
Microconcentric Nebulizers – Winter Conference 2010 
One of the hottest topics at the 2010 Winter 
Conference on Plasma Spectrochemistry was the 
increasing use of microconcentric nebulizers in ICP-
OES and ICP-MS.  At very low liquid flow rates, less 
than 15 uL/min, overall efficiency can approach 80% 
while common nebulizer/spray chamber systems 
rarely exceed 5% at 0.5 to 1 mL/min. 
 

The primary advantage of microconcentric nebuliz-
ers is that they produce a smaller-than-usual  drop-
let size which is more efficiently transported to the 
plasma, and more efficiently atomized in the 
plasma.  This improvement is generally accom-
plished by  dramatically reducing the liquid flow 
rate relative to the carrier rate, though other factors 
play a role.  As a result, much less sample is con-
sumed with sometimes very little loss in signal level.  
A very small volume spray chamber, less than 10 - 
20 mL, can be used; if the nebulizer is connected to 
a liquid chromatograph, band-broadening and loss 
of resolution are dramatically reduced. 
 

The primary disadvantages of microconcentric 
nebulizers are that they generally have very small 
solution capillaries, which are easily clogged, and 
they operate at a low liquid flow rates.  Conse-
quently, it can take quite a while for a sample to 
move at 20 uL/min through 30 cm of tubing from 
an autosampler to a plasma.   But there is a solution 
to that problem as well. 
 
Research has shown that the Meinhard High Effi-
ciency Nebulizer (HEN, Figure 1) provides the high-

est performance among microconcentric nebulizers.   
The solution capillary is 70 – 100 um i.d. while the 
gas annulus has an area of 0.007 – 0.01 mm2.   De-
pending on the HEN model, between 90 and 170 psi 
is required to move argon through the annulus at 1 
L/min; but the carrier will escape at a much higher 
gas velocity   at the face of the nozzle, which leads 
to the smallest droplet size and best performance 
(see, e.g., Meinhard Newsletter, December 2006).   
 
 
 
 
 

       
 
 

 

 

Examining the Nukiyama-Tanasawa Equation (Figure 
2), one can see how changing the ratio of liquid 
flow (Ql) to carrier flow (Qg) will decrease the drop-
let size (d

32
).   One can reduce the droplet size pro-

duced by just about any nebulizer simply by “starv-
ing” it for liquid, though a flow rate well below the 
natural aspiration rate may lead to noisy (pulsing) 
aerosol generation.   In addition, the equation 
shows that increasing the difference between the 
gas velocity at the nozzle and the liquid velocity at 
the nozzle (V) also leads to smaller droplet sizes.  
All microconcentric nebulizers achieve this to some 
extent, though the HEN is superior. (continued on page 2) 

Booth 3040 – ICP AISLE – Pittcon 2010 
Meinhard Mug – VHG Labs – Win a MEINHARD® Nebulizer 
 

A new feature of Pittcon this year is a dedicated ICP 
Aisle  where you will find the premier manufacturers 
of consumables and accessories for your ICP-OES 
and ICP-MS: Elemental Scientific, Meinhard, 
Spectron, and now VHG Labs – a leading provider of 
standards.  Just look for the banner over aisle 3000.  
 
Be sure to pick up your 20 oz, microwave-safe, car-
compatible mug from Meinhard, and have a look at 
the latest and best in sample introduction compo-
nents in Booth 3040. 

When you visit, you can register for a chance to win 
a MEINHARD® Nebulizer.  There will be one winner 
each day, Monday through Thursday. 
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Microconcentric Nebulizers - continued 
 
 

  

 

Figure 2 

Why the concern about small droplets? The rate of 
evaporation of solvent from a droplet (think fog vs. 
rain) is a function of the surface-area-to-volume ra-
tio, among other things.  Small droplets also con-
tain less mass, are more readily transported in a 
flowing gas stream, are less likely to be lost through 
inertial impaction with abrupt changes in flow direc-
tion, evaporate more rapidly, and lead to smaller 
particulates.  These, in turn, are more rapidly and 
completely decomposed in the plasma, leading to 
signal levels which are not much different from 
those obtained with conventional high-flow sample 
introduction apparatus. 

Why doesn’t everybody use microconcentrics, then?  
Most simply, it should be intuitive that smaller solu-
tion capillaries are more prone to clogging by par-
ticulates;  solutions really must be carefully pre-
pared, requiring extra time and effort.   Moreover, 
the liquid flow rates typically range from 1 uL/min 
to as much as 300 uL/min, which is difficult to rec-
oncile with a sample analysis of 2 minutes or less as 
demanded by production laboratories who wish to 
process upwards of 300 samples/day.   Finally, 
sometimes microconcentric nebulizers seem inordi-
nately expensive, but they don’t have to be. 

