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ABSTRACT

We studied the changing laws of dissolved oxygen (DO) and dissolved oxygen saturation of Baiyang Lake in
the past few years. The analysis of dissolved oxygen was from two angles, they were monitoring value and
saturability. The results showed that concentration of dissolved oxygen in Baiyang Lake was between 4.08
mg/L and 15.00mg/L, and concentration of dissolved oxygen in a day with the changes of light intensity
showed a strong regularity, it was identical in changes of photosynthesis of aquatic plants. The volatility of
changes of dissolved oxygen in summer and autumn were more than in spring and winter. The average
values of dissolved oxygen were greater in winter than in spring and greater than in autumn and greater than
in summer. This was related to water temperature, biomass and biological activities of lives. Dissolved
oxygen saturabilities were close to 100% in spring and summer, so photosynthesis was stronger than oxidation
in water. Dissolved oxygen saturabilities in autumn and winter nevertheless were less than 100%, and oxidation
in water was in a dominate place. Following the comprehensive analysis, dissolved oxygen in Baiyang Lake
was mainly affected by temperature, organic matter concentration and water-plants. The characteristics of
photosynthesis were obvious in spring and summer and the oxidation in autumn and winter were obvious.

INTRODUCTION

Balyang L akeisthekey to maintain the speciesgene pool of
the biodiversity of the region and the stability of regional
climate as the largest 1ake wetland system in the north of
China. Therefore, the environmental problems of the lake
and its surrounding area were very important. In order to
realize the harmoni ous devel opment of economy and envi-
ronment of Baiyang L ake area, and to improve the ecol ogi-
cal environment that is polluted, more and more scholars
investigate and study the ecological environment of the
Baiyang L ake from different angles, and they also put for-
ward alot of treatment plans.

In recent years, the physical, chemical and biological
changes were more active than before due to carrying out
pollution control of the L ake area. Dissolved oxygeninwa-
ter was not only an important infect factor in these proc-
esses, but also an important indicator of evaluation of sur-
face water quality. Dissolved oxygen concentration could
oftenreflect the self-purification ability and the status of wa-
ter pollution and biological growth. The aguatic organisms
would be harmed if dissolved oxygen concentration was too
high or deficient, such ascausing mass of fishto die (Chunfen
2011, Chengshan, 1999, Donglian2002). Therefore, analysis
had important significance from the angle of dissolved oxy-
gen concentration in water about understanding the water
quality condition and water self-purification ability.

At present, research on the changesof dissolved oxygen
concentration in water at home and abroad, mainly carried
out on dissolved oxygen concentration changesin time and
space (Ealc, 2006, Engle 1999, Guodong 2007, Hongbo
2008, Manxin 2004). On time, they often chose one day or
one year for dissolved oxygen concentration in the whole
study. On space, they carried on the analysis from the
horizontal (different places) and longitudinal (different
depth) aspects. In addition to analysing dissolved oxygen
concentration, analysing dissol ved oxygen saturation could
simplify the analysis (Manxin 2000, Ou 2008, Qinsheng
2010, Qinsheng 2007), and the result was more clear.
Therefore, we analysed the changes and i nfluence factors of
dissolved oxygen concentration in Baiyang L ake from two
aspectsof monitoring valuesand saturation. These made the
results more practical (Qun 2009) and also could provide
more comprehensive scientific bass (Ranran 2010, Xiangbin
2011) to have an acquaintance with the water quality. Our
study also had important significance for the water quality
improvement.

MATERIALS AND METHODS

The deter mination of monitoring stations. There were
seven monitoring stations chosen in our study, their names
were Guangdian, Quantou, Duancun, Damaidian, Caiputai,
Lianggoucun and Datianzhuangcun. The geographical loca-
tions of these monitoring stations are shown in Fig. 1.
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Fig. 1: The distribution of the monitoring stationsin Baiyang Lake.

Themonitoringfrequency and par ameter s: The monitor-
ingwas carried outin April, July, October and January each
year, and the data of dissolved oxygen were recorded for 2
days and 24 hours a day. Dissolved oxygen concentration
was determined by iodometric method of GB.

