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Abstract: [Objective] PN isotope techniques have been widely used in investigating soil and water nitrogen

transformation. The 3N isotopic composition of NO3~, NH4* and N20 are key data for this type of study. These gas
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or liquid samples are usually stored before their concentrations or before SN abundance are determined.
Nevertheless, improper storage processes may induce changes in these samples. However, the effect of storage
conditions on the N isotopic composition of the gas or liquid samples has not been well defined. [Method] The
influence of storage container, temperature, sample pretreatment, time and other factors on the >N abundance of
gaseous and liquid samples were studied in this paper. [Result]The stable storage time of N2O samples in aluminum
foil air bags is very short, and its 3'°N values significantly changed after 10-day storage. Also, the 8'°N values were
stable in a screw-top vacuum vial + butyl septa and clamp headspace vial + butyl septa for about 200 days. For soil
extracts with natural abundance, the §'N values of NOs~ kept stable for about 10 days when refrigerated at 4 °C
and frozen at —20 °C, but its 8N values of NHs" remained stable for about 60 days and no more than 10 days
when frozen at —20 °C and refrigerated at 4 °C, respectively. Besides, for '’N enriched soil extracts, the SN
abundance of NO3~ was stable for about 160 days, while the >N abundance of NH4" was only stable for about 30
days in —20 °C and less than 10 days in 4 °C. For river samples, "N values of NO3s~ and NH4" were only stable
for about 10 days no matter whether the samples were refrigerated at 4 °C or frozen at —20 °C. [ Conclusion] Our
results highlight the importance of storage conditions on "N abundance of gas and liquid samples, and provides
scientific guidance for proper storage conditions when adopting *N isotope techniques.
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1.1 Eikwrst

PA NoO. EHER BB K AL ERE fn 9 At el, Horb NoO Fl B3R 48L& 4
VB H AR PN E A, TR AR N EE M7t . HRFE N.O
SRR E 9.824 mg « m3 [ NoO Rt SAREIE (Air Liquid Ltd.);s N &M NoO FEAHE 2
atom%1] SNHANOs i 22 Ak 2%, 72 AR 1 NoO 11 SN B FBE2 1 atom%[2021, -
BER S LR BV B KRG LR 35, F 2 mol « L KCLEVRIEHGRAR « [ 7KFE i
K EVLARAE B =080 (3296'N, 118S4'E).
1.2 iRt

FAAEE NLO A0 % B 4 MEFAREE: 1) SOmL #87ERFELSE (RE, K&
BHEARAFD, & CQD; 2) 20mL M8 AT (HA, Maruemu Corporation) + ] %€

(HA, Maruemu Corporation), f&# LDB; 3) 120 mL 4 L T5i=sif (R E, 22t seis

BB AR AR + T 7% (HA, Maruemu Corporation), f&#% QDB; 4) 120 mL 4 110
T R E, R eE st R R AR A FD + PTFEAE MR (R E, higzitseinst
FAr AR AE]D, fEiFR QPB. HrAH g M T i e 1 ¥k s il & H, ST iS4t n
B EEE (B D.

vE: a) FA7ERAELE Aluminum foil air bag; b) 20 mL #2115 =i 20 mL screw top vacuum vial; ¢) 120 mL £ 1
T2 120 mL clamp headspace vial; d) T 7% Butyl septa; ) PTFE/EEGE%H PTFE/ silicone septa; f) Jig I

¥Rl Screw plastic cover; g) £ 4515 Clamp aluminum cover.
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Fig 1 Containers for storing N2O
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ELRETEIZ N2O Ak . DURP 2 b 46T 2019 42 9 H 7 HZ 2020 45 7 H 19 HAESLE =
HHREAE, AR IR AR L VST D 10~28 °C, #RSEAAS . O+ T 6%, d o
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T B B AL T RIS TA] A 04 104 20+ 80+ 90. 235. 270 d, FRRIINBEIRVEERE, &4
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BT, BT R ITE R TG R TS N E .
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20 mL #2 DTS+ T %€, fFK LDB; 3) 120 mL O TAZS IR+ T #£ %€, f&FK QDB. <&
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WIRR R T3, BRI EAN100 mLIE 055, R E2ANMGH: 1) 4°CHAJ, 2) —20°C
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2.1 BRAFEE N.O SIEFEEMRETL

