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Abstract: This paper is the result of environmental geological survey engineering.

[Objective] Nitrogen (N) is a key nutrient across Earth's terrestrial ecosystems and one of the pollution elements that cause water
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eutrophication. Owing to the continuous improvements of analysis and testing techniques, nitrogen stable isotope technology has
developed into a common research method and analysis mean, and has been widely used in nitrogen biogeochemical cycle, water
eutrophication and groundwater pollution source identification. [Methods] In this paper, the relevant literatures on nitrogen stable
isotope in the field of ecological environment domestic and overseas in recent years were reviewed, and the research status of
nitrogen isotope fractionation mechanism, nitrogen stable isotope analysis technology and nitrogen isotope applications in ecological
environment were summarized, the development of remediation technologys of nitrate pollution in groundwater were briefly
described. [Results] (1) A mature system of nitrogen isotope mass spectrometry and nitrogen isotope tracer technology has been
established. (2) Nitrification and denitrification are the main mechanisms of soil nitrogen conversion cycle. Nitrogen input is realized
by biological nitrogen fixation, and nitrogen output is mainly through nitrogen gas or ammoniation produced by plants or
microorganisms, which is accompanied by different degrees of nitrogen isotope fractionation. (3) Nitrogen isotopes can be used to
measure soil nitrogen turnover rates and N,O emission rates, improve biological nitrogen fixation, indicate changes in atmospheric
nitrogen deposition, investigate the interaction between plant and soil and determine nitrogen uptake and utilization by plants, and
identify crop area sources and pollution in groundwater and atmosphere. [Conclusions] Future researches should focus on improving
the ability of quantitative detection of uncertainty sources in the nitrogen cycle, identifying undiscovered nitrogen input,

accumulation and loss pathways, and perfecting and developing ecosystem nitrogen cycle model.

Key words: nitrogen isotope; fractionation mechanisms; 6'°N; tracer technology; ecological environment; influencing factors;
environmental geological survey engineering

Highlights: (1) This paper summarizes the principle and development history of nitrogen isotope analysis and testing techniques, the
mechanism and influencing factors of nitrogen isotope fractionation, the research status of nitrogen geochemical cycle and the source
tracing of nitrogen pollutants. (2) This paper composes and summarizes the international progress of nitrogen isotope application in
ecological environment research, especially in soil—plant system, and proposes the main research directions for the future with the
aim of providing references for the research and development of nitrogen stable isotope techniques and the expansion of its
applications.
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Fig.1 Isotopic fractionation in major nitrogen cycles (g, §"°N/%o) (after Zhang Jinbo et al., 2022)
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Fig.2 Nitrogen isotope fractionation effect of assimilation
(g, 6 "N/%o) (modified from Denk et al., 2017)
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Fig.3 Changes of nitrogen isotope fractionation coefficient in soil n

itrification process under the influence of temperature (a, after

Yun et al., 2011) and humidity (b, after Yun and Ro, 2014)
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Fig.4 Change of 5'"N-NH," as NH," is affected by the
contribution of nitrification and assimilation
(after Choi et al., 2017)

SRR e — FR 915 N-O H 34 )
JIE, PR 2 R AR A8 . AR EBTER R Y NO;y
Lo S i Ab = i e s AR ON, e R CEE A T
5%0~40%o (Fukada et al., 2003) . SRl HAt 41 A
JEE 52 M A T ) S 0 2R A A 1, A [) 2 2 E AN [
KU FRBI B ARBERBRGER D, BUITER
fidflad B rhsgm A AL R R R R IR 2, tnfiE
Prh2e 4 IR EE . NO; IR EESE

Frey et al.(2014) I Treibergs and Granger(2017)
TEAN RS0 1 B &R 3K -5 9 T 2 i
AAE T AR 3R A3 IR0 (56 2), i SEBe25 2R ]
DLE , TE A E RIS LT, 400 S s AR
FHARE 22 40T R B AR . NO, R B F AN R kot

F1 TRAEEARIBFH T RELERNRBRMRI MBI (&6 ""N/%o )

Table 1 Nitrogen isotope fractionation effect of denitrification by different bacteria under different

experimental conditions (&, 5 *N/%o)

il RIRIDL R R (e, 6N/%o) ZH ik
Jit S B R 232
SRR PR R -18.77 Rohe et al. (2017)
KGRI —-23.32
I*;E%giiglﬂ 367.::3339.5 Treibergs and Granger (2017)
AR 8 22~26
AHESEAL P BT B 20~22 Martin and Casciotti (2016)
SO R 19~22
e o N —4.7 Hosono et al. (2015)
T 5 A 13.08~27.72 Frey et al. (2014)
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Table 2 Nitrogen isotope fractionation effect of
denitrification by the same bacteria under different
experimental conditions (&, § *N/%o) (after Frey et al.,
2014; Treibergs and Granger, 2017 )
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Table 3 Denitrification effect of nitrogen isotope
fractionation in different ecosystems
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AR 31~65 Wang et al. (2018)

AR H —16.2~54.8 Lewicka—Szczebak et al. (2014)
i 32~47 Su et al. (2020)

PR 1.7~9.7 Shen et al. (2022)

1 2.5~5.9 Sevik and Merkved (2008)
YUY 5.8~25 Dihnke and Thamdrup (2016)
wRIK 11.2~20.7 Lehmann et al. (2003)
iR K 3~11 Well et al. (2012)
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Fig.5 EA-IRMS workflow diagram
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Fig.6. GC—IRMS workflow diagram
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Fig.7 Schematic diagram of nitrogen isotope tracer technique
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o ARG, RIS 2oXT HIE P AR
Joi) 2 S 3R RVRRAE 7 A R R, AT S5 T A P % R 3R 1Y)
W2 S FIF] FH (Chen et al., 2019) .

TR B SRR FIER AR
(8RR 2%, T PSS A 39 TG 4 R D) S [) o
Hh s 2 3 RUR 5L % . Liu et al.(2016a) A1 Li
et al.(2020) T F FH N bric B AR B 5T 13 AU
BEVICR K SCRR TR, KB R S R BT
B 5 A% Jmy, BB 3 348 in 222 T Rt 34, U BHAR -3
SRS M AR s PR 22, TR R 2 R A
B 704 % . Zhang et al.(2018) i, Huily
TR Hh DX 3R AR B R A X (] 8),
VA R S i A A FH ) — S5O 52 1, Gao
and Yan(2019) W55 R, IR T 7% 19+
HEms AR, A I K B, AR R R RN T A
b Z (Bork et al., 2019)

3 pH R AW VR AL E BT E R,
TE—E JE I P R pH T ABASHE: + HEU A O R TS
31, 1 A W RV A2 35 TR T o3 i F b
B EEAEA, S e A4 (Kemmitt et al.,
2006) . 118 pH X iHfb A S, 7F—
0 P pH A 4R v X i b R EL A B R
pH<4.3 B i {6 B AR FEAR, >4 pH 7E 7.0~9.0 Z i fk
T A I 3 0 Bl (X B, 2019) . Zhang et al.(2016a)
SR HIPN 7R BRI 4 R FE R A

)
<
on
&
bl
2
=
=g
B S
I ﬁgﬁ% & N e

Pl 8 NI AUy LR flidt A
T S OIS (3% Elrys et al., 2021)
Fig.8 Soil nitrogen mineralization rates in different climatic
zone
White numbers are the number of observations (after Elrys et al., 2021)