Meinhard offers HEN-90, HEN-120, HEN-150, and 
HEN-170 at $455 for the borosilicate glass version, 
and $565 for the quartz version for users who are 
concerned about boron leaching from the borosili-
cate glass and desire lower blank levels.  The HEN is 
also available in Suprasil high purity quartz, with 
impurity levels typically reduced by 100-fold com-
pared to quartz – which is already much cleaner 
than glass.   Standard natural aspiration (Ra) liquid 
flow rates are 20, 50, 100, 200, 300 uL/min at 
1 L/min of argon carrier. 

For more than ten years, Meinhard has made the TR-
30-ARa and TR-50-ARa series offering excellent 
value at just $280.  Available flow rates are 100, 
200, 300, and 500 uL/min at 1 L/min of argon car-
rier.  The TR-50-A0.1 requires argon at 50 psi to 
obtain a carrier flow of 1L/min and a natural aspira-
tion rate of 100 uL/min, but only about 35 psi to 
obtain a carrier flow of 0.7 L/min and natural aspi-
ration at about 70 uL/min.    

Finally, flow injection apparatus can enhance both 
throughput and washout with microconcentric nebu-
lizers.  Starting at just $7500, the oneFAST high 
throughput sample introduction accessory 
(Figure 3) uses a vacuum pump to pull a sample 
through a loop in a sampling valve while the in-
strument’s peristaltic pump delivers solvent to the 
nebulizer. At a software command, the sample valve 
inserts the loop into the flowing solvent stream to 
carry the sample as a plug to the nebulizer, while 
flushing the loop.  After all the sample has been 
flushed out of the loop, the valve reverts to a load 
position, the vacuum pump is energized, and the 
loop is filled with the next sample – even before the 
analysis of the prior sample has completed.  The 
time savings are dramatic and the vastly reduced 
surface area wetted by the sample reduces washout 
time.    

Especially if your primary technique is ICP-MS, you 
may wish to consider using a microconcentric nebu-
lizer with the oneFAST flow injection accessory  to 
reduce your sample consumption and your waste 
production without compromising detection limits 
or sample throughput. 

        Figure 3 
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Meinhard Notes 
ISO 9001 Certified 

With the successful completion of its annual audit in 
July, Meinhard remains the only nebulizer manufac-
turer that is certified compliant with ISO 9001.   

Though known for its  industry-standard  concentric 
nebulizers in glass and  quartz, Meinhard can also 
supply: 

Torches and Spray Chambers 

To fit all of the popular ICP-OES and ICP-MS instru-
ments. We can produce custom components for 
your R&D projects, as well. 

EasySeal Spray Chambers 

Meinhard’s EasySeal  cyclonic spray chambers in 
borosilicate glass are available for all leading ICP-
OES and ICP-MS instruments.  These new threaded 
inlet systems eliminate the sometimes troublesome 
o-rings while reducing liquid build-up around the 
nebulizer along with washout and contamination 
issues.  Any 6 mm nebulizer can be accommodated 
by the adjustable, chemically inert  Teflon® PFA cap.  
Quartz and Teflon® PFA cyclonic spray chambers are 
also available.     

 
Applied Spectra, Inc., develops and markets LIBS 
(Laser Induced Breakdown Spectroscopy) and LA-ICP-
MS (Laser Ablation-Inductively Coupled Plasma-Mass 
Spectrometry) products that complement traditional 
liquid solution-based elemental techniques such as 
ICP-OES and ICP-MS.  Founded in 2004 by Dr. Rick 
Russo at the Lawrence Berkeley National Laboratory, 
Applied Spectra put together a highly qualified team 
of scientific and engineering staff with 80-plus years 
of experience in laser ablation fundamental science 
and related analytical techniques.  The company is 
focused on and committed to providing the com-
plete  analytical solution with a clear value proposi-
tion for its clients.  For analytical research, ASI LIBS  
and LA-ICP-MS products offer the highest system  
component flexibility for state of art R&D.  For our 
industrial  customers, ASI products offer “plug and 
play”  experience  through a software platform  that 
directly  embeds in-house developed  analytical pro-
tocols, for rapid  and direct solid  material charac-
terization with  high precision and accuracy. 

In 2007, the company introduced its flagship RT100 
LIBS system which has been adopted by major na-
tional labs and academic institutions in the US for 
research, forensic, and inorganic hazardous material 
detection. In 2009, the company introduced Femto-
second LA-ICP-MS products to address analytical ap-
plications that require ultra-high sensitivity and pre-
cise isotopic measurement.     

Applied Spectra provides core expertise and supe-
rior tools for laser based chemical analysis, enabling 
rapid, versatile, and environmentally-friendly solid 
sampling and analysis.  The company provides su-
perior integrated analytical solutions based on LIBS 
and LA-ICP-MS technology.  
 
Applied Spectra,  
46661 Fremont Blvd. 
Fremont, CA 94538, USA.  
510.657.7679  
contact@appliedspectra.com 
www.appliedspectra.com 
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