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1. INTRODUCTION

THE parallelism between the variations in the occurrence of phytoplankton
and the available nutrient salts has been so repeated’y established that it is
now taken for a fact. The chemistry and physics of sea-water ard their
bearing on thelife in the sea have been thoroughly studied by a host of workers
over a number of years. The chemical constituents of biological importarce
in the E-glish Channel have been worked out by Atkinsét, Cooperls-16,
Harvey”, Om® etc. and those of Clyde sea by Marshall®,
Rakestrav® has likewise studied the biology and chemistry of the Gulf of
Mine, ard Orr® the chemical ard physical conditions in the sea in the
neighbourhocd of the Great Barrier Reef. Howat® has recently made
additions to our knowledge about the variations in the composition of the
sea in West African waters. In fact the importance of such a type of work
has been widely recoguised, as this problem is investigated in most of the
Marine Biological Laboratories all over the world.

The history of Oceanograpbhic research in Indian waters dates as far back
as 1875 when the survey ship “ Investigator ” was chartercd for the Marine
Survey w der the leadrship of Surgeon-Naturalist Alcock. The bottom
d:posits were studicd by him, but the systematic investigation of hydro-
graphy was not commenced until 1910. In the initial stages only the air
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and water temperatures ard salinity of sea-water were recorded. An inten-
sive study of the physical corditions in Indian waters was made by Sewell32
and the results of his investigation extending over several years were pub-
lished in his monumental memoir on “ Geographic and Oceanographic
research in Indian waters ”. His investigation started with the study of
the nature of the sea-bed and deep-sea deposits of the Andaman sea and the
Bay of Bengal. A series of observations on the surface salinity and tempera-
ture of the Andaman sea, the Bay of Bengal and the Laccadive sea were
made by Sewell and graphically shown in his memoir. Matthews has like-
wise examined a large number of samples of surface sea-water brought by
“ §=alark »” and other merchant ships from different localities of the Indian
Ocean and has given a comprehensive account of his investigation in his
paper on “ Physical Oceanography of the Indian Ocean 27

Thompson? has however recorded some chemicel constituents in the
Indian waters during the John Murray Expedition, 1933-34. Recently
Chidambaram ard Menon!? have correlated the occurrence of plankton
ard certain oceanographical factors with the fisheries of the West Coast
(Malabar ard South Kanara). Their investigation exterds over a period of
five years 1938-42 and includss only two hydrographical factors namely,
the temperature and the specific gravity.

Tt will be seen from the above resume that the study of the chemistry
of the Indian Ocean has received comparatively little attention in the past
and practically no work has been done on the chemica] and physica! condi-
tions prevalent in Bombay waters. We have therefore recently urdertaken
a systematic study of the chemitry of sea-water, the knowledge of which is
essential in all marine and fishery research. The data regarding the chemical
ard physical conditions of Bombay waters, when accumulated over some
years, will enable us to account for the periodical fluctuations seer in our
study of the local plankton, fish eggs and fish larvee. The present paper is
only a preliminary record of the chemical constitutieats like silicate, phosphate,
nitrite ard ammonia ard of a few physical factors present in Harbonr waters
during 1944-45. The meteorological data is also recorded along with it.

" 2. METHODS

A weekly analysis of a samp'e of surface water from the Bombay harbour
was made from July 1944 to June 1945. During this period 47 samples
taken from near the shore were examined and the results shown in Table I.
The meteorological data for the same period was also recorded (Table II).

The temperature of water was read on a standard Centigrade thermo-
meter immediately after taking the water- sample. :
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The salinity was determined by the silver nitrate titration method?® with
the necessary precautions and corrections applied to this method.

