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ARTICLE INFO ABSTRACT

Keywords: By using reverse flow injection analysis (rFIA) and a 1.0 m liquid waveguide capillary cell (LWCC), an automatic

Cu(ID) o and sensitive catalytic kinetic spectrophotometric method for on-line monitoring of Cu(II) concentrations in

Catalyt]chkmetlc method estuarine and coastal waters was established. Cu(II) detection was based on its catalytic effect on glutathione

Spectropl otometry . (GSH) oxidation by potassium ferricyanide under acidic conditions. The change in absorbance of potassium

Reverse flow injection analysis . . . . . .

Co ; . ferricyanide at 420 nm was used to monitor the reaction spectrophotometrically. Experimental parameters were

Liquid waveguide capillary cell 7 X L . X X

Estuarine and coastal waters optimized using a univariate experimental design approach and it was ensured that the method was free of
interference from co-occurring ions such as Fe(II), Fe(Ill), Mn, Zn, Cd, Al, Cr, Ni and Co. The proposed method
was shown to have high sensitivity with a detection limit of 0.15 nmol L1 in a pure water matrix and 0.23 nmol
L'l in a seawater matrix. Linearity was achieved within the range of 0.45-15 nmol L! in a pure water matrix and
0.69-10 nmol L'! in a seawater matrix using a 200 cm reaction coil, while the upper limits can be extended to 40
and 25 nmol L}, respectively, by using a shorter (100 cm) reaction coil. A high level of Cu(II) recovery was
maintained, ranging between 95.2% and 101%. The relative standard deviations (RSDs) of blanks and samples
spiked with 5 nmol L Cu(II) standard were 1.52% (n = 13) and 1.10% (n = 13), respectively. The method was
confirmed to be free of carry-over effect and a sample throughput of 26 h™! was achieved. The method was
successfully applied to underway and on-board determination of Cu(Il) concentrations from a surface transect in
the Jiulong Estuary and a vertical profile in the Yangtze Estuary, China, respectively.

1. Introduction board determination of Cu(Il) concentrations will be a great advan-
tage, helping to reveal its biogeochemical cycles and environmental

As one of the most important essential trace metals in the marine effects in oceanic environments.

ecosystem, copper (Cu) is required by various enzymes involved in
electron transport [1] and plays a co-limiting role (together with iron) in
the growth and distribution of pelagic phytoplankton [2]. In oxidized
seawater environments, Cu mainly exists in the form of Cu(Il), ac-
counting for 90-95% of the total dissolved Cu concentration [3].
Nevertheless, Cu(Il) is toxic to phytoplankton at high concentrations
(>93.8 nmol L) since its ability to form strong complexes with bio-
molecules [4-7]. As the marine environment is a dynamic system that
exhibits a high level of spatial and temporal variability in Cu(Il) distri-
bution [8], developing methods for high-frequency real-time or on-

* Corresponding authors.

Several methods for the determination of Cu(II) concentrations in
seawater have been reported, including inductively coupled plasma-
atomic emission spectrometry (ICP-AES) [13], inductively coupled
plasma-mass spectrometry (ICP-MS) [14,15], atomic absorption spec-
trometry (AAS) [9-12], chemiluminescence [16-19] and spectropho-
tometry [20-25]. To date, ICP-AES, ICP-MS and AAS have been the most
commonly adopted methods in marine science studies, as they have high
sensitivity and good selectivity. However, these methods all require
some form of sample pretreatment, as well as a dedicated laboratory, a
stable power supply, ventilation equipment and a cooling system [26].
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Chemiluminescence methods have been extensively applied to the
analysis of Cu(II) due to their low detection limit, simple operational
procedures and low-cost instrumentation. However, chemiluminescence
is susceptible to interference from the seawater matrix [16]. The
diethyldithiocarbamate (DDTC) spectrophotometric method is low-cost
and exhibits good selectivity, although its application has been hindered
by low sensitivity, labor-intensive operational procedures and the high
toxicity of reagents [24,27]. Compared to the DDTC method, catalytic
kinetic analytical methods have the advantages of high sensitivity,
simple operational procedures, low analytical costs and low reagent
toxicity. Catalytic kinetic methods are based on the catalytic effect of Cu
(ID) on the reduction of potassium ferricyanide by glutathione (GSH)
under acidic conditions. However, the currently available catalytic ki-
netic spectrophotometric methods require complicated traditional off-
line operational steps, using experimental conditions which are hard
to control [20,21,25].

