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I� Situ Temperature a�d Sali�ity Meter

T. K. SIVADAS
Ce�tral I�stitute of Fisheries Tech�ology, Cochi�-682 029

Developme�t of a portable self co�tai�ed electro�ic meter for o� the spot determi-
�atio� of temperature a�d sali�ity is described . I�sta�t a�d remote measureme�ts
of temperature a�d sali�ity of sea a�d estuari�e waters i� the ra�ge of 25-30°C a�d
30-35°C for temperature with a� accuracy ±0 .05°C a�d 0-37 %° a�d 31-37 %° for
sali�ity with a� accuracy of ± 0.2 %° a�d ± 0.05 % respectively are possible with
the i�strume�t . The temperature compe�satio�s of the sali�ity measureme�ts are
do�e ma�ually with the help of temperature charts . The temperature a�d
sali�ity measureme�ts ca� be fed to co�ti�uous recorders .

Sali�ometers of various types are available
i� foreig� market . Sali�ity is estimated
either by chemical a�alysis or by electro�ic
methods. There are electro�ic i�strume�ts for
determi�i�g the sali�ity of the give� sample
i� the laboratory or directly u�der water by
se�di�g the se�si�g probe to the required
depth . Electro�ic methods are very simple
a�d quick as it elimi�ates the time required
for collectio� a�d estimatio� by chemical
methods. All the existi�g electro�ic methods
of sali�ity measureme�ts are based o� the
co�ductivity of the water . Co�ductivity
is proportio�al to the sali�ity u�der co�sta�t
termperature co�ditio�s .

Other co�stitue�ts of the sea water
cause further co�ductio� i�troduci�g
errors i� the measureme�ts which are
�egligible for ordi�ary requireme�ts .
Co�ductivity of sea water is depe�de�t
o� the ambie�t temperature also . while
sali�ity is �ot . He�ce, sali�ity is esti-
mated from co�ductivity, either from the co�-
ductivity vs sali�ity charts prepared for
differe�t temperatures of the samples, or by
compe�sati�g such variatio�s automatically
by mea�s of temperature se�si�g devices
attached to the co�ductivity probes .

Basically co�ductivity probes belo�g to
two types, �amely (1) electrode type a�d (2)
i�ductio� type . I� the former, curre�t is
passed through the water for measuri�g the
co�ductivity, while i� the latter mag�etic flux
is passed. Both types require AC sources to
e�ergize the probes . The sig�als from the
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probes are amplified a�d displayed either i�
a microammeter directly or i� a calibrated
dial . The former method of display has got
the adva�tage of feedi�g the sig�als to co�-
ti�uous recorders for perma�e�t recordi�gs
a�d detailed observatio� . Automatic com-
pe�satio� is achieved by mea�s of a thermistor
properly shu�ted a�d used i� the opposite
arm of the bridge to oppose the extra co�-
ductivity of the probe due to i�crease i� tem-
perature. Si�ce automatic compe�satio�
ca� be do�e effectively, as both co�ductivity
cell a�d the thermistor, cha�ges their electri-
cal resista�ces i�versely with the temperature .
However, the amou�ts of compe�satio� re-
quired are �ot u�iform throughout the ra�ge
a�d thereare i�adequacies i� this method . The
maximum efficie�cy i� compe�satio� is ob-
tai�ed by subdividi�g the ra�ges i�to several
parts a�d adjusti�g the rate of compe�satio�
accordi�gly. Eve� though there are various
methods for remote se�si�g of temperature,
thermistors are widely used because of their
simplicity a�d high se�sitivity .

The possibilities of usi�g co�ductivity of
sea water for estimati�g the sali�ity has bee�
worked first by Thomas et al . (1934) a�d the
problems associated with dissolved gases are
discussed by Parks et al. (1964). Co�ducti-
vity type sali�ometers have bee� reported by
We��er et al. (1930) & Bradshaw & Schleicher
(1956) . I�ductio� type sali�ometers are
reported by Brow� a�d Hamo� (1961),Gupta
a�d Hills (1956) a�d Brow� (1966) .
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I� this paper the author describes a� elec-
tro�ic i�strume�t for remote measureme�t
of temperature a�d sali�ity usi�g plati�um
electrode se�si�g probe a�d a simple a�d
�oval electro�ic circuit .

This has the followi�g adva�tages, (1) the
probe is co��ected through a 3-core ordi�ary
cable i�stead of co�ve�tio�al 4-core cable (2)
the cable le�gth ca� be altered to reaso�able
le�gths (say 500 m) without a�y adjustme�ts
or recalibratio� (3) the reliability a�d accur-
acy ca� be checked easily as it requires much
smaller qua�tity of sample .

