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A 2012-based anthropogenic ammonia emission inventory and its spatial
distribution in Sichuan Province
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Abstract: Based on the best available activity data and emission factors, a 2012-based anthropogenic ammonia emission inventory was developed for the
Sichuan Province with spatial resolution of 9 kmx9 km. Results showed that the total NH; emission from anthropogenic sources in Sichuan Province was
994.8x10% t, and the average ammonia emission intensity was 2.12 t-km™2. Livestock source was the largest contributor, accounting for 62.31% of the
total anthropogenic NH; emissions, followed by nitrogen fertilizers with a contribution of 23.14%. Hog and cow were the major contributors under the
category of livestock sources, together contributing to 64% of the livestock emissions. Ammonia emissions from Chengdu and Dazhou were larger than other
cities, both contributing 10% to the total NH; emission in Sichuan province. In term of spatial distribution, there were higher emissions in the east of
Sichuan and other suburban and rural areas.

Keywords: anthropogenic ammonia sources; emission inventory; Sichuan province; spatial distribution
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% ; Chinkin %5 (2003 ) X 4% b 5 1= E Al 5 22 HE ik
BT AR H ARE A H AR Y AT T 5T Bl TR
] AR 5 B G NS T 1 e I 0 A, HE s o
WFFEA I W A5 2 T P92 A OC TE. n F S0 % A
(1997) 715 T 1991 4F 4 [ 2 i HE A& A1 HE B0 B
Hi P53 5 A% MG (2008 ) 55 T4 o It 7 VA R E &
BOW ZHEL R AT T A MR8 1E , I 42 T 9778
() ROEE 20 HE 09 B AR 15 it 8 15 Huang &5
(2012) 57 7 40 2006 & HE T B, I T
b2 A3 A LA S HE 58 25 (2009 ) FIF B TP 45 (2010)
A3 R = A FER = A XA AN EHERGE AT T
WF5E.

DU )12 2 T VG 35 ) E B 0, Aok Tolk Ak
R T AR A PR 1 | S BOL R A5 Yl kA
KA, iz PO T R B 2 B X KRR R
BrVE YRRIE , DAV B AR AR R A KRR 3R 3
FRTE XS Ml DI A & A (T 04, 20135 5K 4
2010) X1 P4 S B ank vl 8 R A s 3R, 2 ST Y
JNAE N AR HEROE 5, OF 48 KA HE g =3
AR R KA BT T % M X S HE O K 5 S Y
IREIR , ELAT SR AR 58 M (A A S s 5 3 .
SRR XTI )1 b DX 28 HE OIS B i o e 2 ik =, B
A A 25 B 5 (2009) TEAH AR T 1990—2004 4
DU b DX A A= 25 FR G 45 CHE TSR 1Y) HE T B L e
23 A3 AR, VAT FE 4245 3 PRl P 8 S 38l A T 1Y)
N AR HERCE 5. o L, AR5 25 B P AR Ak
RIS AR , AR U 1| A e 3R I ) e it 9 ), % R
ZFHEROIR , #7791 2012 4F AR A HEBOE
B TS ) A0 A B, DU A R K AR
05 Y R VR A TF R X 3k KR5GS A

2 ##FAF L (Materials and methods)

2.1 FRERBEMZ

ARFFELL 2012 4F A FEAEAR A 55 X 388 R 0O 1|
B, N LR B A 21 b gT () AR5
PN 2R & & R AU R T
VIR AR BE T K RN e A B IR B N g
.
22 HAeEXRIE

BEEWFE EERH O TR SRR B
15 KRN 57 3 b B 35 Bl KB Sk A 1A Se it
ARUE(2013) (PUJII4E Geit Ry, 2013) FIPU 1145 2012
ISR G A W TR e TR B K P B ok
JNAE GEHAE%E 2013 ()14 GEit )Ry, 2013 ) Firb [E fig
PRGEHHAEY (E R G115 ,2008) A8 J5 4520 5
TG BKFE Rk B )N AT
23 fEF=®

A5 3 TR FHHE R 3% U )1 4 AR R
RHGHEA TR TR AN .