1= C/N T HA FHIVE R (18 9), O/N = i) 1488
Tl L T R AR, T A 0 T A AR
il ™ A A 20T B g R R Tl R TR W Y
ROCEMANE R, 2015) . Bt HIEAPLREA
A B BRAR VR, TR 1 v R IR B AL
RELF P £ 55 HAth 4 4 i Hb (Skjemstad et al.,
1999),

- R FE R K RS R T REAE S R G2
RIEY A A 28 B AR K . Booth et al.(2005) .45 1 3k
H 4% A 25 R SR I 300 Fb A ) 388 6N
E LR, KRR AR (3.97 mg/kg/d) Fl L M ( 7.34
mg/kg/d) + & 19 E A4k B R m T MK HL A1 4k H
(1.76 mg/kg/d), 5 Elrys et al.(2021) A BIF 5% 45 R —
O 10) o FRMAN R + 38 b v & A L &
A R B ) JE R 22 — (Lang et al., 2019),
FEMAS RGP AR A L HUR ) R 2
il 2, Wang et al.(2016) L4 99.2 atom% F1J"°N 4351
FRig A R ZR AR 38 NH, 5 NO,, 45 7 2k i -
MR R fh R A R T DR AR S Ak
g, i SR A S 1 R I B TR Bl
W T ESE R, dE R 4 EE S, s E A AL S
fi%, JF HAEBE 1T, A B a0l 2D 37%~

A

Kot RUR R R
R T SLARFRIEAEC, WO FT RARFGUREC, 7 Sk BRI R IR S
A (9 Li et al., 2020 B0
Fig.9 Factors affecting soil nitrogen turnover rate
The orange arrow represents a positive correlation, the blue arrow
represents a negative correlation, and the thicker the arrow, the greater
the correlation (modified from Li et al., 2020)
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RIS ARSI AL . T 5 7R B R B HAE A= S g g R 1625

40

30

N=249 s
S N=121
20

EH A E R / (mg/kg/d)

1 H 5y

K10 AR A28 RGERE LA (N S WL E 5
P& Elrys et al., 2021)
Fig.10 Nitrogen mineralization rate in different ecosystems
(N is the number of observations; after Elrys et al., 2021)

50%. WAk, = TCAIL A S A - SR Y A
B 5T R figk B, DT B A &0 4k 3 28 (Elrys et al.,
2021),

Li et al.(2020) £ G 7 4 BRGNS W] 4 25 &
SN FRic iy W B FE AT 2R, A4 A HE Y
AL R R TR AR (3 4), WA, AR A
fei R | b 5 R R AR O R A A,
B 2ERIFARE, EFAREESRS ], 5L
Mo RS AR AR, C/N DR S) B b IR AR 1 438
AL R OB R, S A% A Ll , ARBORT =0 3 vh
WER B C/N BN T HRCEY T AR, 8t
R A RWERAR, TIFEAR T i1k 3 % (Chen et al.,
2015) . 398 pH {E 24 H 4= 3Eil fh 3 8 1) 3 20K
S, pH (- 54 H - IE6H A H R A IEAH OGP AT fig
2 TR H EE 52 58 pH {EAR {, 38m T
SR AR TR Y = B RN IS, IEORS AR VR Y 2 A
(Cookson et al., 2007) .

=4 FNEESRGETHHLER (5 Liet al., 2020)

Table 4 Average nitrification rate in different ecosystems

(after Li et al., 2020)

HEBRYG PR E R/ (mg/kg/d) LI K d A
A H 3.82 1423
PR 2.58 841
i 1.70 368
HHh 3.29 80

165 R 1k, fiH A S R G b A G R ALk
J % (DNRA) (2 5) 5 i AerE OB 4l
NO; — NO; — NH; (5)

Chen et al.(2015) W55 1A & DNRA 3R 0] DL 5
FAHACE R A 2 2 S AR A%, SR TSR EE 5
30 J5 B A 1 PR 42 1 A B — ot B AE AR )
SR IR ) R AT IR A AE )

4.2 113 N,O FEERFERFMEZE

AL (N,O) A HEUR 398 208 % 1 45
T4 n] Ll s AR L OB AR AR | R R AR R
YEH . i Ak 4 TR R b 1E FH AF LR g 4R 7 A
N,O( 11) (Wrage—Monnig et al., 2018), H:Hhfilifk
VER 5 RS A0 FE FH & NLO 7724 (1% 2 28R 5l P 2%
(Liu et al., 2016b) . 6"°N 7] LA %X St Ak A2 A
AL AE F (Zhang et al., 2015b) . ffi HH "N 435l AR ic "
NO; F1°NH,", Wl & 52 46 i #2 f NO,™, NH,". 11
AHLAEA=4: N0 1PN F 5, ol LLEfk N,O /=4
R ASASRIR A BTk . 34 NLO BN Bk
FAH A (NH, FNO, ) YN & & | W fhk
TIEFLBEK S . pH FIEE (Denk et al., 2017) .

LR W Fh 2 0 NLO 72 A 1A% 1 ke i TR
Fo N,O ST HAKFRI HEA L, Hoar+h
N=N=0, H1 Al FL A 9 ZR T BIFE R o J5
TR B BT N A B AR, 78 R 243 Hr b H
DA AN [, 33 A [ 7 B W8 21 7™ A ) 22 (PR
15 A A BHE (Site preference) , fij 8 SPOM AR 45,
2017) 0 ARG T R AR R A = N,O i
TR FIH] N AL S BE R E &5 5 (R 5), A kil

i
RH R £ 5 40 38 R R -

|
I HN,
I N0+ NO, f NO — N,0 —N,
|
o= '_____.-—jf—l S A A AE H
T . f?z !
N I |
| Nfo O R g
: NH,— NH,0H —NO :» NO —> N,0 — N,

&l 11 38 N,O /=442 (4iF Baggs, 2008)
Fig.11 The process of soil N,O production (after Baggs, 2008)
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i N,O 43FH SP{EH Al LUK 5P~ N,O j AR ik 42,
— 40 A A TR AR A T R B S A AR T A
N,O it 72, 75— &R 53 A il AL A o S A AR AR T A= 1Y
N,O 12 (Buchen et al., 2018) .

- BEFAL M BRI R S S NLO 77 A iR AR Y
FERFER, HIELBUK S R AR
HHE bR, i 97 3 B L AL B K AL T 35%~70% B A
)T A1 Ak Fs 6E fAFE H 19 & 4 (Huang et al.,
2014), Wang et al.(2023) FJ "N tric ik 2t A A
AR HE 1Y N,O, A& IR 1) HIEALIK & 2 A
FITREACAE R B & A (] 12a), RS LA R & &
PEGF SR, BB AL A T S 5 ZU M VA AR PN, UK
- BEAK B AT B9 6 AL 2% (Martinez—Espinosa et al.,
2021) o BR A EALBRK &1 Ah, i e A S itk ad 7
it 438 pH L 4E % U8 (Hu et al., 2014), E R 44N
P AT AFE SR 2 1Y pH B S BN AR K, TR R

x5 AR N0 F=4i3%2th 6N 5 SP {& ( #& Decock and
Six, 2013 )