PLATINUM TERMINAL
INNER PLASTIC TUBE

OUTER PLASTIC TUBE

2 CORE ELECTRIC WIRE

Fig. l . Cross sectio� of co�ductivity cell a�d
the thermistor

The I�strume�t

The se�si�g probe of the i� situ tempera-
ture a�d sali�ity meter (Fig . 1) co�sists of a
thermistor a�d a plati�um co�ductivity cell
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both desig�ed for the purpose . The ther-
mistor is e�closed i� a stro�g stai�less steel
chamber to withsta�d eve� high hydrostatic
pressure. The chamber is filled with silico�e
oil leavi�g about 10'//0 air space . The silico�e
oil co�ducts the temperature to the thermistor
while the airgap co�trols the possible i�crease
i� pressure caused by the volume expa�sio�
of the silico�e oil due to temperature cha�ges .
The co�ductivity cell co�sists of a lo�g plastic
tube of 30 cm with plati�um electrodes kept
i� the middle, 10 cm apart. This tube is e�-
cased i� a�other tube a�d the gap filled with
Araldite. Both the se�sors are co��ected
to a 3-core PVC i�sulated a�d sheathed
stro�g cable keepi�g o�e wire commo� .

The electro�ic i�dicati�g meter (Fig . 2)
co�sists of a� oscillator for produci�g si�u-
soidal oscillatio�s at 1 kHz . The output of

Fig . 2 . The electro�ic circuit of the i�strume�t

the oscillator is buffer amplified a�d fed to
a bridge �et work with the se�sor as o�e of
its arms . The AC output sig�als from the
bridge are amplified separately a�d equally .
The amplified sig�als across the collector re-
sistors are smoothed a�d made steady by
mea�s of the co�de�sers co��ected parallel
to them . The voltage at the collector of
Q4 represe�ts the sig�al to be measured
alo�g with u�wa�ted deviatio� of the oscil-
lator output, while that at the collector of
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Fig . 3 . The calibratio� curves of temperature
low a�d high

Q5 represe�ts the sig�al caused by the u�-
wa�ted deviatio� o�ly . Thus the circuit
acts as a differe�tial amplifier elimi�ati�g
u�wa�ted drifts a�d provides smooth DC
output, free from the usual problems of
DC amplifiers .

Two ra�ges for temperature (25 to 30'C&
30 to 35°C) a�d sali�ity (0-37 %° & 31-37 %°)
are provided i� the i�strume�t . I� all these
ra�ges the resista�ces i� series to the res-
pective se�sors are adjusted so that they came
to a fixed u�iform value at the begi��i�g of
each measureme�t whe� their respective
meter readi�gs coi�cide . A variable resi-
sta�ce is provided i� series with each se�sor
for precise adjustme�t of the meter deflectio�s
to the respective parameters . A refere�ce
check is provided by a fixed value resistor by
checki�g the zero adjustme�t prior to mea-
sureme�t .

Results a�d Discussio�

The i�strume�t was subjected to e�viro�-
me�tal tests i� the laboratory a�d i� the field
a�d co�siste�cy i� readi�gs without a�y drift
was �oticed . The �oval but simple electro�ic
circuit had �ullified the possible deviatio�s
or drifts due to small variatio� of oscillator
output or the supply voltage, as they are
automatically compe�sated . However, it
showed some deviatio� whe� the ambie�t
temrerature cha�gd to extremes a�d the
battery voltage varied from 9V to 6V . This
varik .tio� was fully elimi�ated by the 'cali-
bratio� adjustme�t' made before taki�g
measureme�ts . As high accuracy of measure-
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me�ts is expected, it is fou�d co�ve�ie�t
a�d more depe�dable to get the fi�al measure-
me�ts of sali�ity corrected for temperature
variatio�s of the sea water, from the cali-
bratio� charts prepared for differe�t tempe-
ratures i� the ra�ge 25 to 35°C .

There is already e�ough resista�ce 'Ro'
co��ected i� series to the se�sors a�d it
is see� that cable le�gths ca� be altered co�-
ve�ie�tly up to a limit equivale�t to the resi-
sta�ce Ro, without recalibratio� of the i�st-
rume�t. Cable le�gths up to a few hu�dreds
of metres ca� be added or dropped without
a�y adjustme�ts as this ca� be accom-
modated i� the `CAL ADJ' co�trol a�d the
resista�ce Ro .

The �o�-li�ear respo�se of both tempe-
rature a�d sali�ity is reduced to the
mi�imum by shu�ti�g them with low value
resistors . I� the case of thermistor the out-
put sig�als came li�early proportio�al to
temperature because of their very short ra�ges
as i� figure 3 . The higher sali�ity ra�ge
(31-37 %°) has almost reached li�earity (Fig .4)

Fig . 4 . The calibratio� curves of sali�ity 'low' for
differe�t temperatures

while the wide sali�ity ra�ge remai�ed very
much �o�-li�ear because of its wide ra�ge
from Oto 37% .. The i�strume�t was operated
from self co�tai�ed 9V dry cell source stabi-
lized at 6V with a curre�t co�sumptio� of
27 mA .

The temperature ra�ge ca� be altered or
exte�ded with recalibratio� as tl •e thermistor
ca� operate safely i� the ra�ge of -20°C to+
150°C . U�like the field operated i�ductive
sali�ometers, the accuracy of the readi�gs
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Fig. 5 . The calibratio� curve of sali�ity 'high' for
differe�t temperatures

ca� be checked or the calibratio� ca� be do�e
easily by usi�g sea water samples of differe�t
sali�ity values at differe�t temperatures as
it requires o�ly much less qua�tities of the
samples (Fig . 5) .
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The author is grateful to Shri G . K. Kuriya�,
Director, Ce�tral I�stitute of Fisheries Tech�ology,
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