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) (Diaz-Romero, R
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(Sohrin et al, 2008) ,
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2016 6 29 —7 14
(seaFAST , Elemental Scientific Inc., ) , - 2 7
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, 1
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Fig.1 The location of sampling sites in the Yellow Sea and the Bohai Sea

ta b
> s chl a ( ,2018)
Jelight C Inc.
Cclight Company. fnc. ®1 FHSEERHR
’ ’ Tab.l The average method blank values and detection limit
Cu Co Ni 7n
(Biller et al, 2012) 10mL Imol/L m=21) 021 673 007 015
> 3—5 0.05mol/L 0.30 0.02 0.23 0.35
pH  5.6—6.0 , Cu Ni Zn nmol/kg, Co pmol/kg
40mL - ( 12.0r/min), £2 AR BHE SRR A A

Tab.2 Reported results of certified reference seawater,
compared to the certified values

, 3—5 0.05mol/L

’ Cu Co Ni Zn
(1mol/L HNO;) 2mL CASS 5 (n=6) 0.370+0.057 0.091+0.002 0.309+0.017 0.691+0.020
Cu Zn Co Ni 0 0.371£0.028  0.093*  0.322+0.022 0.702+0.067

NASS 6 (n=6) 0.231+£0.040 0.016+0.002 0.284+0.024 0.247+0.045
0 0.24240.025  0.015*  0.294+0.025 0.251+0.020

ICP-MS(X Series , Thermo Fisher Scientific Inc.) -

In (10ppb), CASS5 NASSG6 ,Cu Co Ni Zn ug/kg
10% ,
<15% 1 2
NASS-6 CASS-5 (National
Research Council of Canada) , 2.1
«C 2 2 ,
(High Purity Standard, Inc.) 26.3—33.3, 314
,Cu Ni Co Zn >
106% 109% 104% 93%,
(chl a) , Li (2015) 2013

, 90% (29.1), (31.4),
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’ #z3 BES5AMBSIRELZRE(Cu, Cos Ni, Zn) Spearman
EPS RS
( , 1991; ,2011) Tab.3  Spearman correlation analysis between salinity and
dissolved heavy metals (Cu, Co, Ni, Zn)
’ ’ Cu Co Ni Zn
( , 2009) 1
’ Cu 0.06 1
’ Co —0.04 0.55%* 1
> Ni 0.04 0.79%* 0.63** 1
> 5 > Zn 0.15 0.41%* 0.35%* 0.48** 1
( , 2009) L Ek ( ) oo1
( £ 2011, (2016
6—7 ) , 2.2.1 , Cu Ni Co
R (Cu 37.1nmol/L, Ni
(http://www.chinanews.com/), 17.5nmol/L, Co  349.5pmol/L)
( , 1991) (Zhang, 1995;
2.2 (Cu Ni Co Zn) Li et al, 2015),
Cu Ni Co (
, Cu Ni Co Zn 4),
Spearman , 3 Cu Ni Zn ,
Cu Ni Co Zn , s s
Li (2017) , )
; (
, , 2009) Zn
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Cu s
s S Ni Co Zn Cu
, Cu Zn
s Farallones ,
4 ,Cu Ni Co
, Zn [
Cu Ni , , (3.2+1.8)nmol/L]
Zn (30.6—149.9nmol/L)
: 1—3 (4
Flegal  (1991) (5.5—51.2nmol/L), (Flegal et al, 1991; Li et al,
Cu Ni , 2010)
Cu Ni Co , s
Farallones , ( ) s
) Zn )
(Cu Ni Co) ,
Co , Zn
(2009) ,
x4 E. HBEMRBSRELRE(Cu. Ni. Co. Zn)WFHIRERSHM BRI LL

Tab.4 The average concentration of dissolved heavy metals (Cu, Ni, Co, Zn) in the Yellow Sea and Bohai Sea and their comparison
with other sea areas

Cu Ni Co Zn
10.8 6.8 105 2.4
(n=50)
(5.5—19.9) (3.7—11.5) (12—253) (0.8—5.8)
14.5 8.3 191 3.7
(n=14)
(8.6—18.9) (6.2—11.5) (97—339) (2.2—5.4)
21.6 11.6 210 3.2
(n=16)
(14.2—37.1) (9.5—13.6) (100—349) (0.7—5.8)
8.5 6.6 100 n.a. )
(n=43) Liet al, 2017
(2.8—15.0) (3.3—11.7) (40—300) n.a.
22.6 15.5 309 1.8 .
(n=28) Lietal, 2015
(17.8—30.4) (10.9—23.1) (159—995) (0.6—3.3)
( ) 12.6+£9.4 n.a. n.a. 58.1+£27.5
, 2009
( ) 22.0+14.2 n.a. n.a. 123.94£26.0
22.2 n.a. n.a. 95.0 , 2008
61.4 n.a. n.a. 84.1 , 2008
0.78—1.22 2327 n.a. n.a. Wen et al, 2006
20.0 7.5 300.0 3.0 Zhang, 1995
41.3 13.3 428.0 3.3 Lietal, 2015
34(16—73) 27(13—71) 110(170—530) 13(5.5—23) Flegal et al, 1991
3—27 3—32 300—3100 1—7 Wen et al, 1999
1.7—5.3 n.a. 400—600 2.8—3.0 Hurst et al, 2008
0.60—15.0 1.9—38.3 32—580 n.a. Itoh et al, 2009
14.7(8.1—54.1)  6.0(4.3—13.5) n.a. 20.8(5.6—51.2) Lietal, 2010
2.4 8.2 20 5.4 Fujishima et al, 2001
0.16—0.63 n.a. n.a. 0.15 , 2003
78.74 85.19 5.1x105 305.90 GB3097-1997
:Cu Ni Zn nmol/kg, Co pmol/kg, n.a.
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DISTRIBUTION CHARACTERISTICS AND INFLUENCING FACTORS OF SEVERAL
DISSOLVED TRACE METALS (Cu, Ni, Co, Zn) IN THE YELLOW SEA AND THE
BOHAI SEA

ZHEN Xiao-Tong', LILi"? ~WANG Xiao-Jing', REN Yi-Jun'
(1. First Institute Of Oceanography, Ministry of Natural Resources, Qingdao 266061, China; 2. Pilot Marine Science and Technology
Pilot National Laboratory (Qingdao), Qingdao 266237, China)

Abstract Trace metals play an important role in marine biogeochemical cycling processes. In this study, we utilized a
strict trace-metal clean sampling and analytical techniques, and collected seawater samples from the Bohai Sea and the
Yellow Sea in July 2016. The total dissolved trace metals (Cu, Ni, Co, Zn) distributions in the Bohai Sea and the Yellow
Sea are charaterized. In general, the distribution of the trace metals show a decreasing trend from near shore to off shore,
which reflects the anthropogenic input into the coastal water. Regional distributions of dissolved trace metals in seawater
are influenced by coastal current, cold water mass, sediment resuspension, and biological processes. The distribution
patterns of Cu, Ni, and Co are similar, in average concentrations in a descending order of the Bohai Sea > north Yellow Sea
> south Yellow Sea. However, the distribution of dissolved Zn is different from the other three metals, showing relatively
low and similar average concentrations in the Bohai Sea and Yellow Sea. The trace metals concentrations reported in this
study are lower than those reported previously, and Zn is even lower by 1—3 orders of magnitude, which reflects the
importance of trace-metal clean sampling and analytical methods.

Key words the Yellow Sea; the Bohai Sea; trace metals; distribution characteristics; influencing factors



