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INTRODUCTION .

In clinical toxicology laborato-
ries, it is of continuing concern to
find appropriate analytical proce-
dures designed to screen urine
samples from patients exhibiting
a typical symptomatology of metal-
lic intoxication.

Optical spectrometric tech-
niques are generally not sensitive
enough for direct analysis of urine
and preliminary concentration of
trace elements becomes essential.
This is also true for inductively cou-
pled plasma-atomic emission spec-
trometry (ICP-AES), where direct
aspiration of urine into the plasma
usually results in clogging of the
nebulizer. Further difficulties are
caused by the high concentrations
of some constituents, such as
sodium, calcium, and magnesium,
which can affect the spectral back-
ground levels. These difficulties
can be overcome by close match-
ing of the composition of the sam-
ple and standard, but accuracy and
sensitivity fall considerably when
high salt levels are present.

Preliminary concentration of
trace elements is essential in sam-
ples, such as seawater, natural
waters, and urine. When the sam-
ple volume containing the trace
metal is reduced, the sensitivity
increases and also separates the
trace metals from the large
amounts of sodium chloride and
other salts that would interfere
with measurement by ICP-AES.
The most common preconcentra-
tion methods employed are copre-
cipitation, solvent extraction, and
ion exchange.
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ABSTRACT

A method is proposed that
uses a polyamine chelating ion
exchange resin for preconcen-
tration:of Cd, Cu, Pb;'Mn, and
Ni in urine and their determina-
tion by inductively coupled
plasma-atomic emission
spectrometry (ICP-AES). After
adjusting the samples to pH 7.0,
the complexed metals can be
cluted from the resin column
with 1 M HNO,. The uptake
of Cd, Cu, Pb, and Mn was quan-
titative (83-103%). For the deter-

mination of Ni, the method of
standard additions was necessary.
A tenfold concentration factor
for the 100:mL sample and the
detection limits in the range of
3.7-9.0 mg/L make this proce-
dure applicable for toxicological

Some authors use coprecipita-
tion and flotation with indium
hydroxide (1). In seawater samples,
gallium coprecipitation has been
used (2) for the quantitative deter-
mination of Cd and Mn, the recovery
of which depends on the quantity
of Mg and Ga in the precipitate.
Zirconium hydroxide (3), thorium
(4, and sodium borohydride (5)
are other coprecipitating agents
used for heavy metals determination.

Of the various possibilities con-
sidered, chelation and solvent
extraction with sodium diethyl-
dithio-carbamate and/or dibenzyl-
dithiocarbamate (6,7), and mixtures
of ammonium tetramethyldithiocar-
bamate/dibenzyldithiocarbamate
(8), have most frequently been
used. In a previous paper (9), we
proposed the precipitation of the
metals in urine samples with ammo-
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nium pyrrolidinedithiocarbamate
(APDC), followed by extraction
with methyl isobutyl ketone
(MIBK), and oxidation of the
complex formed.

Methods using polydithiocarba-
mate-type resins (11,11) have been
described for the extraction of sev-
eral trace metals in urine. Chelating
resins containing ligands with nitro-
gen and oxygen donor atoms in a
polymer matrix are useful analytical
reagents because they are capable
of forming complexes with heavy
metals. The best known resin of
this type is Chelex-100, which has
been used for the preconcentration
of samples of natural water (12),
seawater (13), and tissue digest
(14) samples.

Other authors (15) also used
a cross-linked polyamine-polyurea
polymer suitable for the precon-
centration of Cu, Cd, Pb, and Zn in
high salt matrices such as seawater.
Iminodiacetic acid/ethylcellulose
(IDAEC) chelating resin was tested
for the determination of Cd, Co,
Cu, and Pb in water, seawater, and
urine (16).

The objective of this investiga-
tion was the development of
a procedure for the preconcentra-
tion of trace metals in urine sam-
ples employing the polyamine
resin, with quantitative multi-
element determination by ICP-AES.
The approach takes advantage of
the selective concentration of very
toxic metals, such as Cd, Cu, Pb,
Mn, and Ni, from interfering alkali
and alkaline earth elements and the
organic matrix of urine. Concen-
tration levels of the analytes were
increased in the final solutions and
pneumatic nebulization employed.



The procedure, which is applicable
for concentrations lower than those
occurring in urine with acute metal
poisoning, can be conveniently
applied for toxicological purposes.

EXPERIMENTAL

Instrumentation

A Perkin-Elmer® Model 40
sequential inductively coupled
plasma spectrometer with an IBM
PCXT computer was used. The
instrument was equipped with
a 40 Mhz, free-running generator
(1.1 kW power), Scott-type spray
chamber (Ryton™), and Ryton
cross-flow nebulizer. A peristaltic
pump was used for transport of
the solutions to the nebulizer. The
principal operating conditions are
summarized in Table 1. Atomic
absorption analysis was carried out
with a Perkin-Elmer Model 1100B
spectrometer, fitted with a Model
HG-500 graphite furnace, Model
AS-40 automatic injector, and an
Epson FX-800 printer.

TABLE I
ICP Instrumental Parameters

Nominal output power
Gas flow rates:

Plasma 12 L/min
Auxiliary 0.6 L/min
Nebulizer 0.8 L/min
Pump rate 1 mL/min

Torch height Lower position

Standard Solutions and
Reagents

Standard aqueous solutions of

the metals under study were
prepared from 1000 mg/L Titrisol
solutions (Merck) by dilution with
a sufficient quantity of deionized
water. All water was purified with
a Milli-Q system (Millipore Corpora-
tion) at a resistance of 18 MQ/cm.
Metalfix® Chelamine®resine
(150-300 mm; Fluka) with a
polyamine-type chelating agent,

tetraethylene pentamine (tetren),
was used for preconcentration of
the heavy metals. The reagents
(NaOH, HNO,, 65% v/v) were of
Suprapur quality (Merck). The
laboratory glassware was kept
overnight in a 5% HNO, solution.
Before use, the glassware was
washed with deionized water and
dried in a dust-free environment.

