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Abstract

This paper shows the influence of different sample storage protocols, on the chemiluminescence signal of some metal

ions. The storage protocols studied were: acid addition (HCl or HNO3) and no reagent addition to filtered and

refrigerated (T�/4 8C) samples. Light emission was produced for the chemiluminescence reaction between luminol and

hydrogen peroxide in buffer carbonate conditions (pH 10.8) catalysed by Cr(III), Co(II) and Cu(II). Batch and/or flow

modes in different conditions were tested. Fe(II), Fe(III), Ni(II) and Mn(II) did not give chemiluminescence in the

studied conditions. A parallel study of sensitivity and selectivity was performed. Then the presence or absence of the

masking agent EDTA, added to samples or used in the carrier stream, is assayed. If the samples are acidified with

HNO3, a previous neutralisation is needed using batch mode. The determination of Cr(III) is independent of storage

protocol by flow injection (FI) method; however, the determination of Co(II) or Cu(II) or total determination of three

metals requires the conditioning of standards. Detection limits achieved are ranged between 0.5 and 2 mg l�1. For batch

mode, detection limits are better for unacidified samples and worse for carbonate-neutralised samples. The influence of

storage protocols was validated using standard metal mixtures and calibration solutions. The use of standard reference

material (SRM# 1640) (Trace elements in natural water) corroborates the previous statements and validates the

accuracy of the different approaches underlined. This paper demonstrates that it is possible to determine Cr(III)

selectively in natural waters.

# 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

The preservation of samples is an interesting

analytical problem because complete stability for

every constituent can never be achieved. After

sample collection, preservation procedures only

retard chemical and biological changes [1]. Ad-

sorption on the walls of the vessels will take place

for samples stored unacidified and unfrozen.

Samples may be stored unacidified but frozen in

order to preserve the original distribution of the

species [2]. Independent of storage temperature,
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most authors recommend acidification immedi-
ately after sampling if metal ions want to be

assayed.

Immediate analysis is always recommended for

metal determination in water samples. Short

storage of filtered sample at low temperature

(4 8C) is also used. In these cases, the measurement

is realised without further sample conditioning

step. The analysis of bottled water is also per-
formed without this step. The most common

storage method for metal determination in water

samples is to add an acid as HCl up to pH around

2�/3. The previously filtered samples are stored in

plastic acid washed containers at 4 8C. The max-

imum storage recommended and regulated is 6

months.

The procedure employed for long-term storage
uses the addition of HNO3 acid. The samples are

filtered, acidified and stored at 4 8C. Polyethylene

bottles can be sealed in aluminised plastic bags.

The storage period can last even 2�/3 years.

Standard reference materials are prepared accord-

ing to this protocol.

Determination of trace elements in environmen-

tal water samples requires analytical techniques
with high sensitivity and selectivity. Unielemental

techniques like atomic absorption spectrometry

(AAS) (flame or electrothermal) or multielemental

techniques like atomic emission spectrometry

(ICP) alone or coupled with mass spectrometry

(ICP�/MS) have been used for the determination

of metal ions. Chemiluminescence from reactions

that usually produces transient emissions is also an
attractive and alternative method for determining

some trace metal ions.

Chemiluminescence provides sensitivity and se-

lectivity and coupled to flow injection (FI) fast and

reproducible sample injection and mixing of the

reagents. These factors, together with low cost

compared with AAS and ICP techniques, simpli-

city and the possibility to realise easily in situ
analysis make a chemiluminescence determination

or its combination with FI extremely attractive.

Table 1 shows a selection of flow injection�/

chemiluminescence determinations of metal ions

in aqueous samples described in the literature [3�/

23]. The reaction more often used is the oxidation

of luminol by hydrogen peroxide in alkaline

solution catalysed by some metal ions, producing
chemiluminescence emission at l�/425 nm. A

preconcentration step is necessary for quantifying

Fe(II), Fe(III), Mn(II) and Cu(II). The most

common method is ion exchange chromatography.

It is important to emphasise the critical effect of

the eluent and pH. The majority of methods

determine Cr(III) without preconcentration.

Several reagents have been used for masking
interferences, e.g. for Mn(II), Co(II) and Cr(III),

8-quinolinol, sodium citrate and EDTA have been

used, respectively. Moreover in some procedures,

standards and samples are conditioned with

H3PO4 to mask the interfering ions. As it can be

seen in Table 1, the experimental conditions

influence the figures of merit of the procedures.

