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TR FEE R AL HIF) 1,9-% — B EE A MY

12 > 1 S12 1*
KEEM S, REF, B B, EIY
(1 PEPRERERE S ST, Al 210008; 2 FERABERY:, JEET 100049)

 E: EBUKREEYREINGIF 1,9-28 WA BTG, X UORERS 28 K R [ AR AR B S B Y RLCR(80.17% T 82.97%)
Bk AR, e AR AR B2 A KRR R A W I AR R A By v, HLZOT I HLA w3 I B o o ZESAR 3% (GC) iy i i 3R
B XRFAAGRR AT A AL ST T, S5, ] NLO-X(= W ALRESE) = S Z B (BSTFAWE Yy 1,9-8% “BERAT A ALK
FIWE, RFAAL -y B s W RE(E s F AR A BRI A 200 ul BSTFA, 7E 60 °C 4504 F [N 30 min B, 1,9-%¢ 458 GC 71
BN TR s BHARTTEEAERAY H RS E R 2.18%, HIEAEE N 3.01%, LA y=34.77x-0.90, r=0.999 3, /)
KiHBRAy 0.05 pg/ml, 7RI /KAEHR 2550640 b AL Al LAl 1,9-38 B TR it 2%

R AIPEN]; KRS 1,9-%8 s EARSILImEIE;

PESES: S145.9 XHERARRRD: A

Optimized Determination of Biological Nitrification Inhibitor 1,9-decanediol in Rice Root

Exudates

ZHANG Xiaonan'?, LU Yufang', YANG Ting"?, SHI Weiming "

(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 2 University of Chinese Academy of Sciences,
Beijing 100049, China)

Abstract: The optimized pre-treatment and derivatization methods were developed in this study for the determination of
1,9-decanediol by gas chromatograph in the rice root exudates. Results showed that the C;3 SPE column could retain
1,9-decanediol efficiently and its relative recovery rate (82.97%) had no significant difference with that of the rotary evaporation
(80.17%). This method is time-saving and fit for concentrating the identified hydrophobic BNI-compound, 1,9-decanediol, in
large amount of root exudates solutions. In addition, the use of N,0-bis (trimethylsily) trifluoroacetamide (BSTFA, 200 pl) as
derivatization reagent, together with 30 min heating in the oven at 60 ‘C, was found to be the most efficient method for stable
derivatives and high sensitivity. The linear equation was y=34.77x-0.90 (» = 0.999 3); the 1,9-decanediol detection limit of the
method was 0.05 pg/ml; and the method exhibited good accuracy (recoveries of 94.42%) and precision (within-day precision of
2.18% and day-to-day precision of 3.01%) which could provide reference for the subsequent analysis of 1,9-decanediol in rice
root exudates.

Key words: Nitrification; Rice; 1,9-decanediol; Biological nitrification inhibitors; Quantification
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1%« RSP AT A o AR A0 MR B VR K
FAR 22 20 W v 1 WSS 8 BB D B R fb &9 1,9-%%
TR W AR A TR B R S R K T Y
FAT AR RS AR I RE 1, 9 HLF5E & B 5t 53
B 5 7R B A W RO R RN A 2 R I S IEAH G, R 4R
A EY R E AR 4 H st /R fi
LA A () B AR 5 R SO SE B g A A (BT
JKFEHR 2R 006 BNT 1,9-3% — WA bl 22 4k
HAr ikt —JBEAE 34 ~ 477 ng/(g-d), R/t
W B B A, R ST — b AR T SR A
O3S K5 T T 1,9-28 TR E B, g
R4 1,9-5% ZREAR R BEURIE B BIFSE AN 1,9-28
MR ZR AT U AL N A A T AR AR B0 S P 1 H i,
TR R BNI DR o R K S5 B S A RIS R
FEP AR Z2 531, I HSCSE AR R R (— g
AEERARRUR 0.5 ~ 1 L), FEBFSE i 5 K ke
AL B ()R, 8 FH R A B AR AT T e 28 %
O-DVR AR AE BU(SPE)! 20, Jie e 2 2 L RS DU i3k
Hi AL BEATHURE S, R KRR ) o A e 4 RE RS 55
e T AR AR Bk AT DA e Rl s AR KR B AR
Bz, JF ELA] [ ip b B 22 A K Bk A . B NS 32
TR P 75 VLXK RS AR R 3 b it A T b 24,
T2 7K e A A 0 R0 B D0 /N R D
1,9-2 T REM S i, (HIZO AN T 2008 . KAtEAR
FOT YR TR F AR TAR R R FEI K 5 )R
B, PRICAHIEGE X o T WA i K EE R Y 1,9-
2 TR EERCE, IR A | TR R
SRR AT AL B 75 . Sun DR A @
XF 1,9-%8 T REHEATRE AT, AH T 1,9-28 TR
PG T, ITESH S 20T, — s
PIZZE) A T Sk o A A, DA T2 5 2 o
O R AR e PR, e i 1,9-38 B
FAAR N R T % R REREAEIAFT] BSTFA, #siintt
500 pl, 7E 60 CAME RV 120 min, SRMIAFSEA
AT A AR B 2 | A AR A R 20
A7 A A 2R (18 3 s i) B2 RS [ S 2 S B A
AT AR A AT SRRy A R 25 5, AR
W7 1 X FEAR [ A A AR I 5 SRR BB AT
AT, RGEARA T AT EACR N S50, A7 B FXT
IKREAR R4 1,9-%8 A5 AT IS

