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Abstract: [ Objective ] The "°N isotope ratio of NHZ—N plays a crucial role in nitrogen transformation research and is widely

applied to soil, water, and other samples with sufficient inorganic nitrogen content. While the diffusion method is the most
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effective technique for isolating and transforming soil NHZ-N, its application remains limited for low-concentration and natural
abundance NH4+—N. [ Method ] In this study, it is aimed to evaluate the feasibility of using the diffusion method alone for
transforming and measuring low-concentration (<1 mg-L™") labeled and natural abundance NHZ—ISN. To establish a diffusion
system for rapid and accurate determination, this study improved the acid trap material and production method, incubation time,
reaction volume, and incubation temperature. [ Result ] The results demonstrated that: (1) The envelope diffusion packet acid trap
exhibited higher nitrogen recovery (95.0%) and better precision (standard deviation <0.010 atom%) compared to suspended acid
traps. Envelope packets fabricated from domestic high-purity polytetrafluoroethylene(PTFE)could replace imported Merck
Millipore PTFE, reducing costs by >90%. The improved diffusion packet not only reduced the cost, simplified the operation and
also increased N recovery to 99.8%. (2) The diffusion method accurately and sensitively measured the labeled NHZ-ISN
concentrations as low as 0.2 mg-L ™" with an error <0.006 atom%, and the difference between the corrected and the expected value
was <0.020 atom%. In addition, diffusion method further exhibited robust performance in natural abundance NH,-"N (=
1 mg-L™), with an error <0.30%. and a deviation from the expected less than 0.38%o. (3) Expanding the sample volume to
100 mL for low-concentration labeled samples and employing envelope packet acid traps for 8-day diffusion at 25 “C not only
significantly enhanced recovery, measurement accuracy and precision, but also enabled accurate quantification of
low-concentration NHZ—N (=0.2 mg-L™") with minimal isotopic deviation (A'’N<0.020 atom%) after correction with standards.
For even lower concentrations of labeled or natural abundance NHI-N, it is advisable to combine diffusion method with additional
methods. While heating can effectively shorten the incubation time and improve recovery, it also amplified interference from
exogenous nitrogen impurities. And heating may lead to increase the interference of dissolved organic nitrogen (DON) in natural
soil or water samples, necessitating cautious application during practical measurements. [ Conclusion ] Overall, diffusion remains
a powerful method for transforming and measuring NHZ-'SN in soil. This study enhances the concentration threshold and
accuracy of labeled sample diffusion methods while significantly reducing experimental duration. The improved diffusion
protocol can be used for measuring NHZ-ISN at different concentrations and abundances, providing a theoretical foundation for
accurate soil inorganic nitrogen analysis.

Key words: Diffusion; Soil NHZ-ISN; Labeled abundance; Natural abundance; Low concentration
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the envelope made by PTFE and the doubling layer of PTFE trap, respectively.
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Fig. 1 Schematic diagrams of acid traps fabrication by diffusion method
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4_

3_

2_

l_

0

3d 6d 3d 6d 2d 4d 2d 4d
02mgL”" 05mgl” 02mgL” 05mgL”

37

37°C 50°C 50°C
9 {4/t Diffusion conditions

NI N recovery/%

150 q

st b

754
501

254

3d 6d 3d 6d 2d 4d 2d 4d
02mgL”" 05mgL’ 02mgL”’ 05mgL”
37°C 37°C 37°C 37°C
P L&/ Diffusion conditions

Hea) B LR W BEFE 5.200 atom%. & ARG FHE R /R 22 53 1 3% ( P <0.05 ), Note: The dashed line in Figure a )indicates

the expected value of 5.200 atom%. The lowercase letters indicate significant differences ( P <0.05) .

