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P S Analytical Shapshot

‘ Founded in 1983

‘AFS — Our Core Competency

‘We analyse for Hg, As, Se, etc
. Environmental, Food, Petrochemical markets

’ Laboratory, at line or on line instruments

‘ Family Owned Business

’ Head Office in London, Regional Office in USA and AP
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Why PSA Utilises Atomic Fluorescence

* Hydride forming elements and mercury all
absorb and fluoresce in the UV region below
260nm where AES and AAS are relatively
insensitive.

« High intensity excitation sources available.

* Low spectral interference-analyte separated
from matrix by the hydride/vapour generation
process.

« High selectivity-only the analyte corresponding
to the excitation source will fluoresce.

* Excellent sensitivity and linearity.




Advantages of Atomic Fluorescence
Spectrometry (AFS)

« Sensitivity attainable is controlled by the intensity
of the light source

« Equipment can be less complex than that needed
for AAS or AES

« High sensitivity attainable into the far UV where
AAS and AES are insensitive

« Good linearity

* Low spectral interference
« High selectivity

* Analytical line summation




Excalibur Fluorescence Detector
for As, Se, Sb, Te and Bi

Hydrogen Diffusion
Flame

‘///E - |

Lens 1 ‘

Boosted Discharge Hollow
Cathode Lamp

Incident [ 1 Observed
Light —®— Light
> Multi Reflectance
- Y Filter
Lens 3
Solar Blind

PMT

Schematic Representation of Excalibur
Hydride Fluorescence Detector



Merlin AFS Optical Configuration
Plan View

Collimator + Filter

Introduction Chimney




Core Products
Environmental

SPECIATION MILLENNIUM MERLIN MILLENNIUM EXCALIBUR
LC AFS, GC AFS SPECIATION MERCURY ANALYSIS ANALYSIS OF THE HYDRIDE
& COLD VAPOUR ATOMIC FLUORESCENCE FORMING ELEMENTS
70 ngiml Hg HYDRIDE GENERATION ATOMIC FLUORESCENCE
O 5y @ * Detection Limit <0.1ppt  * Interference Free
O * Linearity up to 10 ppm * Amalgamation 1631 - S.ub ppt Detection Limits * Online Digestion
ST e gt S * Speciation Ready * Rapid Analysis * Linearity up to 10 ppm  * Fully Automated
* Online Digestion * Low Carryover * Speciation Ready * Rapid Analysis
10 ng/mi Sb * Accurate and Reproducible * Accurate and Reproducible
= * Optional Ambient Air Accessory
— * Optional AAS Detector
ng/mi Se

’ 0.2 ng/l MeHg by GC AFS

Method Calibration utilising EPA 1631
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Whatever YOUR application Whatever YOUR application Whatever YOUR application

contact the EXPERTS contact the EXPERTS contact the EXPERTS
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Millennium Merlin - CVAFS and 1631-Hg

Lab analyser based on Cold Vapour - AFS
EPA 1631 Method uses gold amalgamation
Chemical digestion with acidic oxidants
Stannous chloride reduction of Hg?* to Hg°

Hg(ll) + Sn(ll)  Hg° + Sn(IV)

Automated with 2 mip cycle times and
optional UV automated digestion

Detection Limits less than 1 part per trillion.
Linearity 5 orders of magnitude.

No quartz atom cell to avoid carryover

between samples

Suitable for all types of wastewater and — B E?él:ﬁ;lier
plant samples (coal, coke, ash, leachates,

gypsum, sorbent traps, impinger solutions L \ \:' -

etc) ....................................... . ~ Argon
()
y ° : ¢ Reference cell
........................................ o
[~ Sample in

Introduction Chimney




« Laboratory Analyser for As, Se, Sb, Te and Bi
Single Element detector defined by lamp.

«  Samples require preparation prior to
measurement, digestion and conversion to
optimal oxidation state

* Automated NaBH4/Acid chemistry to produce
gaseous hydrides and hydrogen diffusion flame.

NaBH, + HCl + 3H,0 8H + H;BO;+ NaCl MH, +H,

"+ Part per trillion detection limits. Linearity to
10ppm. 1 min cyele time. Optional UV apito-
digestion and species conversion.

