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Introduction
The analysis of trace elements in soils, sediments and
other soil-like solid materials is an important application
for ICP emission spectrometry. This type of analysis is
needed in order to monitor land used for crop growth for
nutrient levels and the presence of toxic elements, for the
protection of ground water sources from exposure to toxic
elements that may leach from soil and to support decisions
on future land use and contaminated site clean-up.

Consequently, such analytical data can often guide
and support potentially difficult and costly decisions and
therefore needs to be robust and rigorously controlled to
eliminate the risk of poor decision-making. ICP has been
used for the analysis of trace elements in soils and sludges
due to its rapid, multi-element analytical characteristics.
Acid extractions or digestions are often performed by
hotplate, open tube or microwave digestion system and
the resulting solution is analyzed by ICP emission
spectrometry.

Principle
1 gram of sample was digested in 16 mls of aqua regia in
a high-pressure microwave digestion system. The samples
were then made up to 100 ml with deionized water and
analyzed directly on the iCAP 6500 Duo.

Instrumentation
The Thermo Scientific iCAP 6000 Series is a field-proven
ICP emission spectrometer, trusted by over 1000 global
customers to handle their routine and demanding
applications. It employs an compact, efficient, high-resolution
Echelle spectrometer with latest-generation charge injection
device (CID) detection technology. The advanced optical
design and detection system offer higher sensitivity and
lower noise than other designs, along with unparalleled
long-term stability. An iCAP 6500 Duo ICP was selected
for the analysis due to its ability to analyze the higher
concentration 'major' elements using radial view and low
concentration 'trace' elements with axial view, within the
same analysis. Table 1 gives the analytical parameters used.

PARAMETER SETTING

Pump Tubing Orange/white Tygon sample
White/white Tygon drain

Pump rate 50 rpm
Nebulizer Concentric
Nebulizer Argon Pressure 0.6 L/min
Spray Chamber Cyclonic
Centre tube 2.0 mm
Torch Orientation Duo
RF Forward Power 1150 W
Purge Gas Argon
Coolant flow 12 L/min
Auxiliary flow 0.5 L/min
Integration times

High Wavelengths 5 seconds
Low Wavelengths 15 seconds

Analysis mode Speed

Table 1: Instrument parameters

Method 

Sample Preparation
Samples were digested in a Multiwave 3000 microwave
system (Anton Paar, Anton-Paar-Str. 20, A-8054 Graz,
Austria). 1 gram of sample was digested with 16 mL of
aqua regia (composed of 3 parts hydrochloric acid (1.18
SG), 1 part nitric acid (1.42 SG), both TraceMetal Grade
(Fisher Chemicals, Loughborough, UK) in a microwave
digestion system according to the EPA method 3051 which
details the microwave digestion of sediments, sludges, soils
and oils. Samples were allowed to cool and made to a
volume of 100 mL with deionized water.

Certified reference materials, ERML CC135a (Brick works
soil) and LGC 6818 (Sewage sludge) (LGC Promochem,
Teddington, UK), were digested and analyzed in order to
provide an indication of the accuracy of the determination.
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Standard Preparation
High purity standards from 1000 ppm stocks (Assurance
Grade, SPEX Certiprep, supplied by Fisher Chemicals,
Loughborough, UK) were used to prepare the calibration
standards for this method, and were acid matched to the
samples. Table 2 indicates the concentration of each of the
standards, selected to cover the linear range of the samples.

ELEMENT CONCENTRATION (ppm)

As, Cd 0.05
As, Cd, Co 0.1
As, Co, Cr, Ni, V 0.5
As, Cu, Mn, Ni, Pb, V 1
Cr, Cu, Ni, V 5
Mn 10
Ca, Fe 50
Ca, Fe 100
Ca, Fe 200

Table 2: Standard concentrations

Method development
Measurements were taken of a calibration blank and at
least two standards for each element. The sample and
calibration subarrays were then examined with the sub-
array display in software. This section of the software
allows the set-up and adjustment, if necessary, of peak
center and background correction measurement points.
The optimization of these points is a simple process and
need only be set-up once for the method. (see Figure 1).

Results
The instrument was calibrated using a blank and at least
two standards for each element. After inspection a linear
fit was applied to all elements. Samples were analyzed in a
single sequence. The sample results are shown in Table 3.
The Method Detection Limit was determined on a sample
blank and the results are also given in Table 3.

A Fullframe is a graphical depiction of the CID detector,
with the low wavelengths in the bottom right hand corner
and the high wavelengths at the top left. The colored boxes
to the right of the Fullframe indicate the elements that have
been selected for that particular method (the bright spots
on the Fullframe image itself indicate intensity of an element
in the sample). Every wavelength in the library is available
for selection in Fullframe analysis to aid with element
identification. Using the unique Wavelength Finder, it is
possible to identify any of the elements on the CID at the
click of a button.

A Fullframe image was captured for a soil sample.
Fullframe captures a complete snap-shot of the spectrum
on the CID detector chip and can prove very useful in
unknown analysis and also contamination detection. There
is a facility to subtract one Fullframe image from another.

Conclusions
The iCAP 6500 Duo ICP is well suited for the determination
of major and trace elements in soils and sludges. The full
wavelength coverage of the unique CID detector allowes the
optimum wavelength to be selected while the high sensitivity
of the axial torch provided the lowest possible detection
limits for low concentration elements. The results  of the
analysis of the certified reference materials show excellent
agreement between the measured and certified values,
indicating accurate analysis and freedom from interference
at the lines selected. Due to its exceptional analytical
performance, ease-of-use and the versatility of axial and
radial plasma viewing, the iCAP 6500 is an ideal ICP for
routine soil, sediment or sludge analysis.
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LGC6181 ERML-CC135A MDL UNITS

ELEMENT & WAVELENGTH VIEW FOUND CERT FOUND CERT

As 189.042 nm Axial 66.46 66 0.0181 ppm
Ca 315.887 nm Axial 22070 21900 0.029 ppm
Cd 214.438 nm Radial 5.9 5.8 0.0012 ppm
Co 237.862 nm Axial 20.44 20 0.0163 ppm
Cr 205.552 nm Axial 75.54 78 374 356 0.0017 ppm
Cu 327.396 nm Axial 349.6 354 105.2 105 0.0872 ppm
Fe 259.837 nm Radial 40670 40300 40970 40900 0.1721 ppm
Mn 257.610 nm Radial 455.8 454 348.3 348 0.0177 ppm
Ni 231.604 nm Axial 43.01 45 272.4 277 0.0023 ppm
Pb 220.353 nm Axial 380.9 391 0.0254 ppm
V 292.402 nm Axial 20.23 20 73.29 78 0.002 ppm

Table 3: Results
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Figure 1: Subarray plot
showing integration
and background
correction areas


