5560 % 43 W + o W) Vol. 60, No.3
2023 45 A ACTA PEDOLOGICA SINICA May, 2023

DOI: 10.11766/trxb202110190563

ZER%, Y, s, PR, M, 2R, WA, PURTT. AR X R DR R R RO 8N LA [T]. B HEAEIR, 2023,
60 (3): 705-715.

LI Miao, TI Chaopu, PENG Lingyun, TAO Limin, BAI Xiao, LI Chenglin, MENG Lei, YAN Xiaoyuan. Changes of 3N Values during Ammonia

Volatilization from Different Upland Soils in China[J]. Acta Pedologica Sinica, 2023, 60 (3): 705-715.
FRIX G Rt HIRFIF LT IZENLIE 6N T

1, 2 N X2 —;!:/\\"2 - ) D 2 =2 = 1
& U WY gt WAL 8 F, 2AFL £ &Y,
> —2

PR TG

(1. R RFEHAEY 4B, 110 5702285 2.5 f nl 52 kR E R B AL (P EBABE R R HIEU5 ), TSR AAES R
45 [E R EF ARG, BEET 210008 )

B E: RS (NH;) 2 PM, s IR S ZE TR, BAfR A AR A5 HE RO RS NH; 5Tk, 2 K5 IR SLat .
A F NH; #R2J2 KA NH; IEZDRIEZ —, RIRMIE ARFERE (8°N) FRIE AT LUHRE B IIE KR NH; (R, H H At
T 58 NH, 45 % 20 F2 8N [E AR (b B IR ST LB, FLAR HH 438 NH, #2552 3tk S R R = A5, 2
BB AR R NH, 64 10 8N (8, M2t S St 48 NH, 35 & 7r 3k A O NH; #4250 b7 3 Sy, sk =
4 ANARRXI 9 G, RS . Bl PR ), IRIIRERIGTEZHE &I N R AR O I e
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Abstract: [ Objective]l Atmospheric ammonia (NH;) is an important precursor for the formation of PM, 5. Hence, identification
and quantification of the sources of atmospheric NH;3 are important for NH; emission abatement and air pollution control.
Farmland NHj; volatilization is one of the important sources of atmospheric NH;. The technology of natural abundance of nitrogen
isotopes (8'°N) has been used to trace NH; sources in recent years. Despite these advances, studies on the dynamic change of §'°N
values from the whole process of NH; volatilization from farmland soils are lacking. Moreover, NH; volatilization from farmland
soils is affected by different factors such as soil properties, pH, which can directly or indirectly influence the 8'°N values of
volatilized NH;3 and may lead to uncertainties in sources traceability. Upland soil NHj; volatilization dominates total farmland NHj
volatilization in China. We selected four types of upland soil from different regions in China to study the 8'°N values of NH;
volatilization from the whole volatilization process to clarify the changes of 8'°N-NH; values and their impacting factors.

[ Method] Urea was applied to four types of soils from Liaoning, Hebei, Henan and Tibet, and NH; volatilization was studied
in a 15-day indoor culture experiment by the sponge absorption method under controllable conditions. The 8'°N value during the
whole process of NH; volatilization was measured by the chemical transformation method. [ Result] Results showed that the
values of '°N during NH; volatilization from Beipiao soil from Liaoning Province ranged from —26.14%o to —5.57%o, with an
average of —21.74%0+1.89%o. The variation range of 6'°N values of Xinxiang soil (from Henan province) was from —31.92%o to
—26.31%o, with an average value of —29.31%o0+1.72%0 while that of Tangshan soil (from Hebei province) and Linzhi soil (from
Tibet) ranged from —24.41%o to —3.11%0 with an average of —19.82%0+2.04%o, and from —29.17%o to —2.20%o0 with an average of
—23.25%0+2.16%o, respectively. Overall, the 8'°N values of the NH; volatilization process in upland soils from different regions
are different. During the whole process of soil NH; volatilization, the 5'"N-NH; values of Xinxiang continued to increase, and the
8'°N-NHj values of Beipiao, Tangshan and Linzhi first decreased and then increased. Soil properties and NH; volatilization rate
are the main factors affecting the 8'°N value. [ Conclusion] Our results showed that soil pH, NH; volatilization rate and
cumulative NHj loss were significantly negatively correlated with the 8'°N-NH; values. In addition, isotope fractionation also
impacts the 8'°N-NHj values. The results of this study can provide better support for the quantitative traceability of atmospheric NH;.