Table 5 Different N,O production processes of 5'°N and SP
values (after Decock and Six, 2013)

o PR, BRI BRI T RE 40 B R Y Ok SE AL B,
S 38 R AR P2 A4 NLO Y Tk BE K (Kaushal et
al., 2022), Zhang et al.(2021) F 1N Fric s R &1k
A PR AR A PRAE 23 5% NLO Az LAY BTk, i uE
ST X — U (E 12b)

T B8 T = e = A HL AT RO . KA
A AR S, XA T N0 HEOE X & 4
A4k . Lai et al.(2019) Jll % 35°~45 °C R T 1%
BN-N,0, & 3 # i 35 °C + 3 N,O HEjik & & i
/0, 35~40 °C il fAE FH 7= A2 19 NLO L 441 3 K
(1 13a), X A2 i T 5 75 il A0 40 B 7 R R < fo 4 1
T R #EAEH, A4 NH, IR N,O. 40°C L) |,
N, HEC TN, X AT RE S 4 T R 5
O, FRCEREAL, AR A 24 X (E 13b),

NS £ 50 448 NLO HEBGHE 2 5 HE il A
], JHorfofe ARG MO HHE N,O A AT A 28
HE AN £ 223848 (Tian et al., 2020) . 4% H 14
B NO HE 2y 5 428k A Ch 16 3 NL,O HE il & &
(6.7x10° t) Y 42%, RAF KA N,O MR B S 35 in #

N,OF= 4 it 5N/%o SP AR N,O H PN B9 D ek O B HAE S RS
AEMAMR R EE ~0.343.4 33.0£1.6 rh Rt 3 0 B 45 5 (Park et al., 2012) . 4R H
CR ek ATt 1.9+1.9 32.745.0 ot . ) - .

AL AL 455423 31424 B RGP RS INEI TR AR, N0 4
LA ~5.8+9.2 29.9+1.5 Pk R A A TN B R R R 44, N0 i
HR A AR —9.9+6.7 35.244.3 s N s o
5 L 13,8449 52032 N A&, NI N,O HF PN 5922 534 B T X0 HE £
it P A i S A AT —29.0+6.0 —1.0+4.3 SR H A - 3 HE L 19 NLO, Zhang et al.(2017) 1 5
e SAHAAE T et SAHALAE
(@ :] Nitrification |:IDenitriﬁcation (b |:INitriﬁcation l:l Denitrification
100 100
80 ] 80 1
S el N I S
£ e % 60
- E
# 40+ _ﬁ 40 1
o, Q
4 z
20 20 A
0 T T T 0 T

I [
40 60 70 80 90 95
ALK & /%

T I
100 120

T T T T
35 4.5 5.5 6.5 7.5
pH

Bl 12 HSALBUK & 3 (a, 45 Wang et al,, 2023) 5 pH(b, #i Zhang et al., 2021) X (LA A AL/ XS N,O A2 sk it 52
Fig.12 Effects of soil water filled pore space (a, after Wang et al., 2023) and pH (b, after Zhang et al., 2021) on the contribution of
nitrification and denitrification to N,O production
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EIE TR ] ZE e RURIT A RALE] . TR 5 7R i R S A A A R 8E HR  1g F 1627
4.0
b e
@ o A ®) NO Hhit:
35k Nitrification 6 N,O emission
AL N, fFilE
30k :l Denitrification s |:| N, emission
= 25
5 o
B o
EX
S 20 5
7 Z 3
15t
2 -
1.0}
1k
0.5
35 40 45 35 40 45
LB/ °C LB/ °C

K13 13E5N-N,0(a) 5 T 3EHE A NLO/N, (b) BT S 4L (JfE Lai et al., 2019)
Fig.13 Soil "N-N,0 (a) and soil emission of N,O/N, (b) varies with temperature (after Lai et al., 2019)

AR 2R 7= A ) N,O AN =E R, 15 2 (1 45
FAIESE Tk —W s (] 14) 6

A H - HE7 4 N,O 1R85 HoAh - 382 A
HA B ¥ 25, Zhang et al.(2018) FI| I "N #ric 4%

A A A LI = AR NLO iR A, S5 2R A B,

15 AR A T S5 AL i B v, NLO 9 2
B AR IR AR A SR AL E

@® 4 Cropland
A i Woodland

PN JE 1 1 4 /(atom % excess)
W

0 1 2 3 4 5 6
32 56 B []/d

Bl 14 A L3204 N,O 1PN £ (4§ Zhang et al., 2017)

Fig.14 Different soil types produce "*N abundance of N,O
(after Zhang et al., 2017)

(B 15) o T 38, ZUE it 2l s Ak
A () AR AN 3, 3G A 3R Ak 3% (Zhang
et al., 2015a), 1M S FE A LA FH Ao 55 D)2 R 4 F 1
AR T AR 50 C/N F R BLRR & i [ 5
2/ (Zhang et al., 2015a) .

PR R AR A S R G0 N,O Fe KA
KV (Tian et al., 2020) . VATER R EMFIERA,
MR RAR G NLO A7 3R B i, n
+3 O/N, BB HLER AN 3 pH (. =Y C/N Al

B Bl (n
100
© 80
b
B 60
i
bt
#H 407
Q
Zz
20 -
0_
HEAR R G HE S

Bl 15 A[E LS N,O F= 445
ny ng Al ng SRS IRAA . FLFRAS AL AN ST N,O A=
S BTHR (PE Zhang et al., 2018)

Fig.15 Pathway of N,O production in different soil types
ny, n, and n, are the contribution of heterotrophic nitrification,
autotrophic nitrification and denitrification to N,O production,

respectively (after Zhang et al., 2018)
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A HLAR AT S5 7 A Ak 40 T A 7 g A] R A T IR
pH {1k 5 R i Ak it T 47 1) 554 (Cheng et al.,
2019) o BRI, Kb Uk FE R0 R BE X AR AR 4 487 AR
N,O & 44 1 52 M) H 1 38 I AN W, Pan et al.(2022)
FIFH PN 15 A RO 85 S X AR AR NLO 7= AL 3%
1, R IR SR T 5 5 B R e, Sl
TEALAE ™= A2 19 NLO HERCE 2 e K, Sl ik [ F74i
A 15 S ARAE T 7= A2 1) NLO HE il & 328 8 B
(K 16),

HRTA R A RS N,O HEBGE 115 5 7
MPEEE T RAEDE . ZIES AR R 1 R b
A, IR & A A WAL B Al . SR T, Wang et
al.(2021) 315380, A3kl N,O Hi A8 & rhudh
A KALE FHEAT 250k, Horh A 10%~20% &
DARTARBEIATR RN
4.3 ARIIMELTIE 6N

4 6N (H EZLZ IREE A TR, AR PREE
TR N Z R, 2EEFE AR 1
SR F{E WL 3 6, Craine et al.(2015) #F 5T 45
H, R R IX 3 SN (EE R . 7E IS
K ER R I ML DX, YR ) IR A R T N A
R A [ E G R, — R LRI T I AR
I M PN &, B A B8R £ 5 ONE

o,

I

Cny

I 7 AR b

. A 17 7R bR

TR HM

0 25 50 75 100
N2O4 1% 71 ik /%

P16 15 AR AL U RO AR L
N,O J= A%
. ng Al ng S3 AR RFRIEAL . A FRAHACRSCR AR NLO AR BAY STk
(¥} Pan et al., 2022)
Fig.16 N,O production pathways in Australian forest soils
from arid, subtropical and temperate climatic zones
n,, n, and n,; are the contribution of heterotrophic nitrification,
autotrophic nitrification and denitrification to N,O production,
respectively (after Pan et al., 2022)

