Presence of sulphuric acid from the steel plant in the wood distillation wastes,
is perhaps only slightly toxic to fish, since 10°00 p.p.m. of free acid causes grave
danger to fish as noted by Doudoroff and Katz (op. ¢it.). Coagulation of gill mucus
is usually caused by acids, but this cannot be attributed entirely to sulphuric acid, as
there are several other organic acids in solution in the wood distillation effluents.

In general it is evident that the causes of death of fish in effluents from wood
distillation plant are more toxic to fish populations at higher concentrations and on
dilution their effects apparently disappear. But in the paper mill effluents, though
the toxic effects are slow to manifest, continued exposure of fish to even dilute
concentrations has a narcotic effect which ultimately becomes fatal.

(5) Indirect Effects

Presence of pathogenic conditions in fish reveals that continued exposure to the
effluent diluted waters affects their physiological functions, causing degeneration of
liver, congestion of blood vessels and appearance of suppurative spots by interfering
with blood circulation, Whether these conditions are due to ‘acidimic’, i.e. toxic
effects acting internally, is difficult to ascertain in the absence of well-defined experi-
mental data. But most species of fish that appear to be unable to distinguish toxicity
in lower concentrations are attracted into the Bhadra from the Thungabhadra
below. The chemical attraction exerted by the pollutants in low dosages and the
presence of increased food organisms seem to impel several species to move up to the
pollutional area. According to Stephen (1936) fish cannot distinguish certain
chemical wastes as such, resulting in their ultimate stupefaction and mortality.
In fact, they show preference to certain chemical wastes, as some varieties are attrac-
ted and others repelled. However, once the fishes enter the Bhadra, they may be
unable to resist the slow combined narcotic effects of the ingredients in both effluents
and may even become intoxicated. Ingestion of bumic and septic sludge containing
varieties of sulphur bacteria and accumulated sulphur compounds may release
complex substances within the body, and ultimately cause death of such fishes.
An accumulation of sulphides, ligno-sulphonate and sulphite smells inside fish
obtained occasionally from waters comparatively less smelling of these compounds
5-6 miles below is otherwise difficult to explain. Stoppages of blood in smaller
capillaries and gills may well be caused by relatively minute doses of these substances.
By osmosis through gills some of these dissolved gases can be transmitted directly to
other parts of the body, causing ‘stasis’ or stoppage of blood circulation within the
capillaries, abdominal wall and intestine, etc. These gases too may have slow
anaesthetic effects upon fish as already noted.

In gravid examples of Barbus kolus, Labeo dussumeirs, L. potail, L. calbasu, etc.,
the smell of sulphur compounds was much more intensive than in immature ones.
In all these cases the gonads were coloured dirty yellow as against the usual healthy
white or pale pink colours. There seemed to be a tendency on the part of the mature
fish to store the compounds more easily within the body tissues than in young ones.
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Such fish are definitely rendered incapable of spawning as their gonads are impaired
if the fish itself is not destroyed earlier. Recovery of such fish at any rate seems
impossible under normal conditions. The lower rate of breeding and incapacitation
of all adults that wander into the Bhadra must tell heavily upon the total fish popula-
tion of the entire Bhadra system if not the Thungabhadra, as most fish seek breeding
grounds at the headwaters during monsoon months,

Eggs and larvae of monsoon breeding fishes that migrate from far down the
river may escape destruction during the rainy part of the year for about 4 months
(between middle of June and October). But as a result of harm to the gonads, no
fish that enters the affected region when the gonads mature during the pre-monsoon
periods is free from permanent injury. Hence there is a progressive destruction of
upward migrating fish population at the important pre-monsoon season. Further,
adults of several fish may not rise into the Bhadra at all from the Thungabhadra,
due to slight chemical pollution noticeable at the confluence between the two rivers.
Otherwise it is difficult to explain the almost total absence of important fishes like
Labeo fimbriatus, Barbus kolus, B. neilli, Tor khudree, Mystus aor, M. seenghala, etc.,
even though they form the most important items of food fishes in the Thunga barely
10 miles away under identical hydrological conditions. Though due to the monsoon
floods all signs of septic sludge and other substances in the river course are annually
removed, at least in the case of pre-monsoon breeders and the post-monsoon spawning
Tor sp. (Mahseers), their spawning grounds are sure to be affected below Bhadravathi
for a distance of 11-12 miles. Since the production capacity of the mill is nearly
doubled after these studies, it is to be expected that owing to the discharge of more
effluents, the conditions in this section of the river have further deteriorated from
the fisheries point of view.