The flow analysis technique is a widely used form of automatic
analysis, due to its advantages of simple operational procedures, good
reproducibility, high degree of automation and low secondary pollution
risks [28,29]. The normal flow injection analysis (nFIA) involves injec-
tion of a small amount of sample into a closed and continuous flow
stream of reagent or carrier, while in reverse FIA (rFIA), the reagent is
injected into a flowing sample stream [30]. With rFIA, less reagent is
consumed and sample dispersion is at a lower level. Therefore, rFIA is
more sensitive than nFIA [31,32]. Additionally, since the sample is used
as the flow carrier, rFIA does not require a matrix match and is not
affected by either the Schlieren effect [33] or salinity.

Solid phase extraction (SPE) and liquid waveguide capillary cell
(LWCC) are the most commonly applied and effective techniques for the
determination of trace analytes in flow analysis. Combining FIA with
SPE or LWCC and a detection method provides an effective technique for
determining trace analytes in field or in-situ [ 34-39]. For Cu(Il) analysis,
combinations of SPE extraction and various detection methods, have
been developed and applied to various aquatic environments [13,40].
However, application of the SPE pretreatment technique has been
limited due to the large sample consumption requirements, long
analytical duration and short lifetime of SPE cartridges. In comparison
to SPE technique, LWCC offers significant time saving, as well as lower
levels of sample and reagent consumption [23].

The study developed a rFIA-LWCC-catalytic kinetic spectrophoto-
metric method to on-board determine Cu(Il) in estuarine and coastal
waters. The automated and sensitive method has been successfully
applied to on-line underway determination of Cu(II) concentrations in
surface water of the Jiulong Estuary (China), as well as the on-board
analysis of discrete samples collected from a vertical profile of the
Yangtze Estuary (China).

2. Experimental
2.1. Reagents and standards

All of the reagents and standards were made with pure water (re-
sistivity of > 18.2 MQ-cm), which was obtained through a water puri-
fication system (Millipore Co., US). High-density polyethylene
containers (Nalgene, US) were used to store reagent and standards so-
lutions, and washed according to the process described by Achterberg
et al. [41] before use.

The 10 mmol L potassium ferricyanide (K3Fe(CN)g) stock solution
was prepared by dissolving 0.3292 g of KsFe(CN)g (Shanghai Macklin
Biochemical Co., Ltd., China) in 100 mL pure water, with a 0.15 mmol L
1 K3Fe(CN)g working solution obtained by diluting the K3Fe(CN)g stock
solution with pure water. A 90 mmol L' reduced L-glutathione (GSH)
stock solution was prepared by dissolving 0.4939 g of GSH (Adamas
Reagent Co., Ltd., China) in 100 mL pure water, with a 9 mmol L'} GSH
working solution then obtained by diluting the GSH stock solution with
pure water. The 2 mol L7 acetic acid-sodium acetate buffer stock
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solution (HAc-NaAc, pH 4.6) was prepared by mixing 27.2 g NaAc
(Merck, Germany) and 11.6 mL HAc (Merck, Germany) with 196 mL
pure water. The 0.3 mol L'} HAc-NaAc working solution was then ob-
tained by diluting the HAc-NaAc stock solution with pure water.

Cu(Il) working solutions were prepared by diluting a commercial
copper atomic absorption standard solution (1000 mg L, Sigma-
Aldrich, US) with acidified pure water or low copper seawater
(LCSW), with details provided in section 3.3. A 0.01 mol L1 Hal
(Thermo Fisher Scientific Co., US) solution was prepared from concen-
trated hydrochloric acid and used to prepare all standard solutions.

2.2. Apparatus and analytical procedures

The configuration of the underway system and real-time detection
manifold for Cu(Il) is shown in Fig. 1. Cu(II) was determined utilizing a
laboratory-made universal flow analysis platform. The analyzer was
comprised of two four-channel peristaltic pumps (Baoding Shenchen
Peristaltic Pump Co. Ltd., China), a thermostatic water bath (Jintan
Shunhua Instrument Co. Ltd., China), a six-port two-position injection
valve (IV, Valco Instruments, US) and a 1.0 m LWCC (World Precision
Instruments, US) connected to a LED lamp (C513A-MSS-CX0Z0231,
CREE, USA) and a STS-VIS spectrometer (350-800 nm, Ocean Optics,
US) via fiber optic cables. The peristaltic pumps utilized polyethylene
tubes of two different inner diameters, 2.06 mm i.d. and 0.89 mm i.
d (Valco Instruments Co. Inc., US). Residual manifold tubes were
composed of transparent PTFE with a 0.75 mm i.d. (Cole-Parmer, US).

