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P o R ST — A P AR SN (A I e R 1,9-%8 TR T, A BIXHE A S AR AR (BB . RBUREL. W
BHG L BRI ) RS SR S8 (R LR | R . FHERT ) EF TS, 25, R DB 13 1,9-
2% AR T 0 R A S SR R A S 1 Yk, WROREEE 40 mL- ¢!, EAEETE] 30 min, SAHIE Agilent 8890 iI5E 1,9-
& RER B RS R R 250 °C; A KA FALRNES (FID ) JREE 310 °C; FHERT : AR 60 C, % 2 min,
PL20 °C-min! (EEZEFHE 150 °C 4805103 Comin”! UEEETFE 180 C ﬁéthin FJRLL20 Comin ' AYHERFEE 270 C.
PERAESEIBCRIIN 2 250 T, REIHREE 1,9-28 B s RICR R 90.58% ~94.55% . A HH-UAH (i v I RATG . R 0
FIKE S s, Pkt m»dl FEMAF, HAE 1,9-58 R SRR TAEBEE T SR

I 1,9-38 T AEVIRRINEIR AR KIS,
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Determination of 1,9-Decanediol in Soil with Ultrasonic Extraction-Gas
Chromatography

YANG Ting "% LU Yufang', MA Mingkun'?, 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: [ Objective ] The application of biological nitrification inhibitors (BNIs) is considered an important new strategy to
reduce nitrogen loss from agricultural systems. Recently, a new BNI, 1,9-decanediol, has been identified in rice root exudates and
the substance is found to be contributive to improvement of nitrogen (N)-use efficiency (NUE) and reduction of N,O emissions in
agriculture. In order to evaluate its stability and effect in soil, an efficient, fast and accurate extraction and detection method needs

to be developed. Thus, this study was oriented to develop a method of using ultrasonic extraction-gas chromatography (GC) to
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determine 1,9-decanediol in soil. [ Method] Soil samples were collected from a paddy soil at Yixing (31°17' N, 119°54' E),
Jiangsu Province of China for extraction of 1,9-decanediol using different methods, including different extractants (water,
acetonitrile, methanol, acetone, ethyl acetate, dichloromethane, hexane, and petroleum ether), different liquid to solid ratios
(varying in the range of 10-50 mL-g™'), different durations of ultrasonic processing (in the range of 10-50 min), different
frequency of extraction (in the range of 1-3 times), and different gas chromatography detection parameters, including inlet
temperature (in the range of 200-280°C), detector temperature(in the range of 260-320 °C), and four heating procedures for
optimization. Spike recovery of the substance in soil was determination relative to its concentration (10, 100 and 1 000 mg kg ).
[ Result] Results show that: (1) the method of ultrasonic extraction using methanol as extractant, 40 mL- g’l in liquid/solid ratio,
and going only one round that lasted 30 min was the optimal one; (2) In using the Agilent 8890 gas chromatographer to determine
the substance, the optimal conditions were 250 “C at the inlet, 310 °C at the FID detector, 60 C in the column kept for the first 2
min, and then raised up to 150 C at 20 ‘C-min! and to 180 °C at 3 ‘C-'min ", kept for 2 min. and in the end, raised to 270 C at
20°C'min”"; (3) under such conditions, determination of 1,9-decanediol, 10-100.00 pg'mL™" in concentration exhibited good
linearity, standard curve of y=26.81x—9.678(R*=0.999), detection limit of 0.03 pgmL™', recovery rate of 93.99%-96.91%,
intraday precision 1.78% and interday precision of 1.52%; and (4) under such optimal extraction and determination conditions,
the spike recovery rate of 1, 9-decanediol in soil samples, regardless of concentration, varied in the range of 90.58%-94.55% with
relative standard deviation(RSD)varying in the range of 0.30%-3.41%. Conclusion This method, low in detection limit, high in
sensitivity and precision, and good in reproducibility, and this experiment may lay down a foundation for evaluation of stability
and environmental impacts of 1, 9-decanediol in agricultural soils, and provide a good reference for developing methods for
extracting other BNIs in soil in future.

