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FFAENT SR FVROMR G - DU AR AT - A TR I B % (LC-
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TEB YT i, FRAS R B G 40 18 R RS T R A
BRI, B IR PR R R & R T
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b, A SCHR Y AN BB 3 il PR R oK
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BT ZE (4 3 L, SR R S RO AH (3% - R AT i)
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AT MRS . A shit e as . FE AR ; G1969A
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W [ _F1F Sigma-Aldrich 23 w5 5255 /K N S50 % F
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H AN S BT EoR (R A BRA ]

25 FRE At LDV e B B VE AR A5 9 DRI TR
FEAAE R A UTRUIRE &, R PR T R B ik
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SE VDU RE 5, o 2018 4F 7 H #5#kifa
PR FE SN T A 5} 2 2 S L R AR 2R AR B AR U
FIZUURWI (Sem LLPY ) SRAFE S 54 B4 B M 2%
AR AT AT, T LI 1, e HRSRARE LG A0 o5
SRAE 0.2kg FRAVERE S, 10 700 ot F1 A IR A1
A), A DUBRIRE S AE—20°C UKAR TR URIRAE . TERS:
I 2 7, 38 AT V8 R T M 25 A5 BN TR TR AL &, F
JB Ji 3k 0 OB B <<0.25mm),, I B T 4°C VKA IR A7
FH . A ATUBYIRE S 2021 45 11 A & 2022 4
2 M R4 404 i B R R B B, R AR R
FERRARIU 2 DT AR f (Sem L) .

1.3 LI I LR

i 25 B U T 28 43 7 0 1 2540 6 W s o
% 1.00mg, 1] 5% ZNG-KsW (Y : V)RR RIS 5
MRS R 10mL F PR 2 2, RS IS, 151k

JEXI R 0. 1mg/mL (1) 11 AT 2 2 tb & W
HEfE R W GEVEIR PR a)o MR 100uL 1RFF a, & T
10mL 8, A 5% CHE-KIsEw (v : R B
HERRE 2, TR A0, 15 11 MR R R 20 7= Wiy 2
AW HIR A PR fE TR GEEIRAR b), HHk By
9 1.0ug/mL. TRAR a il b % T-20°C 504 FA~-AT,
%M.
1.4 FESRTAERE

A3 ERR FREL 1.00g DL RE i . 500mg Ak
HFN 100mg BRI 2k 8%, BT R DU L Ja TH AL RE
B2, R E ke 2 i A TFEH D, Mg A
8.0mL &5t N, BRIVl 8.0% 1 & 8 LA,
i BAHAGEE 5 I B LA 150°C findi 3h, RFIH
LR H ZZIRE, /IO BETF, AN FR(Z I H >4
FOW WL M5, B Kl W56 8 3 B0 8, L
8000r/min #§.0> 10min &, 4325 L& ORI 5% FE W) o
1] [ AR B R A 2.0mL 1.0% ()5 A AL
W, FOFRG . B0, BB . BOF 2 IR
O B, FERRR I pH=1, #& 30min, )5 K H
HLB [EAHZE AR T 4 | b ab 2

T AexT HLB [ AH A8 R $E 17 76 fu b 3 A
5.0mL FIEE, DL 1.0mL/min f9% 3 HLB 4, £
P R K2 1.0mL B, LA 5.0mL #B 4K, [FFE
P 1.0mL/min (%3 8 3 HLB 4, F5AE AR 8 K2
1.0mL 7K}, HLB #:5E i 1k

AR JE T4 pH ARESL T, LA 1.0mL/min /Y
Uil HLB A, S81f i A 10.0mL # 467K X HLB
FEHEATIRYE, B2 3T 3min; 7] 10.0mL 2.7 2. g
X5 Rl H R A G ATV, SR BRI, SR T e
FERALAE 50°C TR PR AT 48 =1, FH 1.0mL

115°E 120°E 125°E

Bl REBRMERZTURYR LR
Fig. 1 Surface sediment sampling station in the Laizhou Bay, China.
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IK-CWG-C BRI (93.5 = 5 1.5,V V: VER.
U8, FR RN N, RFIU
1.5 -5 PR o bh A4

{4, 1% # . ZORBAX Eclipse XDB-Cy, {8, 1% 1
(2.1mmx>100mm, 1.8um); JiishAH: A MK 0.1% R
VWL, B AH M EE R G IR AW (1 29, Ve V)
EAEED SuL; AR 28°C 5 A% B Yk i F2 3 : 0 ~ 7min,
8% ~ 13% B; 7~ 12min, 13% ~ 15% B; 12 ~ 15min,
15% ~ 25% Bj; 15 ~ 20min, 25% ~ 35% B; 20 ~ 25min,
35% ~ 80% B; Jit 4~ 0.25mL/min.

