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Spatial-temporal diversities of ammonia emissions and impacting factors in Hubei Province from 1996 to 2016. QIN Si', KONG
Shao-fei'", WU Jian', LIU Xi', CHENG Yi!, WU Fang-qi!, NIU Zhen-zhen', LIU Jin-hong!, FENG Yun-kai', YAN Ying-ying', QI
Shi-hua'? (1.School of environmental studies, China University Of Geosciences, Wuhan 430074, China; 2.State Key Laboratory of
Biogeology and Environmental Geology, Wuhan 430074, China), China Environmental Science, 2020,40(4): 1403~1413

Abstract: The activity data for ten types of anthropogenic ammonia emission sources were collected in Hubei Province. The
ammonia emission amounts of Hubei province during 1996~2016 were calculated by multiplying corresponding emission factors and
activity data, and then were spatially relocated into 1km x 1km grid cell with a GIS software. The diversities in ammonia emission
structures and per unit emission for four types of geographic regions (the western mountainous cities, the central plain cities, the
eastern megacity and other eastern small and medium—sized cities) were analyzed. The total ammonia emission in Hubei province
increased from 375.0kt in 1996 to 475.4kt in 2016, with a yearly increasing rate of 1.2%. The ammonia increasing rate for the
western mountainous cities was the highest of 3.5%, higher than the average increasing rate of the whole province. Agriculture
sources were the major contributors for ammonia emission in Hubei Province, with the livestock and application of nitrogen
fertilizers contributing 71.6% and 15.8% of total ammonia emission, respectively. Except for livestock and application of nitrogen
fertilizers, the eastern megacity and the central plain cities held higher emission contributions of waste disposal (76.1%) and biomass
burning (41.5%) among the four different geographic units, respectively. It was worth noting that the ammonia emissions from
industrial production, human excrement, vehicle exhaust and fossil fuel combustion in the eastern megacity were all higher than
those for other three geographic units, which should be paid more attention.

Key words: Hubei Province; ammonia emission; spatial-temporal diversity; yearly variation; geographic unit
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Fig.1 Fourgeographic units and elevation of Hubei province
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Table I Application percentage and proportion of ammonia

volatilized from nitrogenous fertilizer
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Table 2 Parameters used in estimating annual TAN excretion per animal for each livestock class

HEM R [ke/(d-3k)]

[kg/(d-3)] & F A (%)

G LS TFEFIACR) B A A (%) R 1K %)
SR FE SR By

H4<la 365 5.0 7.0 0.90 0.38 60 20
W4>1a 365 10.0 20.0 0.90 0.38 60 20
Whf<la 365 5.0 7.0 0.90 0.38 60 20
WhE>1a 365 19.0 40.0 0.90 0.38 60 20
th2:<la 365 0.66 1.5 1.35 0.75 60 20
th=>1a 365 0.75 2.6 1.35 0.75 50 0
#hf<la 365 0.66 1.5 1.35 0.75 60 20
#hE>1a 365 0.75 26 1.35 0.75 50 0
B 365 5.70 2.1 0.40 0.34 70 30
AIRE<75d 75 1.20 0.5 0.40 0.34 70 30
WE>75d 75 3.20 1.5 0.40 0.34 70 30
e 365 6.50 15.0 1.40 0.20 60 0
gy 365 6.50 15.0 1.40 0.20 60 0
U 365 6.50 15.0 1.40 0.20 60 0
I LE 365 6.50 15.0 1.40 0.20 60 0
B 365 - 0.12 - 1.63 70 50
Y 365 - 0.13 - 1.10 70 0
= 365 - 0.13 - 0.55 70 0
IR 50 - 0.09 - 1.63 70 50
A 55 - 0.1 - 1.10 70 0
SE] 70 - 0.1 - 0.55 70 0
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Table 3 Ammonia emission factors from animal excrements of large—scale livestock/poultry breeding at different manure

management stages(%TAN)

