POLLUTION OF STREAMS AND CONSERVATION OF FISHERIES.
EFFLUENT oF THE QUININE FacTORY AT MUNGPOO, DISTRICT DARJIEELING, BENGAL.

By Suxper Lal Hora, D.Sc., F.RS.E., F.Z.S., F.RAS.B., F.N.I., Director, and
K. K. Na1r, M.Sc., District Fishery Officer, Department of Fisheries, Bengul,

(Recetved Decerber 22, 1943.)

CONTENTS.

Page

Introduction .. .. .. . .. .. .. 147
Physical Characteristics of the Streams .. .. o .. .. 149
Bottom Flora and Fauna .. .. .. .. .. .. 151
Flora of the Polluted and Natural Beds of the Streams .. .. .. 152
Fauna of the Polluted and Natural Beds of the Streams .. .. .. 152
Fish Fauna of the Streams .. .. .. .. .. .. 152
Physiological Responses of Fishes to Different Concentrations of the Effluent .. .. 1568
Discussion .. . .. .. .. .. .. 159
Polluting Agents and their General Effects .. .. . .. .. 159
Zounes of Pollution .. .. .. .. . .. .. 160
Specific Effect of Bark Residues .. .. . .. .. 160
Specific Ettect of Free 01l .. .. . .. .. .. 161
Breeding of Fishes .. .. . .. .. .. . 161
Causes for the Deterioration of Fishing . .. .. .. .. 162
Recommendations .. .. . .. .. .. .. 162
Summary .. .. .. .. .. .. .. 164
List of References . .. .. .. .. .. A 164
Appendix: Physico-chemical Nature of the Effluent, By S. C. Sen und 8. Multherjee .. 164

InTRODUCTION.

In October, 1942, the senior author placed before the Fish Committee of the Imperial
Council of Agricultural Research a short note regarding pollution of streams in India 1
and its likely effect on fisheries. In that note attention was directed to the fact that
with the industrialisation of India and the consequent establishment of factories of various
descriptions, a considerable amount of refuse matter is now heing discharged in the
permanent waterways of India causing pollution of streams. ‘The various effluents,
municipal, industrial and otherwise, which comprise collectively stream pollutants, may
be detrimental to fishes and other aquatic life either indirectly through quantitative
alterations in those substances which give fresh waters their inherent characteristics, as
dissolved oxygen, carbonates and hydrogen ions, or directly because of specific physio-
logical and toxic effects on the aquatic organisms themselves.” (Ellis, 1937.) In western
countries great deal of attention has been paid to this problem and through experimental
and field work factors in an aquatic environment have been determined which should
be maintained if good fish faunae are to thrive and the specific effects of various types
and components of effluents, which now pollute the streams, have been worked out. As
the industrialisation of India is still in its infancy, it seems opportune to take advantage
of the experience gained by other countries and to adjust from now the requirements of
industries and the needs of the fisheries. The Imperial Council of Agricultural Research,
after due consideration of the matter, felt that ‘in view of the need for the conservation
of all existing food supplies and the preservation of fish life, Provincial Governments
should provide themselves with legal powers to prohibit any industrial concern from

1 Current Science (Vol. VII, p. 1, 1938 and Vol. VIII, p. 3, 1939) directed attention to certain
aspects of Water Pollution Research which is badly needed in India, but unfortunately no reference
was made by the journal to the requirements of the fisheries of the country.

VOL. X—No. 1. [Published March 30th 1944.



148 S. L. HORA & K. K. NAIR: POLLUTION

discharging into a river effiuents that are harmful to the fish, In the case of the existing
factories, sufficient time would have to be given to the owners to find a method for
neutralising the harmful effluents or for making other arrangements. It was pointed
out that sewage, properly treated, might prove a useful food for fish life’.

In Bengal, however, even before the matter was taken up by the Imperial Council
of Agricultural Research, the Darjeeling Shooting and Fishing Club in May, 1940, had
directed the attention of the Government to the harmful effect of the pollution of the
Rungbee Khola by the effluent of the Quinine Factory at Mungpoo on the fishery of the
streams through which it flows. The matter was taken up at once by Mr. 8. C. Sen,
Superintendent Cinchona, Bengal, and a good deal of experimental work was carried
out by him in order to arrive at a suitable method of effluent treatment. In his preliminary
report to the Government submitted in November, 1940, Mr. Sen showed that the utilisation
of the effluent within the factory itself was not practicable and that the cost of removing
the main constitnents of the effluent before its discharge into the streams would be pro-
hibitive. However, he found that the stream waters had the same pH value as the
natural waters and the concentration of the effluent in the Rungbee and the Riyang
was very low. These findings suggested that such a highly diluted efluent is unlikely
to have any deleterious effect on the fish life of the streams. He, therefore, proposed
that a piscatologist should be requested to study the effect of the effluent on the fish life.
The senior author was approached by Mr. Sen in December, 1940, to undertake these
studies, but it was not possible to begin the work till early in June, 1941.! The streams
were then (4th to 11th June, 1941) running quite high and though there was some evidence
of pollution in the fauna and flora of the beds of the streams, the conditions, broadly
speaking, were not very different from those prevailing in the adjoining natural waters.
Mr. L. R. Fawcus, who had visited these streams a few days earlier (May 24th, 1941),
was also of the opinion ‘that the case against the effluent as a serious impediment to
sport at such time as sport is normally possible, is a weak one, and that its deleterious
effect on the general health and condition of the fish as deducible from these observations
must be regarded as non-proven’.

The question of pollution was then considered by the Game and Game Fishes
Preservation Committee, Bengal, in October, 1941. At this meeting, ‘Mr. Langdale Smith
contended that when Mr. Fawcus and Dr. Hora visited the streams during May and
June respectively, there had been previous rainy periods resulting in dilution of the
effluent with the result that it did not at these times produce any noticeable effect on the
fish, and he considered that the extent of the pollution could be better judged in the dry
season when the water is so dark 2 that it is impossible to see stones in the stream bed.
At such times though the effluent may not affect the big fish, small fry may be seen jumping
out of the water to avoid it and dying, and while other streams are full of small fish, there
are very few in the Riyang. As the water level is the lowest in the last week of March
and first three weeks of April, he suggested that further observations should be made
during that period’.

The Game and Game Fishes Preservation Committee, after hearing a considerable
volume of evidence both of practical fishermen, and scientists, came to the conclusion :

‘The only period in which remedial measures are desirable in the interests either of preservation of
game fish life or of facility for sport appears to be a short time during the months of March and April—
and the Committee having considered the various measures proposed which would provide effective
remedy during this period, any of which would entail the outlay of large sums of money, do not consider
that Government would be justified, particularly at the present time, in underteking such expenditure
in respect of so short a period to be benefited by it. In expressing their opinion the Committee would
like to call attention to the great probability from the practical fisherman’s point of view that when
a heavy discharge of effluent is passing down at seasons other than the dry season, and apparently

interfering with sport, such interference would be in a way taking place apart from the effluent as a
result of the muddying of the streams by hill showers.

} The work was then undertaken with the kind permission of Dr. Baini Prashad, Director,
Zoological Survey of India, to whom the writers wish to record their sincere thanks.

2 The water is generally clear except when the effluent is passing through. Even then it is never
dark, but of an amber colour. Owing to the deposition of dark, bark residues at the bottom of the
streams, particularly during the dry months, the optical effect is that the waters are dark.
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‘In conclusion the Committeo feel that though they have been at considerable pains to hear
evidence and collect information on this question, and have framed their views accordingly, there is
still scope for scientific investigation into this interesting biological question and trust that as soon as
reasonably possible after the new Department of Fisheries commences to function, the Director will
institute further enquiries into it.” (Report dated the 25th February, 1942.)