AT ) BT I A SR A H S 55 R YR E B
R, A AR 2 (scan) X 4% 20 43 R A7 o 1% 46 05
FIHE T m/z R 100 ~ 1000, 55405 (N)FE 10
35psi; T4 (N, ¥ 10L/min; T4 < (N,) I B
350°C; BANE HLIE 4000V, BEREHLE 130V,

% BArb AR B R 372 KSR T
HEFERIE 1.

I U IR S B BOR S AR MES 1 25 B b
b ) e T U R P B ) B 15 4 IO s ) e 0 A I
HHGHAT B SR EEHSFERILE D, &
PRI A 6 AH R A0 I 25 1T A A i £ 35 06 1)
PR BA B 18] 5 45 o TAE WA L, 28 £k 2% 25 F£0.20min
LA H bk G Wk aff o 2 500 i £ 5 B (B
X ZEAE H Ty 2 HUAN . DLINFREEE i, LA
H sk & Py v A/ I bR T AR LUAE A A ps, H bR
A VIR B R B AR AR (pg/mL), 15 3461~ B AL
HYIbREIN OB . FAPRIE M 2 bl b B A
AW T B, SRR I TP AR I A ) e 10 {34

FEA T MG Y
1.6  JrsdEl

S T FH 28 #8359 FH VR I 2 B 1K S R TR
3., TR —H#tFE UHPLC-TOF/MS 4341 1 3 7%
H BEIERE 10 ANRE S DU B0 28 FLRE A L BRIERS
IEFPEATRE S, R {3 T R IR, DMRIIESE 5
SRR

2 g
2.1 i SAAEMRt

A SR FH B e RCRORR i T A TR AR i
RO = b & Wi ek B, XK-206 . K-
FH RN 7K - - OB X 3 b 0 sl AL 2R 1) 0 B AR
AT T LA . S5RERM, SRAK-H - g = o sl
FEAR ZR B 25 AL A P00 40 5 BE AR T Sk v i F 7K -
CHESOK-H BE Ui shARIR R BeAh, 4357558 17
SRR =R AR . R LR S A2 &Y
BRI, 5RO, VS AR In—E We BE i =
MR J5 B RE IRAT B r 0y 43 S 45 SR, % 183 5 ik ad e
M, B T A AN 0.1% R, REFRTS
BRI AN Ay B R . b ab, a0 AR B VR R
J¥, 78 20min PISEIR TV YR R R By 254k &
YR Es . 11 PR 2R 40 7= W 2340 A& WU bR e
FUIIAR I FE TR A SEBRAE i T K BT 22 40 7= P i 24
A B PR EE T 55 K (EIC) WL E 2, #4654
O3S BT SRR BINTR

RV E TS TR DU ORI R e e
RAL B Yo BT B P, 435 BSTT AT ESIRL

F 1 BT RS- AT IR SR B W IS S PRI 7 1ok, DR B IS ) SR o 1 R

Table 1 Molecular formulas, retention times and exact molecular mass of the main decomposition products of lignin (phenolic

compounds) and the internal standard analyzed by ultra-high performance liquid chromatography-time-of-flight mass

spectrometry (UHPLC-TOF/MS).

T e a=] 5 LR EA B H] (min) Kt ¥ [M+H]" Kt 15 [M-H]
1 pop=3 5 il C,H,0, 5.14 139.0395 137.0244
2 T Hifie CeH0, 737 169.0495 167.0272
3 pOp=E 5 i3 C,H0, 8.08 123.0441 121.0295
4 TR C,oH,,05 9.35 199.0601 197.0455
5 POpZE S i C:H;0, 11.46 137.0597 135.0452
6 T B CH;0; 153.0546 151.0401
7 X2 B R ETR C,H;0; 12.90 165.0546 163.0401
8 T C,H,,0, 183.0652 181.0506
9 T 5 L CoH,,0, 14.65 167.0703 165.0557
10 PR R CoH,40, 15.89 195.0652 193.0506
11 ZBET 7T C,0H,,0, 16.68 197.0808 195.0663
12 CHFLR CoH,,0, 19.08 167.0703 165.0557
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LA L REALA Y BSTHER T AL 415
FUURR YRR PV T A S 3 T o 25 5 Btk
Yy e il o B I LR, SRR A 0
55, BRI, 76 ESTHER, B AR £ 04 At m]
DA 35 5 r 1 D A T 0 W S R S, I LR
T o7 (B A T BSTAE U 5y, fe 240 e R EST
W R AL R AL/ LY NS S T/ e L]
) LC-MS 434t e, X 52 Birfb &9 e s 09 &
B SR —— e L R AT T Ak, LAARAS e