E = Y A, XEF, (1)

Kb E R HERER (V) 0 AHBIX IR, A K
TGS EF AHERH T 0 ARG B R v, AR TR
HERCIETEAH A 528 2 Bl K E S ab 38 | HE Tk
THRBER AT 25, N 5N 4.
23.1 EFHEFMA BE NH AR [ B3R KL
e BEAE CRAF AL 4 BB, ORI TRk R
FIBT A T A AR = W 28 IR Z T (A &S, 2008 ;
Klmont, 2000; ¥ %345 2014) MR ¥E Tk [ &2k 58
TR ST AR R U1 48 B Geil BErk, A5
W& B IR IR 5y A M A RN X B
B 8 L HERCH 2k BAL I R A A S o B
Holk ZHEH 7 118 IE 455 (&S, 2008) , angk
1 ffiw.

®1 EEFESHMET

Table 1  Emission factors for livestock kg- 3t
BHEMRE A 24 EXG A i i * 5
Hem A7 2.82 20.62 0.49 0.18 0.19 0.20 4.93 18.60

232 ABmA  BEREY, JANEERE )G,
AR P B80S B B8 53 i ) ASHERC
NH, , BAEY R S i A B 1 30% ~41% , 3
TR R R AR — A BB ISR (RIER,
2000; Zhang et al., 2010) AHFFEHR G A 7 EUIE it

PO (30455, 19975 FhRHR A %, 1997) , 45
B HERCR T, 75 20 ZUW it A 0~ 25 HE s R (L3R
2) IRZ i R S e 1 HE s DX B P 2 8 i o 4
SRS (FE ISR A, 2009) , HoAl U8 A9 HE L A
T 2 2 [ Ah 25 35 1 W 58 2R ( Goebes et al.
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2003 ; Klimont, 2000).

®2 TRREERALERSAHET

Table 2 Application of various N fertilizer and their emission factors

AAEFPZE kiR S % JR% K R e TR e oA iy

Jite FH Ee A1) 49.53% 40.54% 0.4% 0.13% 0.23% 9.17%

HERCHA F (NH;) 21.3% 17.4% 4% 2% 8% 49 18.01%
AT Hle 217 (O Ui &, A BF I AR P 6F KA (D) FEATAHE.

Hu T AR B E R B ARS8 1 4 RUIE i
FLRES BRI () (T4, 2010).

233 AWE#  AEHRBE R @R A
TR AN PR A 5E 275 SCHk ( Huang et al., 2012) ,
HE H -1 0.787 kg N 7-a™  FETAFREHE AN

234 Tl AT TAEHBOR EZEAHE A A
A ERA T IR AR R R A IR A R RLA
W TAE T AR, BT s A (1)
FFVT5 HEBCR 7 BUE 2% 3.

*3 ITWESHMEF

Table 3 Ammonia emission factors from industrial production kg-t™!
AR RAACA WAL A 2 Ptk AN T
1 5> 0.07¢ 2.5 0.07° 0.16

Hra. E%% 1997; b, EEA, 2009; c. JH¥b¥b, 2011; d. Klmont, 2000; e. #HiTR%:, 2009; f. US EPA, 1995.

235 AR RE AN REAYTRRR EEA
FEFEFAH M FFSFEIRBE RS FF 68 K BEBE AR KR
FIEL K G 5 FH 37 8 RS FT IR e S T IR b 1ok
(D) ATV i T E R VR e AR 4 2007
IR Gt K H A RS R b i ( E R G it
J77,2008) , AT 5T S5 SCHR (2 F B8, 2013)
HRAEH: 2000—2007 4 [B] (A8 ka4, Fi bt 1R e B B
BRI 6.3% , R FTFIRRHE URE AR 08, 13% 51 74
B AGSEEE B4 5 O B4 904.83x 107 t AT 1962.1 %
10° e 3 b IR b 4 B2 TT () ARl A 48 )i
AENBAER L E, R A LT B R AR S B E Y
I ON) , ZZHFEFF N IR AT ON) FEZARAE
Py e kL TR o )14 T AR B R AT 0 B (R
55 2010).

BT R ARUCEE 20U )14 8 RS A bR i, &%
SCHR (He et al., 2011; & E R4, 2005; Kidl4%E,
2011) %A (2) #ATIHHA.