RESULTS AND DISCUSSION

Thediurnal variation of dissolved oxygen: The changing
trend of dissolved oxygen in aday isshownin Fig. 2. The
resultswere consistent with most of the researchersfor dis-
solved oxygen of surface water.

It is shown that dissolved oxygen concentration varied
regularly in 24h. Dissolved oxygen concentration increased
inthe daytimeand decreased in night, and the minimum value
of dissolved oxygen concentration appeared about one or
two hoursbefore sunrise and the highest val ue appeared about
oneor two hoursbefore sunset. Inthe daytime, because light
intensity was strong, photosynthesis was also strong, and
thereleasing of oxygen by aquatic plantsfor photosynthesis
increased, and the oxygen partial pressure was higher inthe
daytimethanin the night. Therefore, usually dissolved oxy-
gen increasing rate was always greater than the decreasing
ratein the daytime, dissolved oxygen concentrationincreased
overall. Light intensty wasa most zero at night, and it could
not satisfy the requirement of aquatic plants to
photosynthesize, so the photosynthesisalmost stopped. And
the oxygen partial pressurereduced at night. All these made
dissolved oxygen increasing rate to decrease. At the same
time, the respiration of aquatic organisms and the degrada-
tion of organic matter were still existent. All these resulted
in dissolved oxygen increasing rate being | ess than decreas-
ing rate and at last dissolved oxygen reduced at night.

Within aday, because the water temperature altered lit-
tle, the ability of the water body of dissolving oxygen did
not change much. Atmospheric oxygen partia pressure had
littleinfluence on the changes of dissolved oxygeninwater.
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Fig. 2: Thelaw of diurnal variation of dissolved oxygen.

Therefore, atmospheric oxygen reaeration rate would not
changeinaday. Aquatic biological respiration and organic
degradation rateswere mainly resolved by the activities of
enzyme which participated in reaction. However, the activi-
tiesof enzymeswererel ated to the ambient temperature. Be-
cause of thetemperature of this period was not much altered,
dissolved oxygen decreasing rate wasalmost constant. Nev-
erthel ess, the photosynthesi s of the aguatic plants changing
withlight intensity would not alter, so the photosynthesis of
aqueati c plantswas the main factor to i nfluence di ssolved oxy-
gen within 24 hours.

The changing laws of dissolved oxygen in monitoring sta-
tions: According to the monitoring data in recent yearsin
Baiyang L ake, the changing laws of dissolved oxygen con-
centration with seasons at the seven monitoring stationsare
shown in Figs. 3, 4, 5 and 6. The maximum and the mini-
mum values at every station are shown at the same time.
Dissolved oxygen concentrations were in the range of
4.08-15.00 mg/L in different seasonsin the Baiyang L ake.
Furthermore, dissolved oxygen average concentration was
above 7.5 mg/L in each quarter in every season. Analysing
from dissolved oxygen concentration, the water qualities
were accorded with the national surface water standard of
the classone. It could be seen that the maximum value and
the minimum value all appeared in summer, and waves of
dissolved oxygen concentration in summer were the largest
and the mogt unstable.

From Fig. 3, we knew that dissolved oxygen concentra-
tion of Baiyang Lake wasin ahigh level and the changing
range was not big in winter. In winter, continentally con-
trolled by the cold air mass, climate was dry and cold with
little snow, and at the same time north-west monsoon pre-
vailed. Because, the winter monsoon appeared frequently in
the beginning of winter, communication between water and
air increased and alarge amount of oxygen dissolved into
water. Influenced by thelow temperaturein winter, the oxy-
gen concentration increased in saturated state. The aquatic
organisms were all in dormant state or blasted state, so
biomass decreased. The low temperature kept activities of
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Fig. 6: Dissolved oxygen concentration in autumn.