Key words: 1,9-decanediol; Biological nitrification inhibitors; Ultrasonic extraction conditions; Detection parameters; Soil
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DURRTEAG, PISERHE & (o 2R A By A
FE &0, B A Agilent 8890 I 5E 1,9-%¢ —EEAY
FiEA R LR, G, AXEHEF KD
1,9-%% R O RS L, XA A Agilent
8890 M 1,9-%% —BERY & S E AT, Mini
T ) R P I AR -SRI - g 1,9-
2 REM AT, R HE 1,9-38 RS SO
BEE Ao

bR i

1.1 #hHt 5

HEk H N KT TR T KRS L, -
HERAE HIT IS (31° 16' N, 119° 54'E), FAkE
B 1.
1.2 B 5iH

fe2EbRaEsn 1,9-28 — g, 2HlTAR, difEk
F 95%, W T HBASEWYE . AHLRT N .
s, N, ZBROBE. &Pk, IFO ki
afi, A (WAL 60 C~90 °C) Mortral, ¥y
9 22 3 S 56 B B0 BR A WD

FE S OHT b B AR N B O A Dk TE R AR
( X025-12DJ, ATPIO, W[ ), BRI 12 {3 Z WA
( EFAA-DCI12-RT, ANPEL, [ ). Jight & kAL

(N-1100D-WD, EYELA, HZA); #E5E S K
ML (Agilent 8890, E[H ., f14F HP 8890 <,
IS . HP 7693 H Bt RS, Agilent ),

1.3 SHEGIENE 1,9-FZE8EiR1igit

131 1,9-%% [ oV VI T 61 &35 9E
CLEERIEL S 1 mgmL™" (4 1,9-%8 " EEARAER W,

YR EL 0.10mL, 0.20mL. 0.40 mL. 0.60 mL.

0.80 mL. 1.00 mL MARIEAIR TA RIS, A6k
HECHEREAZE 10mL, RBIAH 10.00 ~
100.00 pg-mL " (1) 1,9-2% —FEAR 0 FH

1.3.2 S AIEE AL KA F K
T FEREIES (FID) (Y Agilent 8890 T AEuf, &%
Zhang 25 SIFI ] Agilent 7890 Wl AE 1,9-5% Ry 7k,
Wizt 8T . B 4E 6% HP-S
(25 mx0.2 mmx0.33 um ); FEAETHREE 250°C; Ao
PERE; WITRHER 60°C, 55 2 min, LA 10°C-min' )
HRTFE 150°C, 4R LA 3 Comin ' B3R TFE 195 °C,
1547 2 min, HJ5LL 20 Cmin' BHEZEFE 270 C;

WA MRS, HWE 1.5 mLmin'; BERERF 2 L. 7
IR A B SEml - B UERE TR (200, 220, 240,
250, 260, 270 °C). killgsiEE (260, 270, 280,

300, 310, 320 C). FHEFF (% 2) #1784k, 1,9-
P TWERE 10 pgmL !, BAKMFEE 6ANEHEE, &
LU T SR AR o L0 T R A S

1 HiXHIEERER

Table 1 Physico-chemical properties of tested soil

B A X TS A HHLB FHES 330 &
+ 3 SR
pH Total N NO; -N Organic matter Cation-exchange capacity
Soil NH; -N/ (mgkg ™)
/(gkg!) / (mgkg ") /(Cgke") / (cmol-kg ")
Kt 6.25 1.2 8.86 12.56 22.4 11.2
(DPaddy soil

1.4 BERINAEE1,9-RTER ISR

1.4.1 by - 3ERE 5L G i & AW IS i
2 mm i, FREL 1.00 g B0, I A R Hl
JE R 2 mgmL ' A 1,9-28 “EARMEVETR 0.5 mL, &
A R R e P g e, KRR EE 1 h,
VAR A L HEALER, 5 R A Bl H SUR
SRR . AR RIS 1,9-28 TRk
JER 1000 mgkg ', IFENJGLEREFTRBUR LI
S T