M:ZijijijDxF (2)

Ko, M OB RE R AR (1) ;P WA j Rk
VERIF= 5 (1) sN o j FRRVEI B T HG R O j RAEY)
BE T B D R SRR BE e Ll F o 3% e
LES

PAEY = 5K B DU G4 % 2013 (DU )14
it )R ,2013) , HABSEE Nk 4 PR,

R4 BHERRRHEXSH

Table 4 Parameters used in the calculation of crop residue open burning

B B

RED BRI e e R
Liii¥id 3¢ 0.83 0.14 0.804
1E4E 0.8° 0.94 0.14 0.82
IMSEHF 2¢ 0.83 0.14 0.804
JiR3E 1.9° 0.83 0.14 0.804
HE 0.3° 1 0.14 0.68
Gl 1.6 0.83 0.14 0.804
RS 0.9° 0.89 0.14 0.93
INE 1.37¢ 0.89 0.14 0.92
E¥N 2° 0.87 0.14 0.92
FE S 1.6 0.91 0.14 0.68
£ = 0.5° 0.45 0.14 0.68

Ha. T84 2009; b. IPCC, 2007; c. M2 M FE 8, 2013,

FRAR KT FNEL K R AR e A= Wit 2 7% SCHR (He

et al., 2011; Fidl%s, 2011) ,#e50(3) #1714

M=AXDXF (3)

Ko, MO RAE KRR 8 (1) s A B BE T R
(hm?) ;D YR (t-hm ™) 5 F RRBERCR.

VU4 PR I T AR DY) 45 GE 4R 45 (1Y

B G R, 2013) B KR BABETRIFDR H 2012 4F

VU148 B s 4 (U4 B o e, 2013) L 2R

MR FNFL 5 KT A= Wy A 8 e B 23 331 Ry 221.94

t-hm™> (255 CAVEE, 2004) A1 1.8 t-hm ™ ( fli A
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S5, 2011) 5 KA be & R HUME 43 5 33% (Tto and
Penner, 2004) 1 95% ( Yan et al., 2006) .4 i #A
e A SEHER R Uik 5 Fis.

x5 EYMRBRREHRET

Table 5 Emission factors for biomass burning g-kg"
e
FERF LS BRI b FRMR KK BLJE KR
1.3¢ 0.52" 1.02¢ 0.7

£ :a. Andreae and Merlet, 2001; b. Li et al., 2007; c. Yokelson
et al., 2009; d. Song et al., 2010.

2.3.6 FAFA AL FE 5K AL H AR A HE ik 3
Bk {5 K A BT PR S Ve b AR e iR v Ak
15K 8 FRAL B FR AR AR (YT, 2011) 4%
I Ao P = AL T I W A S I A ) SR A
TN 15 7K T I57 3k Ak B2 s o 3o Ak L 44 R

A HATHHE HEOIN 7 W& 6.

F6 FSKINNIFALIE SHEAE F

Table 6  Emission factors for waste disposal

V5 K AbF/ fivgi g el a4 BT/
(mg-m™) (kg-t™") (kg-t™") (kg-t™)
3.2¢ 0.56" 0.21¢ 1.275"

TEa. FHYHVE, 20115 b. Huang et al., 2012; c. Sutton et al. 2000.

2.3.7 R GE RAURHIRBE TR T B A Tk AR
T APRARE RS 0 SR R RO AR A e o A 1) R, e rp T
g FRRHIRGE T2 B0k B Tl B HDRL, L dE i T
AT AR, ABESE R R GE 80 B Al
AR B B 4 1 A AL — 5 A AR Ak
RIRA T A ORI e R A 3 (1) 2EA7 4
B HEOA 7k 7 B

R7T BRMESHNET

Table 7 Emission factors for fuel emission

Tor kIR Tl g/ Tl RER=/ AR/ SR 3111 HTE KRR/
(kget™) (kg-kL™") (mgrm™) (kg-t™") (kg-kL™) (mgrm™)
0.015° 0.096" 51.3° 0.908" 0.12° 320.51°

¥ :a. Roe et al., 2004.

238 ZEE BRI, 2010; Huang
et al., 2012) , ARHF 50 A4S AU 43 S 2 YR 2 |
BRRVSENh B | EE RN YR T 2 | R G 2 R AT A
AN (4) BEATAR R, HEOH F BUE 2 % SCHR (Huang
et al., 2012; Roe et al., 2004) , BAKN3 8 fiR.