Key words: Upland soil; Ammonia volatilization; Nitrogen natural isotopic abundance; Impact factors; Source identify
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Table 1 Physical-chemical properties of tested soils
) N 2% S A AR HETRE Rk B iR
L IX d e
pH  Total nitrogen/  NH;-N/  NO;-N/ CEC/ Clay/ Silt/ Sand/
Area Soil type
(gkg!) (mgkg') (mgkg') (cmolkg!) % % %
= 1
6.63 0.75 5.63 4.21 14.53 19.80 16.70 63.50
Beipiao Cinnamon soil
E I NS
8.07 0.82 423 85.97 9.81 18.50 22.90 58.60
Xinxiang Fluvo-aquic soil
R A 1
6.44 091 7.41 29.67 15.77 23.57 21.63 54.80
Tangshan ~ Meadow cinnamon soil
e e
5.83 0.95 0.74 57.04 6.57 8.66 17.94 73.40
Linzhi Brown soil

TE AU B S F AR 3500 S LT TR T AL G

Xinxiang, Henan Province; Tangshan, Hebei Province; Linzhi,

1.2 Rt

F A AR ST, #E AT 451 T 34T NH; ¥ %
FNREFRIRE . PHCEIR 4 D ARTE] X I e
A FREL 20 ¢ KT A 500 mL B8RS 72 (B
£ 8.5 cm), HEREET, MEIIE MG, BR2S
Ah, BCE BRI SE g, ZEME & 12.67 mg IRE,

CEC %7~ cation exchange capacity, Note:Beipiao, Liaoning Province;

Tibet; CEC, cation exchange capacity.

HY Tt N180 kg-hm >, FH: S 2838 505t A 35
IR B F KM K1 E 60%5 5 &K .
R E S 3 YK, A P A PR ZE 8N E K
~3.6%0+0.1%00 5 I TEB LA EHZ 5.5 cm, &
1 om WD HEES, DA R T 3844 & 1Y NH;.
WA 3 mL 0.3 mol-L ™' H,SO, WU, AF-IF 8555
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Changes of soil NHj -N content (a), NOj -N content (b) and soil pH (¢ ) after urea application

(E 2), 5% 1Kk, b2 BHg . HLfkE 4
B 8"°N- NHj {8 73 51 1 —6.71%0%0.37%0 . 5.78%0+
0.16%0 . —2.02%0+0.97%0 . —5.44%0+0.95%0, 5 15 K
Bf, 3 §"N- NHj i 5 54 37.70%0%4.38%0
28.82%0+0.67%0. 59.12%0+5.76%0 . 29.72%0+1.19%.
X FRAE NH; 4% &k fE b b 30T &R A 2 Ak
B, PN R SRR AR R A AR 15
KEFFEWIN, 3 5"°N- NH; (A A9 A8 4k 78 [l 439k
~6.71%0%0.37%0 % 37.70%0%4.38%0 . —5.58%0+0.73%o
% 28.82%0+0.67%0 . —2.02%0+0.97%0 & 59.12%0+
5.76%0 . —5.44%0%0.95%0 % 29.72%0+1.19%o.
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Fig. 2 Changes of soil 8'°N- NH; values after urea application
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Fig. 3 Changes of soil NH; volatilization rate (a ) and the cumulative amount of NH; volatilization (b ) after urea application
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Fig. 4 Changes of 3'°N values of soil NHj; volatilization after urea
application
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Fig. 5 &"N values of NH; volatilization from different upland soils
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Fig. 6 The relationship among the 5'°N value of soil NH; volatilization and soil pH (a ), soil NH; volatilization rate (b ) and the cumulative

amount of NHj; volatilization (¢ )

