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(1. 266061; 2. 266061;
3. 266061)
, 7 (Mn Cu Zn Ni Cd
Co Pb) , Nobias PA1 , (ICP-MS)
: Nobias PA1 pH 5.5~6.0, 1.3 mol/L R 1 mL R
4 h , Cu Co
Mn Cu Ni Co Pb 92%~100%, Zn  Cd 72%
82%:; Mn Cu Zn Ni 0.03~0.53 nmol/L,Cd Co Pb
2.66x107~8.60x107> nmol/L, ,
) 1 mL,

>

; Nobias PA1 ;
P736

- (sediment-water interface, SWI)

(Sholkovitz, 1989; , 1996)

(Elderfield et al, 1987; Sholkovitz, 1989, 1992;

Haley et al, 2003; Chen et al, 2015)
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, (Santschi et al, 1990; Aller et al,
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“{ , 1996; Abbott et al, 2015; Dang et al,
2015; Duan et al, 2019; Li et al, 2020) ,

(Kalnejais et al, 2015),

(<10 mL) ,
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(0.2~4 mmol/L),
(Lukawska-Matuszewska, 2016; Coffin et al,
2017; Fox et al, 2018)
Rhizon
2019; Li et al, 2020; Liu et al, 2021),
(Santos-Echeandia et al, 2009;
Kalnejais et al, 2015), s

(Duan et al,

(Ellwood,
2008) (Wu et al, 1998; Saito et al, 2006)
(Sohrin et al, 2008; Milne et al, 2010) ,
ICP-MS

8-hydroxyquinoline (8HQ) (Sohrin et al, 2001)
(Hurst et al, 2008; Milne et al, 2010)
(Ho et al, 2010)

Toyopearl-650
Dionex MetPac CC-1
(Wang et al, 2014) pH
, Nobias PAI (Hitachi
High-Technology, )
(Sohrin et al,
2008; Biller et al, 2012; Hatje et al, 2014; Liu et al,

2021) (EDTriA)
(IDA) ;
s (Sohrin et al, 2008; Takata
et al, 2011) s
, ( ,2006)
Nobias PA1
(Mn Cu Zn

Ni Cd Co Pb) ,

pH

1
1.1
«C )
(HNO3) ( ,
) (DST-1000, Savillex
) (NH4Ac)
(NH;-H,O) (Optima®, Fisher
Scientific )
(High-Purity Standards )
Milli-Q  (18.2 MQ/cm,
Millipore )
2021 8 (1 000 m;

153.68°E, 17.80°N),

(133.67°E, 9.03°N) Niskin ,

AcroPak® (0.2 pum, Pall )
LDPE (Nalgene™, Fisher Scientific )
, HNOs;, pH 2
(BD FALCON™  Nalgene )
10% 24h | Milli-Q 3~5
(LDPE) ,
(GEOTRACES)
(Cutter et al, 2010) LDPE
pH 2 Milli-Q
1.2
PFA
( ESI )
(ICP-MS)(iCAP-RQ, Thermo Fisher Scientific
) , ,
, (=0.5 mL)
1 ,
2% HNO;
, 10
1 2% HNO;

In (10 ng/mL)
1.3
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Tab.1 Operating conditions of the inductively couple mass .
spectrometry in this study ( Rhizonsphere )
, Teflon (LongerPump®Inc.,
RF 1550 W ) ;
14.0 L/min
0.80 L/min 0~10cm 1 cm, 10 cm 2 cm 1 mL
1.02 L/min ,
(Pole bias) -1.00V 15 mL , HNO; (Optima®, Fisher
(Analog) 1esov Scientific ) pH 2, 4°C
50 ms
55Mn 60Ni 63Cu GGZH 59C0 112Cd ZOSPb
N,
—>

(Biller et al, 2012)

(seaFAST®, ESI ) seaFAST

B

( =1 mL)(Hathorne et al, 2012; Behrens et al,
2016) seaFAST pH
pH
Biller
Nobias-PA1l
(Biller et al, 2012)
s 10 mL 1mol/L HNO;
~ 3 mL NHjAc
pH SmL
(pH=2) 10 mL, pH
0.5 mL/min
3 mL NHAc Na*,
K, Ca** Mg2+ (Sohrin et al, 2008; Wang et al, 2014)
1mol/L (E-HNO;)( 10 ng/mL In
) (3~5 psi)
15 mL
, 10 mL1 mol/L HNO;
s 0.1 mol/L HNO;
seaFAST

