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FEATURED ARTICLE

Best Practices for Optimizing ICP-MS
Analytical Methodology: Impact of
the Evolving Application Landscape

Robert Thomas

‘m honored to be the editor of this

special ICP-MS supplement for

Spectroscopy magazine. It gives
me the opportunity to focus on what |
believe is largely being ignored in the
open literature—educational mate-
rial that can be easily understood and
used by novices or someone who has
limited experience in using the tech-
nique and wants to get the most out
of their instrument. We see a multitude
of applications that promote the high-
performance capabilities of inductively
coupled plasma-mass spectroscopy
(ICP-MS) using triple quads and all the
innovative bells and whistles that ven-
dors like to sell, but there are very few
publications that make life easier for
the ICP-MS practitioner who just has a
standard system and wants to optimize
their analysis.

So, | have asked five companies
I've collaborated with over the years
to contribute articles to this special
issue that focus on best practices for
optimizing ICP-MS analytical method-
ology and, in particular, developing
instrument components and accesso-
ries to deal with difficult sample ma-
trices. Some of the topics covered in-
clude improving microwave digestion,
maximizing sample delivery, improving
detection capability, reducing con-
tamination, minimizing interferences,
and extending cone lifetime. In addi-
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tion, | have also taken the opportunity
to look at the application landscape
since the technique was first commer-
cialized in 1983 to get a better under-
standing of how ICP-MS practitioners
have adapted these best practices to
meet the diverse and varied demands
of their sample workload.

Over 40 Years Old
The commercial ICP-MS marketplace
has just celebrated its 40th anniver-
sary. At the 1983 Pittsburgh Confer-
ence in Atlantic City, New Jersey, Sciex
introduced the Elan 250 quadrupole-
based ICP mass spectrometer. It was
another 12 months before its joint ven-
ture with PerkinElmer was announced,
but the event was the beginning of the
meteoric rise of ICP-MS as the domi-
nant multielement technique used for
ultra-trace elemental analysis. Many
vendors and instruments designs have
come and gone over that time, but sin-
gle quadrupole technology still domi-
nates the instrumental landscape with
approximately 80% of the marketplace.
Today, there are approximately 2000
ICP-MS installations worldwide every
year, comprising of single quadrupole
systems, triple/multi quads, time of
flight (TOF) and magnetic sector in-
struments performing a wide variety
of applications, including routine,
high-throughput multielement analy-

6

sis, isotopic fingerprinting, single par-
ticle and cell studies, and elemental
speciation coupled with high perfor-
mance liquid chromatography (HPLC),
to name a few (1). As more and more
laboratories invest in the technique,
the list of applications is getting sig-
nificantly larger and more diverse. The
most common ones include environ-
mental monitoring, geochemical, met-
allurgical, petrochemical, petroleum,
food, agricultural, clinical, toxicology,
semiconductor, industrial, rare earth,
energy, nuclear, pharmaceutical, and
cannabis, but every year it seems that
a new market has woken up and real-
ized the potential of its capabilities.

Market Segments

As a result of the widespread use and
acceptability of ICP-MS, the cost of
commercial instrumentation has dra-
matically fallen over the past 25 years.
When the technique was first intro-
duced, $250,000 was a fairly typical
amount to spend for a single quadru-
pole-based system, whereas today one
can purchase one for under $150,000.
Although it can cost a great deal more
to invest in a “triple quadrupole” colli-
sion or reaction cell instrument, most
laboratories that are looking to invest
in the technique should be able to
justify the purchase of an instrument
without price being a major concern.
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FIGURE 1: Major market segments being addressed by ICP-MS on a global basis.

One of the benefits of this kind of
price erosion is that, slowly but surely,
the atomic absorption (AA) and ICP-
optical emission spectroscopy (OES)
user community are being attracted to
ICP-MS, and as a result, the technique is
being used for more and more diverse
application areas. Figure 1 shows a per-
centage breakdown of the major market
segments being addressed by ICP-MS
on a worldwide basis today.

Three points should be empha-
sized here. First, the data can be sig-
nificantly different on a geographical
or regional basis, because of factors
such as a country’'s commitment (or
lack of it) to environmental concerns
or the size of a region’s electronics or
nuclear industry, for example. Second,
many laboratories carry out more than
one type of application, and as a result
can be represented in more than one
market segment. Finally, the research
market segment has been listed as a
separate category to show the instru-
ments that are being used in an aca-
demic environment or for non-routine
applications. However, many universi-
ties, federal organizations, or corpo-
rate R&D groups might be using their
instrumentation for research purposes
in a particular application segment.
For these reasons, these data should
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only be considered an approximation
for comparison purposes.

Performance Capability

Without question, extremely low de-
tection capability, combined with
increased sample throughput, have
been the main incentives for analyti-
cal chemists to invest in ICP-MS. The
technique is now considered a mature
tool that is being used for the routine,
high-throughput analysis of complex
samples with very little or no sample
preparation. In the early days, it was
used by academic institutions and
large corporate R&D laboratories.
Nowadays, ICP-MS instrumentation is
also being used by contract laborato-
ries in the routine analysis of environ-
mental, pharmaceutical and biomoni-
toring applications, among others. This
has been made possible by greater
automation on the sample prepara-
tion side and seamless method devel-
opment tools, which have resulted in
far less operator expertise required
to run them. It is also worth pointing
out that stricter regulations are requir-
ing lower and lower detection limits
(DLs), particularly in the semiconduc-
tor, biomonitoring, food and beverage
market segments. In addition, for the
past five years, the rapid growth in

the legal cannabis industry has meant
cultivators and processors have to en-
sure the safety of consumer products
by meeting strict state-based limits for
contaminants like heavy metals. So, the
drive toward lower detection limits is
just one factor, whereas the other is
the analytical needs and demands of
the customer. For example, the elec-
tronics industry is faced with the enor-
mous challenge of “chasing zero,” so
manufacturers must measure the low-
est level of elemental impurities in pro-
cess chemicals and electronic devices
to ensure the highest performance of
their products.

Analytical Challenges

As ICP-MS has become widely appli-
cable in a variety of application areas,
it has become more readily accessible
to startup laboratories. Part of this is
the development of turnkey methods
for food, environmental, biomonitor-
ing, geochemical, pharmaceutical,
and cannabis applications for inexpe-
rienced and novice users, which will be
critical for the growth of this technique
in these market segments.