VIII. SUGGESTIONS

As a result of these investigations the following tentative suggestions can be
offered to safeguard fish life in the river as much as practicable.

(1) Possibilities of recovering digester washings for re-use on a larger scale
than has been done hitherto may be explored thus reducing the quantity of water
used by improved washings of pulp. Chlorine, sulphonates, sulphides, sulphurous
acid and such toxical agents may be reduced or at least rendered innocuous by
suitable means. If the total quantity of water is reduced, perhaps it may be possible
to store the effluents in ‘lagoons’ for annual washings into the swollen river when
floods occur.

(2) As sulphur content is high in the washings contributing to a rich growth of
sulphur bacteria, which indirectly affects fish, its reduction may be sought. Perhaps
use of manganese oxide instead of calcium oxide as a base for digester cooking may
be useful. ,

(3) Stagnation of raw liquor for lengthy periods may not give required results
as the chemical contents inhibit bacterial activity so necessary for natural recovery.
As nitrogen is hardly present in quantity in the paper wastes, mixing them with
domestic sewage to start bacterial action may be a possible line of work.

{4) As sulphate pulp wastes.from bamboo are rich in sugars, manufacture of
by-products like ethyl alcohol or fodder yeast may be tried. Small quantities of
anilin, oxalic acid, adhesives or even fertilizers may perhaps be successfully manu-
factured from other substances.

(5) Percolation of the effluents through river sand may be tried, thereby
removing the toxic wastes. The debris accumulated may be mechanically removed
and may even be re-used after purification.

(6) As far as possible cellulose pulp and lignin should be removed by efficient
means as these resistant plant matters begin to disintegrate in water only after a
long time.
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(7) Steps have to be taken to safeguard the stretch which may gradually
become enriched towards the base of the Lakkavalli Dam (a few miles above) by an
accumulating fish population trapped between the dam and effluent-ridden zone.
Being the head-waters of the Thungabhadra, it is likely that many fish spawn in the
Bhadra waters during monsoon months and this has to be investigated further.

IX. SuMMARY

The ecological features of & section of the Bhadra river affected by waste effluent discharges
of a pulp and paper mill and a wood distillation plant are examined near Bhadravathi, Mysore
State. Fish distribution and their survival in variously affected parts of the river are discussed.
A list of organisms is given and the peculiarities of their distribution mentioned. Some chemical
and analytical results of water are also discussed in relation to fish life.

(1) It was noticed that majority of well-known food fishes numbering about 18 out of about
36 in the river were almost absent in the affected stretch.

(2) The few adult fish found during April-May in the intensely affected two miles stretch
and many smaller forms showed pathogenic conditions, such as narcosis, ‘statis’ of blood ecapil-
laries, fatty degeneration of liver, etc. They also possessed an unsavoury flavour which reduced
their market value.

(3) During survival tests,

(@) In paper mill efluents: fish died by asphyxiation brought about by a coagulation of gill
mucus presumably due to the presence of free chlorine, sulphides, sulphites, sulphurous acid and
other potent sulphur compounds as well as strong alkaline mixtures. At higher dilutions,
gradual narcotical effects seemed to set in.

() In wood distillation wastes : at higher concentrations fish died by shock and coagulation of
muecus on the body and gills. Gills were also found swollen, showing that severe asphyxiation
had taken place. At higher dilutions, such symptoms apparently disappeared.

(4) Mortality of fish was not so much due to deoxygenation of surface waters as much as
to the toxicity contained in it. Soft sub-stratum, however, was highly anaerobic with a thick
blanket of characteristic ‘fungi’. But a thorough deoxygenation of the region was not observed
during the period of study. Periodic large-scale mortality of fishes was nevertheless reported
when wuncoverable digester washings were let out.

(5) Certain varieties of fishes avoided the polluted stretch almost completely, and a few
were, however, attracted either by the ‘chemical’ attraction or more so by the increased amount
of food organisms which ultimately proved fatal. This danger was greater when almost ripe
spawners tried to ascend during the minor floods of May-June when pre-monsoon showers
ocecurred.

(6) An increased organic life was noticed due evidently to sugars and other organic sub-
stances (pulp-cellulose) and their components released on disintegration. Such biological activity
was inhibited higher up by the sterilizing action of the chemical substances such as 80,, Cl,, etc.,
contained in the wastes, but was pronounced when waters became diluted. Lack of nitrogen in
the compounds also retarded bacterial activity in the earlier stages.