1.4.2 3P 1,9-2 “RERGEE A HRE (1) FEBGL )
BSR4 FIR 1000 mgkg ' AR AL S TR R
PEBGAR (UK. OB, WEE. NE. 2RO, —
AW, IECHE. A ) HATHARI, 4%
PFEE 4 ADNINARFATRE S o ORHEE 40 mL- ¢!, B
AbFE 30 min, B0 (6 000 rmin') 5 min, [iEWR
W R EMIEEY, R L fE it
PP AL EE , BPILHREL 3 WK, % =R ILBOR & T iiE
HIZERIN L 40CE R ZET, AW IECBE,
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Table 2 Temperature raising procedure of GC in determination of 1,9-decanediol

THE T S R {5 5 N
IBAT 1]
Temperature raising Heating rate/ Temperature/ Holding time/
Running time/ min
procedure (C'min™") C min
60 2
1 28
10 270 5
60 2
2 5 160 5 32.5
20 270 0
60 2
10 150 0
3 31.75
3 195 2
20 270 0
60 2
20 150 0
4 23
3 180 2
20 270 0

22 0.22 pm AVLIER A IEF 4 E 10 mL. HUA &
FHAH 3% LUAR o i 200 H 38 b 1,9-%8 R &
EIFTFRE ISR, B RSREGI £ 1E 1,9-28
P LR A, (2) SRIBORER S HE . DL R
S EREOGR], R 40 mL- g7, AL FE 30 min, 4%
BORER 1k, 2 . 3k, HAEREL TR
1.42 (1), FASEEBORECHT 148 1,9-28 ZFEISeR
MIsEm . (3) WORHEL I RERE: LU B S L)
MEFE AL FE 30 min, $RE 1 YK, WORHERAM R 10, 20,
30, 40, S0 mL- g ', HAbIREATRRF 142 (1),
OB L3 1,9-%8 TR B, (4) A
FH OB DAY R DL B AR b B ORI, WOEL LE
40 mL-g ', HEHU 1 ¥k, MR AR E 50508 10, 20,
30, 40. 50 min, HABRAELTRF] 1.4.2 (1),
7 P BT () % - 48 1,9-%% TR I WSOR A S
1.5 ARIRE 1,9-% _Ez iR B R iR 1%t

M 1401 JrkECHI M E Sy 100 100 |
1000 mg-kg ™" ANAR 1496, DL FR EEAE A 4 BGR) d
PEHC1 K, WORHE 40 mL- ¢!, S IHE] 30 min, H:
AR D BRA] 1.4.2 (1), WA FWEE 1,9-2% —
OpINE A Gl 9
1.6 Zits#hr

SOAH B 3% %L 4 i@ i Agilent Openlab Data

Analysis 2.4 SEAL, SCHEAEF A Microsoft excel
2007 A1 SPSS 22.0 #ATEHRG I, /R
EER (LSD) st abH ] () 22 5 B, A
[ (1) /N B R A BRI A 2 % 22 5% (P<0.05); fift
JH Origin 2017 2§l EI R, BIR P Y P18 +
PRifE 2

2 R 51HE
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SR TSR DR . R ERIRE . FHER T
X 1,9-%% Z R B AESZ AN 1 s . YIBRTESR
AR 0L B o 7 P R, DA SR A e, A A
Fortrt . B VERE CUE R T, 1,9-38 R L
(W T R I SR BTG, 3 U B 2 1 11 38 B 5
RB A I 2 53 R 58 4R Ak, RS Ik R B o ke A 4y
fiff, DT 1,9-5% R A1 2 A T a2
IS WIG 4, P69 250 C HOE B BERE 1
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F A, — MG I 28 I B T4k 50 C L
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http://pedologica.issas.ac.cn



972 + b1 2 e 58 %

290 -

290
a) b) 300 )
C
280 280+ 200 + ?
280 a
S 2701 §270+ s T 1
] < 8
e = £ 270t l
53 53 54
= 260} = 260} = el
& =S x 260
g g g 20}
= 250 =250 &
240 b
T
240} 240} b T
230}
230 L L L L L L L L L ) 230 L L L L L L L 220 1
190 200 210 220 230 240 250 260 270 280 290 260 270 280 290 300 310 320 2 3 4
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BT 1,9-%8 AR SO AN [R) I 5 2800 B g
Fig. 1 Determination of 1,9-decanediol relative to gas chromatography parameters
N MO Nl == A 1= N D 25 il = N -1 >
TREE 310 °C Ryl BRI S50 o FEIRE S0 ) 5T 43 D 7 B . ARl 10 pgmL™, 4L

B BN EERNER, —BREMEESTIZA O WE 6 MIAREE, i LIRG M RIHRAR AN H AR
Syt 2 R ARRPTHE . BIHRRRT 3 M 4 MRS WRIEWREE, SRR 95.94%, fFE AP
1,9-%% “RGA B m AW N, (HFHRAR T 3 HWasfr M HrEsR.

