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Abstract: [Objective] Atmospheric ammonia (NH3) is an important precursor for the formation of PM2s. Hence,
identification and quantification of the sources of atmospheric NH3 are important for NH3 emission abatement and air pollution
control. Farmland NH3 volatilization is one of the important sources of atmospheric NHs. The technology of natural abundance
of nitrogen isotopes (8'°N) has been used to trace NH3 sources in recent years. Despite these advances, studies on the dynamic
change of 8'°N values from the whole process of NHs volatilization from farmland soils are lacking. Moreover, NH3
volatilization from farmland soils is affected by different factors such as soil properties, pH, which can directly or indirectly
influence the §'°N values of volatilized NH3 and may lead to uncertainties in sources traceability. Upland soil NH3 volatilization
dominates total farmland NH3 volatilization in China. We selected four types of upland soil from different regions in China to
study the 85N values of NH3 volatilization from the whole volatilization process to clarify the changes of 3'>N-NH3 values and
their impacting factors. [ Method] Urea was applied to four types of soils from Liaoning, Hebei, Henan and Tibet, and NH3
volatilization was studied in a 15-day indoor culture experiment by the sponge absorption method under controllable conditions.
The 85N value during the whole process of NH3 volatilization was measured by the chemical transformation method. [Result]
Results showed that the values of 3'N during NH3 volatilization from Beipiao soil from Liaoning Province ranged from -
26.14%o to -5.57%o, with an average of -21.74%o+1.89%o. The variation range of 3'°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%o while that of Tangshan soil (from Hebei
province) and Linzhi soil (from Tibet) ranged from -24.41%o to -3.11%o with an average of -19.82%o0+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 !N values of the NH3 volatilization process in
upland soils from different regions are different. During the whole process of soil NH3 volatilization, the 3'>N-NH3 values of
Xinxiang continued to increase, and the 3'>N-NH3 values of Beipiao, Tangshan and Linzhi first decreased and then increased.
Soil properties and NH3 volatilization rate are the main factors affecting the ' N value. [ Conclusion] Our results showed
that soil pH, NH3 volatilization rate and cumulative NH;3 loss were significantly negatively correlated with the 3'N-NH3 values.
In addition, isotope fractionation also impacts the 8'>N-NH3 values. The results of this study can provide better support for the
quantitative traceability of atmospheric NHs.

Key words: Upland soil; Ammonia volatilization; Nitrogen natural isotopic abundance; Impact factors; Source identify
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FRATAKIR TTERE0, Pan 25U Felix S5020F 70 R I, 48 % M ALK S & HEtt 4y He
NH; HA BR8N AE, 7T LS A B EHRBEHER Y NH; X /3 FF . Elliott 23— m s %0, &
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LR AR R s mg 418, HE e ek R e S 80 NH; ¥R 1) 8N-NH; EAZ/ER KAk . B4,
BEEZS NN, 8 NH; HEscE 255l mie; T 0@ R IR R, A FE AR KT
TNAR H 3% NH $5 % (1) N-NH3 {8 22 57 52 3, HiAE /KT i 3 S N-NH3 B . Cejudo AT Schiffl®!
fa 3 pH A, YN B S THERBSRINERE S, FEIERT 8PN EHBK. Fif, \E5 §'°N-
NH; H A2, grah, HF N L BN T 54k HORRE A, 38 NH; R S R A7 A [FIA &
OIS, fH13 N-NH; AR KR, MR BoR, FEAESREHHNE G, 13 NH EX
AR SISN ARLFf I [F] A% B 24 B A 3422230, Dk, R b4 NHs #8 R FEh §°N-NH; {5
W R KB, (ER S W R B — e AR, WS PIRA AR . AN 3
PERRZAE T, 3 8" SN-NH: {8 R &SR 2

PRI AR NH; # & H F b R 32T 5 E il kR, R AT S ik B E AR o %, HARHT
Fi: 1) FEAFE X IR 15 NH; #E K 8N EIRHE; 20 FREASF X 5 5 38 NH; 5 k00 2
SN A A5 R 3 S AR R, DU Ay adE— A4 v 0 NH SR AR AT (%) v M ATORS B I} 2 3¢
#,