(2012)

10 mL 12~13 mL,
13 mL

(CASS-6

6.5 mL
NASS-7, )
1.4

2016 7 B20
38.20°E)

(122.74°N,

O nam

X UEE

H i

1 mol/L Q-HNO,

& BPR

IRIIR

1 ( Biller

etal, 2012)
Fig.1 Scheme of the manually operated preconcentration
manifold (modified from Biller et al, 2012)

2.1

E

(Bruland, 1989; Ellwood et al, 2000)

(DOC) 0.04~0.12 mmol/L
(Hansell, 1993; Hung et al, 2007; Walter et al, 2018),
DOC

b

0.2~4 mmol/L s
(Burdige et al, 1994; Lukawska-Matuszewska,
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2016; Coffin et al, 2017; Fox et al, 2018) 1.3 mol/L HNO;
pH 3
Nobias PA1 , s pH 4.00~6.25
, , 80%~118%
Mn pH<S 2%~28%  pH>6
6 13 mL, ,Co Zn )
(5144AX-220, Jelight ) 4 h pH=6.5 68%  78%
’ 120
) 3 6
seaFAST , 100
E
Il 80
( 2 g
Cu Co , 85.3%+5.02% E 60 |
62.4%+0.69% , Cu Co Iﬂ]ﬁ sl —eMn —+—Cu
99.3%+0.17%  98.0%+2.98% , s “zn =N
20 + —*—Co —<—Cd
Cu Co s ——Pb
5 03.5 4.0 4I.5 5I.0 5I.5 6I.0 6I.5 7.0
(Saito er al, 2001; Milne et PHIE
al, 2010; Biller et al, 2012) R 3 pH
Cu Co, Fig.3 Recoveries of pore water trace metal as a function of pH
: <5%;
120 100%
100f- - - - - - R S A Rt
< ; g 3 pH ;
§ sof ¥ ,pH 4.5~8.0 , Nobias PA1
E sol . (Sohrin et al, 2008;
Ilmﬁ Takata et al, 2011; Biller et al, 2012; Hatje et al, 2014;
w 40T Liu ef al, 2021) , pH
201 e EHNER 4.2~6.5 (Sohrin et al, 2008; Takata et al,
= SRERINER
0 . . . . . . . 2011), Mn pH R
Mn Cu Zn Ni Co Cd Pb .
BETESH pH>5.8 (Takata et al, 2011; Biller et
al, 2012) ,Mn pH=4.0~5.5
2
. . . pH , 7
Fig.2 Recoveries of pore water trace metal as a function of the
ultraviolet digestion pH 5.5~6.0, 87%~118%
100% 2.3
2.2 pH Biller (2012) Hatje (2014)
pH 0.4~2 mL ,
, NH Ac pH 0.5 mL ( ,2017),
4.00~6.5 (4.00 4.50 5.00 5.50 5.75 , >1 mL
6.00 6.25 6.50), pH (<10 mL),
3,70 0.05 mol/L ,
7 0.5 mL
( Cd Co 2pug/L,Pb ICP-MS )
4pg/L,Mn Cu Zn Ni 40 pg/L) 05 1 1.5 2mlL),
pH , 2 1 mL, pH=5.86,
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1.3 mol/L HNO; 120}
seaFAST s 3 < 100
, & sor
4 , 0.5 mL *% 60
IR
, ,Cd 05 mL ﬂ&" 0l N c
A n —=— Nij
81% ’ 20} —*— Co ——Cd
93%~114% 0 —+—Pb ) . .
0.5 mL , ICP-MS 0.5 1.0 15 2.0 2.5
RGBSR/ (mol/L)
. 1 mL 5
1 mL 5
Fig.5 Recoveries of pore water trace metal as a function of the
eluate nitric acid concentration
120f S <59%:
100F------ — S s 100%
A 25
=] L
{‘ﬁ 60 e o ,
i 40t o e pH=5.5~6.0, 1 mL,
X
ey S 1.3 mol/L HNOs,
o . . . . 2
0.0 0.5 1.0 1.5 2.0 2.5 .
ST Optima
5 ICP-MS R
4 2
Fig.4 Recoveries of pore water trace metal as a function of the
elution volume >
<5%, 100% ,
2.4
HNO; 5
- I mL Biller er al, 2012; Hatje ef al, 2014),
; ’ 92%~100% , Zn
ICP-MS ’ cd : 72%  82%
(0.7 1.0 1.3 1.6 20 22 mol/L) NASS-7 CASS-6
pH=5.86, , 3
1 mL, s
2.6
5 1.0 mol/L
Co , 110%~120% ,
R Co 82% 21
1.3~1.6 mol/L |, s B67 (119.94°N, 37.75°E)
95%~118%, Cu ( ) B67
89% R ,
s ICP-MS 1~5 mL 1 mL
5 5 ( 4 4 1 mL
) ( ,2017) , (LODs) , 5 mL
1.3 mol/L 5 , 1 mL
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*2 ZTRAHETH. BERURTEREKRE
Tab.2 Average procedure blanks, detection limits, and
recoveries of all trace metal under optimal experimental
conditions