&)

9.0x10°
7.2x10°
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3.6x10°
1.8x10°

Intensity

9.0x10°
7.2x10°
5.4x10°
3.6x10°
1.8x10°

Intensity

(A) 11 F B SR AR TR SR MERTG;  (B) IBVETTEIAE &
PEWCAWR . F IR R B I ) AT B S5 ARWCHERY . X IR . Ao
R, XFERTmE . TER. MREROE , HFRE, xR
WEERR . THME., BRLW ., MR, BT HFH., oEE2R
(HA5)

(A) Mixed standard solution of 11 target compounds and internal
standard; (B) Extraction solution of marine sediment sample. Sort by
retention time from front to back: p-hydroxybenzoic acid, vanillic acid,
p-hydroxybenzaldehyde, syringic acid, p-hydroxyacetophenone, vanillin,
p-hydroxy-cinnamic acid, syringaldehyde, acetovanillone, ferulic acid,

acetosyringone and ethyl vanillin (internal standard).

2 UHPLC-TOF/MS ZHHii s e it v il 14
Fig.2 UHPLC-TOF/MS full-scan analysis extraction ion
chromatogram (EIC).
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% B G Y BRI AE S f 52, 255 % 18 H
FrAb A1) [M+H] S 706 i R I R 5088, 6 8% 130V
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YA R A AL B R rh R AR AR A 1) i e, AR
WX RGE %558 T BAHZE I AR pH(1.0 ~ 2.5) %F
R0 B AR B P BUSCR B, 45 R0 3 TR .
REVAW pH A 1.0 Fl 1.5 IF, HLB [ AH A U % 4%
F I 25165 P 1 RT3 43 3 W 0l v T B AR TR pH
2.0 A1 2.5 B B [T i BRIV pH A 1.0 AN
1.5 B, B AR T A I R A O 2T %) [l 3R 45 A A I
B H A B B 26 A5 ) 42 E pH o 1.0 B [B1IC R A
w22 A R 2R, LA A IR
FIEE M, B 20 e F FREVA TR pH I = 1.0, A
SCAE IR R 200mg 9 HLB [ AH A BN, i
5 ~ 10mL ZEMEiA 7 B ] (R3E i HARMEA PR 7843
Ve o DRI, 7E SCHRAF T 45 SRR LAt L, S 24 e LA
LR R A GERLE), FH4 10mL.
2.3 JikFES
2.3.1 JPIEARERE . SRR R PR A R

XA AR PR | a2 AR S ORI
TURIRE D) L EIBR TR AR 5 23 B34 740, AR
%Kﬁﬁ%¢ﬁﬁ%i§ﬁ%?%%%MA%m&
MZE S, PPN IZIT IR R R o 45 AR B4 R 2
b4 9 0 A ) 359 AR 0 bR T AR R R

100 E9pH=1.0 EIpH=1.5 B pH=2.0 W pH=2.5|
80 .
S
E 40
20
o L] L] L L0 | | |
é%%ﬁ%%é@ﬁéﬁ%é%%
Bk & o Nk e N R
XueKbRrEERPbEE B
b y pud bl wo = o
iy wfﬂ iy iy N N

E3 BB RPARE pH(pH=1.0, 1.5, 2.0, 2.5) kA%
TIPSR F AR S P ISR
Fig. 3 Effect of different pH of the sample solution on the
recovery of various target compounds during solid phase
extraction: pH=1.0, pH=1.5, pH=2.0, pH=2.5.
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(FE 4), 7875 FHERT AL fR s (RS S ARG Y, 36
IZ T B B B R S