monilonng : stationm

plantsand animal sbegan to wither or

the sunshine time lengthened, photosynthesis of the aquatic
plants became more and more and the gap between night
and day becamelarge. Therefore, aquatic photosynthesi sbe-
camethe main factor affecting the changesin dissol ved oxy-
gen concentration in the day and night. The DO concentra-
tion in water was high during the day and low at night, and
thediurnal variationswerehuge. Becausethe water tempera-
ture wasin optimum range for enzyme activities, biological
respiration and organic matter degradation reached the beg,
and the consumption of oxygen in water increased sharply.
Furthermore, the oxygen saturation decreased for the high

Fig. 6 showsthat the dissolved oxygen concentration in
Baiyang Lake still kept in a higher level in autumn, and
precipitation was significantly reduced, all these made the
other aguatic plants made organic matter concentration

organic matter also decreased. Under the double influence

of theenzymeandlight intengty

volatility of concentration wasstronger thanin winter. This
tration in summer, which wassignificantly stronger thanthat ~ more than other life activities, but the death of algae and

enter into a dormant state, life activities due to the lower

enzyme activities (caused by lower temperature) weakened

temperature, and the di ssol ved oxygen concentration in sum-
gradually, photosynthesis, respiration and oxidation of

the biological activitiesincreased due to enzyme activities ~ Mer in the lake area would maintain at a relatively lower
level than in other seasons.

climate. At thistime
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was|ow. The sudden drop of temperature would reduce at-
mospheric oxygen partial pressure, which will result inthe
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the oxygen restoration processin the

Fig. 5: dissolved oxygen concentration in summer.

From Fig. 4, it can be seen that the average value of dis-
climate was dry and windy

solved oxygen in spring was slightly lower thanthat inwin-

quently than that in winter, because the cold air acted fre-  environment of Baiyang Lake forming the crisp autumn
Fig. 5 showsthevolatility of dissolved oxygen concen-

ports were smaller in spring than that in winter. Neverthe-  was because air temperature began to decline and

biological enzymesdecreasing and biological photosynthe-
Sis, respiration, oxidation and degradation also decreased.
Therefore, dissolved oxygen concentration increased to a
ing phenomenon in acertain extent avoided theinterference
of environment to water body, which would make dissolved
less, dissolved oxygen concentration changed more fre-

oxygen concentration to changelittle.
in spring and winter. In summer, the temperature rose and

oxygenrestoration processweakened in water, therefore,

ing ranges of dissolved oxygen concentration at the seven
solved oxygen concentration in water got reduced.

ter. Because the water temperature wasrising, it made dis-
solved oxygen concentration under the saturated level

water reduced, but the oxygen consumption process im-
proved. Comparing Figs. 3 and 4, we knew that the chang-

highlevel under theinfluence of reaeration effect strength-
ening and oxygen consumption decreasing. In addition, ic-

increasing. Therefore

quently,
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Fig. 7: Thediurnal changing laws of dissolved oxygen saturation.
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Fig. 8; The seasonal laws of dissolved oxygen saturation.

increased and the oxygen consumption of organic oxidation
increased also in water. Dissolved oxygen saturation and
reaeration ability increased because the water temptation
decreased. Therefore, the oxygen consumption by respiration
and decomposition of organic matter in autumn increased
morethan that in summer. Aquatic plant photosynthesisand
atmospheric reaeration made the total dissolved oxygen
concentration increased in autumn. So, dissolved oxygen
concentration was much lower in summer than in autumn.
Thecrigp autumn climatedid not make thewater temperature
to show largefluctuation, so dissol ved oxygen concentration
could ill keepinahigher level, and the variation wassmall.

The changing law of dissolved oxygen saturation: Many
factors affected the dissolved oxygen, they were physical
factors(such astemperature, pH, water sports, water and at-
mospheric air exchange and other physical factors), chemi-
cal factors (such as organic matter concentration) and bio-
chemical factors (such as degradation of organic matter and
photosynthesis). Dissolved oxygen saturation is percentage
of dissolved oxygen concentration with respect to itssatura-
tion level under particular temperature and pressure. It can
highlight the associ ation of chemical and biochemical proc-
esseswith dissolved oxygenin surfacewater. Therefore, our
studies discuss the angle of dissolved oxygen saturation in
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relation toinfluence of some factorsand make dissol ved oxy-
gen (DO) moreintuitively and accurately.