The underway sampling system was suspended with a towed fish at
the end of a boom, at a distance of 3 m from the side of the ship [42].
With a 0.45 pm bursal filter on-line, the surface seawater was filtered
and acidified with 0.2 mol L' HCI to pH 2.0 (Fig. 1a). The acidified
sample was introduced to the Cu(Il) analyzer via a peristaltic pump.
When the IV is set to position A (60 s) (Fig. 1b), the sample, KsFe(CN)g
and HAc-NaAc buffer solutions were successively mixed and delivered
into the detector, while the GSH solution was added to the reagent loop.
The absorbance before the catalytic reaction was measured at a wave-
length of 420 nm (labeled as Ag). After switching the IV to position B (80
s), the GSH solution was delivered from the reagent loop by the carrier
stream (pure water) and then merged with the sample, KsFe(CN)g and
HAc-NaAc buffer solutions to catalyze the fading reaction in the reaction
coil. Finally, the mixed solution was passed through the LWCC for
detection, with the absorbance measured and labeled as A;. The absor-
bance difference (Ag) before (Ag) and after (Ay) the catalyzed reactions
was calculated according to Equation (1) as follows:

AR = Ap-A (1).

Custom-written C++ software was used to automatically control the
pump speed, rotation direction, valve position, and duration of each
step. The data collection interface of the Cu(II) detection system is
exhibited in the supplementary information (Fig. S1). The LWCC was
rinsed with pure water, 1 mol L1 NaOH solution, 1 mol L HCI solution,
and then pure water in sequence before and after usage, with each
washing step lasting for at least 10 min (Fig. 1).

2.3. Field investigation

The system was applied in two field studies. Fig. 2a shows the sam-
pling station in the Yangtze Estuary (Eastern China), during a cruise
from the 6th to 12th September 2021. Cu(II) concentrations across a
vertical profile at station Q49 (123°6'E, 30°43'N) were obtained on
board of research vessel Runjiang I. Discrete seawater samples were
collected from 13 various depths at station Q49 using a custom-made
continuous profile sampler. Salinity and dissolved oxygen (DO) data
were also determined along the profile using a multi-parameter sensor
(SBE911/17 plus, Sea-Bird Scientific, US).

Underway measurements were carried out in the Jiulong Estuary
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Fig. 1. Configuration of the (a) underway system and (b) real-time detection manifold for Cu(I). P1 and P2: peristaltic pumps, on which the numbers indicate the
flow rates (mL min1); Sample/Std: sample or standards; GSH: glutathione solution; IV: 6-port valve; RL: reagent loop; RC: reaction coil; W: waste. The solid line
within the IV represents the valve in position A, while the dashed line represents the valve in position B.
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Fig. 2. Map of (a) sampling station Q49 in the Yangtze Estuary (China) and (b) the underway monitoring cruise path (red line) across the Jiulong Estuary (China).

(Southeast China), on-board the Haiyang II research vessel on the 26th
June 2021, via the cruise route shown in Fig. 2b. The underway sam-
pling system, continuously pumped water samples into the on-board
laboratory using a peristaltic pump, with samples then on-line filtered
using a 0.45 pm bursal filter. The filtered sample stream was acidified to
pH 2.0 on-line via the addition of 0.2 mol L'} HCI, then transferred to the
detection system for analysis (Fig. 2).

3. Results and discussion
3.1. Selection of the detection wavelength

KsFe(CN)g oxidizes GSH under acidic conditions at a very slow
speed. However, in the presence of trace concentrations of Cu(Il), the
reaction is strongly catalyzed. Fig. 3 shows the absorbance spectra of the
K3Fe(CN)g-GSH system in the presence of Cu(Il) at different reaction

times, showing that the absorbance (A) continuously decreased with
increasing reaction time. The K3Fe(CN)e-GSH system exhibits a
maximum absorption peak at a wavelength of 420 nm, and the absor-
bance difference before and after the reaction, Ag, was the largest.
Therefore, 420 nm was selected as the detection wavelength. The color
change in the K3Fe(CN)q-GSH system before and after the catalytic re-
action is shown in Fig. S2 (Fig. 3).

