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ABSTRACT 

A method for the simultaneous determination of pg/l or sub-&l levels of cadmium and lead in sea water by chelation ion chromatog- 
raphy is demonstrated. The method consists in the preconcentration of a sea-water sample containing cadmium and lead on an 
iminodiacetate chelating resin; alkali and alkaline earth metals are removed from the resin with an ammonium acetate buffer, the metals 
are eluted and separated by cation-exchange chromatography, followed by postcolumn derivatization with 4-(2-pyridylazo)resorcinol 
and spectrophotometric detection at 520 nm. The concentration and separation steps are automated. The detection limit, when 
concentrating 200 ml of sea water, was found to be 2 ng for cadmium and 6 ng for lead. Relative standard deviations of 4.5% and 6.8% 
for 10 pg/l of cadmium and lead, respectively, were obtained. Transition metals (Fe, Co, Ni, Zn, Cu, Mn) do not interfere in the 
analysis. An application of the method to the determination of cadmium and lead in sea-water samples collected in the Taranto gulf 
(Italy) is presented. 

INTRODUCTION 

The determination of trace elements, particularly 
heavy metals, in real matrices has received increas- 
ing attention in recent years. The use of fertilizers, 
pesticides, coal and oil in combustion processes and, 
most significantly, the wide use of metals in a variety 
of industries has resulted in a significant increase of 
their concentration in the environment. 

Among heavy metals, cadmium and lead have 
special importance from the ecotoxicological point 
of view, both for the high toxicity of their com- 
pounds and their accumulation in various orga- 
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nisms [l-4]. The concentrations of both metals in sea 
water are usually in the range of fig/l or less. 
Different techniques have been developed for trace 
level determinations of cadmium and lead in sea 
water; in particular, anodic stripping voltammetry 
(ASV) [5,6], also coupled to flow-injection analysis 
[I, HPLC [8] and preconcentration techniques 
coupled to flow-injection atomic absorption spec- 
trometry (AAS) [9] or to inductively coupled plasma 
mass spectrometry (ICP-MS) [lo] have been used. 

Direct determination of metals is highly desirable 
as it entails minimum sample handling and pretreat- 
ment, thereby minimizing the risk of contamination 
and, more important, eliminating the reagent blank 
common to all chemical pretreatment methods. In 
sea water low concentration levels of cadmium and 
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lead are associated with high concentrations of 
alkali and alkaline earth metals, whose presence 
produces interferences due to matrix effects, making 
direct analysis difficult. For the determination of 
trace metals in complex matrices it is therefore 
necessary to implement preconcentration followed 
by a separation step. This procedure is useful in 
order to obtain both an increase in detectability of 
analytes and to minimize matrix interferences. 

In the preconcentration step, metals are generally 
complexed by chelating agents; metal complex sepa- 
ration can be effected by solvent extraction [ 1 l] or by 
precipitation [ 121. The chelating agent could be in an 
immobilized form in a resin and packed in a 
chromatographic column. Metals can be released 
eiher by digesting the resin with acid [13] or by 
changing the ionic form of the resin. 

The properties of iminodiacetate chelating resins 
such as Chelex-100 are well known [14-281. King- 
ston et al. [24] studied the use of Chelex-100 in 
sea-water analysis, introducing a preliminary sepa- 
ration of alkali and alkaline earth elements collected 
on the column by stripping with 1 M ammonium 
acetate at pH 5.2. Cadmium and lead recoveries 
from sea water were higher than 90% at pg/l levels; 
the recovery values are influenced by pH and they 
are quantitative only in the narrow pH range 
4.7-5.5. Using these resins, preconcentration meth- 
ods and the separation of the saline matrix were 
reliable [29-311 and allowed enrichment factors of 
> 100 [32]. 

