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ABSTRACT

Dissolved oxygen (DO) in an aquatic environment isan important indicator
of the environment’s water quality and a vital to the existence of most
aguatic organisms. Its concentration and distribution in the agquatic envi-
ronment are dependent on chemical and physical factors and are greatly
affected by biological and chemical processes. Dissolved oxygen of aer-
ated distilled water was investigated with different temperature and differ-
ent salinity. The results show large negative correlation between tempera-
ture and DO (r = —0.9988) and for salinity and DO r =— 0.9986. The very
usefulness of these correlation study has been tested by obtaining a linear
relation of theformY = A+ BX + CX2for temperature-DOand Y =A + BX for
salinity- DO to predict the values of dissolved oxygen as a function of
temperature and salinity, which are found to be good agreement with ob-
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served values.

INTRODUCTION

Oxygeniscritical to the maintenance of thelife
processes of nearly al organisms. It isone of several
dissolved gasesimportant to aquatic systems. Oxy-
gen gasdissolvedinwater isvital tothe existence of
most aquatic organisms. It isacomponent in cellular
respiration for both aguatic and terrestrid life. The con-
centration of dissolved oxygen (DO) in an aguatic
environment is an important indicator of the
environment’s water quality. DO is necessary to main-
tain aerobic conditionsin surfacewatersand is con-
sidered aprimary indicator when assessing the suit-
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ability of surface watersto support aquatic life.
Theintroduction of excessorganic matter may result
inadepletion of oxygen from an aguatic system. Pro-
longed exposureto low dissolved oxygenlevels(<5-6
mg/1) may not directly kill an organism, but will increese
itssusceptibility to other environmenta stresses. Expo-
suretolessthan 30% saturation (<2 mg/l) of oxygenfor
onetofour daysmay kill most of thebiotainasysem*2,
Oxygen gasisdissolved in water by avariety of
processes - diffusion between the atmosphereand wa
ter at its surface, aeration as water flows over rocks
and other debris, churning of water by wavesand winds,
and photosynthesisof aquatic plants. Thereare many
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factorsthat affect the concentration of dissolved oxy-
geninan aquatic environment. Thesefactorsinclude:
temperature, stream flow, air pressure, aguatic plants,
decaying organic matter and human activities. Churning
watersand natural diffusion of oxygenfrom theatmo-
sphere d so cause an increasein dissol ved oxygen.

Itsconcentration and distributionin theaguatic en-
vironment are dependent on chemica and physical fac-
torsand are greetly affected by biologica and chemica
processes. Chemical and physical factorswhich affect
the DO concentration researched in the present study
aresdinity and temperature

Thecorre ation providesan excdlent tool for thepre-
diction of parameter va ueswithin reasonabl e degree of
accuracy. Theterm corrdationindicatesthereationship
between two such variables. Correation coefficient and
regression sudiesamong variouswater qudity param-
eterswere reported by many researcherg? 56891011
but no attempt was madeto corredlate DO withtempera:
tureand sdinity. Aschemistry of DO changesfromtime
totime, temperatureto temperatureand sdinity tosdin-
ity depending upontheir effect onit. Moreover, an ad-
vantagein such typeof study liesinthefact that these
resultsof correlation coefficientsand linear regression
equationscan besuccessfully extrgpol ated to others.

MATERIALSAND METHODS

Sampling and analytical methods

Theanayssof dissolved oxygeninwater wasdone
by adopting the iodometric (Modified Winkler’s)
method of analysig?. Theanalytical dataquality was
ensured through careful standardisation, procedural
blank measurements, spiked and duplicate samples.

To study the variation of dissolved oxygenwithre-
spect to temperature and sainity, aerated distilled wa
ter weretaken with different temperatureand different
«inity.

Datatreatment and statistical methods

Correlation coefficient (r) and regression anaysis
of DO withtemperatureand DO with sdinity were per-
formed by applying theexperimenta data. Correlation
coefficient determinesthere ationship between two pa-
rameters (in our case DO-temperatureand DO sdin-
ity). Let x and y any two variablesand let (x, y)) ben
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pairsof observed variables(i =1, 2, 3,...... n), then
the correlation coefficient ‘r’ between the variables x
andyisgivenbytherdation:
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and all thesummation aretobetakenfrom1ton
(the number of observations).