The aim of this paper was to study the direct
chemiluminescence signal for Cr(III), Co(II),

Fe(II), Fe(III), Ni(II) and Mn(II) as function of

sample storage procedure. The chemiluminescence

emission is produced by luminol�/H2O2 reaction

catalysed by metal ions. In the literature consid-

erations about the influence of the sample storage

conditions on chemiluminescence signal are not

reported.
According to previous considerations, no acid-

ified samples and acidified samples with hydro-

chloric or nitric acids were tested in this paper. The

alternatives for determining samples stored in

acidic conditions were tested in batch and FI

modes. Also, the employment of a masking agent

in reagent composition or as sample treatment step

has been compared in order to improve the
selectivity for chromium determination. Finally,

the standard reference material (SRM# 1640) was

used for testing accuracy and establishing conclu-

sions.

2. Experimental

2.1. Apparatus and reagents

Hitachi F4500 (Tokyo, Japan) and Jasco FP-

750 (Tokyo, Japan) fluorescence spectrophot-

ometers were used for measuring. The light emis-

sion was monitored at 425 nm.
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Table 1

Reviews of flow injection�/chemiluminescence determinations of metal ions in water samples

Reference Ions Reaction Preconcentration

step

Considerations of method Concentration interval

(mg l�1)

Water sample

[3] Mn(II) Luminol�/H2O2 Yes Sample acidified with acetic acid�/ammonium acet-

ate to pH 5.0

Mn: 0.05�/0.5 seawater

[4] Fe(II) Luminol�/H2O2 Yes H3PO4 in standard/sample solutions to pH 6 Fe: 10�/70 �/

[5] Co(II),

Cu(II),

Fe(II)

Luminol�/H2O2 Yes Standards in 0.01 mol l�1 HCl, mobile phase oxalic

acid pH 4.2

Co: 0.05�/4, Cu: 20�/200,

Fe semiquantitative

�/

[6] Fe(III) Brillant

sulphoflavin�/H2O2

Yes Standard in 5�/10�3 mol l�1 HCl sample acidified

to pH 5.5

Fe: 0.02�/5.6 seawater

[7] Fe(III) Luminol�/H2O2 Yes Sample acidified with acetic acid�/ammonium acet-

ate to pH 3.0

Fe(III): 0.005�/0.1 oceanic

[8] Cr(VI) Luminol�/hexacyano

ferrate(II)

Yes �/ Cr: 0.04�/1 wastewater

[9] Co(II) Gallic acid�/H2O2 Yes Samples with formic acid/ammonium formate to pH

3.6

Co: 0.0006�/1 reference seawater

[10] Mn(II) Luminol�/H2O2 Yes Standards in 0.1 mol l�1 HCl Mn: 0.002�/110 reference seawater

[11] Fe(II),

Fe(III)

Luminol�/O2 Yes Standards in HCl to pH 3.5 Fe: 0.001�/1 ground, rain, river

and lake

[12] Fe(II),

Fe(III)

Luminol�/O2 Yes Standards/samples in 0.1 mol l�1 HCl Fe: 0.002�/0.56 oceanic and sea-

water

[13] Fe(II), Total

Fe

Brillant

sulphoflavin�/H2O2

Yes Standards in HCl, sample addition of acetate buffer

(pH 4.4)

Fe: 0.05�/11 rain, tap, river

and coastal

[14] Co(II),

Fe(II,III)

Pirogalol�/H2O2�/

NaOH,

Yes 0.01 mol l�1 purified HCl in standard solutions Co: 5�/850, Fe: �/ estuarine

[15] Cr(III),

Fe(II),

Co(II)

Luminol�/H2O2�/ha-

lide ion

No With/without EDTA Cr: 0.005�/5.2, Fe: 0.6�/

56, Co: 0.06�/59

�/

[16] Co(II),

Mn(II)