Chelex-100 resin has been used in the batch mode 
for preconcentration and matrix elimination prior to 
graphite furnace AAS [24,29], ICP atomic emission 
spectrometry (AES) [32,33] and neutron activation 
analysis [31]. Recently, different workers have im- 
plemented an automated on-line column preconcen- 
tration for flow-injection AAS [34-361. Many at- 
tempts to improve metal retention on Chelex-100 
chelating resin have been made by decreasing the 
flow-rate [15], adjusting the resin size and packing in 
different acidic and basic solutions [24] and lowering 
the ammonium acetate concentration to avoid metal 
loss during the matrix elimination step [35]. The 
slight improvements observed were not considered 
adequate to enhance the accuracy of analysis. Char- 
acteristically, the resin volume changes substantially 
in acidic and basic solutions owing to its low 
cross-linked (gel-type) microporous poly(styrene- 

divinylbenzene) (PS-DVB) supporting polymer. It 
was concluded that the low recovery of metal ions 
from Chelex-100 resin [36,37] was caused by phys- 
ical degradation of the resin under pressures greater 
than 0.69 MPa. This causes a series of problems in 
the use of these columns in automatic preconcentra- 
tion systems. 

Recently, such problems have been solved with 
the development of a highly cross-linked macropor- 
ous PS-DVB-based resin with iminodiacetate func- 
tional groups [38]. This resin was used to prepare a 
MetPac-CC1 column, which gave the best results in 
automatic preconcentration systems from aqueous 
matrices coupled on-line to ion chromatography, 
ICP-AES and ICP-MS. In recent years ion-exchange 
chromatographic techniques have been developed 
for environmental application [39] and in particular 
in the separation and detection of metals [38,40]. Ion 
chromatographic techniques with spectrophoto- 
metric detection after postcolumn derivatization 
with a chromogenic ligand, coupled on-line with 
preconcentration by chelation, allowed the determi- 
nation of trace levels of transition metal and lantha- 
nides in complex matrices. For transition metals the 
metallochromic indicator most often used is 4-(2- 
pyridylazo)resorcinol (PAR) [41-43]. PAR-metal 
complexes show relatively high molar absortivities 
( > 20 000) in the range 500-540 nm and a relatively 
low background absorbance at the same wave- 
lengths. 

This paper describes an automated chelation 
ion-exchange chromatographic system followed by 
postcolumn derivatization and spectrophotometric 
detection for the simultaneous determination of 
trace levels of cadmium and lead in sea water. In 
particular, we discuss the preconcentration of cad- 
mium and lead present in sea water on highly cross- 
linked iminodiacetate chelating resin and the use of 
cation-exchange chromatography for the separation 
of the metals. Selectivity, interferences, linear dy- 
namic range and detection limits of the technique are 
also discussed. 

EXPERIMENTAL 

Instrumentation 
A metal-free high-pressure ion chromatographic 

(IC) system including one gradient pump (GPM, 
4500i series), two single reciprocating piston pumps 
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(DQP) and a pressurized postcolumn reagent deliv- 
ery module (RDM) (Dionex, Sunnyvale, CA, USA) 
was used. The gradient pump was employed for 
delivering different reagents during the matrix elimi- 
nation, metal elution and chelating column recondi- 
tioning steps. One DQP pump was used for sample 
preconcentration on a MetPac CC-l column, and 
the other DQP pump, equipped with a pulse damp- 
er, was used to deliver eluent through the analytical 
column. Two air-activated metal-free slider valves 
were used for switching reagents, sample, pumps 
and columns. The eluent and postcolumn reagent 
solution were mixed with the aid of a low-dead- 
volume T-piece, positioned at the exit of the analyti- 
cal column, followed by a packed-bed reaction coil. 
A VDM UV-Vis detector (Dionex) was used for 
metal detection. Traces of metals in the chromato- 
graphic system were removed by flushing all flow 
paths, pumps, valves and columns with 0.2 M oxalic 
acid for 3 h at 1 ml/min, followed by rinsing with 
deionized water. After column removal, the flow 
path was washed with 6 M HN03 for 3 h at 1 ml/ 
min, followed by rinsing with deionized water. Data 
manipulation and the operation of all components 
in the system were controlled by AI-450 chromato- 
graphic software (Dionex) interfaced via an Ad- 
vanced Controller Interface (ACI; Dionex) to a 
Model 80386-based computer (Olivetti, Ivrea, Italy). 

