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SPE iAbIE-_UHPLC-MS/MS ll7E MBR = 7 Fif
N-tE S LB N B

SEHAE Y R Y B2
(1. Wp R IRl 5 T AR IR K7D 4100825
2. WA 515 e s il R BT e (IR ) Wl 70 410082)

 E A N-THAZH LR AES(Co-HSL) A= N—3F K & 22 K82 A B (C8—HSL) # #+ Bt
A B LRI A B K (AHLs) ARES , 2T BAFI(SPE)-2 520k 40 &% $ K= F IR
HF 3 (UHPLC-MS/MS) 2 #7 B2 & # R R 25 (MBR) 7% 75 R P AHLs 89 75 3% FF 45 R &9
C6-HSL #= C8-HSL £ 1~200 e/l WA BAF69 & X & (R*> 0.998), 7 ik 694 IR 4 0.100
pe/L, T Z A 1.000 pe/L, £ 3 ANREARTF T 6 -F ¥ mize il & A 80.69% ~ 83.75% , 48 4+
AR Z (RSD) A 4.71%~7.25%. 77 ik AG # B & AT KR am 35,15 A T MBR &5
TP J& & AHLs #9m .

KPR LA M RO 35 s N-BE AL &) 22 2088 N B 5 B A48 2R B A8 3 SUR A8 €38 — & B ik
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(Quantitative Determination of two N—acylhomoserine Lactones

in MBR by SPE Pre—processing—UHPLC-MS/MS
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Abstact: A method was developed for the determination of AHLs (N-Hexanoyl-DL-homoserine lactone(C6—
HSL) and N-Octanoyl-DL-homoserine lactone( C8—HSL ) were chosen as the representatives) in activated sludge in
MBRs by solid phase extraction(SPE) combined with ultrahigh pressure liquid chromatography—tandem mass spec—
trometry (UHPLC-MS/MS). The results showed that C6—HSL and C8-HSL presented good linear relations (R*>
0.998) in the range of 1~200 pg/L. The limit of detection and quantitation were 0.100 pg/L and 1.000 wg/L, respec—
tively. The average recoveries of AHLs at three spiked concentrations were in the range of 80.69%~83.75%, and the
relative standard deviations(RSD ) were 4.71%~7.25%. The developed method is sensitive, stable and has weak ma—
trix effects, which is applicable to determine the trace AHLs in activated sludge in MBRs.
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S : SPE AT b#-UHPLC-MS/MS Wl MBR HhFf N- 5k = 22 S22 P R 145

AR, AR RO 7 (MBR) LA AIR ) 7 b
AT AR A 15 U8 7= i, A RS v () 5 R 40 A AT HE 7K
TR, ARG 7K AL B 5 AR 2 1 T3z 1 FH AR T A
1Y, UHGEA Y Y, SRR = MBR G171
REFE , FEARARZE i £ FH i, 0 MBR F AR i —
AT BRI, BT, V2 B B A TS G
2 B BRI (quorum sensing, QS) B P #£.QS J&—
Fh LT R B A 2B A ) A )7 =X T A S
RV AR T, AR R AR R
FEHEAT AEWR G T A PR AN - [ e 2
IR N R (N-acylhomoserine lactones, AHLs ) Jg& 4% %
ISP AR R g 21555+, 5 MBR
TGRS Ve i i PR i A= 0 ) (SMP) LA 2 54
(EPS) & LT, RAE IR RIE BOC 2R 5% DI 38
T A f 05 TS TR ) AHLs ( B AR IR 07 45 K ) RE
F VRGBS YL TR, A 4 I MBR A AHLs
XIS . $25 MBR f91ERER & JE 5 B2

HAET, FEPSMT AHLs A5 R AL B 7 ik 3228
AW - B (LLE ) F & AR A U (SPE ) , SPE 125 P H:
ARy ) B A ) IR ISR T G gt oy TR
J¥ AHLs M3 EC BLAHLs PRI 7 i5 4G W2 A3
(TLC)MM AURH 3 A IR T 1 ( GC-MS)!™ ) i A0
AR 15 (HPLC )M = 3808 A £ 335 B 16 BT % (HPLC—
MS)USISE B DL 5 ik 72 SOREAIG, A D PR A ey, ¥ LA
T MBR RT3 52 5%  AHLs ¥ BARAY IS L.
Yu SHCRH] UPLC-MS/MS SRR T 50552 %% MBR
o 2 Bl AHLs  HAHCHY 7 R4 O 2 A0 A
FHYG /D GE. AAH5E R SPE $EHZE &8 B
WO 3 - R K = DU B3 (UHPLC-MS/MS)
K T A2 2 9% MBR " AHLs, ik —2
5% MBR H A REIA S B RS TS YL I AT

1 (UE5F047 4

DAY : 1290 W AH A 1% -G6460 — B VU FF it
TEBC AL (92 E LA R ) 5 12 40 B A A HUR:
([ Mediwax 22 7] ) ;24 i 7 T 2REMAL (hE
B A AT PR AT ).

