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Content

Instrument Development at ECN

GRAHAM — Analyzer for Ammonia gradients
GRAEGOR - Analyzer for gas and aerosol gradients
MARGA for CASTNET
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Z |- C\\ Historical Review

1986
1988 Batch WD
1990 MAND
1992 IAMANDA GRADIENT]
Batch WD + SIAC
1994
IAMOR|  |AMFIA
1996
[SIAC/IC

1998
2000 AiRRmonia
2002 GRAEGOR

GRAHAM [GRAEGOR
2004
2006 FloRRid  [MARGA—IMARGA Sizef

SIAC + TOC
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Analyzers
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Pump
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Variations on a theme
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Sampler Lig. Pump Analyzer

A Wet Denuder A Peristatlic Pump |A Sample Exchanger

B SJAC B Syringe Pump B AnionIC

C Wet Denuder + SJAC [C Micropump C Cation IC

D Membrane Sampler D NH4 detector

E Etched Tube E Cuwet Tube

F Parallel Moudi F TOC analyzer

G Sample Exchanger G ICP
Batch WD AAA
AMANDA AAD
Batch WD + SJAC ABAA
SJACI/IC ABAB
Soot Monitor BBE
SJAC + ICP BAG
SJAC + TOC ABBF
AMANDA GRADIENT 3AAD
GRAHAM 3A2BD
REA 2DAD
GRAEGOR 2A2B3BBD
Fast Sensor EAD
MARGA 2S 2A2B2BBC
MARGA Sizer FABBBC ;
AMOR AAD s 0 , R /
Amina DCD ' .
AMFIA GAD O t t
il o ur construction
AiRRmonia DBD
MARGA ABBBC t eam
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Vertical Gradient Analyzer for NH,

!

Hydroxide Water

For the best precision 3 sampling boxes are connected
to one detector. To minimalize systematic deviation.
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GRAHAM
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A
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«Strip water soluble gases
Air led through 2 glass rotating tubes

sAbsorption solution in annulus
*Aerosols pass due to laminar flow
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ECN GRAHAM
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Detection by conductivity
after membrane permeation
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Z |- C\\ GRAHAM

1.0m

surface

In order to correct for residual
systematic deviation a reference pipe is
used.
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GRAHAM
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—1ECN GRAEGOR
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GRadient of AErosol and Gas - Online Registrator

Gases: NH,, HNO,, HCI, HONO, SO,

Aerosol: NH,*, NO5-, Cl,, NO,, SO,?%

Sample Box High

{
{

Sample Box Low

Syringepump

Anion-
Chromatograph

NH4-Detector Detector BOX
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Precision Nitrate

GRAEGOR

sampler 2

y =0.999x +0.0138
R® = 0.9997

2.0

sampler 2

0.5

0.0

[
o
L

-
o
L

sampler 1

Precision Sulphate

10

y = 0.9812x +0.0189
R%=0.9986

0.0

05 10
sampler 1

15

20

25

Energy research

Precision Systematic
<1% <2% <3% <4% <5% Deviation
Aerosol ppb ppb ppb ppb ppb ppb
Ammonium 8-4 4-2 2-1 1-05 -0,07
Nitrate 10-2 | 2-03 -0,01
Sulphate 2-1(1-03 -0,002
Chloride 0.8-0.3]0.3-0.1 0,01
Gas
Ammonia 4-1 0,04
Nitric Acid 0.6-0.2 0,01
Nitrous Acid 0.7-0.3(0.3-0.2 |0.2-0.05 0,002
Sulpherdioxide 4-25| 25-2 2-15 [ 15-1 0,05
Hydrochloric Acid 4-3 3-1 1-0.2 -0,04

based on 65 data points

Centre of the Netherlands
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~_EGCN Marga

\

MARGA - Monitoring Instrument for AeRosols and GAses

(Gases PM
NH, NH,
SO, SO,
HCI Cl
HNO, NO,
HONO Na
K
Mg(d)
Ca(d)
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'}-‘Iunchrumatugraph settings (anion)
Fle Peak

C:\harga data\Marga 2 Beltsvilleh 20054064 22%anion_20060622-171E00.dat

302
301

(5]
=]
:

299
298

297

Conductivity (uS/cm)

296

295

Cycle duration (mind

lon | Retention [mir] | Conc | Conc con | Area |
unknown 280 1.846 1912 £8.859
CL 342 32 35544 43 462
MOz 432 11.165 11.565 7780
unknown 562 0150 0,155 3.970
H503 a.00 #3119 #3549 8.72A

Eir 918 87,759 90.909 52.064
MO3 11.15 128.857 133.482 90.444
504 1270 165,453 171.39 160.4...