Fig. 1 shows a flow diagram of the automated 
chelation ion chromatographic system. The pro- 
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gramming of time and events for columns, valves 
and reagent switching is outlined in Table I. 

A PAR 384 B polarographic analyser (Princeton 
Applied Research, Princeton, NJ, USA) equipped 
with a mercury electrode (Model 303 SMDE) was 
used for cadmium and lead determination in sea- 
water samples by differential-pulse anodic stripping 
voltammetry (DPASV). 

Reagents and standards 
Potassium chloride, potassium sulphate, potas- 

sium nitrate and oxalic acid were of analytical-re- 
agent grade (Novachimica, Milan, Italy) and hydro- 
chloric acid, sulphuric acid, nitric acid, ammonia 
solution and acetic acid were of Ultrex grade (J. T. 
Baker, Phillipsburg, NJ, USA). 4-(ZPyridylazo)re- 
sorcinol (PAR) of analytical-reagent grade was 
obtained from Aldrich (Milwaukee, WI, USA). A 
2 M ammonium acetate solution (pH 5.5 f 0.1) was 
prepared from ultrapure acetic acid and ammonia 
solution. All reagents and standards were prepared 
daily with ultra-pure deionized water (< 0.1 $S at 
25°C) obtained by treating doubly distilled water in 
a Mill&Q system (Millipore, Milford, MA, USA). 
Working standard solutions were prepared by serial 
dilution of a stock standard solution containing 
1000 mg/l of Cd(II), Pb(II), Fe(II), Mn(II), Co(II), 
Ni(II), Zn (II) and Cu(I1) (BDH, Poole, UK). 

All standard, samples and reagents were stored in 
polyethylene bottles cleaned and conditioned fol- 
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Fig. 1. flow diagram of IC. 
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TABLE I 
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CHELATION IC PROGRAMME FOR CONCENTRATING 20-ml SEA-WATER SAMPLES 

Time 
(min) 

Sample” Acetate* WateP Eluent’ V5d Event 

0.0 0 
2.0 0 
2.1 0 
2.9 0 
3.0 1 

11.0 1 
11.1 0 
11.4 0 
11.5 0 

Start MetPac conditioning 
End MetPac conditioning 
Start acetate elimination 
End acetate elimination 
Load sample on MetPac 
Sample loaded 
Start matrix elimination 
Matrix eliminated 
Injection 

’ Flow-rate 2.5 ml/min. 
b Flow-rate 3 ml/min. 
’ Flow-rate 1 ml/min. 
d l=On; O=off. 

lowing suggested procedures for trace element deter- 
mination [44,45]. 

Eluen t 
The final choice for the chromatographic eluent 

was 0.075 M HzS04-0.1 M HC1-0.1 M KCl. The 
eluent flow-rate was 1 ml/min. 

Postcolumn reagent 
The postcolumn reagent (PCR) solution consisted 

of 0.3 mM PAR in 1 .O M 2-dimethylaminoethanol- 
0.5 M ammonia solution-O.5 M sodium hydrogen- 
carbonate buffer. The solution was filtered through 
a 0.45~pm filter before use. The chromatographic 
response (peak area) was found to be dependent on 
the PAR flow-rate. Excellent linearity was obtained 
in the range 0.2-0.5 ml/min. The PCR flow-rate was 
finally set to 0.5 ml/min. The detector wavelength 
was set at 520 nm. 

Columns Chelation ion chromatography 
Preconcentration and matrix elimination were The complete chromatographic procedure for 

carried out on a MetPac-CC1 (Dionex) column sample preconcentration, matrix elimination and 
(50 mm x 4 mm I.D.) packed with a styrene-based separation can be described as follows: (1) the 
macroporous 12% cross-linked iminodiacetate- MetPac-CC1 column was activated with 2 M am- 
functionalized chelating resin. The particle size was monium acetate; (2) sample buffered at pH 5.5 was 
20 ,um and the capacity of the resin was about loaded on to the MetPac-CC1 column; (3) alkali and 
0.9 mequiv. Cu(II)/g. The separations were carried alkaline-earth metals in the sample were washed off 
out on a IonPac CSlO (Dionex) column (250 mm x the MetPac-CC1 column with ammonium acetate; 

4 mm I.D.) packed with 8.5~pm solvent-compatible 
PSDVB substrate agglomerated with 175~nm cat; 
ion-exchange latex for a total ion-exchange capacity 
of 80 pequiv. per column. 