EF #pe-nss

EF wge-us

LS EF sy EF o EF wo-ws EF sme-s EF -
NH; N,O NO N, NH; NoO NO N,
W4<la 53 7 7 15.8 1 001 03 42 8 1 30 55 79
WA>la 53 14 14 15.8 1 001 03 42 8 1 30 55 79
Whf<la 53 7 7 15.8 1 001 03 42 8 1 30 55 79
>1a 30 14 14 15.8 1 001 03 42 8 1 30 55 79
IIESSH 53 7 7 15.8 1 001 03 42 8 1 30 55 79
1h2:>1a 75 14 14 15.8 7 001 03 42 7 1 30 90 81
#4f<la 53 7 7 15.8 1 001 03 42 8 1 30 55 79
#f>1a 75 14 14 15.8 7 001 03 42 7 1 30 90 81
8% 0 143 143 3.8 0 001 03 46 5 1 30 40 81
HR%<75d 0 15.6 15.6 3.8 0 001 03 46 5 1 30 40 81
HIE>75d 0 185 18.5 3.8 0 001 03 46 5 1 30 40 81
1 0 14 14 15.8 0 001 03 42 8 1 30 90 81
oy 0 14 14 15.8 0 001 03 42 8 1 30 90 81
E 0 14 14 15.8 0 001 03 42 8 1 30 90 81
WY 69 0 35.9 0 0 0 0 3.7 4 1 30 0 63
Y 54 0 35.9 0 0 0 0 3.7 3 1 30 0 63
el 54 0 35.9 0 0 0 0 3.7 3 1 30 0 63
RRL] 66 0 403 0 0 0 0 0.8 3 1 30 0 63
AT 54 0 40.3 0 0 0 0 0.8 3 1 30 0 63
RES] 54 0 40.3 0 0 0 0 0.8 3 1 30 0 63
A TAN B O BT 3 B S i kgNH;-N
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Table 4 Mileagefor different types of vehicles (x10°km)

W% ESAT R
NI 25.9
NG 32.3
PNt 40.0
PNt 44.0

PEFLA 9.9
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Table 5 Dataset for emission estimation from straw burning

FEFTE RiAT HEWHE A

=/ PR e 73

{jfﬁj AL TR pystre Shotpe w‘*’;ﬁﬁ WA BT
-~ sl 23 (g/kg)m] (g/kg)m]
B 09 0.89 0283 0319 093 053 053

N 1.1 0.89 0283 0319 092 037 037

BV N 12 0.87 0283 0319 092 068 0.8

K 1.6 091 0283 0319 0.68 13 0.605

R 05 045 0283 0319 0.8 13 0.605

i e 9.2 0.83 0283 0319 0.804 1.3 0.605

wE 08 094 0283 0319 082 13 0.605

HR 1.5 0.83  0.283 0319 0.804 052 0.2

1.2.9 JRFFMAEH  JRIFTY AP RS TS K AL
LS TET VR AR I T A 5 K T IR A I
AR Al ®T) 5 [ g Ak AL [ A e A
[ A ) KR N3l 0 o 3 vl e e 4
TR VISR E I F 4 b B AT ST AN R B
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BRI R 5.

1.210  TolkEr A pa S /A Tk filig i
P 1) KA HEA NH;, 615U AR = P i A 2(1)
BEAT A5

R 6L T PR EU % S0 NH; HEBUR 1.
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Table 6 Emission factors of ammonia from various sources

P HE 7 FiE HEA 7

K 1.058" PR (kg/t) 0.0142"

1 R [ke/(hm*a)] P 1281 AT R [ s SR bR #Wokhih (ke/10°L) 0.0962"!
S 13581 RARA (kg/10°m’) 51.25912"1

AN T 0.026 [# e 58 % (e/ke) 0.215"

KR A 0.0175 IR PAL i A g/ k) 0.568"

WLBh 4 R S (g/km) LI 0.0265! V57K b (g/m®) 0.0035"
TR A 0.0175 Rk K 2,97

P’%zi 0.007°! AT e/ke) jﬁ(iz 0.7!%!