2) R FIFE A . N-C 2 5 22 2 R M iR (C6—
HSL, =97% ) Fl N-=J 5 22 2 B2 M g (C8—HSL, =
97% ) W H FE[E Sigma-Aldrich A7l ; HEE, LG
(HPLC 2% ) W [ 185 = 3 5e 28 w) 5 R L H i % (HPLC
2 ERRR Iy Hral) W B 2 EBTHL T A A 50.22 wm

R DU LA (PTFE ) U RS M 36 I BTHL T 28w W1 5
FH#E U Mega Bond Elut—C18 A (500 mg, 6 cc ) Fl
Oasis HLB # (500 mg, 6 cc )53 5 B € FEZ 5 2
F] AR RS2 ).

2 LIGHE

2.1 FRAERRIECH

HEFAFRI 1 mg 4K AHL AR4ESL T 10 mL A58
2, DL EE0.1% (R B8, TR F R )
2%, BEE K 100 mg/L BRIENE, —20 CHREIEIRAT 5
FH MR ), B K (R R 101,
0.1%H R ) i BeAt & VR BC B b BE VR B AHLs TR bR
VSR, TR e .

22 H&AFKIR

FEA I A KV E WG KA ER T — AN S =
2 MBR. A VP [ 401 V5 7K AL HL T Ab P& 140 000 m¥/d,
K # AL 78 +MBR 1. 25 ,MBR L 75 Je it & ¥ fE
(MLSS)5 000 mg/L +1 000 mg/L, pH & 7.0~7.5; 52
K% 9% MBR iR 1% MBR T2, A0 B+ 17 LA,
75 98 J W JE 5 000 mg/L +1 000 mg/L,pH 78 [
7.0~7.5.18 AHLs 431 K/INME 100~1 000 Da, 7] 584>
I T ORISR 5E 2% 2 Fh MBR JEIE (FLARES R
0.2 pm, # B 7> 7525 200 000 Da), 1J A 4 H K
AHLs ¥ £ 5 MBR ik EEAHR], SCEEFIEE MBR
Tt H K FEA T $R L, R ke S AHLs 20# , F 1 mol/L 5
Y7 /K pH=720.2.

2.3 SPE BU4bIE

TG KA BT R SE 55 % MBREUES A9 B
SPE SLEEHO& SR , Ik R < SPE SR [ AH AR e
B kT, SPE AL SRR, 7K EL 2.5 mL/min
fRHRE T SPE AE. fKMESE 4, Rk Zead itk
Ve BEBE , VER OIS T 10 mL B0 PR T
KEAMRNAE3S CFELEZRT HEMEHET
I mL RV g Vo= 1:1,01% PR,
PEEUREAE UHPLC-MS/MS Kl 2 Fif 28 0.22 pum JE K
. SPE A PRIRFIEAESEOL SR 1. 285 SPE i
AbHRES R AHLs 345 2 1 000 75
2.4 UHPLC-MS/MS &%

3% 542 . ZORBAX Eclipse Plus C18 £ (2.1x50
mm, 1.8 wm, & EZHEEEA A ) A . 37 C A&
10 }LL;‘ZJﬁ:‘@_:O.Z mL/min; 37 s AH A:25 nmol/L. H fig
#(0.1%H IR, oAl B: FEE(0.1% R ) ; S5 Tk
Wi,V eV omme =90 : 10.
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[ 25 55 1 A (ESD) A I 770 2
JO7 I (MRM )R AR (LR 2) 5 TN IR E -
350 °C, L + 10 L/min; 546K 47:30 psi; &
L4000 V.
% 1 K1 SPE MR RIZIESH
Tab.1 Properties and operating parameters of selected

reversed phase SPE

o BB
R T
R iSFANY )/}

+/\i}jﬁ% .\ 12 lTlL( 14 I
Mega Bond 5 mlL I 5 mL
ket s 57 78 SV o= N
Elut C18 . 5 mL 7K g
REIRE 10:90)
N-LI 5 mL(V
m i1
Onsis HLB "R 0 o0 y st
asis R — Vo=
e 5: 9k5) e
HALRY)