3.2. Parameter optimization

Based on a univariate experimental design, the effects of numerous
parameters were evaluated and optimized, including the concentrations
of K3Fe(CN)g, GSH and the HAc-NaAc buffer, the HAc-NaAc buffer pH,
the reagent injection volume, the reaction coil length and the reaction
temperature. A blank and a 20 nmol L1 cu(ID) standard solution in a
pure water matrix with 0.01 mol L' HCI were used as test samples for
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Fig. 3. Absorption spectra of the K3Fe(CN)s-GSH system in the presence of Cu
(II) at different reaction times, using 15.6 nmol L' Cu(II) with a mixture of 3
mmol L KsFe(CN)g, 28 mmol L GSH, and 12.5 mmol L' HAc-NaAc.

optimizing these parameters, and each sample was measured in tripli-
cate. Results are presented as average value + standard deviation (SD, n
= 3). When optimizing one parameter, other parameters were kept
constant at their optimum values.

3.2.1. Effects of reagent loop volume and reaction coil length

The effect of reagent loop (RL) volume on the reaction product signal
(Ar and A\AR) was investigated within a range of 132-442 pL (Fig. S3a).
Here /AR was defined as shown in Equation (2) as follows:

AR = Aggsample) - AR(blank) (2)-

where, Ag(sample) refers to the Ag of the sample and Agplank) indicates the
Ag of the blank. The AAp increased in accordance with an increase in
the reagent loop volume up to 353 pL, remaining almost constant from
353 pL to 442 pL. Therefore, the optimal volume of RL was set as 353 pL.
Fig. S3b shows the effect of varying reaction coil length on Ag and /\Ag,
from 50 to 250 cm. The A\AR value increased with increasing coil
length, however, the blank Ay also increased accordingly. After
comprehensive evaluation of the demand for method sensitivity and the
suitable blank level, 200 cm was selected as the optimal reaction coil
length.

3.2.2. Effect of reaction temperature

It has been well established that temperature affects catalytic reac-
tion rates. Fig. S4 shows that the sample and blank Agr increased
significantly with increasing reaction temperatures, until /A\Agr
decreased slightly when the temperature exceeded 40 °C. Therefore,
40 °C was chosen as the optimal temperature.

3.2.3. Effects of HAc-NaAc buffer pH and concentration

The effect of varying HAc-NaAc buffer pH in the range of 3.8 to 5.4
on Ag and /\Ag is illustrated in Fig. S5a. The /\Ag reached a maximum
value at a HAc-NaAc buffer pH of 4.6 and therefore, pH 4.6 was selected
as the optimum buffer pH. Fig. S5b shows the effect of HAc-NaAc con-
centration (0.1-0.5 mol L") on Ag and AAg. The AAg value remained
nearly steady when the HAc-NaAc buffer concentration increased to >
0.2 mol L' and as a result, 0.2 mol L'! HAc-NaAc buffer was selected as
the optimum concentration.

3.2.4. Effects of reagents concentration
Fig. S6a shows the effect of varying KsFe(CN)g concentration
(0.01-0.20 mmol L)) on Ag and A\Ag. The AAg significantly increased

Microchemical Journal 179 (2022) 107441

with increasing K3Fe(CN)g concentration to 0.15 mmol L'l, then
remained almost constant from 0.15 to 0.20 mmol L. Therefore, 0.15
mmol L7 K3Fe(CN)g was selected as the optimum concentration.
Fig. S6b indicates the effect of varying GSH concentration (1-9 mmol L
Hon Ag and A\ Ag, showing that /\Ap increased with an increase in GSH
concentration. However, the Ag of blank samples also accordingly
increased and after comprehensive evaluation of both the method
sensitivity and GSH consumption, 9 mmol L™} was chosen as the opti-
mum GSH concentration.

3.3. Preparation of LCSW

To date, no certified copper-free seawater standard solution is
available. If the seawater used to prepare standard solutions for cali-
bration curves contains copper, an excessive matrix blank will result in
the underestimation of actual Cu(I) concentrations in samples. LCSW
(salinity of 35), which was obtained from the western Pacific Ocean
surface utilizing a towed fish underway sampling system [42], was
ultilized for the calibration of standards since its Cu(II) concentration
was below the detection limit. The surface seawater was first filtered
through a 0.2 pm membrane filter and then passed through tandem
chelate columns, each packed with 1.0 g iminodiacetate chelating resin
(Toyopearl AF-Chelate 650 M, Tosoh, Japan) to remove Cu(Il). The
effluent was then acidified to pH 2 using HCl to form LCSW.