1S

1.1 it 1%

B E 4 MUX ROV R (B D, 23R T EE L (41°57' N,
120°36' ED i X mg 8 2 Wi+ (35960’ N, 113°56' E). AL X b L il - (39°47' N,
118°0' E) Al JR L [X PG AR 2 A54% (29934’ N, 94°25' E), MHEAEYIAE XK. /N T KRAM.
IR NCRAE E AT 2020 4 9 H FAIE 10 Ao A, EBUHE 2. HEAEPHEREAEY LK
ROGCEEAM F TR, SREE 0~20 e #HZE T3, RIS =S AT G, F L EBRRERAT I
A (FEYIAR RANAEREE), WFE I 2 mm 05 8RS, AR &M ARHX R
SEARFRAME R LK 1.

F 1 i TIEEB MR
Table 1 Physical-chemical properties of tested soils

ol R WER HETZHRE R Bk s
X Eat! ! &Syt
Area Soil type pH Total nitrogen NH;*-N NO5;-N CEC Clay Silt Sand
N(gkg™") /(mg-kg")  /(mgkg") /(ecmol-kg™) 1% 1% 1%
JeE et
6.63 0.75 5.63 421 14.53 19.80 16.70 63.50
Beipiao Cinnamon soil
2 Wt
8.07 0.82 423 85.97 9.81 18.50 22.90 58.60
Xinxiang Fluvo-aquic soil
B ki
6.44 0.91 7.41 29.67 15.77 23.57 21.63 54.80
Tangshan Meadow cinnamon soil
Mz K
5.83 0.95 0.74 57.04 6.57 8.66 17.94 73.40
Linzhi Brown soil

W dEEEL 2. ELAE SN, RS, L.  Note: Beipiao, Liaoning Province; Xinxiang, Henan Province; Tangshan,

Hebei Province; Linzhi, Tibet; CEC, cation exchange capacity.
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1.2 3G

FIF AR SGE, 75T 5640 AT NH 8 R B AR IR R EH IR 4 /NA ) X 4+ 33,
Sy BHIFREL 20 g IO 500 mL ¥R IR (B4R 8.5 em), FFRPEENT, NEIIEF /MG, B
FEAAN, REIEERINSK, FUIEHHE 12.67 mg JRE, H24T M N180 kg-hm?, FIVES 241550 i
ANL3gEd, FEHEE TR KRR 60%MEEG/KE. BMEEES 3K, AR5 AR
JRZE VPN AE-3.6%0+0.1%0. F5FEHLAIBNEL AN EAE 5.5 ecm J& 1 em WIETEHG4AR, DA SO 113
R NHs. 4R E 3 mL 0.3 mol- L HoSO4 IR, (R UEES 7RI A2 H T35 45 5 1) NH 8 56 4
k. T EA Ldem /ML, BEAE 1.4 om PRI EASLT, & HaSO4 ISR /N 47
ST AR, Bk Sk NS IR 2 ik5s, AR — NS .

A B R PR O TR R R A R, WEIREN (25£3) C. N 95%, ESHEFR 15
Ko IHHRITH 1. 20 3. 4. 5. 6 Fl 15 RAREFR G 1) LIRANGAR T RAE . Rt B b AT SR
WACRFE, Bl —JFG s ARG R B ORI B B, PR EMNES . BRI, )
I NH; (#4383 50 mL 1 mol-L™! KC1IE A 200 r-min™ 242 2.5 h 2 J5H Whatman 42 (2.5 um)
JEARIEYE, H Skalar Sant++ial /14X (Breda, faf==) Wl JEMMT NHs-N Fl NOs-N K& . HAH
NH; # K B & (F,, kghm?). NH;#ERK#EZE (F,, kghm?dD 25HR (1) fk 2) iH5:

3
CxPx180x10
p=00 (D
29.146

F,=F,-F,, 2)

