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ESTIMATION OF ANTHROPOGENIC NITROUS OXIDE EMISSION
IN PREFECTURE AND CITY SCALE
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ABSTRACT; Anthropogenic production of nitrous oxide (N,0) was estimated in prefecture
or city scale in Japan. N,0 production occurring with (1) incineration of solid waste,
(2) incineration of sewage sludge, (3) fertilizer, and (4) exhaust gas from automobile
were estimated. Literature values of N,0 production from these sources were surveyed
to choose the most relevant values. Type of incinerator, amount of burned solid waste
or sewage sludge in plant were obtained from available statistics in the estimation.
Amount of each type of fertilized sold in the region was used in estimation of N,0 from
fertilizer. Fuel consumption data were used to estimate N,0 production from automobile.
Contribution of fertilizer was as high as 50% of total N,0 production in Hokkaido, but
its contribution was very small in major cities where incineration of solid waste and
sewage sludge is the main source. Contribution of automobile was rather constant
between city area and non-city area. N,0 production density per area had very large
variation depending on density of population and other activity. Per capita N,0
production was rather constant. N,0 production and regional GDP had good correlation.

KEYWORDS; Nitrous oxide, solid waste, sewage sludge, fertilizer, automobile

1. &3 U & (I
CAEEENCEEL TERT2ERMRF ADON. FOREELE (V—2R) LREADZZTADBRLRE
PROB—BIL"EE GBI NERIEER] L OER DITN0LBET) THhd. [BREENCET 2BHFREN
ZIVA(IPCC) B1LI—Fv I N—7THEE IZLNEL. 1 0 0EBOANY TEZEGEA. LODEER
B OREMRIZTEB(LRED0ETHY. 1 99 0ERE. ABHICEZ TWBERZHMEDK 4 %3N0
KEBHDLENTVD, CHOFFRIRL TEL BV, BEMELTAOHIEEAZZ2HE. O %
NEF—HBICEBCEGRT 2 ZBLRE LD IINVDEIROE L - RENEZEN NV, QBREHRH 2
HEHHEIRICBIL Tid, — OB TERCHRNZ bORZ L. BRTHRO/NS VHEORA L TH
O TREMNBA ADBIEASTREC 2D, LW > REDH 2D TN0DHIBEIC L ERNCHDHERETH D,
NODREA B Z X LFREL DT TRBCLZHLOEMEMRICIC LD bDBH D, WTHDHEHN0
BEIEEE U TRET 20, 2OREEBAMETA L IIIFRICHEL . SETXETLEEBN0RERIC
Bb-oTR2, Rzl BERIEED»SON0REDEA. tHhOKS. EEMOEE. I7uiBR (L
ONTFOH) TOBRZRERZ Y, ZHN - BEMNCRY—L2RERFSEBICLZLEZSN TN D,
AFRICBN T, ABBKRE $250WE—BEICT> TWaITAIC L > TERT 2N 02 BEOHEHE
BERWTHISDO Ay — L THIEL., BT 2.

s AR TYMETI¥E Department of Urban Engineering, University of Tokyo: IRFTE :#EEIAE
FeIRBIE R Ze 2 > # — Research Center for Advanced Science and Technology, University of Tok
yo, #8682 R % Kubota Corporation

—240—



2. ENBR L T BN 0L E
$H”Tm CAHBEH. TAERRER. SREEER. BHE. 04-O0N0REFEENF LT B, ZOf

v HEAKILER? %) SHEADBTAL F2KBTONERL, R TOMEET 28 LU THOER. 2L H BB
TMif%laﬁwﬁﬁf%éwfﬁﬁ?épt&btoI%mbm%iéﬁé&ﬁbnéﬁ\%%@I%
ERIJEFNIIZBEREL VO TERL 2.