Important considerations include
ease of use, seamless software, low
maintenance, and the ability to han-
dle different matrices, which give the
analyst confidence in the results being
generated and ensure they get the
correct answer the first time and every
time. The user community expects
these qualities, particularly in high-
throughput laboratories. They want
to run the instrument for extended
periods with minimum maintenance
and short downtime while simultane-
ously running multiple samples, many
containing high concentrations of min-
eral acids. It is important to emphasize
that this kind of sampling environment
is not really instrument friendly. When
samples are being run that contain
high concentrations of mineral acids
and dissolved solids, it will take its
toll on the instrument’s sample intro-
duction components. Therefore, the
instrument must be rugged enough
to handle this kind of sample matrix,
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without contributing significantly to
the routine maintenance of the system,
while at the same time delivering high-
quality data, day in and day out.
Therefore, ruggedness is criti-
cally important when designing an
ICP-MS instrument. However, this is
just one side of the analytical chal-
lenge. As mentioned previously, the
semiconductor industry is the one
application area where this kind of
ruggedness is expected, but the
lowest possible detection limits are
also required. Just 15 years ago, 10
ppt was the guideline for elemental
impurities in semiconductor process
chemicals; today, the industry is re-
quiring 1-2 ppt. This puts unique de-
mands on the design of any instru-
ment used for this kind of analysis.
Consequently, with the push for
lower and lower detection capabili-
ties, it is becoming a major challenge
not only to develop instrumentation
that has high analyte sensitivity and
extremely low background noise, but
also to have an ultra-clean lab and
sample preparation environment
that sets the stage for the detec-
tion of elements at such low levels.
Both factors are absolutely critical.
The trend towards ease of use has
meant that operators have less time
to be involved with the analytical
procedure and therefore are often
not versed in the nuances of work-
ing in the ultra-trace environment
and won't necessarily recognize is-
sues which require user intervention,
should they arise. For that reason,
instruments have to be rugged, and
robust in the face of difficult and
complex sample matrices but using
preventative maintenance proce-
dures should be able to diagnose
and mitigate potential problems
before they actually happen.

Best Practices

So, with this as background infor-
mation, here are a series of articles
covering “best practices” from five
different companies who specialize
in the fields of sample preparation,
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sample introduction and sample de-
livery to help ICP-MS practitioners
better deal with their diverse and var-
ied sample matrices and workloads.

Unlocking ICP-MS Accuracy

& Productivity with

Microwave Digestion

Michael Coppola and Guilio Colnaghi,
Milestone Inc.

Achieving high accuracy and pro-
ductivity in ICP-MS analyses begins
with optimized sample preparation.
Microwave digestion provides sig-
nificant advantages for laboratories
analyzing diverse matrices, enabling
precise elemental recovery, lower
detection limits, faster throughput,
and reduced contamination risk.
This article discusses pre-analytical
best practices, recent innovations,
and other productivity tools to con-
sider throughout the workflow, ex-
plaining how these factors collec-
tively enhance analytical accuracy
and data integrity. Real-world case
studies will highlight how laborato-
ries can implement these strategies
to strengthen their ICP-MS methods
and overcome common sample prep
challenges.

The Role of the Nebulizer in
ICP-MS: Design Considerations,
Selection Criteria, and
Optimization Guidelines

Justin Masone,

Glass Expansion

This article examines best practices
for optimizing nebulizer selection
and performance in ICP-MS. It pro-
vides an educational overview of
nebulizer design evolution, high-
lighting the benefits of various de-
signs and their impact on aerosol
characteristics, such as droplet size
and distribution. Aerosol diagnostic
data will be incorporated to dem-
onstrate how both nebulizer design
and operating conditions influence
these characteristics, and how this
relates to sensitivity, precision, and
overall analytical performance. Fi-
nally, we explore modern aerosol

dilution and aerosol filtration tech-
niques, demonstrating their role in
enhancing nebulizer aerosol qual-
ity to maximize instrument perfor-
mance.

Enhancing ICP-MS Efficiency
with an Innovative,
Low-Maintenance Nebulizer
Sergei Leikin, Texas Scientific

Mary Kay Amistadi,

University of Arizona

Laboratory for Emerging Contaminants
Robust ICP-MS analysis of complex
matrices—especially those contain-
ing even small particulates and high
salt levels—remains a significant chal-
lenge due to frequent clogging of
conventional concentric nebulizers.
Commonly recommended filtration
or centrifugation steps are labor-
intensive, increase costs and extend
turnaround time. To overcome these
limitations, an innovative nebulizer fea-
turing a robust non-concentric design
with a relatively large sample channel
internal diameter was employed. This
design provides good resistance to
clogging and improved tolerance to
tough matrices. Results from over two
years of continuous operation across
a wide range of challenging sample
types showed a substantial increase in
ICP-MS throughput. Overall analytical
efficiency was significantly enhanced
through a combination of factors:
elimination of nebulizer blockages, re-
moval of time-consuming filtration or
centrifugation steps, and a substantial
reduction in nebulizer maintenance.

Behind the Signal Drop:
Distinguishing Between Cone and
Sample Introduction Issues in ICP-MS
Liz Ranalli and Genette Alcaraz,
Spectron Inc.

Sergei Leikin, Texas Scientific
Reduction in signal intensity or ana-
lytical precision is the most common
performance issues ICP-MS users are
faced with. Troubleshooting these
problems can be costly since distin-
guishing between cone degradation
and issues related to the sample in-
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troduction system is often challeng-
ing—even for experienced analysts.
A rational, step-by-step approach to
diagnosing and resolving the com-
mon ICP-MS performance issues is
proposed. It includes practical guid-
ance on inspection criteria and main-
tenance protocols to determine when
to clean, refurbish, or replace inter-
face cones. The proposed approach
is intended to reduce instrument
downtime and operational costs by
extending the cone lifetime and mini-
mizing unnecessary replacement.

Silent Saboteurs:

Hidden Contaminants,
Impurities, and Artifacts

in Trace Element Analysis

Patti Atkins,

Antylia Scientific

Accurate and reproducible elemental
quantification by ICP-MS demands
rigorous control of all sources of con-
tamination and matrix interference.

