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Inventory and Distribution Characteristics of Anthropogenic Ammonia Emissions. in

Zhejiang Province from 2008 to 2018 o &

FANG Li-jiang' , YANG Yi-qun®, YE Guan-qiong” = f =

(1. Zhoushan Ecology and Environment Protection Technical Center, Zhoushan 316000, China; 2. Ocean Col‘lege“,"Zhejiang‘ University, Zhoushan 316006, (;l'lf‘rlla)
Abstract: As ammonia is the main component of PM, s | long time sériés of ammonia emission characteristics are an irln[ib.nar:t basis for' studying the historical causes of PM.Z. 5
pollution. In this study, th@"‘.jlctivily data of various anthropogenic amthonia efissionsfrom 11 cities were collected in Zhejiangh The anthropogenic ammonia emissiongventory
in Zhejiang was establishied. using emission factors, and then A 1k x 1 kit spitial grid distribution was cartiéd,dut tsimg ArcGIS software. The results showed that from 2008~
10 2018, the'ammonta el_gnjsslions from anthropogenic squrceg in Zhiflang exhibited a downward trend, withyan average anné‘al decline rate of approxiiately-3:97%. ‘Th_g_-"

2

ammonig emissions were- 108, 32 kt in 2018, and thé_emission intensity wis 1403 t-km =2, in which theré wag90. 02 ki frofy agricultural sources and 18550 kt from non-

agricultral sources! | The ammonia emissions of Hangzhou Jiaking, and Jeizhou were higher than those of e other ities, accounting for 14.72%, 11.86%, and 11580%
of theTotal ammonia emissions, respectively. The spatial djs'ltribution‘ charateristics showed that ammonia emissions.aere mainly distributed in the northern part of Zﬁejiang,
showirig an ep{ission trend of high in the north and low in the south!” Unicertainty;dnalysis showed that the simulated average value of:ammonia emissions was 108. 37 kt, and
the uncertainty tange il the 95% confidence interval was — 4. 40% 5260%"_ ___.-""l

Key words Zejiang Provin?e; anthropogenic sources; ammonia emissioris ini"e'ﬁt-ory; interannual variation; spatial distribution characteristics; uncertainty analysis
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Table 1  Parameters used in estimating annual TAN excretion per animal for each livestock class

P 73 R ﬂk?)@i/kg- ( d-%) - _ TR % \ S A ii’éﬁFH{’E
/d JRIR &M PRI M /% e b
5% 365 5.7 2.1 0.4 0.34 70 30
g 180 3.2 1.5 0.4 0.34 70 30
UGG 365 19 40 0.9 0.38 60 20
Al 4 365 10 20 0.9 0.38 60 20
EES 365 0.75 2.6 1.35 0.75 50 20
SES 365 0. 66 1.5 1.35 0.75 60 20
il 365 0.3 0.15 0.15 1.72 60
A #i 150 0.3 0.15 0.15 1.72 60
Y 365 0 0.12 0 1.63 70 50
el 365 0 0.13 0 1.1 70 0
A 50 0 0.09 0 1.63 70 50
SLL 55 0 0.1 0 1.1 70
R 70 0 0.1 0 0.55 70 0

1) SN ARRISEG] B SCHk[25 ], AT B SCik[17 ]

BRI G SR A S T AR
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HR A 25 1 T EUNE A A2 A it HH o, O 4856 Sk
[27 ] e VR A [a) S0IE 1) 455 i 3 4 P et S A il
FE TR, TH S AF 5T 8 D7 A IR A A IR 45 a3 1
Tt L], S5 SR an 3k 2 P, WiiTAs 32 DR 1
A= BRIHCR FAS IE S5 AR A HE i R, PR Bk
S HMER A 8 | SOnE A R T4
W% 38.8,27.5, 1.8 F13.2, 7.4 kg-t 'S JHrp
TR = E?EA%mﬂﬁkK%M%ﬂﬁ
iﬁul\m] ﬁlfﬁﬁliﬂ%éa\ﬂﬂ%lﬁﬁxrﬁﬂls *}Eﬁﬁ%’%ﬂ
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Table 2 Different fertilizer application’ %hare% J

¥ .'““ in Zhejiang province over the years/%'