X, C NIRRT NHS-N WKE (mgL™), V REBRBEHERIAT (mL), 29.146 NE:H 5
#, 180 NS E, n NEFRREL.
1.3 TP BRINE

BT R  EER RE5), FREL S g B E N 50 mL 2 mol L™ KCL ¥+, & T 25°C 200
rmin” ERHFEY 1 h, EEIE4TIE G H Skalar San++iZE S 30 A € £ 3E 1) NH4*-N Al NOy”
N OWKEE. HI3E pH RAHBAENE, #Hok.t=2.5:1 BIEFEEH pH it (FE20, Mettler-Toledo,
USAD M5 s =438 57 R0 BH B 28 45 43 A O AT S RLEE 23 BT92: A EDTA - £ i 658 3323000 7 5
135 TN A E L RS E .
1.4 NH; ¥ %3312 5N 89 E

T 2530 5 FOONH DA K A 3 VA0 NHL N 8 SN SR FH Ak 24 56 i i 52 291, 1 5638 i NaBrO¥s
FEGH FINHS A AGCANOy, RIGTERRIR&F T, B NHOHENO, #4L N0 NoOS AR AN
ZUR T 43902k B NHOHAIFE fiNHx 1, L8N i 42 (1 BEAR RHR 0.5 AR BN, O Rl i [F) A7
FH X (Isoprime 100, Isoprime, UKD H#EAT 7341, FIH A0 A A IS N-NLO AT LU 4 Hi K
YIS N-NH4" o #F i NHx IR 2 A SR F= vl did DL A

ISN/"N)sample-(*N/'“N)standard

("SN/"N)standard *1000 (3)

5" N-NH, (%o)="

R THiEFEUSGS-25 (—30.4%0)+ USGS-26 (+53.7%0) FAIIAEA-N-1 (+0.4%0) 1F R [FEIHA7 = AnifE
AT ot A2 i o
1.5 BRI S i

RIG T $dE . Microsoft Excel 2016 353, KR BT 50d AN AR FE 3 YR E & 1 F 418
(mean) FIARiEZE (SD) KE/R. FEL MG 5K RRE T Z 0 (ANOVA) Flf
ANE M ZE R (LSD) HHTIS:, RAFELR M 2RS0T 70 5T 7 135 pH. NHs 4% R38R 1
PR E R 5 §N-NH,H 5 8N-NH: HZ AKX & (P<0.05, P<0.01). Fif##EizH IBM SPSS
Statistics 26 AT G140, 12 A Origin 2018 #4174
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2.1 TIEBUMREARMNZBERAEEENTK
ANTR X 455 5 4 58 NH #8 0d A% rp 38 v ot B I (R D248 240 R L T 1. BRI A2

4% NH-N S EHEIE 2R BT 2 F%E FErEas (8 la). $i2 18 NHSNEEH 1R
W, AR T 2UR FEC, N (199.242.1) mgkg's ABZZAIE L 37655 2 KIkF|ik
B8, 233N (75.1£3.2) mgkg! Al (145.7£0.6) mgkg': MZLIENFREE ETFEE 5 RATEFIGE,
N (156.9+2.4) mgkg!. WRIGMIE 15K, 13 NHS-N G2 FEREMKTE, B2, #g. Fil
AR Z 13 NHSN &8558 (4.6+03) mgkg!'. (0.49+0.04) mgkg'. (5.1+0.3) mgkg!
(47.1£6.1) mgkg'. fERI IR FRLREF, T3 NHSN S EWEAFRICN: RZ>F > 2>
Jb5E, HARZAE (L1 NH N K FRE S T IR 2 (P<0.05).

1R 3 NHe N A8 (a). NOs=N & (b) I8 pH (o) M fbaife
Fig. 1 Changes of soil NH4"-N content (a), NO3-N content (b) and soil pH (c) after urea application

BERE IR TR A3, JEZE. LRI Z L% NOs-N S EWERETmi&Es, B g
NOy-N &R EES 5 K, ZEEE TR (B 1b). % 15 K, JbZE. #He. Bk 5%
NO;-N &858 (103.446.2) mgkg'. (257.5£7.0) mgkg'. (186.3+9.6) mg-kg' Al (195.7+1.3)
mg-kg!. WRIGEEFREIEF, B2 M1 NOy-N FREEE S TILE. FUAKZ (P<0.01), HZH
T3 NOs-N FEEE S TILE (P<0.05), MAEILMTE NOs-N KESILE., KZZHZERALR
ER

