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Why Trace Element Analysis in the Environment?

Drinking WaterContaminated Sites

Wastes Natural Waters

Knowledge of the 
concentration of metallic 
species in the environment has 
been important for the last 35 
years, since the first 
environmental legislation
Measurements are made in 
materials such as drinking 
water, natural waters, waste 
waters, solid wastes, soils, 
sediments, and biota
Various analytical techniques 
have been used to make these 
measurements
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Typical Environmental Samples

Contain significant levels of 
matrix components

• E.g. Ca, Na, Mg, K, SO4, Cl, 
PO4, Fe, Al etc.

Causes problems for the analysis
• Transport effects
• Suppression effects
• Deposition on instrument 

components
• Spectral Interferences
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What is Measured and at What Levels of Interest? - 1) 
Potable Water

Directive 98/83/EC analytes and performance requirements
Sample prep: add ~1% HNO3, oven digest at 78oC
Typical solids content 200-500 ppm

Contaminant Parametric Value Trueness % of PV Precision % PV LoD
Al 200 10 10 20
Sb 5 25 25 0.2
As 10 10 10 1
B 1000 10 10 100

Cd 5 10 10 0.5
Cr 50 10 10 5
Cu 2000 10 10 200
Fe 200 10 10 20
Pb 10 10 10 1
Mn 50 10 10 5
Hg 1 20 10 0.05
Ni 20 10 10 2
Se 10 10 10 1
Na 200000 10 10 20000

SO4 250000 10 10 25000

All concentrations in μg/L
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What is Measured and at What Levels of Interest?
- 2) Natural Waters, Wastewaters

Compliance with the Water Framework Directive 2000/60/EC
Typical analytes and required LoDs for water monitoring
Sample prep: add ~1% HNO3, oven digest at 78oC
Typical solids content 200-10000 ppm

Contaminant Typical Required LoD (ug/L) Contaminant Typical Required LoD (ug/L)
Li 100 Ni 0.1
Be 1 Cu 0.1
B 1000 Zn 0.1

Na 1000 As 0.1
Mg 1000 Se 0.1
Al 10 Sr 100
P 1000 Mo 0.1

SO4 1000 Ag 0.1
K 1000 Cd 0.1

Ca 1000 Sn 0.1
V 1 Sb 0.1
Cr 1 Ba 10
Mn 1 Hg 0.02
Fe 10 Pb 1
Co 1 U 1
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What is Measured and at What Levels of Interest?
- 3) Soils

Compliance with 
member state 
legislation on soil 
contamination 
and waste 
disposal
UK: MCERTs
analytes and 
performance 
requirements
Sample prep: 
aqua regia
digestion
Solids content 
dependant on 
digestion and 
dilution: 1000-
20,000 ppm

*from 2001 Proposal

Parameter Trueness % Precision % Guideline LoD (mg/kg) *
Sb 15 7.5 1
As 15 7.5 1
Ba 10 5 10
Be 10 5 0.1

B (water soluble) 10 5 10
Cd 10 5 0.5
Co 10 5 5
Cu 10 5 5
Cr 10 5 5
Fe 10 5 -
Pb 10 5 5
Mn 10 5 -
Hg 10 5 0.1
Mo 10 5 5
Ni 10 5 2
Se 15 7.5 1
Tl 10 5 -
V 10 5 5
Zn 10 5 5
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What is Measured and at What Levels of Interest?
- 3) Saline Waters

Compliance with Water Framework 
Directive and Bathing Water Directive 
(76/160/EEC)

Typical analytes and required LoDs for 
saline water monitoring

Sample prep: dilute and acidify to 
~0.1% with HNO3 – take care with 
contamination

Typical solids content: ~35,000 ppm

Contaminant Typical Required LoD (ug/L)
Be 0.1
B 1
Al 1
V 0.1
Cr 0.1
Mn 0.1
Fe 0.1
Co 0.1
Ni 0.1
Cu 0.1
Zn 0.1
As 0.1
Se 0.1
Mo 0.1
Ag 0.1
Cd 0.1
Sn 0.1
Sb 0.1
Hg 0.02
Pb 0.1
U 0.1
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How can we use iTEVA to help with method 
development for different applications?

• iCAP 6500 Series allows automated method development 
using  the “Optimise Source” routine

• The automated routine requires no user input except to 
aspirate a method solution

• Let’s see how this can help with a specific EPA method for 
soils and sludges - 6010, and its method development
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•Source optimization enables unattended method        
development with a simple automated routine  
•Automatically optimizes RF power, Nebuliser gas flow, 
Pump speed, Coolant gas flow, Auxiliary gas flow (Radial 
Viewing Height is also included for Radial Instruments)

Method specific software optimization packages

Example using EPA 6010 method for Soils and 
Sludges analysis
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Source Optimization for EPA methods

• Optimize every parameter 
automatically – with user 
defined parameters 

• Simply aspirate a method 
solution

• Optimize for Best Signal, Best 
Signal/Noise Ratio or Best DL 
(Best DL used in this case)
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Source optimization continued..

