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al, 2009), HLB
( , 2018), ( , 2016) ( , 2013)
( , 2015) ( , 2017)
, pH Dittmar
(2008) pH 2,
(Song ef al, 2018) NaOH pH 12 ,
( ,2017) pH
, DOM pH
DOM, pH 2(Cawley et al, 2016, Hertkorn et
(Dittmar et al, 2008; Koprivnjak et al, 2009; al, 2016; LaRowe et al, 2017; Li et al, 2017),
, 2018) ,
DOM ,
, XAD ) )
) ( ,2016), pH
(Dittmar et al, 2008) pH
, PPL
, CI8 pH HLB ,
s - (Hydrophilic- pH HLB
Lipophilic Balanced, HLB) ( ) ,
) - (HPLC-Q- TOF-MS)
) (ESI-)
, (
,2016)
DOM , 1
) 1.1
DOM (ESI-Q-TOF MS)(
) Bruker ); 1260 Infinity (
(Cawley et al, 2016) Cawley (2016) Agilent ); ( Agilent );
2 ; GM-0.33A (
HLB ( ); Seven Excellence pH (
, 2015) ( , 2013) ( - ); VarioTOC (
, 2016) , pH 3 Elementar ); ( QuAAtro
(2011) )
) (500mL) pH 3 InfinityLab Poroshell 120 EC-C18 (
(2013) HLB Agilent ); Supel-Select HLB ( Sigma-
pH 7 Aldrich ); GF/F ( Whatman );
(2009) pH HLB (HPLC Merck ), NaCl( ,
, pH 6—8.5 )

(18 MQ cm)
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Milli-Q ( Milli-pore ) ,
(DTN), DON DTN DIN
DOC DON : HLB
(560°C, 6h), , , ,
1.2 ,
1.2.1 DOC DON
) 1.2.4 HPLC-ESI-Q-TOF-MS :
560°C 5h, , Infinity Lab Poroshell 120 EC-C18 (3.0x50mm,
, 2.7um), 20°C; 20uL; (A)
(B) , 0.2mL/L, :
1.2.2 0—1min, 10% B; 1—2min, 10%—35% B; 2—12.5min,
Whatman GE/F 35%—75% B; 12.5—22min, 90% B; 22—25min, 10%
( 450°C sh ) , pH B : 120pL/h ESI
pH , ; ESI(-) ,
. _20°C 3500V, 20V, 4L /min,
(dissolved organic carbon, DOC) 200°C ’
(dissolved organic nitrogen, DON) S0—1800m/z > 1020
7, pH 2 3 4 5 40V ’
6 7 0.1ppm
HLB ’ 1.2.5 ESI-Q-TOF-MS
DataAnalysis
6mL 6mL ’
pH HLB i , Excel
10mL/min 500mL (PCA)  Past ;
15mL pH , ’
Smin s > 1 0
(log1=0) DataAnalysis
, 6mL (50 1 50 v/v) ; Co-cHo-000-6No-10P0-3S0-3Clo.3,
2mL/min , -20°C [M-H]"  [M+CI] ; Sppm,
(35g NaCl 70 ,
/L)
1.2.3 DOC DON HLB HPLC-ESI-Q-TOF-MS
, XCMS Online (https://xcmsonline.scripps.
HLB DOC pH edu) ,
2, - m/z
DOC R (Tautenhahn et al, 2012; Gowda et al, 2014; Benton et
, 1%, al, 2015) 0.3min 4
0.06mg/L NH4-N
NO;-N NO,-N ,
(DIN) ( ), , Chemspider ,
- N, 0.05ppm ,