* «  Lower MDL than ICPMS as less dilution required

|« Suitable for all types of wastewater and plant
‘ samples (coal, coke, ash, leachates, gypsum,
sorbent traps, impinger solutions etc)

‘ Millennium Excalibur
Hydride Generation AFS - As, Se, Sb

Hydrogen Diffusion
Flame

Lens 1 Boosted Discharge

HollowCathode Lamp

Lens 2

Mult-reflectance
Filter

Salar
BlindPMT



Lab Analysers - CVAFS/HGAFS

Hydrogen Diffusion
Flame

— ] Hydride Generation
' AFS - Se/As/Sb

Boosted Discharge
HollowCathode Lamp

. Multi-reflectance
Filter

Lens 3—=

Solar
BlindPMT

Hg

O__ mfﬁner Cold Va pour AFS
Collimator + Filter ] tube

Lens

\ Sheath

-~ Argon
Mercury o
Lamp ; ." Do Reference cel
o
[~ Sample in

Introduction Chimney
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Speciation/Fractionation Studies

0.5
0.24
0.H

]

Organo- Hg species at
0.1ng/ml




Hg CEM Stack Gas
Typlcal Conflguratlons

DAHS/PLANT




F 10.225/10.255 Liquid Online Hg, As & Se
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Core Products
Petrochemicals

ONLINE

MERCURY ANALYSIS
IN LIQUIDS AND GASES

\. Naphtha and Condensate
Hydrocarbon Liquids

T =

Ambient Air
Stack Gas
Crematoria
Workroom Air
Cell Room

Natural Gas

LNG

LPG
@
Whatever YOUR application
contact the EXPERTS

Wastewater
Caustic/Acid

PSA| www.psanalytical.com

SIR GALAHAD

MERCURY ANALYSIS
AMALGAMATION - ATOMIC FLUORESCENCE

e [ L=

Offline Sampling Online/Offline
Liquid Hydrocarbons

Ambient Air
Online Stack Gas

Sl &
BE) s - " g
“ v | .E€i4ﬁ£< ) /

High Pressure
Liquids Online Sampling

Sir Galahad Hg Analyser St

Automated Online Hg
Calibration Petrochemicals

Online Liquids

Whatever YOUR application
contact the EXPERTS

PSA| www.psanalytical.com




Oil, Gas & Water

Atmospheric Emissions
Flaring, vents & exhausts

—_— Gas
0.05 - 5000 pg Nm?3

{ Oi [/Condensate
0.1 - 20 000 pg kg

Solid Waste Water
e.g. drilling muds /sludge 0.1 -50 pg L
m Naturally Occurring
Hg in all phases




Sir Galahad IT (10.525)

= For the determination of mercury in a wide range of
gaseous media, including;

e ambient air,

* natural gas

+ stack gases.

The Sir Galahad is based on amalgamation with atomic
fluorescence spectrometry which is inherently more
sensitivity than atomic absorption and offers
advantages in tferms of linearity, accuracy and
precision.

ASTM D6350-98(2003) Standard Test Method for Mercury Sampling
and Analysis in Natural 6as by Atomic Fluorescence Spectroscopy

This test method covers the determination of total mercury in natural gas
streams down to 0.001 ug/mJ. It includes procedures to both obtaining a
representative sample and the atomic fluorescence detection of the analyte.
This procedure can be applied for both organic and inorganic mercury
compounds.




Hg in Process Gases - Sampling and Analysis

At line gas sampling -
up to 3000 psi

Sample is swept over this trap
in gaseous form

Traps all forms of Hg

Can trap in excess of 82mg of
Hg

Can be used at elevated

temps
Low cost and Reusable

Analysis on the ben
Sir Galahad Il



Online Mercury Analyser for
gaseous Hydrocarbons

finalyser System




Core Area - Bespoke systems




Introduction

./ ° PSA’s experience providing bespoke
=L C analyser/test systems

N+ Examples of some laboratory test systems
we have done.

e+ Discussion of what is possible.