The analyst can specify which elements
to optimize the method :

• choose your critical elements with the 
click of a button

or 
• optimize for all elements in the method

• For this EPA Method, all elements were 
optimized (except Internal Standards 
Yttrium and Indium)
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Source optimization continued..

On completion, the 
analyst is presented 
with the results of the 
procedure

The optimized values 
are displayed with the 
option to update the 
method
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Source optimization concluded

The optimized values are 
automatically updated into the 
method

As the procedure does not 
require any analyst input, it 
was run unattended 

The EPA 6010 method was 
optimized for all parameters 
(using default settings) and all 
29 elements in 40 minutes!
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Environmental Analysis: Why iCAP?

Sensitivity
• Even 15s integration yields superior d.l.s to competitor instruments

Stability
• Essential for long runs

Ease of use
• QC software, Reporting (compatible with MARRS, Labworks, STL 

LIMS etc)
• Supports extended rack autosampler

Dual View
• Axial for Traces e.g. Cd, Pb,  etc
• Radial for Majors e.g. Na, Mg, K, Ca, Fe

Full wavelength coverage allows selection of appropriate wavelength 
for expected concentration
Matrix Tolerance

• Solid State generator, swing frequency
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Detection limits

6500 Duo
Optimised nebuliser pressure, pump 
speed & viewing height (radial)
Plasma parameters

• RF power 1000
• Coolant flow 12 lpm
• Auxiliary flow 0.5 lpm
• Nebuliser flow 0.55 lpm
• Pump speed 45rpm 
• 60 and 15 seconds integration 

time



17

Environmental (aqueous) including regulated protocols

•
DUO iCAP

Regulated and 
unregulated Protocols 
analysed

CRMS used to test 
accuracy

Guidelines for EPA 
Methods following exact 
protocols with ICVs, 
CCVs, QCs and 
Interference checks
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EPA SW-846, Method 6010B

The method is suitable for the 
determination of 31 elements in 
ground waters, TCLP & EP 
extracts, industrial and organic 
wastes, soils, sludges, and 
sediments

All samples except filtered 
groundwater need to be digested 
prior to analysis using EPA 
method 3050b or similar
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Results – ICV’s and CCV’s
The calibration blank 
readback must be within 
3 times the method 
detection limit for each 
element
ICV’s and CCV’s must be 
within 10 % of the actual 
values
The standard deviation 
of a minimum of 2 re-
samples of each 
verification solution must 
be less than 5 %
Repeated every 10 
samples
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Results 2 - Interference checks

• Interference checks were required to correct for known    
interferences by spiking 0.05 to 1mg/l of the analyte of interest 
into a 250mg/l solution of the interfering elements

• Checks must read back within 20% of the true value
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Conclusions – Environmental analysis

• Interferences corrected for using iTEVA’s automatic IEC function

• Sensitive enough for EPA methods, MDLs below required level

• Proven methods with supporting data



The world leader in serving science

AA and Continuous Flow 
Vapour Generation for 

Environmental Applications
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Hydride Generation Analysis

Hydride generation – elements which form gaseous hydrides:  
Sb, As, Bi, Se, Te, Sn - HGAAS
Hg – Cold Vapour, CVAAS 
Acidified sample solution is reacted with NaBH4 producing the 
analyte hydride, which is carried on a stream of argon carrier gas 
to the atomizer
The hydride decomposes in the atomizer                          to 
the elemental form and can be measured
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Now for the science…………..

• Acidify sample
• Mix with reductant

– Sodium borohydride NaBH4

• Analyte reduced to gaseous hydride
– As3+ + BH4

- + H+ -> AsH3 (gas) + BO3 + H2

• Gaseous analyte hydride separated from liquid reagents
– Gas liquid separator device

• Gaseous analyte hydride carried into heated cell
– Inert (e.g. Ar, N2) used to transport it

• Analyte atomised, and AA signal measured
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Hydride V’s Flame

Reasons for poor flame sensitivity for hydride group elements:
• Low intensity HCL’s
• Absorption by flame gases
• Inefficiencies in sample intro eg. Nebulisation

Improved sensitivity and reduced noise result in detection limits typically 1000x 
better than those achieved by conventional flame analysis.

Typical Environmental applications:
• As in drinking water
• Se in wastewaters
• Hg in soils and sludges
• As in seawater
• Hg in drinking water
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VP100 Vapour System

New, stylish design
• Maintains AA Thermo 

family appearance
Full automation

• All functions controlled 
through software

Quick and Simple 
Installation and Plumbing

• Colour coded channels
• Single mains power lead
• Single RS232C 

connection to 
spectrometer

• Compatible with all 
SOLAAR supported auto-
samplers
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VP100 – Principle of operation

4 Channel peristaltic pump
• Channel 1 – Reductant
• Channel 2 – Acid Reagent
• Channel 3 – Sample
• Channel 4 – Drain

Benefits:
• Independent Acid Reagent and 

Sample channels remove the 
requirement for separate 
Stabilise and Baseline delays

• Faster Operation
• No changeover valve required
• Better reliability
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VP100 – Gas Liquid Separator

Sophisticated new design
Provides:

• Mixing manifold (1)
• Reaction zone (2)
• Phase separation zone (3)
• Semi-permeable membrane (4)
• Pumped drain (5)

1.