35 pH BRI S 1458 NHL™-N E 2R EEARL, 338 TH SRR s (B 10
FMENPRZEHIES 1R, & 135 pH B EII AR E T =, d6EE . 5 2 ME L L3 pHAESE — KR
KB, 4359 7.98+0.03 8.42+0.05. 7.77+0.03, 2 i WE 3 I 1] I HERS 2248 A%, bk 2 103
() pH MIFFEETH 255 4 KATXFEM, v 7.20£0.03, I fEr 3% pH BE KT BARRIN:
Bro>qbE>E >R, IG5 15 K, DUANIX I 1338 pH BRI BIRKK T, K T#146 pH, 539
N 6.37£0.11, 7.85+0.01. 5.48+0.02 f 5.25+0.06, ¥NHNFKER 5 138 NH; 5 FE 350 7 LR L.
FEARREG HIFG TR FE T, B 2 L3 pH E S E & T LR E (P<0.05), JbEEM 15 pH B& 5
FHZ (P<0.05), WEILKLEpH 5L, MEEFALEE.

Brbr 2 4h, Jb5E. B AR 15 5 ON-NH, B R 35 72 A RF 2Lt . 18T 2 4% §'°N-NH, &
BT m H AR, BEE R IR N AHER Ot mrEs (B 2). W52 18, 6. B, FHLAK
Z 43 §N-NH4MEH 73 5 N-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
Kk, 3 SN-NH BN 37.70%0+4.38%0~ 28.82%0%0.67%0~ 59.12%0%5.76%0~ 29.72%0%1.19%o0.
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IXFRIE NH; R FE R I T R RS R TN, PN R 7R [AI7E R E 4. fEARRK R 15
KRIGFRIHN, 3 §N-NH,E 125675 Bl 43 3 N-6.71%0+£0.37%0 5 37.70%0+4.38%0+ -5.58%0%0.73%0
2 28.82%0%0.67%0~ -2.02%0+0.97%0 2 59.12%0+5.76%0~ -5.44%0+0.95%0 % 29.72%0%1.19%o

P 2 it R 3R 5 4% §1SN-NHHH A8 1L et
Fig. 2 Changes of soil 3""’N-NH4" values after urea application
22 HENHERRRRZRENTWL
ANTE DX 45 5 1t - 39 NHs % 5T 4 B 15 70 6 1) (V03RS S I S0 v AR i 5 (&1 3a). ININJR

wa, JEZEL B B 8 NHs R R AR 0 755 4 Ry 26 1R, 3 3 RIS 4 K
AL, BIGER 15 R NHs #ACHEARILATLIT 0. ANF X R R NH; # 5 R ERE 15 d 557
I RER AR PN (B 3b). B3 15 R, JEZE. Fro. FIAMMRZ L8 NH; & N R
Wk ES BN (1.5120.06) kg-hm?. (6.56+0.16) kg-hm?, (1.45£0.02) kg-hm? Al (4.67+0.10)
kg'hm?. fEREAFFRYIE N, B2 MARZ LR NH R RRERE R Z S TILZME L

(P<0.05), H¥r2 L4 NH: # R ZMEREmTHZ (P<0.0D), JLZE5HIL T35 NH E A R E
AL .

B3 R G L NI RIER () FINIERZRRE (b) KR

Fig. 3 Changes of soil NH3 volatilization rate (a) and the cumulative amount of NH3 volatilization (b) after urea application
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2.3 13% NH: & T T2FE R §'°N HHE

ANTR] X 5 5 - SENH 5 RS FE R, RSN PR EA R (El4) . BE T ENHE & AT,
JEZE . R LI RS N Je il PR AIK, 2 S B RE IR I [ HERE 18 Ty Tk £ LIS NAE I 7E
BRFR IR B RAK, ZJabassFRnt MR8t . RN R fErh, J6EE. g Ak
Z + 3 SUN-NHyH A& 1k 8 H }-26.14%0~-5.57%0~ -31.92%0~-26.31%0~ -24.41%0~-3.11%0F/1-
29.17%0~-2.20%0, = HENH34% & i FES NI ~F 35 18 73 5l 9-21.74%0~ -29.31%0+ -19.82%0F1-23.25%o0
(ES), BAEFEN N IEKTF KRB SR OO 2. 2. dLEE. B, kM, Hzgn
SUN-NHAE & 2 AL A 1L (P<0.01), FRZHSISN-NHAEEE = TRl (P<0.01).