Luminol�/IO4
� No Acidified samples with H3PO4, addition of 8-

quinolinol for Mn determination and sodium citrate

for simultaneous Co and Mn determination

Co: 0.01�/12, Mn: 0.02�/

9

fresh and polluted

[17] Cr(III) Luminol�/H2O2 No 10�4 mol l�1 EDTA and 3�/10�4 mol l�1 H3PO4

in standard/sample, 10�3 mol l�1 EDTA added to

H2O2 solution

Cr: 0.01�/6 mineral, drinking

and polluted

[18] Mn(II) TCNQ�/O2�/OH�/

EosinY

No Immediate analysis (unacidified) DDAB vesicular

solution

Mn: 4�/4000 potable

[19] Fe(II),

Mn(II)

Luminol�/IO4
� No Unacidified samples, o -phenanthrolin activator (Fe

determination) TEA masking agent for Mn deter-

mination

Fe: 0.003�/0.1, Mn:

0.005�/0.1

underground

drinking
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The following analytical grade reagents were
used: chromium(III) potassium sulphate 12-hy-

drate (Merk, Germany), cobalt(II) nitrate 6-hy-

drate (Panreac, Spain), copper(II) sulphate 5-

hydrate (Merk), ammonium iron(II) sulphate 6-

hydrate (Panreac), ammonium iron(III) sulphate

12-hydrate (Panreac), nickel(II) nitrate 6-hydrate

(Merk) and manganese sulphate hydrate (Pan-

reac). Other reagents were hydrogen peroxide
(Panreac), EDTA (Probus, Spain), luminol (Fluka,

Switzerland), sodium carbonate (Merk), potas-

sium hydroxide (Probus), hydrochloric acid 36%

(Merk) and nitric acid (Merk). The solutions were

prepared in water (nanopure, Sybron, Barnstead,

Spain).

For FI assembly, a Gilson Miniplus peristaltic

pump was used to drive the reagent�/sample
mixture through the flow cell. The loop employed

has a 200 ml internal volume. Tygon tubing (i.d.�/

0.8 mm) was used with the peristaltic pump. The

flow cell was a spiral cell, consisted of laboratory-

made coiled transparent poly(tetrafluoroethylene)

tubes measuring 50 cm in length and with i.d.�/0.8

mm. The dimensions of the cell were 1 cm of

internal diameter and 3 cm of external diameter.

2.2. Procedures

A cleaning procedure was applied to glassware,

containers and other glass or plastic materials. The

first step was rinsing with nanopure water, later

10% HCl bath overnight and rinsing with nano-

pure water again.
The concentration of Cr(III), Co(II), Cu(II),

Fe(II), Fe(III), Ni(II) and Mn(II) standard solu-

tions was 1000 mg l�1. Working solutions of metal

ions were prepared daily. The measurement as-

semblies are described in Ref. [23].

2.2.1. Batch procedure

The reagent stock solutions were 1.2�/10�3 mol

l�1 luminol in 0.3 mol l�1 CO3
2�/HCO3

� (pH
10.8), 0.1 mol l�1 H2O2, 0.01 mol l�1 EDTA in

0.02 mol l�1 KOH or in 0.3 mol l�1 CO3
2�/

HCO3
� (pH 10.8). Different reaction solutions

were prepared directly into a quartz cell. The

injection of the sample (200 ml) was carried out

with a Hamilton digital syringe throughout aT
a
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septum and mixed with a magnetic agitator. The
FP-750 Jasco spectrophotometer was used for

monitoring.

2.2.2. FI procedure

Luminol solution of 1.2�/10�3 mol l�1 in 0.3

mol l�1 CO3
2�/HCO3

� (pH 10.8) and 0.1 mol l�1

H2O2 were first mixed in the flow system and then

mixed with the sample carrier. Different carrier
compositions were studied: 0.3 mol l�1 CO3

2�/

HCO3
� (pH 10.8), 1�/10�2 and 5�/10�3 mol l�1

EDTA in 0.02 mol l�1 KOH, 1�/10�2 and 5�/

10�3 mol l�1 EDTA in 0.3 mol l�1 CO3
2�/HCO3

�

(pH 10.8). In all cases, the injection volume was

200 ml. The Hitachi F4500 spectrophotometer was

used for measuring.

Different conditioning procedures were studied:
without conditioning, addition of 5�/10�3 mol

l�1 HCl and addition of 0.5 mol l�1 HNO3. In

some cases, a masking agent was added 1�/10�2

mol l�1 or 5�/10�3 mol l�1 EDTA.

2.2.3. Validation procedure

Standard mixtures of different metal ions were
prepared. The bicomponent and tricomponent

solutions are described in Table 2. Additionally,

calibration standard solutions were prepared in

different conditions (see Table 3).