Sea-water sampling 
Surface sea-water samples (l-2 m depth) were 

collected using a Niskin bottle from the Taranto gulf 
(Ionian Sea, Italy). Samples were filtered immedi- 
ately after collection by vacuum filtration through 
glass-fibre filters (GF/F grade, diameter 47 mm, 
nominal pore size 0.7 pm) and preserved by the 
addition of ultra-clean concentrated hydrochloric 
acid (1 ml/l). The samples were immediately frozen 
at -4°C using polypropylene bottles for storage. 
Before analysis, acidified samples were buffered 
with 2 M ammonium acetate (pH 5.5). 

RESULTS AND DISCUSSION 
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(4) ammonium acetate remaining on the chelating 
column was washed off with deionized water; (5) the 
MetPac-CC1 column was switched to the eluent line 
and metals concentrated on the resin was then 
injected into the chromatographic system for sepa- 
ration; (6) after separation, PAR, added postcol- 
umn, formed derivatives of metals that were detect- 
ed by a spectrophotometric detector. A schematic 
diagram for automated chelation IC is shown in 
Fig. 1 and the chelation IC programme is described 
in Table I. 

Preconcentration on MetPac-CC1 column 
MetPac-CC1 has a highly cross-linked polymeric 

backbone compared with the Chelex-100 resin type 
[38]. Because of this characteristic, both the physical 
and mechanical properties remain stable over a wide 
range of pH values and ionic strengths. 

In the preconcentration of transition metals it has 
been demonstrated that the recovery is independent 
of both the flow-rate used for sample loading on to 
the resin and 2 M ammonium acetate flow-rate [38]. 
Usually the complete elution of Cd(I1) and Pb(I1) 
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from an iminodiacetate resin such as Chelex-100 was 
obtained by using a strong acid (HNOJ) or a 
complexing agents such as 0.0025 A4 EDTA at pH 8 

[461. 
In this work the same eluent as used for the ion 

chromatographic separation of metals was used to 
elute them from chelating resin. With these restric- 
tions it was necessary to evaluate how the acidic 
eluent used for separation could be used for the 
quantitative elution of metals from the iminodiace- 
tate resin. The types of acids and counter ions 
chosen must be compatible with the following 
chromatographic separation. 

In Fig. 2 are shown the different elution profiles of 
cadmium and lead from the MetPac-CC1 column 
obtained with different acidic solutions. The result- 
ing chromatograms show that elution is more effi- 
cient at higher acidity. The best results, correspond- 
ing to complete elution of metals in a smaller 
volume, can be achieved with 0.5 M HNOJ, which 
was found not to be useful for the desired ion 
chromatographic separation. Different mixtures of 
sulphuric and hydrochloric acid and potassium 

Fig. 2. Elution profile of Cd (500 ng) and Pb (500 ng) from MetPac-CC1 column using different eluents. Flow-rate, 1 ml/min; detection, 
absorbance (520 nm) after postcohmm derivatization with 0.3 m&f PAR in 1 .O M 2dimethylaminoethanol-O.5 M ammonia solution- 
0.5 M sodium hydrogencarbonate buffer. (a) 0.075 MH,SO.&05 M HCl-O.1 MKCI; (b) 0.075 MHzS04-0.05 M HCl-0.15 MKCl; (c) 
0.075 M H,SO,-O.l M HC14.1 M KCI; (d) 0.5 M HNO&.l M KCl. 
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chloride elute metals in a larger volume than nitric 
acid, but in a volume small enough for our purposes. 
The elution volume for 500 ng of Cd and Pb, 
concentrated on the MetPac-CC1 column, using the 
same eluent of chromatographic separation at a 
flow-rate of 1 ml/min was 2.5 ml, as shown in Fig. 2. 