% 6 £HCEENARSEHMIGHEE MR T3 6N it
FHEE (EEREE, 2022)
Table 6 Number of samples and statistical descriptions of
soil 5"°N on global scale in different climate zones and
elevation ranges (after Zan Qilin et al., 2022)

e 508 36 NAHE /%o
INTE S AEAT 5.34
FRA g 5.78
A P A 3.91
iR A 3.98
1 S 3.98
<500 m 439
500~1000 m 4.70
Wk 1000~2000 m 472
2000~3500 m 478
>3500 m 4.18

(Aranibar et al., 2004 ) ., & & T+ Al 42 7F 1 1 5 Al
AR S S K ad f, DT 380 - 8 U el a1
K, Bl AN ) & £ (Craine et al., 2015; I 75 #a 45,
2021) . MUK BEORF , IRHEIR (<500 m) Fl & i
P (>3500 m) Hb X (1) 135 6" N {E A XFALAR, it
4 (500~1000 m) 2 1= 4K (2000~3500 m) HLIX [
T4 5N (EAIXT R (K 6) .

A e R A AR B 6N (AR TR R
Fl. it NH, ¥k . RAEE A 72 e g i = A 1
NO, (kU8 B4 i a A A R R, & 3 6PN K
BRI R . KR £ 6N 1H (—5%0~12%o)
2 B R A S DR R () 5 ), S5e 2852 M A A 1)
PP, SRS AR R MRS VM AR L. A
[P A3 6N E AP 2], R 43 6N
1B (190~12%o0 ) 3 & 1o TR AR 358, 3t T38{F ok
HEAE 19 i FH ( Park et al., 2023) . Escanhoela et
al.(2019) WY R | T Mt IE - 458 1 6N AR T
Jiti P4 3 S G - 48 (3% 7)), IRt & N A
FAE A 1A 6N {HIE . Jeong et al.(2022)fiff
FEFE, it FH 2 A R A A 4 358 LU E R £
B 6N BEIN T (9.61.5) %o

X T AR, AR - 61N AR R Tk -
e b 25, DR Ry 3 Ji A 3 e DR A RO B O T R
A M 6"N(Wells et al., 2015) . Jil it £ % 25 4
3 5N {H = 42320 ( Zhou et al., 2022) . £ An and
Li(2015) X e i s JE AT o A 7 AR A5 v, ik
XA EH) SUNE B A R W AF = FEFL L, Rui et
al.(2011) & BUBCHUE 45 6N EHHIIN T 0.2%0. X
T Ak 1, Choi et al.(2020) 7E % 45 5K 25 bk 1 13
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RIS ARSI AL . T 5 7R B R B HAE A= S g g R 1629

R 7 AEFHZEAERE 6N & ( #F Choi et al., 2017 )
Table 7 6"N values of different kinds of fertilizers (after
Choi et al., 2017)

ek SN ES 5""N/%o SF156"N/%o
RZ -5.9~1.9 -12+04
A AL R -3.9~6.6 -0.5+0.7
TR B —-1.7~2.6 0.1+0.5
G 3.5~16.5 8.4+0.9
, Vg 44~113 6.7+1.0
HEAE 3 7.2~11.8 95+23
FE IR0 2.7~14.6 71+15

SN Y ZE IR 58 48 Y, 3R ZR AR £ 3 6N
((3.0+2.1) %o ) 1% T FRAR((0.3+3.0) %0) . F4HF R
MRC(0.742.1) %o ) FAIL T FRAR((—2.2£1.5) %o ) , iX JE
T B R AR KRR DR = T R AR, 2R
M, AT ZRARAE S . RARAR b 0 475 V8 I A it A
FE P FRMAT B 6N RYSE2 IR, /T80 A8 Ay 1l
K AEE R P JEFE ARG H— LS8 .
4.4 EYER

A=y AR KA e B S RJ o T AEME
PR IE R 25 G2 o T 8, ek AR R
GAFZEAAEEZRN, NP EEHAE
A7 [ U 4 2R LA R [ R R, AR
FARFEHAR SR Ebric B AR = e E
W R0 5 7k, R R AR [ 2 A )
SN AE Y 22 5 B0 S A DA i A N A A3 A
SR R G0 N, 9N T E A, LUK A
Y g i, RO n] AR B Y A4 Y [ U (Liu
etal, 2020), Y ABFELEIOT HIEARA
RO, I A S U A R, AR A
SREARA A A o B2 A AU Y 2 G 43, Ma et
al.(2019) F| I "N #nic i 58 R W1, 76 At H 2
B OL T, i AH B E R T KRR A,
22.3 kg/hm? H4 /1% 53.1 kg/hm?; Silva et al.(2017) F)
FH N 2% Ak 0 5 il FH 40 I8 A8 R 14 5 5 2ok
[l SR AU B, I L6083 04 A= 0 ] RCBE AR TR 1
Jit FH

BT — 2L 0] DLMOGAVE TR SE A SR kAR
e YIRS AE I AAE DAL, i SRR A AT
fd FHA DL A M BEVE (Halm et al., 2012) . A5
KB, RE RS A At AR A Y A, S
it HITEHLIEAH b, A ALY B 5 TCHLIE IR A it ] 3
PR T HHEFE A %E (Liao et al., 2018) . Zhang et

al.(2022) F| H "N Fric e as I ) A4k il oy 22 510
B JEC ) i DN A5 e L A 24 4 [T 20 B LU R S i B 42 v
2.07 fi%; Xiu et al. (2021 F PN [ 28 F= e A=
Yy i 2 B IAR 2R 6 ) ARARER, R R EAR R SR
TEARI, MR ERE SRR H T 5 R 03t
A R T AR A NI & TR ™ 6.

Ladha et al.(2016) 7158t VE P A= 7= 1 A2 v
FIR R 50% BAEY) (K, AKREFI/INE ) i, Horp
29 52% ANREREAE YA, A% 2] 4 HFnoK v, B8
i A ALVE IR E N N,O, X S8 T 3RS, R
b, AR B R R R A L IR SRR
TR I A5 7 EE B I ), B Al B T R
JRFWEY %4, I, P2 m VR A= A e ks
A BT S8, A R R
2 R A E R RS- 17), B H 2t
FERR T IR T4 S A AT P, SR 53
RAERE R E M AR T E (36 8) .

