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The concentration of Fe(l11) was determined at different dissolved fractionation, which is small colloidal
Fe(I1) (< 0.20 um) and dissolved Fe(lll) (< 0.45 um) to identify the phase partitioning of bioavailable
Fe(lll) at Pulau Redang, Terengganu. The determination was obtained by using a newly developed
adsorptive-cathodic stripping voltammetry (AdCSV) method with 2,3-dihydroxynapthalene (DHN) as a
binding ligand. The results show an increase in the concentration of dissolved Fe(l11) compared to small
colloidal Fe(l11); however, no significant differences are found between both phases after being tested
by statistical analysis. The increased concentration of Fe(lll) in the dissolved phase was smaller (mean
concentration = 16.64 pM) than previously reported (range concentration = 0.04 — 1.98 nM), suggesting
that Fe(111) mainly existed as particulate Fe rather than as dissolved Fe during the period in our study
area. Interestingly, the low concentration of Fe(l11) was sufficient to support the growth of phytoplankton
in our study area.
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1. INTRODUCTION

Phytoplankton growth and nitrogen fixation in the water systems are greatly influenced by iron
(Fe) availability [1], which is controlled by the physicochemical speciation of dissolved Fe(lll) [2]-[4].
Generally, dissolved Fe (dFe) is the filterable Fe with a fractionation size of < 0.4 um or < 0.2 pm, but
now known to include colloids [5]. However, some studies have categorized dFe into several different
fractionation sizes, which are soluble Fe (< 0.02 pum) [1], colloidal Fe (0.2-0.4 um) [1], small colloidal
Fe (< 0.2 um) [6] and dissolved Fe (< 0.45 pum) [1].

Although Fe(lll) is the fourth most abundant element in the earth's crust [7], it is presents
extremely low in oxygenated water due to the formation of oxy-hydroxides which decrease its solubility
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[8]. To render the problem, dFe(lll) tends to form complexes with ligands [9] that are commonly
produced by Fe limited phytoplankton or bacteria [8] and by the sediment re-suspension [10] to increase
the Fe(111) solubility as well as to extend the residence time of dFe(l11) within the euphotic zone [11]. A
few studies on determination of dFe(lll) in Malaysia water recorded the concentration between 0.70-
1.55 mg/L (mean :1.17 mg/L, n=6) at estuarine water of Bagan Pasir, Perak [12], and between 0.04-0.94
ng/L (mean : 0.42 ng/L, n=22) (April 2016) and 0.003-0.025 ng/L (mean : 0.013 ng/L, n=22) (October
2016) at coastal water of Pulau Perhentian, Terengganu [13]. The lower concentration of dFe(lll) in the
coastal environment was due to the alkaline pH value combined with the oxygenated water in the system.

Fe enters the seawater system through river discharge, aeolian deposition, remobilization and re-
suspension of marine sediments, and hydrothermal activities [14], [15]. By that, their partitioning
between particulate (> 0.45um) and dissolved (< 0.45um) form is controlled by the chemical interaction
of surface binding and solution complexation [16]. Both interactions are the basic processes in
controlling the cycle of trace elements in seawater [17]. The binding of trace elements to different types
of inorganic and biogenic particles (eg; colloidal, suspended, and large, fast-sinking types) affects their
removal rates and the composition of seawater [16], [17]. According to [15], particulate Fe (pFe) and
dFe interact with each other in numerous processes including biological uptake, re-mineralization,
absorptive/desorption and dissolution/precipitation that could result in Fe fractionation. Fractionation is
defined as the relative change in solutions or particle composition for a group of trace elements as the
effect of geochemical response [17].

Even though dissolved Fe (dFe) is the most biologically accessible fraction, their distribution and
reactivity rates are varied among coastal areas, depending on the environmental conditions [17]. Our
current study [18], revealed that the concentration of dFe(lll) in the coastal water was lower with the
concentration more than 6 times smaller than previously reported [19]-[23]. The study suggested the
probability of dFe(l11) in the study area exists in different phase forms, resulting from the re-suspension
of bottom sediment [18]. However, the study provided only the data on the inorganic dFe(lll) with a
particle size of < 0.20 um which could not describe the overall biogeochemical cycle of Fe. Hence, we
extend the analysis by determining the concentration of inorganic dFe(lll) at different dissolved
fractionation sizes (< 0.45 and < 0.20 um) to evaluate the phase partitioning of dFe(l1l) in the area. Since
particulate Fe (pFe) is considered unavailable to phytoplankton uptake, as it tends to settle down onto
the sediment [24] hence the determination of Fe in particulate form was ignored in this study.