(7} The stretch has become & barrier for all migrating fishes, particularly to those that
migrate upwards during pre-monsoon months and downwards during post-monsoon months.
As the rocky and sandy stretch below for 8-9 miles gets covered over by septic sludge with bacterial
colonies, the pre-monsoon spawners, like Mystus aor, M. seenghala, and probably Bagarius bagarius
and the post-monsoon or winter spawners like T'or khudree (Mahseer), etc., do not find congenial
breeding grounds.

X. ACKNOWLEDGEMENTS

The author is grateful to Dr. B. S. Bhimachar, ¥.N.1., for his valuable guidance
during the course of these studies and his renewed encouragement and advice to
bring out the paper in its present form. The author acknowledges the help rendered
by Dr. T. R. Bhaskaran and Sri M. A. Sampathkumaran, All-India Institute
of Hygiene and Public Health, for suggestions to improve the paper and to Dr. R.
Subramanyan, Central Marine Fisheries Research Station, for checking the list of
microflora. The General Managers of the Mysore Iron and Steel Works and
of the Mysore Paper Mills, and the Chemists attached to those factories, greatly
helped the studies by providing laboratory assistance and benefit of discussion about
the manufacturing processes, etc., and have given useful information regarding the
production figures mentioned in the paper.



160) A. DAVID: STUDIES ON THE POLLUTION OF THE BHADRA RIVER FISHERIES

XI. REFERENCES

* Adam, W. G., Potter, F. M., and Murdoch, D. G. (1937). Chem. Indust., 56, 387,

Anonymous (1938). Water pollution research. Curr. Sei., 7, 1.

Bhaskaran, T. R. (1947). A plea for water pollution research. Ind. Med. Gaz., 82, 750.

(1952). Effects of organic manures on the oxygen budget in fish ponds. Proc. Nat.
Inst. Sci. India, 28, 4, 257-559.

Bhimachar, B. 8., and David, A. (1946). A study of the effects of factory effluents on the Bhadra
river fisheries at Bhadravathi. Proc. Ind. Sci. Congr., Abstracts, 1946, 130,

Bose, P. C. (1944). Calcutta sewage and fish culture: A symposium on the utilisation of sewage
for fish cuiture. Proc. Nat. Inst. Sci. India, 10, 4, 445-454,

Campbell, M. lSl A, (31939). Biological indications of intensity of stream pollution. Sew. Wks.
Jour., , 123,

Carpenter, K. E. (1930). On the biological factors involved in the destruction of river fisheries
by pollution due to lead mining. Ann. Appl. Biol., 12, 1.

Doudoroff, P., and Katz, M. (1950). Critical review of literature on the toxicity of industrial
wastes and their components to fish. No. 1. Sew. and Indust, Wastes, 22, (11), 1432-1458.

Erichson Jones, J. R. (1951). The reaction of the minnow Phozinus phoxinus (L.) to solutions
of phenol, orthocresol and paracresol. J. Exp. Biol., 28, 261-270.

Fowler, G. J. (1939). Water pollution research. Curr. Sci., 8, 1.

———(1944). Utilisation of sewage for fish culture in India: A symposium on the utilisation
of sewage for fish culture. Proc. Nai. Inst. Sci. India, 10, 4, 463-467,

Ganapathi, 8. V., and Alikunhi, K. H. (1950). Factory effluents from the Mettur Chemical and
Industrial Corporation, Ltd., Mettur Dam, Madras, and their effects on the fisheries of
the river Cauvery. Ibid.,'16, 3, 189-206.

Ganapathi, 8. V., and Chacko, P. 1. (1951). Investigations of the river Godavari and effect of
the paper mills pollution at Rajahmundry. Proc. Indo-Pacific Fish Committee, Madras.
2 and 3, 70-74.

Gehm, W. Harry (1948). Industrial wastes, their disposal and treatment—Pulp, Paper and Paper
Board. pp. 194-231.

Hora, S. L. (1942). A short note on the pollution of streams in India and its likely effect on
fisheries. Report of Fish Committee, 1.C.A.R.

Hora, 8. L., and Nair, K. K. (1944). Pollution of streams and conservation of fisheries. Effluents
of the quinine factory at Mungpoo, Darjeeling District, Bengal. Proc. Nat. Inst. Sci.
India, 10, 1, 147-165,

Masalden, P. R, G. (1943). River pollution and fish mortality. .. Bombay Nat. Hist. Soc., 43,
3, 534

Modak, N. V. (1938). Report on sewage disposal. Municipal Corporation, Bombay, 1-55.