B T 0 T e A B AR 5T, AR R 4
ARIE AT AFELO AR P2 b R E T . G RMEY)
55 AR TR AR IR [ 2 R UL, DT 98 2 AU it
H, B ZRMEY) 5 AR ABHE D R A 2R
AP R R EEM A Z — . PNIREEH AR L
W9 L RHE Y e 78 B M VR VR M) AR 19 L], DT
FRE AR L AEm b ZE G R T
PB4 7= 3 AR o i) an, ¥ 9% A 55 (2023)
FHPNFRICH AR, K 3] A1 2% 0 ) 86 4 )RR %
R 2 HE L 31.7%, REHEBE N 212.16

,fiN05 NH;

e,
.’ b d .\"’ A~ AT —

17 1A Rad B (B Guo et al., 2023)

Fig.17 Biological nitrogen fixation in crops (after Guo et al.,
2023)
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Table 8 Research status of nitrogen isotope technology to improve nitrogen fixation by crop—related microorganisms

TEDIRNE BICHLR S
K RPN BB bl 5 7 [ R0, R I KR M AP R M (2 8 7 [ 8 i HL R 4 AR 2021)
i Feik, R T EEE I FE RS, B TR R L A
FIFIEN A AR (TS0 AE M, PG OK fofbioma Mixe U AR TR | 018
o R R OB R, T DA A2 12 K R L 7 SR 11129%~82% an Deynze et al. (2018)
: AU B N30% atom NAFICHI(NH,),SO,, 5 y—28 T HF B8 4 4 R 5k 7
Tk A 1 1.8% 84 Zhang etal. (2022)
RPN 2 = B V3 0 o 1 0 8 80 75 76 BB (R RBO25 79 FIRB2003 P A H I i ) 2 471 .
- [ S84 A0 T 50117 kg/hm? Martins et al. (2020)
- MR BRSO BB IR 2 i SN 2R R, UESE T e 3 5 T R gt
ke, REMRERT IR R Luoetal. (20152)
o P SN BT AL 7 0 12 B AR B8 ) T3 R R ) R R R 3 . 55 Apore it Bl EE
R Silva et al. (2017)

Ouro Negro it M R AR 8 2R A1 B LUK AR 3iA ) U B ey

kg/hm*; Chapagain and Riseman(2014) i} 5% & #K, 7£
KE-B D A= gi, iR R ZRA 1% %
% 31| K A2 # Bk ; Hauggaard—Nielsen et al.(2009) 7
N AR F BRI, KR A -9 G H] /R A=
o, WS A RCE N 55.1%~66.7%, KERZMNEH
9 1.9%~11.1% FKIET B AP B A
45 EBRZENRS

RA R — AR B HE A, 2R AR T
FE AN A ) R T 2K 1) - HERUHE 45 (McLauchlan et
al., 2010) . 6"N HYZBALAERS S A [ E B RGEA
AR 22 5 A A fh . YRR S R T A
Y5 KB, B 22 N3 e O B S AR T
0, MHEZ 0N A A4 -, & A
AR BRI 6N PRI, LAY A 35 i 5 2
R A CERG N, AE PR Y 6N B e
(Mason et al., 2022) .

FE P Fr RS AR AESE 19 6N (B 9 FHAERF 5%
LK RIS N =R 3 VA OR SWAE (=L e s s |
T RS PR AR L, ZE R AT L
S, QA IR AR, BT IR R SR T Y
P AT 1k, BA AR R (R 9).

Liu et al.(2013) X3k [ H [E 45 M HEA BT 52 &
M, A 20 22 80 ALK, Mt Fr 6N BEH KA
TURE B3 N3G A5 Choi et al.(2023) 454 T 4Bk
FEl A 244 AR [R] B IX A O TRE AT 7 6N #dis, TiE
ST I HL X R R R DR S A 6PN Z M A IEAH
F K% (B 18); Craine et al.(2018) E— 85 T4
BRIE 37 4F2K 43000 Z-MEH I RRE & 9 67N FIA
T AR, KB 30 4R R 6N AL E A

TRk, 15 R 25 R S0 7 ) T AR

2R . R RS I 6N A A %

(3 10), BB 6N B35 3 T HIbS
R 9 FRAKBEMSIERSHRRPKRSRIBEEE (1

Schwede et al., 2018 )

Table 9 Atmospheric N deposition rates for forests in
different continents and climate zones (after Schwede et al.,

2018)
A Hi X U/ (kg/hm*/a)
I 7.8
ki | 5.4
W 10.8
M 29.3
Je39 7.2
WA EEM 10.5
el 10.5
e 7.9
R 11.8
s JE3E 7.4
T N
B 5.8
Tl 7.1

A R y=0.19x-0.66
7=0.13, P=0.001,n=75

O IR AR
Temperate forests
AT AR AR
Subtropical forests
O Hili A
Tropical forests

o ALk

Boreal forests

0 10 20 30 40 50
RUTRE/(g/kg)

0""N/%o
o

P 18 AR S [E s AR R 6N ARG (8 Choi
etal., 2023)
Fig.18 Correlation between nitrogen deposition and 6'°N of
forest leaves in different regions (after Choi et al., 2023)
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EIE TR ] 25 M AE. RURMS Z AL L A IR 5 7R B AR B A A A BR8P 1631
F 10 REMEEMA A I "N FIESE (88 Choietal,  ctal, 2020). AN A [RITE 25 A W UL b7 T 4

2023 )

Table 10 6"°N and N concentration of foliage in different
zones (after Choi et al., 2023)

S gAY 6" N/%o HAESE (gke)
i 24422 16.4+5.2

D124 % -2.5+2.0 14.6+5.0
i 1.6+4.3 18.5+7.3

figeats, RRRUIRES R 6N Z [a] i IEAH &, 1
P X B Y 6N S i AR R IR B Y
SR, ZEWRAR RN R ZRR b, E R R, M A
SUN AT fE B T KA E XY RE IR K ot
fik(Lin et al., 2020) .

PRAEER R I AL Y RE SR AL 4R 3] T4
ik fR] RS A ) A WMSOR AR 5, A it A 25
ARG RGN FHE I A SR 25 6 JE 235 45 (Gerhart and
McLauchlan, 2014) , McLauchlan et al.(2010) £ /i
REARAFE 48 6N 48 36 R AR A 1A ROk il
150 24 2B FRERAEE(E 192) . AN
R, SAEAA BT R RS CO, e B 233 2 52 A
R 2l A AR 358 U6 A 45, (A5 R AR AR 4
SUNAE TR i BRARI 4 K Z B0 48 6N 23
b 19b), 2B RHT b DR X HAB AT 5
X3, BAIGIARGEH N IFI . BRI EE 61N Y3k
T BT A AT OME A K R B (Mason et al.,
2022) , {H A AT RE S W T 75 32 5 Tl A R B4 3
XN FE I 1) TR X A AR U IR s e . il an,
i [ R A AR AR R F 20 22 70 AFAR LSRG E BE T
WAk, m R EDRE T RS 6PN 208 % T 4%0
(Choi et al., 2005; Kwak et al., 2011)
4.6 HEYREEIREF

RO E R A R G A 10 A+ (Du

3 [(@) EEAA
3
°
x
R
z 1 |
S J
2 L Gl \ |
= |
= _ I\
& —3 | —- JL3ELH Sequoia sempervirens = ZLH Red oak tﬂ'
— {EHtkA Douglas-fir - ¥k White oak
-5

SOL RN R LSRR F S
WA A A

A

M A B H SRS R G R R A S A 1 AR
Ak, XoF T AR 490 XoF A R 858 A8 Ak A W L AT b
FER R 5 s AR T /R B A B2 A X (Jiang et al.,
2015) . —fAEHLT, RAH N, 8 H A EgAE )
AW, BA LAY, R R ) A
— SRS  TRZEAT DL AR AT N, T IR A
Ao HAAEYI LI IR 2 NO;~#1 NH,*
R AR AR IE H A BT RE T ZL0 L, feJe T i
YL

117 8L IR, 2R e R R B 22 1l i FH T 43 A
0 SRR A R D g, DA A 000 0 1) R 1 L
Wil o 5 % BEAE W WU NH,', NO, g i A HLA
(DON), D5 220 5 A 4 LA S £33 NH,". NO, Flis
A HLA (DON) 1Y 6N, i i 1155 Bl nT 75 HE A %o
ANRIES AW AIED . BT £, 7554 b
b R AR . A Az 25 ZURR ] A b X, A
M Z AT DL s A7 ML AL & 9 (Miller et al., 2007;
Wang and Macko, 2011) . 732 275 Y Y35, 48
PyaT L ik i R ok S A9 A& (Chalk and Smith,
2021) o AN[FIIEE o+ R AT S AR, Y
W A b 5 A AR R X A .
B IR B B 48 v, AR R NOS s ARG |
WG b DX, A HLE D NH, B 3R,
I NH, &4k R NO, ™ i i SR BRI, I HL K & 19 [
WA 53 2% NO,, 30 NH, A A - SRR 9 W
Y 3 F A 5 (Cheng et al., 2014; Zhang et al.,
2016b).