R T BRI BN AEE X & R B AL A
TS S, SR A R o 1 R T S BRI DT
YR B S Y00 . #% 1.4 TR b3
J5 il £ 25 PR PEDURUAIRE S 2 BORL, I F L 1
By 2RAL A IR AR UETR TR, XTSRS | SRk
S KRR | AR L R
THEE. THER. OB T HFE . XEEERER . P2
R VA K 3675 22 255 11 Bl BARME S B AT bR Y
WEEYI R 10ug/mL. AR5 (28 FLUTRUIRE S 2R
WO HHEATRE FERR RS, B B £l o 1. 2. 5. 10,
20, 50, 100, #% 1.5 AT S AFEA T o DABE I
2 3 A TET R PN AR AR, T E AR 1 T B R
AR PRI bR ek . RIS OB PEDTR A
i A5 O, 38 X AR A DU R i B O % 9
B BB 7 ik, X 2 A BR (LOD) A &= FR (LOQ)
HEATH5 52, W Inbr s L DURR I RR Sl i T (IR VR ) Jo
TR IS B L (S/N) A 3 X6z ) E Ak &4k BE 1N
J5 LOD, ¥ S/N A 10 XF 1 4 e BE A Sk 7 ¥k 1Y
LOQ, J7 ¥ i K t BR (LOD) #1 5& & FR (LOQ) i %}
7 R EL AR B AR v R 0.13pg/mL il 0.40pg/mL .

11
8x10°5
6x10° T
>
5 .
2 4x10° | l 2
2 8
2x10° 3 6 |
|'| 4 10/l
1 2 7 \
0 O L0 L Jl\,_L s
0 5 10 15 20
#(min)

IR IR R 2— T REMR; 33— RIEEHEE; 4—T FIK;
S—XPRIEKLE; —FHEE; TNRENEMR; 8T FEE;
9—FF LA 10—FIERER; 11— B T &E; 12— & F2FEH (N
B

1—p-hydroxybenzoic acid; 2—vanillic acid; 3—p-hydroxybenzaldehyde;
4—syringic acid; 5—p-hydroxyacetophenone; 6—vanillin; 7—p-hydroxy-
cinnamic acid; 8—syringaldehyde; 9—acetovanillone; 10—ferulic acid;
1 1—acetylsyrinone; 12—ethyl vanillin (internal standard).

B4 75500 % 8 1% 5245 R TR bR A & UHPLC-
TOF/MS 534t EIC )

Fig.4 Results for the specificity validation of the method

(UHPLC-TOF/MS EIC chromatogram of the spiked

sediment sample).

£ 250 T &R Hinfb 5% UHPLC-TOF/MS 4tk
TRERYAISE 2%, LOD Fl LOQ 254558, 11 Fh Hirfk
B WITE 0.1 ~ 10pg/mL B B T [ N 2R A OC R 8K
(R*)$=0.9989, F B A WITEE S L ME T I N 4R
PERZR RAF, Bl BT HARb S e 2R, 11 Fh
AR 5 250 A P i A H BRAE 0.13 ~ 7.27ng/g
TP, A SR BRI R B AR AR, 5
SR, J7 ik iy RO BT, PLF HAb SR 7 71
R R A gt 7200,
2.3.2 7k NSRRGSR

K2 FUTRI bR AE I, PR DT Y
ARG G ) B 2 AL G A 7 vk T WSO kA 7%
8¢, 025 FUURIAE b 20 5il4% 50.0ng/g. 100.0ng/g
F1 400.0ng/g B HHAT R KA 11 B Ey 21k
EYIFREDIR, ARG T 1.4 5 BORE S HERE DT 1 - T
Ab B, RNV BE KT 43 0 AT AR 6 oy RE L, H 1.5
T HAES S AT RE SO R , A R R bR ) 2 T
U RE S VEXT EE o B JEXt inds s [ LR B i b
11 Pl m Ak A P & A T, ARG THAE 11
AR A Wik meR; Bk 6 0 FATRE S 11
Fofr F Ak A5 40 0 06 T AL ) ARG B v Al 22 (RSD),,
TN T RS B . 5 1 DI R 8 B S 00 2
AN 3 Frow, WU K 5 28 45 B o i o
FALE W RN ZRTE 86.8% ~ 93.2% HITE I, I H.
AP B A e 1 m AL RSD {EYHMIKT 9.0%, £
Ty ISR FORG 85 FE AE4 T, B A2 S PRIV E TR

2 BESRAFT 1 MEBRMESWIIRIE AR
BORT5 IS BRI PR

Table 2 Correlation coefficients for linear analysis, detection
limits and quantification limits of the method for
UHPLC-TOF/MS

determination of 11 target

compounds under the optimal experimental conditions.