Bl 4 i R 2 i 15 NHs 35 8" N 18 (9728 1k M

Fig. 4 Changes of 3'°N values of soil NH3 volatilization after urea application

Bl 5 AN DX 48 7 4 358 NHs 4% % 815N E 1 73 AR 150

Fig. 5 85N values of NH3 volatilization from different upland soils

3.1 3% NH; 37325 55N {E4FE
RUE R R R AR TE K ANH RO 7 B 7 — @ kg, (B2 AR X 38 52 H £ 3B NH;
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P R A1 FE PP SUNE AR A AE (OB AT LR B = o FelixZ:112 Bateman F1Kelly2eMii Fil 4 K48 7 72
BT KANH:E ZEHEBOR I8 N-NHMH , 78 38 [H (1 B AR 56 45 - RoR, 9 Ik B Ui FH 135
kg-hm2JR R-Z -0 R Eh R, 3 FR 0 T 2K HENH: 3% & 8 N-NHH 11178 Bl 7£-48.0%0~-36.3%0 2 7] ;
1 Chang 2 PTV7E 57 HL K 2 1) S 56 = 47l 3R A0 IR 4% Kk Ji5 77 26 (FINH I 0 i FE8SN-NH5 8, i FHl b -
52.0%0~-47.6%02 1], AT Felixil 5 (IS N-NH,{H ; TiZEMid it = i 85 77 56045 2R A 0K 7 R
JKAE 1 [FINH3 5 58 "N-NH3{H ¥-40.6%0~-26.0%0, #H%E T Felix FlChang [ fF 57 45 F L8 N-NH3H 5 &
ARG 25 B 5 R AN ] (X3 5 - SENH % % 08 N-NH5 8 25 T A8 K, DYAN Hi X AR 9 1 °F 981 N-
NH 8 [X /8] 9-29.31%0 CGHF 2 ) ~-19.82%0 (111D, 1 ENiott %5 M1 5 45 2 W 4 1 % & 1 JE A 515N -
NH3 V- IIME N-46£5%0, (KT ARIG B FLEE R, X AT REE BT REE 7RI R 8 T3 M . e
Jr MRS IE R . i, ARESAE A EBR R, Wi Felix AlChang R 7L 35458 4 2 K FE 2%
BT NGO 2R, B 2 R UNH B BB R b, P RE 2 5 B0 B SRR VR Bl R AR
S 4 RAmARIY . At T U A AR FE N HE O E — 5 108 3 1 LS SNV B 17 A8 A AR5 AE B 2
(290, K] bt ot 5 it RS OF ) FROAE RS, 4 X1 E BN NH 4% R A2 S SN S A 2R B K K 2 5
3.2 00 NH; # & & H PN BRI E &R

AR NH; #E R RS2 H3EME . % R RS2SR RN, L E B EEm §°N-
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PRI R 20 8 N-NHAE K . ATl i JE R A AR 2 T R R, TEENHIE KM
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FE RN T IBENH 3 R R Rk A2 T TR 2R A TR AU

Bl 6 135 NH3 3K 109 N 5 13 pH (). 13 NH3#ERERE (b). NH:ERREME (o) MXR
Fig. 6 The relationship among the 3'°N value of soil NH3 volatilization and soil pH (a), soil NH3 volatilization rate (b) and
the cumulative amount of NH3 volatilization (c)