3. R REFELODN0RTEOHTE HE

AFFROERIL. BB — VL TNODREELFML. FOBLZOEEMB LI, AO TR BF
T E OMIEEY. H5NITEATHFEENOREEBL OBREEET L2 ICH B, HiEL LTI HIRTH
BHBE L S REEL S ON0ERBOREE ARV, Whidch2REML L THWS. —H. #hFhoN
DDREDFR L 2 BEEC PP OIE (R AETHENE) 2RRMEHECRD, N RRETETY
52L&k TNOREERRDD. ZOHE. WrRZFEBEMEZANVIPIE. FhFhoisicof g
RHEAREBL > ORDIVEBH S, LUTIEENFNOFREE,S ONOREBOHEFHEER T

3. 1 AN
—RICBERNCHEON0DRE BB T 2MEOERSHE. MRER. BRREAFXNLLitL->TEEEN S,
—RCRBREFEVBBEVZENIBEL TN ENTND, Tz, BREEREESEVIZEN0BHIC S WA
BREEEAED D L ARERME THHNOREEBSHETOT. BECLBHHOLERTERWV. ZAHDEE
HIBFON0REZICOWTIRWL D OBENH S 9, ZOHRT. THOEINBRICETHEHT BT
DMINFORE L DEAML EOE DS, R DEZ LU THEN ZFDON0BEOBRELR 1D LD
WU COEETICLTIHEHRD ON0REEERD 5121, BIHEBEOZESHBRELRDIVNENH D,
AU DONTIE. B8 2B EiCL. 2 THERIL L TROOTNE S —205. ZHERN D OIEER
ETWHREL 10.29 Nmé/kg L U7z BREWCIAERYDERTON02EETRTLRIDL IR S,

£1. TIFEHCBTBN0FEFEA

FDEA4T | HATAFON0BE | EXMHE | NOREERERK
(ppm) (Nm® /kg) (g-No0/t-Z #)
Rk —H— 7.1 144
REIR 8.0 10.29 162
Ny F 4.2 85

~ﬁfiﬁﬂm5\ﬁ%ﬁﬁ(ﬁ@%ﬁ%ﬁﬁ)Tﬁ@bTm%fﬁﬁﬂﬁ@547tﬁm§%$w\E
1 DFBRNEZRL B2 LIC& > THIEEERE L TZADBRA»SRET HN025M ¥ 2 Z L BHEK L.

3. 2 TFAKEREA

TAKBRDOBFEHDHE S ZAHDBHE L ARICEHOZFICL > TN0DREEBRL D, FEDFICIONT
NODEFESBEX N TNZ YD, ZNHDT—P%BFL. TERRO-ODOESHHEESL 3.1 Mn®
/kg LT BE, TKEREEHYDEBMNIIR2DLIICRSE. 8. 22 THRERICOWTIEEROES
. RURLKBRFLAUERBNAS R 2. COUODEERZ L ZHDBAICHKAREL Lo TWWd, FK
BROGPEZSHESBNW L L FOREETCR VWL EEZLND,
ﬂ%ﬂﬁﬁ®§TK%@%k%HéT*ﬁﬁﬁﬂﬁT&ﬁﬂﬁﬁ%%T*ﬁﬁ#“mb*w1§2@ﬁﬁ
i %FL 1=

—241—



2. TAKERBEENC BT DN0REF B

WDYAT | HEHAPON0BE | EXFHHBE | NOREBFRHEN
(ppm) (Nm® /kg) (g-No0/t-Z )
LA 824 500
RENR 91#% 3.1 550
Bl 50.7% 310
REE X ' 500

3. 3 ZEZIEH

RS DEBIZONTIIRICDEARE LI, X ELREERSEET 2. BHOEE L T KA
(KDPCEET2) LOBRTEMFEERSON0NDEROAE[BABEL T2 452, LIL
RS, RFRDO LD ICHIRK AT — L TNO0DEREAMET 254, HIEBDT— ¥ IHEFRETH 205
WMTFAMNZEDEDLDH TU— AN LRBERELEEMNICIRE T2 LRI 2 EREN. 22T ARFTIENT
R ZOBODRREROEELEAL. BEEOHIEE, SN0ERELHET 240D, 22Tl Bk
FOERDPS ONONDEBELEDEE L T7 VEL7REBFIERSS 0. 1%, RERERLS0.5% L0
SEIN BB XN TWREAEAUANCERL 2. 8. AIRBRICOVWTERSESLZVWDT. RE
SRR RCEEZRAL . COUSDERELIEHFOEERSOEEER (FL LTI ICL-71) 5,
FEEOEEH Y ON0ERIDEDICHTZ EBHEKS. B, 22 TWHILRIER L IERofcH ) 2y
HEEICEUEBDZ L TH D,
CORBAICEROERERE 2R U THIBEOIRE HRON0EHBAHE L 12, EEOFRARICONT
3. HERRAOIBIEROHERE' 2 2b LI L. 22T HEMNOEBEOEREBLZRDZHA. B
DF—=FPhenzsd. HBEE THHOBMEEORRICHNT 2R BLEDOIENEEEICEL TERL .

