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ABSTRACT

A simple and rapid and portable flow injection method is reported for
the determination of  Co(II) in fresh waters based on luminol CL detec-
tion in the absence of added oxidant. The detection limit (3s) was 0.1
nM with a sample throughput 60 h-1. Under the optimum conditions the
method provided a linear range for Co(II) between 1.0 - 10 nM
(r2=0.9986) with relative standard deviations (R.S.D) (n = 4) in the range
1.2 - 2.1%. The effect of interfering cations (Na+, Ca(II), Mg (II) ,
Zn(II), Cu(II), Fe(II), Fe(III) and anions (Cl-, SO4

2-, PO4
3-,NO3

-,NO2
-)

were studied on luminol CL system for Co(II) determination. The method
was applied to spiked fresh water samples and the satisfactory recover-
ies were obtained (97±0.10% - 105±0.10%).            2007 Trade
Science Inc. - INDIA
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INTRODUCTION

Cobalt is an essential micronutrient for aquatic
organism e.g, it acts as a cofactor in the vitamin B12
complex and is an essential element in some
metalloproteins. The oceanic concentrations of  co-
balt are extremely low and it has been suggested that
the element may act as a co-limiting nutrient for
marine phytoplanktons[1]. Cobalt is known to accu-

mulate in manganese nodules. It is only toxic to
plants and mammals at relatively high concentrations
(>17 uM) which are rarely observed in the aquatic
environment[2].

Cobalt is not a high reactive metal and is stable
in air at normal temperature. It reacts with most or-
ganic and inorganic acids to form simple cobalt salts.
Cobalt has major uses in petrochemicals and plastic
industries as both hetero and homogenous catalyst.
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The cobalt available to all living organisms must have
its origin in rocks and minerals.

The pollution of water with transition metals has
increased dramatically in recent years as a conse-
quence of  the expansion of  industrial activities. Tran-
sition metal ions are toxic when their concentration
in water exceeds certain levels. Therefore, a rapid
and convenient method for their simultaneous analy-
sis in natural water samples has attracted much at-
tention.

Chemiluminescence is the production of light by
a chemical reaction in solution CL has many analyti-
cal applications[3] and the advantage of CL include
high sensitivity, a wide linear dynamic range and
simple instrumentation. For analytical applications
the rapid and transient nature of solution phase CL
emission requires a rapid and reproducible mixing
of sample and reagent for which FI is well suited[3,4].

CL reactions are oxidative involving a range of
organic molecules[5]. The best known of these being
luminol (5-amino, 2,3-dihydrophthaline-1,4-dione).
The chemiluminescent oxidation of luminol to 3-
aminophthalate with blue light emission (425 nm)
by hydrogen peroxide, oxygen, hypochlorite, perman-
ganate or perchlorate in an alkaline medium (pH 10-
11) was reported in 1928[6]. The reaction catalyzed
by enzyme such as peroxidase and by number of di-
valent ions such as Cu(II), Co(II), Mn(II) and Fe(II)
or ferricynide is practically efficient[7] e.g Burguera
et al.[8] reported a flow injection CL method for the
determination of  Co(II) and sulfide, detection limit
for Co(II) were 0.1 and 0.6 pg with a 10 and 100 uL
sample loops, respectively. The relative standard
deviation for 1 ng of cobalt was 1.5% (n=5). Olsson
used a micrperoxidase-catalyzed luminol reaction to
determine hydrogen peroxide[9].

Commonly used laboratory techniques for sub-
nanomolar Co and Fe determination include electro
thermal atomic absorption spectrometry (ETAAS)
following filtration and extractive complexation[10]

and inductively coupled plasma mass spectrometry
(ICP-MS)[11]. ICP-MS and ETAAS are impractical
because the instrumentation is bulky, expensive and
sensitive and the preferred methods for Co and Fe
are based on voltametry[12,14], catalytic spectropho-
tometry[15] and flow injection with liquid phase

Chemiluminescence detection (FI-CL)[16-24] There is
a need, however to develop a portable, onboard ana-
lytical methods owing to the problems of sample in-
stability and contamination during transport and stor-
age.