NO;-N,
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2 HLB
, DOM
2.1 pH . DOM pH
HLB H
p ’ , pH
o/ [
DOM 7.9%—42.3%( 1) DOM 56 ’ pH
’ DOM
’ ’ ) pH
DOM 10%—50%
(Lietal,2017), pH 5 6 , ,
pH HLB pH 7 DOM
DOM , ,pH 2 , pH
DOM ) 5
DOM
#1 ZTHAMBKERD pH. DOCCEMANE). DONGERBNR)ZE. C/NERR ) RIEIMME
Tab.1 Blank and sample pH, DOC, DON, C/N and extraction efficiency
DOC DOC DON DON C/N
H C/N
P (mg/L) ( mg/L) (ng/L) (ug/L)
7.05 0 n.d. n.d. — —
n.d. n.d. —
2.00 2.13 n.d. n.d. — —
6.02 35.64 0.24 16.57 16.9 23.2%
1.05 64.82 18.9
2.00 37.47 0.41 13.32 359 39.3%
8.08 30.65 0.34 12.18 32.6 12.7%
7.00 30.65 1.14 10.91 219 42.3%
6.00 30.73 0.24 9.46 29.6 9.0%
5.00 30.75 2.70 0.21 101.49 10.85 31.0 22.6 7.9%
4.00 30.30 0.49 26.32 21.7 18.3%
3.00 30.59 0.45 11.44 45.9 16.8%
2.00 32.38 0.55 14.44 44.4 20.3%
2.2 pH ESI-Q-TOF-MS 10°
124 ESI-Q-TOF-MS MWMVMW
’ 1 1.5
DOM pH ——
, pH , 02 04 06 08 10 12 14 16 18
H {RBEYIE) (min)
p ’ — pH 2735 — pH 3EAHED
—pH 4f52KFG — pH 58K xan
> —pH 677K — pH T/EXF &
—pH 8igKEG BT
— ADBK=8 pH2 A THEXT=E
0.1% 20 = pH 245 K=83
mlz 1
(2 «c 2 pH : ,
Fig.1 Total ion chromatograms of solvent, ultrapure water,

artificial seawater, and natural seawater extracts
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pH , pH 2 , ,
s pH 2 pH 2 (
, 1),
pH , ,
, , pH
10° pH 25 KIZE.d: -MS, 0.2-1.8min #11-107
*1oE 165.0227 293.1874329 1666 372.3116
: 126.9419 221.9722261.1400
0.5¢ l 187.0950
0.0E W l | ] AR TR Ll
x10°F pH 3¥E7KI2E.d: -MS, 0.2- T.8min #11-105
i 293.1874 372.3116
97.0614 .
: l 138 o427 187.0050 261.1400 329.1669 M
L [NU N NRCT TR TXCTRVN 11 T L il il G U
A0 pH 45 AI2EN.d: -MS, 0.2-1.8min #13-106
2F 372.3115
1E 221.9720 261 1 293.1873329.1664
g 111.0411 138.0426 457 9949 61.1398
O i (Y Al [T TR TTRTT Labandi baboautla b i
x10°- oH 5K REY).0: -MS, 0.2-1,6min #12-106
juid . 372.3116
®o oL 293.1874
= 138.042 329.1662
:Di q I 11T04s 1x 38 0 A 6 187 0949221 9720261 13197 \ aliiil ih TR | \ TR A 4992125
x10°F pH 6587KI2EN.d: -MS, 0.2-1.8min #11-104
2 372.3111
. 138.0423 293.1869
é.‘ 111.0409, 221.9716 | 328.16%6 LL 421.2196
)\ el " N | il \ A Ll " ~
X106 B pH 758 KIZE.d: -MS, 0.2-1.8min #13-106
al 293.1868 372.3109
2:— 97.0611 157. 1303 221.9716 255.2368 1|. 433.2355
0 L o YRR WU CURL ¥ VU YOO TV e | TV UV
A0°F pH 8¥8AKIZEW).d: -MS, 0.2-1.8min #12-107
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Fig.2 Mass spectrum of seawater extracts at different pH values
Q-TOF , C H O
) 10%,
1% DataAnalysis ,C H O N
, C H 24.9%—35.0%, S
O NS P (I , s P 24%,
( Cl ,
2) 7.5%—20.4%
20%—30%, , XAD DOM
pH , R pH s C H O
2 50% (Cawley et al,
CH O 2016; Derrien et al, 2017), (Koprivnjak et al,
s 2009; , 2013) SPE (
39%—62% ( , 2013; LaRowe et al, 2017), C18 PPL HLB )(Li et al, 2017)
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, DOM
C H O >
N ,
s , ( , 2004)
( N-
) , DOM , (
DOC DON ( , 2005; , 2014; , 2016),
1), DOC DON
, C/N 20, , ,
N , N P S CI
, DOM
DOM , C/N C/N
DOM
(LaRowe et al,
2017) (Cawley et al, 2016) pH
, ( , 2013) ( 3), pH
%2 FF pH TREMNAREHE. FHMEERS TARLET
Tab.2 The peak number, average intensity, and molecular composition of blank and seawater extracts in different pH values
pH 7.05 2.00 6.02 2.00 8.08 7.00 6.00 5.00 4.00 3.00 2.00
# 628 599 730 832 1042 1065 1335 1532 1420 1355 1570
# 45 37 52 56 214 235 257 401 413 400 494
103210 86634 60691 46552 14202 12834 12548 9005 10139 11275 9633
m/z 293.26 292.55 280.01 274.21 344.04 333.07 332.48 343.37 311.76 290.65 324.90
%CHO 15.6 10.8 15.4 10.5 6.5 6.4 5.8 8.2 8.2 6.2 5.7
%CHON 66.7 64.9 51.9 55.4 35.0 323 25.7 249 28.6 25.2 24.9
%N 78.3 81.6 67.9 73.2 73.8 74.9 68.5 68.1 72.4 71.5 69.4
%S 13.3 13.5 23.1 23.2 40.6 43.8 55.2 50.6 49.2 51.5 54.4
%P 17.8 16.2 13.5 7.1 21.0 21.7 28.0 27.4 21.1 23.5 24.5
%Cl 0 0 0 7.1 16.4 20.4 12.4 15.7 14.0 7.5 15.2
#C, 15.5 15.3 14.1 13.6 16.3 14.8 16.2 16.4 14.4 14.0 15.1
#Cl, 0.0 0.0 0.0 0.1 0.2 0.2 0.1 0.2 0.1 0.1 0.2
#H, 28.0 27.7 26.8 25.1 26.1 24.5 21.9 20.7 18.4 18.2 17.7
#Na 2.6 2.7 2.5 2.9 3.1 33 2.7 2.8 3.0 2.8 2.8
#0, 1.8 1.7 1.7 1.4 2.2 2.2 1.8 2.1 2.1 1.5 2.2
#P, 0.2 0.2 0.2 0.1 0.3 0.3 0.4 0.4 0.3 0.3 0.3
#Sa 0.2 0.1 0.3 0.3 0.5 0.6 0.7 0.7 0.6 0.6 0.7
H/C 1.8 1.8 1.9 1.8 1.6 1.7 1.3 1.3 1.3 1.3 1.2
o/C 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1
C/N 6.1 5.7 5.6 4.7 5.2 4.5 6.0 5.8 4.8 4.9 5.4
RDB 4.2 4.2 3.3 3.8 5.9 5.2 7.9 8.7 7.8 7.7 9.0
H# : # ; %CHO: C H O ; Y%CHON:
C H O N ;%N %S %P %Cl: N S P Cl s #Ca
#Cl, #H, #N, #O, #P, #Su C Cl HN O P S ; RDB:
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, Cl
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3\; b c
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Fig.3 PCA of extracts of blanks and seawater in different pH