Nair, K. K. (1944). Effects of Calcutta sewage on fish life in the Kulti. Proc. Nat. Inst. Seci.
India, 10, 4, 454458,

* Raymond, and Lindmann (1942). Experimental simulation of winter anaerobiosis in a senes-
cent lake. Eecology, 23, 1.

Seth, G. K., and Bhaskaran, T. R. (1950). Effects of industrial waste disposal on the sanitary
condition of the Hooghly river in and around Calcutta. Ind. Jour. Med. Res., 38, 4,
341-356.

(1952). Utilisation and disposal of lac wastes: A symposium on utilisation of industrial
wastes. Chemical Age Series, 6, 123-126. '

————(1952a). Utilisation of wastes from film industry. Ibid., 6, 89-90.

Shelford, V. E. (1917). An experimental study of the effects of gas wastes upon fishes, with
special reference to stream pollution. Bull. Ill. State Lab. Nat. Hist.,, 11, 381-412.
Southgate, B. A. (1945). Treatment and disposal of waste waters from paper mils. (The
technical section of Paper Makers’ Association of Great Britain and Ireland. South of

Scotland Division.)

Stephen, A. F. (1936). Some dangers of pollution. Dept. Comm. Bureou Fisheries. Wash.

Ward, H. B., and Whipple, G. E. (1945). Freshwater Biology.

Westfall, B. A., and Ellis, M. M. (1944). Pulp mill pollution of the Rainy river near International
Falls, Minnesota. Specific Sc. Ref. 7, U.S. Dept. Intr. Fish and Wild-life Series.

* These references were not consulted in original.

(Several references consulted for identification of various biotal organisms and fish are
not mentioned.)






162

A. DAVID: STUDIES ONX THE POLLUTION OF THE BHADRA RIVER FISHERIES

XIIL

Showing number of fishes actually netted, nature of pathogenic sympioms and gui

S Unpolluted right part | Paper waste polluted
% | Genera or species of Clear water— of the river— portion—between
= fish Zone I between outfall and | outfall and railway
»n road bridge bridge
1 2 3 4 5
1 | Aplocheilus lineatus
(Cuv. and Val.) 4—0 2—0
2 | Chela spp. 32—20 24—15 2—2
30-509, full, Ento- | 40-509 full, pulp | Empty guts. Liver
mostraca, may fly | fibres, insect egg | turned pulpy.
and damsel fly | masses, ants and
nynphs. Dytiscid beetle re-
mains.
3 | Danio spp. 24—15 13—13
30-409% full, Ento- | 256-409% full, Tubi-
mostraca, Rotifera, ficidae, Chironomi-
Hydracarinae, in- | dae, insect remains.
sect remains.
4 | Barilius spp. 5—5 ..
5 | Laubuca atpar
(Ham.) 22—5 85 ..
10-209%, full, insect | Empty, traces of
remains. ants and beetles.
6 | Rohtee spp. 20—10 1—1 .-
30-409, full, Hydra- | 309% full, insect
carinae, Dytiscid | remains.
beetles.
7 | Mystacoleucus ogilibii
(Sykes) .. 24—0 8—0 .
8 | Rasbora daniconius
{Ham.) 30—10 22—15 5—5
25-409%, full, Ento- | 25-60% full, Tubi- | Empty.
mostracans, Hyd- | ficidae, Chirono-
racarinae, Chirono- mids, Oscillatoria,
mids, and insect Nostoc, Ulothrix
remains. and Diatoms.
9 | Ambassis ranga
(Ham.) 16—0 1—0
10 | Barbus ticto (Ham.) 16—0 ‘e
11 | Barbus amphibius
(Cuv. and Val.) 12—5 2—2 .o
5-109, full, Proto- | Empty.
zoans, Entomos-
traca, Hydracari-

nae, and Diatoms.