The electrochemical approach by using voltammetry is the best approach in determining the
concentration of dFe(lll) in the seawater in our study area due to its simple machinery equipment,
inexpensive, low detection limit, direct seawater analysis, rapid analysis speed and easily automated
detection [25]. The electrochemical approach included cathodic stripping voltammetry (CSV), anodic
stripping voltammetry (ASV), differential pulse voltammetry (DfPV), square wave voltammetry
(SgWV) and adsorptive stripping voltammetry (AdSV) [26]. In this study, the combination of
adsorptive-cathodic stripping voltammetry (AdCSV) was used for the sample analysis [18]. This
technique allows the addition of a ligand (2,3-dihydroxynaphthalene, DHN) to form a complex with
Fe(111) and adsorb onto the surface of the working electrode, holding them at a specific potential. Then,
the complex was pre-concentrated before the reductive stripping of the complex back into the solution
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[26]. This technique has better sensitivity performance that capable to determine the analytes in highly
diluted samples [27].

Pulau Redang is located about 45 km off the coast of Terengganu [28] and gazetted as a Marine
Park which promises protection over special biological and environmental values [29]. It is the largest
island over a group of nine protected islands (eg: Pulau Pinang, Pulau Ling, Pulau Ekor Tebu, Pulau
Kerengga Besar, Pulau Kerengga Kecil, Pulau Paku Besar and Pulau Lima) dotting the South China Sea
[28]. The island is experienced an equatorial climate and is affected by the north-east monsoon (NEM)
from November to March resulting in rainstorms, wind storms and tidal waves [30]. The precipitation is
recorded at 615 mm in December compared to 120 mm in April after the monsoonal seasons [30]. The
influence of NEM in the study area was suggested to cause changes in physicochemical parameters (eg;
pH, dissolved oxygen (DO), and salinity) of seawater [31] due to the phenomena of upwelling that were
documented by [32], [33]. They found changes in the behaviour of temperature and salinity in
Terengganu coastal resulting from the rises of cooler water from the deep layers of seawater. This event
was suggested to affect the distribution of dFe(l11) throughout the water column. Hence, the objective of
this present study was to determine the phase partitioning of bioavailable dFe(lll) at Pulau Redang,
Terengganu. Therefore, this study will provide information on the fractionation of Fe(lll) in the area.

2. METHOD AND MATERIALS

2.1. Sampling Activities

The vertical profile of seawater samples was collected in March 2019 at five different selected
stations (Figure 1) by using a Van Dorn water sampler. The stations were selected at four different sides
of Pulau Redang (Figure 1), which were St.1 (mixing between the freshwater and seawater zone), St.2
and St.3 (near the marine park zone), and St.4 to St.5 (facing the South China Sea). The purpose of this
sampling approach was to identify the possible effect of the geological factor of each station on the
dissolved Fe(l1) fractionation in our study area.

The samples were collected within the depth of 3m, 6m, 15m, and 30 m except for St.1 (3m, 6m,
and 15m) due to its shallow depth. The bottom sample for each station was collected above 2 meters
from the surface sediment to avoid the sediment inputs from entering the water samples. The seawater
was collected into 1 L polytetrafluoroethylene (PTFE) bottles after being rinsed twice with the seawater
sample. In-situ parameters for each sample were recorded directly using YSI Professional Plus
Multiparameter coupled with multi-sensor probes including salinity, pH, temperature, barometric
pressure, DO, electrical conductivity (EC), and total dissolved solids (TDS).

The seawater samples were pressure-filtered on a 0.45 pum of cellulose nitrate filter membrane
(Whatman) for the dissolved phase sample. The filtered samples were transferred into 250 mL low-
density polyethene (LDPE) bottles (Nalgene) that has been proper cleaning according to [8]. The
procedure was repeated on the remaining samples over a pore size of 0.20 um (cellulose nitrate filter
membrane, Whatman) for a small colloidal phase sample. All the samples were immediately frozen to
prevent the biological activities from altering the nature of the samples [34].
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Figure 1. Location of seawater sampling stations at Pulau Redang, Terengganu during March 2019
(post-monsoonal season).

