+ ok
Acta Pedologica Sinica

DOI: 10.11766/trxb202505080209 CSTR: 32215.14.trxb202505080209
e, MR, BRI, UL, RS, skeit IR B ARF FERMRIK RS NH, BN IE T R[], 3%
%4k, 2026,

YOU Zhijie, YE Ping, ZHANG Siwei, DAI Shenyan, WEN Teng, ZHANG Jinbo. Improved Diffusion Method for
Determination of Natural Abundance and Low-Concentration Labeled NH,*-*°N in Soil Extracts[J]. Acta Pedologica Sinica, 2026,

TIBFRIRE R EREEFMEKREFRICNHS-PNE S
SEE

EE Y, M 2 KBE 2, B S R B2 RER

(1. ARG 5728 A B0} 4 [ 5 5 S8 s (R O R2E), Mt 210023; 2. R sty KA B Rl 222488, Bat 210023;
3. VLARHIE B RET KSR RGHE .0, Fa 210023; 4. HWRKEMEE L, WM = 572025)

7O LIEESE (NHS-ND 1 N R R IMEE RS AR B B HMME. 3 BUEE D S5
b3 NHa™-N BB 28077, HAERKREFRICERE . HAAERE NHa N LS ATE R @it AR P4
BERHIVE A BEFRT ), RSAFIURIER R, PRI OUE Y BoEREL . B EIRE (<1 mg LD frid
FE AR FTE NH N AT 2R RIBL: (1 AR AR UM LM (PTFED) B oo il 1 77 20
3 B R A M RS A . BRI, HAR SRR Z 99.8%. (2) §HUETHERM . RBIEMKZE 0.2
mg-L RIS NHa 15N F25F, iR ZEET 0.060 atom%, ZA%IE G- 5E IR {E 226/ T 0.020 atom%;  H b f
FHOE A ER . REIE R TET 1L mg-L I EAERE NH BN, RZEDNFET 0.30%, NEES5HIE
HZERE/NT 0.38%0; AR E HIFRICEL H AR NHA-BN B0 BuE 5 A kg & . (3) hniR B Ag
AR BN [R], S EIEE, AR T AR AR A A LR R TR, FESEhRE b A . i
BUEATR R H AL S 3 NHa 15N F R 70777, SOl G Y 50T A FARRE . FE 1 NH.*-
5N 5

EEIE: VUL, 3 NHABN; FRicEE, AARFEE,; RIKRE

FESHES: S153.1 kAR ERS: A

Improved Diffusion Method for Determination of Natural Abundance and Low-
Concentration Labeled NH4*-1N in Soil Extracts

YOU Zhijie2, YE Ping2, ZHANG Siwei2, DAI Shenyan!23, WEN Teng'23", ZHANG Jinbol#4
(1. State Key Laboratory of Climate System Prediction and Risk Management, Nanjing Normal University, Nanjing 210023, China;

2. School of Geography Science, Nanjing Normal University, Nanjing 210023, China; 3. Jiangsu Center for Collaborative
Innovation in Geographical Information Resource Development and Application, Nanjing 210023, China; 4. College of Breeding

and Multiplication, Hainan University, Sanya, Hainan 572025, China)

Abstract: [Objective] The N isotope ratio of NH4*-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 effective technique for isolating and transforming soil NH4*-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 NH4*-1°N. 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.
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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 NH4*-*5N 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 NH4*-35N (=1 mg-L1), with an error <0.30%o 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 NH4*-N (=0.2 mg-L1) with
minimal isotopic deviation (AN<0.020 atom%) after correction with standards. For even lower concentrations of
labeled or natural abundance NH4*-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 NH4*-*N 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 NH4*-15N at different
concentrations and abundances, providing a theoretical foundation for accurate soil inorganic nitrogen analysis.
Key words: Diffusion; Soil NH4*-15N; Labeled abundance; Natural abundance; Low concentration
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TR I 2 o RO S I S AR RS, TR B AR S AR . N AR A AR, AR
AFEMCIR FERE S 2 s & — NS A e 25610, TR MBIRIGL R A1, PR
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BEFEALN NH,*, T e 0218l FIR MR EE NH SN 3 Bk i — S fit 7 8
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W S Flask lid
A Acidified filter paper
PTFE[{ PTFE membrane