In addition to the acidity effect, the effects of 
complexing agents such as chloride must also be 
considered. The formation of chloro-metal com- 
plexes contributes to decreasing the elution volume 
of cadmium and lead from the chelating resin. For 
the choice of the eluting solution and the successive 
chromatography all these effects were considered 
together with PAR postcolumn derivatization com- 
patibility. 

Matrix elimination 
It has been demonstrated previously that iminodi- 

acetate resins can efficiently eliminate alkali and 
alkaline-earth metals, resulting in a great advantage 
in sea-water analysis. Elimination of Na, K, Mg and 
Ca is necessary because of interferences in chroma- 
tography and in determination by postcolumn deri- 
vatization with PAR. For the experiment, 50 ml of 
synthetic sea water with concentrations of 1.30 g/l of 
Mg and 0.41 g/l of Ca were preconcentrated on the 
MetPac-CC1 column, then the resin was eluted with 
2 M ammonium acetate buffered at pH 5.5. The 
elution volume of alkali and alkaline-earth metals 
was only 1.5 ml. Changes in the flow-rate from 1 to 
3 ml/min did not influence the recoveries of retained 
metals. With Chelex-100 a decrease in recoveries, as 
a function of acetate flow-rate, was observed [32]. 

Ion chromatography 
Separation of transition metals can usually be 

accomplished via complexation with eluent and 
anion or cation exchange [40]. The main problem 
with strong complexing eluents such as pyridine-2,6- 
dicarboxylic acid or oxalate is that they interfere 
with the metallochromic indicator used for postcol- 
umn reaction. Also, the pH can interfere in the PAR 
complexation process; a higher pH increases the 
ionization of PAR, thus exploiting its complexing 
capabilities, but hydrolysis of metals could be 
observed along with the simultaneous disappear- 
ance of the signal, whereas on the other hand using 
very low pH can result in precipitation of PAR. The 
separation of selected groups of transition metals 
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can be readily accomplished using cation-exchange 
resins. As a result of the differences in the hydrated 
radii of aquated metal ions within a group (e.g., zinc, 
cadmium and mercury) and/or different rows of the 
Periodic Table, sulphonated cation-exchange resins 
have sufficient selectivity for these separations. 
Separations of transition metals that are in different 
rows or columns of the Periodic Table can usually be 
accomplished by cation exchange without the addi- 
tion of complexing agents. A secondary equilibrium 
(complexation) is not required if the metal ions have 
different valences or different charge densities, which 
is often the case when the metal ions are well 
separated in the Periodic Table. Chromatographic 
separations of Cd and Pb from other transition 
metals performed on an IonPac CSlO cation ex- 
changer are shown in Fig. 3. An increase in acidity 
lowers the retention time of the considered metals, 
while the separation of Cd and Pb from Fe(I1) and 
other transition metals is sufficient. 

The effect of the counter ion was investigated, 
because in general most transition metals show 
lower retention on cation exchangers as the chloride 
concentration increases owing to the formation of 
neutral or anionic complexes. Selectivity generally 
increases as the chloride concentration increases. 
For effective separation using IonPac CSlO cation- 
exchange resin, chloride concentrations of 0.05 A4 
and above are required; in instance case cadmium 
and lead are separated by cation exchange while 
most of first-row transition elements co-elute under 
these conditions. Fig. 4 shows chromatograms of a 
standard solution containing Cd, Pb and Fe(I1) 
analysed with different eluents; the importance of 
Cl- as a complexing ion on the separation of 
different metals can be observed. Sulphate also acts 
as a ligand and probably contributes to the separa- 
tion. 

The best compromise between total run time and 
selectivity was achieved with 75 mM HzS04- 
100 mM HCl-100 mJ4 KC1 as eluent. 