The deter mination method of dissolved oxygen satur a-
tion: Accordingtothe national standards, the determination
method for dissolved oxygen used iodometry. Dissolved
oxygen saturation wasthetheoretical value obtained by cal-
culation on the basisof dissolved oxygen concentration. The
calculation formulawas asfollows (Ximin 2010).

R(O)% = C(0O) / C'(O) x 100 (1
Intheformula:
R(O): Dissolved oxygen saturation, unit: %

C(0): Dissolved oxygen concentration, actually meas-
ured, unit: mg/L

C’(O): The saturated concentration of dissolved oxygen
under certain temperature, unit: mg/L

Theformulaabove isbased on the condition that atmos-
pheric total pressure was1013.25Pa, oxygen proportion was
20.95% and rel ative humidity was 100%. Because changing
values of atmospheric pressure, oxygen ratio, salinity and
humidity in Baiyang Lake were small, and the influence of
them on dissolved oxygen saturation was also small. The
calculation formula of dissolved oxygen saturation concen-
tration was from “ Technical Guidelinesfor Environmental
Impact Assessment” (HYT211 ~ 213-93).

C'(0)=468/(31.6+T) (2
Intheformula
T: thetemperature of measurement, unit: °C

We also could see informula above that dissolved oxy-
gen saturation would increase if the water temperature de-
creased. Thus, if we only considered the influence of tem-
perature to dissolved oxygen concentration in a year, dis-
solved oxygen concentration in winter would be much more
than that in summer.

The diurnal changing laws of dissolved oxygen satur a-
tion: Therewere 3kindsof representation statesto dissolved
oxygen saturation (Xiangzhong 2011, Yan 2006, Yong
2011). The first was that dissolved oxygen saturation ex-
ceeded 100%, the oxygen released by photosynthesis was
more than that consumed by respiration and degradation of
organic matter. At thistime dissolved oxygen was mainly
influenced by photosynthesis of aquatic plants. In water the
processes of inorganics synthesizing organicsplayed alead-
ing role following with the absorption of carbon dioxide.
The second wasthat dissolved oxygen saturation was equal
to 100%, the concentration of dissolved oxygen was equal
tothe saturation concentration at the same temperature, and
exchanges of oxygen in water and in air were in a state of
equilibrium. Therate of oxygen consumption and therate of
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Table 1: Dissolved oxygen saturation of Baiyang Lake.
Winter Spring Summer Autumm

Winter temperature, °C 18 13.0 28.2 12.8

co CcO RO C) c©O RO C©O CO RO cO C@©O RO
Averagevalue 11.10 79.22 10.39 99.02 8.82 11270 9.78 92.78
Maximum value 13.32 14.01 95.06 12.10 1049 11531 15.00 7.83 191.67 11.60 10.54 110.05
Minimum value 831 59.31 9.12 86.91 4.08 5213 7.55 71.63

oxygen releasingwerein equal or dightly variant state, the
characteristicsof dissolved oxygeninwater did not change
or changedlightly. Thethird wasthat dissolved oxygen satu-
ration was under 100%, the oxygen consumed by respira-
tion and degradation of organic matter was more than that
released by photosynthesis and atmospheric reaeration. At
thistime, dissolved oxygen was mainly influenced by oxy-
gen consumption of respiration and degradation of organic
matter.

Fig. 7 showsthat the diurnal changing laws of dissolved
oxygen saturation were consistent with the diurnal chang-
ing law of dissolved oxygen (as shown in Fig. 2). Because
of specific heat capacity of water, thewater temperatureina
day changed little and the dissolved oxygen saturation fluc-
tuatedinthe samelevel.