Parametersof straight line

If the correl ation coefficient (r) betweentwo vari-
ablesx andy isfairly large, it impliesthat thesetwo
variablesarehighly correlated. In such casesitisfea
sibletotry linear relaion of theform
y=Ax+B (6)

to correlate x and y, where A and B are constants
to bedetermined by fitting theexperimenta dataonthe
variablesx andy to the above equation 6. According to
well known method of least squares?, thevduesof the
constantsA and B were cal culated by therelations:
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E= y-A X 8)

Wherethe symbol shavetheir own meaningasmen-
tioned inthe previous section.

All the parameter valueswere computed to cal cu-
late correlation coefficient for al possiblelinear rela
tionship from software package Excel in PC Pentium
IV and SPSS-10.0 statistical software.

RESULT AND DISCUSSION

Theandyseshavebeendividedintotwo parts(with
resultsin parentheses):

(1) Impactsof temperatureon DO [i.e. Variations
and correl ations (coefficients) between DO & tempera
ture.

(11 Impactsof sdinity on DO[i.e. Variationsand
correlations (coefficients) between dissol ved oxygen &
inity]

I mpactsof temperatureon DO

Variationsof dissolved oxygen with temperature

Temperatureisasignificant factor in determining
the concentration at dissolved oxygen. Thevariations
of dissolved oxygenin aerated distilled water with re-
gpect to different temperature ranging from 1°Cto 90°C
areshowninFigurel. DOisfoundto 14.15mg/l in
1°C, 4.65 mg/I at 50°C and 0.41 mg/I at 90°C. From
Figurelitisfoundthat thereisaninversdy relationship
between temperature and dissolved oxygen in water
i.e. whentemperatureincreasestheamount of dissolved
oxygen decreases. Thisisduetotemperatureinversely
controlsthesolubility of oxygeninwater astempera-
tureincreases, oxygenislesssoluble. When thewater
boils, the dissolved oxygen is g ected, thus warmer
water containslessDO. Warmer water isableto hold
lessoxygen than cooler water, and thisexperiment sup-
ported thisconclusion.

Becauselargefluctuationsof DO arepossiblewith
respect to temperature, DO tests should be performed
at agiventemperaturefor different samplesto sudy its
vaiaions

Applebaum et a.l¥ observed in Corpus Christi
Bay, Texas, U.S.A., that asignificant decreasein sur-
face water DO with increasein surface water tem-
perature.
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DO Vs Temperature
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Figurel: Variation of DO with Temperaturealongwith Re-
gression equation
Corrdation coefficient between DO and tempera-
ture

Gresater thenumerica vaueof thecorrel ation coef-
ficient (), greeter isextent towhich alinear relationship
holdswell betweentwo variables X andY. Thevaue
of correlation coefficient (r) for temperatureand DOis
found to be negative (r =- 0.9988) indicatesthat there
isaperfect negative correl ation between temperature
and DO. The corresponding regressi on equation was
caculated for thetemperatureand D.O.

Linear relationship between DO and temperature
isshowninFigurel, which reflectsthe parabolic vari-
ability (Curvenaturethan line) of DO with tempera-
ture. By applying polynomia regression of power 2 (y
=Ax?+BX + C), thevaluesof A, B, Cand r can be
caculated, which gives better valuefor polynomia re-
lationthanlinear.

For this, thebest fitted equationis:

DO =[0.0009 x (Temperature) ?] + (-0.2314 x
Temperature) + 13.847

Using the above regress on equation theamount of
DO are cal culated and compared with experimenta ly
observed values. Theresults of theabove calculation
areshownin TABLE 1. Accordingtothe TABLE 1,
percentageof error variesfrom 0.01%to 7.25 %within
the temperature range of 1 to 80 ° C. However, the
percentage of error ismorefor >80°C, thisisbecause
of very low value of DO (<1 mg/l).

Impactsof salinity on DO

Variationsof dissolved oxygen with salinity

Dissolved oxygen concentrationin aerated distilled
(salinity iszero) water isfoundto be 7.62 mg/l at 30°C
(Room temperature). The concentration of DO of wa
ter withsdinity 25 ppt. isfoundtobe6.62 mg/l a 30°C,
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TABLE 1: Observed and predicted valuesof DO with respect
todifferent temperaturealongwith % of error