4B
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contents. (Bold numerals indicate number caught, small numerals, those examined.)
Combined paper and .
wood distillation affected Septxc-cuf)!;—lr ecovery | R ectoversxzﬂstr e;ltcél up Remarks
part—between bridges. 7 11)10 v ° cZo u% ce.
Zone III °© one
6 7 8 9
Very rare.
15—10 16—10 44 ..
25-35%, full, Tubificid { Almost empty, ant | 80-909, full, insect | Several specimens were
worms, Spirogyra, Os- remains, Rotifers, remaing  (gorged) picked up dead in
cillatoria, Nostoc and Entomostracans, and Entomostraca. affected stretch.
sponge spicules. dead wood.
24—15 These do not occur in
Generally empty. pollutant mixed
Traces of Hemiptera, waters.
Coleoptera, Rotifers,
Ulothriz, Pediastrum,.
4—4 .
259%, full, Tubificid Picked also dying in
worms, Eristalis mag- the stretch.
gots, Spirogyra, vas-
cular plant remains.
Very rare.
|
i
{ Very rare.
|
!
. Not found in affected
stretch.
3515 8-—8 17—10 ..
10-30% full, Tubificids, | 25-35%, full, Chiro- | 109, full Tubificids, | Seems to be a hardy
Chironomids, insects, | nomids, insect re- | FEntomostracens, fish, thriving in the
Spirogyra, Ulothriz, mains and Ente- insect remains. region.
Distoms. mostraca.
55 Appears to be rare in
Almost empty. Traces of affected waters.
insect remains and
algae.

22
309, full, Paramae-
cium, Ostracods,
Chironomids, Oscil-
latoria and sand.
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Showing number of fishes actually netted, nature of pathogenic symptoms and gut

8. No.

ot

12

13

14

15

16

20

Genera or species of

Clear water—

Unpolluted right part
of the river—

Paper waste polluted
portion—between

fish Zone I between outfall and | outfall and railway
road bridge bridge
2 3 4 5
Barbus narayani
Hora . . 140
Barbus sophore
(Ham.) 20—0
Barbus sarana
(Ham.) 8—5 22
25-409% full, Ento- | Empty.  Yellowish
mostracans, Hydra- | tinged body, smelly
carinae, ingect re- inside.
maing and sand.
Barbus neilli
{Jerdon) 13—0
Barbus pulchellus
Day .. . 4—4
30-459% full, Cole-
optera, Desmids,
Spirogyra and sand.
Barbus kolus Sykes 2—2
Empty
Barbus lithopidos
Day 4—4 9—9 55
40-609, full, Dytis- | 40-75% full, pulp | Almost empty, traces
cids, Chironomids, fibres, bacterial of sludge, Diatoms,
Copepods, Diatoms, | tufts, Protozoans, | and vascular plants.
Desmids and sand. insects, Spirogyra,
. and Hydrilla.
Osteochilus thomassi
(Day) 15—10 3—3
20-609% full, Enta- | Empty. _4bdominal
mostraca, Chirono- musculature yel-
mids, ooze and lowish.

Cirrhina fulungee
(Sykes) ..

sand with Proto-
zoans.

12—10
Sand, Pandorina,
Desmids and Dia-
toms.

4—4
109, full, mud,
sponge spicules,
Diatoms.
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(Bold numerals indicate number caught, small numerals. those examined.)

1810
Mostly empty, sponge
spicules, pulp fibres,

traces of Cladocerans,
Spirogyra, and Desmids.

Combined paper and . .
wood distillation affected Septxc-c;(x)x(l) if‘ecovery Reﬁviﬁégit:; up Remarks
part—between bridges. Zone IV Zone V
Zone IIT
6 7 8 9
Rare in the river
stretch affected but
abundant above weir.
1—1 1—1 Pathogenic specimens,
Empty Empty found stupefied.
1—1
109, full, ingsect re. | Only juveniles aseen
maing, Tubificid, | above the weir.
Desmids, Spirogyra
and Hydrilla,
3—3 -
359, full, Coleopte-
rans, Entomostra-
cang, sand.
1—1 .. 3—3 Juveniles only.
Almost empty, traces of | 80-90% full, Tubi- | 15-25%, full, in.
vascular plants, in- ficids, pulp fibres, sects, Tubificids,
sects, and sludge. Protozoa, Diatoms, Hydrilla and Spi-
Desmids and Oscil- rogyra.
latoria.
5—5 ;
Almost empty, traces i
of  bottom  sludge, i
bacterial tufts, Dia- ;
tomg, Desmids.
12—10 5—5 3—3 Pathogenic specimens.
50-60% full, bottom | 60-809% full, ooze, | 709, full, sludge,
sludge, bacteria, Roti- bacteria, Diatoms bacteria, Arcella,
fers, Diatoms. and Desmids. Difflugia and other
Protozoans.

This fish is mainly &
bottom feeder.
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Showing number of fishes actually netted, nature of pathogenic symptoms and gut

S1. No.