3.3 &'"°N-NH; {EHIN A= 5 R4

3 N EER AR, AN R AR E A AN ]
BRI & H AR EEEARAEDY, BEAMR A, KR
NH; IR S AR E) PN [E RS AEE A7
R 2E S 0 Savard 2 ] 32 3h R AR R B
AV IE A 8 N-NH; {8 (4 R : —31.3%0, &5 S50 -
~15.3%0 ) IR TR IR (PRGVR: —14.9%0, FLAHR
Bl —15.1%0 ). AN, T IR NH, -NH; %
PR 2 0 TR 437 28 AR50 LA B NH; 4% & ot A o 14 [
LR sh Iy it M L NH R SR
8""N-NH; {1 2 K T L HERR R R, A5
HFIRZE 8N H-3.6+0.1%0. UL, A H NH; ¥ %KY
[R5 2 8" N A T RAAE Ay 38 B 4% P U N HE il i) 2 2
T.H, HuTENINE 24 D 8eE 3 R 25 E R AL
ZH AR BT ISR NH; 592 05 A K 2 25 748 Ak
B, FEEAFIAE AR 8 e O NH; K% 8N
(B AT SR AT T U 5 A DA S PIL 1 B2 146 A 1F

FERIS, JFA B THRERZ A NH; HRIR xS X

A A X R0 i i 7T A 1 B gk LY
ARG T A X def S b 38 §'°N-NH; 1

ARSI N R, EHA AR A B AR R FAL R
RV 5 N-NH, i, 41 a2 2 1R K<
NH; HE 4 5 2R R S s[RI AS IR e
FENZIEFENETITRER, B S 5 B iy
W, SEFA R MR RS AE—E 2R, T —
AT UN e BT [ B 22 A ] X | A [R]85
K2 W SRR b I R AR 2 &, BE— A
o] e 8N EASLRLAE, U S RS NH;
TR APEATT (R0 2 5 D KT T BB L B R ) B
A o

%

4 4k
Wi = N R IR A TR E 4 SRR X R
Hb -4 NH; #5852 8N (H I HRRAE, 81N 54 i 1%
FIEARKCHIT R B S . PUARE . I dbEE . Wt
R WREHT S 8" N-NH; fE Fifi 55 7% ] R HE RS 1 22 T
o, LA bR L AP RS 8 N-NH; {E
FEI BRI G R, BB IR RS 248 T
FHA R £ 35 NH, % & B 8N (AR T L3 rh ok

http://pedologica.issas.ac.cn



34

RS AN XS L A R R R 3R 5PN AR 713

B ONH, 1Y 8'°N {H, 43 pH. NH; ¥ & # R R
PRGN 8 N-NH; {H A B &5, [F7 38k

It

SR 8 N-NH, {H A9 5 5 [H &, BFoT 46 51T LU

P19 KR NH; BRI R IR AT A MER PR ARG B, Bk
1M Ay BT R T5 Yei B (AR A

S %3 Hk ( References )

[1]