Recovery 
For the calculation of recoveries, the MetPac- 

CC1 column was washed with 6 ml of 0.5 M HN03 
at 1 ml/min to eliminate any traces of metals, then 
rinsed with deionized water. The resin was then 
converted into the ammonium form by pumping 
2 M ammonium acetate solution followed by 3 ml of 
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Fig. 3. Chromatogram of a standard solution (500 ng each) of metals with different eluents. Peaks: 1 = Cd; 2 = Fe(II), Ni, Cu, Zn, Co, 
Mn; 3 = Pb. Column, IonPac CSlO; flow-rate, 1 ml/min; detection, as in Fig. 2. (a) 0.075 MH,SO.&O5 MHCl-O.1 MKCl; (b) 0.075 it4 
H2S04-0.1 A4 HCllO.1 M KCI; (c) 0.075 A4 H,SO,-O.125 A4 HCl-O.l M KCl. 
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Fig. 4. Chromatogram of a standard solution (1 pg each) of metals with different counter ions in the eluent. Peaks: 1 = Cd; 2 = Pb. 
Column, IonPac CSlO; flow-rate, 1 ml/min; detection, as in Fig. 2. (a) 0.15 M H2S04-0.05 A4 K2S04; (b) 0.15 M HzS04-0. 1 M KN03; 
(c) 0.15 M HzS04-0.1 A4 KCl. 
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TABLE II 

RECOVERIES OF METALS ADDED TO DEIONIZED AND 
SEA-WATER MATRICES 

Element Recovery (%)” R.S.D. (%) 

Deionized water Sea water 

Cd 100 91 4.8 
Pb 100 89 5.2 

’ Average recoveries (n = 5); sample size = 50 ml, concentrated. 

deionized water for washing off the residual acetate. 
A sea-water sample adjusted to pH 5.5 with 2 M 
ammonium acetate was spiked with 10 fig/l each of 
Cd and Pb. The content of Cd and Pb was then 
confirmed by DPASV [47]. The preconcentration 
and matrix elimination procedure was then effected 
on-line by the following procedure. First 50 ml of 
sample were pumped through the MetPac-CC1 
column at 1 ml/min. The resin was then washed by 
pumping 10 ml of 2 M ammonium acetate to 
eliminate alkaline-earth metals; 6 ml of eluent were 
pumped through the MetPac-CC1 column for elu- 
tion of metals. 
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Table II gives the recoveries of cadmium and lead 
from 50 ml of sea water spiked with 5 ,ug/l of each 
metal. 

Linearity and detection limit 
The method shows good linearity for both cad- 

mium (r = 0.997) and lead (T = 0.998) up to 500 ng, 
which means that is possible to preconcentrate, e.g., 
20 ml of sea water with Cd and Pb concentrations 
ranging from 1 to 50 pg/l within the linearity of the 
system. Volumes of sea water up to 200 ml were 
preconcentrated with good linearity of response at 
lower metal concentrations. The detection limit 
(twice the standard deviation of the blank sample) 
was 2 ng for cadmium and 6 ng for lead. 

Reproducibility 
The reproducibilities of the peak area and reten- 

tion time were calculated by performing five repli- 
cate analyses of sea-water samples collected far from 
the coast of Taranto. This sea water, which usually 
has concentrations of Cd and Pb in the rig/l range, 
was fortified with 10 pg/l each of Cd and Pb. 

The relative standard deviations (R.S.D.) for 
peak area were 4.5% and 6.8% for Cd and Pb, 
respectively. The R.S.D.s for retention time were 

2 

3 

Fe(lll) 

0 16 
MlNunB 

Fig. 5. Chromatogram of a standard solution. Peaks: 1 = Cd (500 ng); 2 = Fe(H), Ni, Cu, Zn, Co, Mn (50 ng each); 3 = Pb (500 ng). 
Column, IonPac CSlO; eluent, 0.075 M H,SO,-O.l M HCl-O.1 M KCl; flow-rate, 1 ml/min; detection, as in Fig. 2. 



N. Cardellicchio et al. / J. Chromatogr. 640 (1993) 207-216 215 

AU 

0 12 
MINUTES 

Fig. 6. Determination of metals in Taranto gulf sea water (80 ml, preconcentrated). Peaks: 1 = Cd (0.33 fig/l); 2 = Pb (2.06 pg/l). Dotted 
line = same sample spiked with 5 pg/l each of Cd and Pb (80 ml, preconcentrated); Cd, 5.50 pg/l; Pb, 7.46 pg/l. Conditions as in Fig. 5. 