K5 0.2mgL " f10.5mgL ' NH,-"N 7£ 37 CH 50 CF (100mL) 45903, 6d A2, 4dBMEM (a) SEEE
(b)
Fig. 5 The measured values (a) and recovery (b ) of 0.2 mg-L™"and 0.5 mg-L™ NHZ-ISN in 100 mL after diffusion at 37 “C for 3 and 6 days or
50 °C for 2 and 4 days

( P>0.05), A2 5 IR 100%. 5 25 C
HHEE, N4 580 SD Fh i, 0.2 mg L FEARTE 37 C
T3 dF 6 d Y SD 43k 0.158 atom% Al 0.212
atom%, 7E 50 °C F4"#{ 2 d SD 4 0.097 atom%, ¥J
T 25 CFH SD (0.056 atom% ).

24 FEUGENEBEAEE 6" N-NH, KR

2.4.1 FRESNEE BRI E AR EE §VN-
NH,Em SESEBSTHTY G, AR
R NH 0 % T KRR, AHEE & B 5 S
B ERFRERES (B 6), NH, Y 8N Il & EDK; % i
T 3 349 it 8 355 sf () 2B I 42 755 . 20 mL 3
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mg-L ™" NH,-N i 8N M E (i 7E 8 d 9 4.29%0, FHI
WIHHE M 1.016, H SD MEE 2 KAY 1.95%, FI%
F4 8 KA 0.26%0; 50 mL 1.2 mg-L ™' NH,-N §J §"°N
BN 2 KE 2.15%FF i B2 9 KA 4.48%,

SPS(E LN 1.062, SD M\ 0.74%0 N FEZ 0.38%o.

%1 0.27%00.5mgL"5200 atom% 100 mL (NH,) ,S0,
HmEFRRE T MEENEE

Table 1 The measured values of 0.2 and 0.5 mg-L™" 5.200 atom%
100 mL (NHy) ,SO;, after diffusion at different temperatures/atom%

NH,-N/
25 C 8d 37 °C 3d 50 C 2d
(mgL")
0.2 4.869+£0.056b  4.552+0.160a 4.566+0.190a
0.5 5.074£0.021a  4.977+0.040ab  4.978+0.030ab

e RHEAE I ERRAEE (n=5), FFIANRFEEE
AL PR 22 5 5 2 ( P<0.05 ). Note: Values are mean+SD(n=5).

Different lowercase letters in the same column mean significant
difference between treatments at 0.05 level.

2 MR, #EEIE 20 mL 3 mg L' NH,-N B 8"°N
MESE 2 KA 3.81%0, WEEMIHEEKE 8 d,

8.00 a)

6.00 -

200f ¥

5 N=+FJ¥ §"°N abundance/%o

O

0.00
00k 0 20mL
v 50 mL
-4.00 > 4 ¢ 8

55770 [8] Incubation time/d

SUN-NH, M EM N 4.93%0, WIS T RIS, #E
B3% 50 mL 1.2 mg'L ™" NH,-N BT E (45 2 Kiz(k
FHIEM, UH-1.67%0; 5 6 KT 2 3.76%0, 5
HIS(ERILE R 0.892; 2% 8 RAYMIE(E XL TR
2.76%0, H. SD BEMEZ 1.65%0. KL, 85 8 d
S B BV BE Y AR BE SN B T

2.4.2  PHCEEEINE R E AR EE §ON-NH,

P BCELTE EORR TRV BEAR IO AR i B 2 , IR
WA TR AR EERES . Pk 0.1~
2mg L HAREEE NH,-N & 6d, 2558 (& 7) %M.
0.1~0.2 mg-L '8""N-NH, Il & (iR 20 Kk, SD w5ik
4.51%0~10.58%0; 0.5 mg-L™' (Ul EiR 20/, H5
BB (E AT N 02005 MEFEE I mgL', 5
HUBAA LR 0.429; (A SN 2 mg-L " B, )
FEAEN 3.98%, SHIREEAYE, H SD fUh
0.50%o0. [FIIt, B R MIBCR BRI P HLEL S 55 6 d,
WHELHUEENTHET 1 mgL' A RFERE
SUN-NH, M AE . I, 3 ek il v I 5 1 B vk
(1 H AR FJE 8°N-NH,, (HXHEHE H oK F R 5 I
ANiE

8.00 b)
§ 6.00}
Q
- P S - SR Q.
T 4007 é {>
i ) v
z 200
o
a0 0.00F
i
z 0 20mL
S 200 %
© v 50mL
~4.00— : . :

55770 [8] Incubation time/d

. B RL MBS 4.220 atom%. F[A . Note: The dashed line in the figure indicates the expected value of 4.220 atom%. The

same below.