1%

/(nmol/L)(n=11) /(nmol/L) (n=12)
Mn 0.08+0.02 0.07 9743
Cu 0.050.01 0.04 9345
Zn 0.27+0.18 0.53 7245
Ni 0.04+0.01 0.03 9245
Co (2.20+0.89)x107°  2.66x107° 98+4
cd (2.06+1.23)x107  3.70x107° 82+5
Pb (11.7£2.87)x107°  8.60x107° 100+7

3 FRHEEKP(NASS-7. CASS-6)RELETHEMS
MR 45 R (AL pg/L)
Tab.3 Results of analysis of trace metal concentrations of
standard seawater samples (NASS-7, CASS-6) (unit: pg/L)

NASS-7(n=20) CASS-6 (n=13)

a a

Mn 0.7200+0.0400 0.7500+0.0600 2.1300+0.0400 2.2200+0.1200
Cu 0.2070+0.0230 0.1990+0.0140 0.5350+0.0160 0.5300+0.0320
Zn 0.4400+0.0500 0.4200+0.0800 1.2400+0.0700 1.2700+0.1800
Ni 0.2390+0.0140 0.2480+0.0180 0.4160+0.0080 0.4180+0.0400
Co 0.0139+0.0006 0.0146+0.0014 0.0664+0.0025 0.0672+0.0052
Cd 0.0154+0.0007 0.0161+0.0016 0.0229+0.0007 0.0217+0.0018
Pb 0.0024+0.0004 0.0026+0.0008 0.0109+0.0008 0.0106+0.0040

.a

LODs

s B20

) 6 Fe

Mn , 2% HNO;  1:20

, Fe  Mn s Mn
(28 pmol/L) Fe (18 umol/L)
(0~1 cm) , Mn

s Fe 0~4 cm
10~15 cm
Zn Cd Pb Fe

(0~4 cm, 10~15 cm) , Zn Cd

Pb Fe
(Rivera-Duarte ef al, 1994) ,Co Cd Pb

B

E

(Froelich et al, 1979; Canfield et al, 2009)

Pearson
, 5 Cu Ni Co
(R>0.86, P<0.01),
Fe Mn .
Fe/Mn (Klinkhammer et
al, 1982; Widerlund, 1996) ,Zn Fe
(R=0.78, P<0.01), Zn Fe
Cd Mn
(R=0.49, P<0.05), Cd Mn
Pb
s Fe/Mn

x4 8 BTMNUIBRKPREREEBTRAKRE. BRRHERERA 1 mL 8940 BR(LOD)FIA B KT # B67 v i
FLER7K R (1~5 mL)7E 1 mL MR PR E € B T HIRE (B L: nmol/L)
Tab.4 Minimum trace metal concentrations in pore water at B67 station in Bohai sea, the limit of detection (LOD) assuming sample
volume of ImL and estimated trace metal concentrations in different sample volumes (1~5 mL)(unit: nmol/L)