3.4. Effect of carry-over

In an analytical process, the carry-over effect refers to the extent to
which analytes are carried from one sample cycle to the next. To
investigate the carry-over effect during Cu(Il) determination, a modified
version of the “Low-low-high-low” (“LLHL”) model proposed by Zhang
[43] was applied. Fig. S7 shows that the effect of samples shifting from
high to low concentration of Cu(II) was below the limit of detection and
therefore, the effect of carry-over could be considered negligible.

3.5. Effect of salinity

To investigate the effects of varying salinity levels, LCSW was diluted
with pure water at different salinities (0, 7, 14, 21, 28 and 35) to prepare
calibration solutions with Cu(II) concentrations of 0, 1, 2, 5 and 10 nmol
L'L. The slopes and intercepts (blank Ag) of the calibration curves were
calculated (Fig. S8), showing that the slope of the calibration curve
increased in accordance with increasing salinity from O to 7, then
remained almost constant when the salinity increased to > 7. In
contrast, the blank Ay did not exhibit significant change only when the
salinity was higher than 21. Therefore, when applying the proposed
method to estuarine and coastal water analysis, it is essential to simul-
taneously measure salinity and correct data to account for the salinity
effect. When the sample salinity is higher than 21, calibration curves
established at a salinity of 35 can be used, while at a sample salinity
below 21 calibration curves generated at the same salinity should be
applied. In either surface or vertical waters of an open ocean where on-
line determination is carried out, the salinity would not suddenly vary
too much to be out of range limited by a selected curve, thus the curve
can usually be adopted for all measurements. Even if a sudden change
happens, a further data correction can be done using another calibration
curve with the corresponding salinity.

3.6. Effects of interfering ions

The effect of some ions that are abundant in seawater, such as Ba®",
Mg2+, Ca2+, Nat, NH4*, NO3~, NO3, 8042', CI, on the determination of
3.8 ng mL ! of Cu(Il) has been investigated in the off-line catalytic ki-
netic determination of Cu(II) established by Prasad and Halafihi [20],
and results showed that most ions did not interfere. Therefore, in this
study, we focused only on the interferences of Fe(II), Fe(III), Mn, Zn, Cd,
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Al, Cr, Ni, and Co ions, which may potentially interfere with the
determination of Cu(II). The maximum allowable concentration of
interfering ions was defined as an interference effect that reduces the
recovery of Cu(Il) by > 10%. In order to assesse selectivity of the
method, the effect of interfering ions on the determination of 4 nmol L
Cu(Il) was studied. The selected co-occurring ions and their influence on
Cu(II) recovery are shown in Table S1, in which the concentration of
ions applied was at least 20-fold higher than the actual concentration in
seawater [44]. Results show that Cu(Il) recovery ranged between 95.0%
and 104%, indicating that the developed method was not affected by
interference from the nine assessed co-occurring ions.

3.7. Linearity, method detection limit and repeatability

With optimal conditions, a calibration curve of Cu(II) ranging from 1
to 15 nmol L! was obtained. Typical calibrated output signals for
samples prepared in an pure water matrix are shown in Fig. 4. In pure
water and seawater (salinity of 35) matrices, the method detection limit
(MDL) was 0.15 nmol L and 0.23 nmol L‘l, respectively, which was
calculated as being three-fold the standard deviation of blank samples
(n = 11) divided by the slope. Cu(Il) has a linear upper limit of 15 nmol
Ltin pure water and 10 nmol L' in seawater (salinity of 35). If the Cu
(I) concentration is higher than the upper limit, the reaction coil length
should be reduced. A high sample throughput rate of 26 h™! was ach-
ieved, which satisfies the requirements for high spatial and temporal
resolution Cu(II) determination in shipboard analysis. The repeatability
of the method was evaluated using blank and 5 nmol L! Cu(II) samples,
establishing RSDs of 1.52% (n = 13) and 1.10% (n = 13), respectively
(Fig. S9), indicating a good level of precision. Table 1 shows the
analytical characteristics of the proposed method with both pure water
and seawater (salinity of 35) sample matrices, respectively. (Fig. 4).

3.8. Validation of the method

In order to evaluate the analytical applicability of the method and
ensure accuracy, Cu(Il) concentrations in river water and seawater were
analyzed using the proposed method. As shown in Table 2, the re-
coveries of Cu(Il) from spiked samples ranged between 95.2% and 101%
(n = 3), indicating that the developed method has a high applicability.