Kl 61.2mg L' 50 mL 1 3 mg:L ™' 20 mL RS 8"N-NHZEARFEEFH TR (a #8355 b, $E ) FmHEF A BH:D )

Fig. 6 Effect of different incubation types( a. shaking; b. standing )with prolonged times on 815N-NH4+ values of 1.2 and 3 mg-L™"! NHI-”N using

suspending diffusion

3 3 ®

3.1 REEY BURIEF X F GBS
ITHOE B HERR BE RO % 32 N ORI, B

TeTF IR E] 100% R, 5 RT3 AR 25 il 1R 457 2 4
W, R iR 22 St R BRI ek . RRS
I 057 RN FR IR 4R 5 DL B4 8 DR 0 i

3.1.1  FRB A el BHED TRy ik 2
& H TR WA AR IR . R EEIR IR R . A
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34 WA TE A TR T H AT B RMIR IR BE AR 10 NHG- 15N I T Ak 913

fIRBE, HXTARAEFES (<50 pg N), ¥ Htkm
I (>90% ) 35 T AR L Rk R 1L ( 57%~
98% ) (& 2). Stark F1 Hart!*th & Bl/NF45F
0.8 mg'L™'N (RS, 3B ik IR B B A T
ik, RORFCAY B B R AR, R T A
VRSE 4 NH;, LA BE AR K v ik i it i e

150

S 10r

8

g

R

N .-

z ¢

P 0k §

il

i

Z

w S

710 1 1 1 1

0.2 0.5 1.0 2.0

¥ Concentration/(mg-L™)

7 0.1~2mgL" FAAEE (NH,) ,SO, fidH ik
PR3 6 d (9 8" N-NH, 5 fi
Fig. 7 The measured 5'*N-NH, values of 0.1-2 mg-L ™! natural
abundance ( NH,) ,SO,
after enveloped diffusion for 6 days

PR AT B E R RS, BN SRS R AY NH; it
#E, DR PP IE A A AR TR R RV B AR e o A
ity B4R Bk )V 512 27 200 S ol R Bk RS
B, e TR T/ NGBS, R
FUmEP, RN, R SRR, AR
TR T AR fRT A R 1 e J2 R PVRDBUZ B BT A
O 1 e J2 32k AT RE R R S UM OV RMA R K, AU
PEARGE , &R EICR B HiR ZE R K. AFET
Sigman %527V 4 J [ 27 AR A SUZ B, AR5 %
T MR S E (F1d), A7 30 s NSE—
ARUZBEY B flfE, Hasmss, IR ILE N
100%, 52 B9 &% S v 5 oA 2% 8 A de 1 o

HT TR BB L4 Merck Millipore
NI PR LCWP 02500 JEE7281 ids S5, ANz
R T JCSCHE 4l PTFE BRHIVERREE, AR 21k
Millipore AT 0.1%, 7EEIBCR AN PN 22 fEff B
IR R, NIRIRNAE N S, Rt
b, BHTHE, JLPFEEAHR, AUFSEIANHAT
B 45 5 5% 19 Milipore PTFE,

