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Abstract

　　　On　the　diumal　variation　of　the　amount　of　dissolved　oxygen　in

the　upPer　layers　of　the　hy（lrosphere，the　theoretically　obtained　results

were　verified　in　this　paper　by　experiments　carried　out　in　water　tanks

kept　in　light　and　dark．　Pond　water　in　which　phytoplanktons　were

且ourishing　was　illuminated　with　a　candescent　Iamp，and　the　time

variation　of　dissolved　oxygen　was　determined。The　effect　of　escape

from　water　surface　due　to　diffusion　of　oxygen　upon圭ts　time　variation

was　clarified。Under　a　certain　cond王tion　of　illumination，no　change

of　oxygen　content　was　found　in　the20cm　deep　layer．It　is　noticeable

that　in　this　layer　the　time　variation　of　oxygen　content　obtained　ex．

perimentally　agreed　with、the　theoretical　result．On　the　contrary，in

an　upper　layer　above　the　depth　of20cm，the　maximum　amount　of
dissolved　oxygen　appeared　earlier　than　was　expected　theoretically．

1．Introduction

　　　In　a　previous　paper，theoretical　consideration　was　made　on　the　diumal　varia．

tion　of　the　amount　of　dissolved　oxygen　by　the　present　author［11．It　was　shown

therethatifdi仔usi・n・advecti・nand／・rc・nvecti・nwhichwilllaterbebrieHy
called　a“physica1∫actor”，produced　no　appreciable　effects　on　tぬe　time　variation

of　oxygen　content，the　following　conclusions　could　be　obtained．　1）　The　maxi、

mum　amomt　of　dissolved　oxygen　occurs　one　or　two　hours　before　the　smset　and

the　minimum，one　or　two　hours　after　the　sunrise．　2）　The　amplitude　of　the

diumalvariati・nisdirectlypr・P・rti・nalt・thequantity・flightutilizedf。rph。t。．

synthesisandt・thep・pulati・n・fphytoPlankt・ns．

　　　The　primary　purpose　of　this　paper　is　to　ascertain　the　preceding　results　and

t・sh・wthee仔ect・fescapefr・mwatersurfaceduet・di登usi・n・f・xygenup。n
its　time　variation　by　means　of　experiments．

2・Experimenta亙proced皿e

　　　Watert・bestudiedwasp・uredint・tw・tanks・fthesamesize（30cmin
diameterand30cmdeep）andkeptinthedarkf・r24h・urs．lmmediatelybef。re
thec・mmencement・filluminati・n，thea・n・unt・fdiss・1・7ed・xygenwasdeter、
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mille（1．　The　water　contained　in　one　tank　was　illuminated　over　the　surface　and

the　water　in　another　kept　in　the　dark．A　candescent　lamp　was　used　for　illu．

mination．The　voltage　applied　to　the　lamp　was　at　first　lowered　and　then　raised

gradually　up　to100volts．The　water　was　illuminated　continuously　for　one　hour

at100volts．Afterwards，the　voltage　applied　was　gradually　lowered　and　at　last
the　illumination　was　stoPPed．

　　　The　oxygen　content　was　measured　every　one　hour．As　the　sample　we　used
the　～▽ater　of　a　pon（i，the　diameter　of　which　is　about10m　an（1the（1epth　about

3m．This　pond　is　located　in　the　grounds　of　the　Meteorological　Research　Institute．

A500W‘Reβector’1ampora200Wcalldescentlampwasusedaslightsource．
In　the　beginning　of　the　experimellt，the　lamp　was　set　up20cm　above　the　middle

part　of　the　water　s皿face．The　lamp　was　connected　with　a　transformer　anδa

voltmeter，and100volts　were　applied　to　primary　terminals　of　the　trallsformer．A

thermometer　or　a　thermocouple　was　used　for　the　measurement　of　temperature．
The　determination　ofoxygen　content　was　made　by　the　ordinaryWINKLER’s　method．

The　accuracy　of　this　method　was　O．3per　cent　at　the5per　cent　con丘dence　leveL

according　to　the　authoゼs　measurement．

3．　Results　oわtained

i）　Experiment　using　Pond　water．
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Fig．L　Time　variation　of　dissolved　oxygen　in　the　pond　water

　　　illuminatedwitha500Wlamp，
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　　　Fig．1shows　the　results　of　the　experiments　carried　out　with　pond　water・

Here，a500W‘ReHector’1amp　was　usedfor　illumination．InFig．1，theL
curves　show　the　time　variations　of　the　amount　of　dissolved　oxygen　ill　each　layer

of　water　contained　in　the　illuminated　tank，an（1the∠）curves　show　those　in　the

dark　tαnk．The　curves　denoted　with　the　figures　I，II　and皿show　the　time　varia－

tions　of　the　a．1nount　of（1issolved　oxygen　in　water　layers　of　respectively2，12，an（1