& 2 MRM il K & MS/MS S#
Tab.2 MRM parameters used for AHL analysis

B T EER O WERE miEE
I ) 12 B ttl o A
FooF T mE wE R b
7] i
(mlz)  (mlz) /ms A% /eV
98.9 8
C6-HSL 200.2 ESI 300 70 Positive
102.1 6
102.1 4
C8-HSL 2282 ESI 300 80 Positive
127.1 5

3 FRMTE

3.1 REAERE

Mega bond Elut £ #1 Oasis HLB 43 3 95 A 1)
o FH T PR BN A 5 77 LI A P ) AHLS- 7,
SCES AR T 2 AP SPE AEXT MBR H' AHLs B2 HURL
B BIANFR 5 pg/mL. 10 w/mL F1 20 pg/mL, ‘F-47
M 3 Wt R, 2550415 1 F7R. Mega bond
Elut #:%t C6-HSL 1 C8—HSL fY [R5 [ 4351 A
80.72% ~89.20%H1 76.63%~84.21% ; Oasis HLB F: X}
C6-HSL 1 C8—HSL 114 [7] 33 [l 43 51 Ay 42.30%~
53.17%H1 53.47%~66.14%. TE4 MR E T Mega
Bond Elut #%f C6-HSL Il C8-HSL f{F-3 [n] i %
YJ5 F Oasis HLB #5115 (1SR AH X B o i 22
(RSD),Mega Bond Elut £ RSD K 4.71% ~7.52% ,
Oasis HLB # RSD & 10.77%~11.85%. Mega Bond
Elut FE[PIBCR S, I, 36 B AR SRR i ik
Hi SPE .

:Mcga bond Elut

1001 I i HLB

80
S 60
=
40f

201

0 1
5 10 15 20
TR e B/ (g - L)
(a)C6-HSL
[ IMega bond Elut
100 I Oasis HLB

80
< 601
=
40

20F

O 1
5 10 15 20
JIbR BT e (g - 171
(h)C8-HSL

B 1 AedrenicoR
Fig.1 Recoveries of 2 AHLs

3.2 LC-MS/MS &4k

LT RN A O o Y L TR R SRS S T
SRR N, X T ZORBAX Eclipse Plus
C18 34 \TC C18 i+ wondasil C18 43T
X AHLs 73 B ROR . 45 3R K W], ZORBAX Eclipse
Plus C18 {4,354 Fl wondasil C18 {435 4: %) AHLs 1
I3 B ROR BT, ZORBAX Eclipse Plus C18 (i K 1)
UTIRIER TN S R 12 e NN |1 a0t B il
(IR, Xk LT H B 2V A HLR Y i 1A
SEIRIHA , DU EEAE R AR, € 3 0 A X -0
R R 5 AR AR, DL RN R KA 1
FE IR FEAE 25 mmol/L I, JEZRFase, WeAlfy
HE 5 T SIAR AN 0.19% P B N AR RE i 28 71k
R, i v e 7 L TR I, SR 284 2F ZORBAX Eclipse
Plus C18 i ARSI i A, i L) R
(0.1%F 2 ) F1 25 mmol/L H FREZ (0.19% T R )VE A i
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ShAH.

Fris e A EES A T BT R H
RN BE ft AE e 2 5 Il (MS2 SIM ) SR AR
TARACTE LR R, 75+ 2 F 494 (Product Ton Scan)
SRAR RN MRM SR AR 0 o o 1 FHE PR 5 1

KA T BT aiE AE R (U35 2) 484 UHPLC Jii
(0.2 mL/min ) RALZE AL SRSy TR AR TR A
BAE B SRR ARG .2 # AHLs 19 LC-MS/
MS & E & 2 iR,

+MRM(200.0—98.9) 200.298.9,200.2—102.1 +MRM(0.695~1.349 min, 65 scans )
x10° 0.850 min x10? | Ratio = 94.1(99.9%) x10* | 98.9
35 102.1
30 | 1.0 5 F
25 E:( 08 | - 4
=200 i 06| 2 3
Z15 g E
ol = 04} 5 1
0> .| LT 200.2
0.0 ‘ 0.0 ] ‘ ‘ p¢
0.5 10 15 20 0.5 10 15 20 100 120 140 160 180 200
I} 8] /min [ 8] /min Jifng kb em/z
(a)C6-HSL 5E 7 & T Al (b)CO6-HSL k& T & (¢)CO-HSL B FHIX EEEXT
+MRM(228.2—102.1) 228.2102.1,228.2—127.1 +MRM(0.821~1.314 min, 49 scans )
x10° | 0.937 min x10? | Ratio = 73.2(100.0% ) x10° | 102.1
g 1.0 038
6 = o 0.7 127.1
S moe @ 06
= 4 ﬁ 0.6 | = 05}
= = =
=3 E 04f = 04
2 0.3
] 02} 02
0 0.0 0.1 228.2
. . ‘ 0.0 L— —
0.5 1.0 15 2.0 0.5 1.0 L5 2.0 100 125 150 175 200 225
[} 8] /min A 18] /min JEATEE em/z