Temperature Do -
Observed Predicted % of error

°c mg/| mg/|

1 14.15 13.62 3.77
5 12.75 12.71 0.29
10 11.38 11.62 214
15 10.35 10.58 221
20 9.18 9.58 4.35
25 8.45 8.62 2.07
30 7.68 7.72 0.46
35 6.850 6.851 0.01
40 6.25 6.03 3.50
45 5.53 5.26 4.95
50 4.65 4.53 2.65
55 401 3.84 4.18
60 3.32 3.20 3.52
65 2.75 261 5.15
70 2.22 2.06 7.25
75 161 1.55 3.45
80 1.15 1.10 4.78
85 0.88 0.68 22.67
90 0.41 0.31 24.15

which decreasesto 5.65 mg/l when sdinity increased to
50 ppt. at the same temperature (Figure 2). Thusitis
evident that thereisa so aninversaly relationship be-
tween salinity and dissolved oxygeninwater i.e. when
sdinity increasesthe amount of dissolved oxygen de-
creases. Thisisbecausewhen satsaredissolvedina
unit volume of water, thereislessroom for oxygento
dissolve. Further oxygenislesssolublethan mogt sdts.
Thusfreshwater can hold more oxygen than satwater.
Thisexperiment condudesthat theamount oxygen present
inagivenvolumeof water isafunction of theamount of
other dissolved substances (such assdlts) inthewater.

Similar reportsweremadein different Indian estu-
ariesby many authorsshowing that thesolubility of oxy-
geninthewater decreaseswithincreasein sainity and
temperature* 19,

Correation Coefficient (r) between DO & salinity

Thevalueof correlation coefficient (r) for salinity
and DO at agiventemperature (30°C) wasfoundto be
negative (r =—0.9986) indicates that there is a highly
negative correl ation between sdinity and DO. Figure2
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80 - DO Vs Salinity
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Figure?2: Variation of DO with Salinity along with Regres-
sion equation

TABLE 2: Observed and predicted valuesof DO with respect
todifferent salinitiesalongwith % of error

Salinity DO -
Observed Predicted % of error

ppt mg/I mg/|

0 7.62 7.59 0.45

5 7.39 7.39 0.04
10 7.17 7.19 0.25
15 6.98 6.99 0.13
20 6.78 6.79 0.15
25 6.62 6.59 0.44
30 6.40 6.39 0.13
35 6.13 6.19 1.03
40 5.95 5.99 0.74
45 5.82 5.79 0.43
50 5.65 5.60 0.96

showsthe linear regression correlation between DO
and salinity. The linear correlation coefficient r = —
0.9986 and the best fitted linear equation (Y =AX +
B) for thiscorrdationis:
Dissolved Oxygen (DO) = (-0.0398 x Salinity) + 7.5859
Further, thevauefor regression analysis constant
(A) for salinity-DO was negative (-0.0398) indicates
that the dissolved oxygenin water decreaseswithin-
creasein sainity. Using theaboveregression equation
theamount of DO are cal culated and compared with
experimentaly observed vaues. Theresultsof theabove
caculation areshownin TABLE 2. The percent (%)
error between predict va ueand observed vaueismini-
mumi.e. from 0.04 %to0 1.03 %.
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CONCLUSION

The present study reveal sthat theamount of oxy-
gen present inagiven volume of water isafunction of
the temperature of the water; and the amount of the
other dissolved substances (such assdts) in thewater.
Thereisaninversely relationship between (i) tempera-
tureand dissolved oxygen and (ii) sdlinity and dissolved
oxygeninwater. Temperature bearsahighly negative
corrdaionwith DO, whichisreflected fromtheir nega-
tive correlation coefficient (r =—0.9988). The highly
negetivecorreation between DO and dinity isreflected
from their negative correlation coefficient value (r=-
0.9986), whichisfurther confirmed by the negativere-
gression anaysisconstant (A) va ue (-0.0398).

Thelinear regression andysisreflectsthat the para:
bolic variability (Curve naturethan line) of DO with
temperature and for thisthe best fitted equationis

DO =[0.0009 x (Temperature) ?] + (-0.2314 x
Temperature) + 13.847

However, for DO and sdinity, thebest fitted linear
regressionequationis

Dissolved Oxygen (DO) = (—0.0398 x Salinity) +
7.5859

Becauselargefluctuationsof DO arepossiblewith
respect to temperature, DO tests should be performed
at agiventemperaturefor different samplesto sudy its
variaionsamongthesamples.

Thus, an inverserdationship describesasituation
inwhich achangein onething (e.g. temperature/sain-
ity) causes something el se (e.g. dissolved oxygen) to
changeintheoppositedirection.
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