2.2. Chemicals and Reagents

All the reagents used in this experiment were prepared using ultrapure water (MQ, Millipore; N
18.2 uQ cm™), except for the one being mentioned. Ammonium hydroxide (NH4OH, MERCK, purity
30%) and nitric acid (HNOs, MERCK, purity 65%) were used in sample pH adjustment.

A 0.1 M of HEPES buffer/bromate solution was prepared by combining 5 mL of 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), 6.667 mL of 0.4 M potassium bromate
(KBrQOgz, Sigma Aldrich), 0.169 mL of NH4sOH (MERCK, purity 30%), and ultrapure water (MQ,
Millipore; N 18.2 uQ cm™) to a final volume of 50 mL [18]. The pH of this mixture was brought to pH
8.00-pH 8.10 after the addition of 0.5 mL of the mixture to 10 mL of seawater sample [18]. The possible
contaminating Fe was removed by overnight equilibration with 100 pM manganese oxide (MnO2,
MERCK) and was filtered through a nylon syringe filter (pore size 0.20 nm, Whatman) [18].

A stock solution of 0.1 M 2,3-dihydroxynaphthalene (DHN, C10HsO2, Sigma Aldrich) was
prepared by dissolving DHN in methanol to a final volume of 30 mL. A series of Fe standards (10 ppm,
20 ppm, 30 ppm, and 50 ppm), a final volume of 20 mL, was obtained by dilution from a stock solution
(1000 ppm, Sigma Aldrich). The reagents were chilled at a temperature of ~4°C when not in use.

2.3. Instrument and Equipment

The determination of Fe(lll) was carried out using voltammetry (Metrohm Model 797 VA)
apparatus which consists of three electrodes named hanging mercury drop electrode (the surface area
was 0.45 mm?) as a working electrode, Ag/AgCl, saturated AgCl 1 M KCl as a reference electrode, and
platinum (Pt) wire as a counter electrode. A rotating PTFE rod was attached to stir the solution
throughout the deposition step. The scan obtained for trace metal determination was passed on a Lenovo
computer for evaluations of peak height using a software program (797 Computrace).
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2.4. Determination of Fe(lll)

The determination of Fe(l11) in this study was carried out using the adsorptive - cathodic stripping
voltammetry (AdCSV) method as described by [18]. A 30 mL of acidified (pH < 2) seawater sample
(filtration size of < 0.20 um) was UV irradiated for 2 hours in an acid-clean quartz tube to remove the
natural organic content in the sample. A 10 mL aliquot of the acidified sample was pipetted into a quartz
voltammetry cell and the pH was brought back to the natural pH (8.00-8.10). A 500 pL of
HEPES/bromate solution (final concentration 0.005 M, pH: 8.10) and 40 pL of 0.1 M DHN (final
concentration 400 uM) were added, followed by manual addition of 100 uM of Fe standard during the
standard addition step. The steps above were repeated on the sample filtration size of < 0.45 um.

Dissolved oxygen (DO) in the samples was removed by purging with dry nitrogen gas (purity
99.99%) for 300 s. Subsequently, a new mercury drop was used to adsorb the Fe(l1) in the sample at the
applied potential of -0.1 V within 60 s, while the sample was stirred. Upon completion, the potential was
scanned at the differential pulse from -0.9 V to -0.1 V in 0.04 s. Next, the stripping current from the
adsorbed Fe(111) was swept at -0.60 V (£0.05 V) (Figure 2).
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Figure 2. Example of voltammetric scan for dissolved Fe(l11) in our study area. The blue line represents
the scan for the sample, and the black lines represent the scan for the added Fe standard. The
stripping current was swept at -0.60 V (£0.05 V), and the concentration obtained was 14.334 +
1.022 po/L.