) WAL 2 JTERIERR Jrie aR
(ng/g) (ng/g)
1 MIRERPER 09989 5.34 17.80
2 FHR 0.9989 7.27 24.23
3 MFEREERPEE 09991 0.67 2.13
4 THm 0.9996 1.79 5.98
5 MFEREERZE 09991 0.38 1.25
6 i 0.9997 0.49 1.64
7 MFREEREERR  0.9989 4.16 13.95
8 TR 0.9993 0.47 1.58
9 HH L 0.9994 0.23 0.76
10 (B 0.9994 5.13 17.1
11 ST A i 0.9997 0.13 0.42
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FE AR TR S I A0 5 ) s 2K
2.4 JiiEMH

KT 2 AT R E I, AR SO ST I
D E 736 T3 MV R IZ DU h KR R i =)
B2 A A W50, 45 SR 4 FiR, 78 12 4 RAE
SRS IRt 11 A BARfeS Y, FRIARSCHEST /Y
SyBT B EA B IS A . DU TR ORI R
it =8 KRR, T8 AREME 10g TUIRRYIFE M
1V, S HIl C RIVEIAB AL G Y B S i, T
fii°h mg/10g ds. T3 4 P& R A& &,
AR RISEMNE R 2R 28 X FHRARER
FEHORIE A S S HL, 25 Rk 5 g, 12 i

FEMAY Z8 7 0.001mg/10g ds ~ 0.019mg/10g ds Z [&] .

3 itig
3.1 i B ATEILER

TERH] LC-MS J3 M 52 2 B okt it ) s A v,
LiEREERZ: 3P0 B it v s | ISR A S LB W
Xof i v Jo i A I SR URE RNy R AR MR B T A
FHPOL, A SR 8 30 H €6 3% A Zorbax Eclipse
XDB-C,(HUR R 42 1.8um) ] T e TR A i &
ORI A S I (i o B, ST RR
B 8 P ST SR FH A R e RO € 3 L L
Agilent Zorbax Eclipse XDB-C s LA} Aglient SB-C4

F3 ZMARBMKREARTET 11 EBMESRImEERmEIReRR RSD(n=6)
Table 3 The recovery rate and its RSD of 11 target compounds under three different spiked levels (50.0ng/g, 100.0ng/g, 400.0ng/g) in

the spiked recovery experiment with blank marine sediment (n=6).

AFIRR EEKE T B S Y I (% ) (n=6) AR EE KT B A G IRCR B RSD(%) (n=6)
e ety
Jinkx 50.0ng/g Jinkx 100.0ng/g Jinkz 400.0ng/g JinFR 50.0ng/g kR 100.0ng/g Jinkz 400.0ng/g

PO S/ 3N 87.8 90.1 91.9 8.4 7.0 5.8
R 89.3 87.7 87.4 6.4 6.0 6.1
POEZ S/ IS 86.8 90.0 88.9 7.0 7.2 6.3
TAEmR 88.7 88.1 89.4 8.3 6.3 75
PO S ] 89.5 91.1 92.3 7.3 6.5 55
T 87.4 88.5 87.8 5.2 5.5 4.6
X FRHE LR 88.9 89.3 89.6 6.2 6.5 4.6
TR 89.1 90.7 91.5 8.2 8.5 6.5
5L 87.5 88.9 89.5 7.4 5.3 5.5
(EE i 86.9 89.9 91.0 6.1 8.1 6.2
CBET AT 90.8 91.2 93.2 8.8 6.2 4.1