1 #RE7EZE

1.1 EEAFMBREUE
P pbRifiEdh 1,9-%8 — 8, @EHlTAR, HoAE

PR A A AR N, O- 0L (= H Jk ik 3 )
= LM (BSTFA, SUPELCO)FI N,O-(= HI %k
BE ) = 8 2 WM (% 1% = B R A6k
J%)(BSTFA+1% TMCS, SUPELCO); A #Liz 771 H i
IR . IE Ckedd R @l , iTIT 12 ik se i pl
H A BRA

HERKFE (Oryza sativa L) RXGEHE 7, #%E T
T E N T R DAL B 2E RIS T

Agilent7890 S AH LI (GC, 135 HP7890 < AH
i . HP7683 Hshi#tFEdR); M4 (CIMO, DHG-
9053BS-1M); BijJiE % 12 3 E WAL (EFAA-DC12-RT,
ANPEL); Jig##%7% % ¥ (Eyela, N-1100D-WD, Japan);
12 7 [f] AH 2% B AL 23 %% B (SBEQ-CG1012, CNW,
Germany),

1.2 FRE SR A EC &

F HPLC s vERA L] 10.00 pg/ml 19 1,9-%8 —
BEbRE IR, HREL 0.10, 0.20, 0.50, 1.00, 2.00,
5.00 ml FIARERRT 10 ml &), fJ5H HPLC
HEEZ, BIM 0.10 ~ 5.00 pg/ml AY 1,9-2% —EEbnife
o FH
1.3 1,9-RTERBHENIER

B 1 ml 10.00 pg/ml 1,9-%% bR e WA d T
1L &4 0.10 mmol/L CaCl, 4 Milli-Q /K, g il i
10.00 pg/L AW 6 175 HFESL T A PRAL, Horp—
YR TRt 26 RALAE 40 °C 28T, 55— IARE &
KA RFEEERZ 12 (7 FAERCE S H 17% &
BRAE R Cig BIAHAEBUNME(L g/ml, CNW)EHERES H
(1 1,9-%8 T, KERRYIE#T | ml HPLC HIEE,
Z: M8 Sun TR, A 500 ul £
fEik77) BSTFA, MEAIN# 60 C, W 120 min J5,
PP 200 pl 1E COREEfE, GCIE .

1.4 1,9-BERTENKFINEERITENEYE

HIfL4L

Z: 8 Sun P, ARKE 1 ml 10.00 pg/ml
1,9-%% “EARE T T AR OB b, =IRT
AIRZET, A 500 pul NO-RL(= H KAk 3E) = 2 Bt
JZ(BSTFA)B# 500 pl N,O-X (= H 3L fE3E) = 0 £ Bt
We(F 1% =& RESE) (BSTFA+1% TMCS), 1E 60
C M FAFEALRY 120 min, A7AEALP=HiE R T
200 pl HPLC 1EC BEH, GC IAE

FE A AT AR AR | S RS ) A B TR X 1,9-
2% TR AEARBCR R, 7E LN ORI S5 T A A
AN . WS 50, 100, 200, 400, 500 ul firA:1k
77 BSTFA, fiiA AL AR M 60 C, [ 120
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min; fTAEGIH] BSTFA JinA &R 200 ul, HEAmM
60 C wF, firAEALRBNIEFEISR51R 30, 45, 60,
90, 120 min; fi7A4=4kik3] BSTFA Ml AN 200 ul,
TEAEARBS ] R 30 min BF, A7 A= A0SO EE 43 ) Ak
FENI 60 C F1 80 C. UHMIYES#ET 200 pl HPLC 1E
cke, GCIE.
1.5 KEBRESWDYH 1,9- B "EHNNE