Galloway J N, Townsend A R, Erisman J W, et al.
Transformation of the nitrogen cycle: Recent trends,
questions, and potential solutions[J]. Science, 2008, 320
(5878): 889—892.
Tjepkema J D, Cartica R J, Hemond H F. Atmospheric
concentration of ammonia in Massachusetts and
deposition on vegetation[J]. Nature, 1981, 294 ( 5840 ):
445—44e6.
Kuang Y, Xu WY, Lin WL, etal. Explosive morning
growth phenomena of NH; on the North China Plain:
Causes and potential impacts on aerosol formation[J].
Environmental Pollution, 2020, 257: 113621.
Lyu XM, ZengY, Tian S L, et al. Atmospheric reactive
nitrogen in typical croplands and intensive pig and
poultry farms in the North China Plain[J]. Chinese
Journal of Eco-Agriculture, 2020, 28 ( 7): 1043—1050.
B, WH, Wi, % SR HNE &Y
PR R M A 2 2 R AR AR AR AE[D]. I
A FIR . S, 2020, 28 (7): 1043—1050.]
Konstantinoudis G, Padellini T, Bennett J, et al.
Long-term exposure to air-pollution and COVID-19
mortality in England: A hierarchical spatial analysis[J].
Environment International, 2021, 146: 106316.
Liu X J, Sha Z P, Song Y, et al. China’s atmospheric
ammonia emission characteristics, mitigation options and
policy recommendations[J]. Research of Environmental
Sciences, 2021, 34 (1): 149—157. [XI2%, Dk,
KT, A BERTERHBARE | WA 5 B
W HEEREIFSE, 2021, 34 (1): 149—157.]
Kang Y N, Liu M X, Song Y, et al. High-resolution
ammonia emissions inventories in China from 1980 to
2012[J]. Atmospheric Chemistry and Physics, 2016, 16
(4): 2043—2058.
GaoZL, MaW Q, Zhu G D, et al. Estimating farm-gate
ammonia emissions from major animal production
systems in China[J]. Atmospheric Environment, 2013,
79: 20—28.
Wang X, TiCP, Luo Y X, etal. Determination of BN
natural abundance in nitrogen oxides from major
anthropogenic emission
Sinica, 2016, 53 (6): 1552—1562. [LI§, ¥,
BOKEE, . FEANHBIR A ALY N AR ERE
BIET]. L3EEdR, 2016, 53 (6): 1552—1562.]

sources[J]. Acta Pedologica

—

10 ]

[ 21 ]

Chalk P M, Inacio C T, Chen D L. An overview of
contemporary advances in the usage of '’N natural
abundance ( 8'°N ) as a tracer of agro-ecosystem N cycle
processes that impact the environment[J]. Agriculture,
Ecosystems & Environment, 2019, 283: 106570.
Pan Y P, Tian S L, Liu D W, et al. Fossil fuel
combustion-related emissions dominate atmospheric
ammonia sources during severe haze episodes: Evidence
from '’N-stable isotope in size-resolved aerosol
ammonium[J]. Environmental Science & Technology,
2016, 50 (15): 8049—8056.
Felix J D, Elliott E M, Gish T J, et al. Characterizing the
isotopic composition of atmospheric ammonia emission
combined
Rapid
Communications in Mass Spectrometry: RCM, 2013,
27 (20): 2239—2246.

Elliott EM, YuZJ, Cole AS, etal. Isotopic advances in

sources using passive samplers and a

oxidation-bacterial  denitrifier  approach[J].

understanding  reactive  nitrogen  deposition and

atmospheric  processing[J]. Science of the Total
Environment, 2019, 662: 393—403.

Wu D, Zhang Y X, Dong G, et al. The importance of
ammonia volatilization in estimating the efficacy of
nitrification inhibitors to reduce N,O emissions: A global
meta-analysis[J]. Environmental Pollution, 2021, 271:
116365.

He FY, Yin B, Jin X X, et al. Ammonia volatilization
from urea applied to two vegetable fields in Nanjing
suburbs[J]. Acta Pedologica Sinica, 2005, 42 (2):
253—259. [B Rz, Thilk, &5, 5. maPiRSt
T EEH R MATIE)]. AR, 2005, 42 (2):
253—259.]

Jiang Y, Deng A X, Bloszies S, et al. Nonlinear response
of soil ammonia emissions to fertilizer nitrogen[J].
Biology and Fertility of Soils, 2017, 53 (3): 269—274.
TiCP, MaST, Peng LY, etal. Changes of 3N values
during the volatilization process after applying urea on
soil[J]. Environmental Pollution, 2021, 270: 116204.
Cejudo E, Schiff S L. Nitrogen isotope fractionation
factors( o )measured and estimated from the volatilisation
of ammonia from water at pH 9.2 and pH 8.5[J]. Isotopes
in Environmental and Health Studies, 2018, 54 (6):
642—655.

Ti CP, Gao B, Luo Y X, et al. Isotopic characterization
of NHx-N in deposition and major emission sources[J].
Biogeochemistry, 2018, 138 (1): 85—102.