The hydrogen-ion-concentration was estimated on Helengis com-
parator.
TABLE I

Hydrographical Observations during 1944-45

Phos-

. Silicate | Nitrate | Ammonia
; Tem. | Den- Salinity | phate 1
Date Time (°C) sity pH 0/00 (Mﬁsfer (M]_\%.S)Per (Ml\%g)per (NN.Igé)per
17—7—1944 3 PM. | 275 1015 | 8.1 2356 | 20 1000 / 142
24—17—1944 3 2 28-5 | 1016 | 8-15 | 275 21 5865 6-56 99
2—8—1944 3-30 ,, 29 1016 | 7-95 | 34.2 2545 815 74 38-9
7—8—1944 ’e 28-5 | 1017 | 8.15 | 24.6 27 833.3 | 18-3 282
14—8—1944 4 " 29 1017 | 8-1 30-1 26 990 23-2 30-8
21 —8—1944 3-30 ,, 27.5 | 1016 | 8-15 | 25.1 22 960 22-4 37-7
2—9—1944 12 Noon 29 1015 | 8.1 27-75 | 25+5 930 360 49-9
7—9—1944 59 29 1017 | 8-2 32:35 | 21-5 | 50 39-20 70
18—9—1944 3-40 P.M. 30 1023 | 8.1 359-5 | 235 344 13:6 505
25—9—1944 1-45 , 30 1021 [ 8.15 | 33.35 | 265 315 45+6 85:5
2-10—1944 1-40 ,, 30 1023 | 8-15 | 369 2875 | 500 32-0 47-5
9-10—1944 3-30 ,, 29-5 | 1022 | 815 | 388.5 28 416 88 133
20-10—1944 | 11-30 A.M, | 29 1024 | 8-15 | 35-9 29:5 375 14.46 10-8 ..
924-10—1944 i 29-8 | 1023 | §-3 35.8 27-3 450 16-0 13-3 N
2-11—1944 s 30 1024 | 8-15 | 36-5 378 528 1402 11-5
6~11—1944 ’ 30 1024 | 8-15 | 385-5 51-9 644 20.02 9-84
13-11—1944 | 11-20 ,, 298 | 1024 | 8-15 | 35.7 28-0 405 16.0 12.9
20~11—1944 | 11-30 ,, 28 1024 | 8.1 35:2 26.0 4604 | 144 14-3
28~11—1944 | 12-30 P.M. | 29 1024 | 7-9 36-0 21-0 | 1406 2068 42.38
4~12—1944 3-30 ., 27-5 {1025 | 7.90 | 37-1 273 735-3 | 25.6 156.3
11-12—1944 | 11 AM.| 29 1025 | 7-85 | 360 237 588.2 [ 90-31 50-58
19-12—1944 | 11-30 ,, 29 1025 | 7-8 36.5 260 366 15.6 49.03
25-12—1944 | 19-30 P.M. | 26-8 | 1024 | 7.9 36-3 235 365 27-04 18-99
1—1—-1945 2-30 ,, 26-8 1025 | 8-0 354 32.5 378 16-8 40-02
9—1—1945 | 12-30 ,, 24 1024 | 8-15 | 30-1 27.5 862 17-6 73.07
17-1-1945 ! 12-30 ,, 25 1026 | 8-1 29-9 224 | 1812 17-6 60-01
23—1—1945 |11-80 A.M. | 26 1025 | 8-1 342 2015 | 1953 5211 40-99
3—2—1945 2 P.i. | 28 1024 } 8-15 | 30 24-91 | 1338 126 73-07
17—:—1945 | 12 Noon 26 1025 | 8.1 30-4 27-83 | 8368 | 24.3 5252
24—2—1945 N 26 1025 | 8.1 30-5 2869 | 1842 69-68 84:0
28—2—1945 | 11-20 A.M. | 26-9 | 1024 | 8.15| 30-6 22-61 | 784.8 | - 54.78 44-22
7—3-—-1945 | 11-20 ,, 25.4 1025 | 8.2 37-1 1826 | 533-3 | 59.58 60-01
17—3—1945 1-45 P.M 28-8 | 1025 | 8-3 30-8 27-7 470-0 | 73-8 39-07
24—3—1945 1-20 ,, 29.2 | 1025 | 8-3 323 21-8 540 45.4 42-2
31—3—1945 2-30 ,,- 29-7 | 1024 | 8.3 352 20-0 | 1810 304 49:4
T—4—1945 1-45 ,, 28:5 | 1024 { 8.2 334 25 1363 124.0 44.-22
14—4—1945 1-25 , 20-4 1024 | 8.3 | 33.2- 13-04 | 649-5 22.1 51-64
20—4—1945 1-30 , 30-5 | 1025 |8-35| 384 27-08 | 5376 | 153-9 3842
28—4—1945 2-30 ,, 30 1025 | 8.2 341 15.5 458-9 | 167-1 4728
5—5—1945 | 12-30 30-5 (1025 | 8.15| 38-3 337 | 12200 115" .
21 —5--1945 1 3 31-0 | 1025 | 8.2 38+4 e 700-0 | 11-04 91
30—5—1945 | 11-45 Am. | 31+5 | 1025 | 8-25 383 20-8 606-0 5:06 93
9—6~-1945 | 10-30 ,, 30-5 [1025 | 8-15| 36-2 15-1 7000 4-60 6556
16—6—1945 | 11-45 ,, 32-0 | 1025 | 8.2 35+3 135 845+0 500 64 -
28—6—1945 | 12-45 p.M. | 32.5 | 1025 | 8.2 34-1 32:2 6930 5.52 733
3—T7—1945 | 11-20 aM. | 27.0 | 1018 | 8-25 314 23-0 500 5-06 637
10—7—1945 | 11-20 , 26-8 | 1018 | 8:15| 26-8 245 600 5:52 90-3
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D:nige’s method for phorphates as adoptrd by Atkirs® was followed
for the estimation of dissolved phosphates. The reagents were prepared
according to Florentin’s formula® and the comparison of the colour of the
standard solution with that of the sample of water to be tested was made
on Hehner’s tubes.