3.2 AL SRR RERSRAR EE
FEE RIS, R R L HEIR, A
RENNEE NH, ¥k, (HRRBFZER AT N34S R A, Wl
WK B S R . FERRICRR S R R R R S
% Saghir VR BF SR EIE 25 CFLL 75~85
rmin ' FERLT 18, 28 F1 72 h, MMiEENTE 24,
36 Fl1 86 h; Mulvaney Z5U'E 25 CH & 159575 66 h
A el 75~85 rmin' $EH5 36 h A A SRR A
MacKown 2275 2 5 R #-E P HE 50~200 pg #Ric
NH,-"N, 7 d J5 IR A L 60%, 1M 60 r-min ' $E5%
7 d NREETT IR 94% . B T F 2R 3= BE A it 38 7 B0
e st (] 9™ B LA DR/ D [ 67 2R 431 B, A ke A oy
FRFER, AW s x>, Rk, A
SRFBERE L B R SR W RCR ] AR TR S, Gl
WRERTET 14d1983% (E 6), R
B - HERE S b DON A 1) JRURS: o 7 130 A 3 B 5 4 5%
A P e w9 B R E £ 50~
100 rrmin "' AKHFSEIEE & 140 rmin ' 5, A
TiLEAEE N B 20 mL (FERWIERTST
2mg L") WM N FESL 50 mL (ARSI T
2mgL™"), ¥ATTE 8 d NSEAL, FLIRE 25 L ARG 2
JEEFNTRER HE 4T A s L 235011 0.26%0 711 0.38%d( 516 ),
W EMLT Stephan 1 KavanaghHiGE ) 0.20%0~
1.30%0, WfT Holmes %2k 5

XFFARE S A RE S, 38T YRR SRR
PAG R A . AR R SNSRI RS
PR R, B, AR R E BRI HE
JEDRE Y HIGHE G . R RIRBISE R, AR
KB, 200 mL [FDCFRALT 100 mL (& 4), RATHE
2 7% 1T AR/ A R EE A R IR 2 TR e ik
Holmes 2£®I%f 4 L 2 pmol-L™' NH, ¥ #, %& 3 [l
TP EBUR N AREPIG M AT L, HAR
KEZMERA T 200 mL 9 8BUA FR B4 H AR
(4 TR A AR s e 4 2122 27 P KR B 75 )
BH R EF SRR RAL, ARAUE e ] As, kg im
WK LA, BT LUAS B 5% HE A S AR BB /N T 45 T
200 mL,

PEoEP R 25 CEIREF, R
1) 157 e Qi 51 N TINS5 by S
Jfi A . Zhang S5 LA 3 MR (25 €35 C..
45 C) F 2~6 mgL ' NH,-N Wy 8%, kU
25 CF NH,-"N ZE M0 e 8 g £ (5
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=

atom% ), 1M 35 CH145 °C NIRRT iS5,
TRV L N R 25, 4 I R B L T o i P
SRR EEAERN, TR, BERT
55 Cla, iR EEK 5 IR BESE I NH;,
ST REAR [T R U2 B, b T A o B 5 4% 3=
JERIRES, Ty B AR, I R R B
FHE R AL B, (R A B R AP,
L AE /DS BE K 52 . Lachouani Z5US1YE 37 C
THERE (100 rmin "), K BT EHAIN 5 d 4654
Ho3do ARWFFE AR, 4R eI BE A A R0 A TR
RAEBPBE, 37 €3 d. 50 C2 d HiE 45 R
525 C8d MBS, (AREHHBAK(E S).,
50 CRA137 CF 6 dMECREEET 100% (#
5), WAREYHOAH (KCl, MgO) FIK B 144
R THR RS ROR2ZE K, 7 RIR kR R R
AIE, THEA 23127 DON F&M#) . Sigman 2527
B R K i) B AR NH,-N. NO,-N iif, i
W I BRTE ] 5 R ], k2> DON A2
U, T AR L ARE G ORI R RS A, N
TR, R VR R AR AR ]
3.2 FEUEMEERMRICHEmAIERE

DAEE Y B 2 IR0, NH,-N YR — i
76 1 mg L' DA EBO 120 e B B NH,-N 2 A
F 300 pg B, Z R IECERAS i R 2448 I .21
Bradley F FylesPF| & E R (22 C) FXf
20 ug N 2P 8L 14 d, LB PN FEBERT LR E.
AR, XA, REKIERIE LR
AR THIRE (K 4), RAEWICHTR S Z 3% H
R BRI, BRI KCl. MgO 774
TR NH, =N, ] s il o) v DA S8 b 0, T 7
450 CF ERIBEREAE TS 20, IR IREE
i) DON 7ERMEIRSE T 5 M sl 5% A7 S 4y
fift ol NH,, A2 Tk e BE R b A I 5