Gong W W, Zhang Y S, Huang X F, et al. High-resolution
measurement of ammonia emissions from fertilization of
vegetable and rice crops in the Pearl River Delta Region,
China[J]. Atmospheric Environment, 2013, 65: 1—10.
GuMN, PanYP, HeY X, etal. Source apportionment

of atmospheric ammonia: Sensitivity test based on stable

http://pedologica.issas.ac.cn



714 + o IR 60 &
isotope analysis in R language[J]. Environmental shed in solar greenhouse[J]. Acta Pedologica Sinica,
Science, 2020, 41 (7): 3095—3101. [BiZFHE, % H 2022, 59 (4): 1068—1077. [FkJIkdt, Z A, B,
Mg, A7 ok, 4. R AL R BLELR AT R LECRIE N S . HOGIRZ RS T A M B 5 A LB ()], L
BHURPED. BRI, 2020, 41 (7): 3095—3101.] 24, 2022, 59 (4): 1068—1077.]

[ 22 ] FrankDA, EvansR D, Tracy B F. The role of ammonia [ 32 ] ZhouF, Ciais P, Hayashi K, et al. Re-estimating NH;
volatilization in controlling the natural '*N abundance of emissions from Chinese cropland by a new nonlinear
a grazed grassland[J]. Biogeochemistry, 2004, 68 (2): model[J]. Environmental Science & Technology, 2016,
169—178. 50 (2): 564—572.

[ 23] Wells N S, Baisden W T, Clough T J. Ammonia [ 33 ] XuYX, HeLL, ChenJY, etal. Effects of biochar on
volatilisation is not the dominant factor in determining ammonia volatilization from farmland soil: A review[J].
the soil nitrate isotopic composition of pasture systems[J]. Chinese Journal of Applied Ecology, 2020, 31 (12):
Agriculture, Ecosystems & Environment, 2015, 199: 4312—4320. [F =50, (AFIFT, BRAWE, 5. Edmnt
290—300. A FH A 5 1 B W HL AR B S R 7). L2 26

[ 24 ] Zhang Y B, LiJ G, Wang Z, et al. Substitution of %ﬁ’ 2020, 31 (12) 431274320]
chemical fertilizer with organic manure reduces ammonia [ 34 ] WuY, Wang B, Chen D M. Regional-scale patterns of
volatilization in maize farmland in North China Plain[J]. §1°C and 8'°N associated with multiple ecosystem
Journal of Plant Nutrition and Fertilizers, 2021, 27 (1) functions along an aridity gradient in grassland
— B, R =, A B R A
I—11. [HRARH, F e, &, ”‘jf'ﬁ*nb'fﬂrﬁm ccosystems[J]. Plant and Soil, 2018, 432 (1/2):
VIR S IR 5 00 A PR S 1), B9 15 07118

$ 2% . J—
HE??H%?&, 2021, 27 (1): 1—11] ) [ 35 ] Song Y S, Fan X H. Summanry of research on ammonia

[ 25 ] LiuDW, FangYT, TuY, etal. Chemical method for volatilization in  paddy soil[J]. Ecology and
i i i lysis of i 1
nitrogen isotopic analysis of ammonium at r(latu)ra Environment, 2003, 12 (2): 240244, [R5k, &
abundance[J]. Analytical Chemistry, 2014, 86 ( 8 ): o s

undancelJ]. Analy Y BERE. RIS AT, 2003, 12
3787—3792.
(2): 240—244.]