22cm　below　the　surface．In　this　paper，the　above　layers　will　be　called　respectively

the　I，II　and　III　layers．

　　　As＄hown　in　Fig．1，there　are　always　maximum　and　minimum　content　of

diss・1ved・xygenint獄eLcurves・Ont政ec・ntrary，inthePcurves・xygenc・n－
tent　always　decreases．In　the　L

curves，it　is　noticeable　that　in　the

sample　takenfrom　a　layer　nearer

to　the　surface，the　maximum
occurs　much　earlier　than　is　ex－

pected　theoretically．　It　is　quite

interesting　that　in　the　III　layer，

the　minimum　occurs＆　1ittle
after　the　commencement　of　illu－

mination，and　the　maximum
occurs　a　little　before　the　extinc－

tion．These　points　can　be　seen
in　Figs。2an（墨3．　Of　these，the．乙

III　curves　illustrate　the　tren（i　of

the　diurna1　variation　of　oxygll

content　in　natural　water　fr6e

from　the　inHuence　of　physical
factors．　For　the　oxygen　content

in　the　III　layer，unlike　the　I　or

II　Iayel’，as　describe（i　in　the　sec．

tion　2），（ioes　not　change，if　the

biological　factors　z7震．photosyn－

thesis　an（i　respiration　　of　life

do　not　exist．And　at　the　same

time，　it　has　become　apParent
that　there　is　no　effect　of　a　physi－

cal　factor　upon　the　time　varia－

tion　of　oxygen　content　in　the　III

layer．
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　　　Fig．2shows　the　time　varia．

tion　of　oxygen　content　in　the

water　illumillatedwitha200W
candescent　lamp．In　the　I　layer，

the　maximum　appeared　so　much
earlier．This　may　be　explained
by　the　fact　that　the　oxygen　loss

from　water　mass　through　the

」
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Fig，2。　Time　variation　of　oxygen　content　in　the

　　　pondwaterilluminatedwitha200Wlamp。
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Fig、3。Time　variation　of　oxygen　content　in　the
　　　pond　water　diluted　with　the　same　volume　of

　　　distilledwaterilluminatedwitha500Wlamp．



1956 Time　Variation　of　Oxygen　Content　of　Natural　Water 45

water．air　boundary　by　diffusion　exceeds　the　oxyg6n　gain　by　photosynthesis。Com－

paring　the　results　in　Fig．・3with　those　in　Fig．1，it　will　become　apParent　that

the　amplitu（ie　of　the　diumal　variation　of　oxygen　colltent　is　nearly　directly

proportional　to　the　total　quantity　of　light，as　shown　in　Table1．

Table　L　Relation　between　quantity　of　light　and　oxygen　content．

Exp．　　　　　，4S

No、　cc／J　　ratio
　　　　　・4　　　　　Quantity　of　light　　Lamp

cc／J　　　ratio　lumen，hr，　ratio　　watt

1

2

0。65

0．21
3

0．65

0．31
2

18y700

8，250

2．3

500

200

∠S

且

difference　between　oxygen　content　at　the　beginning，and　that　at　the

end　of　illumination．

difference　between　maximum　and　minimum　oxygen　content．

　　　Here，some・references　must　be　made　to　the　quantity　of　light．The　voltage

applied　to　the　lamp　was　read　instead　of　the　quantity　of　light　itself，and　the　quantity

of　light　was　obtained　by　calculation　with　using　the　known　relation　between　ap－

plie（1voltage　an（11unlinous　nux　［2］．

　　　Fig、3shows　the　results　of　th♀experiment　in　which　the　pond　water　diluted

with　the　same　volume　of　distilled　water　was　illuminated　under　the　similar　condi－

tion　as　that　in　the丘rst　experiment．In　this　case，the　measurement　was　made　only

in　the　III　layer．　In　this　experiment，the　total　quantity　of　light　equals　to　that

in　the　first　experiment，but　the　population　of　planktons　are　diluted　to1／2．It　was

ascertained　by　this　experiment　that　the　amplitude　of　the　time　variation　of　dissolved

oxygen　was　directly　proportional　to　the　p6pulation　of　phytoplanktons．The　rela－

tion　is　illustrated　in－Table2．In　the　above　experiments，nearly　all　planktons　were

identiHed　as　spherical　cyanophyceae　a　kind　of　phyotplankton　by　R．MARuMo．

Table2。　Relation　between　population　of　planktons　and　oxygen　contents。

Exp．No。∠S，cc／」∠S，ratio　　∠4，cc／」ノ4，ratio　／V，relative　Lamp，watt

1

3

0．65

0．2、5

2．5
0．65

0．35
1．8

2

1

500

500

ハた　　population　of　planktons。

　　　ii）　Experiment　using　distilled　water．

　　　An　experiment　similar　to　the　one　mentioned　above　was　done　using　distilled

water．Here，we　can　not　expect　the　biological　activity　in　a　water　sample．The

results　are　shown　in　Fig．4．Fig．5shows　the　time　variation　of　water　tempera－

ture．The　following　are　the　points　to　be　noticed　in　Fig．4．　The　amount　of

oxygen　escaping　from　the　water　surface　was　most　remarkable　at　the　time　of
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extinction　in　the　layers　nearer　the