2.

3.

4.

5.

• Solid, robust, inert material
–Difficult to damage, easy to clean

• Translucent
–See what is happening!
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EC90 – Electrically Heated Cell

Gaseous hydrides generated by the VP100 are atomised in an 
air/acetylene flame-heated silica T-cell, mounted above the burner. 
Alternatively use the EC90 to 
electrically heat the silica T-cell:

- Improved stability/precision
- Atomisation temperature control 
and optimisation are improved.

- Safer – no flame required,
unattended operation is possible

- Allows vapour measurements to be 
made on non-flame instruments
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Sample Preparation Issues

• Group VI - Se and Te require pre-reduction 
– adding /boiling solutions with HCl

• Group V (As,Sb and Bi) require pre-reduction
– usually achieved using either Potassium Iodide or L-Cysteine

• Mercury requires no special prereduction sample preparation, 
but the actual reduction of mercury can take place through two 
reaction mechanisms:

– Sodium Borohydride (NaBH4)
– Stannous Chloride (SnCl2)

• Both reactions can take be carried out on the VP100 without 
requiring any hardware changes
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VP100 – Software and Safety

Operation is fully integrated into SOLAAR software
Parameters are set on Vapour page of Method

• Stabilise time, Pump speed and Carrier Gas flow rate
• Default ‘cookbook’ values are provided for all hydride 
elements

Real time status is reported on new Vapour Status window
• Includes Pump Speed, Gas Flow and Gas Pressure status

Pump drive is hardware interlocked with gas flow
• Pump cannot operate unless carrier gas is flowing
• Prevents accumulation of hydrogen and hydride gases

Safe shutdown
• Carrier gas flow maintained for 10 seconds after pump           

stops
• Hydrogen and hydrides safely flushed away.
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Mercury Measurements

Mercury requires no special prereduction sample 
preparation, two possible reaction mechanisms:

1) Sodium Borohydride (NaBH4)
2)      Stannous Chloride (SnCl2) 

The VP100 has been designed to perform mercury 
analyses with both reduction routes.
No change is required to the hardware – the same 
GLS performs equally well with either approach.
A mercury cell is used to increase the path length, 
which improves the sensitivity by approximately 1.3x, 
compared with the general  purpose ‘T’ shaped silica 
cell. 
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VP100 – Sensitivity and Detection Limits

CC (ug/L) DL 
(ug/L)

Arsenic 0.20 0.04

Selenium 0.40 0.1

Antimony 0.29 0.06

Tellurium 0.69 0.05

Bismuth 0.36 0.1

Tin 0.44 0.01

Mercury 0.26 0.06
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Example Application : As in sea / drinking water 

0.5% NaBH4 in 0.5% NaOH

50% HCl

KI Pre-reduced Water sample

• Arsenic samples need to be pre-reduced 
to ensure all As is reduced from AsV species 
to AsIII.

Waste



35

SOLAAR VP100 Method

VP100 parameters 
controlled by the software
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CRM – Seawater Recovery

NASS –2 Near-shore seawater CRM
The certified result for this element is 1.65µg/L +/- 0.19µg/L. 
VP100 result - mean arsenic content of 1.673µg/L +/-0.04µg/L. 
(1 standard deviation)
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As in Drinking water

• Cambridge (UK) Tap water samples were spiked with 0.25, 0.5, 
1.0 and 2.0 μg/L of As and the spike recovery was calculated.
Perfect linearity for the calibration curve
Average spike recovery for As was 103.2 ± 2.6%

Sample Spike Recovered

Tap water + 0.25ppb As 0.27ppb As

Tap water + 0.50ppb As 0.48ppb As

Tap water + 1.0ppb As 1.03ppb As

Tap water + 2.0ppb As 2.13ppb As
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More Information
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Conclusions

Legislation and methods have developed for the monitoring and 
measurement of elements in many environmental matrices
Tools for performing these analyses are available:

• AA great for single element work
• ICP great for fast multi-element analysis of dirty samples
• ICP-MS great for fast multi-element analysis at low-medium concs.

Speciation is an area of growing interest
• Chromatography coupled with ICP-MS is a very powerful technique 

for this
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Environmental Resource Centre (ERC)

New Environmental
Resource Centre visit 

http://www.thermo.com/erc

Stay in touch with the
latest environmental
legislation and method
changes with our free
web-based ERC

http://www.thermo.com/erc
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