O ORE S SRR e =STEREA
2008 74.89 24.72 0.39 71.89 0
2009 /179.31 20.44 0.25 0 36.76
2010  79.17 20.64 0.19 0 69.71
2011 80.11 19.89 0 0 73.19
2012 80.12 19.88 0 0 73.51
2013 82.48 17.52 0 0.26 71.97
2014 86.05 13.95 0 0.93 64. 96
2015 87.29 12.71 0 0.05 67.28
2016 91.73  8.27 0 0 74.34
2017 90.54  9.46 0 0 81. 08
2018 95.02  4.98 0 0 87.57
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KR ARN R EY, P E— e BRI L.
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SHPIABITBE, 43 500 Sy e R e A R HE .
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HIXFARAVE DR P Ve i Nﬁ%&%th
B WREFET J L ; Fﬁ%ﬂﬁiﬁwmw%z.ﬂ
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Hef A= *Eaéfr%ﬁﬁﬂ%%s )
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RUE A F= R0 A e 2B Tk & HEA Tl
FR i 4= E HETS 1 Al 35 ECF 5 (hitp ./ permit.
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1.2.8 EYhts
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Table 3 Parameters used for emission estimation from straw burning

ViR BEIL(N) TR (B) FEFFBERE LI (R) /% HECH T (EF) IR (F)
IKFE 0.9 0. 89 25.90 0.78 0.93
INF 1.1 0. 89 31.40 0.37 0.92
5PN 1.2 0.87 33.70 0.68 0.92
TES 1.6 1.6 31.90 0.53 0.68
%S 0.5 0. 45 31.90 0.53 0. 68
LY 9.2 0.83 36. 60 0.78 0. 804
piZ 0.8 0.94 31.90 0.53 0.82
MR 1.5 0.83 31.90 0.78 0. 804

o, PR R T E TSR @R Tl R s K
(0.003 g-m ™), I (0.56 kg-t™") , HEAE(1.275
kgt~ FIBERE(0. 21 kg-t™").
1.2.9 JRRHUAREE
WRBHI e T2 22k Tl AN A= TETE FE R RE % |
TSR EFRABRN A i 2 HE k. AR 48 SRk 19 ]
“UTTLREVRF- i 22" AR E_L R 3 F kLAY Tl A A=
TE AR, Horp Tl RRHIH FE 0 475 2% i 7 i 1
TN T340 A B 5 A0 9% i, ZBT5 RAORHA #6 &

U B I B ph 45 B T G P e et

S AT IR B L RE B B A R SBT
ﬂ&utm&&%&ﬁ%éﬁﬂéﬁﬁ%ﬁﬁﬁ
KT P e A0 T 408 1 K
TS 45 AR L36 ]t 4471 460 = B A
f s T/ T A P 4 L A . 6
mmiéﬁﬂﬁﬁgﬁﬁﬁiiaﬁkmﬁﬁéﬁ”
L BSIETT . MRR e R HEC IR 2% 4.

R4 BRRHRRREH R E T

Table 4 Ammonia emission factors from fuel combustion sources

e RIE R PN/t
WREE /kgt™' /kge (103 L) 7' /kge (10° m3) !
Tl iHFE 0.014 0. 096 51.259
A1 IR 0.820 0. 120 320. 370~

1.2.10 JEE§H 5 R

HLah 4 e R R S B ﬁhﬁﬂw
%%%ﬁN%MLﬁ&¢m¥&F%F$m I
?Aﬁﬁ%ﬂ%WA%ﬂm$F$MQﬂmE%
mﬁﬁ/ﬁﬁﬁ B8 4 TR L 3 2 A T A

}¥mm$%x%§ﬁm?ﬁmﬂmﬁzﬂﬁﬁx
%E%“ﬁﬁ%mﬂimiﬁNﬂﬂﬁmaﬁw
HEAEAL, X3 NEL 7850 B 5 k% 1T 1 4090 9
L SORHLEN 53 K BB 2 AN KRR
INEES A RIBEFEASIX 5 R, DA (AT ik pht 45 Hb Tl
S AR 1. HE P TR 17 T FRL R L% 5.

®5 BEREHTYERIHHET

Table 5 Annual average mileages for various types of vehicles and emission factors

HLah 42 Al KAE L INBIR 2 KA 4 INIAR FEFE %
AR AR x 10*/km 4.00 2.59 4.40 3.23 0.99
He A F/mg - km ™! 28.00 26. 00 17. 00 4.00 7.00
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= > (Y, xEF) x10™°
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Y = (0.065 xZ, +Zy) x YX
K, E AR 2R Yﬁﬂ“ﬂﬁkﬁiﬂi‘iﬁﬁi
EF S % 0 f 2 HE il B 7, B R A 0.8
mg-kg~ 141 JEAREUE N 4.6 mg kg~ 14l s Ly bog i
R IB i Zy IARAR ST R B YX O AR AR
TIFE R B MR I 5014
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2.1 WL A HEAR RS b i 3