Trace-level analytes are particularly
susceptible to false positives, signal
suppression, and spectral overlap
originating from suboptimal re-
agents, environmental background,

-
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Unlocking ICP-MS Accuracy and
Productivity with Microwave Digestion

Michael Coppola and Giulio Colnaghi

Achieving high accuracy and pro-
ductivity in inductively coupled
plasma-mass spectroscopy (ICP-
MS) analyses begins with optimized
sample preparation. Microwave
(MW) digestion provides signifi-
cant advantages for laboratories
analyzing diverse matrices, enabling
precise elemental recovery, lower
detection limits, faster throughput,
and reduced contamination risk.
This article discusses pre-analytical
best practices, recent innovations
in MW design, and other productiv-
ity tools to consider throughout the
workflow, explaining how these fac-
tors collectively enhance analytical
accuracy and data integrity. Real-
world case studies will highlight
how laboratories can implement
these strategies to strengthen their
ICP-MS methods and overcome
common sample prep challenges.
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nductively coupled plasma-mass spec-

troscopy (ICP-MS) is widely regarded

as one of the most powerful analytical
techniques for the detection of trace and
ultratrace elements across diverse sample
types. However, the technique’s ability to
provide highly accurate and reproducible
data depends significantly on the quality
of the sample preparation method em-
ployed. Among the various techniques
available for pre-analytical sample pro-
cessing, microwave-assisted acid digestion
has become the method of choice in many
analytical laboratories due to its ability to
effectively break down complex matrices
while minimizing contamination and pre-
serving analyte integrity (1,2).

Traditional sample digestion methods,
such as open-vessel hot plate or block di-
gestion, have historically posed significant
limitations in terms of time consumption,
risk of contamination, operator variability,
loss of volatile elements, and insufficient di-
gestion of challenging matrices. See Table |
for a comparison of hot block vs microwave
(rotor-based) technology.

These limitations have led to inaccura-
cies in elemental recovery, particularly
when analyzing samples with high organic
content or resistant mineral structures.

Fundamentals of

Microwave Digestion

In contrast, microwave digestion utilizes
sealed pressure vessels and precise tem-

n

perature control to accelerate the break-
down of samples in strong acids. The
result is a faster, more complete diges-
tion process with minimal loss of volatile
elements and significantly improved re-
producibility. In high-throughput labora-
tories and regulated environments such
as food safety, environmental monitor-
ing, and pharmaceutical quality control,
these advantages translate into measur-
able gains in productivity, data integrity,
and compliance (3).

This article explores the key factors
that contribute to successful micro-
wave digestion for ICP-MS workflows.
It highlights best practices in pre-ana-
lytical preparation, recent innovations
in system design, and practical tools
to reduce contamination and improve
throughput. Real-world examples and
performance benchmarks demon-
strate how adopting modern digestion
strategies can enhance accuracy and
reproducibility while streamlining lab
operations.

Microwave digestion systems operate
on the principle of dielectric heating,
where microwave energy is absorbed by
polar molecules in acid mixtures, result-
ing in rapid temperature and pressure
increases within sealed vessels. This fa-
cilitates efficient sample breakdown and
the dissolution of matrix components
into a homogenous solution suitable for
elemental analysis via ICP-MS.
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TABLE I: Hot block vs microwave (rotor) technology

m Microwave (Rotor) Hot Block Preferred Technology

Heating

Speed
Temp. Control

Pressure Control

Throughput
Quality

Reagent Use
Contamination Risk
Safety

Versatility
Maintenance
Operational. Cost
Labor

Direct microwave,
fast & uniform

Completes digestions quickly
Real-time fiber optic/IR

High-pressure
(up to 100 bar)

24-44 samples/hr

Complete digestion,
fewer interferences

~-50% less

Closed vessels, minimal loss
Monitored pressure/temp
Broad sample range

Low, self-cleaning

Lower

Lower, automated

Conductive, slower, uneven

Slow heat transfer
Less precise, external source

None

Lower, block-size dependent

Incomplete, risk of
false positives

Higher due to evaporation
Open system, higher risk
Higher acid fume risk
Limited to clean matrices
Higher, frequent cleaning
Higher

Higher, manual

Microwave (rotor)

Microwave (rotor)
Microwave (rotor)

Microwave (rotor)

Microwave (rotor)

Microwave (rotor)

Microwave (rotor)
Microwave (rotor)
Microwave (rotor)
Microwave (rotor)
Microwave (rotor)
Microwave (rotor)

Microwave (rotor)

ROI <1year

Overcoming Sample Types

and Matrix Challenges

Microwave digestion is suitable for a wide
variety of matrices, from easier to digest
matrices such as biological tissues, food-
stuffs, and environmental samples (soil,
water, sediments), to more challenging
materials such as polymers, industrial ma-
terials, metal alloys and ceramics. Each
matrix presents unique challenges in terms
of digestion efficiency and contamination
risk. For instance, high-fat foods and bio-
logical fluids require careful optimization
to avoid incomplete digestion, carryover
contamination, or exothermic reactions.
Samples such as metal alloys and ceram-
ics are particularly challenging to digest,
as they require aggressive acid mixtures,
and high temperature for extended time
periods. Depending on the sample types
and throughput needs, laboratories typi-
cally employ one of two main microwave
digestion platforms: rotor-based, closed-
vessel systems or single reaction cham-
ber (SRC) technology, as seen in Figures
1-3 (2,4). Rotor-based systems use vari-
ous rotors to match specific applications,
such as medium-pressure rotor systems
suited for high throughput environmental
samples, high-performance rotor systems
for cannabis and food applications, and
high-pressure rotors, which are best used
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Poorer ROI

FIGURE 1: Single reaction chamber (SRC)
microwave technology.

for more challenging matrices such as
rocks and metal alloys. An example of a
rotor-based microwave digestion system
is shown in Figure 2, along with different
rotors shown in Figure 3.

Single-Reaction Chamber

(SRC) Technology

For laboratories with particularly chal-
lenging organic or inorganic matrices
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Microwave (rotor)

FIGURE 2: Rotor-based microwave tech-
nology.

to digest, that are looking to improve
throughput and safety as well as in-
crease automation and reduce labor
time and costs, SRC technology is an-
other option worth considering. Com-
parison table of capabilities of rotor-
based technology vs SRC technology
is illustrated in Table II.

SRC technology was developed to
overcome inherent limitations of rotor-
based systems, such as limited time at
maximum temperature for challenging
samples, the need to assemble and
disassemble vessels rapidly, batching
matrices of similar reactivities, vessel
cleaning and limited throughput capa-

Advances in ICP-MS Best Practices | September 2025



TABLE Il: Capabilities of rotor-based technology vs single-reaction chamber (SRC) microwave technology

Run any mixture of samples
together (mixed batch)

System automation

Vessel assembly/disassembly

Vial/vessel types available
Maximum operating temperature
Maximum pressure

Sample mass capacity for
polymers/chemicals

Minimum reagent volume
Initial investment
Consumable cost

Labor cost

Running cost

bilities. The basic principles and work-
flow of SRC technology is illustrated in
Figure 4.