F4 FMBRBTB 1 MARBE B2 BRI SN E R

Table 4 Content of 11 main phenolic compounds from lignin decomposition products of the surface sediment samples collected from

the Laizhou Bay, China.
2ALA Y& & (ng/g)(ds)
I bA
MRHERPER FHR NRERPE TER NN FEE XRENEER TEE SN PR LTS
L1 62.33 26.08 136.41 5.98 3.48 20.65 17.75 5.60 2.33 22.17 0.50
L2 32443 100.31 425.50 108.50 53.58 671.40 243.67 265.19 110.36 113.53 25.96
L3 350.21 507.56 511.59 119.13 39.5 481.33 297.51 233.46 79.82 122.80 26.18
L4 101.58 204.40 254.26 7.73 16.47 195.19 86.06 64.19 31.78 20.14 7.76
L5 176.82 326.83 425.68 46.14 25.88 317.00 74.67 99.34 46.57 50.57 9.33
L6 223.73 408.17 381.33 86.76 39.31 393.35 249.20 176.55 77.37 112.05 29.02
L7 114.31 73.84 297.40 9.86 5.17 69.67 39.80 22.06 7.27 34.99 2.23
L8 214.02 414.12 419.47 62.57 22.06 303.95 13591 127.37 48.75 34.99 11.52
L9 180.05 195.33 421.15 29.25 14.86 188.62 110.52 70.42 22.43 32.43 6.37
L10 193.59 255.99 401.93 26.20 15.22 256.06 79.62 67.27 37.39 32.44 5.40
L11 156.60 57.41 325.48 5.83 5.39 47.84 33.30 12.90 4.06 28.22 1.42
L12 147.93 101.40 317.60 13.95 5.56 96.48 26.98 25.10 9.89 31.64 2.66
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Table 5 Characteristic parameters of 11 phenolic compounds from lignin decomposition products in surface sediment samples of the

Laizhou Bay, China.

ARBURA R BRI A YA TS E S8

WL
i C(ng/g) S(ng/g) V(ng/g) P(ng/g) C/V NAY P/(V+S) PON/P (Ad/Al), (Ad/Al), 28(mg/10g ds)
L1 39.92 12.08 49.06 202.23 0.81 0.25 3.31 0.02 1.07 1.26 0.0010
L2 357.19 399.65 882.06 803.50 0.40 0.45 0.63 0.07 0.41 0.15 0.016
L3 420.31 378.76 1068.71 901.30 0.39 0.35 0.62 0.04 0.51 1.05 0.019
L4 106.20 79.68 431.38 372.31 0.25 0.18 0.73 0.04 0.12 1.05 0.0062
L5 125.24 154.82 690.40 628.38 0.18 0.22 0.74 0.04 0.46 1.03 0.0097
L6 361.24 292.34 878.88 644.37 0.41 0.33 0.55 0.06 0.49 1.04 0.015
L7 74.79 34.14 150.78 416.88 0.50 0.23 2.25 0.01 0.45 1.06 0.0026
L8 170.90 201.47 766.82 655.54 0.22 0.26 0.68 0.03 0.49 1.36 0.011
L9 142.95 106.03 406.39 616.06 0.35 0.26 1.20 0.02 0.42 1.04 0.0066
L10 112.06 98.87 549.43 610.75 0.20 0.18 0.94 0.02 0.39 1.00 0.0076
L11 61.51 20.16 109.31 487.46 0.56 0.18 3.77 0.01 0.45 1.20 0.0019
L12 58.61 41.72 207.77 471.09 0.28 0.20 1.89 0.01 0.56 1.05 0.0031

I 169.24 151.64 515.92 567.49 0.38 0.26 1.44 0.03 0.49 1.02 0.0083

Ay B A AT L, &R B AR LA P3RS 1 o 1k
AA S8 AR A, W AR Ao SR ABF ST IS B Y 7K -
HEE- 2 = eI sh MR &, AU E N 0.1% 1 H R,
&l R A W IRRE SR ARSI I I R RN Ay B 15, 55
RS ARSI P TR AN 1.5% W LA, A7
W TR S A S A e AP A, I HAE 20min P
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B, vk I s SRl HPLC Cg FE 43 85 (FF it
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P, im0 1982 4F Hedges
A FE e A 2t AWTRITE ALt ke . R
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HIGHLIGHTS

(1) Compared with traditional methods, solid phase extraction combined with UHPLC-TOF/MS does not require a
derivatization process, and the operation is simple and efficient.

(2) Eleven target phenolic compounds of lignin decomposition products were detected in all the surface sediment
samples from Laizhou Bay, China.