FRAE b ARBIFFE J7 vk A s A Bl oF 5 kS
2008 ~2018 FHIVLE N N IR 2 HE ik i 1Y 4 PrAs 1k
RS HEBOIR DT HRR , ik 6 I 1 fros. Al LA
B, & HE R R RN R, M 2008 A 11
162. 74 kt F[EF] 2018 4E Y 108. 52 ki, 4E 2 F [



4384 woo

L 43 %

e
&

R 3.97% . Hirfr, 2008 ~ 2012 4F a) & HE B L
B, fE W R 165.97 ki, i T 162.74 ~
166. 58 kt; 2013 ~ 2018 4F[a] 32 4F 0 @ F [, 4F
BITRE R 6.89%, fix KA T FEH 9.52%, Bl 7E
2014 4. b IEE EHROW RN E 405 DR R
HEdil &Y 82.96% ~ 91.22%, M 2008 4 1y
148.20 kt FR#F] 2018 £ 90. 02 ki, Hih & & 77
BEHT 117.72 kt T FE & 67.43 kt, 4E ¥ F B %
5.42% , & HE R E R 62, 14% ~ 73. 74% , &L Jiti
I 19.68 kt F &= 16.84 ki, 5 & HE i & &
11.85% ~ 15. 52% . -4 M U5 19 22 HE ik £ % 3 32
IN AT 14,54 ~18.50 ki JEWALFE | B BEAS Bh IR
PR ¥ 7K R sE 3 G 35 b Ak B BE 77 48 T B R 2 4 1

KZES. 11 ke f12.43 ke HK 2 9. 86 k. AMHE K
Hi 4. 91 kt /0% 0. 10 kt, X 5 8RR 1A B &%
R A B $E = A 05, M 2008 4EAY 83. 75% 2
2 2018 419 99. 65% . AR 18 B AL 3 I 1Y DTk e /)
AT 1,31 ~3.55 +, AT UL AR 2 HE i 7 45 2SR
TRz AR /. 2014 A2 A CH IR 2 HE i B B T
R I AR 552 2013 4E R [F 14. 96 ki, i & & 5%
FETRE T 14.15 ke, o0 b I B 22802 2013 4R, #7
TAATEHR T« HAKIIE” PR E T & & 5
FEI5 YL A BRI K 5 7E 2014 4 2E A & YOl K
87 MNEL(Th ., X)) & EH N EsE . R,
KA | FRIRIXIRH I 7. 46 14>, KHAFE AR
50 Sk DA b U B 8 55 0 5 O R UG gL G R
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Table 6 Ammonia emission inventory of various sources in Zhejiang provmce frun]l 2008 to 2018/t _Fj_.p"'- '-.'
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wERM 117722.99 120949.99 121922.87 124450.51 122517.97 112475.62 9832250 $88687.39| 81821.65 7246 s%ﬁpzl
LA 345154 35T6.03 3540020 3SS@ 33227 360236 3.8 I0.18| 355436 35867 356275
Fil L ?!‘62‘ | Be6  290 § 25.61. SIS m604 sk a7 v 8L710, 176.27 168 5 [ st 84
NS 4907.39) 4123.91  3415.13 / gﬂsm" 213820 | 68 o 067.82 635,67 406.00 ;63,.'44 .
i%iﬁkﬂ? ijﬁf 7@; 598430 5600.94 /9 524329 506239 448133 | 3471.153 1249543 2756,53__2034. 7;':)!.,
TPy | }.2"013 I.‘i7 1986.27 1457, 90"" '132!6' 460 %395 4 151641 188 L. a3sa1s s 55, 833.49
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MBS (| 245500 299233 368959 J;43' o7t 512216 |, 5962.00 667017 739135 ‘_%145.93 9056.12  9859.29
i ﬁzzj}'ﬂﬁ Ll g 130 13 1768 ol I_f"‘iﬁ-‘i 2.39 2.4 2.59 2.70 3.05 3.55
A e;:~ ‘i'fézm 75 165710.30 16604588 168765 66466575, 15 15705119 142004.84 132122.97 124 049,64 115035.80 108516, 11
i
J!.l,‘
100 180
— R
90 160 —
80 140 — AN
70 Wt 4t 5
£ 60 0 ORI
ﬁ 100 § A
£ o B A
£ w0 ¥ — U
30 50 L BUNLED
50 40 — i A
— R
10 2 —o— LB E gt
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
i
E1 2008 ~2018 Fifi L& A BET U BB R EHRRIHM I HKE
Fig. 1 Trend of ammonia emissions and contribution for different sources in Zhejiang province from 2008 to 2018
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T e K B ML T, AP 1 2 HE T 430 R 20. 18 kt
F119. 45 ki. 5 2417 M 2008 4EHY 25.08 ki | &3]
2018 4Ef% 12. 87 kt, 7E 2012 ~ 2016 4F 2 3 2 ) T [



