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A part of solar radiation is
reflected by the earth's

o ————

Solar radiation Troposphere

passes through Greenhouse gas

the atmosphere

m i
Infra-red radiation ¢ A part of the infra-red radiation, which is

is re-emitted from absorbed and re-emitted by the greenhouse

gases, warms the earth's surface and the

L oalill uiic

the earth's surface =

Fig. 2-1. Mechanism of the greenhouse effect.

Note: Fig. 2-1 was cited from the reference 3).
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Table 2-1. Important sources and sinks of CO,.
(Gt-C yr1=X109%-C yr!)

Sources
(1) Emissions from fossil fuel and cement production 5, DS
(2) Net emissions from changes in tropical land-use 1.6x1.0
(3) Total anthropogenic emissions = (1) +(2) i e < Y
Sinks
(4) Storage in the atmosphere 3.24+0.2
(5) Ocean uptake 2.0%x0.8
(6) Uptake by Northern Hemisphere forest re-growth 0.5+05
(7) Additional terrestrial sinks (CO, fertilization,

nitrogen fertilization, climatic effects) Is=es

= [(D+2)] — [(4)+(5)+(6)]

Note: Table 2-1 was cited from the reference 3).
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Table 2-2. Estimated sources and sinks of CH,.

(X1012g-CH, yr'!)

Sources

Natural
Wetlands 115
Termites 20
Oceans 10
Other {53!

Anthropogenic

Fossil fuel related Natural gas 40 (20-50)
Coal mine 30N (1 5-45)
Petroleum industry 15 (5-30)
Coal combustion RECISE0)

Biospheric carbon Enteric fermentation 85 (65-100)
Rice paddies 60 (20-100)
Biomass burning 40 (20-80)
Landfills 40 (20-70)
Animal waste 25(20-30)
Domestic sewage 25 (15-80)

Sinks

Tropospheric -OH
Stratosphere

Soils

445 (360-530)
40 (32-48)

30 (15-45)

Atmospheric increase

37 (35-40)

Note: Table 2-2 was cited and modified from the reference 3).
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Table 2-3. Estimated sources and sinks of N,O.
: (X1012g-N yr!)

Sources
Natural
Oceans 1-5
Tropical soils
Wet forests 22T
Dry savannas 3520
Temperate soils
Forests 0.1-2.0
Grasslands 0.5-2.0
Anthropogenic
Cultivated soils 1.8-5.8
Biomass burning 0:2-1.0
Industrial sources 0.7-1.8
Cattle and feed lots 0.2-0.5
Sinks
Stratosphere 9-17
Soils ?
Atmospheric increase 21-4.7

Note: Table 2-3 was cited and modified from the reference 3).
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Table 2-4 Global Warming Potentials (GWP) of the

important greenhouse gases.

Soacius C;gi;n‘ijzl Lit(‘itri)me GWP (time horizon)
20 years 100 years 500 years
Carbon dioxide  CO, Changeable 1 1 1
Methane CH,4 145+25 62 24.5 7.5
Nitrous Oxide ~ N,O 120 290 320 180
CFC-11 CFCl, 50=x5 5,000 4,000 1,400
CFC-12 CF,Cl, 102 7,900 8,500 4,200
CFC-113 C,F;Cl4 85 5,000 5,000 2,300
HCFC-22 CF,HCl 13.3 4,300 1,700 520

Note: Table 2-4 was cited and modified from the reference 3).
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\ Table 3-1. Classification of nitrifying bacteria.

Ammonia oxidizer Nitrosomonas europaea
Nitrosococcus nitrosus
Nitrosococcus oceanus
Nitrosococcus mobilis
Nitrosospira briensis
Nitrosolobus multiformis

Nitrosoviblio tenuis

Nitrite oxidizer Nitrobacter winogradskyi
Nitrobacter hamburgensis
Nitrospina gracilis
Nitrococcus mobilis

Nitrospira marina

Heterotrophic nitrifier Alcaligenes faecalis

Thiosphaera pantotropha

Arthrobacter sp.
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Fig. 4-1. The train of the treatment facilities in the full-scale

domestic wastewater treatment plant.
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Fig. 4-2. Method of gas sampling.
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3 (a). General view of the apartment buildings.

Fig. 4




Fig. 4-3 (b). The domestic wastewater treatment facilities.




Fig. 4-3 (c). Installing the gas collecting chamber.



Fig. 4-3 (d). Collecting the emitted gas using the chamber.
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Fig. 4-4. N,O emission to the atmosphere from the water
in each aeration tank. Symbols: O, 30/30: @.
30/60; ©, 30/90; &, continuous aeration

(control run).
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Time course of N,O concentration in the

water in each aeration tank.

Symbols: O, 30/30; @, 30/60; <, 30/90;
4. continuous aeration (control run).
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Table 4-1. Comparison of N,O emission among various

intermittent operational conditions.

N,O emission Coversion
RUN (g-N,O ratio to
person’! yr-l) N,O0 (D (%)

Coversion
ratio to
N,0 @ (%)

30/30 1.89 0.08
30/60 1.43 0.05
30/90 0.43 0.01

0.11

0.06

0.03

(1) Ratio from the nitrogen influent to N,O-N.

(2) Ratio from the removed nitrogen to N,O-N.
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Fig. 4-6. Time course of NH;-N(o), NO,-N(e) and NO;-N(o) in the
water in each aeration tank. The sum of each of the .
forms is equal to the total nitrogen. 30/30 (a); 30/60 (b):

30/90 (c); continuous aeration (control run) (d).
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Fig. 4-7. Time course of DO concentration in the
water 1n each aeration tank.

Symbols: O, 30/30; @, 30/60: & 30/90;
4. continuous aeration (control run).
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Table 4-2. Comparison of nitrogen removal efficiency for each treatment process.

Influent Influent Influent Effluent Effluent Effluent Nitrogen
RUN NH;-N NO;-N T-N NH;-N NO;-N T-N removal

(mg I')  (mg Il (mg 1) (mg I'1) (mg 1) (mg I efficiency (%)
30/30 20.45 19 2228 0.50 6.14 D 67.9
30/60 26.37 1.00 27.40 6.19 0.18 6.68 75.6
30/90 23.47 0.20 25.86 11.96 L 12.17

CONT. 23.76

(21

2¢%.%4

Note: Each concentration is the average value.
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Fig. 5-1 (a). Schematic apparatus of the experiment.
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Fig. 5-1 (b). Picture of the experimental apparatuses.
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Table 5-1. Composition of the synthetic wastewater (mg 1-1).

NaCl 6.60 Dextrin 30.45
MgSO,*7H,0 8.20 Bactopeptone 65.40
KH,PO, 18.60 Yeast Extract 65.40
KCl 13.40 Meat Extract 74.60
NH,Cl1 95.50

NaHCO, 191.4

BOD 200

T-N 40

T-P 9

Note: NaHCO; for alkalinity supplement.
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Stage [

Examination of
the influence of DO

DO concentration
(mg I'1)

0.5
1.0
2.0
4.0

Table 5-2. Experimental conditions.

Stage 11

Examination of the
influence of nitrate
accumulation

Under the condition of the stage I,

addition of KNOj to the influent
was made at the concentration of
NO;-N; 40mg 11,
NO;-N; 80mg I-,

in stages.

Stage III

Examination of the

influence of pH

Under the condition of the stage I,

o pH value
PH; 6.0,

pH; 5.0,

in stages.

was changed to
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