His Excellency Sir John Arthur Herbert, G.C.1.E., Governor of Bengal, who had
shown keen interest in the effluent problem during his visit to the Quinine Factory ab
Mungpoo in 1940, agreeing with the view of the Game and Game Fishes Preservation
Committee ordered that the Director of Fisheries, Bengal, when appointed, should institute
further enquiries into this question.

It was against this background of events that on the appointment of the senior
author to the post of Director of Fisheries, Bengal, towards the end of May, 1942, that
these investigations were taken up once again and we visited the streams during June,
1942 (before the commencement of the regular monsoon), September, 1942 (after the
cessation of monsoon), March and April, 1943 (dry periods). Owing to the abnormal
weather conditions, there was considerable amount of rainfall in both the dry months
during 1943, but we were fortunate to have two clear days at the end of about a week
of dry weather to study the ecology of the streams during the worst period.

As regards the constituents of the effluent, reference may be made to a note by
Mr. 8. C. Sen and Mr. S. Mukherjee on the ‘Physico-chemical Nature of the Effluent’
reproduced below as an appendix to this report. We made extensive field observations
at different seasons and studied in its various aspects the hionomics of the fishes and of
the bottom flora and fauna of the polluted and natural streams. We have also studied
the physiological responses of fishes to variations in the concentrations of the polluting
substances by means of experiments carried out in the field under conditions as natural
as possible and also under laboratory conditions at Calcutta.

We wish to place on record our great indebtedness to Mr. S. C. Sen for the facilities
for work provided by him to carry out these investigations.

Prysicar, CHARACTERISTICS OF THE STREAMS,

As indicated in Sen and Mukherjee’s note (vide infra, p. 164), the original slurry left
in the bark after the extraction of alkaloids is first diluted with water and heated for the
recovery of oil. It is then run into a reservoir and allowed to stand and any oil floating
at the surface is skimmed off. The diluted sturry, approximately 11,000 gallons, is then
let out through a sluice valve once in 24 hours.! The entire quantity takes about 20
minutes to be discharged from the reservoir, but the rate of flow slows down in the stream
and below the Suspension Bridge it takes 2 to 3 hours for the effluent to be cleared. From
the factory, the effluent flows down a proper drain for a few yards and then it drops over
the hillside and joins a small stream which carries the overflow water from the factory
reservoirs. In its course, this stream is joined by several other brooks and ultimately
swells to a fair size before it joins the Rungbee about three miles below Mungpoo. As
no local name is available for this stream, we have called it the Effluent Stream in this
article. The Rungbee, carrying the effluent, meets the Riyang a little way down the
Suspension Bridge and the combined waters run into the Teesta River near the Ropeway
Station below Riyang.

Like all hill streams in the Darjeeling Himalayas, the Effluent Stream, the Runghee
and the Riyang are torrential, flowing through deep gorges with steep, wooded sides.
Their beds are covered with boulders, rocks and stones over which the water flows in
series of waterfalls, cascades and rapids with pools of various sizes here and there. The
Effluent Stream and the Rungbee up to the Suspension Bridge are extremely boisterous
brooks, but below the bridge the valley broadens out, and big boulders are usually absent.
In places pools are formed on the sides, and during the dry period the stream is cut up
into several channels, The Riyang near its junction with the Teesta River spreads out

1 In order to improve the conditions for fishing, the effluent is being discharged from the factory
at such hours that it passes through the streams in the night.
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fanwise and during our visits in March-April, 1943, there was nowhere more than 6" to 9”
depth of water near its junction with the Teesta.

& Railway Bridge,

E -
m”ent Stream:

28 Quinine Factory.

® Principal observation stations

I mile.

TEXT-FI¢. 1.—An outline map of the streams affected by the effluent of the Quinine Factory, with
indications of the localities where observations were made.

As the rainfall in these hills is fairly heavy and distributed over a number of months
and further as freshets may occur occasionally at any season, all the streams are subject
to heavy floods when they swell up to an enormous size. Even a mere trickle during
the dry months of March to May, as the Sevoke Stream is, sometimes assumes such
dimensions during the rains that solid concrete bridges are washed away. This charac-
teristic of the streams, as will be shown presently, has a great bearing on our present
studies.

Though there is practically no rainfall or only a little rainfall during October to
February, the streams continue to carry considerable quantities of water on account of
the high water level of the springs feeding them. Though between March and May
oceasional heavy showers may occur, the streams generally carry much less water
owing to the drying up of springs.

The effluent, when discharged, consists mainly of (i) extracted bark residues in the
form of a coloured and flocculent powder held in suspension together with undissolved
lime and calcium salts, (ii) a small quantity of oil (approximately 44 gallons daily), and
(iil) a slightly alkaline water holding colouring matter and other dissolved substances
(non-alkaloidal) derived from the bark. The most apparent effect of the efluent on the
streams, when it is passing through, is that the water becomes deeply coloured in the
Effluent Stream and the Rungbee, but as it becomes more and more diluted and oxidised
further down the colour is imperceptible. This is especially so after the Riyang joins the
Teesta.

It may, however, be noted that even when the effluent is not passing through and
the water is clear, the streams appear to be of a dark colour. This is due to the fact
that the coloured bark residues settle down on the bed of the streams and, during the
dry months, cover all rocks and stones in portions of the streams where the current is
not very swift. It has been observed that this powdered flocculent matter settles
especially at the sides of the streams and in sheltered places where the current is obstructed
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by boulders and rocks. During the first week of April, 1943, when the water was very
low in the streams, side pools had become isolated from the main stream and were in
different phases of drying up.! Residual matter several inches in thickness was found in
some of them. After a heavy rainfall these deposits are washed away by the flood and
the rocks are left bare. Thus even when the effluent is not passing through, a heavy
shower of rain on the hillside may bring down the colouring matter and the sediments
present in the streams with the result that these waters become heavily coloured. In
this way a dark-coloured stream-bed sometimes assumes normal appearance after a single
heavy shower. This was actually seen to be the case with the Effluent Stream on the
morning of the 12th April, 1943. Usually this stream contains a thick deposit of bark
residues on rocks and appears to be of a deep black colour. On Saturday, the 10th April,
1943, there was a heavy downpour at night (2:62”) and as no effluent was discharged
from the factory on Sunday, on Monday morning, when we visited the stream, its bed
was quite clean and the water was quite clear. There was only a small deposit of the
colouring matter in the side pools and the deposits of bark residnes at the sides of the
stream had been covered over by sand. A section of the bank of the stream showed
alternate deposits of colouring matter and sand, thus exhibiting the effects of low waters,
when bark residues got deposited, and floods, when silt got deposited. It will be shown
later that these bark residues play an important part in the ecology of the streams and
form an important factor in the distribution of the fauna, especially during the dry periods.

The significance of the presence of oil in the effluent is clearly brought out in our
experiments on fishes with different concentrations of the effluent (vide infra, pp. 158, 159).
So long as the effluent is passing over boulders and is being churned up by the water-
falls and rapids the oil cannot form a film over the surface of the water. But in the side-
pools, where the waters are low and flow slowly, oil does form a film at the surface and
voung fishes residing in them jump out to save themselves from asphyxiation. The
presence of oil in the effluent definitely affects the fauna and flora of the side-pools.