3. RESULTS AND DISCUSSION

3.1. In-situ parameters and identification of water

Table 1 shows the in-situ parameters (salinity, temperature, pH, DO, EC and TDS) of all
sampling locations at Pulau Redang, Terengganu. The salinity was recorded between 31.66 ppt - 32.09
ppt, meanwhile, the temperature ranged from 27.8°C to 28.9 °C (Table 1).
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Table 1. Vertical in-situ parameters of all sampling locations at Pulau Redang, Terengganu during

March 2019
Station Depth Salinity Temp pH DO Cond. TDS
et m  (ep) ) (mgL)  (mSiem)  (mglL)
1 3 32.09 28.9 7.45 7.72 52932 32045
(5.623, 102.982) 6 31.84 28.3 7.71 7.57 35295 31785
15 32.09 28.9 7.81 7.12 52934 32045
2 3 31.68 27.8 8.04 7.54 39757 24169
(5.702, 103.108) 6 31.67 285 8.04 7.24 51925 31633
15 31.68 27.8 8.04 7.19 31655 31655
30 31.95 28.1 8.03 6.59 51892 31872
3 3 31.97 28.8 8.05 7.06 52666 31915
(5.833, 102.961) 6 31.66 28.8 8.06 7.34 52224 31633
15 31.83 28.8 8.06 7.08 52438 31763
30 31.91 28.9 8.05 6.83 52639 31850
4 3 31.78 28.7 8.06 6.92 52243 31742
(5.844, 103.025) 6 31.80 28.7 8.07 7.09 52338 31763
15 31.91 28.7 8.07 7.16 52463 31850
30 31.90 28.2 8.05 6.41 52197 31980
5 3 31.71 28.3 8.08 7.35 51226 32500
(5.876, 103.059) 6 31.72 28.6 8.08 6.94 52081 31677
15 31.69 28,5 8.08 7.26 51982 31655
30 31.93 28.1 8.07 6.42 51911 31850
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Figure 3. In-situ parameters of all sampling locations at Pulau Redang, Terengganu during March 2019.
The data was plotted by using Ocean Data View (ODV) software. The dashed lines indicated the
sampling stations based on their latitudes. And the colours presented the reading of each
parameter throughout the vertical profile.

The pH of the samples was measured at 7.45 - 8.08 and DO was varied from 6.41 mg/L - 7.72
mg/L (Table 1). Finally, the EC and TDS lie between 35295 mS/cm - 52934 mS/cm, and were between
24169 mg/L to 31980 mg/L (Table 1), respectively. A profile graph (Figure 3) was plotted using Ocean
Data View (ODV) to describe the trend of the parameters throughout the water column and within each
station.

Generally, most of the in-situ parameters of the sampling stations recorded inconsistent readings
at St. 1 (Identity 1), while being consistent at St. 2-St. 5 (Identity 2). For example, the pH lies between
7.45 - 7.81 (standard deviation = £0.19) in Station 1 and lies between 8.04 — 8.08 (standard deviation =
+0.02) in Station 2 — Station 5. This could indicate the source of the water mass. The water mass in
Identity 1 probably was a mixture between freshwater and seawater (well mixed), and Identity 2 was
from the seawater source (less mixed). For example, the pH value in Identity 1 was slightly acidic (mean
pH: 7.66, n=3) compared to the pH value in Identity 2 (mean pH: 8.06, n=16). The lower pH was
expected to be influenced by the freshwater input as St. 1 is located near the coastal line. Meanwhile,
the pH in Identity 2 is alkaline, which compliments the natural seawater pH (pH > 8), which is probably
from the South China Sea.
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3.2. The concentration of small colloidal Fe and dissolved Fe

This study provided the data on the concentration of Fe(l11) in two filterable sizes which were <
0.20 um (small colloidal phase) and < 0.45 um (dissolved phase) after being determined by the AdCSV
method. The results for the concentrations and its ratio are presented in Table 2.

Table 2. Concentration of Fe(lll) for the samples in 0.20 um and 0.45um filterable size, and the ratio

for the dissolved form to the small colloidal form of Fe(ll1)

Fe(I11)
Depth Concentration Ratio
Station (m) (pM) (Feo.s5/Feo.20)
Feo.20 x Feo.ss *