Y5 LA AR, R R YA
%Wy, ] LLsg o £ 38 A &K % fk (Nardi et al,

S {(b) Bk

FHFEIETSA Da ogea rolf KIHBETEL A Big-leaf mahogany
3 45 Barrington £ Toona ciliata roem
-5 LA MIA Ivory coast almond  — B Chukrasia tabularis var. velutina
SO RGN

FAn

P19 JEEARM () ST ZRAR (b) A RIS FIES 61N B3 e (s £ TR 4, 2021)
Fig.19 Comparison in the regional trends of global tree-ring 6"°N in North American forests (a) and tropical forests(b) (after Wang
Keyi et al., 2021)
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2013) o BANFE ZRARANA [ 439 Ty, B ACHR R Bl
TR A HLAG S ) R A R A B T R T AT AR
AT LARR ] NH, 58BN & NO, I Rk & 9. —
SO AR, ANEE RIS, S SRR AR S I,
SRR L, BN ks T 3 i A
FH (Byrnes et al., 2017) o BR T fb22 9 2 09 B A1,
C/N H IR A W 8 7 40 () i Al 2 1l F N1
S ) A T () 2 41 461 4 £k 7 FH (Wang et al., 2015)
RIL, fERRE ARG Y, SR AR XT
- 9 G A 1) 5 T 2 R T A A A R - R R R
FIF A — A EZE R R (FE 1),
XFARFAAESHET R —2F, Gao et
al.(2020) F FH N B 48 3= Bk, Xy AR 4 i
HEARMAE BT ZE SR GF 24T T 5%, 452 3R
W, B IX IR R SN AR EE R E S T
TS L DX, TR HT i X e e B AR 2R 61N Y H AR F
2 TR X IR b X R 2R S

WCH R R A7 A B L, T v TS M X, P AR T g
W NO; T AE R AT I Y Hb DX e A B A VR Tty
DX 4 W s NH, A A= &CCE] 20) o 67 Rpk . il
BRI s N TR o fi 2o ) P 4 48 rp B
A, XU YR LA RE S S L
R IE A —F(Nordin et al., 2001; Zhou et al., 2019;
Liu et al., 2020) .

AR 2B AR T AR Y WU A A s, 7T LA
S BEAEAE P RN - AR W R e 4 A R R TR A
Pt SR FH () 8 2 P9 15 5 S 56 0t FH N 7R B850 )
FE W WA TR T 32 3 A= s R, DR xR T
AR ) AR B RS o BRIZ AN, AR ISR
HIFRALA—E 5 me A R A I FR AR R, K7 fe
LR R Z T, B W ) & AT DATE I e FAR 22 [] i
— L H L, (0 B ETI AT & HT 0 7 0 A
Yyt BRI AR R 22 18] £ 48 NH, 1 NO, IR (1) 43 e Al
k.o

F 11 ANEHF T ETHENEN

Table 11 Effects of invasive species on soil available nitrogen

Hu[X N2 Fh X 3 AR 22 ik
s et 4 E;Ei;%w}m%%iﬁ%T%Uiﬁ%ﬁ%{{ﬁ%ﬁ, SENR N0, IKE Thorpe and Callaway, 2011
AR P B b A T 5 D) 25 4
- SR B IR BN IR, ST EIREBAR, S .
1% R s e BRI T Tharayil etal., 2013
i E L SRR Rm L IEAmER, LHENO, S8 Fm, TIENH,& 2K W, 2013
A7) S b +HENO,. NH, & &ETHH PIE%, 2015
WUKF I JRTEEL e R ER, P0G, EENH, S 2N Rossiter—Rachor et al., 2009
1.0 1.0
@ . NH; ®) == N
I NH; CINH;
08} [ EEANI 08} R
Glycine Glycine
<)
e
E 0.6 0.6
=
gl
= 04 0.4
=
&
0.2 0.2
0 0
e VIR B [SEi VIR EE

P 20 i X (a) RV TRF EIRERIYE 5 8 (b) OBCR R 47 (i Gao et al., 2020)
Fig.20 Preference for nitrogen uptake by birch and sphagnum moss in temperate zones (a) and cold temperate zones(b) (after Gao et
al., 2020)
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RS RIRIOLZR MBS 3 I S 7R B AR b HAE AR A BRI vh B ] 1633

4.7 HEYIHIIE MR

AR, dYE e A, RN R E R AL
RS EMAERASEE BHC, MYENNiRE
[] 43 28 B AE — o AR B n] LA s e A KA B 1
o HbBTH SRR . SRR K I B T R R
B A SR M B 22 S, (H I S 2 R AR R X P 2 —
Z(HY (Taous et al., 2020), KL AT LLBFa & [F = AE
R M ESR IR R B2 o 4140, Oulimata et al.(2022)
R IRAN [v] b AR Y 4 A W iy SUN B Rl AE K
WEEARE, ok A TR M IX Y 4 A 3 B /N 58 B
SN H 2 IEAHDC, 5t i B E R T G, TR
oAt tth DX 1) 2 G AR S 6PN {2 IE A
Koo ILARK, T [l 2R AR TE Z b FH A7 i
FEHLIAVR, Luo et al.(2015b) M E Tk B EH .
TR PRI A [ 45 AN 1] 77 i/ N2 R it A A
FE AR R AN, KA FRIE A RPN ZE 1Y
SN WS- BB AR i 25 25 5, WT LA TI/INAE )7
(#12),

SR TAS 38 38 4G I 3 B B — R [R5 2R B4
JE TG Z AT IR S 45 5 A R 22, LT %
Ko 7= ML IR i) i 228 B bR AR A — e DLk e,
Bl 6C AT LALE A e e i B 4 A BE R 7, {H AR
A T ) X ) 25 R 3 TEVE A RO s
SN & - ECRIE . R O BRERTE S
KA 7R, (HH R XA [R) B ) AR A K (F
EWIAE, 2015), IGE H ¥R ik . AR R4 G
A TEAT 7= H A, 2 v VR 45 SR A MER % . 51
Wu et al.(2015) & 7 i E BRI | LR A M
LA X =AM HEMAYH 6°C 1 6N i
(£ 13), \TAE HAFEM X BAY "N 27 A
E,BE5A 6VC, 7T LU RCH 0 A 4 1) H Bk R
Suzuki(2021) Zeit 12k A A [ 6 5 R b X 1) 7K A5
§"C Fll 6"N fH, 25 R A, EEMAIRE WS HA
KPR ARG 6N 254 2.8%o, 1M 6°C {HEA W .