A standard material reference was also ana-
lysed. SRM# 1640 (NIST, USA) is composed of

natural fresh water collected from Cleark Creek,

CO, which had been filtrated and stabilised with

nitric acid.

3. Results and discussion

3.1. Chemiluminescence signal of unacidified

samples

The chemiluminescence signal of standards pre-

pared in ultrapure water was studied first. Specific

laws fix upper levels of these metals in water of 200
mg l�1 for Fe, 20 mg l�1 for Ni, 2 mg l�1 for Cu

and 50 mg l�1 for Cr (European directive 98/83/

EC). The trace elements composition of fresh

water can be described by the SRM# 1640

contents (Table 4).

Chemiluminescence coupled to FI was pre-

viously studied. Ni(II) and Mn(II) signals were

similar to blank signal. The chemiluminescence
emission of Fe(II) and Fe(III) was only quantifi-

able for concentrations superior to upper levels

legislated. It will be necessary to use a preconcen-

tration step to apply the method for determining

Table 2

Description of metal mixture solutions

Name Cr(III) (mg l�1) Co(III) (mg l�1) Cu(III) (mg l�1) Storage procedure Analysis procedure EDTA concentration (mol l�1)

s-1 15 10 �/ Acidic Batch 3�/10�3

s-2 27 14.2 �/ Acidic Batch 3�/10�3

s-3 15 25 �/ Acidic Batch 3�/10�3

s-4 45 25 �/ Acidic Batch 3�/10�3

s-5 3 200 �/ No acidic FI 1�/10�2

s-6 9 100 �/ No acidic FI 1�/10�2

s-7 15 50 �/ No acidic FI 1�/10�2

s-8 3 200 �/ Acidic FI 1�/10�2

s-9 9 100 �/ Acidic FI 1�/10�2

s-10 15 50 �/ Acidic FI 1�/10�2

s-11 3 8 50 No acidic FI �/

s-12 9 4 20 No acidic FI �/

s-13 15 2 10 No acidic FI �/

s-14 3 8 50 Acidic FI �/

s-15 9 4 20 Acidic FI �/

s-16 15 2 10 Acidic FI �/
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these metals yet. Cr(III), Co(II) and Cu(II) pro-

vided enough signals to their direct quantification.

Some authors have proposed the use of EDTA

in order to mask some interferences, especially for

the determination of Cr(III). EDTA was added to

the carrier solution or sample solution, then the

metal�/EDTA complex was formed in the FI

system or before the FI system, respectively.

The signal (S ) can be described as function of

metal concentration (cM): S�acb
M; where a and b

are constants. A straight line was obtained for

double logarithmic calibration plot: log S�/

log a�/b log cM. Table 5 shows the calibration

parameters of double logarithmic or potential

regression for different experimental conditions.

The peak height was used as analytical signal. The

3�/15 mg l�1 concentration interval for Cr(III)

provided a linear calibration model. The working

linear interval for Co was 2�/8 mg l�1 and for Cu

the linear interval was up to 20 mg l�1. The

detection limits calculated for a signal-to-noise

ratio of 3 were 0.5�/2 mg l�1. These values are

similar to those provided by electrothermal atomic

absorption for these trace elements [24].

To increase the selectivity of Cr(III) determina-

tion, EDTA was added to sample solution or

carrier solution, then the metal�/EDTA complex

was formed before or in the FI system, respec-

tively. Co(II) sensitivity decreased drastically in

the presence of EDTA and the Cu(II) signal

disappeared.

The sensitivity of Cr(III) decreased when EDTA

0.01 mol l�1 was added in carrier, as it can be seen

in Table 5. The addition of the masking agent to

samples provided worse sensitivities similar to that

observed by the use of EDTA 0.01 mol l�1 in

carrier stream.