—

21

22

23

24

25

27

28

Genera or species of

Clear water—

Unpolluted right part
of the river—

Paper waste polluted
portion—between

fish Zone I between outfall and | outfall and railway
road bridge bridge
2 3 4 5
Hsomus barbatus
(Jerdon) 15—10 3—3
40-609, full, Ento- | Empty. Yellounsh
mostracans, Chiro- musculature.
nomids, mud and
sand with Proto-
zoans. (Sarcodina)
Labeo calbasu (Ham.) 1—1 2—2
Empty. Abdomen | 50~609%, full, sludge
yellowish with odour with bacteria, Pro-
of sulphides. tozoans, Diatoms,
pulp fibres, Nema-
tode worms.
Labeo potail (Sykes) 3—3 22 2—2
40-509%, full, sand, | 70-809%, full, sludge, | Empty. Yellowishk;
Diatoms and Des- | sponge spicules, | congestion of blood
mids, traces of | Desmids, vascular | vessels, suppurative
Protozoans. plant remains. spots, odour present.
Labeo porcellus
{Haeckel) 1—1
Only traces of sludge
and Nematodes (Pa-
rasitic 7).
Labeo dussumeirs
(Cuv. and Val.)
Schismatorhynchus
nukta (Sykes) 1—1 22
Empty.  Yellowish { Empty. Suppura-
tint in  abdominal tive spots on intes-
musculature, tines, liver pulpy.
Garra spp. 42—10 10—5 o

Nemachilus spp.

356-909, full, Spiro-
gyra, Desmids, Dia-
toms.

15—10

16-609, full, sand
and mud, Spiro-
gyra, Desmids and
Diatoms.
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(Bold numerals indicate number caught, small numerals, those examined,)

Combined paper and
wood distillation affected

Septic-cum-recovery

Recovery stretch up

3—3
40-609%, full, sludge,
bacterial threads, Pro-
tozoans, Diatoms and
pulp fibres.

1—1

Almost empty. Sludge,
pulp fibres, Diatoms,
Desmids.

95
full, sludge,
Oscillatoria,

20-40%,
bacteria,
Nostoc.

1—1
609% full, sludge,
Sarcodina, bacter-

ial threads, Dia-
toms, Oscillatoria.

6—5
Empty, traces of
pulp fibres, Oscil-
latoria and Diatoms.

55
Traces of siudge,
pulp, Diatoms,

6—5
80-909%, full, sludge,
bacteria, Diatoms,
Desmids.

- pool. to confluence. Remarks
part—between pridges. Zone IV Zono V
6 7 8 9
12—10 5—5 8—8

30-60% full, bottom | 70-809 full, ooze | 60-809, full, sludge,

ooze with Sarcodina, with bacterial bacteria, Chirono-

sulphur bacteria, Roti- threads, Diatoms, mids, Protozoans.

fers. Diatoms and Des- Desmids. Diatoms.

mids.

3—3 Adult specimens show
Empty. Yellowish, high degree of patho-
tntestines with con- genicity.
gested blood wvessels
and suppurative
spots.  Smell of
sulphides.
3—3 3—3 1—1 do

Empty. Yellowish, con- | 60-75%, full, sludge. | 259 full, sand,

gestion of blood wvessels Infusorians. Roti- sludge, bacteria,

with suppurative spots | fers, Chironomids, pulp fibres, sponge

and odour. pulp, Dbacterial | spicules.
tufts, early signs
of yellow tint.

Very rare.

Stray adults only ex-
amined.

Pathogenic adults.

Often found dying.
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Showing number of fishes actually netted, nature of pathogenic symptoms and gus
g Unpolluted right part | Paper waste polluted
tz, | Genera of species of Clear water. of the river— portion—between
— fish Zone I between outfall and | outfall and railway
w road bridge. bridge
1 2 3 4 5
29 | Xenentodon cancila
{(Ham.) 1—1
One whole Rasbora.
30 | Mastacembelus arma-
tus (Lacépéde) 1—-1
Empty, full of
Trematode worms,
probably parasitic.
31 | Mystus spp. 6—90 1—1
32 | Ompok bimaculatus
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{Bold numerals indicate number caught, small numerals, those examined.)

Combined paper and
wood distillation affected

Septic-cum-recovery

T

Recovery stretch up

. pool. to confluence. Remarks.
part—bze::::aeIrILIbmdges. Zone IV Zone V
6 7 8 9
_ |- _
3—3 Pathogenic symptoms—
Empty; : Blood  vessels lethargic adult speci-
congested, specimens mens,
turned yellow.

i—1
Empty.

Issued May 30, 1957.