E=7Y 10" x B, x M, x EF, (4)
Ko, E hASEE NHHEBCR (V) 50 I 8 440
R B Ry oy E RN B B AR AT i (5 s M A3 FE AL
HAAE T B (km) 5 EF R 4% 45 8 HE i+
(g-km™ ).

®8 ZBESHMETF

Table 8 Emission factors for vehicles g'km’h L
W smE vonk demk TToT
0.026 0.004 0.028 0.017 0.007

3 R 5% (Results and discussion)

3.1 WE A KRR RE 2

P A IR 2 HE R BN 9 FroR, Ak
ATLAE B B SR )14 NH, HERC i KA
VR, HE L B35 619.8 x 107 t, 7 & HE L = Y

62. 3% . FNE s FH 250 — RS HE IR, 2 HE ik it o
230.2x10° t, S HERCR 1 23.1%. % B 35 AR
Jites PR 2 A SHE O 19 85% , Fh LU A, A
b U 1 A8 = HE A e 32 R IR SRR AE )i
JEARE A KA, B O AR YA T 4 [ AT
B, F B I A R A i AR AR K. 59— i, AR AR
VR HE R AR TT Z 40, A AARHEME A 9 k%
TP A A I (SRR B 15 K R AR B AZ
T5) A HE ik £ 43 ) o L HE R Y 6.4% . 4.0% |
2.3%H1 1.9%.

®9 2012 £MIEH N AFESHEE
Table 9  Anthropogenic ammonia emission inventory for the year 2012 in

Sichuan province

HEBO Helcit/10% ¢ SrHAER
HEFM 619.8 62.31%
RN 230.2 23.14%
Tolk i 23.0 2.31%
SRR be 5.7 0.57%
N AAHE 63.6 6.39%
GRS 39.9 4.01%
5 7K Fil kg g Ak B 9.7 0.98%
A3 Y5 2.9 0.30%
HEzs e = 994.8 100.00%
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35 %

T3 & R 2 U )14 E O i 2RI
ARHF N H AT 3 — 25 00 . 45 2k & | HEGE
BEFELENESLME 1 s ki E e, A8
AR E & IR R E sTEk & HE R o 3k
202x10° t F1 194x10° t, 43915 & & F 5 EHE U =
1 32.6% F1 31.3%. MAh, F Y STRR R WK, Hoa
HERCR: & 3 S R B0 13.3% , AN AN S |
G S5 I TTHR A B N FR BB R R TS L Y
TGP )14 2012 4- 3508 i fe K IHE B R, & HE
TR A AT R PR A AR S 3 R HE M i AR T 2R 0 A
SRR (&S, 2008).

4 31.3%

Bl1 EE#FSEEX

Fig.1 Emission contribution of livestock source by categories

3.2 HEHOR T A ARAE
TR K22 55, U148 45 3k T 2 HE
AFEA BT AT, 2 Bon T 400 (M) & HE i &

120 B H A
O A

o«®©
f=}

SHERE /103 ¢

I~
=)

20

SRR
R

(R RE) P B HE SO B N rh ] DU | i vl Ak
TR PU )1 A8 S HE I d5 = A 3T, HE B 43 5 R
101. 1x10° ¢ F199.8x 10 t, 2 by DU J11 45 HE M i A
10%. J8#0 T i 3k fb s, N 550K 3 i
OARHEME 75 7 57 35 b B J0% A 48K 5 AR A2 10 YR R
HERCR 2 T AR T e A, R T R U1 2 A R
T 33 e e e B T, A B 1R 3R R AR, R
HEE M AH DR S AT 2012 FEHE B 5+
S DU A8 B S IR A Y 12%, U148
15, PRI 8 R A S S o 2 DU )1 48 e e 3R T
[, 2 0% % JR e o, RURE it FH R A 0 I 1k
A HE R R AL R i 7 T A HE R A TR =, X
F B AR T AR i A5 UM it P = CHE
JEDY I 48 e 0 3, T AR B O )1 4 G AR 4
(2013) (PUI14ESEi1H)R,2013) B FE T 2012 4E4ER
HAEN FEAGR T R T SO A S HE il 55
1o PO BT AT | A A T U e TR A
Hel i 5K A Hl DX, B D )1 4 R A
0.25% .0.55% . 1.07%F 1. 56% . H F5 H] F B 514 37
F0U) 1148 VG 8, Hy b 2R g s PR B T
Ji ok 9 A HE R it A AR I A XA LAl A
IR G HE T2 R DU A AR A 3T £ A G Tl AR
RPN B0 DU 1 48 I, 2 S Tl
T8 NPRHEME 5 7K RS 3 AL B B R A 5 24 HE
S RV Al 3k T A bR T S A 1 o 4H R
1E 3% ~6% 2 [H).