Microwave Digestion Procedure
A standard digestion procedure in-
volves weighing a representative sam-
ple into a clean, chemically inert diges-
tion vessel. Concentrated acids, most
commonly nitric acid (HNO,) alone or
in combination with hydrochloric acid
(HCI) or hydrogen peroxide (H,0,), are
added to promote matrix dissolution.
Depending on the sample type and
elements of interest, other acids such
as sulfuric (H,SO,), phosphoric (H,PO,),
hydrofluoric (HF), fluoroboric (HBF,),
or others may be used. Sealed vessels
are placed into the microwave system,
where the digestion process follows a
precisely controlled temperature ramp.
For easier-to-digest samples, tempera-
tures typically reach 180-220 °C within
a 15-30-min cycle. More difficult ma-
trices may require temperatures up to
280 °C, maintained for 30 min or longer
to ensure complete digestion.
Advanced microwave systems
incorporate real-time temperature
and pressure sensors, allowing for
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No

Once operator presses start,
microwave program commences,
then rotor air-cooled. Individual
reaction vessels must be manu-
ally depressurized by operator.

Multiple components requir-
ing torque wrench

TFM

240 °C

100 bar

~0.25 g+ (sample dependent)

5mL
$$
$$
$$
$$

Yes

Once operator presses start, micro-
wave program commences, then
system cooled with external chiller
and automatically depressurized.

Uses vials with loose-fitting caps -
No assembly/disassembly required
Quartz, TFM, Disposable glass
280 °C

199 bar

~0.5 g+ (sample dependent)

No minimum reagent volume

$$%

FIGURE 3: Different rotor systems designed for (a) high throughput; (b) high
performance; and (c) high pressure.

dynamic feedback control and re-
producible conditions across mul-
tiple vessels. Rotor-based systems
and SRC technology, further enable
simultaneous digestion of different
sample types under uniform condi-
tions, reducing the risk of batch fail-
ure. With rotor-based closed-vessel
microwave digestion systems, sam-
ples of similar reactivities must be
run together. However, when utiliz-
ing SRC technology, all samples are
at the same temperature and pres-
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sure conditions, allowing for full
mixed-batch capability.

Contamination Controls
Contamination is a major concern
in trace elemental analysis. High-
purity reagents, Class A glassware,
and rigorous cleaning protocols are
critical. Many labs employ clean
chemistry tools, such as automated
acid purification systems (sub-boil-
ing distillation apparatus) as shown
in Figure 5 (5).
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Chamber is
vented and acid
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FIGURE 4: Basic principles and workflow of single reaction chamber technology.

Steam Cleaning Systems

Additional useful tools to reduce
contamination are acid steam clean-
ing systems and non-contact reagent
dispensers, which minimize exposure,
reduce variability, and improve overall
laboratory workflow. A commercially-
available system is shown in Figure 6.

As mentioned, rigorous cleaning
protocols are an essential aspect of
the laboratory workflow for any labo-
ratory looking to achieve trace metal
detection limits. There are conven-
tional techniques, such as acid baths
and acid soaks, as well as using the mi-
crowave to clean vessels, but these are
not as efficient and effective as acid
steam cleaning. With acid steam clean-
ing, vessels to be cleaned are placed
into a glass vat containing HNO,. The
chamber is closed, and the steam
cleaning process commences. After
about two hours, all vessels are clean
and ready to be used.

When working at trace or ultra-trace
levels, the use of high-purity or ultra-
high-purity acids is critical to minimize
contamination and ensure analytical
accuracy. Commercial ultrapure re-
agents represent a significant labora-
tory expense, often exceeding $1000
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FIGURE 5: Sub-boiling distillation apparatus for acid purification.

USD per liter, and may be subject to
extended supplier lead times. In-house
sub-boiling distillation offers an effec-
tive solution to both supply chain chal-
lenges and cost constraints. As a result,
laboratories can convert reagent-grade
acids into ultrapure quality at a fraction
of the commercial price, achieving cost
reductions of up to 90% while maintain-
ing the required analytical purity.
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Automated Dosing

and Dispensing Systems

Dosing reagents into digestion vessels
is still one of the most tedious and un-
pleasant steps in the laboratory, as it
requires a significant amount of labor
time and cost and exposes the operator
to concentrated acids. This step is typi-
cally done manually and, as a result, has
anumber of drawbacks, including safety
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concerns, human error, and high risk of
contamination. Addressing this task is
key for laboratories wanting to improve
lab safety and sample prep workflow.

One such tool is an automatic dosing
and dispensing station. which provides
enhanced safety with a hands-off ap-
proach—no acid handling or exposure
to acid fumes. An automated dosing and
dispensing station is shown in Figure 7.

This approach represents a reliable,
fully automated way of dispensing
acids, which is compatible with a wide
range of vials and vessels. Its touch-
screen interface streamlines opera-
tion, while automation reduces labor
and boosts productivity. Constructed
from anticorrosive polypropylene, it
features a magnetic safety door, in-
tegrated fume filtration, and compat-
ibility with up to six reagents, includ-
ing hydrofluoric acid. Automatic line
flushing simplifies acid changes, and
a dedicated drain collects waste into
a carboy. Real-time reagent and waste
monitoring further enhances safety, ef-
ficiency, and ease of use.

Microwave Digestion

and ICP-MS Compatibility
Post-digestion handling is just as
critical as the digestion process itself.
Samples are typically cooled to room
temperature, then diluted with ultra-
pure water to a known volume in Class
A volumetric flasks. The final solu-
tion must be free of particulates and
stable enough to prevent analyte loss
or carryover. Vessel materials (PTFE
and quartz, for example) should be
selected based on chemical compat-
ibility and the detection limits required
for specific elements.

When done correctly, microwave di-
gestion provides a robust foundation
for ICP-MS measurements with mini-
mal interference, ensuring compliance
with regulatory methods such as EPA
3015, EPA 3051, and USP <232/233>.

Case Studies

To exemplify the real-world capability
of microwave digestion and contamina-
tion control systems, here are two ex-
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FIGURE 6: A commercially available acid cleaning system.