values
Da: ;b ;d: ;d:
m/z s 4
HLB
DOM 5

100—600m/z
200—500m/z pH s
HLB

H/C
H/C o/C
, van Krevelen
(Derrien et al, 2017), (1.5<H/C=<2.0,
0<0/C<0.3) (1.5<H/C<2.2, 0.3<0/C<
0.67) (1.5<H/C<24,0.67<0/C<1.2)
(0.2<H/C<0.7, 0<0/C<0.67)
(0.7<H/C=<1.5,0.1<0/C=<0.67)

(0.7<H/C<1.5, 0<0/C<0.1) (0.5<H/C<1.5,

0.65<0/C=<1) 4 van Krevelen
(4 s van Krevelen
pH
S van Krevelen
pH

DOM  van Krevelen
DOM ( )
2013; LaRowe et al, 2017; Rathgeb et al, 2017)

> >

(Song, 2010; , 2000;
, 2017),
, 5
( / ) van Krevelen
van Krevelen , s

) , H/C
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Fig.4 The van Krevelen and m/z-H/C diagrams of blanks (a), seawater in neutral (b), weak acidic pH (c), and strong acidic groups (d)
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( pH
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2.3 pH HPLC-ESI-Q-TOF-MS XCMS 150
(P<0.05) , 66 (P<0.01),
HPLC-ESI-Q-TOF-MS XCMS 20 (P<0.001)
(TIC) 7 , , 119 31 (%),
pH 2 3 4 TIC pH
s pH 7 8 TIC s R mlz 600
, 2—8min  16min
(9 ) ,
,§ 10min, pH
81 swph7_4_01_970 , pH
= swph8_3_017969 )
‘; swph2-9_017975 )
{ ---- swph3_8_01_974
S| | — swph4_7_01-973
w & DataAnalysis
o
EE )
{%E S ~ | Chemspider Pubchem Metlin KEGG
3| A
S [ , 19
N ‘/ J | s .7:___‘_,,{7"'1\ pH ( 3),
S| . T ‘ pH , 17
[ 1 1 L L 1
S0 5 10 15 20 25 pH
REBEYIE) (min)
7 DOM >
pH
Fig.7 Total ion chromatogram of seawater extracts in the
neutral and strong acidic groups after retention time correction
: pH 7 s pH 3
8 , pH 2 >
pH 3 , pH 4 7 pH HLB
0.3min 4 )
, pH pH , pH
5- a . P<0.05 5r b .  P<0.05
* P>0.05 * P>0.05
4t ‘. 4t . .
Caf i, T 3t d
o o
? B " .
T 2r T 21 . g .« ..
. .s.- . N . -
1 . (PSR LI - PR i
: . RS SIENEY ¢ O S
LA - e
0O 1000 OO 500 1000
miz
8 (a) (b)
Fig.8 The significant characteristic ions in seawater extract in the strong acidic (a) and neutral (b) groups
m/z s t- P 0.05( )