AR REK, NoO FES A7 BIDUFR AR S, SLRIIE (O BFZID (1 N2O 1 81N A
BEZER, BMEHN 0.09%0+0.06%0. BEE AR HIFIER, AFREAEZE T N.O 1 8N A
T ER AR ZES (Bl 2a). 7£270d N, BOTZH+ 3% (LDB) A A% |
+T 378 (QDB) fif fFFEM Y SN (HEALRFFRRE . EfEAF 20 d B, EfARE (CQD) fi#r
LR 8N LB B8 (P<0.05), HBEAE A7 AIAE:, SN HARE B 0K,
£ 90d B (8'5N=7.60%014.72%0) L FT /b KRS H NLO (1) 8N fH . 4 D102 i+ PTFE/
TERCIEEY (QPB) FaE b fEf M BE 4, 7655 10 RI, SUN [HCL SVIthEEREE (P <
0.05), AWM HAA FRAE R 24 R IBN

NGB0 N2O IRFE (F m/z 44 WG RIR) D AAE B 257 (K 2b).
760 %, B4 OTRZS M+ ] R%E (LDB A1 QDB) FIAE S (CQD) N.O W L &
FER, WEHABEN 7294021 mV « min; {HS2HH DTS H+PTFE/AER B (QPB) )
NoO MR EEAE BT = (P<0.05), WEMARIE N 6.17£0.15 mV »min. B AITEL,
AN F A7 2R A5 NoO WETHIAR AR AFAE S0 35 220 o 76 270 d (PRI Py, M8 I T2 i+ T 22
FERA OIS+ T 2 2E (LDB 1 QDB) fifi f£FF S I NoO U AR IR AR R AR E , {XAE 2704
RIS R, R4S (CQD) H NLO IETHAITEREAF 10 d I LR 3 TR (P <0.05),
HHREE TS 90 d JEHEAFEE (<0.6 mV « mind. FEASUUMEANE, 40T A5+ PTFE/EER
Fat (QPB) flAAFE M 1) NoO W AR AR LE SR 243 5 o

—A— DB —3— CQD —A— DB —0— CQD
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%47 H ] Storage time /d fi% 47} 7] Storage time /d

7E: LDB: B2 IT0 7S i+ T 55 %€ CQD: #RIE4E; QDB: # T 7S i+ T 342 QPB: 4t 1T fi+PTFE/
TR, Note: LDB: Screw top vacuum vial + butyl septa; CQD: Aluminum foil air bag; QDB: Clamp headspace
vial + butyl septa; QPB: Clamp headspace vial + PTFE/ silicone septa.

B2 AEEAF A N ERFE N0 B8N (a) Flom/z 44 WETHIRL (b) 724k
Fig. 2 Changes of "N values(a) and m/z 44 peak areas (b) of natural abundance N2O samples under different
storage conditions
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HI~FIME 9 1.023 atom% +0.002 atom%. B F fi 47 B (B U AE K, AN A8 RS 1) BN E
AE R ZES (B 3a). 75 270d POULIEATR], SR O T2+ T 2% (LDB) A Tl
+THEE (QDB) fifif7 N2O FEfn 1) SN AR E. M2 R, #ER4E (CQD) 1
EAFAL 10 d B, FESLI BN FEOLRERK (P <0.05), 765 30 KEFES N FECT
P2 0.369 atom%, FZIEZ S+ NoO 1) PN EE{H (03663 atom%) -
WK 3b fios, TR, =ML NoO WRIE TR 2R, EImAIIE N 4.96+0.01
mV emin. Fifi & i AAE T RE RS, AR 228 HRE S 1) NLO W THI RS (L A AE A0 B R IR 22 5o
TERBAEEE 10 2RI, 49ES4E (CQD) NoO WA S REIFFAS, F£4% 0.63+0.12mV *min , Z
JEREABUA R HILZ T, 2510 REFER OIS+ T 328 (LDB) FE DTS i+ T 9%
(QDB) X MAEHL) NoO WETHARRAFLE 4.9 mV «min LAE, HAROTHAS -+ T FEEMIE
TR K TR D T2+ T 2628 76 90 d B pl T I I B 46 7705 A28, IX AR BRI N2O ¥k
B CEMAD AR TR, HAEH 270 RKEMAERGMENIRE, —FHM N0 IRET
R Z2 5, AR TR G, WETHFIZIN 4.5240.05 mV * min.