(d)C8-HSL 7 2 2 T

(e)C8-HSL EM: & Tk

(£)C8=HSL B F X =F B2 X He

A 2 AHLs(100 pg/L)LC-MS/MS # A
Fig.2 LC-MS/MS chromatogram of AHLs(100 wg/L)

33 FAEFENM
331 &HEXR BBREZZTMR

T il B R BE TR PRV, $ A6 UHPLC-MS/
MS Z AR #E MassHunter TAES (32 B L HEAS A
w)) B hRAE e, B 2 A AHLs B9k TE I
LRI FREFAROC R 88, 45 R R, 2 A AHLs £k
PERR RAF(R? > 0.998 ) AR FME L (S/ND#f 2 % 5
R H R LOD (S/N>3) FilE 2 BR LOQ(S/N>10),
ZIRIEE 3.

%3 AHLs %4777 .LOD #1 LOQ
Tab.3 Linear equation, LOD and LOQ of AHLs

e éjif*l"{ll[f] ) R wmn/iI Wi /4
pl(pg-L) (pg'L™") (pg-L™)

C6—-HSL  1~200 y=319.45x+1 119.3 0.998 6  0.100 1.000

C8-HSL  1~200  y=541.23x+611.43 0.998 1  0.100 1.000

332 FEMEEAE LA

B AHLs FRAEM i 2.1 T 20 IR & W, e
ALY UHPLC-MS/MS SR PFESEIERE 6 IR, T15A4%
ZHAy Wi W H RSD (IL3 4),C6-HSL F11 C8—HSL HY
RSD 435128 1.96%F1 0.26% , £ AL #5455 B LU
KM -4 CIRAE, 4rAAE 0d.5d F110d #% 2.3
FTHEHC AHLs, P17 3 £, 45 C6-HSL F1 C8—HSL
Wi W {5 RSD 4351~ 1.55% 1 1.29% , FWi% )7 i &
ZVE R

R4 BEENESHIXSH

Tab.4 Parameters obtained within the precision

and repeatability test
3T % B I BRI
FHFEIRE (g l!) RSD/% FHREEE (pgl!) RSD/%
C6-HSL 98.12 1.96 140.41 1.55
C8-HSL 98.84 0.26 81.07 1.29
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3.3.3 SEIRAESRAEM

FAPEAR I 73 AT 5 A8 AN (] 1) DA v [ ot
JKALE T RISE IS 2 9 MBR HP 452 2 SRR kAT
RO, SIS I AHLs 9 B2 1 i T 07 Bt FRAG U
[ 401 75 /K 4b B ) MBR H C6-HSL Jit 2 ¥ & Ry
157.05~193.97 ng/L..C8-HSL i i ¥ i}y 2.96~5.47
ng/L; SCHEE Y MBR ' C6-HSL ik i N 5.21~
269.26 ng/L..C8-HSL Jii i ¥ &£ 4 8.68~29.70 ng/L.
R JTVE T T MBR {EPETS e AHLs (A3
PEVGUEH AHLs AHOCHUEMIREAR (InASTE B TR0
FFEET T RALAL, JE R € 8 AHLs ¥R B2 (%) F 221
RS T TR ASLEG 90 MBR Hh AHLs #5125 57
AT RESE V5 U WAk 3 A v i P R A A A A e i
b3 B

4 & it

I [FE AR AL HL(SPE ) FHHS 5 00 AH (3% = Y
AT BRI FAL (UHPLC-MS/MS ) , % FH &M e o 1

N

W% MBR #6758 2 # AHLs. 2EXE Mega Bond
Elut HEH2EU& 4% MBR 1Y AHLs, RHLAL ) LC-
MS/MS 251 HE WA SO AG I HE T Z0fn S 56 %5 2
MBR 1 C6-HSL F1 C8—HSL My . J5 ik
ISR A 80.69% ~83.75% , F X b tfE i 22 (RSD)
4.71%~7.25% , B A1E 2 R 43508 0.100 pe/L
F1 1.000 wg/L, JE BTN 55 , Edifed ol ¢, BB HE
ST UE IR R AHLs 005,
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