31.75 min, FHEFET 4 2478 4L 23 min, FI4E%0

BT AP BTREIE . SRR, S5 L ORI S IO
S 1,9-%% “RER I ARAL AP R - HERE TTIRLEE 250 <, 2s00f K09
B g 310 C, JHEFER: #IHHER 60 C, 5 2.000]
45 2 min, 20 C-min” BEETFE 150 C, 5K =
JE A3 Comin ! YR TEE 180 °C, {44F 2 min, élm'
J5 LA 20 “Comin”! (R TR 270°C £ ool
22 SEBEMENEEERRERZ

FrufEfh <k . REL 10~100.00 pg-mL ™" fAR 00T
W, JFUERIECBENS I, Rt &t 0 - = - - ™
PEATIE, DA 1,9-38 TR i BUS AR, R Vi Concentration/(ug mL")
REAR R, PEATEAERIS, ARiEfhanE 2 FoR. B2 192 — bR A
TE T B BE Y BN, 1,9-2% s e B 55 g [T R 2 (1] Fig. 2 Standard curve of 1.9-decanediol
RME R B, e 7 =26.81x-9.678, R’=0.999, 0.

10 pg-mL " FRAERE 5L S A EIEE WA 3 FiR, @
SRR, 1,9-% BN E AR R K
9.895 min, H kG TCRTMESR RIS, 2 &l
Fr, WAL, fEA Rt ERl,

I EAG % . AR M R 40.00 pg'mL ™, 7EAY
TR, H R H [MSEAFIE 6 Ymareet?,
GERANFE 3 Fion, H PR BE A E AR 0 0r
RSD<5%, Uiz ) iK% R AT '

8.5 9.0 9.5 100 105 11.0 115

150+

100+

M )i, Responsive value/pA

AESAE B . DA 3 85 5 M Lh R I AR it v R EA 1} 1E] Retention time/min
B, SEARAAH TR B AR RS S E AT He g, TR B3 1,9-%% M6 R A
/%1)‘(%%59%1&*@&5 F 4 0.03 ug'mL’l ° Fig.3 Standard chromatograms of 1,9-decanediol
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Table 3 Precision, detection limit and recovery rate of the instrument

E RS A R

HPREE® (RSD) /% HFKEHE” (RSD) /%

KR/ (pgmL ") [BSCR /%

1,9-%% —JE® 1.78

0.03 93.99~96.91

(DBiological nitrification inhibitors , @Intraday precision, @Interday precision, @Detection limit, ®Recovery rate, ©1,9-decanediol.
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Fig. 4 Chromatograms of original soil samples (a)) and soil
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gy

samples spiked with 1 000 mg-kg™' 1,9-decanediol (b))

W BRI SN, SR it i (3 1 P i A e D
A, (HMRLEAC HARYIRNER 1%~3%, H
PRI IR 95%, Bk, Zeidest HAr¥) e
AT IUAR/N o FEZR BN T H AR 2 s oL
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24 ARREEGILED 1,9- BT ERRINE

=g
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Jndn e 1,9-28 R RIS R A S s, W
T 1,9-% R TRRIEER L &Y, RIEHIIAR
W JREE R R AEPE R Ak B L IF O e SR B [
WCREEAR, 4330 44.6%H1 52.4%, KXF 1,9 %8
FIFEERTCR N 77.8%, MAEBAHLEFI M . B
B TR . AW e SRR ER M A, WA H
93%~96%, P tt, WA HLEFIPE Ay 1,9-
2 RERCR AT . R LA A ALY ) o
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LR g, DCM: AW &, HEX: IEC %%, PE: f1iHf# . Note:
WA water, AN: acetonitrile, MT: methyl alcohol, AC: acetone,
EA: ethyl acetate, DCM: dichloromethane, HEX: n-hexane,
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BS  ASRIRIBGA I 1,9-%% B DR A 500