In the present work we describe a simple, por-
table FI-CL method for the rapid and selective de-
termination of  Co by its catalytic effect on the oxi-
dation of luminol in the absence of added oxidant[25]

in fresh waters.

EXPERIMENTAL

Reagents
All plastic ware used during the experiments and

for storage of reagents and standards was precleaned
with 20% HCl for a week, thoroughly rinsed with
deionised water, stored in plastic bags to prevent
contamination and used as required. All chemicals
were of analytical-reagent grade, supplied by Merck
BDH, England, unless stated otherwise. A Co(II)
stock (0.001 M) was prepared by dissolving 0.0291
g of Co(II) NO3. 6H2O in 100 ml of HCl solution
(0.1 M) and subsequent standards were prepared
daily by serial dilution of the stock with HCl solu-
tion (0.03 M). Luminol (5-amino-2,3-dihydro-1,4-
phthalazinedione, Sigma) stock solution (0.01 M) was
prepared by dissolving 0.177 g in dilute sodium hy-
droxide solution followed by sonicating for 30 min.
A working luminol solution was prepared by dilut-
ing the required volume in borate solution (0.1 M)
and adjusting to pH 12 with sodium hydroxide solu-
tion. Standard solutions (1000 mg L-1) of Na+, Ca(II),
Mg (II), Zn(II), Cu(II), Mn(II), Fe(II), Fe(III) were
prepared in HCl solution (0.1 M) and NO3

-, NO2
-

and SO4
2- and PO4

3- were prepared in water and sub-
sequent standards of each covering the range re-
quired were by serial dilution of the stock solutions
with HCl solution (0.03 M).

Instrumentation and procedure
The flow injection chemiluminescence manifold

used for this study is shown in figure 1. A peristaltic
pump (four channels, Ismatic, Switzerland) was used
to propel the sample and reagent solutions at a flow
rate of 1.3 mL/min. A rotary injection valve
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(Rheodyne 5020, UK) was used to inject Co(II) stan-
dards (60 µL) into the HCl (0.03M) stream and was
merged at a T-piece with the CL reagent stream. The
merged streams passes through a home-built U-
shaped glass flow cell (2.5 x 55 mm, volume., 270
µL) placed directly in front of a side window photo-
multiplier tube (Biolumate junior, LB 9509, Berthold
Technology, Germany) This instrument counts the
photon generated in given period of time and dis-
play the result on the screen as relative light units
(RLU). At the time of sample injection the start but-
ton is pressed and 30 sec is given to allow the steams
to merge and produce light in front of the PMT and
recorded as RLU. The whole instrument is battery
powered and portable, can be used easily onsite.

RESULTS AND DISCUSSIONS

Optimization of FI manifold
 The experimental conditions for the determina-

tion of Co(II) using luminol CL system, various pa-
rameters were investigated including buffer pH, re-
agent concentrations, sample volume and reagent
flow rates. A univariate strategy was adopted in or-
der to understand the effect of each variable on the
reaction chemistry and system response. All these
studies were performed with 0.1 µM Co(II) solution.

The efficiency of luminol chemiluminescence is
particularly dependent on reaction conditions. In the
proposed FI-CL system, borate buffer pH was in-
vestigated in the range of 10 - 13. Maximum CL
emission was observed at pH 12.0 (TABLE 1). So-
dium hydroxide solution of different concentrations
was also characterized to check the response of
luminol (1.0 µM) for cobalt determination. Maximum
CL signal was observed at 0.1 M sodium hydroxide,
but this CL signal was lower (50 - 60%) as compared
to borate buffer (pH 12). Therefore borate buffer
(0.1 M, pH 12) was selected and used for subsequent
studies. The effect of  luminol concentration was then
studied over the range 0.001 - 10 µM using the opti-
mized borate buffer (0.1 M, pH 12) (TABLE 1) CL
signal increased up to 10 µM. At 10 µM concentra-
tion of luminol, non-reproducible CL signals with
high blank values were observed and therefore 1.0
µM, luminol concentration was selected for further
studies. The effect of  HCl on the determination of
cobalt was investigated in the range 0.1 - 0.005 M.
There was an increase in CL response up to 0.03 M
was observed and further increase in HCl concen-
tration reduced the signals. Therefore, 0.03 M HCl
was used as a sample carrier stream.