1.2% and 2.5% for Cd and Pb, respectively. 
The reliability of the method was tested by 

analysing Taranto gulf sea-water samples, usually 
containing Cd and Pb in the low ,ug/l range, with 
both chelation ion chromatography and DPASV. In 
all instances the results were in good agreement. 

Sea-water analysis 
Blank. Reagents (particularly ammonium ace- 

tate) and water were the main source of blank 
contamination. Major contributions to contamina- 
tion arise from iron, copper and zinc. This kind of 
contamination can be reduced by using ultrapure 
reagents and water. Also, washing the flow paths 
with nitric and oxalic acid as described elsewhere can 
reduce the contamination. In any case the eventual 
contamination due to first-row transition metals 
does not interfere with cadmium and lead determi- 
nation, as shown in Fig. 5. 

Sea-water samples. For sea-water analysis it must 
be noted that most of the dissolved Cd and Pb can be 
associated with inorganic colloidal species, such as 
oxides, silicates, sulphides and organic materials 
such as humic acids [47]. Colloidal particles were not 
retained by the chelating resin, hence the values 
obtained are relative only to the “dissolved fraction” 

metals concentration, which is lower than the total 
content. A UV photo-oxidation treatment in acid, 
which destroys the organic matter, allows bonded 
metals also to be detected [29]. 

Fig. 6 shows the chromatogram of a sea-water 
sample from the Taranto gulf with trace levels of 
cadmium and lead; the dotted line shows the same 
sample spiked with 5 pug/l each of Cd and Pb. The pH 
of both samples was adjusted to 5.5 with 2 M 
ammonium acetate, then 80 ml of each sample were 
analysed. The R.S.D. for peak area were 6.4% and 
7.2% for Cd and Pb, respectively. Good agreement 
was obtained in comparison with DPASV using the 
method of Batley and Florence [471. 

CONCLUSION 

A simple, automated method for the determina- 
tion of low concentrations of cadmium and lead in 
complex matrices, such as sea water, has been 
developed. The higher cross-linked resin used for 
preconcentration and matrix elimination provides 
reliable and reproducible analyses. The chromato- 
graphic separation of Cd and Pb by cation-exchange 
chromatography does not suffer from interferences 
from transition metals and of postcolumn derivati- 
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zation with PAR is suitable for detection, without 
competition in complexation. 

ACKNOWLEDGEMENTS 

The authors express their gratitude to Filippi 
Maria, Marra Claudio and Ragone Pietro for their 
assistance with the chelation ion chromatographic 
and DPASV measurements. 

19 
20 
21 
22 

23 
24 

REFERENCES 

1 G. W. Bryan, in R. Johnston (Editor), Marine Pollution 
-Heavy Metal Contamination in the Sea, Academic Press, 
London, 1976, p. 185. 

2 D. F. Flick, H. F. Kraybill and J. M. Dimitroff, Environ. Res., 
4 (1971) 71. 

3 0. Ravera, Experientia, 40 (1984) 2. 
4 B. Scaule and C. C. Paterson, presented at the Conference on 

Trace Metals in Sea Water, Nato Advanced Research Institute, 
Erice, Sicily, March 30-April 1, 1981. 

5 T. M. Florence, Talanta, 29 (1982) 345. 
6 A. R. Fernando and J. A. Plambeck, Anal. Chem., 61(1989) 

2609. 

T. M. Florence and G. E. Batley, Talanta, 23 (1976) 179. 
P. Figura and B. McDuBie, Anal. Chem., 51 (1979) 120. 
P. Figura and B. McDuBie, Anal. Chem., 52 (1980) 1433. 
L. L. Hendrikson, M. A. Turner and R. B. Corey, Anal. 
Chem., 54 (1982) 1633. 
P. Figura and B. McDuflie, Anal. Chem., 49 (1977) 1959. 
H. M. Kingston, I. L. Barnes, T. J. Brady, T. C. Rains and M. 
A. Champ, Anal. Chem., 50 (1978) 2064. 
J. A. Buckley, Anal. Chem., 57 (1985) 1488. 
M. G. Rao, A. K. Gupta, E. S. Williams and A. A. Aguwa, 
AZChE Symp. Ser., 78 (1982) 103. 
S. C. Pai, P. Y. Wbung and R. L. Lai, Anal. Chim. Acta, 211 
(1988) 257. 
S. C. Pai, Anal. Chim. Acta, 211 (1988) 271. 
R. E. Sturgeon, S. S. Beman, A. Desaulniers and D. S. Russel, 
Talanta, 27 (1980) 85. 
R. E. Sturgeon, S. S. Beman, A. Desaulniers, A. P. Mykytluk. 
J. W. McLaren and D. S. Russel, Anal. Chem., 52 (1980) 1588. 
R. R. Greenberg and H. M. Kingston, Anal. Chem., 55 (1983) 
1160. 