R 12 FEMER/NERESR 6N & ( #E Luo et al., 2015b )
Table 12 6N values of wheat samples from different
regions (after Luo et al., 2015b)

Sk 6" N/%o
xH 3.04+0.79
JIEYN 2.13+0.70
NN 2 7.25+1.18
[ 2.45+0.5

R 13 TEMXAY 6°N 5 6°C & (#& Wu et al., 2015 )
Table 13 6N and 6"Cvalues of different cereal grains
from different origins (after Wu et al., 2015)

7 346" N/%o F1416"C/%o0

Y et Wk uk || BT Wk Ok
KRG 3.070 3434 3221 || —26.285 —26.946 —27.578
KB 1365 1462 1388 || —23.679 —25.642 —26.102
ANK1.098 0 1251 1112 || —11.985 —12.346 —12.897
INFE S 1.827 1934 1.850 || —22.843 —25.694 —25.162
LK 0237 0432 0292 || -10.965 -10.444 -11.292

5 N —25.6%0 F1—26.9%0, 25 WA . & Rl 2
S5 T LIRS M S A ) 1 R R

5 AL RFARPUNHZRIK , H K

RS AT YL
5.1 thRKFAH TR RIREIAS

WK R KR TG YOk IR 2, EEA MK
K. A RBAED B EE . 2EAE R
TR AR TR K = AR A LA G Y
2 of Ak A= B B R £ % ( Zendehbad et al.,
2019).

AT A AEHE AL F K BT K 1 F
RIFT R AT AR FEEE ) it A, R BOR RS
SRUF KRR N HA AN 437 R, 38 0 0
KRR 6°NO,™. 6" NH, A, i a FLHCE B 4b X [],
I TR A2 2 R A B 78 ] LA HE W7 HL Y5 o TR (Xue et
al., 2009) o SRTAS [R5 YL IR A 6N 434 IX 8] A Br
& (K 21), HAFTE M DA A (] 22 50, 491 e )
Rk 6" N ELI AR AL BB R 3%0~T7%o, T HoAh FE 52 11
L IX 4 6%0~11%0( Zhang et al., 2019) . it {U%E
BRI R BAR T REA I LAITR B 75 e U5 AN 1 i
IIERS LR AR
5.1.1 FKER 3 649 RARME & R 12 A

Kendall et al. (2007) &L 4% T /S 7] 2 5 Al iR £
SN 1 60 Ay oA X JE] (] 22), FE8&H T FH A
OB R RIS R ER 15 Y IR A ik o LA, &5
A 6"N-NO, Hl 6" 0-NO, 431 i XUFs 22 [F] 37 K 4
B R WL 12 T 38 B R K Y R R A9 ok TR
(Ahmed et al., 2012), % J7 5 RE0% TO R B — Rl {37 6
) Jmy PR, B T B — SRR 2R AR (I X )
IR, #0587 HONVE R . WEARER IS Y 2k
T — e F = oo A S | s A B 5 R
fe 2%k
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1634 h
i Eh AL IE A
T 19 46 —
BRI PNH, F o —m——
[% M ThNO, | p—
THER | [
M E AT e |
K F P
TiF 1R Bk 75 e dth N K R |
20 -10 0 10 20 30 40
0""N/%o

Pl 21 RRENGYSEIE 6N 55 (5 Xue et al., 2009)
Fig.21 Typical ranges of 5"°N values from different pollution
sources (after Xue et al., 2009)

70
60l VeI NO;
50
2! TND; FLlE
g |
(@) 30
= a0t | liENo
e T T T 1
10 F i
AT o |
ol No; 1
R 'l a
710 1 1 1 1 1 1 1 1 1
-10 =5 0 5 10 15 20 25 30 35 40

0""N/%o

22 RETGYAEIE 6N 5 60 {H 50 (§% Kendall, 1998)
Fig.22 Typical ranges of §"°N and 6'*O values from different
pollution sources (after Kendall, 1998)

FRE | FEEK L 3R A W [ R ] i i PR
M FEZRIE . A AR A NIE J7 O - U E P
A 3 P 6 R 28 0 A DX b R ORI 3l 7K il R
R 5 5 e A AR RS . Kellman(2005) % BRJiti T
B FEAE B A R K 6N AELE = F it FH JCHLAE
B K 6N B fi R ER M 38 i it %
i, A R 80N 48, B A YiE
P 1 B R V5 G R ) [ KRR AR B B . SR,
MIE PR TEPERIRET, FERE R B, 6N
F1 8O (A X 2, fE 8% M A TR 01 il 1R R R IR
(Zhang et al., 2014) . Deutsch et al.(2006) i/ 5% 42 B
AR IR KA 6N il 6'%0 {H 1035 & T3 T 7K
KK, T A 5 7K 9 6N Al 60 {E AR . F
FHRERURN 2R A AT 45 R 3B, A H & 7K AN
TAT R PR R 1 v v R R o A T 1 it FH LA
X (Ding et al., 2014),

T LIRS MR 35 B9 i, H /K A T 7K
fEfRER F 2R TA WG K TolkisKegHER . 2

AR AR RN Bl 2 5 e A IR £k Sk U 1Y) 3 B
o EMZE, KA AN BRI U5 A 5T k2] ik
50%~67%(Zhang et al., 2019) , Chen et al.(2012 )38
T 6N A 68O X A b X i Rk ot 5 ) F
R, MR R FEORIE TRK . AN TE KM
FHLAL, 4R L B 2R IE TN 15K . A HUAE
A IEAPLENEER . 2T 6PN Fil 6°0 Bk
A REEF AR, Archana et al.(2018) A Fii5 /K 2 &
K B LA R R VR, Tk RN [ VR 2 S R B
5.1.2 RAME & 44 b & RS & 347 RORR A

T3 TPV A TCAILBR R 36 6°C YA R e T
e (1) b BR AL 2447 S A Y M ER AL 2208 2R . th 5
YeW i Z FlOR IR W ALBE S5 R R ZH 51
o, K AT LU 3 65N, 6'%0 FT 63C e 3B B il
iR Eh KR K %A 730, Li et al.(2014) FIF 6N,
6"80 1 6" C At 5 T A 0T U A R 1 R VR R A
it kW2 HIE AR MR R 0 F 2R,
ZEM LTS KRS8 2R

BR T 6N, 60 Fll 6"°C [y Z IR EEAL, 5327
FoR AT AR R 5 WA AHSS A AR
TR ZHAETRER TS Y ilih, i Ar e B & 5, A
[ A SR ) [R) 437 28 A i 25 5 B S, LR [ 7 28 20 1k
A2 R A RR A2, 75 X4y S HE 4 O 1
FIBH {2 (Briand et al., 2017) . Widory et al.(2013)fJf
SR, AR IS IK I 6B SH—7.7%0~12.9%o, S %%
HE Y 6B H 6.9 %0~42.1%o0, 1L AE ) 6''B N 8 %o~
17%0. 454 6''B 5 6N, ZEAR KRR L] X 43304
FENE . A0 AR AT K OR R Y i R £ 4 (1A 23)
(Briand et al., 2013)
513 FHEA R ERAR L F RIS P

Phillips and Koch(2002) % J& T — F I F i fif
)45 2R AR =P YR () B A

"N =fix6" N+ fo1x6"No+ f5x6°N;  (6)
880 =£,%6"0,+ 560, + f3 %5204 (7)

fithtfi=1 (8)
o1, i, 65N, 6N, 6"N, 1 60, . 6"°0,.
"0, JEIR AW 3 FhAS[E SRR 6N, 60 1H; £,
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RIS ARSI AL . T 5 7R B R B HAE A= S g g R 1635