£3 BRIEED S ONO0REDFELL

EEOEE | EF8EER® | NONONBESERE (%) | N20FHEE (g/t-1E8)
W %= 26 0.1 630
R % 46 0.5 7200
W % 35 0.1 1100
8 % 25 0.1 790
AKER 21 0.5 3300
=02l 457 14 0.1 440
N KAt 14 0.1 440
TELRR 8 0.1 250

3. 4. BEEHERAT R

BENEHERA 205 ON0EBIZANS N TV EOEE. ETE— RICKIFEL TELT 3. EfTIHEEEY
0D ONORAEBRAEITEERIICEEL 2FAHE. 20Ty Y VRSB LEER A 2 WUEBRRIE R O ERIE 2
BEREZNTNDEM, WTHBHSED LD ICHIRSEON0ERBAHETA2DTIIHT L OHEH TN,
T HBIALX—HY ON0ERE L U TEHIRENEE S (R4) 222 CTRIERT 5.

£4  EEHESSONOBAEER
HVYvHE (LPGHED) . .
BEEOWR o (mias | mmnL | CVE

PE 125 (g-N20/GJ) 10 5 5 10

—242—



) AR AR AR RARA R A RATRARAR]

L A A N R NN RN

AT NAYA YA YA YA YA AN S YA UL YL U WA WL L N L L N Y

L I A P N N N NN

7/ AR AR AR AR R R AR AR AR

L AR R NN
AT VAN U U N N N N A N N NS
R R RN RN
AR AT Y YL YA YA L N L UL S SRS
[N IR NN

AATRARARARARARAARARARTAA]
LR NN NN NN

LI A S I A A N NN
WA AR AR RN AR

- AR R NN
AT TA AL N UL VA YA YA LT UL R
LA A A A A A N N A
A WA TA WA WA A WL WA WA UL L N N SR Y
: I AN NN

AR AR AR AR TR T
LI A I A A A NN RN
NN N N N N N N N NN Y N AN
LA A A A A N N N AR
AR R AR TR RARRAR AR AR

L AR A AR
AR N N N N N L Y N N NN NN
A A A N A A A N A AN AN NN A
AN N N N N N N N NN
fas LN N RN N NN NN AN NN

AAVRATA TR RATRATAIAY

S S LRSS

N\

0
// } A A AN N N NN NN NN N
N N N e N N e N A N LY
y R N AR AR N N AR NN
a

AP LTS
NN N NN N N N N NS
L A A A NN
AWA TR TR T A N W W N WL N Y
[ NIRRT

MNON N N N N N N N Y W N N NN
%
?
Y LA TR

-] N
A PN AN NN AN NN NN
AATATA AT S L YL S SR AR Y
L RN
fo 3 AT R AT TR T

P LT T I
LA TR TR A A TR YA Y ~
LA AT S S S S A
RN N N N N N N NN
IR NI IS

s

AR A TRARARAATRAR]
LA ST SR A A S
AR TA SR UL TR SN N Y AR
L NN
WARER R RN AR

AL R AN
LA TANA SN LA YA YL AT TR A Y
LA N NN NN

AR A TA A T A WA WA WA WA WL L S Y
AL SIS SS

(%) REL

iy
g
el
AR
Yy
gy
YPER
iy E
g
I
YL - S
XETH O
s
P

s ¥le

BII3EREROFSH

BiF aN08EH I

-
—

TERENF IR & M AT AR R T

X1.

(F -ey/06)) EFHEOINO (1 REE

m L0 o 0 o

LAY YA L S YA YA Y TR YA YA TR}
FAF A AV A A AV A A AV AV RV A

LI PP

b N N N N S VI VO T V. W V. VL L O VO VO VORI W%

i

LA A PR SR AE AT A Ry
L N N W W W . W . L .. Y

NN N NN R %N N NN

AR AT T UL T N A A Y
F AP A R A A A .

