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A study of size fraction of colloidal iron in coastal waters
utilizing centrifugal ultrafiltration

CHEN Yao—jin, YUAN Dong—xing, HUANG Yong-ming, FENG Si—chao, FANG Kai

(State Key Laboratory of Marine Environmental Science, College of the Environment and Ecology, Xiamen University, Xiamen 361102, China )

Abstract Centrifugal ultrafiltration technique has been used for size fraction of colloidal iron in coastal waters in present
studies. The seawater sample, which had been filtered through the 0.45 pwm membrane, was filtered and desalted by
centrifugal ultrafiltration with different pore sizes of membranes (3 kDa, 10 kDa, 30 kDa, 100 kDa) . The colloids in
different molecular weight ranges were filtrated on the corresponding membranes. Colloidal iron was extracted with acid
solution and detected with graphite furnace atomic absorption spectrometry (GFAAS) . Under the optimized conditions, the
detection limit was 0.10 pg- L™, and the linear range was 0~10 wg-L™. Using different pore sizes of membranes, the relative
standard deviations (RSDs) for the same coastal water sample were in the range of 6.4 %~10.3 % (n=4) . The proposed
method had been successfully applied to analyze the samples collected from Jiulongjiang Estuary and Western Xiamen
Harbour, Fujian, China. The concentrations of colloidal iron in every range of molecular weight decreased as salinity
increased and the trends indicated a non—conservative mixing process in the studied area.

Keywords coastal waters; colloidal iron; size fraction; centrifugal ultrafiltration; graphite furnace atomic absorption

spectrometry
o Bruland 2001 1 nm
Fe Boyd et al 2000 Morel et ~1 kDa Fe <0.45 pm
al 2003 2006 1 kDa Fe soluble Fe
0.45 pm 1 kDa Fe colloidal Fe
2014-08-04 2014-09-15
41176075 .
1986- ° chenyaojin05xd@163.com.
N yuandx@xmu.edu.cn,

http //hytb.nmdis.org.cn


https://core.ac.uk/display/41444237?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

84 34
Fe 1
/°C /oG Is /L min™
Wu et al 2001 Boyeetal 2010 Gledhill ! 80 6 20 2
etal 2012 . ? % ’ 20 ’
3 110 5 10 2
4 350 50 15 2
Martin et al 5 200 50 15 2
1995 Wuetal 2001 . 6 1200 300 15 2
GFAAS 7 1200 0 0
. . 8 2200 1500 0
Fe Landing et al 1987 ’ 240 0 2
CFAAS ) MESURE® Merck 0
EMSURE® Merck
0.1 mol - L™ - Fe
1L Fe 1 000 mg-L™" Certipur®
N N Powell et al
o Merck 0.07 mol - L™
2005 Wilkinson et al 2007
10 pg L™ Fe °
: : GFAAS Sigma—Aldrich 0.07 mol L
210 5pl
3kDa. 10kDa. 30 kDa. 100 kDa ’ 0.45 um PALL
1 mol-L™" 24 h. 24 h
° 0.01 mol-L! o
GFAAS 3kDa. 10kDa. 30kDa. 100 kDa
Fe ° Amicon Ultra-15 Millipore
Fe GFAAS o . HT16MM
Fe o Nalgene N
5 %
° Micro-90® Sigma—Aldrich
3d 3 3 mol -1 7d
1 3 1 mol - 1" 74d
3 o
L1 0.1 mol - L” .
NOVAA 400P GFAAS _ 0.1 mol-L~" R
Analytik Jena 3 15~20 min 0.07 mol -1
MPE60/1 N
As-1-2 Fe 1.2
o 7.5 mA 10 mL 0.45 pm
248.3 nm 0.2 nm 20 L 200 pLL
5 “ 7 5 mL
1 . 200 pL
Milli—Q >18 MQ-cm : 7,
Millipore o N N 2 o

http //hytb.nmdis.org.cn



85

0.07 mol-L!
2.0 mLL 20 min
Fe,
2
/kDa /remin” /min /min
3 6500 70 35
10 6000 60 30
30 5000 35 20
100 4000 20 10
250
GFAAS o
GFAAS
Fe,
1.3
2013 9
o 1
Huang et al 2012 o
0.45 pm
24 h o
YSI6600D Yellow Spring
Instrument 5
24.65°N
24.55°N
24.45°N
24.35°N
24.25°N