567 L B67 1 mL
1 mL 2 mL 3 mL 4 mL 5 mL
Mn 14.7x10° 0.35 14.7x10° 29.4x10° 44.1x10° 58.8x10° 73.5%x10°
Cu 0.62 0.20 0.62 1.24 1.86 2.48 3.10
Zn 13.70 2.65 13.70 27.40 41.10 54.80 68.50
Ni 5.83 0.15 5.83 11.70 17.50 23.30 29.20
Co 1.51 0.01 1.51 3.02 4.53 6.04 7.55
cd 0.47 0.19 0.47 0.94 0.14 0.19 0.23
Pb 0.25 0.04 0.25 0.49 0.74 0.98 1.23
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Fig.6  Vertical profiles of the dissolved trace metal concentrations in pore water at B20 in the North Yellow Sea

x5 JtHEiE B20 EGIFLFRK IR ETTRAY Spearman HHKIES 4T

Tab.5 The spearman correlation among the trace metals in pore water at B20 in the North Yellow Sea

Fe Mn Cu Zn Ni Co Cd Pb
Fe 1.00
Mn -0.50* 1.00
Cu -0.09 0.47 1.00
Zn 0.78%* -0.10 0.40 1.00
Ni 0.12 0.33 0.88%* 0.47 1.00
Co 0.08 0.33 0.86%* 0.42 0.97%* 1.00
cd —0.44 0.49% 0.25 -0.22 0.09 0.22 1.00
Pb 0.47 -0.05 0.16 0.42 0.10 0.09 0.06 1.00
” 0.01 ;" 0.05
4 Pb 929%~100%, Zn  Cd
72% 82%; Mn Cu Zn Ni
) 0.03~0.53 nmol/L, Cd Co Pb
(M Cuzn NP Cd Co Pb) 2.66x10°~8.60x10 nmol/L
, Nobias PA1 ’ ’ ’
, (ICP-MS) I'mL
: Nobias PA1
pH 5.5~6.0, (25 em) ,
1.3 mol/L HNO;, 1 mL
4h
s Cu Co Mn Cu Ni Co
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DETERMINATION OF TRACE METALS IN POREWATER SAMPLES OF MARINE
SEDIMENTS

WANG Xiao-Jing"?, LIU Hong-Na', REN Yi-Jun', WU Hong-Da',
ZHANG Ying"?, LIU Ji-Hua">3, LILi">?

(1. First Institute of Oceanography, Ministry of Natural Resources, Qingdao 266061, China; 2. Key Laboratory of Marine Geology and
Metallogeny, Ministry of Natural Resources, Qingdao 266061, China; 3. Laboratory for Marine Geology, Pilot National Laboratory for
Marine Science and Technology (Qingdao), Qingdao 266061, China)

Abstract Porewater is an important transitional phase between sediment particles and overlying water at the
sediment-seawater interface, and the study of porewater can provide a better understanding of the early diagenetic process
of trace metals. In recent years, the methods for trace metals in pore water are relatively scarce. Therefore, a highly
sensitive and precise method for the determination of 7 trace metals (Mn, Cu, Zn, Ni, Cd, Co, Pb) in porewater of marine
sediment was established. The method uses Nobias PA1 resin preconcentrated trace metals in porewater samples, and then
the samples are analyzed by inductively coupled plasma mass spectrometry (ICP-MS). The experiment results show that
the optimal experimental conditions could be reached when pH in the preconcentration step was 5.5~6.0, the elution
solution volume was 1 mL, and the elution acid concentration was 1.3 mol/L HNO;. In addition, the samples shall be
ultraviolet digested for more than 4 h to destroy organic complexes, which procedure is especially important for Cu and Co.
The recoveries of Mn, Cu, Ni, Co, and Pb were 92%~100%, whilst those of Zn and Cd were 72% and 82%, respectively.
The detection limits were also reported; for Mn, Cu, Zn, and Ni, it was 0.03~0.53 nmo/L, whilst for Cd, Co, and Pb, it was
2.66x107°~8.60x10° nmol/L, which satisfies the needs for porewater analysis, and only 1 mL of porewater sample is
required for the measurement and calculation of dissolved trace metals. This method was applied to test a porewater sample
collected from a short sediment column in the middle of the North Yellow Sea. The test results show that its vertical
distribution is reasonable and more in line with the law of early diagenesis. This method provides an accurate and simple
way to analyze the seven trace metals in marine porewater samples in a minimum sample volume of 1 mL.
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