2 [T

MM Flask lid b)
F4 i #E Rubber stopper

[AJE£l Paper clip
—— INEZIEAEH Acidified filter paper

Wi Flask §i MM Flask

fN DIDES— JEHLUEFE S Sample
o B Glass bead

TALEFE Sample
WHEL Glass bead

PTFEJ

PTFE membrane BTk

Tweezer press

©)
~T-

X7 I 1%
TR IEAL ) Fold and press
Acidified filter paper

TR IEACH
Acidified filter paper PTEEJ
oo PTFE membrane W’H 1

d) Plastic tube press

M PTFE RV ZIAH M. a) b) c) )7 A v 8 R pr . MR S 2P, BRI RZ ERH - Note:
Figure a), b), c) and d) depicts the suspended acidified filter paper, the fixed polytetrafluoroethylene (PTFE) trap on the
opening of the bottle, the envelope made by PTFE and the doubling layer of PTFE trap, respectively.

K1 Bk R B =
Fig. 1 Schematic diagrams of acid traps fabrication by diffusion method
1.1.2 ¥ HUE B AL NHS 5N H L mol-Lt KCI (E 25444k, 450°C =i ke 48 h) it
il F AR L BARIC 42 B (NH4)2SO4 ¥ L S5 KIS ABAK o FRAEAT: it I VBOAR RE A2 B
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A 0.3 g MgO ([ 253 Hr 4L, 450°C il 4155 6 h) J& SLRIE S HE 5T, NHIRFEIK 140 r-mint
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THURD, JBNTE NHs R T A AT 24 h J517, MR, J8id EA-IRMS Il
SE BN FLE, RIDJ9RERL A NH4 N B SN 2152
1.2 T ECENERAKE LIEARICHSR NH BN LG 5
1.2.1 MBHRAL  DAAERIVES HUEL AT K 0.22 um 47 mm PTFE 3K H Merck Millipore 2],
ﬁﬁ%%% (B RTEET 40yuand. i 1 RedR BN REAR I BN AR BR T8, AW IR T
AR MR [ P 405 PTRE i Gl 7 i bk Il By AL AR ) (B4 0.4 yuan),
i L1 P IRBERA RIS T7 506 B 5N JIE AR . Bofgdn R A1 1 mol-L* KCI
TEIRECH] 3 mg-LIN 0.510 atom%f)(NH4),SO04 (- iEfk THFFEFT), B 20 mL 41 1.1.2 ¥,
25 CREREE TR (LURIAR “PE5) 48 h TRk, Eid EA-IRMS JII5E 15N == 5 i
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e AL FIERBH ISR, R E 2 /NIRRT, A SuL 58 EUEAR N &
FH4 1) 0.510 atom%[#] (NHa)SO4 ¥, TG4 EA-IRMS JIE MR B mmAR, BINY #uik &
IORSEh-
1.2.2 B FRmF RIS FRARRIR AL fF 121 Ak E R ESCR R, K 5.200
atom%(NH4)2S04, el 0.1, 0.2, 0.3. 0.4 F1 0.5 mg-L L FRIR EEARICAE L, 25 CF B
Fro ERHS0mL, REIEYEC2. 4d; B2E, ¥ 0.1mg- Lt RSP KR Z 200 mL, 0.2~0.3
mg-L 2 RES T KRR A 100 mL, FERGY B4, 6. 8d. HI T RIERUEEFE 8d HME S
YHETHG FEE FIOKRS 5 B fedd,  CHE#E T 100 mL. 200 mL AAFR T4 8 8 d 19 5N ME 45 1, A
B A 50 [ (NH4)2S04 (4.960 atom%., 6.010 atom%) 1 AFRkE, HIVERRAE 4R 1E
1SN 5 45 1280,
1.2.3 ¥R A i 1.2.0 F11.2.2 #E 1 EIRBE BRI AR ARG, B TeaR
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atom%[] (NH4)2S04100mL, 7 37 CR¥# 3. 6d, 7£ 50 CF¥ L 2. 4d, & EA-IRMS 15
FI N FFEREHEIAN, DAERZR A SR s 7R 18] [R50 1.2.1.
1.3 ¥ BUENE BARFEEMHR SN-NH AR T R
1.3.1 #EMRESEMA  FHOERA B T B AT NH 815N (e, b B A
BT, R LR 5k 5256 %8 (NH.)2SO4 FrUERE S (22 EA-IRMS Jll5E, §15N-
NHs"=4.22%0+0.22%0), LA 3 mg-L120 mL A1 1.2 mg-L'150 mL 3 # ()% 60 pg N, #EE DX
FE 2. 4. 6. 8d. FrAFEMIHEA 2 mol-Lt KCI VAR BCE
1.3.2 HBFEERN AT R SR FRRER T MY B R A, SR, H 2
mol-L* KCI AL E 0.2 1 0.5 mg-L*N (15256 % (NH4)2SO04s ARAEFE S, LA 100 mL J M4
5, R AE 37 CRYEk 3d A1 6d, 7E50 CRy#2dF4d.
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RIS AL BERFH SPSS 26.0 HEATHLI R T7 2404 (ANOVA) ke 72 5 &M, A
Origin 2021 #1715 21l o