Dissolved silicates were determined by the colorometric method of
Dienert and Wandenbuleke. The colour, developed on the addition of
reagents, was matched against a suitable standard picric acid solution’®.

The Nitrite content was estimated by Gries methcd as modifird by
Ilosvay and used by Orr®. The Gries-Ilosvay reagent was renewed very
often and to ensure accuracy of results, a suitable standard solution was
mad: by diluting a standard solution of higher concentration just before the
addition of reagents as the dilute standard solutions change their nitrite
content readily. The colours were compared in Hehner’s tubes.

For the determination of Ammonia, 100 c.c. of sea-water, treated with
4 drops of a saturated solution of mercuric chloride, was brought in a sepa-
rate jena glass flask. The estimation was made according to Wattenberg’s
method3® by use of Nessler’s reagent. All reagents excepting Nesseler’s
reagent were prepared each time ammonia was estimated. Every possible
precaution was taken to avoid contamination of the reagent with ammonia
in the air and all bottles containing the reagents were specially fitted with
‘U’ tubes containing pumic salts ard sulphuric acid.

3. CHEMICAL AND PHYSICAL CONDITIONS

Temperature:—

The records of temperature of water are shown in Table I. The
maximum temperature was 32:5°C. on 23rd June, 1945 ard the minimum
24° C- on 9th January, 1945. The range of temperature during this pericd
was thersfore 8:5° C. . On comparing with the meteorological data (Table IT)
it was found that there was a close relation between the temperature of air
and water and the maximum and minimum temperature of water fell almost
with the same range as the daily maximum and minimum temperature
of air. ' - '

 The dry and wet-bulb thermometer readings (Table II) indicate that the
evaporation of sea water is going oo all the year round. The rate of evapo-
ration is influenced by the following factors:—(1) Atmospheric pressure,
(2) Atmospheric temperature, (3) Atmospheric humidity, (4) Atmospheric
movements—Wird, ard (5) Variations in salinity. Sea-water evaporates
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more slowly than fresh water. Harvey'” has shown that the cooling of sea-~
water is to some extent dependent on the seasonal changes in evaporation.