[ 26 ] Bateman A S, Kelly S D. Fertilizer nitrogen isotope ) .
] ) ) [ 36 ] Nikolenko O, Jurado A, Borges A V, et al. Isotopic
signatures[J]. Isotopes in Environmental and Health . . o

. composition of nitrogen species in groundwater under
Studies, 2007, 43 (3): 237—247. ) i :
(271 Ch YH. Liu X J. D cR ¢ ol S agricultural areas: A review[J]. Science of the Total
an , Liu , Den , et al. Source
g' . £ . . Environment, 2018, 621: 1415—1432.
apportionment of atmospheric ammonia before, during, i ] | |
37 Hristov A N, Hani M, C A, et al. Review:
and after the 2014 APEC summit in Beijing using stable ristov amgan o e eview
. . . . . Ammonia emissions from dairy farms and beef
nitrogen isotope signatures[J]. Atmospheric Chemistry ) : ]
and Physics, 2016, 16 (18): 1163511647, feedlots[J]. Canadian Journal of Animal Science, 2011,

[ 28 ] Lii X M. Reactive nitrogen composition from typical 91 (1): 1-35.

. . [ 38 ] Hristov AN, Zaman S, Vander Pol M, et al. Nitrogen
source and source apportionment of urban atmospheric
ammonia using nitrogen isotope[D]. Jinan: Shandong losses from dairy manure estimated through nitrogen
University, 2020. [ 57547, 78 HE AU e 200 L v mass balance and chemical markers[J]. Journal of
Eﬁﬁﬁ{ﬁ%%ﬁ?l}&ﬁmﬁ%%%ﬁ%ﬁ[D] B\“T'ﬁ Environmental Quality, 2009, 38 ( 6 ): 2438—2448.
WA, 2020. ] [ 39 ] Unkovich M. Isotope discrimination provides new insight

[ 29 ] YangS, WuSJ, WangY, et al. Ammonia volatilization into biological nitrogen fixation[J]. New Phytologist,
and its reducing countermeasures in the agro-ecosystem 2013, 198 (3): 643—646.
of the Three Gorges area: A review[J]. Soils, 2014, 46 [ 40 ] Ruan CY, Liu X F, Li M K, et al. Effects of litter
(5): 773—779. [Mks, RM%E, FW, % =IFKX carbon, nitrogen and enzyme activity in soil under
e FVRHE & K o i AT S HE R[], T4, 2014, 46 Chinese fir[J]. Acta Pedologica Sinica, 2020, 57 (4):
(5): 773—779.] 954—962. [[ﬁﬁﬂ» XN, BRZEE, & ERALMK

[ 30 ] ZhoulJ, Cuil, Wang G Q, et al. Ammonia volatilization 8] Y W VS 05 25 I 0T SR AR R I 2 1 5 ) bl -
in relation to n application rate and climate factors in ez, 2020, 57 (4): 954—962.]
upland red soil in spring and autumn[J]. Acta Pedologica [41] LiL, Lollar BS, LiH, etal. Ammonium stability and
Sinica, 2007, 44 (3): 499—507. [JH#:, @4, £E nitrogen isotope fractionations for NHj -NH; (aq) -NH;
W, BRSO EREMEE RN AEHE . 2 FT (gas) systems at 20-70°C and pH of 2-13: Applications
BN [T]. 2, 2007, 44 (3): 499—507.] to habitability and nitrogen cycling in low-temperature

[ 31 ] ZhangZB, Luo W, Bai X L, et al. Comparative study hydrothermal systems[J]. Geochimica et Cosmochimica

on ammonia volatilization from soil surface and whole

Acta, 2012, 84: 280—296.

http://pedologica.issas.ac.cn



RS AN XS L A R R R 3R 5PN AR 715

Denk TR A, MohnJ, Decock C, etal. The nitrogen cycle: A
review of isotope effects and isotope modeling approaches[J].
Soil Biology & Biochemistry, 2017, 105: 121—137.

Savard M M, Cole A, Smirnoff A, etal. §"°N values of
atmospheric N species simultaneously collected using

sector-based samplers distant from sources - Isotopic

[ 44 ]

inheritance and fractionation[J]. Atmospheric Environment,
2017, 162: 11—22.

Deng Y'Y, LiY Z, LiL. Experimental investigation of
nitrogen isotopic effects associated with ammonia
degassing at 0-70 C[J]. Geochimica et Cosmochimica

Acta, 2018, 226: 182—191.

(RERE: © #)

http://pedologica.issas.ac.cn