FIGURE 7: A fully automated acid dosing/dispensing system.

amples of contract labs that are realiz-
ing the benefits of these technologies.

Aerospace Materials

Testing Laboratory

Dirats Laboratories, a leading contract
laboratory in advanced elemental anal-
ysis for industries such as aerospace,
defense, and electronics, specializes in
the digestion and analysis of challeng-
ing materials including superalloys,
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ceramics, and composites. Seeking to
improve safety, consistency, and turn-
around times, they replaced traditional
fusion and open-vessel methods with
a single reaction chamber microwave
digestion system. This upgrade re-
duced acid use, improved safety, and
cut turnaround times by nearly 50%
while achieving complete elemental
recovery. Paired with an automated
acid steam cleaning system, Dirats now
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operates a fully integrated, contami-
nation-free workflow that safeguards
ultra-trace accuracy and enhances
laboratory efficiency (5).

Food & Nutraceutical

Contract Laboratory

SGS (formerly Chemical Solutions/
CSL), a leading contract laboratory
based in Harrisburg, PA, specializes
in metals, minerals, and elemen-
tal species analysis for over 400
clients across diverse industries.
With a monthly workload of roughly
4000 samples and demanding turn-
around times as short as same-
day, CSL relies on a robust suite
of microwave (MW) technologies,
including four SRC digestion sys-
tems, two rotor-based microwaves,
and two acid steam cleaning units,
to meet extraordinary throughput
and analytical precision require-
ments. The SRC's ability to process
mixed sample types at uniform high
temperature and pressure ensures
complete digestion, even for vola-
tile elements, reducing re-runs and
improving recoveries. The rotor-
based system provides efficient
high-throughput digestion for uni-
form sample batches, while the acid
cleaning system maintains contami-
nation-free labware without consum-
ing valuable instrument time (6).

Conclusion

MW digestion has become an in-
dispensable tool in modern ICP-MS
workflows, offering laboratories a
reliable, efficient, and reproduc-
ible means of preparing samples
for trace elemental analysis. The
technology addresses longstanding
challenges associated with tradi-
tional digestion methods, including
inconsistent recovery, contamination
risks, incomplete digestion and lim-
ited throughput.

By adopting closed-vessel mi-
crowave digestion systems and ad-
hering to best practices in sample
handling, labs can significantly en-
hance data quality and operational
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efficiency. The method supports
compliance with globally recognized
standards while accommodating the
rigorous demands of industries such
as food safety, environmental testing,
and pharmaceutical manufacturing.

Looking ahead, continued inno-
vation in digestion vessel materials,
automation, and the integration of
additional pre-analytical workflow
solutions will further elevate the
role of microwave digestion in ana-
lytical sciences (3). Laboratories that
invest in these advancements will be
well-positioned to meet evolving
regulatory expectations, enhance
productivity, and maintain data in-
tegrity, even in the most challenging
analytical scenarios.

References

(1) Microwave Digestion for Agriculture
Analysis. Spectroscopy Online, May,
2025 https://www.spectroscopyonline.
com/view/microwave-digestion-for-
agriculture-analysis

(2)  Microwave Digestion for Battery Mate-
rials. Spectroscopy Online, April, 2025.
https://www.spectroscopyonline.com/
view/pre-analytical-workflow-for-lith-
ium-ion-batteries

(3) Innovations in Microwave Sample
Preparation: Total Workflow Solu-
tions. Milestone website. Decem-
ber, 2024. https://www.milestonesci.
com/wp-content/uploads/2024/12/
LX_Milestone_Microwave-Sample-
Prep_eBook_12.24 pdf

(4)  SRC Technology eBook — Spectros-
copy. Milestone website. August, 2018.
https://www.milestonesci.com/wp-con-
tent/uploads/2019/01/SRC-Technology-
EBook-Spectroscopy-Milestone-Au-
gust-2018-b.pdf

(5) Lab Profile: Dirats Laboratories. Mile-
stone website. June, 2025. https://
www.milestonesci.com/wp-content/
uploads/2025/06/Lab-Profile-Di-
rats-06.2025-Final.pdf

(6) Lab Profile: Chemical Solutions (SGS).
Milestone website. August, 2019.
https://www.milestonesci.com/wp-
content/uploads/2025/08/Chemical-
Solutions-Lab-Profile-USREV012819.pdf

16

Milestone Products

Mentioned in this Article

Figure 1: Single Reaction Chamber Microwave
Digestion System-ultraWAVE 3

Figure 2: Rotor-based Microwave Digestion Sys-
tem—-ETHOS UP

Figure 3: Sample Holders for ETHOS UP High
throughput-MAXI 44 High performance; MAXI
24 HP; High pressure-SK 15 ET

Figure 5: Sub-boiling Distillation-duoPUR

Figure é: Steam Cleaning—traceCLEAN

Figure 7: Automated Acid Dispensing—easyFILL

Michael Coppola
serves as a product
8 manager at Mile-
' stone Inc, directing
product strategy,
development, and
market growth initia-
tives. He holds a bachelor’s degree in
chemistry and physics from Central
Connecticut State University. Before
joining Milestone, Coppola worked
in the polymer chemistry sector
as a product manager, where he
led efforts to commercialize nano-
technology-based additives for the
paint and plastics industries. He is
a named inventor on more than 60
patents and publications related to
materials science, chemical formula-
tion, and applied analytical tech-
nologies.

Giulio Colnaghi
has been working
at Milestone since
2003. He is a chem-
ist and started his

career at Milestone

as an application spe-
cialist, focusing on new method de-
velopment and addressing specific
needs in sample preparation. Later,
he transitioned to Area Manager for
most countries in Latin America and
the eastern part of Europe, and then
for the U.S. Since 2018, he has held
the position of Marketing Manager at
Milestone headquarters in Bergamo,
Italy. During his career at Milestone,
Giulio has worked with hundreds of
laboratories and chemists to help
them in overcoming daily challenges
in elemental analysis by optimizing
their workflow and methods. Today,
Giulio aims to support worldwide
laboratories to enhance their ef-
ficiency using state-of-the-art tech-
nologies.