—— DB —3—CQD —%—QDB —A—LDB —0—CQD —%— QDB
i 10
121, b
=S < 4l
g 10 B E[( E
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a8 08} = 5
> 8 < 2 g4l
v 2 NS
S 06} Ny
¥ EY 2f
Z =
& 04F 5 5 a = ol
1 1 1 1 1 1 1 -2 1 1 1 1 1 1 1
0 30 60 90 150 200 300 0 30 60 90 150 200 300
fiti {71} ] Storage time /d fiti 4715 7] Storage time /d

vE: LDB: BROT=SIH+ T 2%, CQD: fAE<4%; QDB: O TZ i+ ] 3£%E . Note: LDB: screw top
vacuum vial + butyl septa; CQD: aluminum foil air bag; QDB: clamp headspace vial + butyl septa.
3 REEAFFAE T SN EEEM N2O 19 5N (a) Al m/z 44 AL (b) 124k
Fig. 3 Changes of >N abundance (a) and m/z 44 peak areas (b) of "N enriched N2O samples under different
storage conditions
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VORIANR R A7 A T, R SBRARMERE A i) NOs ™ 1 NH4 ) 81N H SR A AR ML, SR
BAGEARL W 4a s, PRI IEXT - SRR NOs™ 1 85N WG E TC &3 5,
BIME N 37.53%0+0.18%0: 0~30d ¥ NOs™ ] 31N {H B2 LT+ (P<0.05), 7E 30 d ik 35
KA, BFEETYIEME (P<0.05), ) 8PN ERE T, 60d I TR 35.504%0, &K
TR (P<0.05), PURMiE A7 IR AR 34 22 AN K. &l 4b firas, JERRRLJEXS NH,
11 815N WIRAMETC &M, J5ME 9-4.27%0+0.39%0, NH4 ] 85N fEL Bl it A7 [R] AR AE K 2 T
Wiy, HUUR A7 77 308 R IR B A e R 2 57 . E6EAF 30 d LA, L SPNAEA —
Be ), (HRERRIEIEM 4 CAEAFRIRE AL, & AbBE 81N M VIR EZ A B2, EREAF 180
d i, A ALER SSN-NH B WML T A6 (P < 0.001), Hr 4°CHEFERIFE M iR B2
Ko 1L PEXT SN B I SAM FEAN R 3

el dc fros, PO AF 7R NOs W EEWIIREAFAE R & 27 (P < 0.05), B g
J5 IR IR NOy IRFE & /N TR BRI A3 . BEE M fr I R B, DU A7 77 0T
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NOs KERIUHAF RS . E6EF 10 d B, NOs IREREFERL, 2 EPudigmn.
PENRRLJERT NH VR ZFEM AR, B AFIN (A O E K, NH RIS, 60 d 5 T8
7€ (Bl 4d) o AR AL BE ) AR A S5 ] 5[] — i A7) 1) £ NHL VR B2V 235 22 3 (P < 0.05)),
UAESS 180 K 4°CHfAFHY NH4 R EER 151 o

481 10r

a b
40 .H\*__ X ot
. 2t
B £ -10f
z 24p —B— JEff4°C Membrane 4 °C z
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04} 1
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Bl 4 REMGAA M R NOs 1 8N E (a). NH4 I SN E (b). NOs ik (c). NH4HKE
(d) Bk