As the pH of the Rungbee and the Riyang waters has been found to be the same
as for natural waters in the neighbouring streams, it may be presumed that the alkalies
present in the effluent are so diluted or neutralised that their effect is negligible.

From the above, it is clear that the normal ecology of the streams, through which
the effluent flows, is disturbed by the sedimentation of the coloured, flocculent powder,
especially during the dry months when the current of water slows down considerably and
by the oil contents of the effiuent, which, by spreading over side-pools, affects the respiration
of fishes. It is evident, therefore, that even if the discharge of waste products, such as
have been enumerated above, into the streams should seem to have no injurious effect
on fishes, as shown by the experiments (vide infra, p. 158), yet indirectly by modifying
unfavourably the conditions of the bottom, it may, by destroying their feeding grounds,
make their stay in the streams impossible at certain times of the year. These factors,no
doubt, account for the relative poverty of the fish fauna of the streams during the dry

months,
Borrom FLORA AND FaUwa.

Since the bottom of a stream contributes a considerable part of the food of fishes,
in stream-pollution studies attention must also be paid to the organisms living at the
bottom. Further, shallower parts of streams provide breeding grounds for certain species
of fishes. However, owing to the changing nature of the stream-bed even between
successive rocks and the boisterous flow of the waters through the streams under
investigation, it was difficult to make an exhaustive survey of the bottom flora and fauna.
Collections of animals were made by using small-meshed nets and by picking up stones
and rocks in selected portions of the streams, whereas for plant associations scrapings
from rocks were taken. The stomach contents of fishes, though sometimes in an advanced

1 The fauna of a semi-dried pool containing a thick deposit of bark residues consisted of earthworms,
hut a similar pool with several inches of water harboured earthworms, insect larvae, mostly C'hH'OHOmldS,
and smaller crustaceans. In an unpelluted pool, the fauna was much richer and comprised Mayfly

larvae, mosquito larvae, corixiid bugs, chironomid larvae, small worms, and specimens of Hydra,
] s i 2
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stage of digestion, were also helpful in elucidating the ecological associations of organisms
inhabiting the stream-bed.

Floral of the Polluted and Natural Beds of the Streams.

A study of the various samples has shown that, both qualitatively as well as
quantitatively, diatoms predominate as attached organisms during all the seasons and in
all the sections of the streams, and that they contribute a considerable portion of the
food of fishes.

The Desmids, represented in the collection by the two genera, Closterium and
Cosmarium, are known to be definite indicators of the purity of water (Pearsall, 1924).
The appearance of Closterium in the Rungbee one mile below its junction with the Effluent
Stream in the month of March and the occurrence of Desmids in the samples taken from
the polluted streams below the Suspension Bridge during all seasons show that these
sections of the streams definitely constitute the zone of recovery from the effect of pollution.

It will also be noticed that the richest growth of the phytoplankton is to be found
neither in the natural waters (the Teesta, the Rungbee above the Efftuent Stream and the
Riyang above its junction with the Rungbee) nor in the heavily polluted waters of the
Effluent Stream and the Rungbee for a couple of miles below its junction with the Effluent
Stream, but in the zone of recovery where the free caustic soda and lime of the efffuent
are precipitated as sodium carbonate and calcium carbonate and the bark residues sink
to the bottom as a dark, flocculent matter. The waters rich in carbonates and vegetable
matter are known to be predominantly suitable for the growth of Diatoms and the blue-
green algae respectively (Pearsall, 1921). As in the streams under consideration, both
carbonates and organic matter are found in great abundance, the predominance of the
Dijatoms and the blue-green algae in the samples can be readily understood.

It has been observed by Banerji (1936) that there are seasonal changes in the algal
flora of Indian waters. For instance, blue-green algae generally predominate during the
summer months and some of them disappear during rains, whereas Diatoms are most
abundant during the winter months. However, the few random samples collected from
the streams do not justify any further discussion of the subject in this place.

Fauna of the Polluted and Natural Beds of the Streams.

The significance of bottom faunas in studies on stream pollution has been clearly
indicated by Farrell (1930). He states that ‘a determination of the bottom fauna often
gives a more exact index of the extent of pollution than does a chemical analysis, which
may have been taken during a period of either high or low outflow of polluting substances.
The plants and animals living on the bottom are present both during high and low con-
centrations of the various pollutions. These bottom inhabitants give a more accurate
picture of the unfavourable conditions which exist all the year round than any other
analysis’. The table given on next page shows the seasonal and regional distribution
of the bottom fauna in the natural and polluted sections of the streams.

It will be seen from the table that the bottom fauna as a whole is composed of
cosmopolitan forms and that the same types of organisms occur throughout the year in all
sections of the streams. It was observed, however, that in the sections of the streams
polluted by the effluent roundworms and chironomid larvae, which have long served as
biological indicators of pollution, predominated.

Fisu FAUNA OF THE STREAMS.

The fish fauna of the torrential streams of the Teesta Valley is fairly well known
(Shaw and Shebbeare, 1938; Hora and Gupta, 1941), and is composed of the migratory

1 For the determination of the June, 1941, samples, we are indebted to Dr. K. P. Biswas,
Superintendent, Royal Botanical Gardens, Sibpur, Calcutta and for the September, 1942, and March,
1943, samples we are obliged to Mr. J. C. Banerji, Keeper of the Herbarium and Honorary Assistant
Lecturer in Botany, Calcutta University.
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fishes, like the Mahseers and Katli, large Labeos, and a great variety of peculiar Loaches
and Catfishes which live among stones and pebbles and do not exceed more than a few
inches in gize. The ecological conditions under which the various types live have also
been studied (Hora, 1930). For these reasons, no attempt was made to investigate the
fish fauna exhaustively and attention was paid only to the ecology and bionomics of the

TEXT-FI. 2.—The principal game fishes of the Teesta Valley.

a. Barbus {Tor) putitora (Hamilton); b. Barbus (Tor) tor (Hamilton); c. Barbus
(Lissochilus) hezagorolepis MeClelland.,

principal species of economic importance. Further, these streams are so torrential and
their beds so rocky that it was not possible to use approved devices for the collection of
hill-stream fishes (Hora, 1939), at least in the sections of the streams above the Rungbee
Bazar. Collections of fish were made with cast-net and thus only random samples could
be obtained. TFurther, the volume of water flowing through the streams also determined
the size of the collections, The type of net used could function well when the waters
were running low and on a pebbly bed and not among boulders.

To obtain the young of the larger species, & small channel of the Riyang below the
Ropeway Station was dammed in June, 1940, and besides the fingerlings of the Mg.hseers,
Barbus (Tor) putitora (Ham.) and B. (Tor) tor (Ham.), young of Garra and Barilius, and
Acanthophthalmus pangia (Ham.), Nemachilus scaturigina (McClelland), Amblyceps mangois
(Ham.) and Laguvia shawi Hora were obtained. Besides the sections of the Rungbee,
the Riyang and the Teesta, which are polluted by the Quinine Factory effluent, studies
were also made of the sections of the streams which are unpolluted and, therefore, pre_sent
natural conditions. With the help of the cast-net, eleven species of fish were obtained
from the polluted and natural waters during three different seasons and the table on
next page shows the seasonal distribution of the eleven species in different waters. )

The Rungbee above its junction with the Effluent Stream is unpolluted and contains
natural waters, but, as pointed out above, it is full of boulders and deep pools in this
section. Barbus hexagonolepis, which moves in shoals and is the most abundant species
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in the streams, and Oreinus molesworthi, a mountain-barbel, which prefers cold and clear
waters, were found in it at all times of the year. Garra gotyla, a small stone-licking fish
with a ventral sucker, was netted only in March when the waters were running com-
paratively low. Probably the fish-fauna comprises of several other species, but with the
means available to us they could not be obtained.