3 21.12 0.00 15.25 1.85 0.72

1 6 26.03 2.60 1258 305 0.48
15 15.63 1.24 10.00 1.00 0.64

3 4.51 2.00 11.92 0.82 2.64

2 6 10.82 4.30 18.48 2.99 1.71
15 20.00 4.00 2889  0.90 1.44

30 5.54 0.52 15.00 3.62 2.71

3 7.97 2.81 1873 087 2.35

3 6 8.20 5.11 14.82 1.52 1.81
15 23.89 .45 23.34 4.55 0.98

30 17.35 2.47 14.09 1.86 0.81

3 8.11 5.33 9.57 175 1.18

4 6 9.67 2.21 6.03 1.38 0.62
15 13.35 3.00 19.06 2.17 1.43

30 8.37 5.36 11.99 1.58 1.43

13.27 2.12 2700 082 2.03

5 6 7.86 2.03 2395 220 3.05
15 16.21 3.04 1932 034 1.19

30 8.46 2.46 1623 127 1.92

Table 2 shows the data on the concentration of Fe(lll) in the small colloidal (< 0.20 pum) and
dissolved (< 0.45 um) phase in five sampling stations at Pulau Redang, Terengganu in March 2019. The
small colloidal Fe(Ill) (csFe(ll1)) recorded the concentration between 4.51-26.03 pM (Table 2).
Meanwhile, the dissolved Fe(l11) (dFe(111)) was between 6.03-28.89 pM (Table 2). Generally, there is a
little change from 1.11 — 1.34 times of concentration between both phases (Table 2). Furthermore, by
calculating the ratio between dissolved Fe(l11) and small colloidal Fe(l11), most Fe(l1l) was recorded as
>1 (Table 2) in the dissolved phase (< 0.45 um) rather than in the small colloidal phase (< 0.20 um).
This indicates that most of Fe(lll) exists in the form of dissolved fraction in all sampling locations,

except for Station 1 (Figure 4).
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Figure 4. Verticle profile distribution of concentration of dFe(l11) in colloidal (0.20 um) and dissolved
(0.45 pum) form at Redang Island, Terengganu during the post-monsoonal seasons (March 2019)

The input of freshwater in Station 1 is probably the key factor that influences the particle size in
that area. According to the previous study [35], the rates of aggregation of Fe(l11) oxy-hydroxide colloids
is much slower in freshwater, and their surface properties are controlled by the interaction between
organic matter and calcium. The association of riverine Fe colloids with natural organic matter (NOM)
stabilizes the colloid particle-particle interaction through steric effects, thus, inhibiting the aggregation
of colloids to form larger particles [36]

However, to make sure that there is a difference between the concentration of Fe(lll) in both
small colloidal and dissolved phases, a statistical analysis using an independent t-test has been tested
using Statistical Package for Social Science (SPSS) Software (IBM SPSS Statistics 22), and the results
were presented in Table 3:

Table 3. Independent sample t-test between the size of the filterable sample and the concentration of

dre(l1)
Independent Samples Test
Levene’s Test for
Equility of variances
F Sig. t df Sig. (2
tailed)
VARO00001 | Equal variances .189 .667 -1.830 36 .076
assumed
Equal variances not -1.830 | 35.919 .076
assumed

The test has been calculated based on a 95% confidence level of different. Based on the data
presented in Table 3, the p-value was 0.667, which is greater than 0.05. Hence, there is no significant
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difference between the size of the filterable sample and the concentration of Fe(l11), probably due to the
small sample size (n = 19) and the small concentration difference between both phases of filtration.
Moreover, Figure 4 shows the same distribution pattern of csFe(lll) and dFe(lll) with some of them
overlapping each other, showing merely the same concentration obtained in both phases.

Even though most of the Fe(lll) exists in the dissolved phase (< 0.45 um), we found that the
concentration of both forms of Fe(l1l) is still extremely lower compared to the previous studies [19]—
[23]. By comparing the concentration of Fe(lll) reported in [18], we have verified the probability of
Fe(Il) is present as a particulate form during this period (post-monsoonal seasons). It might be due to
the process of rapid mixing and the strong turbulence of the water current that occurs during the
Northeast monsoon (November-March) [37]. This phenomenon could influence the biogeochemistry
cycle of Fe(l11) after the monsoonal episode. The suggestion was confirmed by the previous study [38]
that found an increasing level of particulate cadmium (Cd), chromium (Cr), lead (Pb) and manganese
(Mn) at the southern part of Terengganu during the monsoonal seasons (November 2007). In addition,
the latest study by [39] found that 95% of zinc (Zn) is present in the form of particulate Zn (pzZn) at
Pulau Redang, Terengganu during Mac 2019.