For batch procedure and in the presence of 3�/

10�3 mol l�1 EDTA, the calibration curves are

shown in Table 6. The selectivity for Cr was three

Table 3

Description of metal mixture solutions for calibration

Name Cr(III) (mg l�1) Co(III) (mg l�1) Cu(III) (mg l�1) Storage procedure Analysis

procedure

EDTA concentration (mol l�1)

c-1 0�/80 0�/80 �/ No acidic Batch 3�/10�3

c-2/c-3 0�/15 100 �/ No acidic/acidic FI 1�/10�2

c-4/c-5 9 0�/200 �/ No acidic/acidic FI 1�/10�2

c-6/c-7 0�/15 4 20 No acidic/acidic FI �/

c-8/c-9 9 0�/8 20 No acidic/acidic FI �/

c-10/c-11 9 4 0�/50 No acidic/acidic FI �/

Table 4

Composition of standard reference material# 1640: fresh water

Element mg kg�1

Certified mass fractions

Aluminum 52.09/1.5

Antimony 13.799/0.42

Arsenic 26.679/0.41

Barium 148.09/2.2

Beryllium 34.949/0.41

Boron 301.19/6.1

Cadmium 22.799/0.96

Chromium 38.69/1.6

Cobalt 20.289/0.31

Iron 34.39/1.6

Lead 27.899/0.14

Manganese 121.59/1.1

Molybdenum 46.759/0.26

Selenium 21.969/0.51

Silver 7.629/0.25

Strontium 124.29/0.7

Vanadium 12.999/ 0.37

Reference mass fractions

Copper 34.39/1.6

Lithium 27.899/0.14

Nickel 27.49/0.8

Potassium 9949/27

Rubidium 2.009/0.02

Zinc 53.29/1.1

Calcium 7.0459/0.089

Magnesium 5.8199/0.056

Silicon 4.739/0.12

Sodium 29.359/0.31

Thallium* B/0.1

* Information mass fraction.
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times higher than for Co as it can be seen in this

table. The batch measurements provided the

following equation: (0.079/0.05)�/(0.309/0.02)cM

(R2�/0.997, syx �/0.07). Comparing both calibra-

tion slopes, the loss of sensitivity of the FI

procedure is about 55%.

3.2. Chemiluminescence signal of samples stored in

HCl

Calibration in acidic conditions was evaluated

with the addition of 5�/10�3 mol l�1 HCl.

Without EDTA, the sensitivities obtained for

Cr(III), Co(II) and Cu(II) were similar to those

obtained in acidified conditions. The presence of

EDTA in carrier solution or sample, as masking

agent, was also studied. Table 7 shows the

calibration parameters for the different calibration

models and experimental conditions.

Sensitivity values achieved were similar to pre-

vious conditions. The detection limits achieved

without EDTA for Cr(III), Co(II) and Cu(II) were

similar to those indicated above. Similar detection

limit was obtained for Cr(III) in presence of

Table 5

Analytical parameters for Cr(III), Co(II) and Cu(II) determination in unacidified samples in FIA

EDTA concentration (mol l�1) Without EDTA EDTA in sample EDTA in KOH carriera EDTA in buffer carrierb

�/

1�/10�2 5�/10�3 1�/10�2 5�/10�3 1�/10�2 5�/10�3

Double logarithmic

Cr(III) log a 1.829/0.06 2.49/1.7 1.59/0.6 2.29/1.5 1.849/0.03 1.99/0.7 2.329/0.03

a 669/9 2479/54 329/4 1639/34 699/5 999/6 2119/16

b 1.329/0.06 0.49/0.1 1.149/0.06 0.659/0.09 1.169/0.03 0.959/0.03 0.929/0.04

R2 0.977 0.7086 0.9846 0.8284 0.9907 0.9926 0.985

n , syx 4, 0.0135 3, 0.208 3, 0.1090 4, 0.202 4, 0.0763 3, 0.0625 4, 0.1466

Co(II) log a 3.09/0.1 �/0.69/1.2 �/0.79/1.7 0.449/0.16 0.89/0.4 1.59/0.7 1.09/0.3