From the Effluent Stream, in which the effect of the pollution is most marked, Barbus
hexagonolepis was obtained during June and September, but with the fall of waters in
March even this species was probably absent from the stream. On the 12th April, 1943,
the pools above its junction with the Rungbee were found to be devoid of fish life though
the pools in the Runghbee above and below the confluence had Katli swimming about in
small groups. It is evident, therefore, that the zone of ‘recent pollution’ is much more
extensive during the dry months of March and April and probably comprises the whole
length of the Effluent Stream. In September, soon after the monsoon, the lower section
of this stream appears to be unpolluted as evidenced by the presence of Oreinus in this part.
It shows that during and after the rains the ‘zone of recovery’ is only within a short
distance, a mile or two, of the zone of recent pollution. The precise limits of the various
zones were, however, not studied as it was not possible to reach all sections of the Efffuent
Stream.

In the Rungbee, after.its confluence with the Effluent Stream, for a distance of two
or three miles, no other fish, except Barbus hexagonolepis, was obtained. This is probably
explained by the fact that the stream is narrow and tempestuous in this section and we

Table showing gut-contents and state of gonads of eleven species netied from the streams.

Name of species.

Gut-contents.

Remarks.

Barilius bendelisis
Hamilton.
Oreinus molesworthi

Chaudhuri.

Lubeo dero (Hamilton)

Labeo dyochellus (Me-
Clelland).
C'rossochilus latius

{Hamilton).

Qarra annandeli Hora

Garra yotyla (Gray)

Semiplotus  semiplotus
(Mc(lelland).

Barbus (T'or) putilora
(Hamilton).

Barbus (Tor) tor
(Hamilton).

Barbus (Lissochilus)
hexagonolepts Mec-
Clelland.

Spirogyra and insect larvae.

Diatoms ; green algae; insect
larvae; bark residues and
sand particles.

Diatoms; Spirogyra; insect
larvae and sand particles.

Diatoms; Spirogyra; Chiro-
nomid larvae and sand par-
ticles.

Diatoms; brown and green
algae; bark residues and
sand particles.

Diatoms; Spirogyra; bark
residues and sand particles,

Diatoms; Spirogyra: bark
residues and sand particles,

Diatoms;  Spirogyra  and
insect larvae.
Diatoms; Spirogyra; Chiro-

nomid larvae and remains
of fishes.

Diatoms; Spirogyra; Chiro-
omid larvae and remains
of winged insects.

Diatoms; Spirogyra; leaves
and twigs of plants; eggs
of insects; Chironomid
larvae and crabs.

Small fry abundant in side-pools of the lower
section of the Riyang in March-April.
Ripe males and females taken in September
and March-April from the Effluent Stream
and Rungbee above its junction with the

Effluent Stream.

Females with ripe gonads taken from March
to June from the lower section of the
Riyang.

Females with ripe gonads taken from March
to June from the lower section of the
Riyang.

Eggs commence developing in March-April,
and the gonads are fully formed in June;
from the lower section of the Riyang.

Masles and females with ripe gonads taken in
June from the Riyang below its junction
with the Rungbee. Small fry also present.

Males and females with ripe gonads taken in
March-April and in September from the
natural waters of the Riyang and the
Rungbee and from the mouth of the
Riyang.

Small fry taken in March-April from side-
pools of the lower section of the Riyang.
Small fry taken in June from side-pools of

the lower section of the Riyang.

Very small fry taken in March-April from
side-pools of the lower section of the
Riyang.

Ripe males and females taken in September
from the Effluent Stream and Rungbee
above and below its junction with the
Effluent Stream.
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could not get at the bottom-living species with our net. However, before it joins the
Riyang and the valley broadens out a little, specimens of two species of Labeo and of
Garra annandalei were obtained. After its confluence with the Riyang, the valley broadens
out still further and the stream hecomes less and less torrential and more tame for netting
operations with the result that at all seasons several species of fishes were collected from
this section. The presence or absence of any particular species from our collection at a
particular season seems to be merely a matter of chance, for the feeding habits are more
or less similar in the case of most of the species, as will be seen in the table of gut-contents
of different species given on the preceding page.

The species of Labeo, Garra, Crossochilus, Semiplotus and Oreinus have ventral
mouths and are provided with elaborate devices for clinging to rocks and rasping off
encrusted organic matter. Their food consists chiefly of algae and diatoms, but insect
larvae, especially blood worms (chironomids), are also taken, particularly by the larger

TexT-FI6. 3.—Adhesive appliances and mouth-parts of certain mountain carp of the Teesta Valley.

a. Crossochilus latius (Hamilton); b. Oreinus molesworthii Chaudhuri; c. Labeo dyocheilus
(McClelland); d. Garra gotyla (Gray).

forms, such as L. dyocheilus and Semiplotus. It should thus be noted that the portions of
the streams, when blanketed with the dark, flocculent matter of the bark resu'lues, })eco!ne
unsuitable as feeding grounds of these fishes. Specimens of all these species with ripe
gonads were found in June and there is no doubt that the fish bree(} in these strea,ms:
The two species of Mahseer, of which only a few young specimens were examined
from the Riyang, were found to be feeding on Chironomid la.rvae., winged insects a._nd
small quantities of filamentous algae and diatoms. These are migratory fishes which
enter small side-streams for breeding purposes and descend into the main stream when
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the waters begin to fall. The young, after attaining a certain size, also move down to
larger streams. It is not surprising, therefore, that these fishes were not so well represented
in our collections though they were found to be fairly common in the Teesta near its junction
with the Riyang. It must also be remembered that except during heavy flood the depth
of water at the junction of the Riyang with the Teesta is insufficient for brood fishes to
enter the stream. We shall have occasion to refer to this point when dealing with the
causes of deterioration of fishing in the Riyang (vide infra, p. 162).

The Kathi, B. hexagonolepis, seems to be the most dominant species of these streams
and the hardiest fish living in polluted waters. It is omnivorous, feeding on mosses,
filamentous algae, insect larvae, especially chironomids, diatoms, egg masses of insects,
small crabs, etc. Several young males were found full of milt in September (Hora and
Nair, 1943) and the fish seem to be breeding in these streams.

One specimen of Borilius, a delicate fish of side-pools, was collected from the natural
waters of the Rivang and for our present studies needs no further attention.

Quantitatively, however, the fish populations of these streams fluctuate very widely
with different seasons as the Teesta provides a highway for the migration of fishes. We
have referred above to the migratory habit of the Mahseers, but during dry weather
when waters fall low and parts of the bed become covered with the dark, bark residues
and thereby the natural food becomes deficient in the streams, the fishes probably move
away from the polluted portions into the adjoining natural waters. Certainly the streams
had become greatly depopulated during March and April and the usual shoals of fishes
swimming in the large pools below the Railway Bridge at Riyang were no longer noticeable.
Portions of the streams with strong current had clean rocks with growth of algae, etc.
These no doubt form the mainstay of the meagre fauna that continues to live in the streams
even under adverse conditions.

PHYS10L0GICAL RESPONSES OF FISHES TO DIFFERENT CONCENTRATIONS OF THE EFFLUENT.