surface，an（1the　change　of　oxygen

content　was　not　found　in　the10cm
deep　layer＊in　spite　of　the　exist－

ence　of　the7per　cent　supersatura－

tion　of（lissolved　oxygen．　In　other

wor（is，in　Fig．4we　can　see　the

time　variation　of　oxygen　content
in　water　that　is　under　no　influence

of　a　factor，physica玉or　biologicα1，

except　di伽sion　of　oxygen．Whi1◎
on　the　other　hand，the　time　varia－

tion　mentioned　in　the　section1）
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Fig．5．Time　variation　of　water　temperature　in
　　　each　layer　of　distille（1water　illuminated　with

　　　a500Wlamp．
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4．Time　variation　of　oxygen　content
・in　each　layer　of　distilled　water　illu－

minatedwitha500Wlamp．

shows　the　additive　effects　of　both

the　biological　an（i　the　physical

factors．The　results　from　the　I

and　II　layers　in　Figs。1an（12show

the　characteristics　of　the　time

variation　modified　with　the　elfect

of　dissolve（i　oxygen　escaping　from

the　water　surface　due　to　diffusion

which　can　not　be　disregarded．

　　　According　to　the　authoゼs　ob－

sel・vation，in　the　diurnal　variation

of　oxygen　content　in　the　sea　water

around　the　coast　of　Hachijo－jima

Is．，the　maximum　occurs＆1most
always　at14h　in　all　seasons．The

＊　It　needs　to　be　noted　that　the　condition　of　illumination　in　c＆se　of　Fig．4differs　to　some

　　extent　from　that　in　case　of　Fig．L　Because　of　this　difference，the　place　under　no　innuence

　　of　diffusion　upon　the　time　variation　of　oxygen　content　was　found　at　a　depth　of10cm　in

　　one　case　and　at　a　depth　of22cm　in　the　other．
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cause　of　an　earlier　occurrence　of　the　maximum　may　be　attributed　to　escape　from

the　water　surface　due　to　diffusion　of（1issolve（10xygen．　While，in　a　lake　br　a

pond，e．g，the　moat　around　the　Imperial　Palace，Tokyo，there　seems　to　be　no

influence　of　diffusion　upon　the　diumal　variation　of　oxygen　content．　It　may　be

ascribed　to　a　smaller　value　of　the　diffusion　coef丑cient．

4。Comparison　of　gross　producti膿of　oxygen　with　quantity　of　light

　　　Without　the　change　of　oxygen　content　by　the　physical　factor，the　gross　pro－

duction　of　oxygen　must　be　directly　proportional　to　the　quantity　of　light．To　ascer－

tain　this　idea　the　gross　production　of　oxygen　obtained　from　the　results　of・Fig．

1was　compared　with　the　quantity　of1三ght．The　result　is　shown　in　Table3．

Table3，Comparison　of　gross　production　with　quantity　of　light．

e

m
h

贋

O
l

2

3
4．5

5．5

6．5

7．5

9．0

五

cc／」

7．00

7．00

7．20

7．30

7．47

7．65

7．59

7．53

7。30

D
cc／l

7．00

6．95

6．93

6．90

6．86

6．81

6．80

6．74

6．64

Gross‘producモi6五
　　　　（五一ヱ》）

cc／l　　　relative

O．00

0．05

0．27

0．40

0．61

0．84

0．79

0．79

0。66

0
7
0
0
4
6
9
3
2
2
0

0
0
0
0
0
1
1
1
1

Accumulated　quantity
　of　light　in　an　arbi－

　　　　trary　unit

　0

10

38

138

180

190

1go

l90

190

Re1．

0．00

0．05

0．2

0．7

0．9

1．O

l．O

l．O

l．0

　　L：oxygen　content　of　water　illuminated。

　　五）：　oxygen　content　of　water　kept　in　the　dark．

ReL。　relative　value　calculated　by　taking　the　value　at9h　as　the　stan（1ard．

5．　Conclusion

　　　On　the（1iurnal　variation　of（1issolve（10xygen，the　theoretically　obtained　con－

clusions　could　be　experimentally　verified　in　this　paper．The　major　points　described

in　this　paper　may　be　summarized　as　fo110ws：

　　　1）Without　the　change　due　to　diffusion，advection　and／or　convection　of　the

amount　of　dissolved　oxygen，the　minimum　of　oxygen　content　may　be　fomd　a
little　after　the　commencement　of　illumination　and　the　maximum，a　little　before

the　time　of　extinction．

　　　2）　Under　the　same　condition　as　that　i111），the　amplitude　of　the　time　varia－

tion　of　oxygen　content　is　nearly　directly　proportional　to　the　population　of　phyto－

planktonsa耳dtothequantityoflight・

　　　3）　In　the　layer　nearer　the　water　surface，the　maximum　of　oxygen　content

occurs　earlier　than　is　pointed　out　in　1）．　It　is　attributable　to　escape　into　the　air

due　to　diffusion　of　oxygen　un（ier　the　state　of　supersaturation。
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