45

35

25 PR Uk
i

5'"B/%o
B

15

e 5K

|
|
|
3 l
}
|

=5

-15
-15 =5 5 15 25 35

5'SN-NO3/%o0

& 23 A5 YRR 6N 5 6''B {501 (& Sankoh et al.,
2022)
Fig.23 Typical §"°N and §''B values from different pollution
sources (after Sankoh et al., 2022)

o fy 5 3 FORIRNG YR A BTmk R . TR R IR A
HOREAT 25 &5 YL IR AN 2 1, NS el il e 23
S, DR RS B Al AR v 54 [R5 2R A R
S, W TCVEE BTG R T 3 A A 1E B (Yang
etal., 2013),

1E 7] oL R IR A A A9 JE A |, Parnell et al.
(2010) 5T RIEFH A E I & T SIAR(Stable
Isotope Analysis in R) B, []{v 2 #5045 5 DL -7k
BB A A A TR TR NO, TR 9 BT Rk AR T 3%
AT H. SIAR SRS 777 B4 AKE S AR S
() 6N 15 B, BESR Y 6N {5 B — 6 5 i B,
TR A B AL S 2805 YR IR Y 61N R AE(E B AR 1fE
22, T UL R, RERS AT AN TS IR Y S
5553 A0 FEAE, T A5 0 AT YL IR DTk R o — R
R0 (Parnell et al., 2010) . ¥JLH4ER, N T 58
I B — SRR 57 2 o R K TR B Y R R, 2T
SN il 60 H UL R 45 [ 37 28 TR A R 7 5 SIAR
IR 43 BT EL B8 FH A R 531 A R vl i Bk 95 4 4 oK T
(AT 350 %, B B R /K | R TR
RS &R (Jung et al., 2020) . Duan et al.(2023 ) F| H
R BRI 2 T B ] R e KRS Rk R Ui
PEATHFSE, 45 R E BRI NH, . KA %
WL HERL, IR S Y 2 R SR R, IR B
SIAR 52 #U 1 AL 45 HY AN 7] Hb 35 28 54 v 43.7%
59.1% B B4 265 1A 3 35 7K 2 T R e AR ST T
T KSR ER A T ERUR, 55.5% BRI ¥ +
e b T KA PR R Y SRR
5.2 RSHMEIRIRS

A A AL B (NO =NO+NO,) J& HNO, I R 14

(Alexander and Mickley, 2015), J& 32 A9 KA 75 4L
Y. BT REAYZ I, NH, 2S5 KA
M B ST 2 —, AT 5 RS SO, Fil NO, 45
A ISR B | BRR AR T RIS YLy, Ik B R EY
KA PM, 5 W E B LR 47, 76 % 55 8 b By
B4 ] (Jiang et al., 2021) . NO, & H INHL, 44
R IpE AN - S HECAE FARSRIR, DA S A A AR A
M N R . AR IR NO, 1Y 8N {E R
AR, T4 B 20 At AR -+ HE ARV R IR E NO, /Y
SUNAE B (5 14), X2 i T 5S40 s i e AH
KRR 2 A 24 (Choi et al., 2017) . A&
NH, 19 "N Hke Tk 5, (H8 5 ARG, ok =
— A o B, PR R A R AR S, S EOER 2
BN FER 1 NH, HER B R Srb . e g, &2
HHLUREYIE K B NH, £ 6N (T A7 ok be
HE 6°N(ER 14) . BT NH; 1 NO, BRI A4
BT AR AN R, NH, 19°F 3 6°N(-27.6%0 ) 2 & KT
NO,(—9.0%0), St T NH, # % A 533 2 1Y &) iz
ZOMEE T NO, At e

H i [l 7 Z IR AR SIAR #1812 HNO, 5
NO, HE IR B I 1) FEZEJ77%5 . Song et al.(2021) F)
FH STAR AR IPA T Ak A7 JORE IR Ak A 1R Rk R
B NO, X} K HNO, BYAH XS BTk, 45 R R0, 76 5E
B AR BE L HAR B E MR, NO, 71k
i HNO, # [R] 43 2 43188 300 (B (12.041.7) %o 2]
(23.9£6.1) %o A% . NO, 18 5 M Ak A7 BB BE
RERA. WEY R ik be, R %R
A3 1R AN Y Y R 3 R (2+1) %~(28+10) %,
( 24+11)%~(40+8)%, ( 18+5)%~(56+2) %, 1b.A7 8k
BRI LA BRRE, FLIR 7 22 AN (B 1) NO, HEi
LU ELAT AT L, (H T A R be i 41 525 a]
G3AR R SE ATy SR AT o AN e M

* 14 AEHEFERSSE 6N & ( #8 Choi et al., 2023 )

Table 14 Atmospheric nitrogen 6"°N values of different
emission sources (after Choi et al., 2023)

kYR 6""N-NO /%o §""N—NH,/%o
R e 0.2
AR B 11.7 -13
e AR -32.5 —40.5
LEd=E -19.3 -27.9
R -8.2 -21.7
RIS )e -16.7
LR -37.8
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1636 2l Hh Iy 2024 4F
N [F 2R EER R W) 2 T NH, 380 HMARIRR.

NH, VR b 4008, 82 U2 NH, 5% NH, 19 6N 1H,
K R 2 IR A B 45 = EEHEROE X KR
NH, 8% NH, B9 A8 %J T #ik . 4] 41, Berner and Felix
(2020) 3 33 P 5 6'SN-NH, % NH, 3 J5 #1470 5¢,
& BAE Al W5 X 38 B 3k R A BTk & Ik
(55+6)%. HEZET NH, f NH, ") 6N JEf# AT
SR ZHAE o E 36 O W, DB R S e e O
Ho DX o il 41 Pan et al.(2016) 37 T KX NH, )
SN-NH, V& fift 7 77 15, 48 7 T 4k A 8RRk HE ik
NH, 2 b 50 30 7 55 58 ] 1) 5 KRR, H BTk L A5 =
ik 90%.

6 4 1B

H i A A AR 6 R R ARSI T o
0 2T T IR IR S A Y2 s A A R
FIRIF; R M IR AR SIAR BRI T /K (4
HRARBEMEAT I AN HIRERY . AR E R
A7 Z MR AU 38 MY A RS RGBT
P RENFK, W R KL KRARGE, MEREREAR
1) 2 R , FRATTO0 Bl b, U0 B 1) B A E AR 2 AR AR
HH N AE LT LA 7 A T E IR A RIS

(1) BT K Z B98I R bl AR 28 R 48 A A
RIFACH EY A S RRADIEL R, R & H
TE i 2 B 5 A0 KA TRDRE X 2000 i A = A ik o
I, FRATI KA A WAL B BN A A S BTG
R BRR A AT A A A LA U A iR AR
1) R il LA B A e A i AR TR X S L

()R ER A R T Ve S Sb,
i AL 5 D ER o 0 i R 5 Ak TR R VR
(DNRA), HHX ) HF 55D, TRz i ke
T 1 FH B PR 55 47 1) LA R — i R AR A 4 <Ak
RN R ) R AT RAEAE )

(3) BARFRATINTR BIAE Y AT LA™ 4 o A
MUE AR, EXAA A5 54 5 A0 U R DL R
R 2 A R s ] R 04 B . R A 17
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