28 Sun S5 AR R WPIEE TS, K 30 B
6 P IR BY/K G E T34 1 L 0.10 mmol/L CaCl, Yit4E
WL EEBEAR, B3 4h 30 Bk 6 JEIE IR A KR B T2
4 1L 1 mmol/L NH,Cl #10.10 mmol/L CaCl, U4
HIBEISEERS, A 3 AN EE, #EWE 240 )5,
K 12 7 FEFHAE U B AR R ISR W T Y
1,9-% TR, KRRV MTHEET, i R
Je AT A AR D I A AR 22 00 1) FR B IO, GC
M .
1.6 SHEEEGNESES

SAR IR 4 % FID #2519 Agilent 7890
TAES:, FEETSHUNT . B4 @A HP-5 (25
mx0.2 mmx0.33 pm); PEFECEJE 250 °C, Ak
R WIEAREE N 80 °C, LA 20 "C/min HIEZTFE 250
‘C,ARJF LA 6 °C/min HYHATEE 300 C; HANAA,
LA 1.0 ml/min; PEFERR 2 ulo
1.7 #HiEahE

GC #¥iit858@ 1 Agilent ChemStation B.04.03
SERL; SEERKEE T Microsoft Excel 2010 il SPSS
18.0 HEATARHAIGE T HT (P<0.05); FIFHMHEZE 7
Z50H1(One-way ANOVA) X A [] 4 B 7] 22 55 b 22 e
VTR S, #KJ5 F Duncan 398472 8 HL4E(P<0.05);
fii 1 Origin 8.1 i E13%, IR EIRY - FE +
PR

2 GRS

2.1 1,9-RTEEREBFIENIEE

FI R AL AR 28 20 MR P MU B 8 14 i Ak B 7
VR L 2R R R R R Ak AP, S T b
REREEN TP AAT ATRERZ IS 22 GC I E Y CHLER
BT, WA R B 2 AT B Y Y A e BT K
ke, SRJGH Cg FEAHAE UM 7 25 B b ab 0T,
BTG 1,9-3¢ " BEbRE B2 1 LRI,
IR 3 IEAR 28 73 I VR i Ak B A A7 e DB A v
A6 , PO 28 Sk R AR A2 JGK WA AR B 5 3 %0
1,9-% TR R RRCRIV . K 1 4RERY], edi
KA Crg /INVEE AR AS G AT REAT 2008 B H AR 5T

1,9-3¢ W, ZH B SRR i 80.17% A
82.97%, HFHXIFRUENG 2= 700K 3.15% 1 4.02%, W
FRETAL B 7 L% T 1,9-28 T REAY E SRR I C
PEZE 5 o SRS T AR 5, e 28 A bt
rnZE T FERT AL, T [ A A B R A R B b 38 24~ K
FRARE S, KK T REM AT P 72, W] R
U DRE R I A A S BUR SE g 22020 DL T L
HEZR I3 AR it R 161, T2 78 S VR AR B 1 A i i 2
KME 6 h, TAEFRERIRTE], 12 40 [ AR A8 ke ]
AR 12 AR o B X R e B AR 1,9-
28 TR AL E , e C g A AR B BRAR 1 2%
KRR RE N PRSC I A HE L, AT AT O R S 56 2 R AR
MORE SR, R SRR,

Fz1 10 pg/ml 1,9-% _EHERSREFARTAESET

O B U 3R L 8o (n = 3)

Table 1 Relative recovery rates (%) of standard solutions (10 pg/ml
1,9-decanediol) under different pretreatment methods