Previous studies [38], [39] have suggested the increased level of particulate trace elements in
their study area was due to the re-suspension of bottom sediment during the Northeast monsoon. In
sediment, the aquatic system is in an anoxic condition (without oxygen) [40]. Under this condition, Fe
exists in the form of ferrous, Fe(ll) and is associated with sulfide to form precipitate Fe sulfide mineral
[40]. The re-suspension then flushed the dissolved Fe(ll) into the oxygenated (oxic) water column [41].
Thus, Fe(ll) was rapidly oxidized into Fe(lll) and formed a particulate or colloidal Fe(lll) hydroxide,
Fe(OH)s which is insoluble in water [40]. Freshly precipitated Fe(OH)s is an effective scavenger of
numerous other chemicals in the water [40]. Scavenging is defined as the ability of Fe(OH)s to adsorb
micro-components from the solution to their gelatinous or finely divided precipitate [42]. This process
enhances the transformation of medium and low-molecular-weight Fe (colloid, complex and ionic Fe)
into particulate Fe (pFe), hence decreasing the concentration of dissolved Fe throughout the water
column [43].

The scavenging Fe might be combined with other colloids and particles [5], precipitate
quantitatively into solid form and settle down onto the sediments [24], making it unavailable to
phytoplankton uptake [44]. According to [44], Fe is readily available for uptake by phytoplankton in the
form of a dissolved fraction, whereas most of it is bound to organic ligands to increase the Fe(lll)
solubility and to remain the Fe(lll) within the euphotic zone [11]. The Fe(lll) can form binding with
either small or large Fe-chelators such as siderophores, humic substances, exopolymeric substances and
transparent exopolymers [45]. Finally, the Fe-organic complex is transported directly onto the
phytoplankton cell membrane via the specific carrier protein and Fe is released by the chelating ligands
[46]

Even though the concentration of bioavailable Fe(l11) is considered low in our study area, with a
mean concentration of 12.97 pM (for csFe(l1l)) and 16.64 pM (for dFe(l1l)) (Table 2), however, this
concentration is sufficient for the growth of marine phytoplankton. In the marine system, the species of
phytoplankton that exist mainly consist of microalgae such as diatoms and dinoflagellates [47], [48].
According to [49] the diatoms (eg: Thalassiosira spp.) need approximately 0.7 to 14 pM of Fe(lll) to
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bloom. This could suggest that the phytoplankton in the study area can undergo photosynthesis, which
is the main process in the oxygen generator to the surface ocean [50]. Besides that, the growth of
phytoplankton plays an important role in balancing the carbon cycle in the marine ecosystem [51]. They
have the ability to uptake the inorganic carbon dioxide (CO2) from the atmosphere and transform the
CO:: into organic carbon inside their cell [51]. When the phytoplankton dies, some of the carbon is
transported to the deep ocean and some is released back into different layers of the water column [51].

Our present study has revealed the concentration of bioavailable Fe(l11) in both small colloidal
and dissolved fraction was low, but sufficient for phytoplankton growth. It was probably due to the
absorption of Fe into the particulate resulting in the rapid water mixing and the strong turbulence of the
water current. This pFe decreases the solubility of Fe(l1l) throughout the water column and declines its
concentration in the dissolved phase. However, this suggestion was based on the present data obtained
during the post-monsoon season only. Therefore, further determination on the distribution of Fe(lll)
before NEM (pre-monsoonal season) is needed to evaluate the bioavailability of Fe(Ill) prior to the NEM
event. With that, we could better understand the effect of NEM on the biogeochemistry of Fe(l1l) in the
study area.

4. CONCLUSION

In conclusion, most Fe(l11) in our study area is present in the form of a dissolved phase (<0.45
um) rather than in a small colloidal phase (< 0.20 um). However, the phase partitioning does not affect
the concentration of Fe(lll) as there is no significant difference between both phases. The low
concentration of Fe(lll) determined in this study suggested the probability of Fe being formed as a
particulate Fe as re-suspension of bottom sediment enhances the production of scavenging Fe that tends
to become a particulate and not bioavailable to the phytoplankton uptake. However, its concentration
was sufficient for the growth of phytoplankton (eg; diatoms) as it met the minimum Fe requirement for
its growth. As our study area is affected by NEM every year, hence further studies need to be carried out
in order to evaluate the effect of the monsoon on the distribution of dFe(ll1) in that area.
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