The seasonal laws of dissolved oxygen saturation: Dis-
solved oxygen saturation in different seasons is given in
Tablel. It could be seen that the average values of dissolved
oxygen saturation were 90% and according with the national
classone of surfacewater standard in addition to that inwin-
ter. Changes of dissolved oxygen saturation in all the sea-
sons are shown in Fig. 8. It can be seen that more than half
of dissolved oxygen saturation was greater than 100% in
spring and in summer, only a part of dissolved oxygen satu-
ration was greater than 100% in spring and autumn and none
of dissolved oxygen saturation reached 100% in winter.

Combining with dissolved oxygen saturation of 3 kinds
of representation states and their characteristics, we knew
that in summer dissolved oxygen was mainly influenced by
photosynthesis of aquatic plants. In autumn, the dropping
temperature made some aguatic plants enter into dormant
state or even withered and photosynthesis weakened. The
withering of plants provided conditionsfor the degradation
of organic matter by microorganisms. Therefore, the influ-
enceof photosynthesi s on dissol ved oxygen was weakened,
and theinfluence of respiration and organic matter degrada-
tion on dissolved oxygen strengthened. In early winter, be-
cause of the frequent winter wind, reaeration effect would
blend alot of oxygen into the lake, and this made the dis-
solved oxygen concentration almost reach saturation. But as

the water temperature decreased, all kinds of life activities
were weaken due to the decrease in enzyme activities, and
they had not enough impact on dissolved oxygen, and the
icing of water made the atmosphere arelatively independent
and reaeration effect reduced, whil e the saturation concen-
tration of dissolved oxygen in water increased because of
decreas ng temperature. So atmaospheric reaeration could not
satisfy the oxygen demand and dissol ved oxygen saturation
reduced. Therefore, water temperature was the main factor
to affect dissolved oxygeninwinter (Zhen & Jing 2005). In
spring, as water temperature increased, biological life ac-
tivities began to strengthen under the influence of the en-
hancement (caused by rising temperature) of enzymatic ac-
tivities. But, because of the aquatic plants were mostly in
the growth state, the oxygen rel ease from the photosynthe-
siswaslessthan that in summer and was mostly used for the
life activities, and the dissolved oxygen was mainly from
atmospheric reaeration in spring.

CONCLUSIONS

From our studies, we knew that the changing laws of dis-
solved oxygenin Baiyang L ake were asfollows:

1. Dissolved oxygen in Baiyang Lake changed with light
intensity inthe day time, and it was mainly affected by
influence of photosynthesisby aquatic plants. Dissolved
oxygen concentration reached the minimum value one
or two hours before sunrise, and reached the maximum
value one or two hours before sunset.

2. Dissolved oxygen in Baiyang Lake was between 4.08
and 15.00mg/L , and the average val ue of dissolved oxy-
gen concentrationwasabove 7.5mg/L. Theaveragevalue
of dissolved oxygen in winter was higher than that in
spring, autumn and summer. Thiswasmainly caused by
the difference of water temperature, biomass and bio-
logical activitiesof lifein different seasons.

3. The average value of dissolved oxygen saturation was
greater than 100% in summer, was close to 100% in
spring and wasless than 100% in autumn and in winter.
In spring, photosynthes shad great influence on dissolved
oxygen, inorganic mattersin water would be consumed

Nature Environment and Pollution Technology -+ Vol. 12, No. 3, 2013
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because of photosynthesis and water self-purification
ability wasstronger. Inautumn and winter, water oxida-
tion was dominant, and large amounts of organic mat-
tersin water were decomposed, and water self-purifica-
tion ability wasweak. This phenomenon was more seri-
ousinwinter than that in autumn.

4. Fromthe perspective of dissolved oxygen concentration,
water quality in Baiyang Lake conformed to the class
oneof the national standard of surface water, but the av-
erage value of dissolved oxygen saturation was 79.22%
inwinter, it did not meet the class one of dissolved oxy-
gen requirements. Thiswasrelational to low water tem-
perature and weakening of absorption of inorganic com-
pounds by plants.

Overal, dissolved oxygen concentration of Baiyang Lake
wasmainly affected by temperature, concentration of organic
matter and photosynthesis of plants. The self-purification
capacity of water in spring and in summer was better than
that in autumn and winter.
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