(3) Based on the diagnostic ratio of lignin decomposition product to phenolic compounds, the content level and

source of lignin in the sediments of Laizhou Bay in China were effectively identified.
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ABSTRACT

BACKGROUND: Lignin is an important component of marine organic carbon. It is also an important biomarker
for extracting information on the evolution of the land and marine environment and tracking the source of organic
marine matter. However, the existing analytical techniques are difficult to determine lignin directly. So, the content
of phenolic compounds in the decomposition products of lignin in marine sediments were generally determined to
indicate the content of lignin and the source of organic matter. The content of phenolic compounds in the
decomposition products of lignin in marine sediments is often used to reflect the content of lignin. In addition, by
calculating the diagnostic ratio of individual phenolic compounds, it also provides important information about the
classification, source, and diagenesis of terrestrial organic matter in marine sediments. However, phenolic
compounds in the decomposition products of lignin have the characteristics of strong polarity and low volatility, so
they cannot be directly detected by gas chromatography and need to be derivatized first, which makes the sample
processing complicated and often results in incomplete derivatization. Therefore, it is of great significance to
develop a simple and reliable method for determination of phenolic compounds of the lignin decomposition products

in marine sediments to explore the source of organic matter and understand the environmental evolution process.

OBJECTIVES: To establish a simple and reliable method for the determination of phenolic compounds of lignin
decomposition products in marine sediments using solid phase extraction (SPE) combined with ultra-high
performance liquid chromatography-high resolution mass spectrometry, and to trace the content level and source of
lignin in the sediments of Laizhou Bay in China.
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METHODS: Marine sediment samples were first decomposed with oxidative-alkaline CuO and extracted by solid
phase extraction. Briefly, the oxidation was carried out in a polytetrafluoroethylene digestion tank. 1.00g of
sediment sample, 500mg of copper oxide, and 100mg of ammonium ferrous sulfate were accurately weighed and
placed in the tank. The components were thoroughly mixed with the sample and then the digestion tank was
transferred to a glove box filled with nitrogen. 8.0mL of aqueous sodium hydroxide solution with a concentration of
8.0% (bubbled with N, to remove dissolved oxygen) was added to the tank. The digestion tank was covered tightly
and transferred to an oven heating to 150°C for reaction, which was terminated after 3h. After the digestion tank
cooled to room temperature, it was carefully unscrewed, and an internal standard (ethyl vanillin) solution was added.
Subsequently, the hydrolysate was transferred to a centrifuge tube, spun at 8000r/min for 10min, and the supernatant
and reaction residue was separated. 2.0mL of 1.0% sodium hydroxide solution was added to rinse the residue, and
centrifuged at 8000r/min for 10min. Combining the centrifuged supernatant obtained twice, the solution was
acidified to pH=1 with hydrochloric acid. After the solution was left to stand for 30 minutes, solid phase extraction
was performed.

The SPE procedure was as follows: A hydrophilic-lipophilic balance (HLB) SPE cartridge (200mg, 6mL) was
conditioned with SmL of methanol and SmL of ultrapure water. Sample solution was passed through the cartridge in
a flow rate 1.0mL/min, and then the cartridges were rinsed with 10mL water, and dried under vacuum for about
3min. Phenolic compounds were eluted with 10mL ethyl acetate, and were evaporated by a rotary evaporator,
reconstituted with sample solvent. Then, ultra-high performance liquid chromatography using ZORBAX Eclipse
XDB-C18 column with packing particle size of 1.8um was used to directly separate all target compounds at 28C,
with gradient elution. The mobile phase was composed of ultrapure water with 0.1% formic acid (V/V) and
acetonitrile/methanol (9:1, V/V) , and the flow rate was set to 0.25mL/min. Electrospray ionization (in positive) time
of flight mass spectrometry was applied to detect target compounds in full scan mode, and quantification was

performed using an internal standard determination.

RESULTS: Firstly, chromatographic conditions and solid phase extraction conditions were systematically
optimized. Ultra-high performance liquid chromatography was used for the chromatographic separation of phenolic
compounds from lignin decomposition products in marine sediments. The separation effects of three mobile phase
systems, namely, water-acetonitrile, water- methanol, and water-methanol-acetonitrile, were compared. When using
a water-methanol -acetonitrile ternary mobile phase system, the resolution of various phenolic compounds was
superior to the commonly used water-acetonitrile or water-methanol binary mobile phase systems in the literature. In
addition, the effects of mobile phase acidity (trifluoroacetic acid, formic acid, and acetic acid were added into the
mobile phase) on the separation of various phenolic compounds were investigated. The results showed that adding a
certain concentration of all three acids to the mobile phase provided better separation results. Considering the
compatibility with mass spectrometry, it was finally determined that adding 0.1% formic acid into the mobile phase
achieved good peak patterns and resolution.