3.3 5"°N-NH; B K R F AT 5 SR

T3 NAEIRL AR, R RSB A A AR AR A EERERY. AR, K
S NH; AV 5 AR PN R SARFEAR AFPERCR M 22 57 . 4 Savard 5131 1 SRR ARV
KA PRI 8N-NH; (. CARHYE: -31.3%0, & & IRIH: -15.3%0) LTI T4 -
14.9%0, HAIREL: -15.1%0). BEAL, T BB NHy-NH;3 Fe A i 5 1 7)o 321 i 55082 A &
NH; #5521 Rl A7 32 80 200 1t 440, 3 NH #R0 F2 1Y 8'SN-NH; B W0 35K T LRI R 3=
HRAE, AR RER 8N H-3.6%00.1%0. I, < H NH: K KIFEAZ 3R 8N {8 AT DAME A IE 1
AR NH; SO EZ TR, HATE A S A D H 38 A B E R R BOR T KA ST+
NH; (IR LA Zh AR, IS A A R I1238), o B NHG #8781 SN EAR T KR TR
AL RPE AL 2B BT FURT S, IR B FIRR 2 A NH; HEBGE 5 X 38 R sUA it it
B 1 BT

ARIGHTFT T A [F) DX 5 3 S ON-NH FURHE SSEmR R 3R, B Al 2 PRl 2 . 7K 0 IR
S H S FEN 81 N-NH3 {8, 41 E Bl NHs HFBOE 2R R B 3%, A Ak 2
FEE AN SR NI, B B 25 RE AR S 2, 5 5 b FH [E) bR AR e A7 AL — € I ZE 001,
— W SR IR E 2 AN . ASFEIVE R I, R s R IR AT A (RIS A,
AR LR N (AL, DUIEE MR NH3 ST RS R 8 RS deih PR it 5
TEYH I FIR KA .

4 758

ML 5 A B TR G WA IR E 4 AN (R M X A ENH 5 R S RS ONEL A ARFAE, 8 NISJE HI MK
FIRARDOVITHHT 2 TR Z . b5 WA L. TR 2 6" N-NH 8 B 55 77 I [0 452 Fp 4k
Ther, M ACZE . bR LR PG Jbk 2 8" N-NH B B L 15 77 5 S0 T F, Bl % IR N TR HERS 42
18 BT S . SIENHE A RS PN AR T 3 h B B NH, I8 NAE, L 3%pH . NH % AE A
RBKE HHSN-NHME A B 500, [FA7 R 2 RN 2 M8 N-NHE R R . B s
ST DA e R SUNH 50 F) Rz 3 VAR AT B AE R PR AR B2, 3170 D 5 BT JR K075 v AR A AR

http://pedologica.issas.ac.cn



+ B A R

Acta Pedologica Sinica

SE#k (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.

[2] Tjepkema J D, Cartica R J, Hemond H F. Atmospheric concentration of ammonia in Massachusetts and deposition on vegetation[J]. Nature, 1981,
294(5840): 445-446.

[3] Kuang Y, Xu W'Y, Lin W L, et al. Explosive morning growth phenomena of NH3 on the North China Plain: Causes and potential impacts on aerosol
formation[J]. Environmental Pollution, 2020, 257: 113621.

[4]1 Lyu X M, Zeng Y, 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. [ 5 55 1, B FH, HIHFN, 25, 4edb g R AN & @ IR0 i AL 24 41 Rk
I S ARALAFAE[J]. A AR A Ol 24 332, 2020, 28(7): 1043-1050.]

[5] 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.

[6] Liu X J, ShaZ 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. [XI%= 7, Y08, R 57, & RERIEWHBUERE . AR S5 BOR B[], R 220
9%, 2021, 34(1): 149-157.]

[7]1 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.

[8] Gao Z L, Ma W 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.

[9] Wang X, Ti C P, Luo Y X, et al. Determination of >N natural abundance in nitrogen oxides from major anthropogenic emission sources[J]. Acta
Pedologica Sinica, 2016, 53(6): 1552-1562. [ Lk, @il 17, Tk &, & N NHEOR P EE ALY SN B AR FEZRNE ). 3%k, 2016,
53(6): 1552-1562.]

[10] Chalk P M, Inacio C T, Chen D L. An overview of contemporary advances in the usage of 15N natural abundance (815N) as a tracer of agro-
ecosystem N cycle processes that impact the environment[J]. Agriculture, Ecosystems & Environment, 2019, 283: 106570.