2 #E B

2.1 FHEUCEPRREERMFRT NH, 15N I E SR B9 220

ARG T PUANAS [RI R B il £ T3 ORI FRAS [0 4% 1) PTFE JEEX 3 mg-L* 0.510 atom%
NH4*-15N B e 0, 2559 (B 2) M 0 I 240 N e HERTRE . [RISCR I AR,
B[ KR AN 2 70.0%, 1 Millipore F14f PTFE fi ) 1N Wl e (8 5 #1848 He A 2 ) 0.972 1
0.975; EHERIHREALE K (58.3%~86.9%), Al & T 1 3 9%, 15N I & (E1R Baik
HGAE, SD BEFHE, ¥WAKET 0.003 atom%; 15 EHEH] &Y B CR B2 L, #fb
PTFE JEE5 JL-T-1k 2] 95%, N i€ {5 B0 5 LLAE 74 0.989, SD /T 0.001 atom%; *X
JEIEEIT N [RS8 55 15 (99.8% ) , TN A A 3 %3 3 14248.(0.999), SD 5 11(0.00011 atom % ).
gi b, WP PTFE JEVERETCZE ST, RUZBEIEHIVEY Hoa rI ISR . R P ROk 2 B35 i =
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© v 100
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2 490 3o
g ® 0 g
= 153
E 050 =
s ® 80 =
Z o LN
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i v v JEf
# 70 Z
Z 049
% 60
0.48 ‘

L L L L
X X X 2 A X
< -N\ < X Qr? \".;Vb cj’g 9 by

i EE Acid traps

Ve B EZ N ELIE S 0.510 atom%. F-M-P. F-P-P Jyf#i i Millipore PTFE. &4k PTFE il i )i 1
Je 2R, E-P-P. E-M-P Nf#ifH 4l PTFE. Millipore PTFE il {E (55 NERPE, SAFP AR EH AR
Bk, D-P-P AUFRAd M4l PTFE i {E ) SUZENEZ . Note: The dashed line in the figure indicates the expected value
of 0.510 atom%. The acid traps include: F-M-P (fixed Millipore PTFE trap on the bottle opening), F-P-P (fixed pure PTFE trap
on the bottle opening), E-M-P (envelope made of Millipore PTFE), E-P-P (envelope made of pure PTFE), SAFP (suspended
acidified filter paper), and D-P-P (doubling layer of pure PTFE trap).