Chromatograms

'}-‘Iunchrumatugraph settings (cation)
Fle Peak

C:\Marga data‘targa 2 Beltsvilleh 20054064224 ation_20050622-153200.dat

1,097 |
-1,097.5 ]
e -1,008 ]
L
g -1,095.5
=
Z 1,009 ]
B 1 poas ]
=
5 1,00
(5] “h
41,1005 ]
41100
Cycle duration (min)
lon | R etention [min] | Conc | Conc cor | frea |
Li 457 16.220 45,455 0.868
Ma 531 32 E42 91475 0478
MH4 582 74110 207 B35 1.386
K 704 14.208 39817 012z
urknaown 8.93 0.030 0.083 0.010
unknown 10023 0.004 noo 0.0
kg 11.53 1.473 4127 0.04
unknown 1248 0180 0443 0.054
Ca 1361 8.216 23024 0138

Typical anion chromatogram
for a gasphase sample

Typical cation chromatogram
for a aerosol sample

A standard solution of LiBr is added is for QA purposes

Energy research Centre of the Netherlands
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z -C|\|  Castnet FP vs Marga

\

504 Regression
2 Marga’s were deployed in 15
y = 0.9346% + 0.551
. R®= 09566
Beltsville for 16 months
=
5_
-*
0 ;
0 5 10 15
FP
MNH4 Regression
S02 Regression
4
16 y = 0.9492x - 0.0231 *
Teflon 141 w=11178% - 1.7333 3 R?=0.5769
12 R%= 09234
10 -
Nylon 2 g g 2
B 4
Impregnated Whatman 41 14
2 4
0 o T T T T 0 ’. ; ;
o2 4 B 8 10 12 14 18 q ) 5 5 4
FP Fp
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Diurnal Variation

Median concentration per hour of the day per month

Diurnal variation at Beltsville
HNO3 in ug/m3 by Marga 2

Diurnal Variation at Beltsville
S02 inugim3 by Marga2
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Z |- C\\ Extra plot Ammonia
NH3 in ug/m3 by MARGA
at Washington DC
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Diurnal

Diurnal Variation at Beltsville Diurnal Variation at Beltsville
NO3 in ugim3 by Marga2 S04 inugim3 by Marga2
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—_ECIN MARGA 2S

MH3 (4 weeks)

y = 1.0061% +0.133 e Comparing 2 samplinx Regr | R"2 Max
R* = 09954 . : .
o boxes with ambient air Coeff cone
% Cl 1.00 |0.995 |5
% » Use of concentrator NO, |0.99 |0.998 |6
o 10 4 .
= columns to Improve SO, 1.04 |0.978 |2
D | | sensitivity by factor of 10 NH, |0.99 |[0.994 |2
0 10 20 a0 Na 0.99 (0992 |2
Denuder P10 * Ment to compare ” 097 lo76 loz
o PM10 and PM 2.5
g (4 days) Mg 1.03 |0.989 | 0.4
0.4 1008 7 0,000 :  Mind the max Ca 1.02 |081 |0.2
R¥ = 059585 . .
0.3 1 - concentration
B o HNO, [ 0.98 |0.75 |0.4
g 02 ¥
@ s HNO, | 1.00 |0.993 | 3
0.1 - £
/ NH, |1.01 |0.995 |28
%
0.0 +— : . - SO, 0.95 0.994 | 8
0o 01 02 03 04
Sjac PM10 HCI 0.92 0.35 0.4
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Special thanks to

* RIVM for their GRAHAM data and figures
« CEH, MPI for their GRAEGOR data and figures
« CASTNET, Applikon for their MARGA data and figures

And to you for your attention
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