[11] 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 *5N-stable isotope in size-resolved aerosol ammonium([J]. Environmental Science & Technology, 2016, 50(15): 8049-8056.

[12] Felix J D, Elliott E M, Gish T J, et al. Characterizing the isotopic composition of atmospheric ammonia emission sources using passive samplers
and a combined oxidation-bacterial denitrifier approach[J]. Rapid Communications in Mass Spectrometry: RCM, 2013, 27(20): 2239-2246.

[13] Elliott E M, Yu Z J, Cole A S, et al. Isotopic advances in understanding reactive nitrogen deposition and atmospheric processing[J]. Science of the
Total Environment, 2019, 662: 393-403.

[14] 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.

[15] He F Y, 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. [k 2=, Tk, &85, 45, B m PO Al b Ui R O 72 ], L3274, 2005, 42(2): 253-259.]

[16] 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.

[171 TiCP,Ma ST, Peng L Y, et al. Changes of 15N values during the volatilization process after applying urea on soil[J]. Environmental Pollution,
2021, 270: 116204.

[18] 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.

[19] Ti C P, 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.

http://pedologica.issas.ac.cn



+ B A R

Acta Pedologica Sinica

[20] 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.

[211Gu M N, Pan Y P, He Y X, et al. Source apportionment of atmospheric ammonia: Sensitivity test based on stable isotope analysis in R language[J].
Environmental Science, 2020, 41(7): 3095-3101. [B4 4K, & H WG, 7 A ik, 5. F2e R A AT R ZORIR N S BUBURME Y], FR5EREE,
2020, 41(7): 3095-3101.]

[22] Frank D A, Evans R D, Tracy B F. The role of ammonia volatilization in controlling the natural >N abundance of a grazed grassland[J].
Biogeochemistry, 2004, 68(2): 169-178.

[23] Wells N S, Baisden W T, Clough T J. Ammonia volatilisation is not the dominant factor in determining the soil nitrate isotopic composition of
pasture systems[J]. Agriculture, Ecosystems & Environment, 2015, 199: 290-300.

[24] Zhang Y B, Li J G, Wang Z, et al. Substitution of chemical fertilizer with organic manure reduces ammonia volatilization in maize farmland in
North China Plain[J]. Journal of Plant Nutrition and Fertilizers, 2021, 27(1): 1-11. [3K1a M, 28Rk, FRE, & HHUEA T I 5 bR m
R IO BRI AR AE ] A E TR SR AR, 2021, 27(1): 1-11]

[25] LiuD W, Fang Y T, Tu Y, et al. Chemical method for nitrogen isotopic analysis of ammonium at natural abundance[J]. Analytical Chemistry, 2014,
86(8): 3787-3792.

[26] Bateman A S, Kelly S D. Fertilizer nitrogen isotope signatures[J]. Isotopes in Environmental and Health Studies, 2007, 43(3): 237-247.

[27] Chang Y H, Liu X J, Deng C R, et al. Source apportionment of atmospheric ammonia before, during, and after the 2014 APEC summit in Beijing
using stable nitrogen isotope signatures[J]. Atmospheric Chemistry and Physics, 2016, 16(18): 11635-11647.

[28] LUX M. Reactive nitrogen composition from typical source and source apportionment of urban atmospheric ammonia using nitrogen isotope[D].
Jinan: Shandong University, 2020. [ 555 . St 70 HE O K005 P 0 B RN ) A7 3R AR AE B i K ECRIB AT [D]. Brima: 1l 45 K 2%, 2020. ]

[29] Yang S, Wu S J, Wang Y, et al. Ammonia volatilization and its reducing countermeasures in the agro-ecosystem of the Three Gorges area: A
review[J]. Soils, 2014, 46(5): 773-779. [Mi42, RMEZE, F W, 4. = i [X Ak FH S0 #E A B LV ookt it F 7 8t 2 [3]. 1243, 2014, 46(5): 773-779.]

[30] Zhou J, Cui J, Wang G Q, et al. Ammonia volatilization in relation to N application rate and climate factors in upland red soil in spring and
autumn[J]. Acta Pedologica Sinica, 2007, 44(3): 499-507. [JA &, a4, T [H g, 55 FHK TR FHEE R EEH =, SERE T ihm R[]
524, 2007, 44(3): 499-507.]