Experiments were conducted with various types of fishes by using different concentra-
tions of the effluent both at Calcutta and in the Teesta Valley. Two types of effluent
samples were used, namely, (i) effluent from the reservoir after the recovery of the oil,
and (ii) effluent freed from sediment and residual oil by ether extraction. For experiments
conducted at Calcutta, fingerlings of Labeo rohita (Ham.) and Barbus (Punitius) ticto Ham.,,
B. (Puntius) sophore Ham., Aplocheilus panchaxr (Hawm.), Ophicephalus punctatus Bloch,
Ambassis ranga (Ham.), Glossogobius giuris (Ham.) and gold fish were used but the samples
of the effluent fermented within a few days and thus the data obtained from the experiments
could not be relied upon. However, it was clear that in concentrations of 1 in 50 or even
1 in 30 fishes could live for several hours though their distressed condition was more pro-
nounced in those kept in sample No. 1, where a film of oil was present on the surface.
In the Teesta Valley, experiments were conducted with fresh samples of the effluent and
by using local fishes besides gold fish which is regarded as a ‘Test Animal’ for stream
pollution studies. It was found that the physiological responses of fishes largely depended
on the amount of oil (judged by sight) present in the sample of the effluent used and
that the reaction took the form of respiratory embarrassment leading to asphyxiation.
Gold fish, which can obtain sufficient oxygen to maintain itself for some time in water very
low in or even devoid of dissolved oxygen merely by skimming and breaking the surface
film of the water, and snake-headed fish (Ophicephalus), which possess accessory organs
for aerial respiration, could live almost indefinitely in concentrations as high as 1 in 15.
That the death of other fishes was mainly due to the presence of a film of oil at the surface
was clearly shown by the set of experiments in which the aquarium water was kept con-
stantly agitated so that no film of oil could be formed and the water remained thoroughly
aerated throughout the period of the experiment. Under these conditions, all fishes,
including the most delicate fishes of the hill streams, could be made to live in concentrations
of 1 in 20 of the oily effluent almost indefinitely. In the fresh samples of the effluent
freed from sediment and residual oil by ether extraction the fish were very uncomfortable
in a concentration of 1 in 15 so long as the smell of ether could be detected in the solution
and even gold fish died in about 50 minutes’ time. However, when the solution became
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free from ether after standing overnight, both gold fish and the frv of (furr, Burilius
and Mahseer lived in this strength for 16 hours, when the experiment was discontinued.

In a sample of the effluent (1 in 15), in which the quantity of residual oil was relatively
much smaller, gold fish and the fry of Gare, Barilius and Danio were kept overnight,
the majority of the fish survived while among the casualties were five gold fish and eight
fry of other types. “

From a large number of experiments conducted with a variety of fishes and under
varied conditions, it has become abundantly clear that there are no toxic chemicals in the
effluent discharged from the Quinine Factory and that under experimental conditions
the presence of free oil has the most deleterious effect on the health of fishes. In the
course of field studies, it was also found that the death of young fishes isolated in small
pools at the side of the stream during the hot and dry months resulted from inhibition of
respiration due to the formation of a film of oil at the surface.

It is also clear from these experiments that the concentration of the efffluent in the
streams is so low that it is highly improbable that it has any direct effect on the health
of fishes in the streams. However, as indicated above, indirect effect of the efflaent in
the form of the carpeting of the beds by the sedimentation of the bark residues is very
marked indeed, especially during the dry months.

Dr1scussion.

As the present enquiry originated with a complaint made by the Darjeeling Shooting
and Fishing Club to the effect that ‘the pollution of the Runghee Khola by the Chemical
Waste Products of the Quinine Factory at Mungpoo was spoiling the fishing and killing
the Ova and Fry’, we shall attempt to elucidate these points on the bases of the experi-
mental, ecological and faunistic studies made during different seasons of the year.

Polluting Agents and their General Effects.

There can hardly be any doubt that the effluent of the Quinine Factory leads to the
pollution ! of the streams affected by it, not so much through the chemical waste products
contained in it, as is clearly shown by the experiments conducted on different species of
fish, and the low concentrations of the effluent in the Rungbee and the Riyang, but by
the deposition of bark residues in the form of a coloured, flocculent matter of very fine
consistency and by the oil contained in the effluent.

It has been experimentally determined that in a concentration of 1 in 100 or even
1in 50, the fish (fry, half-grown and adult) can live almost indefinitely provided the waters
are kept fully agitated, a condition so eminently characteristic of the torrential streams.
By agitating the water, the dark, flocculent matter remains in suspension and the oil is
not permitted to come to the surface and form a film. The highest recorded concentration
of the effluent in the Rungbee under the Suspension Bridge is 1 in 300 (7th April, 1943).
It is evident, therefore, that the mere passing of the effluent for a couple of hours at very
low concentrations cannot incommode the fishes. In fact, both in June (1941 and 1942)
and September (1942), when the waters were relatively high, the fish were present in
normal numbers in the pools and were not found to be inconvenienced in any way even
when the effluent was passing through. From their behaviour they seemed to be in
normal health.

Attention may here be directed to a large-scale migration of Katli witnessed by us
on the 8th April, 1943. While watching the behaviour of the fish-fauna of the pool in
the Riyang between the Railway Bridge and the Ropeway Station just after the effluent
had passed through, shoals of Katli in batches of 10 to 20 were seen moving up the stream
from the Teesta. The migrating individuals appeared to be 9" to a foot in length, a size
at which this fish was observed breeding in September, 1942. It is evident from this

1 This term i8 used in a broad scientific sense to signify that with the addition of the effluent the
stream waters do not remain natural. It does not denote that the waters are not potable or in any
way injurious to animal life in the streams.
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that even when the conditions in the streams were most unfavourable, the lower section
of the Riyang was habitable for game fishes.

An enquiry was made from the Department of Fisheries, Madras, if they had noted
any deleterious effect of the effluent of the Government Quinine Factory at Naduvattam
in the Nilgiris to the fish-fauna of the Moyar River into which it is discharged. In the
report dated the 16th July, 1940, from the Research Assistant, Mettur, it is stated :—

‘I visited the Government Quinine Factory on the 8th instant. I met the Superintendent of the
factory and enquired about the injurious effect of the quinine refuse on fishes in the Moyar River. He
told me that he never heard anybody saying about the death of fish by quinine refuse. T went round the
factory and saw the outlet tank. It measured roughly 20’x 12'x 8. This was full of liquid refuse
of dark amber colour. Tt was at the time of collecting oil that I visited the place. The refuse water is
drained directly into a running stream. The Superintendent told me that the stream is perennial.
Since this is the time of freshets in the stream, there is no discoloration of water now.

I subsequently met the Chemist. He told me that there is only 0-59%, caustic soda in the liquid
refuse. This half a per cent is not injurious to fish life. There used to be discoloration of water for a
few minutes in the stream soon after the liquid refuse is thrown out. This discoloration may not scare
away fish., The factory was in existence for the past 40 years. Ever since its inception the refuse
from the factory has been drained out into this stream. There is no other means of disposing of the
refuse and there was no occasion of dying of fish either in large or small scale on account of the refuse.
I algo enquired of some of the villagers. They also corroborated the above version,’

Fortunately, all the streams affected by the efffuent are torrential and owing to heavy
rainfall in Teesta Valley carry considerable volumes of water during a greater part of
the year. Thus their waters are being continually churned up and aerated, and the
effluent is greatly diluted in its passage to the Teesta, The streams, after a heavy down-
pour, are automatically washed every now and then of the colouring matter and the
bark residues. It has been observed that a single freshet is sometimes sufficient to change
the entire ecology of the stream-bed.

Zones of Pollution.