117.7°E 117.8°E 117.9°E 118.0°E 118.1°E 118.2°E 118.3°E
1

2.1
2.1.1

10 mL, 0.45 pm
4
200 p.L.
Fe
200 pLL
o 2
2.1.2 Fe
1.2
Fe °
2 mL
o 2
Fe
Fe o
Fe,
0.035
0.030
0.025
0.020
0.015
0.010 3kDa~0.45 pm
10 kDa~0.45 pm
0.005 30 kDa~0.45 pm
0.000 100 kDa~0.45 pm
0.000 0.035 0.070 0.105 0.140
/mol -L™*
2 Fe
GFAAS Fe
0.07 mol-L™ 0.07 mol - L™
5.
2.2 N
GFAAS Fe
0.25~10 pg- L™ A=
0.0114C,+0.0045 n=5 R*=0.99938 Cr

pe Lo

http //hytb.nmdis.org.cn



86 34
1.2 Fe
16 SD
0.0019 3 ICP-MS Fe.
0.10 pg- L7 Fe Fe
Fe o Fe Fe
o 4 3 kDa. 10kDa. 30 kDa. 100 kDa Fe o
RSD 6.4 %~10.3 % 58.1%~99.0% n=12 81.5 %~
n=4 o 99.0 % n=10 -
GFAAS  ICP-MS 2.3
Fe o 3
Fe Fe
o Safiudo —Wilhelmy 1996 o 3 Fe
12.61~31.85 Fe 0
0.07~0.53 pg L™ 1. 2 Fe
Fe o o
3 Fe
Fe /gL’
3 kDa~0.45 m 10 kDa~0.45 pum 30 kDa~0.45 pm 100 kDa~0.45 pm
1 0 5.53 5.10 5.75 1.93
2 0 5.69 4.63 3.16 3.36
3 52 0.77 0.52 0.49 0.43
4 11.3 0.45 0.41 0.30 0.25
5 15.1 0.29 0.19 0.18 0.20
6 14.2 0.31 0.26 0.24 0.14
7 13.1 0.22 0.14 0.22 0.17
8 15.5 0.42 0.27 0.24 0.15
9 24.5 0.23 0.19 0.14 0.13
10 25.5 0.19 0.13 0.13 0.15
Fe Fe
° Fe
Fe o 3 o Fe
Fe °
o 0 Fe
Fe Dai et al
o 1995 Safiudo—Wilhelmy et al 1996
Fe
3 N . pH
Fe °
Fe 0 Fe
3 2004 Safiudo —

http //hytb.nmdis.org.cn



87

6.00
0.80
5.00
- 0.60
T 400
Ei 0.40
o
= 3.00 0.20
2.00 0.00
4 8 12 16 20 24 28
1.00
0.00
0 4 8 12 16 20 24 28
6.00
0.80
5.00
- 0.60
=
éf 4.00 0.40
= 3.00 0.20
2.00 0.00
4 8 12 16 20 24 28
1.00
0.00
0 4 8 12 16 20 24 28
3
A 3kDa~045pm B 10kDa~0.45 pm C 30kDa~0.45pm D

Fe

Wilhelmy 1996

San Francisco Bay

Fe
o Fe
Fe
3
1
Fe o
GFAAS
2 0.10 pg 1.
4
6.4 %~10.3 %
3

6.00
0.80
5.00
, 0.60
T 400
Ei 0.40
(5}
= 300 0.20
2.00 0.00
4 8 12 16 20 24 28
1.00
0.00
0 4 8 12 16 20 24 28
6.00
0.80
5.00
T 0.60
—
E’f 400 0.40
= 300 0.20
2.00 0.00
4 8 12 16 20 24 28
1.00
0.00
0 4 8 12 16 20 24 28
Fe
100 kDa~0.45 pm., 0

Boyd P W, Watson A J, Law C S, et al, 2000. A mesoscale phytoplankton
bloom in the polar Southern Ocean stimulated by iron fertilization.
Nature, 407(6805  695-702.