7 P. Jayaweera and L. Ramaley, Anal. Chem., 61 (1989) 2102. 
8 J. H. Shofstahl and J. K. Handy, J. Chromatogr. Sci., 28 

(1990) 220. 
9 S. Hirata, K. Honda and T. Kumamaru, Anal. Chbn. Acta, 

221 (1989) 65. 
10 E. M. Heithmar, T. A. Hinners, J. T. Rowan and J. M. 

Riviello, Anal. Chem., 62 (1990) 857. 
11 J. C. Van Loon, Selected Methoak of Trace Metal Analysis, 

Wiley-Interscience, New York, 1985, p. 104. 
12 X.-Q. Shan, T. Jun and G.-G. Xie, J. Anal. At. Spectrom., 3 

(1988) 259. 
13 Y. S. Chung and R. M. Barnes, J. Anal. At. Spectrom., 3 

(1988) 1079. 
14 H. Loewenschuss and G. Schmuckler, Talanta, 11 (1964) 

1399. 
15 J. P. Riley and D. Taylor, Anal. Chim. Acta, 40 (1968) 479. 
16 J. P. Riley and D. Taylor, Deep-Sea Res., 19 (1972) 727. 
17 M. J. Abdullah, 0. A. El-Rayis and J. P. Riley, Anal. Chim. 

Acta, 84 (1974) 363. 

25 
26 

27 

28 
29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 
42 

43 
44 

45 

C. J. Cheng, T. Akagi and H. Haraguchi, Anal. Chim. Acta, 
198 (1987) 173. 
K. Vermeiren, C. Vandecasteele and R. Dams, Analyst, 115 
(1987) 17. 
S. Olsen, L. C. R. Pessenda, J. Ruzicka and E. H. Hansen, 
Analyst, 108 (1983) 905. 
R. R. Greenberg and H. M. Kingston, J. Radioanal. Chem., 
71 (1982) 147. 
W. Van Berkel Werefridus, A. W. Overbosch, G. Feensha and 
J. M. Maessent, J. Anal. At. Spectrom., 3 (1988) 249. 
S. C. Pai, P. Whung and R. L. Lai, Anal. Chim. Acta, 211 
(1988) 257. 
A. Siriraks, H. M. Kingston and J. M. Riviello, Anal. Chem., 
62 (1990) 1185. 
W. T. Frankenberger, H. C. Mehra and D. T. Gjeerde, J. 
Chromatogr., 504 (1990) 211. 
J. M. Riviello and C. A. Pohl, presented at the 35th Pittsburgh 
Conference, 1984. 
A. Siriraks and H. M. Kingston, Anal. Chem., 62 (1990) 1185. 
R. M. Cassidy, S. Elchuk and J. 0. McHugh, Anal. Chem., 54 
(1982) 727. 
J. R. Jezorek and H. Freiser, Anal. Chem., 51 (1979) 373. 
M. Betti, M. P. Colombini, R. Fuoco and P. Papoff, Mar. 
Chem., 17 (1985) 313. 
A. W. Struempler, Anal. Chem., 45 (1973) 2251. 

18 T. M. Florence and G. E. Batley, Talanta, 22 (1975) 201. 
46 Y. Lu and J. D. Ingle, Jr., Anal. Chem., 61 (1989) 520. 
47 G. E. Batley and T. M. Florence, Mar. Chem., 4 (1976) 347. 