P LSS F TS F S

L A L AT T S A
W T . U . T, S L L T LY

INSED)
B 'Ry

NG AN
FARAARARSA R AR

A T T T W T T T T T
2L L L S L L L L i

200

o
o (=] Q

n o n

- -

(T -Y/0) BEFEX0INONFY—

Bk
HillZw
SRMEL - BT
KT

S XA o

B

By

2. BER. AOICHERHIRON0RER

—243—



AV VEON0ZHIBED Y 4 Ik > TR ZH, HETIZFLALOEEES I THEA I TVWA L
EzH5N5, COBRBMNMIIFOMBONYY VHB2NIEE (F+—PILH) HEREBL2ETNIINOCEEEL
WETES, 2NOSOBBOEBREBRIMERBERATRBBICAFTE S, RN TOHEBEBDHTEIZEMR
S5NHESIZL 5T

4. MBEON 0E K E 0 F

FieR=HET. TEHERREZFNFNOMATRERHICNL T1 98 SFEREMN0REBAHTEL
2o MEFELEL ZOHTORBHOBEIIN LU THEEIT> TV EDIL. & L EEHRO L& E2T>
ZLEBEMELERDTHS. SHIBICE T E AN TAEREN. . BBEOZFNFhOTME,
S5DON0REDY 2 7K 1IRT, LBEOHACEEHOFESAEL. SHHECICELTVS, Al
L. EEOFSEMHBTIEL. RUILBENOLBTHELS., ERMBRXTRIZLALYEHTZ28
TH Do THBEHHRONREICONTIE, HHH L EMHBOZIEHOFREBKE NS L BRARAE
BRWTEZ TR V. TABREINCOVWTIE. 2NFAOHIETY O &> 2ERUELAESEREIATY
BZPIEEL TVWE. BHBEOFSICOVWTREHTRTARENWLE S 223k, TLAEBHTOAEBK
XNWEFEERERL TVD,

CNHEMIBONIREBZDHLODEARL TH, HBOAOREBOANMIKE CEEBL. N0RED
BEBIEZONRZY. 22 TAOSRY RUHIBOEES Y ONOREB2HEL. K2R T. TTEEHSD
DREBLHBR T EHIBIC L DIERICKE2E (20 08) BHb. ChiZS X2 A\BEBOBEED
ZHERBL TWaH, HIdtiBETIE. BEHOFSBAZNHOD. ZNUNDON0REBOBEM/NE L,
RN RBEE 2> TN B, BWMEARL TWBDIRART E EREBXTH B, CNSOHIET S H
DREPCHEHNZINDERORERBRENZ EBEBIN TS, HEFE2EKL Z20TOREF# BT
e, HHEMTIRHEREY D IZE2PCEON0REBRETNEZ L B8h 5,

ZhHL. AOHD ONOREBIIART BRI RENLODOREBIZENNE N, Zhid. FIEOITH
PLFKERREESEANCIADCZZEHANT 2,5 THE, HHRLIEHHROBTLRIF TPLEV
BETH 5.

RICHIB DR FEE L NO0REZ L D 150
BEREERT2, #E F—IOBE
b HCREASBLEROs @O —~ T2 [
ML, M3ICItEaGDPE ﬁ ﬁ%ﬁ
NORAEBOBR AT, 2tkeLTH S 100F KB
A EOHBEAEEL. Ha@lard ~ °
FIIZERNEGRBAS NS, cok W 075 | Fhzz)I
3G D P AN 0EROEREFTH S 32 g @
TLETETHN, CNRTHPER o 050 ¢ ® o
OHE. EHONE. BBEONES S iR e  EAR ® WAL
BEEN LR EF LD TLH B, 025 [ o ® HEAR o W
UL, EBC B TR ETF A o
OcHd. GDPTHEMIL o a ! . . ;
XD LT 525NN, 0 20 - 40 60 80
M4d—A4DGDPEL—AHYN: GDP (JEM./ %)