a 10099/121 0.279/0.06 0.219/0.02 2.79/1.0 6.89/2.6 329/5 109/2

b 0.709/0.08 1.539/0.05 1.519/0.02 1.089/0.08 0.829/0.08 0.629/0.03 0.869/0.04

R2 0.8941 0.9919 0.9442 0.9502 0.9112 0.9821 0.9825

n , syx 4, 0.1373 3, 0.0887 3, 0.162 4, 0.1406 4, 0.1466 3, 0.053 4, 0.065

Cu(II) log a 2.459/0.04 �/ �/ �/ �/ �/ �/

a 2659/34 �/ �/ �/ �/ �/ �/

b 0.699/0.04 �/ �/ �/ �/ �/ �/

R2 0.9809 �/ �/ �/ �/ �/ �/

n , syx 4, 0.0682 �/ �/ �/ �/ �/ �/

Linear

Cr(III) b0 1089/77 1159/50 �/99/17 459/49 �/179/32 309/19 69/44

b1 1559/8 519/6 479/2 699/5 1059/3 859/2 1769/4

R2 0.9647 0.8943 0.9816 0.9327 0.9868 0.9937 0.9913

n , syx 5, 172.3 4, 111.6 4, 38.54 5, 110.62 5, 72.47 4, 42.62 5, 97.98

Co(II) b0 2519/190 2.49/23 229/13 �/199/33 199/18 879/31 379/17

b1 5539/39 3.19/0.3 1.89/0.2 4.29/0.3 2.719/0.15 4.19/0.3 4.649/0.12

R2 0.9396 0.9166 0.9606 0.949 0.9604 0.9648 0.9899

n , syx 5, 425.76 3, 43.23 3, 103.35 5, 74.24 5, 41.79 4, 66.78 5, 35.56

Cu(II) b0 989/38 �/ �/ �/ �/ �/ �/

b1 1119/3 �/ �/ �/ �/ �/ �/

R2 0.9972 �/ �/ �/ �/ �/ �/

n , syx 5, 58.61 �/ �/ �/ �/ �/ �/

a 0.02 mol l�1 KOH.
b 0.3 mol l�1 CO3

2�/HCO3
� (pH 10.8).
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EDTA, Cu(II) was not detected and Co(II)

increases its detection limit up to around 50 mg

l�1.

The sensitivities obtained for Cr and Co by the

batch mode were 0.898 and 0.35, respectively.

These values were similar to those reported in

Table 6 for unacidified samples.

3.3. Chemiluminescence signal of samples stored in

HNO3

Chemiluminescence emission was studied in

drastic acidic conditions (0.5 mol l�1 HNO3).

Table 8 shows the calibration parameters in

conditions without EDTA addition obtained by FI

procedure. The sensitivities achieved for the three

trace elements, Cr(III), Co(II) and Cu(II), were

worse than those obtained in the two previously

studied conditions without EDTA addition. How-

ever, the slope value for Cr(III) was similar to that

obtained in unacidified or HCl acidified standards

when 0.01 mol l�1 EDTA was used. The detection

limits achieved calculated for a signal-to-noise

ratio of 3, are 3, 3.5 and 10 mg l�1 for Cr, Co

and Cu, respectively.

For batch procedure, neutralisation of sample

was required. The best results were obtained using

0.2272 mol l�1 Na2CO3 considering a dilution 7/

10 for samples. The Cr and Co chemiluminescence

signals are given in Fig. 1. The calibration curves

were (�/0.49/0.2)�/(0.389/0.01)cCr (R2�/0.99,

syx �/1.5) and (�/0.29/0.2)�/(0.549/0.01)cCo

(R2�/0.99, syx �/0.1).

3.4. Applicability

Fig. 2 shows the signal obtained for the different

studied conditions using the FI method. The

chemiluminescence signal for each metal was

function on sample storage procedure and the

presence of masking agent, although the influence
was low for Cr. Specificity of chromium determi-

nation can be achieved adding EDTA. No neu-

tralisation was needed to process the samples

stored in the different options tested when the FI

method is used for Cr(III) determination. The

batch mode requires the addition of Na2CO3 when

the samples were stored in acidic conditions.

Choosing the experimental conditions, the deter-
mination can be selective enough for Cr(III) or Cr,

Co and Ni could be totally evaluated.

Different experiences were performed in order

to study the total chemiluminescence signal. The

aim was to check the additivity of signals in

different sample conditions. Binary and ternary

mixtures of the three metals stored in no acidic and

acidic conditions were analysed by the FI method
(Table 2).

Fig. 3 shows the obtained signal recovery

percentage. It can be seen that the metal mixture

can be calculated as sum of individual signals.