Tk Aﬁﬁi‘@ﬁ“ 0.0{[3” A14§?4Fifﬁ[kg/(]\\~a)] 0.787f"‘1
A 362 IR K [ke/(Fi-a)) 0.1281




1408 S

A 40 4%

1.3 AHENE T

KR RIS, M Oracle Crystal Ball
THIEAT 10000 JAEHLHin N HE SO 87K P F1HE
JRCIRL 155 2 50, SR I 4 2 B R ANt o MEA 32 317 PR
TS5 R AR5 HEBCER NH; ARG A E P

R(EAGER
2 HR5WE

2.1 1996~2016 1L NH; HE SR F FrAR ik

W 2,3 0648 KA NH; HEBUE B 1996 4 (1)
375.0kt 3K F] 2016 4F 1) 475.4kt, F 44 5 HLHE I )k
PRI N 1.2%.

800

FEE L A g TR
O sty [ Atk ] Bl
I Ry AN s
R

mﬁ I
%400 II - == 0 un II
= il (==l 77
I A ZzizBlZ 7772247
m
0 o 0

0 ’/ d .///.///.//
2222888881@}8883838388

K2 1996~2016 Ll b4E AN RIUEZHEBUR B34
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Fig.3 Spatial distribution of annual total ammonia emissions of 2000 to 2015 in Hubei

2.3 2016 FAFEMELHIC NH; HE80E vrmk xS L
2016 FEVEHEL X3 THT AR B AR
WAL BB NI NH; HE SR &2 5k 91.3,
133.9,23.5 il 143.5kt.4 /N X 3442 NH; HE )8 57 ik
KN 4 Pror.

RNV JEIE NHs HEBOW 32 2ok 95, b & & 97
B NH; HEBCR 55K, 20 30 %% 11 X8 NH s HE U
H ) 71.4%. 61.9%. 35.1%F1 71.8%.1% & & 75
A0, H ST S T 0 Rt Ay b, R 24.0%,
A 2R P NI (16.2%).3% 5 vp 3 VL3 Ji
VR Sy B ] AR HR 36 M, K it FH RO A o AR
BRI T T ZE P NHs HE0E IR T B &
FRTHHE(24.1%),FF HAE AR A Y5 A AAHE
I8 F ) Ak BEAAG A IR RL R e NHs HE TS b e
AN 11.1% 4.5%H01 2.5%, 3¢ & T Hofl X 38 7F
BRI, B A NV AR B 4 S5 G NH; HEOl 7

5| AL

SIRP O A N Tb: B R VATY AN K VN
FIELA. GDP [ NH; HF 5 A0 HE B vk A L.
5(a), A% R R T A T AR NH HEBOH B 5
(2.8t/km?), L7 IHRUAAFHEM .t AR RS Bl
BN BRFEYI AR b A 7 o Bt e e o T
T AR IR (EE I . HIEAR . R EY)
SRR ) A THIAR NH HE IR Bt . 40 P& 5(b), P38
Ll D3k T A7 N 1 NH HEBCE 551 (83.3¢/ 5 N), 5
I R ZR SR IR T (21,9607 ). 2R SR 3k Tl PR Ao
N A REHR e B FE WAL B T A2 7™ NH,
FEIC AT L R . A B 5(), AR /N T A7 GDP )
NH; HE B B 5 (19.50/4270), 4R 38 i K 36k 7 dge 11K
(2.0t42.70). F e ] WL, R0 R T % T NH;5 4k
T S A R R e T AL AR R R
BRI A HE M.



1410 LR 7 A & I 40 %

(@) PGB LLIX 3 117

71.39%
17.05%

(c) ZRiHE KAk Tl 1.45% 0.06%

35.09%

17.61%

L] @@

(b) ST ST

it B TR [0 R [ A mikke

feropise T Hlahe B Ak [ MY R EEAR

Kl 4 2016 I AN X S8 2 U5 DT ik
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Fig.5 Comparison of ammonia emission proportion and amounts for each geographic units of 2016 in Hubei
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Table 8 Uncertainty in emission estimation of ammonia from various sources under +95% confidence intervals (%)
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