In the case of most streams, usually three zones are recognised below pollution outlets,
indicating the varying stages of pollution and recovery of streams. They are: (1) zone
of recent pollution, (2) septic zone, and (3) zone of recovery. In the case of the streams
under consideration, the upper portion of the Efffluent Stream or the whole of it, according
to seasons, may constitute the zone of recent pollution. Katli is the only fish found in
the lower sections of the stream and even that was absent during March-April, proving
thereby that during the dry period the zone of recent pollution extends throughout the
entire length of the stream. The Rungbee for a few miles below its junction with the
Effluent Stream probably forms the septic zone as Katli is found here throughout the
year. A few more types of fishes appear in the Rungbee below the Suspension Bridge,
but the real zone of recovery with a varied fish-fauna during all seasons appears to com-
mence after the confluence of the Riyang with the Rungbee. This zonation is also con-
firmed by the distribution of chironomid larvae and roundworms in the bed of the streams.
Both these animals have long served as biological indicators of pollution. Even in June,
when the septic condition was not so marked, they formed the predominant element in
the bottom fauna of the polluted sections of the Rungbee and the Riyang.

Specific Effect of Bark Residues.

Though the fauna and flora of the stream-beds show evidences of pollution throughout
the year to a lesser or greater degree, the fish-fauna appears to be affected only during
the dry months of March and April when, owing to less water in the streams, the current
slows down considerably and parts of the beds are blanketed with the dark, flocculent
matter. The effect of this sedimentation at the bottom of the stream is similar to that
of pollution by sawdust (Basch, 1878), which does not hurt the fishes directly, but all the
same its deleterious effect is great in so far as it partly limits and partly destroys the
feeding and spawning grounds of the fishes in the streams. Similarly erosion silt alters
the environment (Ellis, 1936), inter alia, by blanketing the stream-bed. Along the banks
of the small stream, into which the effluent is discharged from the factory, we have seen
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in sheltered places a succession of layers of the dark, bark residues alternating with silt,
thereby showing an alternate blanketing of the stream-bed with the flocculent matter in
the effluent and the erosion silt. The effect of erosion silt on fishing is well known to
every fisherman. After a spate, erosion silt spoils fishing chiefly by screening out light
and there is no doubt that this effect is hightened by the presence of the sedimentation of
the effluent in the stream-bed, but after this temporary phase the stream-bed recovers
itself and becomes much more natural by the removal of the dark blanket from the feeding
and breeding grounds of fishes. So the spates and the conditions resulting therefrom
are definitely beneficial for the fish-fauna of these streams.

Specific Effect of Free Oil.

During the dry season, oil has been found covering the surface of side-pools and
other sluggish pieces of water and thus the natural arrangement for the re-aeration of
water is interfered with. It must be remembered that a very small quantity of oil is
sufficient to do this mischief, for a thin film at the surface can separate atmospheric air
from the water. As the side-pools are sometimes cut off from the main stream, the oil
in the flowing effluent cannot reach them but some is always contained in the dark,
flocculent deposit. It adheres to the fine particles tenaciously and when a dried slab of
this matter is lighted, it enables the whole thing to smoulder to ashes. Owing to the
action of heat and light on these shallow pools, a part of the oil is presumably given up
by the flocculent matter which then floats to the surface and spreads out to form a film.
In pools fishes affected by the oil, mostly young, jump out in an attempt to reach flowing
waters. On the 8th April, 1943, a specimen of Semiplotus semiplotus, about 9” in length,
was seen floating upside down in the pool below the Railway Bridge. 1t was gasping for
breath and made occasional efforts to regain equilibrium. This specimen must have
become partially asphyxiated in some fairly large pool, but usually fishes migrate to
healthier places under such circumstances. Occasional cases of the nature reported
above may have heen witnessed by other persons but no epidemics of fish mortality have
ever been reported.

These unfavourable conditions, however, do not last long and with the establishment
of rains, the streams become habitable once more and the fish migrate into them from the
Teesta River, It may here be noted that in the case of small, shallow streams, owing to
falling waters and excessive heat and light, such annual migrations of their fish-faunae
to a deeper river are a regular feature, but so long as the main source of the fauna of all
such streams remain intact, no fear need be entertained about their being progressively
depopulated.

Breeding of Fishes.

In June several species of fish had their gonads fully mature and were ready to spawn
during the monsoon months, while in September Katli was found spawning. In April,
fingerlings of the Mahseers and Semiplotus were found in large numbers in the pools at
the side of the Teesta and in June young Mahseers of both types were found in the Riyang
along with the fingerlings of Garra and Barilius. Thus there is evidence to show that the
principal game fishes, the two species of Mahseer, breed in March-April, when the waters
at the junction of the Riyang with the Teesta are so low that they cannot possibly enter
into the Riyang, except during a flood, when temporarily the ecological conditions in
the streams become favourable for spawning. Other species breed in the streams when
the ecological conditions are quite favourable for supporting animal life.

In studying river pollutions, ‘Dr. Wells has found that the resistance of some fishes
to various factors varies greatly with the time of the year. The lowest point comes
between the middle of June and the last of July when such fishes as the cyprinids can
hardly be taken from the water before death sets in. From this time the resistance slowly
rises until September. Then the rise becomes more rapid and reaches its highest point
in March and April, when all fishes are exceedingly resistant. With the onset of the
breeding season the resistance falls, though whether or not it continues to fall until the
period is well passed has not been determined’ (Shelford, 1917). Besides the seasons, the

II
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resistance of fishes to hurtful conditions also varies with the species, with age (size or weight)
and with the physiological state of the individuals. In the experiments conducted by
us, we used practically all types of fishes found in the streams and employed large samples
fully representative of age and presumably of the physiological state of the individuals,

All the eleven species of fish caught from these streams belong to the family Cyprinidae
and if the conclusions of Dr. Wells are equally applicable to them (there is no reason to
believe anything to the contrary), we have this additional natural safeguard which protects
the brood fishes against any harm from deleterious pollutants. The fishes in the streams
breed during the monsoon months of June, July, August and September and during the
period of highest pollution, March and April, when their gonads begin to mature, they
are most resistant and, therefore, their ova, still inside the body cavity, are not affected.

During March-April, Carp-Minnows belonging to such genera as Danio, Rasbora
and Esomus and bream-like fishes of the genus Barilius breed in side-pools of hill streams
and, therefore, such pieces of water are usually alive with fry. As stated above, the pools
of the polluted streams are not habitable at this time of the year owing to the sedimenta-
tion of bark residues and the presence of free oil. At this time, the streams become
progressively depopulated of the fish-fauna, especially of the pools, and nowhere small
fish could be seen moving about as was observed during June and September. Further,
it is also evident from the seasonal observations that no permanent harm is done to the
fish-fauna of this nature, for it merely moves in and out of the streams according to whether
the conditions are favourable or unfavourable for them in the streams. As pointed above,
owing to the shallowness of the water at the mouth of the Riyang, Mahseers in all pro-
bability are unable to enter the stream for breeding purposes, except during floods, and,
therefore, no harm is being done by the effluent to their ova or fry. After heavy floods
fry of Mahseer, Semiplotus, Garra, Barilius and Danio were found in the side-pools of the
Riyang (15th April, 1943) showing thereby that Mahseer run up for breeding in this stream
during floods.

Causes for the Deterioration of Fishing.