A 52 experimental design of standard mixtures

was evaluated for the batch mode. A t -test showed

Table 6

Analytical parameters for unacidified standards by batch procedure

Metal Metal added b09/sb0 b19/sb1 syx R2 n

Cr �/ 0.39/0.6 0.759/0.05 1.2 0.97 8

Co �/ �/0.29/0.7 0.249/0.01 0.9 0.99 5

Co �/ �/0.29/1 0.279/0.01 3 0.99 8

Co �/ �/0.29/0.6 0.269/0.01 0.8 0.996 4

Cr 80 mg l�1 Co 199/3 0.859/0.11 3 0.98 3

Cr 100 mg l�1 Co 30.59/0.3 0.779/0.02 0.3 0.999 3

Cr 200 mg l�1 Co 53.19/0.8 0.689/0.16 3 0.95 3

Co 10 mg l�1 Cr 79/2 0.329/0.02 4 0.98 6

Co 20 mg l�1 Cr 169/2 0.269/0.02 3 0.98 5

Co 20 mg l�1 Cr 159/2 0.249/0.04 2 0.97 3

Co 40 mg l�1 Cr 399/3 0.239/0.04 3 0.94 4
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the slopes of the different Cr(III) calibration

curves obtained in the presence of different

Co(II) concentrations were similar at confidence

level of 95%. The same results were calculated for

the slope comparison of different Co(II) calibra-

tion curves obtained in the presence of different

Cr(III) concentrations. Some of those calibration

equations are given in Table 6. The slope values

for the mixtures were similar to those obtained

when the trace element was alone. Then, the total

signal could be considered as the sum of the

Cr(III) and Co(II) signals.

Similar studies were performed for calibration

mixtures measured according to FI procedure

(Table 7). In all cases, t -test showed that there

was no significant difference between calibration

slopes at 95% confidence interval.

The standard material reference SRM# 1640

was studied. Trace element mineral water sample

was conserved in 0.5 mol l�1 HNO3 conditions.

The contents of metals are given in Table 2. The

analytical signal obtained by the batch mode

appears in Fig. 1. Na2CO3 was added to the

standard reference material. Signal of certified

Table 7

Analytical parameters for Cr(III), Co(II) and Cu(III) determination in samples acidified with HCl in FIA

EDTA concentration (mol l�1) Without EDTA EDTA in sample EDTA�/KOH carriera EDTA in buffer carrierb

1�/10�2 5�/10�3 5�/10�3 1�/10�2 5�/10�3

Double logarithmic

Cr(III) log a 2.319/0.02 1.29/0.3 1.39/0.5 2.19/1.1 2.19/0.9 2.59/1.6

a 2039/8 189/2 229/3 1299/13 1449/9 3349/39

b 0.889/0.02 1.439/0.05 1.509/0.06 0.899/0.04 0.899/0.03 0.789/0.05

R2 0.9958 0.9913 0.9870 0.9747 0.9914 0.9574

n , syx 4, 0.0383 3, 0.217 3, 0.1312 4, 0.0979 4, 0.0628 4, 0.1122

Co(II) log a 2.999/0.03 1.09/0.7 �/(0.89/1.4) 0.79/0.6 0.99/0.2 1.49/0.3

a 9769/78 119/5 0.179/0.04 69/4 99/1 259/2

b 0.819/0.05 1.049/0.09 1.639/0.06 1.149/0.15 0.889/0.02 0.7189/0.017

R2 0.9621 0.9442 0.9914 0.8595 0.9948 0.9939

n , syx 4, 0.0916 3, 0.162 3,0.0972 4, 0.263 4, 0.041 4, 0.0319

Cu(II) log a 3.069/0.04 �/ �/ �/ �/ �/

a 12769/146 �/ �/ �/ �/ �/

b 0.309/0.03 �/ �/ �/ �/ �/

R2 0.8783 �/ �/ �/ �/ �/

n , syx 4, 0.0744 �/ �/ �/ �/ �/

Linear

Cr(III) b0 719/30 �/159/22 �/809/56 699/48 399/19 1539/137

b1 1449/3 549/3 909/6 939/5 1069/2 1849/14

R2 0.9938 0.9773 0.9528 0.9629 0.9963 0.9368

n , syx 5, 68.16 4, 49.72 4, 126.41 5, 108.95 4, 42.82 5, 275.59

Co(II) b0 3749/184 799/55 �/109/26 839/41 319/9 669/12

b1 6139/37 11.19/0.8 3.49/0.4 9.69/0.6 5.339/0.13 6.559/0.18

R2 0.85354 0.9606 0.9095 0.9701 0.9955 0.9953

n , syx 5, 411.12 3, 103.35 3, 49.57 3, 77.97 3, 16.56 3, 20.27

Cu(II) b0 4839/389 �/ �/ �/ �/ �/

b1 1319/27 �/ �/ �/ �/ �/

R2 0.8185 �/ �/ �/ �/ �/

n , syx 3, 606.64 �/ �/ �/ �/ �/

a 0.02 mol l�1 KOH.
b 0.3 mol l�1 CO3

2�/HCO3
� (pH 10.8).
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standard and standard mixtures of Cr and Co