Salinity:—

The variations in salinity are shown in Fig. 1. The maximum salinity
recorded during the period urder review was 38-4°/  on 21st May, 1945 and
the minimum 23-56°/ on 17th July, 1944. The fluctuations of salinity during
July-September were due to sudden influx of fresh water. It increased during
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Fic. 1, Seasonal Variations in Salinity

the succeeding months with intermitent rise and fall and reached its maxi-
mum in May 1943.

Density:—

The variations in the density of water were in accordance Wwith the
salinity of water. The maximum and minimum values recorded were 1026
and 1015 respectively (Table I).
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Hydrogen-ion Concentration:—

The hydrogen-ion concentration of our harbour waters varied between
7-8 to 8:35 (Table I). It was highest on 20th April, 1945 and lowest on
19th December, 1944. '

Phosphdtes:—-—

Phosphate though found in small quantity in sea-water is one of the
essential food constituents of phytoplankton. The phosphate content
showed no marked fluctuations excepting once ard was fourd in varying
quantities throughout the year, the average being about 22 mg. per m?. It
will however be seen from Fig. 2 that there was a sudden increase in the
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FiG. 2. Seasonal Variations in Phosphate Content

phosphate content on 6th November, 1944. Such a sudden rise has also
been recorded elsewhere previously by other workers. This high value
might be due to the exczss of bacterial decor_nposition of the organic matter
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at the bottom of the sea or as suggested by Cooper® might be due to direct
oxidation caused by a number of factors acting on the air-water interface.
The lowest quantity recorded was 13-04 mg. per m?® on 14th April, 1945
(Table I).

Silicates:—

The amount of dissolved silica in harbour waters was fourd to bs much
greater than other chemical constituents recorded here. The minimum
value during this period was 315 mg. per m® and the maximum 1953 mg.
per m® in September 1944 and in January 1945 respectively (Fig. 3). The
quantity of silica was found to be higher particularly during Januwary, Febru--
ary and March than the other months of the year.
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Fic. 3. Seasonal Variations in Silica Content
Nitrites and Ammonia:—

The concentration of nitrite varies much as it occupies an intermediz te
‘position in the oxidation of ammonia to nitrates. The nitrite content may
be taken as a useful indication of rapid transformation of ammonia to
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nitrates. It will be seen from Fig. 4 that there was in general a corres-
pondence in the occurrence and variations of nitrite and ammonia during
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Fic. 4. Seasonal Variations in Nitrite and Ammonia

this period. The minimum and maximum values for nilrite were 4-60
and 167-1mg. per m® and for ammonia 9-84 and 156-3mg. per m?3 res-
pectively (Table I). '

Meteorological Data:—

The meteorological data such as Atmospheric Pressure, Humidity,
Wind, Cloud, etc., were recorded for the same period as these factors have
direct relation with the prevalent physical and chemical corditions in the sea.

4. SUMMARY OF CONDITIONS IN WATERS OF THE BomMBAY HARBOUR
DURING 1944-45 '

(1) In the rainy season (from June 15th to the end. of September) the
weather was less settled and there were thunder storms and heavy showers
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of rain. There was a considerable disturbance in the sea and the water
was mixed over great depths during this period. In the remaining part of
the year the winds were lighter and the mixing of water less pronounced.
The sky was overcast with clouds for the most part of the rainy season and
there was a bright sun light from October to the end of May 1945.

(2) The temperature of water varied between 24° C and 32:5°C.

The maximum temperature of air was recorded as 103-1° F. on 24th March,
1945,

(3) The salinity was low in the rainy season—23-56°/,  on 17th July,
1944 and high in the summer—38-4°/__ on 21st May, 1945.

(4) The range of Hydrogen-ion concentration was 7-8 to 8-35.

(5) Phosphates were found in quantities varying between 13-04 mg./m?
and 37-8mg./m3 It was as high as 51-9 mg./m® in one sample.

(6) The amount of dissolved silica was greater than any other chemical
constituents recorded here. The lowest value was 315mg./m® and the
highest 1953 mg./m?2.

(7) The minimum and maximum quantities for nitrite were 4-60 mg./m?
ard 167-1mg/m3 and for ammonja 9-84 mg./m® and 156-3 mg./m?® res-
pectively.
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