10 #4

FRTAE . WiTTA 2008 ~2018 4 A AR E HEAHE B 5 A HRAE

4385

B AEY T RERIL 15.29%, B 2 il T7E i A)
Kt WORLTS " B B IR K A, & 8 3R G AL
WIS, SRR ARG AR KON 2012 451 273,10 T3k F
%28 2016 4719 18.34 J7 3k, & & 77 58 & HE ik &=
20.09 kt FFE# 8. 17 kt. o 5 & HE L & F o0 S
FHIERERa s, D 2008 4F- A 20. 82 ki [Tt % 2013 4F

30

1 23. 07 kt, i J5 T T B 22 2018 4FA9 15. 98 kt,
G — 3 F BN E & SR HEROIR 1 AR k. B K
AR LT HE R AN B R AR E, A T
5.75~9.29 kt F10.70 ~1.40 kt. T . WM,
WP 2% SfeTh N R & N T HE
RN AREELE 11,72 ~15. 52 kt.
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Flg 2 Trends of ammqma em1€§10n% for dlfferent cities in Zhe_]lang province from 2008 to 2018
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2 H Z it 5 MY | 25 B A A N ez HE R
HAEFH/N(0.70 kt) AL 0. 64% . el JF 2 2

TTHRE .571 31% ~93. 88% BB AH R K
(T T ARG PN T, 235918 9. 69 kt F119. 34 kt,
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Table 7 Anthropogenic ammonia emission inventory in Zhejiang province in 2018/t
A eI
WA e HE +3 BAE  EmE AK Tk 27 PR B ARER &t
it IR EN/S 7] S Hek A 4b ¥ be B R
BT 1610.28 9690.52  375.84 18.60  259.19 0.00 481.66 1408.97 465.75 1666.25 0.06 15977. 11
T 1658.92 4902.31 393.62  20.88 151.03  21.22 0.76 736.45 463.53 1643.40 1.25 9993. 38
WM 1790.59 8332.19 436.16 9.25 91.29  18.08 0. 00 382.33 338.84 1408.69 0.13 12 807. 55
F24T 2844.55 8098.35 369.71 10. 65 143.32 0.83 0. 00 293.93  243.65 869.38  0.08 12 874. 44
WM 973.25 6698.86 273.04 3.51 102. 92 2.81 0.00 188.02 137.17 540.79  0.04 8920. 41
2T 2317.64 4131.60 357.21 29.52  260.84 7.62 95.37 475.99 244.07 904.65  0.01 8824.52
AT 1587.00 6358.40 397.34 15.47 264.36  21.41 66. 00 686.74 222.29 1169.33  0.00 10 788. 34
MM 1218.63 9338.71  255.57 16.54  205.56 4.73 189.70 186.46  85.65 252.39  0.00 11753.93
FHliT 95.08 283.61 41.48 1.58 16. 44 3.40 0. 00 91.81  45.98 118.31 1.33 699. 01
HBMAT 1777.79 5983.82  347.89 12.44  202.75 16.21 0. 00 504.15 256.00 1025.00 0.64 10 126. 68
BT 963.56 3612.95 314.88 16.41 337.08 7.14 0. 00 155.99  81.64 261.10  0.00 5750. 74
W4 16837.28 67431.32 3562.75 154.84 2034.77 103.44 833.49 5110.83 2584.56 9859.29 3.55 108516.11
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Fig. 3 Different ammonia emissions and emission intensities for each city in Zhejiang province in 2018
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Fig. 5 Ammonia emissions and contribution from different fertilizer types for each city in Zhejiang province in 2018
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R — i e TR 45155 )
AR 2017 2017 2017 2018 2017
ZE it H 17.62 31.02 250. 54 132.15 268. 57
HEI 72.47 35.92 212.91 509. 42 308. 83
T AR 3.56 3.58 19.98 /
B A 0.17 / 0.99 /
N A HEL 0.41 14.25 33.55 46. 85 25.79
LW Bk e 2.76 3.92 17.47 8.31 44.08
Tl Az 0.88 0. 65 7.9 17.37 9.13
IR Ak 5.56 22.04 24. 84 8.16 2.59
SRRHAR RS 2.56 / 5.57 / 3.20
SIEN ¥ 251N 9.06 9.15 9.69 15 7.08
1A A% B 0.00 / / / /
AP R 115. 04 122.00 562. 47 758.23 672. 16
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