[31] Zhang Z B, Luo W, Bai X L, et al. Comparative study on ammonia volatilization from soil surface and whole shed in solar greenhouse[J]. Acta
Pedologica Sinica, 2021, DOI: 10.11766/trxb202101280056. [5kJkk, 216, FUBite, 55, HOGIR =855 T L FEM AT R L[], 3Rk,
2021, DOI: 10.11766/trxb202101280056.]

[32] Zhou F, Ciais P, Hayashi K, et al. Re-estimating NH3 emissions from Chinese cropland by a new nonlinear model[J]. Environmental Science &
Technology, 2016, 50(2): 564-572.

[331 XuY X,HeLL,ChenJY,etal. Effects of biochar on ammonia volatilization from farmland soil: A review[J]. Chinese Journal of Applied Ecology,
2020, 31(12): 4312-4320. [¥# 2z FH, FIHIH, BRG0%, 4. AR 0 AR B 338U R RS2 LRI 5 R (3], R A 25 244, 2020, 31(12): 4312-
4320]

[34] Wu Y, Wang B, Chen D M. Regional-scale patterns of 3*3C and 6*°N associated with multiple ecosystem functions along an aridity gradient in
grassland ecosystems[J]. Plant and Soil, 2018, 432(1/2): 107-118.

[35] Song Y S, Fan X H. Summanry of research on ammonia volatilization in paddy soil[J]. Ecology and Environment, 2003, 12(2): 240-244. [R5 4,
U RHE. RS R R0 Tk R[], A ASFREE, 2003, 12(2): 240-244.]

[36] Nikolenko O, Jurado A, Borges A V, et al. Isotopic composition of nitrogen species in groundwater under agricultural areas: A review[J]. Science
of the Total Environment, 2018, 621: 1415-1432.

[37] Hristov A N, Hanigan M, Cole A, et al. Review: Ammonia emissions from dairy farms and beef feedlots[J]. Canadian Journal of Animal Science,
2011, 91(1): 1-35.

[38] Hristov A N, Zaman S, Vander Pol M, et al. Nitrogen losses from dairy manure estimated through nitrogen mass balance and chemical markers[J].
Journal of Environmental Quality, 2009, 38(6): 2438-2448.

[39] Unkovich M. Isotope discrimination provides new insight into biological nitrogen fixation[J]. New Phytologist, 2013, 198(3): 643-646.

http://pedologica.issas.ac.cn



+ B A R

Acta Pedologica Sinica

[40] Ruan C Y, Liu X F, LUM K, et al. Effects of litter carbon, nitrogen and enzyme activity in soil under Chinese fir[J]. Acta Pedologica Sinica, 2020,
57(4): 954-962. [Br, X1/, BIRZE, % A2 AR N TR TEDE N5 2 Brood L3 R RS 1 (1) 2w [J]. 392740k, 2020, 57(4): 954-962.]

[41] Li L, Lollar B S, Li H, et al. Ammonium stability and nitrogen isotope fractionations for NH4*-NHs(aq)-NHz(gas) systems at 20-70 °C and pH of
2-13: Applications to habitability and nitrogen cycling in low-temperature hydrothermal systems[J]. Geochimica et Cosmochimica Acta, 2012, 84:
280-296.

[42] Denk T R A, Mohn J, Decock C, et al. The nitrogen cycle: A review of isotope effects and isotope modeling approaches[J]. Soil Biology &
Biochemistry, 2017, 105: 121-137.

[43] Savard M M, Cole A, Smirnoff A, et al. 315N values of atmospheric N species simultaneously collected using sector-based samplers distant from
sources - Isotopic inheritance and fractionation[J]. Atmospheric Environment, 2017, 162: 11-22.

[44] Deng Y Y, Li Y Z, Li L. Experimental investigation of nitrogen isotopic effects associated with ammonia degassing at 0-70 °C[J]. Geochimica et

Cosmochimica Acta, 2018, 226: 182-191.

(RERE: F &)

http://pedologica.issas.ac.cn