Fig. 4 Changes of §'°N values of NO3~ (a), 8'°N values of NH4" (b), concentrations of NO3 ™~ (c), and

concentrations of NH4" (d) in soil extracts samples under different storage conditions

VURHANR R A7 25 A 5 KA ) NOs™ M NHA ' 8N B I R AR A0k, kL&
FRh ERERLPERII K NOs™ i) 85N HIARMETC B2 5N, IIME N 17.54%0+0.04%0 . BEA ik
FFIN A AR B, AN[R i A7 7 20 R TR K NOs ™ 1 8PN A 224k, (HARAGEE AR, (&l 5a). 0~10
d I NOs™ 1) 8N B A _ETH: 55 30 RIS 4 FE NOs™ i) 8N (W R FRIL, #rak Tz
60d I, CRERTHIGME (P<0.05); (HiffF 180d 1, HALE NOs 1 8N [EHH 60 K
AWM (P<0.05). W& 5b, JEMEEJENT/K NH ) 8N HIghE R G B34 7% 5, ¥ME
N 24.27%0+0.27%0. {EfEFF 10d I, FrfAbE NHa ) 8PN i DA BE L THIIRE (P<
0.05); FEfEAF 60d N, FEAISTIGER:, AFEM#EF 730N NHy H) 8PN B HE T . HiE,
560 d ML, fffFZE 180 d I —20°CHREAF AL JERE 4°CHitifr, IX=41 NH4' ¥ 8N (HFA
WG (P<0.05), 1M 4°CHEAFIFRLIERBENALEL - NH, (1 81N it — P Ik,

5 R BB, IR IR R K NOs IR EE, JEMELALFRAIT /K NOs W FE 3%
AINTAE R AL, AEX NHWRESZI AR (B 5c. B 5d). PO iEfE 70, 725 10
KIE, 7K NOs FI NHAWKZ A RARTHIE6ME (P<0.05), BEAHMEAFN AT, 3
GREEFRAC, b NOs IR BETEREAT 30 d INFEATSE, NHWREFFEEREAC, %17 180 d g
A1,
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45¢

b
£ Z
) DY)
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0
61 Ar
c) d)
51 —— JEf5i4°C Membrane 4°C
= o 3t -A-4C
-c-}" al 'C'Jn —@— JE[E-20°C Membrane —20°C
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\ +
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1 L
1 L
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%171} 18] Storage time /d {71} [a] Storage time /d

5 AFEEAFA FIZK NOs [ 8N A (a). NH4J 3N fH (b). NOs W (¢). NHaWKREZ (d) 2l
Fig. 5 Changes of 8'°N values of NO3~ (a), 8'°N values of NH4" (b), concentrations of NO3~ (c), and
concentrations of NH4" (d) in river samples under different storage conditions

24 N BEENHIRRRBFEEFRET L

WA 6a i, £ 160 d [AEAFIAE, 4 CHI—20 CHFIALEERT SN B A1 L3R 52T
NO; ] 5N F AT BZE R . BEE A AR, PIAP /AR EE T NHL ) PN
FEA PR R FEGES (B 5b). fEGEF 30 d I, 4 CHEFRE R NHy 0 N F= T 46 B 1IK
THHAME (P<0.05); —20°CHEAFHIREMIUTE 160 d BT HI4RME (P<0.05).

5 ARF R LRI, PN B RN LR R NOs R EE A e /N 38 n )
. FEMEAT 10 d I, PIRPME AR B 1) NOs IR EX R Z T HIIRE (P<0.05), ZJEWE
AN NHy I U Bt A5 A A7 I T ) AE K SR PRAEa 3
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Fig. 6 Changes of >N abundance of NOs~ (a), '*N abundance of NH4" (b), concentrations of NO3~ (c), and

concentrations of NH4" (d) in '*N enriched soil extracts samples under different storage conditions
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