Kl 2 AEEEHIE TR IE 3 mg-Lt 0.510 atom% NHa*-15N %S5t He
Fig. 2 Comparison of the effect of determining 3 mg-L™* 0.510 atom% NH,"-'>N under different acid trap making methods

2.2 BEFRRTEIFIAFRST NH4 25N I E SR B9 520

fRIREE NH4*-N (0.1~0.5 mg-L™Y) I8 & B4 AR DA 2 A 75 &, 37 B TB) AH R
e BAEIEAC T K AR5 5 oK VRN R, OfT FEAR ISR, AR ALl T A R, B
FREFTE]) R FE S Hea s 7R (B 3). 50 mL ARIREERE & 25 “CREES 2. 4 d, Bl 5N F 2%
BAREE (P>0.05), WEKTHIGERE (5.200 atom%), H N K EET S5 F S E LU BN,
{4 0.653, Hi% E SD<0.050 atom%. #f 0.1 mg-L"t NHs*-15N ¥ K fAF1 % 200 mL. 0.2~0.3
mg-L1 9 KAAEFRZE 100 mL, 205455 4. 6. 8d. 200 mL 0.1 mg-L1 %5 4 K BN Il E 18 &
% 50 mL B (P<0.001), M 3.440 atom%7} % 4.310 atom%, SD A 0.056 atom%ik
/N9 0.052 atom%; 357% 8 d FIIE A BT 6 d ME(E (P<0.05), BN #inE.
0.2~0.3mg-L*NH4*-N th 2L 5 0.1 mg-L L AHALK AR (ke %, 100 mL 34 535 & F 50 mL (¥
MEME (P<0.001), AR 4. 6. 8d MERAU 0.1mg-L Y B2, {H 8d B3 B HER A i
o AR, FTRHFE SRR AE G RN A T $2 SR FE NH4*-1N ) 5 {5 A B RRS 2 2

=
o
(=}

T
—~90—®
TEE

L 2

® 2d(50mL)

4d (50 mL)
3601 o 4d(100/200mL)
e 6d(100/200mL)
e 8d(100/200mL)

PN PN abundance/atom%

0.1 0.2 0.3 0.4 0.5
#FE Concentration/(mg-1")
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7 B ELO VIR EE 5.200 atom%. T [F. Note: The dashed line in the figure indicates expected value of 5.200
atom%. The same below.
K 3 0.1~0.5 mg-L15.200 atom% (NHa)2SOua £ it £E AN [F147 BN ) AR AR T F) 15N 05 45
Fig. 3 5N determination of 0.1-0.5 mg-L* 5.200 atom% (NH,),SO, samples at different diffusion times and volumes

E# 0.1~0.5 mg-L-2 NH4*-N 7£ 100 mL #1200 mL " # 8d R4S (K& 4) KB, WAk
BN, AFEWRER N [FISCEA &AL, WIBEE R A SRR, 7RI AR
AR R EISCR . ANERREE T NH4 SN I e (E iR B i 3G oK, EURE % BERCas, K
T4 T 0.2mg-L"INH4*-N ¥ 8k 8d J5 I SD #J/~hTF 0.060 atom%, /L& 5 F S (E A B B 2206,
SR IE R A SHEREYI S, RIEMESHBMELE R TSET 0.997, H 100 mL A1 200
mL & R RS IEE I B2 5, ST 0.1mg-Lt. 200 mL /& R AR IEME (5.130 atom%) C.3&
AP, 1M 100 mL 42 2 0] B 5 B BB (5.710 atom%) .

6.00 - 100 6.00 -1 100
B a) £ b)
E | y 1 . & ¥ % |
g .o 180 £ 2 Y %0
5 5.60F = 5 5.60f
2 g 2 %
3 160 3 % 160
2 520F-t---9---O--g---g-1 5 2 520f-f---0---O - g---o-
£ e ¢ * nE z e * *
- = ®
2480+ ¢ ) B 2 480} o ‘
H; o l|%E{H Measured | 20 Z _Zl- ® JU5ETH Measured | 5
4 O fZIE{H Corrected & o FIE{H Corrected

440+ v [EJi 5 Recovery 0 440t v [H}i % Recovery

0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5
#¢1% Concentration/(mg- L") 1% Concentration/(mg-L™")

1 4 0.1~0.5 mg-L 5.200 atom% (NHa4)2SO4 ¥ it 25 ‘CRE3s 8 d J5HIIE B . BIEEAEZ ( a. 100 mL