Advances in ICP-MS Best Practices | September 2025


https://www.spectroscopyonline
https://www.spectroscopyonline.com/
tps://www.milestonesci
https://www.milestonesci.com/wp-con-tent/uploads/2019/01/SRC-Technology-EBook-Spectroscopy-Milestone-Au-gust-2018-b.pdf
https://www.milestonesci.com/wp-con-tent/uploads/2019/01/SRC-Technology-EBook-Spectroscopy-Milestone-Au-gust-2018-b.pdf
https://www.milestonesci.com/wp-con-tent/uploads/2019/01/SRC-Technology-EBook-Spectroscopy-Milestone-Au-gust-2018-b.pdf
https://www.milestonesci.com/wp-con-tent/uploads/2019/01/SRC-Technology-EBook-Spectroscopy-Milestone-Au-gust-2018-b.pdf
https://www.milestonesci.com/wp-con-tent/uploads/2019/01/SRC-Technology-EBook-Spectroscopy-Milestone-Au-gust-2018-b.pdf
https://www.milestonesci.com/wp-con-tent/uploads/2019/01/SRC-Technology-EBook-Spectroscopy-Milestone-Au-gust-2018-b.pdf
tps://www.milestonesci.com/wp-content/
tps://www.milestonesci.com/wp-content/
tps://www.milestonesci.com/wp-content/uploads/2025/08/Chemical-Solutions-Lab-Profile-USREV012819.pdf
tps://www.milestonesci.com/wp-content/uploads/2025/08/Chemical-Solutions-Lab-Profile-USREV012819.pdf
tps://www.milestonesci.com/wp-content/uploads/2025/08/Chemical-Solutions-Lab-Profile-USREV012819.pdf
tps://www.milestonesci.com/wp-content/uploads/2025/08/Chemical-Solutions-Lab-Profile-USREV012819.pdf

Supporting Science through Manufacturing

<>] Spectron

QUALITY PRECISION SERVICE

DEMAND THE HIGHEST QUALITY
ICP-MS CONES FROM THE WORLD'’S
PREMIER MANUFACTURER

Supporting Product Lines From

| B

~-'f}:::{l'-~AgiIent Technologies thermoscientific \%mstrumem‘s PerkinElmer
BEFORE AFTER )

Spectrongreen

LET YOUR CONES BEGIN
A NEW LIFE CYCLE!

Join Spectron in contributing to
global sustainability with recycling
and refurbishing your ICP-MS cones.

Download Spectron’s Cone Cleaning Guide

and Cone Maintenance Decision Tree

Learn more at spectronus.com


https://spectronus.com/

\/
(\SEé — GLASS EXPANSION
//l\\ Quality By Design

Guardian Autosampler Probe

Glass Expansion is pleased to release the
Guardian autosampler probe. The unique design
of the robust tip—which combines drip-resistance
and built-in particle filtering—helps to prevent
cross-contamination during probe movement and
blockages in your nebulizer and capillary tubing.

Benefits

* Robust tip design eliminates crushed and damaged
tips due to misalignment.

» Drip-resistance prevents cross contamination of
samples, especially with oils.

» Built-in particle filtering holds back particulates \
from blocking the line. ‘

+ Completely inert design, Ceramic, PEEK and "
PTFE construction. /

* Interchangeable UniFit™ sample lines available in
various IDs (e.g. 0.3, 0.50, 0.75 & 1.0mm) i

» Designed to suit Teledyne Cetac®, Agilent®,
PerkinElmer®, Shimadzu®, Aim Laband Thermo
Fisher Scientific" Autosamplers.

Scan the QR Code to learn more about
the Guardian Autosampler Probe:



https://www.geicp.com/cgi-bin/site/wrapper.pl?c1=Products_Guardian_Probe_landing

FEATURED ARTICLE

The Role of the Nebulizer in ICP-MS:
Design Considerations, Selection
Criteria, and Optimization Guidelines

Justin Masone

ebulizers play a pivotal role

in the sample introduc-

tion systems of inductively
coupled plasma mass spectrometry
(ICP-MS), a technique that has revo-
lutionized elemental analysis since
its development in the early 1980s.
Primarily designed for liquid samples,
which constitute the majority of ICP-
MS applications, nebulizers convert
solutions into fine aerosols that can
be transported to the plasma for
desolvation, atomization, ionization
and detection. However, the sample
introduction system—encompass-
ing the nebulizer and spray cham-
ber—has long been regarded as the
“Achilles’ heel” of ICP-MS (1). This
stems from its inherent inefficiency,
where typically only 1-2% of the sam-
ple reaches the plasma, with the re-
mainder lost to waste. Despite these
limitations, advancements in nebu-
lizer technology have significantly
mitigated such issues, contributing
to improved transport efficiencies
and analytical outcomes.

The core function of a nebulizer
is to deliver liquid samples into the
plasma, where intense heat/energy—
around 6000-10,000 K—atomizes and
ionizes analytes for detection. Early
designs focused on basic aerosol
generation, but modern iterations
prioritize precision, durability, and
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compatibility with challenging matri-
ces. This evolution has been driven by
the need to handle diverse samples,
from trace-level environmental waters
to high-matrix industrial effluents,
while minimizing matrix interferences
and maximizing signal stability. By
understanding nebulizer mechanics,
analysts can optimize parameters like
gas flow rates and sample uptake, di-
rectly influencing aerosol quality and
instrument performance.

The Importance of

Nebulizer Droplet Size

and Transport Efficiency

At the most fundamental level, effec-
tive nebulization is characterized by
smaller droplet sizes and narrower
distributions, as these factors deter-
mine how much of the sample reaches
the plasma without overloading it—
the plasma can only tolerate limited
liquid loading before cooling or extin-
guishing it. Ideally, the sample intro-
duction system should deliver 40 pyL/
min of water to the plasma or less, and
exceeding 80 pL/min can extinguish
the plasma (2). Additionally, if drop-
lets are too large, they will not desol-
vate completely, significantly reduc-
ing plasma temperature and causing
some elements to be released before
others. This results in a higher signal
for easily-ionizable elements (such as
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Na, K, and Al, for example) as com-
pared to poorly-ionizable elements
(such as Hg, As, and Se, for example).
Thus, consistent droplet size is critical
for accurate analysis. While all nebu-
lizers generate a wide distribution of
droplet sizes, nebulizers which gener-
ate a more consistent and narrower
distribution will lead to better sensi-
tivity and precision, as droplets over
about 10 um do not fully vaporize.