IR TR FR Al A IE T vk AT A AR R A [
W Iz AR, RIS IR KT 45%, 7
ARG e, M LAk, ol AR e
WA ZRIE T (1) HRIESEPRE 2 FA
AR TR IEN 221 ik TAERK, AR K
P A — T AN AU ) i) 24 B R A 2
SEU O RUAR R A R AR S R AR, ER
M2 RE s (2) MR R R0 R B ER, 4~
Bt A — g E, SRR E, BHA

B NH,-N ¥k BEA5 4kl i B P R G sIT iR GE i
SPROTRERE, R B R N R, ARl ]
I RS E , e —EEE N, TREMHY
2z (3) WAEFEHREREGATE R E . F 2R
I 5 (AR AR I A TE , 32005 e 51 Lory Al
Russelle 2, ARIEARFEAED . A9 BUR (S
bR e 2, AT A R0k S DR R K S A 5
M), Stark A1 Hart!™ 50 712 7 12 A 45 B RER 1
AT FZEROE T E B R (K 4),

i b, AW R BRI B . PR A
MZE 100 mL, i TR 8d, 837 CFHF3d,
FE 2 ML R4 R bR e A IE AT 6 4 48
BT RTT 0.2 mg L BFRIC NH,-PN, Kok
REAR T Bl + 2R W P ARIT NH,-PN i
MR
33 ¥EGEEBAFENEHRIERME

AR R 8 N-NH, B4 I 2 X [ i o5 R o
Chen Al Dittert™™ %8, HAFEERTHT 0.8 mgL!
NH,-N }i3% 72 h J5 A SRR E 95%1U
B, S EGE AT REIE T AR FE A . YR
Yy 5 AL =yt TR 3R 3R] 2, A HE
B 2= i & T4 . Stephen F1 Kavanagh* A 787355
H AR 9+ HE NH,-N B, P 80— A3 A2
HAb T . AR, RAEHLK
PRy 8 d BV AT HERR I E VR BETE | mg L' K
PR E AR R NH,-N G /N T45T 0.50%0( [
6), MLFIZWSE, MITBA R A ls 20 22
Bi, # . TG MIEAU InKER, HERY
20 nmol N J&, {fi FH Bk i 7 MR A4 NH, %1k ok
NO,, HiEd RS Pseudomonas aureofaciens
W LA NoO P2 S S AL A TR v R SR =, BB
IR FAETF 10 nmol N (19 R i s '), {FUZ S
RE S, W AR B Z, w2 A 2 Bk
R, TR, ik, kAR
PEAT T — B TR, (ARG R EIE I , %
BT HOE AT k. MERR N E RIER AR P AR
Ry 8'°N-NH, .

4 4 g

ABFEAC T RRBE I TT 20 FE IR L B
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3 1 TEIE A EHOREROD E AR E B AR EARC NH,- 15N 2 ikt 915
R IR, TERRRSE IR AiAS . LS g4k 1993, 24 (19/20): 2747—2763.

(IR, SEH T AHE R 02 mgL! HHEHRRIC
NH,-"N AR . RE0NE, KB Y ok
%T%?Tﬁ?lngL HARFE 8 N-NH, i

A T4 B A6 NH,-PN I E F#iE &
WRE . EREVEE, WEST TP BT R IR R
PRSI 5 5 S 00 R R R A . X AR S Y
HAREE FRiC NH,-N, 3 3O3R 240 85 + 4 NH,
(A, TR ARy NOJEk NOJRBRA H:
b7 A o ER, FEASRE Iy vk AR Ak I
Un ] [ A1 22 b B2 35 P A % o 20 A S R o A B o
F14) TR 457 28 43 B o 00 52 45 L R ), ATD AR TR BEIR A
PRV 4 AR
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