that meets the client’s expectations and
requirements



Gas Test Bed System

« Designed to fit in client’s walk
S I Ew— in fumehood
T « High concentration mercury
| feed
* 14 sample points (4 with
dilution)
« Two bed trains with flow
control/pumps etc




s Test Bed System Schematic

50.132C Analyser Cabinet
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Hg in Liquid Hydrocarbons




Hg in Liquid Hydrocarbons




n Aqueous Systems




? Hg in Aqueous Systems

Bed A-1 Bed B-1

Bed A-1 Bed B-1

Bed A2 Bed B-2
Bed A-2 Bed B-2
Pump 1 Pump 2
Pumps 1-2
. 5-20 ml/min Pump 1 Pump 2B
= eyt
Spigot =20 ml/min
s
/Inline filters

T T T “‘\
¢ Inline filters =
1\ on feed lines /
-
_—————
Transfer Pump
5-80 ml/min /
\an feed lines  /
-

SPARE ~——

Transfer Pump
5-80 ml/min

Y




As, Se and Sb in Waste Water
Streams




As, Se and Sb in Waste Water
Streams

—
WASTE

{Container{s) customer scope)

Bed A-2 Bed B-2 Bed A-2 Bed B-2

Bed A-1 Bed B-1
Bed A-1 Bed B-1
Pumps 1-2 Pump 1 Pump 2
WASTE 1-10 ml/min . . Pumps 1-2

1-10 ml/min

g
/! Infine filters

. on feed lines J

R ——
s ~
s ~
r’I/nI'lne filters H\\
- \o;Ee_d lines
. Fs
FEED FEED
FEED (BED A) (BED B)




PSA Online Software

¢,/ * Proven platform for online automation

- , C. Configurable to provide what the
S customer needs

.. Capable of upgrade as and when required




PSA OnLine Process Control Software

5 OnLine
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Somple Stieam 1 4% Sample Stieam2 <X Sample Stieam 3 4 X| Sample Steam4 X CalbiationA A%
13:53 06/04/2010 13:44 06/04/2010 13:46 06{04/2010 13:47 06042010 13:49 06/04/2010
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Clear Averages I
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@ Analyser Sample Flow|
®
@ Detector-Reference
@ Detector-E100
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¥ CALIBRATOR
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Current Alarm Severity - HIGH
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06 Apr 2010 13:53:48

Full instrument control
Highly configurable
Simple user interface
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Print Trends
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S, 0nLine

PSA OnLine

wi el ot |mlole|R[e]s]

Basic

Sample Stream 2 - X
13:44 0&/04j2010

Charnel: 2

48.988

Result:

Sample Stream 3 -x
13:46 06042010

Channel: 3

41.241

Result:

Sample Stream 4 ax

13147 06/04/2010

Analyser
Sample Stream 1 - X
Controls 1353 06z010
Channel: 1
. 52.861
Panels O
showin g ‘Sample Stieam 5 XX
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Channel: 5
Result: 48.987

Concentration
Alarms Highlighted (3
levels)

Sample Stream b - %
13:49 06/04/2010

Channel: &

35.431

Result:

Sample Stream 7 - X
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39.30

Result:
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52,861

Result:

Channel: 4 |

Slope
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‘& ANALYSER

@ Communications
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@ Analyser Sample Flow
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% CALIBRATOR

¥ CALIBRATION

| Current Alarm Severity - HIGH

| start
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Logged in as PSA
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Highlighted

Grouped
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Displa

@1 2
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Results
Trend

. Graph

PSA OnLine
Instrument Sequence Tab
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Analyser
Mimic

5, 0nLine
Instrument Status 2 Instument Sequence |@ Ealibrationl I} Eventsl = Datal

PSA OnLine
Instrument Status Tab

=8|

pote | Stack Gias Raw Detector
z““"‘ a0 e Output

: S, o . Graph
OLO &pt

Sampling
System &
Calibrator

temperature

s & flows

Viewing period [minutes) Fiaw data recording period [minutes)
:%p O a0 04 e Cor w4 e
Meazurement Mode Bazeling Check  Parameters
! Baseline check value = 1
Filter Factor =1
20
@ Fiunning Mo fMethod

Fieserucnr Flow

3 00:00

T

Signal  Flow

=

Digital CavKit

Conditioner 1
Temp ['C]
Owen

Dilution Flow Cracker

SP: 000 (I min-)

