Requirements for a Direct Mercury Analyzer
1. Compliance with EPA Regulatory Methods

The instrument must be fully compliant with US EPA method 7473.
2. Instrumentation and Analytical Performance

a) The instrument must be based on mercury generation by thermal decomposition, not reduction.  Mercury vapor must be pre-concentrated on a gold trap prior to analysis. 

b) The system must be mass based.  Mercury in injected samples must be quantitatively transferred to the gold trap prior to analysis.
c) The system must be equipped with a pressure sensor to ensure a reproducible seal is made at the injector.

d) The system should consist of spectrometer, furnace, and autosampler modules.  Modules should be replaceable without the use of tools for simple, fast, and economical servicing.


e) All modules must be fully automated with computer control.
f) The furnace module must have a decomposition furnace with programmable temperatures for sample drying and decomposition.  

I. Separate temperatures and hold times must be programmable for dry and decomposition phases.

II. Actual temperature must be measured and displayed real-time.

g) The furnace module must be equipped with a catalyst furnace to ensure free mercury is produced and that interferences are eliminated.
I. The catalyst furnace should be capable of continued operation at 750(C

II. Actual temperature must be measured and displayed real-time.

h) The furnace module must provide a gold trap with computer control of collection and release temperature.  Release time should be programmable.


I. Release temperature should be programmable from 450-800(C.


II. Collection temperature should be programmable from 150-200(C


i) The sample vapor must be pass through a fluoropolymer drying system prior to preconcentration on the gold trap.  The drying element should be designed to prevent clogging and to promote self-regeneration.

j) The Spectrometer module must have a minimum 25cm long optical cell for high sensitivity and exceptional detection limits.  The system must achieve 0.005 ng instrument detection limits.
k) Extended Range Capability

I. A shorter (~2.5 cm) high concentration cell must be included to provide extended dynamic range. 
II. A field modification should also be available as an option to increase the dynamic range for extremely high concentrations (up to 20,000 ng).


l) High and low sensitivity signals should be separated in time by a delay loop but both signals must appear for every sample measurement.  The software must determine which sensitivity range would be appropriate for each sample.


m) Mercury excitation lamp intensity must be continuously referenced to provide exceptional stability and superior detection limits.

n) Mercury lamp and optical cells should be readily replaceable without the use of tools.


o) The Autosampler module must:
I. Provide for at least 70 samples to be loaded at any one time.
II. Sample boat size should be selectable between 500 and 1400uL
III. Sample boat capacity for solid samples should be between 0.5-1.5 grams dependent on sample density.
IV. Sample movement should be actuated by precision stepper motors and not by pneumatic pistons to provide smooth & reproducible motion.
V. Allow on-the-fly programming of the autosampler
VI. Separate samples into racks to facilitate on-the-fly programming
3.  Software

a) 
Instrument operating software must be Windows XP™ based to provide compatibility with external packages such as Excel(, Access(, and Word(
b) 
The system must keep track of usage for catalyst and gold trap and report when scheduled maintenance is required.

c) The system must provide context-sensitive help so that the operator can find desired information quickly.

Software (cont.)
d) Software must provide a graphical display of each signal reading as a function of time.

e) Software must provide for the overlay of scans for multiple samples.

f) Software must provide a control chart whereby quality control checks, samples, or standards may be graphed over time automatically.

g) Software must provide for multiple sample injections for a single measurement to determine lower mercury concentrations
h) Electronic transfer of sample weights from in-line balance to computer must be provided.  For manual analysis the software should compare the sample weight with the current balance weight and warn the analyst to load the sample when both values are identical.

i) The software should allow for unlimited virtual sample sequences where new racks can be added to the end of a running sequence as space becomes available.
j) The system must be capable of automatic data export to third party programs or LIMS (CSV, TXT formats supported.)


4. Upgradeability

The system must be field upgradable with optional extended range capabilities as described in section 2k, or to optional Atomic Fluorescence spectrometer.
5. Installation and Training

The system should be designed for self-installation, however optional on-site installation with a minimum of 5 hours of training by a factory trained field service engineer must be available.

6. Service

Free telephone support as well as depot service (return to factory) or full field service by factory trained field service engineers must be available should the instrument require service.  Also, extended maintenance plans must be available.

7. Warranty

A 12 month warranty including parts and labor must be provided.  
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