WALH T W (qug/ml)  FECR (%) HIXHREERZE (%)
TEFE 7 K 7.57+024 80.17 £2.53 3.15
SPE 7.83+0.32  82.97+3.34 4.02

1 : SPE: REFHAEHL, RH Cis/ME (17% ke, 1 g/6 ml,
CNW),

22 19-BETAEUEHFNRK

M AR R b 1,9-%% Z WEAE I A i) 5 i PR 2R
ZMZERE, BEZEMNLLTF WA 5 ks HaE ik |
2.1.1 AR RAERE KA VRS AL 4 i
1,9-%% R —FARNIBEE Y T, HA A I e
W, E3EEAT GC 432 5 SB0R) R AR Fn g Syl
SEVERFART> ) AT A Ak SN RS FR A AR 1 =
FERERE(TMS) BRI S b i SR, AT FAK 43
IR 7L L L o =B R /5 | 2. Vel i A ¢
1,9-%% R A R b, H AT AR AR
N,O-XU(= F HE i 3) = Gl L B i (BSTFA) 114, {H AT
HRIB 15 o BSTFA 5 TMCS #2118 99:1 IR & g2 iy
S 7 282027 ] ARG Hh >R ] BSTFA I BSTFA+
1% TMCS BT AE ARG 1,9-%% Wb A7 H ik
BEfLALEE, GC e & IIZY)TTE 6.92 min i, &
1 45560, 43 %1 BSTFA 1l BSTFA+1% TMCS P
PR A= ARG 1,9-%8 ZBEHA AT A 165, FH BSTFA
P Ry A0 2B Ak 500 s Y 7 g 0 i AR W T
BSTFA+1% TMCS £ A A1 AE AR B 110 7740 i 071K
VEHAXT T 1,9-%8 BT A 4k, TMCS Mg hngf A
P HATAEARSIOR , BOFE 1,9-%8 “REAY E BT i gk
$£ BSTFA 1E AT A AL IRGH
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5 6 1]
3001
a

200F b
&
=
&

100

0
BSTFFA BSTFA+1%TMCS
[ tamvil]

(F /NG S REAS ] e 7 AN [a] b B R] 22 5 3% P<0.05
BFEKF, FER)
1 fiT%E X5 BSTFA 5 BSTFA+1%TMCS X
1,9-% ZE2fiTE (L RURAY X b (n = 3)
Fig. 1 Derivatization abilities for 1,9-decanediol silylated by
different derivative reagents BSTFA and BSTFA+1% TMCS

2.1.2 1,9-%% A AR A R N SRR A 23280
AARIRTI AP A A AR ARICRA 52 247 A At
oy SRS L B T A TR R R i, L
BN 50, 100, 200, 400, 500 ul BSTFA X 1,9-2%
TIEATAERCR R, G5 ANE 2 PR, IR IR FE R
AT A ALIR5R BSTFA, 1,9-3% “BERYATA AL =90 B
NAEA B &2, HPhdsn 200 ul BSTFA i, =4
B TR R RS s RN 50 A 100 wl BF, w07 (R A AR
A B T A7 AR AR AN R BT AT AR A RN A
SE4; MASHN 400 F1 500 pl BSTFA B, ff2E4L=4)
e Ry R TR AIG, Pl B i FAT AR 2, 45
TRV BRIk 25 2 i A AR A e Tl 4 18 A
TR RIS, AR RE, AR IR
R EZ —, AR AERT g, fefg Bk
TRATAEARIAS , I BT DIARAS A AT AR AR
I, frAAR RN R R H S N 200 pl BSTFA #0451 .

500

400 -

50 100 200 400 500
BSTFAZN IR (ul)

2 RRELTENLIRT BSTFA RINE A 1,9-% T4k
FEYINE [ 1B B 208 (= 3)

Fig. 2 Response of trimethylsiyl derivatives of 1,9-decanediol with
BSTFA under different volumes

Ay ARUEY) T 1,9-3% A AR 1A P o
A 200 pl BSTFA fiiAE A0S0 30, 45, 60, 90, 120 min,
FLAE 5 AR TR A AT A st ) A A R A5 T 235 SR
Kl 3 fr7 . 1,9-58 ZRERIAT A AL WITE SO 30 min B
C AT B R (R, T BE B A [] (45, 60, 90,
120 min) 38N, PRI AORTC A8 i
EIMERERISY T R A EREEE  2FRRRAE
HR 4 IR =G B AT A A ] — 3273435 43
BT AE AL RO HEAT IV, 7 30 min B & 4 N 5%
4, BN SNE B TE] I AS g B s A9 AR Ak W 1Y e i
Ho P, 1,9-%% ZEEA Az Ak S0 A A A s ] 4
Hl4E 30 min RPA],

30 45 60 90 120
SV () (min)

B3 AREATELEERT 1,9-2 ZEEAT4E b 7= 400 R & BY
M (n=3)
Fig. 3 Response of trimethylsiyl derivatives of 1,9-decanediol with
BSTFA under different derivatization time