Fig. 5 Recovery rate of 1,9-decanediol relative to extractants

242 FREUREL 1 000 mg-kg ™" INAR 8 2 A [
WHBFHRIUS 1,9-28 Z R RICREE R gk 4 fir
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Table 4 Recovery rate of 1,9-decanediol relative to extraction

frequency
b LR EL MELE
Extraction times Recovery rate/%
1 92.49+1.89a
2 92.02+3.34a
3 92.84+1.18a

28 TR EISCRE R E 92.5%, FEHEFT TIRAREUR
R FDSCR IR TE B B, B L — YO
FHRBUR YRR O AT A, 2R
THFET Z B4R EGH, SRBORIMR ga it [t 2 . A
IS I VES D5 NI e F R = P 0 [ B D Sk /o
BORHECH 1K,

243 R WORHHORFESREEBUR AR 4
. AREEHEXT 1000 mgkg ™" findr 135 b
1,9-28 “EERIREES SRANE 6 Fron. 4R r I —
K, WRHEEA 10 mL-g ' 890 40 mL- ¢ ' A, DK
R 793%REE 95.3%, XULHIBCE L ag P kAT
B0 - SR BON R AL, AR HARY 1,9-%%
TP T FE 4 MV A R R BT VR 3 i =
S50 mL-g ' )5, BUCRIFICW AL, (H 25 i )
(TR 3%, SRR S (R e A s R] DRI A a2 i B
XoF BREE (4 S T RN, | B S o AR | it e S B A0
W€ AR TORH L 40 mL-g '

100 ¢
95 /I——‘I
90

85

[ % Recovery rate/%

80

75 %

0 1 1 1 1 1
10 20 30 40 50

WOk L Liquid/solid ratio/(mL-g™)

Fl6  WORHEXT 1,9-28 R [T AR 1 52

Fig. 6 Recovery rate of 1,9-decanediol relative to liquid/solid ratio

2.4.4 ] ANl s E X 1000 mgkg ™!
Jindr L gErh 1,9-58 AR IEE R A& 7 Fros. M

7 IS ) ) S B R R ) S R R R,

PR BUSCR P AR L 10 min B0 2
30 min Af, 1,9-%% “EEAG IR M 85.1% b F+ &
90.74% , PRI M B[] 2 40 min B, AR
(91.07% ) WA L, A5 30 min #H TG 3%
25t AN T 40 min 5, 1,9-38 TEEAYHRERL
BRI T B, 3X 1] BE 2 T Bl G 6 75 B Rl 3
— 5 TR 5 R R AR -OH FI-H ) SRR B3
T3 — 7 TAEZS Ak s A8 R B 0 8 I 525 K 1) B AR AR
PG50, PR B 1,9-%% St 4 Bl i K
HRA AR, KA R SRR EE Y
R P BRI PO M 5 BAR L, R AR
IR K A — S R A 45 0 . BRI R 4 ok A A
o B, 25425 R SR RN i Ak B[] AR
R P PRI B 42 1 7€ 30 min BRI,

100

Nl
w
T

O
(=]
T

TN

85+ I

804

[EIJCR Recovery/%

1 1
10 20 30 40 50
F#BFE I} [E] Sonication duration /min

B 7 R 1,9-2% ZFE ISR A 5
Fig. 7 Recovery rate of 1,9-decanediol relative to duration of
ultrasonic treatment

i LRGSR, Hhow B R 1,9-38
BEI AR S HON « DL AR A B IR A 2 R 1 IR,
WOREE 40 mL-g ™', A7 HFA] 30 min.