N g HEME
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Fig.2  Anthropogenic ammonia emission inventory and emission intensities by cities in Sichuan province
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AHER R BE 2012 45 DU ) 1|48 -2 HE RO B N
2.12 t-km™ HERGRE KT 8 t-kmHYBETT b H 5T,
BT YL A L FE R R AR, Fe B SRR R
K, 9.71 t-km ™. ToiE S HE AL A I 2 HE
| AR T A T 0 )14 A5
33 HRMH

10 I T AW 5 HAL I 2= # AR
A 5 H A=A F ARV ) B B o8 45 B XT b R PR, 2257
FEARBLE B & S5 ZE AR A&
BRI AHE R , A5 5 3 SCE S (2010) 1Y
fh 25 A T, 5 T Huang 55 (2012) B9 A 5 45
ST 2 S 0 PR 2 R A AR A A B R S A L
PRI A3, HAK S B A — Sl = 3L
T % 3K RO B9 22 S /UG & AR E S
Huang % (2012) BB 5T 45 5 22 A K, K F 3 S

FE(2010) IR R X E B EH TAMRZET
AN TRV RUIE it FH B A5 T 2 SCHE A5 (2010) AT
R A FH & 3 LA HE R R 45 2 HE R A
PARHE M 2 HE A B 1Y 22 5 2 B T N D8 g K
MEHE R F, AR A AL K& T AA
(VR4 5 2014) FIK = (IR 5, 2009) 45 H
M ZHFCR, X FE S T 2ol R, #
B AR A, X 4 I R o A Y
T el R — 3 (FSCES, 2010)  NHERGRE R F
A5 E SCIEAF 2006 4 ZE R B R AT
R (3.69 t-km ™) A = MAHIX (4.2 t-km™) X E
BURPA NN T ARIZ KT T R A FHK =M HIX,
JEHIE A A7 300N 45 | L HE R L )
BHEACE =/ 0.8% , (B T ALAD 5 1)1 4 S AR
1 50%.

R10 SEEHMREXHARERILEK

Table 10 Comparison with other studies 10% ¢t

— | I HAE K=#

ENTEN Huang® UMD WReFee HH R
HAEAE 2012 2006 2006 2010 2004
EL-ER 619.8 394.8 615.7 257.5 203.3
ANt 230.2 159.0 439.8 235.6 227.3
Tk 23.0 16.8 10.3 0.5 —
IRBHRR 5.7 — — 5.9 —
NARHE 63.6 20 49.6 34.9 4.1
A= W) TR GE 39.9 5.3 — 30.9 7.8
V53 K s 3 Ak 3 9.7 3.7 — 5.3 —
ek 2.9 3 — 12.1 18.1°
Js8 s 994.8 638.7 1115.4 582.9 460.7
HEMCHEE/ (- km™?) 2.12 — 2.45 3.69 4.20

¥ :a. Huang et al., 2012;b. #ECHES | 2010;¢. YL24FP4E, 2014;d. EHIGREE, 2009;e. (4G Tl JFI3CE UK.

3.4 IHEMSNT

F T P 2 S HE O SR SR 4 T B
ST AN E PR SRR B HECR - 0 32 B, 43 HE ik
P T 21T () Bl >R T A iR By gk
ForBe, Wik — @ AT S AR P, Z 85
BRI SKE- £ >k B 1Y) GeiH AR S A B 4 it
B, HE PR 2 B P 2 3508 TE S A AR Ak
T, AN PR /N I FH R AR 5 S HE O
Hx ELRANTE R IR £ ON) A R A L
MR #7420 e, HBCA AR 40 A [ /08 3 43, HE 7
TRTE RS, B E PR, Tl A
PRHEME BRBHRE 15 7K RIS, 3 Ak B A8 38 I 4R
H kR Al B W] LA T Bk 5 s