It is important to differentiate
between what is called the primary
aerosol and the tertiary aerosol. The
primary aerosol is the aerosol that
is produced from the nebulizer (as
seen in Figure 1), whereas the tertiary
aerosol is the aerosol that exits the
spray chamber (and transfer tube, if
used) and is injected into the plasma.
As previously mentioned, all nebuliz-
ers produce a wide range of droplet
sizes, and spray chambers are neces-
sary to remove these larger droplets,
with the smaller droplets going to the
plasma and the larger droplets going
to waste. This ratio of the amount of
sample volume entering the plasma
to the amount that is initially aspi-
rated by the nebulizer is referred to
as transport efficiency and is typically
estimated by measuring the volume
of waste draining from the spray
chamber versus the total sample up-
take volume.
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Evolution of Nebulizer Designs
Nebulizers fall into two main catego-
ries: pneumatic and ultrasonic. Pneu-
matic nebulizers, the most common
for ICP-MS, use the mechanical force
of a gas flow to generate the sample
aerosol, and will be the focus of this
article. The early models of pneumatic
nebulizers that were developed in the
1970s to support ICP-OES instrumen-
tation achieved modest efficiencies
but struggled with matrix effects and
blockages. Over time, innovations in
materials, fluid dynamics, and manu-
facturing have led to more robust and
efficient designs.

Concentric Nebulizers
Concentric nebulizers represent a cor-
nerstone of this evolution, featuring a
central sample capillary encased in a
glass sheath for coaxial flow

These nebulizers produce fine, uni-
form aerosols with small mean drop-
let diameters, ideal for high-sensitiv-
ity ICP-MS work. The earliest designs
featured a heated and drawn inner
glass capillary, which produced an
excellent mist but resulted in a frag-
ile, narrowing tip, prone to plugging
by particles, as well as suboptimal
relative standard deviations (RSDs)
because of inconsistent concentric-
ity and internal diameters (ID), in-
creased glass porosity, and vibration
issues caused by a high-velocity gas
flow around the thin capillary. These
issues are further exacerbated by
similar inconsistencies in the form-
ing of the nebulizer shell. Modern
designs aim for a consistent ID along
the capillary, as is seen with the Vitri-
Cone technology (Glass Expansion).
This unique and revolutionary design
involves machining precision-bore,
thick-walled glass tubing, ensuring a
uniform sample channel that resists
clogging and provides high preci-
sion. Modern designs also use more
advanced manufacturing methods to
form the nebulizer jet nozzle, ensur-
ing precise shape and structure.

Early designs of concentric nebuliz-
ers were prone to plugging and salt-

Spectroscopy

FIGURE 1: Close-up of the primary aerosol produced at the tip of a concentric
nebulizer (image provided by Glass Expansion).

ing up with high-total dissolved solids
(TDS) samples. This occurs as dissolved
solids precipitate at the tip due to gas
expansion and lower pressure. How-
ever, manufacturers have since devel-
oped improved designs for high-TDS
samples, which feature recessed capil-
laries that move the salt precipitation
zone away from the gas/liquid mixing
zone, with some designs featuring a
“self-washing nozzle,” which uses the
washing action of the dispersing drop-
lets to further prevent crystal growth.

Benefits of Concentric Nebulizers

e Produce the finest aerosol at a variety
of gas and sample flow rates, con-
tributing to excellent reproducibility,
transport efficiency, and stability.

e Can self-aspirate due to the natural
Venturi effect, which can offset the
pulsing effects of the peristaltic pump
to maintain maximum precision.

® Are cost-effective, especially when
made from glass.

e Easy to clean and maintain with con-
venient tools.

Potential Drawbacks of

Concentric Nebulizers

e Can result in blockages from particu-
lates or salts if the correct concentric
nebulizer or accessories are not se-
lected, as there are specific designs
for different types of sample matrices.
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Cross Flow Nebulizers

Cross Flow nebulizers, an early alter-
native to concentric nebulizers, inter-
sect the sample and gas streams at
right angles, offering robustness for
high-salt samples. They can accom-
modate larger sample capillaries, but
this results in a coarser aerosol with a
wider droplet size distribution, lead-
ing to higher RSDs and limited suit-
ability for ICP-MS (3).

Benefits of Cross Flow Nebulizers

e Offer larger liquid capillaries as com-
pared to concentric designs, which
allow larger particulates to pass
through without plugging.

Potential Drawbacks of

Cross Flow Nebulizers

e Provide a coarser mist than concentric
nebulizers.

® Produce a wider range of droplet sizes
and lower stability in the plasma

e Require higher liquid flow rates, typi-
cally limited to ICP-OES.

V-Groove Nebulizers

V-Groove nebulizers emerged to
tackle high-particulate loads, as
they have parallel gas and liquid
paths, channeling liquid onto the
gas orifice. They evolved based on
non-plugging concepts and feature
unrestricted sample paths that han-
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dle unfiltered slurries, with particu-
late tolerance exceeding 150 pm in
some cases. While they can be effec-
tive for complex matrices, they pro-
duce larger droplet sizes with greater
variability, negatively impacting pre-
cision. With the advancements in
concentric nebulizers designed for
particulates, slurries, and dissolved
solids, in additional to accessories
such as humidifiers, in-line sample
filters, and autosampler probes with
integrated filters, the V-groove is
often not the optimal choice if pre-
cision and sensitivity are of utmost
concern (4).

Benefits of V-Groove Nebulizers

e Particles cannot plug the liquid
capillary, as there is no liquid cap-
illary restriction, and it can have a
large ID.

e Can handle unfiltered samples.

Potential Drawbacks of

V-Groove Nebulizers

® Produces a mist with much larger
droplets than other designs.

e Greater variation in droplet sizes as
compared to concentric nebulizers.

e Cannot self-aspirate via the Venturi
effect to offset the pulsing effects
of the peristaltic pump.

Parallel Path Nebulizers

Parallel Path nebulizers were devel-
oped in the 1990s and deliver lig-
uid adjacent to the gas orifice, with
separate streams for the liquid and
the gas. The sample is drawn into
the gas stream by induction caused
by the low pressure around the gas
stream. Enhanced Parallel Path neb-
ulizers were developed in the early
2000s, and, instead of simply placing
the liquid near the gas stream and
relying on induction, they feature a
“spout,” which protrudes into the
gas stream (5).

Benefits of Parallel Path Nebulizers

e Separate gas and liquid channels
with a large bore sample path that
eliminates particulate blockages

Spectroscopy

Potential Drawbacks of

Parallel Path Nebulizers

* Produces a wide range of droplet sizes.

¢ Cannot self-aspirate via the Venturi ef-
fect to offset the pulsing effects of the
peristaltic pump.