VHEUEAR; b.200mL ¥ BUER)
Fig. 4 The measured values, corrected values and recovery of 0.1-0.5 mg-L*5.200 atom% (NH,),SO, after 25 C
and 8 days diffusion (‘a. 100 mL volume; b. 200 mL volume)

2.3 IREXT NH4 15N U E R SR RS20

T e B T A AT O R PR . B 5 A, 100 mL 0.2 mg-Lt NH4*-N 7
37 CHFyHk3d, Mg Z 85%, T 25 CRy Hi8d 1) 66.3% (& 4), N &
i (4.552 atom%) 5 25 CRJ k8 d #HiL (4.869 atom%, % 1). IEKY B EZE 6d, [
PRI 2 90% LA |, N JEES 3d BB X (P>0.05); ZiEEFHEZE 50 C, £53% 2
d [FICR ik 90%, 5 37 'CT 3d HIEICRI Y (P>0.05), KiFE 4d RISCRG ST m 2t
100%, fH & Nl 37 CEHEZER (P>0.05), 0.5 mg-L*NH,-N, 37 CE;7% 3d fl
50 CHi#: 2.d, N MEMEE 25 CF 8 d M {EAHIE (P>0.05), {H&ME/E IRt
100%. 5 25 CHItL, R4 53 SD FF, 0.2 mg-L1AEf7E 37 ‘CRY 1L 3 d 16 d 1) SD
43774 0.158 atom%#F 0.212 atom%, 7t 50 ‘CF4 # 2 d SD 2}y 0.097 atom%, =T 25 CF
f] SD (0.056 atom%).
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61 1504 a
a) b) 7 ab b
£y T T Ty T TR 125 b + . a
s | 53 g b ‘L‘
3 =
g 4] g 1004 -F-—4=-l=t =1 FE P11
=1 <
2 g
Z 3 =754
£ -
il 21 = 50
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Figure a) indicates the expected value of 5.200 atom%. The lowercase letters indicate significant differences (P <0.05).

K] 50.2 mg-L F1 0.5 mg-L"t NHs*-1°N 7E 37 ‘CFl 50 ‘CT (100 mL)
() HEYE (b

Fig. 5 The measured values (a) and recovery (b) of 0.2 mg-L*and 0.5 mg-L* NH,*-**N in 100 mL after diffusion at 37 ‘Cfor 3

and 6 days or 50 “Cfor 2 and 4 days

oy EL 3. 6d A2, 4d HELE

£ 10.2 F1 0.5 mg-L"15.200 atom% 100 mL (NH4)2SOs ¥ REREIRE T BURE N EE

Table 1 The measured values of 0.2 and 0.5 mg-L™ 5.200 atom% 100 mL

(NH,);S0, after diffusion at different

temperatures/atom%
NH;*-N 25°C8d 37C3d 50 ‘C2d
/(mg-L™)
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 R BRI EAAREE (n=5), [FFIAFEFEZ R 2 7 53 (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.

2.4 7 BEME BARFE 85N-NH,
2.4.1 i B BB EON BAEIRIE HARFERE 51°N-NH, 52

FARFEE NH, B T R B, A7 R HiE &
SIS N 5 {7 5 2 P R YHE Ay FEE 2 I 0 5 B ) S I S 4 v
MEMEAE 8d N 4.29%0, SHR(ELIL{E N 1.016, H SD M

f) 0.26%0: 50 mL 1.2 mg-L2 NH4*-N f£) 815N il iE {E 56 2

4.48%0, HELLAE LAY 1.062, SD M 0.74%0 &2 0.38%0. HZAHK, HERTFH 20mL 3
mg-L NHg*-N 1 55N MlE 25 2 KB 3.81%0, BEERAIZERK S 8d, S°N-NH,HE (E
N 4.93%0, BAEETHISM, B ERIE 50 mL 1.2 mg-Lt NHs-N B E (55 2 Rk T3
WAE, UN-1.67%0; 2 6 Kt EE 3.76%0, SELREAIELE N 0.892; 55 8 KMl e X
FREZE 2.76%0, H SD BRI A 1.65%0. Kk, #EKF 8 d Al UF SN &E BRI B SR