DO E T N i el e 5 S S B ot {5 e A B 7
JE RS 5 T A ORS00 108 08 o 2 o £ A
O ARIESR A A LT W R ST A, AE AR —
SRS BEAL , Tl FF 88 K A8 be AR AR JCI¢ RN Rk
GRS TR TP ) AH DG S 850N HE il P 19 28 L
P e AR S K , S 2 [ A sl Al b DX
WFFE LS5, X3 T A 345 SR A i 12

3.5 EJE AT AR

351 FE W% AT ArcGIS 25 7] 51
MrEE A R AT | MR 45 15 e U 23 (0] 40 A AL A+
Hi I PSR S M, SR IS B PR - S T
PUJIAE 9 kmx9 km Ak U5 2 HE A% AL 15 B 25 (1]
BT IEATE . QT B ARG B, QFET A
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B LA 5 O FE T ) T 28 B 7 A 5 1) 35 e R
TP 5 KRS AR B Tl ORHEA B B AR
iAol i 22 20 B2 AR A R AT 2 [ 23 S A
A I AR o8 52 R TN % R AR AT )
e 2 &R0 RUIE T A= S dhobe , AR AT HE TR G
I R B s 5, 22 IR O 114 b s R A B AT
ZE [ B, A 50282 2 4 R e S A 1 v
(TG i AR R | 3 8 SR AR AR i [
SRR i T ARASC L PR R AT 7 P 5 S0 M it P AR 40 B
M TR [N 5 R AT 70 E 5 A2 0 TR A BE o B0 B K G
FFAE AR Bl Tr RS R IR 5~ 47 23 BT, 2 HH 38 4
FIRS AR BEARIEACAT i R A I 1 2547 0 S, 7R
ARICRARYE AR AR A 1 2E 47 0 B, ik
SR F L i BUBCER [P b AT o . h TR B AR
HER i T A 75 Qe TR, D i vy 2 [ A 114 1HE 1
P, R 2 ] A1 A 3 IXBL Al 975 4% D5 D] AR 4
() BEAT 7 BE.

3.5.2 ZEpAAAE LT BRSNS ECTE, 1S
BT P4 2012 AFEHE S [ oA, Wi 3 R,
MIEFRRT DL o L A BH- AT - 22 15 24 o
St @ HEO B A A R LUK ) R 1] 0
M LR BTN H O A5, 2 HE R AN T
BB AR A A RN FH 3 A 32 R AR B0 A A
Jits R R MU M T BR A 7 23 B T 45 30T 49 A A5 4
TRl e BRI, 250 f R A vy ) IO A A A G
BT, 25 AW 2547 50 A CH O BT 30 B

NH;/(t-a™")

L 1<50
e [ 50~400
[ 400~800
s IES00~1500
Fes 1500

SR,

Z@HE b

..o ‘1“‘"'% 02550 100 150 200km
& [ = = s

B3 Mm& NHH#R=E5 %6
Fig.3 Spatial distribution anthropogenic ammonia in Sichuan

Province

1) A, i A IR H R 2R A,
Sl A vy 14 DX e 2 4 PP A A ST Y R I XL
DX HE R R AR T SR 9], e 5 s )
P& A TR E B LR et B M

4 &5 (Conclusions)

1) A5 8 o W AR T DU )1 48 25 T (M) 1A
b Tk A= 7= F A A5 B LA S AR T e TR T FE R, 2
ST 2012 AEPUAE N R IR Z HE R B )14 2012
AR TR HE R N 994.8 x 107 ¢, HE L 8 & N
2.12 t-km™.

2) 7 & AR5 AN AU i T O R
FORE, HERCE 43 619.8x10° t A1 230.2x10° t,
I 5 FHEUR ) 85.4%.

NEEWE S, AR RHEROE, HEE IR
FEHFICE Y 33% , HUO2 4, %R 31%.

4) AR T IR PN T | R AT AN A PR T AR U HE
LRI 4 AT, [ 5T HE R B B KA I
M1 A& HE R I A HE R BT, AR 7 34 457 7 a1 |
B

5) 28 [ 53 A R e R A, A HE i E 2L h e
JNAEZRFR, HL 3 38 X HE ik i /0N, 30T ] 3l X HE
TR K.

REMEE-N: EFH(1960—) , F 5% 7, KB A F T
FRBARHTAR, KB REE) B RS — K=
EFRE VI BRE KT RMERB X LFIT 16 B
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