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Abstract

Fe( I ) exists even in oxic seawater as a result of Fe(Il) reduction with some
organic substances under ultraviolet. However it is very unstable and its concentration
is extremely small. After sampling for Fe(Il), it must be immediately stabilized until
analysis. Fe( I ) was stabilized by complex regent (nitroso-PSAP) and then
preconcentrated on a 8-hydroxyquinoline column. After elution with acid, Fe(Il ) was
determined spectrophotometrically. About 0.06 ;M Fe(Il') was detected in Harimanada.

1, Introduction

Iron is one of the most important ele-
ments for marine algae and macroalgae
growth and has two oxidation states in nat-
ural waters even under oxic conditions. Fe
(II) in river or lake waters complexes with
fulvic acid. On the other hand, the existence
of Fe(Il) in oxic seawater was reported
by NakaBAYASHI et al. (1989) and Kuma
et al. (1992). They mentioned that Fe(Il) 1is
produced by the reduction of Fe(Ill) in the
presence of hydroxycarboxylic acids under
ultraviolet,

8-hydroxyquinoline forms complexes with
many metals, By immobilizing 1t on sili-
cagel, STURGEON et al, (1981) used it as a
preconcentration column for many metals,

In this paper, fixation of Fe(Il) in sea-
water and its measurement after precon-
centration on the column were investigated.

2 . Experimental

Reagents

Nitroso-PSAP : 0.302 g of nitroso-5-(N-
propyl-N-sulfopropylamine) phenol (PSAP)
was dissolved in 100 ml of 0. 01 M HCL PS-
AP was the most sensitive to Fe(Il) and its
molar absorptivity is 45, 000 mol~! Il em™!
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(Sarroet al., 1981). There is no interference
by various ions in seawater and the pH
range for maximum color development of
PSAP with Fe(1ll) is 4-10.

Buffer solution (pHS9.2) : 214g of NH,Cl
was dissolved in 150 ml concentrated ammo-
nium hydroxide and dilute tol I with water.

8-hydroxyquinoline (8-HQ) silicagel col-
umn ; 8-HQ was immobilized on silicagel
(HiLy, 1973). Outline of the procedure is as
follows : silicagel is treated with 3-amino-
propyl triethoxy silane to form aminoproyl
silicagel and then 8-HQ@ is immobilized on
aminopropyl silicagel,

Elution of iron from the 8-hydroxyqui-
noline silicagel column : Acid solution con-
sists of 0.2M HNO, and 4M HCI (1:1).

Pretreatment of the column

The column treatment was reported by
STURGEON et al, (1981). The improved col-
umn treatment is as follows : About 4 g of
8~-HQ silicagel was packed into a ECONO-
column(D=0. Tcm) on which 500 m{ of glass
separatory funnel was connected with sili-
con rubber tubing. The sample was drawn
with a Cole Palmer flow pump connected
with Tygon tubing to the column with flow
rate of about 10 ml min~' ( Fig. 1).

Prior to use, 200 ml of the acid solution
for elution was passed through the column
to clean resin and tube, followed by 100 ml
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of water,

Fixation of Fe(Il) in seawater

It has been reported that Fe(Il) is oxi-
dized rapidly under oxic seawater (THEIS and
SINGER, 1974). In our study, a half-life of
Fe(Il) oxidation in seawater was several

minutes at 20°C, even at 4°C was about 20 min.

Thus, for accurate determination of Fe(Il)
in seawater, it is necessary to stabilize un-
stable Fe(Il) immediately subsequent to
collection of the sample, Seawater samples
were adjusted to pH 6. 0-6. 9 with HCI to
quench the oxidation of Fe(II) (HonNG and
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Fig. 1. Preconcentration system,

: glass separatory funnel.

. silicon rubber,

: ECONO column,

: 8-hydroxyquinoline silicagel.
: Tygon tube,

: Cole Pamer flow pump.
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KESTER, 1986). However, this method was
not sufficient to quench the Fe(Il) oxidation
in seawater and furthermore the meas-
urement must be carried out on board,

In this study, PSAP in a neutral solution
as a complexing reagent with Fe(Il) was
added to the seawater sample to stabilize

Fe(ID).