PRI 4R 2 60 °C L 80 °C, LA
AT X 1,9-28 ZREARAERT A ALBCR B, [ 4
SRR Y ROV IR BOE R 60 'C I, 1,9-58 Z Al
A AR =R A 29 h 390, T T B HRLEE 2= 80 °C
i, A A A= B Ry A S SRR IR 2 260 24T, XU
B 80 'C iR Nl BEATE 4, FEma N (EAR, I H
TR R, DR Ok v R R X TG I AR ) 4
FRIREA R RBIBCERP, %4585 TP R 5
—3; PLAh, EARE R AR ARG Tk R AR Y
T, PR e AR B AT A A ™ A 0 Y A A
B, W T R U B T LB 1K R R B R PO
T AH L TARGE R 7K IR 7, R VLA I 77 =X g g
A kKRS TG, RN BB 4R AR I AR
KSR IR R R, Zead %t 1,9-%% BT A ki
FERTRAL, fe i AT A Ak 45144 200 pl BSTFA,
FHEHER 60 °C N 30 min,

23 NEWREERERE
eI . HRUCHL 0 ~ 10.00 pg/ml AYFRUERE S,
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S00r ARSI, DL 1,9-38 ZEEIE HT U P AL BR

200l a (), LA 1,9-%8 Rk B2 R AR bR (x), #EATZRIEIRTA,

HAEN y=34.77x-0.90, r=0999 3, Vi 1,9-2%

%”“ b T T SBCH) ¥4 T 5 T PN I R ) e e T AR 2 R %
£l AR (R 2).

IERAE R . IbRAEE A 10.00 pg/ml, HPNAITH

1007 [ESPATIAE 6 YOIARFERS ), ERRA5T 1,9-2% B L

0 TR AR bR E 22(RSD) /M50 2.18% Al 3.01%,

60 80

RSD < 5%, &ERFEMIZT RS E BRI 2),

SN (C)

E 4 FEMGTEALREI 1,9-% ZEEHTHE K =400 5 E B
M (n = 3)
Fig. 4 Response of trimethylsiyl derivatives of 1,9-decanediol with
BSTFA under different reaction temperatures

ARG R 3 A% A5 5 WA LU I ) 7 A A it

B, 5B A e B AR RE S S E A He A, A5
RS B9AS R 0.05 pg/mi(EE 2).

T2 OUEBETE. WHRREUE=06)

Table 2 Instrument precision, detection limit and recovery rate of method

A W A i 55 BALPE X ZREL - H S E (RSD) H RS % B (RSD) A& H iR (ng/ml) [ IR (%)
1,9-%% y=34.77x-0.90 0.999 3 2.18% 3.01% 0.05 94.42 +4.71
FESIARIICR . bRith 10.00 pg/ml, %% 5%,
ME 6 AIbREE, 7 gt RSN BFrY) o
Sk

BN RE R B, A5 RN 94.42%(3 2), FFA A HLEE
R VR N
24 KBEREFDYHERD 1,9- B _EHNE
SR FA LA 1356 v e AR 8 2% 1 A R s K A
AP 1.9-% WS, Cog BAIFEIEE |y
AT LA 804 AL R 46 7K AR 22 0 W W v i A
YA im il 1,9-%8 —EE, I Hizd gt BSTFA - Bl
AL TE 6.92 min BT S MR 07 06, 3 3t s ofE
T I E AL B R SR B Y 1,9-28 T
BIMEEZI S 0.10 pg/ml, UL BEAGRE B 2 U
1,9-% "R E LY 0.32 pg/ml, PIHZEZESLE (5]
2 UL 1 mmol/L NH,C1 AEfS i E 1R & 1,9-
5 RIS . IR R, RSD < 5%, B [
BRIZ O 138 FH T 0 e K R AR R o W o 1,9-%%
TEER

—
—_
—

(4]

(7]
3 &g
th bR 1,9-38 ZFERT AR AL A AR 6 DL KR
MESSR, whE AR BOE AL . S ERAR W (8
Vb e BARYE 1,9-%% g, il BSTFA 1 RAiT
AR, FERL 60 'C in#A 30 min HEFFATAEAL
N, R 2 SR A R A 20 A S B ROR B
AT B RS HE MR XS ARG 25 B B RS i BR3mT 35 5
AHHTIESR, I HZO IR RE . RgUE R,
KRR BRI 1,9-%% TR E R AT IRAE T
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