Procedure

Resin column preparation

The glass chromatographic
columns (30 cm long by 1.7 cm
i.d.) were prepared according to
the following procedure: A small
plug of glass wool was packed into
each column to hold the resin in
place. The empty columns and glass
wool plugs were soaked in diluted
nitric acid until ready for use. The
columns were drained and rinsed
several times with deionized water
prior to filling with resin. After siev-
ing, 8-10 g of the 150-300 um size
resin was slurried with 10 mL deion-
ized water. The rinsed columns were
filled with the resin slurry and almost
all of the water was drained off.

Treatment of urine sample

100-mL quantities of urine were
collected from local volunteers,
brought to pH 6.5-7.0, filtered
through membrane filters (Millipore
Co., Ireland, filter type HA, pore
size 0.45 mm), and refrigerated.
The solutions were passed through
chromatographic columns, with or
without the application of pressure,
at a flow rate of 5 mL/min. The
resin column was washed twice
with deionized water before elu-
tion. The metals were eluted with
10-12 mL 1 N HNO, and 5 mL
deionized water. The solution was
concentrated by evaporation and
diluted to a 10-mL volume in a volu-
metric flask with deionized water,
resulting in a tenfold concentration.
The solutions were analyzed by
ICP-AES. For repeated use, the
resin can be regenerated with
1 M aqueous sodium hydroxide.
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RESULTS AND DISCUSSION

Optimization of Experimenta
Parameters

As reported previously (9),
to obtain the best relationship
between the emission line of the
element and the background emis-
sion, the operative parameters for
wavelength and argon flow in the
nebulizer were optimized using
solutions of 1000 pg/L of each
element. As a criterion for the
selection of wavelength, we used
background equivalent concentra-
tion (BEC), definedas I, /I, xC,.
This was obtained by measuring
the emission of the analyte (1,) of
a solution, at a concentration (C,)
10 times higher than the tabulated
theoretical BEC, and the emission
of the blank () for each line, at
the principal wavelengths of each
element. The best BEC corre-
sponded to the wave-lengths
shown in Table II.

TABLE II
Wavelengths and BEC

Ele- Wavelength BEC

ments (nm) (ug/L
Cd 214.438 0.13
Pb 220.353 0.48
Cu 228.616 0.17
Ni 232.003 0.03
Mn 257.610 0.20
Cu 324.754 0.06

Metal Recovery from Resin

Chelamine can be used over
a wide pH range (from 2.0-12.0).
The experimental conditions, espe-
cially the pH, had to be a compro-
mise between the optimum for
different groups of analytes. First,
aqueous solutions spiked with 100
ug/L of the six metals studied were
adjusted to a different pH level (pH
2.5-7.0) prior to their introduction
into the resin columns. Their emis-
sion intensities were compared to
those of standard aqueous solutions

(1000 pg/L).



Figure 1 shows that the recoveries are dependent on
the pH level. The optimum range for the majority of ele-
ments in an aqueous medium was from pH 2.5 to 3.0,
taking into account that the recovery of Mn, Cd, Ni,

Cu, and Pb ranged from 108% to 94% regardless of pH
within the mentioned range. Recovery of Pb fell to 70%
when using pH 3.0 to neutrality, while for Co, 50% was
retained in the resin over the whole pH range.

The difference in composition between biological
samples and aqueous standards may influence the process
of retention by the resin and posterior elution of the ele-
ments under study. We spiked three identical sets of
100-mL urine samples with 100 pug/L of each metal and

Fig. 1. Dependence of recovery on pH for elements
in pure aqueous solution.
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adjusted the solutions to different pH levels. As can be
seen in Figure 2, the recovery of the elements so treated,
against tenfold concentrated aqueous solutions, is dra-
matically pH-dependent. It can therefore be concluded
that this dependence is different from that for aqueous
media (Figure 1) because only Cd, Pb, and Cu were
recovered within 86-84% at pH 3. The recoveries of Ni
and Mn at a pH ranging from 3.0-5.0 were 53-59% and
increased at higher pH levels. In urine, better recoveries
(75-100%) were obtained for the five elements at pH
7.0. Retention of Co by the resin was even greater for
the urine samples, which shows that the proposed
method is not suitable for the determination of Co. The
optimum range, which ensures at least 75% recovery of
cach element in aqueous solutions and in urine samples,
is shown in Table III.

Precision of the Method

The overall precision of the method was estimated
by performing repeated analyses for the five elements
in two sets of five identical urine samples, spiked with
30 pg/L and 60 pg/L of each element, and corresponding
to a concentration of approximately five and 10 times
the limit of detection of the metal, respectively. A quin-
tuplicate analysis was performed daily for each speci-
men. Analysis of the variance calculations on the
resulting data are given in Table IV,

TABLE III
Recovery of Elements at Optimum pH
with Chelamine Resin
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Aqueous Medium Urine
Ele- (%) Optimum (%) Optimum
ments Recovery pH range Recovery | pH range
cd 105 | 2.5-7.0 100 | 6.0-7.0
Pb 97 2.5-3.0 | 95 | 6.0-7.0
Ni 93 | 2.5-7.0 75 7.0
Mn 100 2.5-7.0 89 7.0
Cu 92 2.5-4.0 82 2.5-7.0
TABLE IV

Precision of the Method for the Analysis of Urine
(30 pg/L and 60 ug/L of each species)

Fig. 2. Dependence of recovery on pH for elements
in urine samples.
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