2.5 AERE 1,9-ZZERiRE ZE

h T BAEAR S R SR, EE 10, 100,
1 000 mg-kg " =4~ HHERE LAY INbRIEBE o & BRI
WR: EAREERRT, NEESFKERZRS W 1,9-
ZEREA A 0~ 10 pgg ' DW d ', ST AR BR 4
Hr1,9-28 “RERY U ETLE N 0~60 mgke ', HIL
WE 10 mgke ' bR EENE R 18 1,9-28 —ERY
F SRR B KT (AR KT ). AR PRSI IR S5 1 2l A8
WINH, #BE . ik pH. RASEHRE e vk Yl
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4 1 ¥ BESE . S PR B (R I R 1A 1,9-58 T 975

AR TR0 B4 5306 , A LA Wh B B ey 2~ 10 122729,
R & 100 mg-kg ' A H K (MR EE K F-1
10 15 )o R P W E AR S5 10 T 2 2 Ik o =X 58
SR 2 B 1 000 mgkg ' 1,9-2% AN
P i MR BE K (AIRHR BEZKSF-9 100 135 ). T HL, ASHHE
FERE R 1,9-28 ZREINAR = R /K SF 1000 mg-kg !
75 2B P Ak 400 o) 50 A 458 v R VR % v B S R
W, S A A R QSRR R . YRR 1Y) 1 1
I 1 000 mgkg ' XF ¥ 3 L 4 /R i
( MHPP ) 4+ 545N % 4 2 000 mg-kg ' Af, 13
MR (SRR TE =115 s S 3 O F T S he L
500~1 000 mg-kg ' Y 1,9-2% i n] & 0] + 3y
fEALVER, W8> NLO I HERC .

HE A TR] bR v B 1) - 3R R IR 2.2.5 B i
TS PRI, IR SO T 1,9-%8 ey & i
TEMbREICR, 455 EE 5 R, 28 1,9-%
TEWREERMM 10 mgkg! ¥R E 100 mgkg .

1000 mg-kg ' B, ISR IR K A KR BE A 0% 3
SEHAME 5 M 90.58% . 93.25% ., 94.55%, HAEF %
B CV BUNT 5%, vtz iR BUKAS 11 1,9-
BRI, EEML . R TAEZH
TR pH . B HLER B L BHES T AS e e A HA M
JEANTE, FrEt B B An ) i S £ A MR S5 SR
TEAR B R A 7RI A T REA BT ASRIP2, SR i
FERW, YHWE . LR BRSA VLA HEE
A LIRS AS ] 3 v 5 bR 5 A S U8R
A 5L SRR 2, 1R £ TR 4R U 21 e Fn o s 1 v 1Y
Pk 3 2 22 R W TR Co-HSL (1 DSR4 551 87.90%
1 85.82% 5 B A L= Y R B4R B 21 198 i + i L
P () AR 053100 90.66% . 90.44% . 3 AJ RESE K Ky
ol QAL i i wee = (TR Ui RO /NN LG DA
H5 RS AR e, AR5
rROR R AT ALY ) R R 7S S R 1,9-28 TR
D5 AR O] RS TSR] 2R A 4 45

£S5 ARREIRE 1,9-% ZERINFREKER

Table 5 Spike recovery rate of 1,9-decanediol relative to concentration

Wk g

FE EEES 5 R
Concentration/
Sample ( 0 Recovery/% CV/%
mg-kg
3 10 87.28~95.93 4.41
KA
100 91.57~94.91 1.49
Paddy soil
1000 94.29~94.55 0.30
3 2 B B, LR 1,9-%% “EAE R G G ARG 24l

I8 A ) A A AR AT 1 550 © R AR AR
RIETEIE RN — TR AR o 8 T3 2B Wi Ak 4
il 700 A A M i R AR, 30 D) R R A R
F14) B2 BRI ARG I 47 AR o A SCHEST T — ol 75 I8 4 -
SAHEGERI 3 rp 1,9-28 TEERG L . DL AR
RARBGARE A REC 1 K, WORHEL 40 mL-g ', 4RH
30 min; M {535 Agilent 8890 HERE IR JE 250°C,
FID il #5i BE 310°C , WIHRH IR 60°C , f45F 2 min,
Pl 20%C min' FFE 150°C, KFLL 3C min! FHE
180 °C, 4 2 min, FJFLL 20°C-min' F+ % 270°C.
O IRRAERE | P, BCR R EE ML
B2 4 I 1 AR 3R 43 DA T A AT ARSI B AR 1Y

RN, DT R AR R 1,9-58 TR
SE PR MR FERON A5F H BEE BLAi, 0 1 oA
A= WA A SR R O i B S AR S A
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