As regards the complaint that fishing is being spoiled, we think we have to look
for some other causes. Fishing in the Teesta is presumably not affected, hecause the
effect of the effluent is extremely negligible and that only for a hundred yards or so along
one bank. Mr. L. R. Fawcus has testified to this fact for he had satisfactory sport in the
Rivang, catching several fish near its junction with the Teesta between midday and
4 p.m. on October 19, 1941. To our personal knowledge and from the records of fishing
at Riyang, it appears that the section of the Riyang immediately above its junction with
the Teesta used to provide far better sport than is possible under the present condition
of the stream. It must be noted that the effluent has been passing through this stream
since 1874-75, but the fishing deteriorated only during the last few years. The senior
author carried out a zoological survey of this stream in 1930, when the Ropeway Station
was under construction, and distinctly remembers that there was a chain of deep pools
above the mouth which was then not so wide and shallow. The fish from the Teesta
could ascend into those pools for rest at all seasons and this favoured fishing at the mouth
of the Riyang or in the adjacent portion of the Teesta. The physical features of this
section of the Riyang are now totally changed. Stones and sand from this part have
been removed and are still being removed for masonry purposes with the result that the
bed has become loose and the pools are filled up. Thus an important section of the river
eminently suitable for recreation and sport has been allowed to deteriorate for want of
proper care.

Above the section of the Riyang River between the Railway Bridge and the Teesta
River, there is an extensive landslide below the railway line. Detritus coming down from
the landslide may also be responsible for the deterioration of this section of the river.

RECOMMENDATIONS.

Taking into consideration the entire problem from a practical standpoint and bearing
in mind the heavy costs, both non-recurring and recurring, likely to be incurred in either
11B '
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(i) utilising the original shurry in some factory process, or (ii} in the removal of the main
constituents of the effluent before its discharge and only the temporary effect of the
efftuent on the fish-fauna of the streams, we suggest that the following measures may be
adopted for the general improvement of the stream limnology for improving fishing in
the Riyang:— '

1. Attempt should be made, as far as practicable, to remove the bark residues by
sedimentation in settling tanks. During dry months, special effort should be made to
stop the solid, dark, flocculent matter from entering the streams.

2. With the construction of one or more sedimentation tanks, it may also be possible
to recover a few additional gallons of oil by skimming it off the surface as is done at
present.  Even a recovery of 5 or 10 gallons, out of the 44 gallons that run out daily, may
be sufficient to recover the cost of capital outlay on sedimentation tanks within a short time.

3. With the construction of the sedimentation tanks, it may also be possible to let
out the effluent over a longer period, so that only a small quantity of it passes through
the stream at a time. At present the effluent is run out in 20 minutes but in the Rungbee
and the Riyang its colouring effect lasts for 2 to 3 hours. ‘

We understand that owing to heavy demand for increased production, the factory
vats have been increased and the present reservoir for the slurry discharged from the
vats is not sufficient to hold the total quantity and for this reason a small quantity is
being discharged every now and then to make room for the fresh lot. Tt is evident, there-
fore, that a new reservoir will have to be constructed sooner or later and if it is made
fairly capacious from the very beginning or a set of two or three 1s made, it will greatly
help in improving the general condition of the stream-beds.

4. To improve fishing in the Riyang it will be necessary to deepen the section above
its junction with the Teesta and to dig one or two large deep pools in this section. The
bed and sides of these pools should be so protected with boulders and stones that they do
not get filled up with loose sand. Above all, it is necessary not to allow people to disturb
this section of the river by removing stones and sand for masonry and other purposes.

The report was sent to Dr. Gilbert J. Fowler for suggestions and criticism. He very
kindly made the following additional recommendations:—

‘The problem evidently is to remove a greater quantity of solid bark residues together with inter-
mixed oil and a certain amount of more or less fermentable organic matter. The authors of the Report
recommend, quite properly, additional settlement tanks, but nothing is said as to the method of dis-
charge of these, and from the indications given it would seem that a sluice valve at the bottom of the
tank or reservoir is opened and the whole contents discharged practically at once so that naturally a
good deal of sediment and oil is likely to escape and the pollution of the stream, temporarily at any rate,
would be excessive. This condition of things could be readily improved by emptying the settling tank
by means either of a floating arm decanting valve as is customary in most settling tanks employed in
waterworks, sewage works or factory effluent works, or if it is difficult to obtain these a series of super-
imposed wooden cills can be provided so that the tank can be emptied gradually from the surface down

to a safe level.
Further improvement of the effluent would probably be obtained by a moderate addition of ordinary

alum to the crude effluent which would neutralise the alkalinity spoken of, and probably precipitate
a greater amount of colloidal organic matter together with some of the oil.

Some, at any rate, of the oil which still escapes might be retained by introducing some simply-
designed stilling chambers. The flow through these if regulated in the manner which is just described
would be slow enough to retain a further quantity of oil just as it is retained in the still pools mentioned
as occurring in the bed of the stream.

My impression is that at very reasonable expense & considerable improvement could in this way
be made. For any further improvement some kind of filtration method may he necessary, but for the
present the effect of the foregoing may be first observed.

Finally the possibility may be mentioned of the utilisation by suitable means of the deposited
mud (consisting largely as it does of bark particles), as “filling” in some of the very numerous applications
of the plastic industry, or if not, in consequence of the presence of oil, simply as fuel briguettes.’

In view of Dr. Fowler’s note, it is necessary to point out that what we have called
‘settlement tanks’ are really ‘stilling chambers’ for the recovery of oil. Dr. Fowler has
informed us that a properly designed settling tank enables the deposit to be automatically
discharged in a neat and cleanly manner. Being apprised of the high cost of alum treat-
ment, Dr. Fowler considers it wise to carry out some carefully devised laboratory trials,
to determine, at any rate, what the effect of such treatment would be.
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SuMMARY.

An historical account of the enquiry held into the effect of the effluent from the Quinine Factory
at Mungpoo ou the fishery of the Rungbee, the Riyang and the Teesta rivers is given.

Attention is directed to the physical characteristics of the streams, with special reference to the
changes brought about in them by the passing of the effluent. An account of the bottom flora and
fuuna is given and from their distribution in various parts of the streams during different seasons
evidence 18 adduced to show the relative degree of pollution in various sections of the streams affected
by the effluent.

The ecology, bionomics and distribution of the fish-fauna of the polluted streams are described and
attention is directed to the seasonal depopulation of these streams due to the harmful effect of the
effluent. An account is also given of the experiments conducted to determine physiological responses
of fishes to different concentrations of the effluent and evidence is adduced therefrom to show that
there are no chemical substances in the effluent injurious to fish life.

In discussing the results obtained from field observations, experiments and studies of the flora
and fauna of the streams, attention is directed to the polluting agents of the effluent and their general
effects, zones of pollution, specific effect of bark residues in the ecology of the stream-beds, specific
effect of free oil in the ecology of side-pools and breeding of fishes in the polluted streams.

Causes likely to be responsible for the deterioration of fishery in the Riyang are indicated. It is
recomimended that one or two additional sedimentation tanks should be put up at the Quinine Factory
for the removal of bark residues and free oil. For improvement of fishing in the Riyang it is suggested
that the section of the river above its junction with the Teesta should be improved and its further
deterioration by the removal of stones and sand checked.
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APPENDIX.

PHYS100-CHEMICAL NATURE OF THE EFFLUENT.
By 8. C. SEN, Superintendent Cinchona, Bengal, and S. MUKHERJIEE, Assistant Quinologist, Mungpoo.