Boye M, Nishioka J, Croot P, et al, 2010. Significant portion of dissolved
organic Fe—complexes in fact is Fe colloids. Marine Chemstry, 122:
20-27.

Bruland K W, Rue E L, 2001. Iron: Analytical methods for the determina—
tion of concentrations and speciation. The Biogeochemistry of Iron in
Seawater: 255-289.

Dai M H, Martin J M, 1995. First data on trace metal level and behaviour
in two major Arctic river—estuarine systems (Ob and Yenisey) and in
the adjacent Kara Sea, Russia. Earth and Planetary Science Letters,
1313 127-141.

Gledhill M, Buck K N, 2012. The organic complexation of iron in the ma—
rine environment: a review. Frontiers in Microbiology, 3: 1-17.
Huang Y M, Yuan D X, Dai M H, et al, 2012. Reverse flow injection
analysis method for catalytic spectrophotometric determination of
iron in estuarine and coastal waters: a comparison with normal flow
injection analysis. Talanta, 93: 86-93.

Landing W M, Bruland K W, 1987. The contrasting biogeochemistry of

http //hytb.nmdis.org.cn



88

34

iron and manganese in the Pacific Ocean. Geochimica et Cos—
mochimica Acta, 51(1  29-43.

Martin J M, Dai M H, Cauwet G, 1995. Significance of colloids in the bio—
geochemical cycling of organic carbon and trace metals in the

Venice Lagoon (Italy). Limnology and Oceanography, 40(1  119-

ica et Cosmochimica Acta, 60(24 4 933—4 944.

Wilkinson K J, Lead J R, 2007. Environmental colloids and particles: be—
haviour, separation and characterization. John Wiley & Sons, pp: 1-
40.

Wu J F, Boyle E, Sunda W, et al, 2001. Soluble and colloidal iron in the

131. Oligotrophic North Atlantic and North Pacific. Science, 293(5531
Morel F, Price, N, 2003. The biogeochemical cycles of trace metals in the 847-849.

oceans. Science, 300(5621  944-947. 2006.
Powell M J, Sutton J N, Del Castillo C E, et al, 2005. Marine proteomics: 21 6  83-90.

generation of sequence tags for dissolved proteins in seawater using 2004.

tandem mass spectrometry. Marine Chemistry, 95(33-4  183-198. 19 1 26-31.
Sanudo—Wilhelmy S A, Rivera—Duarte I, Russell F A, 1996. Distribution

of colloidal trace metals in the San Francisco Bay estuary. Geochim— ( $ L2 ,ﬁrfF /%ilil%ﬁrk

€ ) 17 37 . .

JTERBEFERFRKEFIR

¥ E SRR A R

B Rl E R F =BT

B R B AR N s
¥l RF IR HFAL TS

b B AP RIE S AR AT
BR&EFFETC

VT EEFRFEFIIRFR

P B A5 e K A4 BAT BT
VEEFRFHEFIILFR

T B A R AT T

W B A R E A R PT
FIBERFHEDEFSIEEIRFR
W B A R E A R PT

SR FIREA F AR PO
HEEFRRFTEAFEARE LR
IhE

BREFLLETC

¥ E B FERF K FIR

b B AP IRIE S AR T

http //hytb.nmdis.org.cn

LEHERFRTE A FR

v EEERFREEREFR
AR EFTOGAFBRE LS
By

T & R AT T

P E A B K A AT SR

b EEEKRFEFERETR

B R e 5 AR ST
PEGSERPEAAFS TRER
BR#FRAR P

B R BEA
BIRFHEFSHEKFR
KIVBIRFTHIRFR

B RifF R KD R
PEEERFEAHTE TRSRE
B R A8 b

B R o — i AT SR

P B A i R S BT R R AT R PT
REFERETORAFARE LT

A
Lot

CEFBIR) ZhieT