P 0.05( )
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Fig.9 Differential significant characteristic ions of strong acidic (green) and neutral (red) groups
s m/z P s

%*3 ILRITBKARE pH TREEBHNIHMEES

Tab.3 The organic compounds extracted from seawater of different pH values in Huiquan Bay, Qingdao

pH (min) (m/z) (ppm)
-13- C16H300, 17.7 253.2173 3.7
{1-[5-(6-  -2- 8 -78-  -9H-
5y s , C21H34N4O4 18.6 433.2568 -3.1
1-42-[2-(2- 5.
1212 )2 ] ; C12H,40s5 3.9 247.1551 1.7
(18)-1,5-  -2,6- 2+ )-1-(3-
C11H200s 2.4 247.1187 0.5
3. )-L-
3-(2,2- 4- -4H-1,3- -6-
C11H606 2.0 243.0874 -1.0
y2- 2.
C1:H,40, 6.6 221.0819 -0.1
C14H1004 5.8 241.0506 1.6
9- CoH 05 5.3 171.1027 0.5
(22.,62)-8- 5. 26
C14H2,05 6.2 269.1394 22
2,4- C;H,CL,0, 5.2 188.9516 0.1
3-(1-  -2- ) C1oH 1605 5.8 183.1027 1.7
C11Ha004 6.5 215.1289 -0.1
3-[2~( ) ]-2- CsH140s 1.6 189.0768 1.1
6- -6- 5. 42- -13-
2 ) C12H1,05 3.2 261.1344 0.6
4,4- -5-[(3R)-1,2,4- 3. ]-2-
CoH,404 3.8 187.0976 0.8
17- -16-  -19-  -4- CaoH300,8 5.7 333.1894 -4.9
C14H2505 5.3 291.1813 1.1
-6-0-  -a-D- C16H300- 6.2 333.1919 0.4
6-14-14- S-(1H124-0 -1 C1;HpuN 6.2 365.1956 0.6
y-4H-1,2,4- 3= ]-1- }-4- 17 ' : e
5 6 pH ) ,
, pH 2 ,
9 9
DOM pH ,
, pH pH 2 ,HPLC-ESI-Q-TOF-MS
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Abstract

suitable separation and extraction methods impedes seriously the exploration of what role different components play in the

Marine dissolved organic matter (DOM) contains a large number of bioactive substances. However, lacking

ecosystem. The solid-phase extraction (SPE) is a very effective method for extracting marine DOM from seawater. While
extracting marine DOM in the SPE method, the pH of seawater is critical to the extraction efficiency of bioactive
molecules. In this paper, HLB (hydrophilic-lipophilic balance) solid-phase extraction column was used to extract the
bioactive substance from seawater under 7 different pH values, the extraction efficiency was measured, and detailed
molecular composition was detected in HPLC-Q-TOF-MS in ESI (-) mode. The result shows that good extraction
efficiency can be obtained when seawater pH is neutral or strongly acidic. When seawater was acidified to pH 5 or 6, the
extraction efficiency of marine DOM was very low. With the decrease of seawater pH value, the signal intensities of the
mass spectrum reduced, but more spectrum peaks occurred, and the molecular mass and property of extracts were widely
dispersed. When the seawater sample was acidified to pH 2, most numbers of spectrum peaks could be identified. As shown
in the van Krevelen and m/z-H/C diagrams, the molecular compositions of the extracts differed significantly under different
seawater pH values. A neutral pH condition is suitable for the extraction of small molecular and high saturation substances.
Strong acidic conditions are good to extract efficiently a variety of substances in high heterogeneity and high resolution,
especially those bioactive molecules with unsaturated groups such as acid and ketone, and biological macromolecules such
as protein and sugar. When the seawater samples were acidified to pH 2, HPLC-ESI-Q-TOF-MS had the highest response
intensity in polar molecules, and this pH condition was especially suitable for extracting bioactive substances from
seawater. Therefore, in terms of extraction efficiency, the number of identifiable peaks, and molecular composition of
extracts, pH 2 is suggested for the best performance of extracting small molecular bioactive substances by HLB SPE.
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