reproducing the contents of SRM# 1640 was

compared. Good signal recovery percentages

were obtained as it can be seen in Fig. 3. Then,

only the signals of the two elements contributed to

the total analytical signal. Mainly the signal

corresponded to Cr because the Co content con-
sidering a dilution 7/10 is near to detection limit.

By the FI mode, it was possible to quantify only

Cr by adding 0.01 mol l�1 EDTA or the total

contribution of the Cr, Co and Cu in the sample.

To determine Cr, it was possible to use standards

in acidic or non-acidic conditions in order to

process samples stored in different conditions. It

can be observed from the corresponding sensitivity
values and the results for SRM# 1640 (diluted 6.4

times) given in Fig. 4. Without EDTA, standards

and samples must be in the same conditions in

order to obtain accurate estimations. Fig. 4 shows

that the same results were obtained for SRM#

1640 and a mixture of Cr, Co and Cu prepared in

HNO3.

4. Conclusions

A study of chemiluminescence signal has been

performed for different sample storage procedures.

Table 8

Analytical parameters for Cr(III), Co(II) and Cu(III) determi-

nation in samples acidified with HNO3 in FIA

Cr(III) Co(II) Cu(II)

Double logarithmic

log a 2.69/1.6 2.89/1.6 2.69/1.6

a 4559/44 6789/43 3679/38

b 0.399/0.05 0.359/0.04 0.269/0.03

R2 0.8799 0.8816 0.9143

n , syx 4, 0.0932 4, 0.0733 3, 0.040

Linear

b0 5139/29 4849/48 5799/15

b1 609/3 1309/10 9.19/0.5

R2 0.9619 0.9296 0.9717

n , syx 5, 66.33 5, 108.63 4, 31.80

Fig. 1. Cr and Co chemiluminescence signals in batch mode.
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Moreover, a parallel study of selectivity has been

carried out. Calibration models of each storage

protocol have been calculated in order to evaluate

the influence of each storage protocol. Recovery

studies have showed the signal additivity for

different conditions. Selectivity, accuracy and

precision also have been checked using a standard

reference material.

A guideline for metal determination based on

chemiluminescence signal has been proposed. The

conditioning procedure of samples and standards

should be chosen according to sampling strategy,

analysis objectives (uni- or multi-element) and

storage needs. Therefore, chemiluminescence

methods by batch and FI modes can be applied

for natural water stored in different conditions

successfully.

When EDTA is present, it is possible the

selective analysis of Cr(III) in natural water. The

determination of Cr(III) is not dependent on the

storage protocol working with the FI method.

Then, it is possible to use standards prepared in

water for processing of samples stored at different

conditions, if 0.01 mol l�1 EDTA is employed as

carrier. When batch mode is chosen, sample pH

must be controlled adding Na2CO3.

Fig. 2. Slope of linear regression for different experimental conditions: (1) without conditioning; (2) 5�/10�3 HCl; (3) 0.5 HNO3; (4)

10�2 EDTA; (5) 1�/10�2 EDTA and 5�/10�3 HCl; (6) 5�/10�3 EDTA; (7) 5�/10�3 EDTA and 5�/10�3 HCl; (8) 10�2 EDTA

(carrier) in KOH; (9) 10�2 EDTA (carrier) buffered; (10) 5�/10�3 EDTA (carrier), in KOH; (11) 5�/10�3 EDTA (carrier), buffered;

(12) 10�2 EDTA (carrier) buffered and 5�/10�3 HCl; (13) 5�/10�3 EDTA (carrier) in KOH and 5�/10�3 HCl; (14) 5�/10�3 EDTA

(carrier) buffered and 5�/10�3 HCl. Concentration unit: mol l�1.

Fig. 3. Signal recovery percentages for different metal mixture solutions. Error bars represent 3s from triplicate measurement.
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