B B o0

Hyg Resersoir Temp
SF 0000 [T

Set Temp Set Temp
200 800

[

Current Alarm Severity - NONE | 28 Oct 2008 17:14:58 Logged in as PSA



Calibration
Curve
Parameters

Calibration
Schedule

PSA OnLine
Calibration Tab

Print |

| &‘ﬂ “Wiew Historp |

Instrument 1 Calibration

Bl lanore &7 Bestore & Delete

T = oomm TUTE METHOD CALBRATION
BEZERESD | ZBSESTIT yes LGEIM
IPLANGES | SGOTTIEE yes  038GEE
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0.06107 2220
100
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2
B
Z
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ILEasl Squares j

I 7412479 Feslope %
o

I -4.43002 Measurement Mode IHelght =

Canrelation Coefficient I 093330 Unit InD gms)  *

Slope

* Intercept

\AAB ACAD AE AF/

L _

Instrument Interval [Mest Sohedule due [include  [Tupe [ Calibration
1 1Da 13 Sep 2008 1200 Yes Calibraticn &

—

Calibration
Graph



PSA OnLine

Results Tables/logs
Events display/log

Other

Maintenance Scheduling

Report Generation:

€ OnLine Report Generator P ] o5
File Tools
O = =] (& s b 4
Mew  Open  SaveAs  FPrintPieview  Frint  Expot  Exit
SELECT DATA SOURCE
Set »> Flom  Time+Date  To > Set
Instiuments Included Channels Included

10 al

2 - al

Nl al

SELECT LAYOUT
Include Data Data Includzd Include Segments Fleport Layaut

Diater Time P Fieport Farameters
Trstrument LI Trend Graph LI
Charnel Min-Max Graph
Coneclion Factor Data
Signal < <
Peak Height < <
Peak Area
Result »| »|
Calibration Equation
Bassline ﬁl ﬁl
Instrument Status
Method Hame
Name =

Menu Structure:

Tools

Report

View

Configuration

|

|

View Main Page

Printer Setup...

About
Log Off...

il

Exit

View Port Manager
Calibrator Setup
Security Settings
QC Setup
> Email Setup
Change Password
Scheduler
DataFile
Method Setup
Modbus Setup

Relay Setup
DAC Setup
OPC Client
PLC/DCS Modbus Lin
Startup Setthgs

Maintenance Schedule

Alarm Setup

Com Setup



5 PSA Online Systems
@ » Review of some typical configurations
073

Some Typical data
/
; )
5




Online Mercury Analyser for
Hydrocarbon Gases
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Online Determination of Mercury in LNG
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450 &
L 2
400
~ 350 1 +
g 10 —e— Common Inlet
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3 300 * —a—Qutlet 1
c 2
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®©
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8 150
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I 100
50
0+——F X A 88 AL N —
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Date and Time




Hg CEM Stack Gas
Typlcal Conflguratlons

DAHS/PLANT




A Power station in Kentucky

Typical long term data - Wet scrubber site

[Hg]/ug m-3

20 -

18 4

16

14

12 4

0

19/03y2007

00300
2]

se o o

‘e
*»
.q'o’ ool o .’ !'l * "'y
y . LRI PN EEFR R AR FRRIL LB
o %Y . ] . !$, O ..
*® o . LY . .
azbl e, "'I R B S
N
B o Tee b
. . . C e e .
. * -
.
L ., . * . .
LIRS . e >
r . H
. .
E !
Ld
¥
N
»

oo oo

&
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timestamp

« Stack Sample = Hovocal x dry Zero-level (0.00) e dry high level HgO (10.07) « stack sample cont




Parallel TGM in air from Sir Galahads Online
2 month period - Sweden Coastal Site

«PE5A 1
WPSAZ2

TGM Concentration ngm3

SR NGNS el

1] T T T T T T T r g 1
07062007 12062007 1706/2007 2206/2007 27062007 02072007 OFAOT2007 12072007 17072007 22072007 27072007
oooo o0:po o000 ooop ooop 000D 0:00 0000 oooo oooo o:0o

D ate and Time

PSA



? Data from Crematorium in UK
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Waste Incinerator
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> Online Hg in Liquid Hydrocarbons