The effect of flow rate on luminol CL intensity
and reagent streams was studied over the range 0.6 -
1.5 mL min-1 in terms of  CL response, speed of  analy-
sis and reagent consumption. At a flow rate of 1.3
mL min-1 (used for all subsequent experiments), maxi-
mum CL intensity was observed with a steady and
reproducible background (TABLE 1). The effect of
the sample volume on CL response was studied in
the range of 30 - 150 uL. Maximum CL response
was obtained at 60 uL (TABLE 1) and was used for
all further studies.
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Figure 1: Flow injection chemiluminescence (FI-
CL) manifold for the determination of  Co(II)

TABLE 1: Ranges investigated and optimized con-
ditions for FI-CL manifold parameters (n=4)

Parameter Range Optimized 
Borate buffer (0.1M) PH 10-13 12 
HCI (M) 0.1-0.05 0.03 
Luminol(M) 1 × 10-9-1 × 10-4 1 × 10-6 
Flow rate (mL min-1) 0.6-1.5 1.3 
Injection volume (µL) 30-150 60 
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Analytical figures of merit
Under the optimized conditions, a calibration

graph of CL intensity versus Co(II) over the range
of 1.0 - 10.0 nM was obtained as shown in figure 2.
The correlation coefficient (r2) was 0.9986 (n = 6)
and the regression equation was y = 141.4x + 178.78
[y = CL response (RLU), x = concentration (nM)].
The limit of detection was 0.1 nM Co(II) with a
sample throughput 60 h-1.

Interferences
The influence of foreign species was investigated

by analyzing a standard mixture solution of 1 x 10-8

M Co(II), to which the amount of interfering species
were added, such as Na+, Ca(II), Mg(II), Zn(II), Pb
(II), Cu(II), Fe(II), Fe(III), NO3

-, NO2
-, SO4

2- and PO4
3-

. Tolerable limit of  foreign species was taken as rela-
tive error not greater than 5%. The experimental re-
sults showed that, Fe(II), Fe(III), Cu(II) were main
cationic interferences. And other common species
such as Na+, Ca (II), Mg(II), Zn(II), Pb (II), SO4

2-,
PO4

3- and NO3
-, NO2

-, had no effects under the con-
centration range present in fresh waters. The con-
centration of  Fe(III) and Fe(II) and Cu(II) found to
be low in fresh waters samples (Cu(II) 1.5 x 10-9 M,
Fe(II) 1.1 x 10-8M by graphite furnace atomic absorp-
tion spectrometry reference method). Therefore do
not interfere.
Application to water samples

Samples were collected from three different
sources, filtered through a membrane filter of 0.45-
µm pore size, adjusted the concentration to 0.03M

HCl, spiked with Co(II), analyzed by the recom-
mended procedure. As shown in TABLE 2, all
samples analyzed provide satisfactory recoveries.

CONCLUSION

The proposed FI-CL method for Co(II) determi-
nation is simple and cheap and portable as compared
to atomic absorption spectroscopy and ICP-MS
methods described in the literature. The method de-
scribed is rapid (60 h-1 sample throughput) with a
limit of detection of 0.1 nM. The method is based
on enhancement of the luminol CL reaction with no
added oxidant and does not need a preconcentration
column. The method was applied to water samples
with satisfactory results.
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Figure  2: Calibration graph for the determination
of Co(II)

TABLE 2: Measurement of  Co(II) in fresh waters
samples

Sample No. Added (nM) Recovery (%) 
A. 5 98.1 
 10 104.2 

B. 4 99.1 
 8 102.1 

C. 3 98.5 
 9 105.1 

D. 7 103.6 
 15 104.9 
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