Analytical procedure

Water sample was taken in a 11 polyeth-
ylene bottle, in which 1 mil of PSAP was
already added, The filtered seawater sam-
ple (0,454 m) was drawn through the col-
umn at a flow rate of about 10 m/ min~!',
followed by 100 ml of water, Fe(Il) was
then eluted from the resin with the acid
solution at a flow rate of 5 ml min~', After
discarding 10 ml of residual solution in the
column, the following 10 ml of eluate was
stored in a 10 ml screw capped polyethylene
tube, The column was cleaned by further
passage of 40 ml of the acid solution, fol-
lowed by 50 ml of water to remove excess
acid providing a clean column for the next
sample,

To 10 ml of eluate, 1 ml of 0.01 M PSAP
was added and then adjusted pH about 9
with buffer (pH9. 2). This solution was di-
luted to 25 ml and the absorbance was
measured with a5cm cell at 756 nm within
10 min, All treatments were carried out
in a clean bench,

3. Results and discussion

Fixation of Fe(ll)

To 11 of filtered seawater, 1 ml of 0. 01
M PSAP solution was added, followed by Fe

Table 1. Stability of Fe(I )-PSAP in seawater.
Fe(II) concentration (M)
Sample No. t=0h t=24h
1 0.098 0.092
2 0.098 0.090
3 0.096 0.094

Added Fe(Il) concentration :0.1 yM.
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“(Il) standard solution in final concentration

of 0. 1 yM. The seawater solutions were
passed through the columns after 0 and 24 h
and the Fe(Il) was determined according
to the described procedure. The result in
Table 1 shows that above 90% of Fe(Il) were
measured after 24 h compared to 0 h. Even
though PSAP can stabilize Fe(Il) after 24 h,
the reduction of Fe(Ill) to Fe(Il) must be
considered,

It is well known that the complex rea-
gentsin an acid solution for the determina-
tion of Fe(Il) could reduce Fe(Il) to Fe(Il).
(MURRAY and GiLL, 1978 ; MACALADY et
al., 1982 ; Box, 1984). Thus, in this work,
neutral PSAP was used in order to prevent
the reduction of Fe(Il).

To 1 lof filtered seawater with final con-
centrations of 0.1and 0.2 ¢y M Fe(ll), 1 ml
of the PSAP was added and allowed to
stand in the dark, After standing for 5, 15,
and 24 h, their solutions were filtered fol-
lowed by the determination of Fe(Il) by
this method,

Fe(Il) in both solutions was below de-
tection limit (0. 01 ;4 M) within 15 h, however,
Fe(Il) in the solution containing 0. 2 y'M
Fe(Il) was slightly above detection after 24 h
(Fig. 3). From these results, Fe(Il) in

seawater with high Fe(Ill) concentration (0.2
uM) must be determined within 15 h sub-
sequent to collection even if neutral PSAP
was used,

Working curve and precision

For working curve, Fe(II)-PSAP com-
plex was used. The precision (RSD) was
7% at0.04 y M Fe(ID). _

The blank was measured by using filter-
ed artificial seawater allowed to stand 1 day
after filtration, which means that Fe(Il)
is oxidized to Fe(ll) even if Fe(Il) exists
in artificial seawater, The absorbance of
the blank was 0. 023, which is in accord with
PSAP only reagent blank,

Recommended sampling

Seawater samples are collected with Go-
Flo sampling bottles, Samples are taken
immediately from the Go-Flo into 1 liter
polyethylene bottles in which 1 ml of 0. 01
M PASP was already spiked. Samples are
stored in black packages and analyzed with-
inl15 h,

Application to Harimanada

Fig. 2 shows the sampling stations in
Harimanada, Samples were taken and ana-
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Fig. 2. Sampling stations,
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Fig. 3. Vertical distributions of chlorophyll-
a and phaeophytin in Harimanada, on 3
Aug., 1988.

St.1. O : Chlorophyll-a, @ : Phaeophytin.
St.2. A : Chlorophyll-a, A : Phaeophytin.
St. 3. [1: Chlorophyll-a, B : Phaeophytin.

lyzed according to the recommended sampling
and the analytical procedure on 3 Aug,, 1988,
respectively, The vertical profiles of chlo-
‘rophyll-a and phaeophytin, and particulate
Fe and Fe(Il) were shown in Figs. 3 and
4, respectively, Fe(Il) was detected at Sts.
1 and 2, in which high chlorophyll-a and lo
wphaeophytin are observed. Fe(Il) was not
detected in the other station, The reason
is assumed to be lack of hydroxycarboxylic

acid, which reduce Fe(Il[) under ultraviolet,

The other applications were already reported
by NaAKABAYASHI et al, (1989) and Kuma
et al. (1992).
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Fig. 4. Vertical distributions of particulate

Fe and Fe (II) in Harimanada, on 3 Aug.,
1988.

St.1. O :Fe(ll), @ : particulate Fe.

St.2. A :Fe(Il), A :particulate Fe.

St.3. [O0:Fe(Il), M : particulate Fe.
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