ODFEEZHBRL LD TH D, 2D

X 3. i b8 7S 2
FOEME. GDP TEETEBEE B EHIMOHIRBERE (GDP) & N0FEBE DI

—244—



DEEN0DFEEBOMICEIRBH D 120

mt?m&%m?%:t%&éozm m - o BHE

MApSbhd kD, BICHREZBER . 100 L )

BABNTOEN. T 2088 < | dide iﬁ'gg

DTTy b LIOMWEREO TRy b S 80 | e I[N —

LEELEVAETRLTOARY. BNl | RER ® Oo

A, —A%D GDPORENWEH ﬂ 60 | o L 2 A

BOTA TR A VHBFN0DFRE 248 i

BORRIISLBLEEEARZNOT O 4 |

HB. bobbbHIEDRARHHL Z -

FETHRL T4 7 A5 VaEDS Y. o oo | ® Rk

BEADEELAB D #HBFNLRBIC < O W

bAERERZOOT, B4 | T

S ANOEBEND EHIEBES S 0 10 20 30 40 50 60

EREESHEICRDEA D, ‘
—AYY)GDP (EFE/A - )

5. b hH K& M4, SHHO—A%DGDPL— A% b N0% 4 & DB R

KIFRIC L BHEEORER. Fic#h
HTIRTAPTKEROBANCESINORESEETH D, £-BHHIMHYE. FEMHACHIEEEET
HbdrzeBbry, L TERBERONERIZFERTRTCOAEETH DL DEREEB. LirL.
EEAEOET OB LI, SEHOEEICIIAEELBABERICZ L. SBEIECEBREOEWHEE
BERB L HICTF-IOERBEMLEETN D, Zhid. HEHEEBAZ ZZBCEONBLZ2EHTH 5.

s £ X @

1) Intergovernmental Panel on Climate Change (1990), Scientific assessment of climate change
(Report of Working Group I ). ‘

2) Hanaki. K., Zheng, H. and Matsuo, T. (1992), Production of Nitrous Oxide Gas during
Denitrification of Wastewater, Water Science & Technol., Vol. 26, No. 5/6, 1027-1036.

3) W &I, FEAREH, BELKE(1993), RELBI2—BRIE-ZBELRLBERTFOBEE ThEHSZESR
x££, Vol. 30, No. 352, 30-41.

4) Iwasaki, Y., Tatsuichi, S. and Ueno, H. (1992), N-0 emission from stationary sources, Proc.
5th Intl. Workshop on Nitrous Oxide Emissions, July 1992, Tsukuba, Paper 3-1.

5) Yasuda, K. and Takahashi, M. (1992), Emissions of nitrous oxide from waste management system,
Proc. 5th Intl. Workshop on Nitrous Oxide Emissions, July 1992, Tsukuba, Paper 3-2.

6) Watanabe, M., Sato, M., Miyazaki, M. and Tanaka, M. (1992), Emission rate of N20 from
municipal solid waste incinerators, Proc. 5th Intl. Workshop on Nitrous Oxide Emissions,
July 1992, Tsukuba, Paper 3-4.

7)) BEREEKEREHREEMHHE(1989), BEEYLERRT—Y Ty, ERTEE

8) BEEAKEBRBEL(1980), BEWMNHEAERE GG

9) BART/KERH=(1990), FARESKEEI6IERIK

10) Tsuruta, H. (1992), N.0 and NO emissions from fertilized soils in Tsukuba, Japan, Proc. 5th
Intl. Workshop on Nitrous Oxide Emissions, July 1992, Tsukuba, Paper 6-2.

11) (Bf) HERE®EE L ¥ — (1989), HMHREBEHE~ONBICET IV ) — =L VHEERHEE

12) BMAKEL EEEMEREE (1992), K7y FEHEE ,

13) Sasaki, S. and Kameoka, A. (1992), Nitrous oxide emissions from automobiles, Proc. 5th Intl.
Workshop on Nitrous Oxide Emissions, July 1992, Tsukuba, Paper 10-2.

14) (Bf) HAREHE LY ¥ — (1990), A¥ VEHFEANTASEREHEE

15) EME A, TEREWH, BEKE (1992), TXNVF—EBORKEHLE, T RZSEBBY A7 LHE,
Vol. 20, 252-261.

—245—