At the quinine factory the cinchona bark is ground to a fine powder and digested with lime and
caustic soda in aqueous medium along with a mineral oil to extract the characteristic alkaloids set
free by this digestion. The oil, together with the dissolved alkaloids, is removed, and the residual
mixture of bark powder and alkaline liquor is discharged from the factory. This discharge constitutes
the effluent which is the subject of the present report. It must derive its nature from the original
constituents of the bark and their subsequent changes through the chemical processes involved in the
alkaline digestion. )

Cinchona bark consists mainly, as may be expected, of plant tissues made up of compound celluloses
containing substances like lignin, pectin, suberin and cutin; also starches, gums and resins; waxes,
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fats and oils (traces) and a residual moisture. On digestion in an alkaline medium, there is & physical
as well as chemical breakdown of many of the constituents and some of the resultants dissolve in the
liquid present. The original bark powder consists of heavy particles, but after the digestion they
become lighter. This has a bearing on the behaviour of the effluent after discharge. The original
moisture of the bark, about 109 of its weight, may be neglected in view of the very large volume of
water added to it in the process. Metallic salts like calcium and potassium (as earbonates and oxalates)
and traces of iron and manganese, occurring to the extent of 59, in the original bark, may also be left
out of calculation on account of the large quantities of calcium and sodium hydroxides éubsequentlv
added. The alkaloids of cinchona bark, amounting to about 59, of the original bark, might be expectea
to have a specific toxic action on the flora and fauna of the streams, but these are almost completely
removed from the process material before discharge and the spent bark, on analysis, does not yiefd
more than 0-19 of residual alksloids.
Of the total constituents of cinchona bark, we have so far accounted for—

Plant tissues, gums and resins, wax fats and oils .. .. 629
Water .. .. .. . .. .. 10%
Inorganic salts .. .. .. .. .. 59
Alkaloids 59,

Toran .. 829

The remaining 189, consists of certain organic acids and of neutral substances, like glucosides, which
are peculiar to cinchona. These are:—

Approximate
proportion in bark.
Quinovin (analogous to & glucoside) .. .. 09,
Cinchotannin (a glucoside) .. .. .. .. 3-59%,
Cinchofulvie acid (cinchona red) .. .. .. 5-09
Quinic acid .. .. .. .. 6-59,
Quinovic acid .. .. .. . 1-09,

Some of these substances are soluble and some are insoluble in neutral or acid waters, but in
alkaline waters they are all soluble. Cinchotannin undergoes hydrolysis in presence of alkali, producing
cinchona red, which is also soluble in the alkaline medium. The result is that these substances are all
released with the effluent in a soluble form to begin with. There was a probability that these substances
might prove harmful to the fish-fauna of the strearns under study, but the experiments of Dr, Hora and
Mr. Nair show that they are, fortunately, not so.

Of the substances added to the bark in the course of extraction, water—ordinary water from the
hill streams—probably introduces some sand and other insoluble matter into the efluent. The lime and
caustic soda react in part with the bark substance, in part with atmospheric carbon dioxide and in
part pass through unchanged into the effluent. The manufacturing process demands an excess of these
reagents in order to ensure complete extraction of the alkaloids. The mineral oil which is used as a
solvent is separated by flotation and removed for the recovery of alkaloids, but a small proportion is
entrained in the bark residue, which even after steaming and sedimentation cannot be completely rid
of its oil. The small quantity of the oil that goes down with the effluent plays an important part in
the limnology of the streams carrying the effluent, as brought out in the report of Dr. Hora and Mr. Nair.

At the time of writing this note the quantities! of different materials daily used in the process
of bark extraction are:—

Bark .. .. . .. .. .. 6,160 1b.
Lime .. .. .. N .. .. 560 1b.
Water .. .. . .. . .. 3,000 gallons.
Caustic soda .. .. .. .. .. .. 350 1b.
0il .. .. .. .. .. .. 5,300 gallons.

After removal of the oil from the vats, the bark residues and spent liquors are stirred up and
discharged from the digestion vats along with additional water to improve the flow. This discharge
is collected in a reservoir and allowed to settle to remove the separable oil by floating. After this,
the entire discharge is run down the effluent channel. The total volume of the effluent discharged
daily is about 11,000 gallons.

Approximate analysis of the effluent gave the following composition of the non-aqueous matter:—

Solid matter .. .. .. .. .. .. 4-39,
Dissolved solids, exclusive of caustic soda . . .. 0-99%,
Free alkali (caustic soda and lime, expressed as caustic soda) .. 0-29,
0il .. . .. .. 0-49,

The solid matter shown above contains not only what comes down in the original discharge from
the vats, but also what is subsequently precipitated through hydrolysis of some of the dissolved
substances, e.g. quinovin and the sodium salts of quinovic acid and cinchofulvic acid, in the course

1 As the daily rate of bark extraction is subject to alteration from time to time, the quantities
of the other ingredients are also altered proportionately.

12
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of the flow of the effluent along the mountain streams. The changes which the constituents of the
effluent are liable to undergo during its flow are:—

(1) Carbon dioxide of the atmosphere is absorbed by the free caustic soda and lime with the
formation of sodium carbonate and calcium carbonate. The free alkali is thereby reduced,

(2) When the effluent is diluted with relatively large volumes of water in the streams, hydrolysis
of the alkali salts of the organic acids, referred to above, takes place. The hydrolysis is
facilitated by the presence of carbon dioxide dissolved from the atmosphere, which serves
to neutralise the alkali. Those organic substances which are insoluble in neutral water
are now precipitated in a very fine and light form.

(3) The soil in the stream-beds and mud and clay, often present in the stream waters, also serve
to remove the alkali from the effluent water. 'Soils, particularly of this region, are
distinctly acidic in character and can absorb and neutralise caustic sods and calcium
hydroxide present in the effluent.

(4) Sedimentation of the solid matter in the effluent takes place along its course through the
mountain streams. The heavier fraction, directly derived from the bark powder in the
original discharge, is probably deposited in the upper parts, while the finer precipitates,
which are gradually formed as the effluent passes down, are deposited mainly in the lower
parts of the rivers.

(5) Other natural agencies at work, which are likely to decompose or alter the nature of the
organic constituents of the effluent, are:—

(a) Photochemical action.
(b) Action of atmospheric oxygen.
(¢) Action of enzymes and of living organisms.

It is well known that sunlight decomposes most colouring substances, converting them into
colourless bodies. As a large portion of the organic constituents of the effluent consists of colouring
matters (cinchona red), light probably produces some alteration in these substances. Atmospheric
oxygen is not ordinarily very reactive, but its oxidising action is known to increase when in contact
with water thrown out into fine sprays, as often happens in the beds of mountain streams. The
oxidising action is usually more pronounced in the presence of sunlight. Glucosides are generally very
susceptible to the action of particular kinds of enzymes, which, if present in the stream water, would
decompose them quickly. The organic matter deposited from the effluent is also likely to supply
nutrition to various aquatic organisms and micro-organisms and thus a part of it will be used up for
this 08e.

%?1? above considerations show thet the individual constituents of the effluent, as well as their
relative proportion are liable to undergo considerable changes during their passage down the streams.
This is borne out by tho fact that pH determinations of samples of the effluent water taken from
the streams fail to show any alkalinity, That hydrolysis accompanied by the formation of &
precipitate actually takes place is shown by the fact that a sample of the effluent collected
from the streams, which is originally distinctly coloured, on standing for some time deposits a sediment
and ultimately loses jts colour. Comparison of the colour samples of the effluent water collected from
different parts of the river with dilutions of the original discharge, as it leaves the factory, while giving
an approximate idea of the dilution it undergoes during its flow, cannot, therefore, be used for the
quantitative evaluation of the concentration of the original constituents of the discharge. Quantitative
estimation by direct chemical analysis would also be practically impossible at high dilutions.