3.9. Application

The developed underway Cu(Il) analysis system was applied during a
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Fig. 4. Typical output signals for calibration using standard solution absor-
bance (n = 3). Inset shows the established calibration curve and equation.
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Table 1
Analytical characteristics of the proposed method for the determination of Cu(II)
in pure water and seawater (salinity = 35) matrices.

Characteristic Pure water matrix Seawater (S = 35) matrix
KC length (cm) 100 200 100 200
MDL (nmol L}, n = 11) 0.24 0.15 0.51 0.23
Linear range (nmol L'l) 0.72-40 0.45-15 1.53-25 0.69-10
Slope of calibration curve 0.0141 0.0281 0.0233 0.0444
Linearity R? 0.9980 0.9979 0.9958 0.9997
RSD (%, n = 13) 2.16 1.52 3.59 1.69
Sample volume (mL) 7.9

K3Fe(CN)g vol (mL) 2.0

GSH volume (mL) 1.2

HAc-NaAc volume (mL) 2.0

Sample throughput (h™1) 26

Table 2
Recovery of Cu(Il) from spiked river water and seawater samples.
Sample Salinity =~ Added (nmol L Determined Recovery
D) (nmol L'}, n = 3) (%)
Drinking 0 0 2.04 +£0.21
water 4 5.98 £+ 0.02 98.4 + 0.6
River water 0 0 7.51 +0.03
5 12.6 + 0.14 101 £ 2
Seawater 1 34 0 0.60 + 0.06
3 3.58 £ 0.04 99.2 +£1.2
Seawater 2 35 0 0.83 £ 0.07
5 5.59 £+ 0.01 95.2 +£0.2

cruise in the Jiulong Estuary (China). A total of 56 measurements for Cu
(II) were taken, and the distribution of surface Cu(Il) concentrations is
shown in Fig. 5. Cu(Il) concentrations exhibited significant spatial
variation, ranging from 5.37 to 17.3 nmol L. The highest Cu(II) con-
centration was detected at a station located along the main channel of
the Jiulong estuary near Haimen Islet, with river inputs and the influ-
ence of local anthropogenic activities likely to be responsible for the
high Cu(Il) concentration in this area [8,45,46]. The concentration of Cu
(ID) in the harbor area on the north side of the Jiulong Estuary was also
higher, which may be due to fuel emissions from ships and a nearby
power plant [47]. (Fig. 5).

The developed method was also applied in an on-board scenario to
analyze discrete seawater samples immediately after collection from a
station in the Yangtze Estuary (China). Vertical profiles of salinity, DO
and Cu(Il) concentrations at station Q49, are shown in Fig. 6a. The
concentration of Cu(Il) ranged between 4.19 nmol L'and 11.2 nmol L%,
Cu(Il) concentrations in the upper water layers at station Q49 exhibit a
trend of estuarine mixing that decreased with increasing salinity.
Furthermore, with the rapid decrease in dissolved oxygen concentration,
the Cu(II) concentration exhibited a non-conservative (i.e., non-linear)
behavior during the process of deoxygenation in low-oxygen level bot-
tom water layers (Fig. 6b). This profile differs from the normal conser-
vative behavior of Cu(Il) concentrations reported in oxygenated estuary
environments [8,45]. (Fig. 6).

4. Conclusions

In summary, the study established a sensitive and automated method
of rFIA-LWCC combined with catalytic kinetic spectrophotometric
detection for the determination of Cu(Il) in estuarine and coastal waters.
The proposed method has the advantages of low method detection limit,
high automation and precision, rapid sample throughput, wide linear
range, and low reagent and sample consumption requirements. The ef-
fect of interference due to carry-over and the presence of nine commonly
coexisting ions, were found to be negligible. The effect of salinity was
well investigated, showing that accurate Cu(II) concentration determi-
nation requires calibration to be performed at a corresponding salinity.
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Underway on-line analysis of Cu(Il) concentrations in surface seawater
of the Jiulong Estuary (China) and on-board analysis of discrete samples
in the Yangtze Estuary (China) and were successfully carried out using
the porposed method. Considering that the MDL is three-fold higher
than the minimum detection limit (0.5 nmol L’ [48]), this method can
effectively be applied to underway or on-board analysis of Cu(Il)
geochemistry in environments ranging from estuaries to the open ocean,
such as in the international GEOTRACES program [49].
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