¥ Online Hg in Naphtha Results from MRU with Zero
and 10ppbw Conostan Span Checks
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Date and Time
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F 10.225/10.255 Liquid Online Hg, As & Se
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Schematic Diagram of Online Systems

- . N
Cooling Water To
Waste
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LOADING
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q )» T-Hg in Synthetic FGD Wastewater

mSFW  wmSFW + 100ppt 24hr Recovery=103 + 8%

LOD based on 10 FIA measurements with 100 microliter injection

LOD (30), ppt 66



Lab 15ppb
Online 15.6ppb
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Two months operation with daily calibrations operating with
same peristaltic pump tubing, reagent top up every 2 weeks.
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Chemistry - Online As analysis

ASIII
AsV Ag!!+V
As-C

UV off, 95°C Total i-As

ASIII
ASV T'AS 52082-
As-C

UV, 80°C Total As




? Schematic for Online System

¢

A

Cooling Water To
Waste

Carrier

———
>/>\<‘ Cooling Water In
]

Sample Out |
ToUV

LOADING
INJECTING

4

SAMPLE

10-PORT VALVE LOOP

\
To WASTE

Perma Pure
Dryer




? Wastewater Online Arsenic Data

¢ .

4 Overnight Arsenic Stability and Refinery Waste Water Sample Data
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? Precision and Bias Data for standards

Description | Mean £ 5D ng/ml | RsD% | _Recovery _
0 ppb As (V) 0.66 +0.71 107% n/a
50 ppb As (V) 50.21 £1.09 2.2% 100.4%
100 ppb As (V) 101.29 £ 0.40 0.4% 101.3%
200 ppb As (V) 204.34 + 2.56 1.3% 102.2%
300 ppb As (V) 306.98 + 8.06 2.6% 102.3%
50 ppb As (lll) 47.69 £ 0.62 1.3% 95.3%
100 ppb As (lI) 97.12 £ 0.94 1.0% 97.1%
200 ppb As (l111) 191.53 +3.44 1.8% 95.7%
50 ppb As (V) 50.83 £ 0.31 0.6% 101.6%
100 ppb As (V) 100.92 + 0.89 0.9% 100.9%

200 ppb As (V) 204.47 + 3.07 1.5% 102.2%

300 ppb As (V) 311.88 + 3.27 1.1% 103.9%

50 ppb As (111) 49.25 + 0.32 0.7% 98.5%

100 ppb As (1l1) 98.75 + 1.50 1.5% 98.8%

200 ppb As (ll) 198.92 + 3.88 1.9% 99.5%




&5 Comparison on Lab versus Online

Sample Online Result |Laboratory Result
Description ng/ml ng/mi

Wastewater 25.5+0.8(n=20) 23.6+1.2(n=4)
Sample A

Wastewater 249.1+£4.8 242.4 + 0.7 (n=4)
Sample B (n=20)



filter

To analyser

All fluoropolymer (PTFE & PFA) wetted path
Filter sizes 1-25um in Teflon. Larger sizes in other materials.
Self cleaning inertial filter, easily replaceable

Sample flow through filter is 0.8ml/min from a higher flow bypass circa few hundred ml/min
or more

Filtration does not seem to influence results.
Internal bore of tubing on instrument is 0.6mm (i.e. 600 micron).
Pre-acidification options and dilution available.



Thank you for attention.
Any Questions?

Authorized Representative

For Additional Information, Quotes, Power Points, & Specifications
contact:

Pete Avila lll, President - (602)870-6677, (602)321-3334 Cell,
PAAvila@flash.net Corporate Office, Glendale, AZ,
www.SemiSmartSolutions.com -website

Michael Lamb, Technical Director - (512)268-9266, (512)922-8288 Cell
Texas Office, Kyle (Austin), TX, MLamb-S55@Austin.RR.com - E-mail

Elizabeth Hodges, Application Specialist - (480)600-2716
Oregon Office, Albany, OR, HodgesE@onid.oregonstate.edu - E-mail

David Lamb, Sales Engineer - (512)632-5077 Cell
exas Office, Dallas, TX, DavidALamb@®@outlook.com -E-mail
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