SISN-NH4+ I 52 .
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4.220 atom%. The same below.
6 1.2 mg-L150 mL Al 3 mg-L120 mL HARFESE SON-NHSAEARFETFR T (a0 #8355 b, #8) A [
NIRRT BRCR
Fig. 6 Effect of different incubation types (a. shaking; b. standing) with prolonged times on §'°N-NH," values of 1.2 and 3 mg-L*
NH,4*-**N using suspending diffusion

2.4.2 ¥ ECEIEIE MR EE B AR E 81N-NH, F BBk B A THIRIR BERR TR S e
HAE TR EE FARFERE S o B RE 8 0.1~2mg-Lt FHZRF % NH.-N %2 6d, 453

(E 7) %M 0.1~0.2 mg-L18N-NH e E 1% Z WK, SD #=iA 4.51%0~10.58%0; 0.5mg-L°
LI R RN, A S ERE AT 02005 MIKREFE S 1 mg LY, SESEILE N
0.429; VA 4IKEE N 2 mg-L LI, WIEE N 3.98%0, SHISMEIEAYIE, H SD AUA 0.50%0.
R, B RIS R i (3 B B 5 97 6 d, HIGVESEIIREE/NT46T 1 mg-L ) AR F B2
SUN-NH I 5E o PRI, 37 2wl e I R i IR B ) B AR E 2 815N-NH,*, EXHMIRIHREE H 78
FEERE G I ARG

SN=EJ¥ 3'°N abundance/%o

0.2 0.5 1.0 2.0
#E Concentration/(mg-L™)

70.1~2 mg-Lt B4R FE(NHa)2S0a (5 H A kiR hs 6 d 19 *5N-NHa I & {4
Fig. 7 The measured 6**N-NH,* values of 0.1-2 mg-L™* natural abundance (NH,),SO,

after enveloped diffusion for 6 days
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3.1 [RA ST BUEAEFR AN E A

I B A S RS 25 5 52 N [RIISCR 2, B JE iR 31 100% R0, (E RIS K £ n
J TR 22 2308 ORI R 2227 SRR BRI T3 R il i 3% 07 sURH 5 7535 FE 350 09 0 DL )
i ELCE S rN
3.1.1 MM BB HaER PR H AT WL PR ER B . B R AR R
JRAMGRR, X TAREAES (<50ugND, T HUEER IR (590%) I T BRI
=L (57%~98%) ([ 2), Stark Al Hartl®Hh &k Hl/NF45T 0.8 mg-LIN FIFES T, F 80
IR B ST B, XU i E s S R, @ T HAWRSESE 4 NHs, DLAGE
R K LR [ 3 1 1 AR AR 0L, BB TR BB R, DA S ST NHs it EE,
L — PSS AR T BRI VR BEAR 10 35 BE AR b R B ) 7 2R3 27 290, s A 4B hik
VRS B, AR N ARSI OBEERSE, TR RCEER, i Fen k. igm
R, AT AR T BN E I D 3¢ 2 VROV XU 5922271, A S i 1 302 J2 925 v R IR i
IR AT, AU, SRR sl HiRZ R K. AET Sigman %RTH &8
[ £ e S ISR IR, AR TR A 7 — MRk 2 36 B (B 1d), WIAE 30s 8 — MUZ R
P HE, AR, BRI 100%, 052 45 S AERf R AR 5 Rt 5 i o