In order to determine the ionization mode suitable for the analysis of phenolic compounds from lignin
decomposition products in marine sediment, electrospray ionization (ESI) mass spectrometry was performed on
each target phenolic compound in ESI" and ESI" mode, respectively. Under ESI" mode, various target phenolic
compounds were less affected by interfering substances in the sample matrix, and the MS response value for most of
the phenolic compounds was higher than that found in EST mode. Hence, ESI-TOF/MS in positive mode was
selected to determine phenolic compounds of lignin decomposition products in marine sediment. Subsequently, the
fragmentation voltage was optimized to obtain the highest sensitivity for all target phenolic compounds, which was
— 558 —
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the main mass spectrometric condition that affected the quantification accuracy and sensitivity. The effect of
fragmentation voltage on the MS response signal of each target phenolic compound was investigated in the range of
80V to 200V. Overall, considering the detection sensitivity of the [M+H]" ion peak of each target compound, 130V
was selected as the optimal fragmentation voltage to determine phenolic compounds of lignin decomposition
products in marine sediment.

The effect of pH (1.0-2.5) of the loading solution for solid phase extraction on the extraction efficiency of
various target phenolic compounds was systematically investigated, to ensure that the phenolic compounds of lignin
decomposition products in marine sediments have a good recovery rate during the SPE process. When the pH of the
loading solution was 1.0 and 1.5, the recovery rate of various phenolic compounds by using HLB solid phase
extraction column was significantly higher than that of the loading solution adjusted pH to 2.0 and 2.5. When the pH
of the sample solution was 1.0 and 1.5, although the recoveries of syringaldehyde and acetovanillone were relatively
similar, the recoveries of other phenolic compounds were the highest at a pH of 1.0. Considering the recovery rate of
all the target phenolic compounds and applicability of the method, the pH of the sample solution was confirmed to
adjust to 1.0. In this study, HLB SPE column with 200mg of packing material was used to enrich phenolic
compounds in sample extraction solution. Generally, 5-10mL of eluting solvent can ensure the full elution of all
target phenolic compounds adsorbed on the SPE column. Therefore, based on the results of literature research, ethyl
acetate was finally selected as the eluting solvent, with a dosage of 10mL.

Under the optimum experimental conditions, the 11 main decomposition phenol compounds of lignin in marine
sediments were well separated within 20 minutes. The proposed method had good precision (RSD was less than
9.0%), the correlation coefficient (R”) was not less than 0.9989 in the linear range, and the recovery rate of all spiked
phenol compounds in blank marine sediment was in the range of 86.8%-93.2%, thereby indicating that the
developed method would be suitable to determine the target decomposition phenol compounds of lignin in marine
sediment. Subsequently, the method was used to determine the phenolic compounds of lignin decomposition
products in the surface sediments of Laizhou Bay. The detection rate of 11 target phenolic compounds in 12 surface
sediment samples was 100%, and the concentration of X8 in 12 surface sediment samples ranged from
0.001mg/10gds to 0.019mg/10gds. The value of C/V was between 0.18 and 0.81, with an average of 0.38; the value
of S/V was between 0.18 and 0.45, with an average of 0.26; PON/P value was between 0.01 and 0.07, with an
average of 0.03; P/(V+S) value was between 0.55 and 3.77, with an average of 1.44; (Ad/Al), value was between
0.12 and 1.07, with an average of 0.48; the value of (Ad/Al), was between 0.15 and 1.26, with an average of 1.02.

CONCLUSIONS: The above diagnostic ratios indicate that the lignin in the surface sediments of Laizhou Bay
originate mainly from the herbaceous tissue of angiosperms, while the proportion of organic matter in vascular
plants is relatively low. The degradation degree of terrestrial organic matter in most sampling stations is medium or
high, but there is still a small amount of fresh plant debris. The proposed method has the advantages of high
efficiency, simple for sample pretreatment, and is a powerful technique for the determination of main decomposition

product phenolic compounds of lignin in marine sediments.

KEY WORDS: electrospray ionization-time-of-flight mass spectrometry; lignin; monophenols; organic carbon;

Laizhou Bay
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