H BT AT 3 S AR L7354 Merck Millipore 23 &) 4277 LCWP 02500 27281, 7
M DT, ARSCERA T oS Al PTFE EHIERREE, & £9°49 Millipore ) 0.1%, 1E[H]
WA N N v 5 3R R AT, IS ISR IR E RS IR 45, S etk i, B 5 T3 &,
JUFET AR, ATAAH R & 5 Milipore PTFE.
3.1.2 #F# A BRI R, BERT R, R R R
IR, HEEIE NHa ¥4, (FRRPHERE AR E 25, BRI B Eimcre b sk
K E R IR m AL Saghir ZUVE I FSE A B 25 ‘CF LA 75~85 r-mint #2575 18, 28 I
72 h, TIERENT 24, 36 Al 86 h; Mulvaney 257 25 “CE B 15757 66 h 7 fg [k 75~85
r-mint $£5% 36 h FIAZ % E; MacKown Z5027E =0 N &R B 5 50~200 pug Aric NH4* 15N,
7d J5 IR AE 60%, 1M 60 r-mint #2155 7d [BISCR AT 94%. T H AR FEAT ol 7 2
T[] (7 B LA sk D [ 36 2 TR s i, ik e o IR, AR e HEf g B R R0, Auf
FORI, ERFEREREER IR BRI BAR TR, BERERNTET 14 d ME%E
(B 6), ST 34 AN 7E 5 b - 4388 5 b DON B A (0 U o 7 301 Tl BE 5 i i il B A R 281, ok
AT FURR R 8 2 7F 50~100 r-mintl2-), A4S 4 140 rmint J5, RIMTCIRLEE N
FEfh 20 mL CBER IR R T T 2mg-L™Y) I8 2K N £ 50 mL CRE R AR T 2mg-L L),
BInE 8d WoEL, HLE 25 L BAG 2 BE AN AE B FE 3 R AR =1, 43 0 0.26%0 11 0.38%0 (]
6), ZEHLT Stephan Fl KavanaghHRiE 1) 0.20%0~1.30%0, 4T Holmes 523045 5,

X TREE RIS, 8T Y AR AR DR AR R . R R T, R
PRMLRN G 4 HOEZ N R, DRI, FF S 00 3R TR AR 1) LR R Ve b OH B (1) B 76 KA
FAszIG, AR, 200 mL [T 100 mL (B 4), 1R ATAE &R EARF ELE %
RIRZE T RIS, Holmes Z5230%F 4 L2 pmol- LY NHa 8, R BRI T FEA5 25 2
BARIGIMMEREEZ . AR KSR 200 mL 14 8k R, B E KRR
B A DU R B 451222, 27 5 R ARAR AR TR R RS 2 AR AR, AN s a) e A, 1
B scA, B DA AR SRR RN T 45 T 200 mL.

PiuEh s 25 CEIREFR, RERERTINEY #. garnt e, SEsEE, W
SRR Zhang Z5E018 LbA: 3 MNMEERRE (25°C. 35°C, 45°C) T 2~6mg-L*NH,4*-N
I BGE SR, KIL 25 CF NHa N BRI S dia IR A2 (5 atom%), i 35 ‘CHI 45 C
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NI RAR T B TR, R R 2 N R ZE RO, % G e U T v T G A e 3
MR . Tk, R 55 CF, milir=E A Sk SR SIS NHs, S %
IRE R, HZ, X TR LRI B AR F B ROAE S, P Ra B (AR, & Mg miR e a
By M b f b BRI, T e R AT 50, AR BEK 52 . Lachouani %5
MOIfE 37 °C FHEH: (100r-minD), Sy HATHEEM 5d 4550 3d. ATFFEI, ik
FE A 24 i 7 AR B AP BRt A, 37 'C3d. 50 "C2d (Ml E 45 5 25 ‘C8 d LW i 5,
HIRZEHAEAK (F5). 50 CRF 37 CF 6 d FIECRIEE 100% (K5), RAREY
BORAF] (KClL MgO) K BL 11 2% Ji R R R 0SB R 22 8K, 75 R AR - 33 sl /K AR i
i, e 222 DON FEf#ER. Sigman 55274 s I K i B 283 FE NHa*-N. NOs-N
INf, RN T AR IR A, U8/ DON fRsENi . DRI, 5 MR 98 ELAARRE S 5 Ol A
DR EE R, TN, R SN A A
3.2 ¥EUEIMRERCHEMANE M

DAAES BOEN 2 L3RR, NHa =N R —AE 1 mg- Lt DL EIB9 221, U G 5 NH4*-
N ZE&AKT 300 pg i, S PA a2 AN J2 1 [RI7 25 431 B Sk 251. Bradley A Fyles[?6141] A 2
HEE=ER (22 0 FX 20 pg N #2305 8014 d, K 5N FEERTLbRME. Atk
MTHRBAEMS, RERIEMNESERABRTHEHRAE (B 0. KEAERCFIE S 232
1R BRI -0 129-30, S22 F 1) KCI. MgO FEZE TR NH4*-N, A5 i 2 750t i A
SEATREG, TAE 450 CT mid PP PEART- P850, L HERI/K AR R ERAE 5 1 1) DON FEB IR
B3N 5 IR R B AR AT E D 0 RN NHS*, 2 TSI BERE S I € o

INE IR, G IE MR IR 70 A AR I 3 J s R RE e, A E >4 [l e KT
45%, iREREFEE, WEEEHEARN, PR PR ER, WEE =R IET R (D R
P SEBRI A2 (1 25 AR IERM TR IER 29, i3k TAER R, BUNAR) REZERFR—T ZAHE
PO R A B B 22 5 B, M Bk & 2R i S 5 R, AERAI e R
(2) RIWFAMLRASEREIEIER, Sy o N — e G, 2 RE e, BA
BE NHs*-N REAL, i@ KRGS RGN TR IR, SR B R SR,
AR A 318 R R AR e, e —EE N AR R, wTRRIG IR ZE: (3D AR Rk R R AE
AU IR S FE AR (A AR 26 1E, 207 Lory F1 RusselleSI4 Hi,
RIEFRAEEY B B BRI E S wIbREdi 2, nIE ok e R A 2 2 H A I,
Stark FH HartCIGIE [ 1% 7 1L MRS % BEFIHERA T, A SCH 2R IE T e 2 (B 4).

gx b, AFRILR Y B IR PR R 100 mL, =i NEE 8d, 37 CF
K598 3d, A FHLIK FIR RARHERTZA% IE, TR e 3R K T55F 0.2mg-Lt 1)
FRic NHs N, KKBHE T3 BuEN e L3R5 P bric NH. 5N IR R IR
3I3YHUEAEBREREMEFHER

H AR 1N-NH4 1 % ISR BLR B2 57, Chen Al Dittertt™ 81, HARFEE KT
5T 0.8 mg-Lt NH4 N 3537 72 h 5 BT A BRI RFFE 95%0L b, SEBY §02 T fe ik
T BRFEERES . SR TN, RN R e 2%, A FEHERR 2R A T
Stephen A1 Kavanaght?®l i\ J97E5r B HARFRE I L3 NH.-N B, T HuEME—A 8. A%H
MR AR T . AR, RS ERE Y SRk E s 8 d RImTHERI eIk A 1
mg-Lt & PA ERTE SR NHe =N, K% /N T4 T 0.50% (B 6), (KT %KE, NKKE
AR VLS 20820 BT, FE. TSR SRR K s, %N Z) 20nmol N 5, f#H
TP i RO NH 4 #5468 NOg',  FH BT i1k 4l i Pseudomonas aureofaciens 1 H %4k
9 N20 B2, AL B vk RO R =y, BRSEBIR T-56T 10 nmol N (1) R Bl e iel, (H2 &
NP, WA Z, W B A PR 2 R B, R E g5 R, I, %
LRI AN 3t — PR, (HRIEE RV E N, SRy fuknl |k, HErll e
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AHEFEIA T ERBFI 1T 20, BRI o) S NARRIRIRE SRR L, AR PR SE IR iAs . fift
S R RIRI, SEPL TR 0.2 mg- Lt £ FARID NH, N (HERs . REBIE, KL
AAE Y HGED AT T AT 1 omg-L? B ARFEE SN-NH HIE . IXAURRE T BakAE
NH*-5N i B RE G R 3= EVE ], WL 7 B RS B0 124 5 DLORAIEI € 45 SR (10 v
A EAI R o 0 T AR EE R H AR AR1C NHo N, I BGETI R 2 70 2 148 NHo H 5
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