Flow-Blurring Nebulizers
Flow-Blurring nebulizers are a recent
development, similar in function to
modern concentric nebulizer designs,
operating with more turbulent gas-
liguid interaction. The nebulizer has a
central liquid capillary with surround-
ing gas orifices, resulting in highly
turbulent mixing of the gas and liquid
and creating an aerosol, in a process
called “flow blurring” (6).

Benefits of Flow-Blurring Nebulizers

e High tolerance to particulates and
dissolved solids while still maintaining
sufficient sensitivity and precision

Potential Drawbacks of

Flow-Blurring Nebulizers

* Increased optimization often required,
as performance depends on precise
gas and liquid flow ratios.

e Operate with very high backpres-

sure—may not be recommended for

high-throughput valve systems, and

can accentuate noise from the peri-

staltic pump.

While often touted as a “universal”

nebulizer, they may not perform as well

when compared to dedicated concen-

tric nebulizers optimized for specific

sample matrices.

¢ Cannot self-aspirate via the Venturi ef-
fect to offset the pulsing effects of the
peristaltic pump.

Impact of Nebulizer Design

on Aerosol Characteristics

and Analytical Performance
Nebulizer design and operating con-
ditions critically affect performance,
specifically sensitivity, precision, and
overall analytical accuracy. In general,
a higher concentration of smaller drop-
lets leads to improved sensitivity, and
a more consistent droplet size is para-
mount for accurate and precise results.
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While the most important factor in
maximizing nebulizer performance is
simply choosing the optimal nebu-
lizer for your analysis, the operating
parameters (for example, gas and lig-
uid flow rates) still have a significant
effect on performance. How these
two parameters affect nebulization
can be explained by understanding
the Sauter mean diameter (D3,2) —the
average measure of particle size—and
the Nukiyama and Tanasawa equation
used to calculate it (7).

585 15105 n 045 [103(Q, 15
=222 4597 [—] 1]
2oy [p] (ap)°3 Qg
in which:

e D33 = Sauter mean diameter (pm)

eV = velocity difference between gas
and liquid (m/s)

* g = surface tension (dyn/cm)

e P = liquid density (g/cm?)

e 7 = liquid velocity (Poise or dyn.s/cm?)

e Q1 = volume flow rate, liquid (cm?/s)

e Qg = volume flow rate, gas (cm3/s)

For water or aqueous matrices, sur-
face tension (0), liquid density (p), and
viscosity remain constant. The droplet
size, then, is inversely proportional to
the velocity difference of the gas and
liquid (V); that is, droplet size (D3’2) de-
creases as the gas velocity increases
and the liquid velocity (n) decreases.
In practice, the smallest primary aero-
sol droplets are produced by using
high argon gas flow and pressure,
combined with low liquid flow and
pressure.

The effect of lowering the sample
flow rate can be seen in Figure 2 (it
should be noted that while droplet
size is an important factor for sensi-
tivity, it is still dependent on the ab-
solute amount of sample injected into
the plasma). Three different nebuliz-
ers were compared using a constant
gas flow rate and adjusting the sam-
ple uptake rate. Lowering the sample
uptake rate for concentric designs
increases the percent of droplet sizes
less than 10 pm.
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The same conditions were used to
compare the effect that lowering the
sample uptake rate has on the mean
droplet size, which is shown in Figure 3:

Similar effects can be seen when
holding the sample uptake rate con-
stant and adjusting the gas flow rate.
Increasing the nebulizer gas flow rate
increases the percent of droplet sizes
less than 10 pm. This can be seen in
Figure 4.

And likewise with the mean/aver-
age droplet size, shown in Figure 5.

Aerosol Filtration

In addition to modern advancements
in nebulizer designs, new techniques
have been developed to improve
aerosol quality post nebulization,
which helps in maximizing instrument
performance.

One such design is the Jet Vortex
Interface (JVI Glass Expansion), which
works in conjunction with the existing
“"Make-up” or “Dilution/Auxiliary”
gas option on an ICP. Aerosol filtra-
tion accessories like the JVI provide
precise control of the aerosol drop-
let size transported to the plasma,
which, for high matrix samples, re-
sults in extended lifetimes of the
torch, injector, and cones by a re-
duction in sample deposition, which
also serves to prevent signal drift, in
addition to reduced matrix effects
in general. Aerosol filtration acces-
sories enable the analyst to optimize
the analysis for a variety of sample
matrices (such as brines or volatile or-
ganics), as well as performance crite-
ria (such as controlling for transport
efficiency and signal intensity). The
impact of JVI gas flow rate on droplet
size is shown in Figure 6.

Aerosol filtration can also be uti-
lized to “fine tune” the plasma condi-
tions to create a more robust plasma
for high matrix samples by reducing
the oxide ratio to well below 1%. As a
consequence, a more robust plasma
results in higher sensitivity and, be-
cause of reduced matrix deposition,
improved analytical stability, as shown
in Figure 7.

Spectroscopy

Percentage of Volume < 10um

m15mL/min  m0.5mL/min

15

10

5 I

. |

V-Groove

Percent (%)

Large-bore  High-efficiency

Concentric Concentric

FIGURE 2: Effect of sample uptake
rate on droplet size distribution.
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FIGURE 3: Effect of sample uptake
rate on mean droplet size.
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FIGURE 6: Effect of JVI gas flow rate
on mean droplet size.

Nebulizer Selection Criteria

The choice of a nebulizer depends on

several criteria, including:

¢ Reproducibility

e Sensitivity

e Precision

¢ Material (glass, PEEK (polymer), PFA
(polymer), ceramic, etc.)

® TDS tolerance

e Particulates tolerance

23

FIGURE 5: Effect of gas flow rate on
mean/average droplet size.
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FIGURE 7: Effect of JVI gas flow rate
on oxide ratio.

e Hydrofluoric acid (HF) tolerance
e Purity
® Robustness
e Sample delivery method (self-aspirat-
ing vs. pumped)
e Cost
While the best advice is to consult
with your instrument manufacturer or
sample introduction supplier, some
general guidance is offered in Table |
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TABLE I: General performance guidance of nebulizers discussed in this article

: : e TDS Particulates HF
Nebulizer Type Material | Precision Tolerance Tolerance Tolerance
Standard 3
EEAE Glass High Good Moderate No
High-solids 3 n
e Glass High High Moderate No
High
efficiency Glass High Moderate = Moderate No
concentric
Large bore ' )
e Glass High Moderate  High No
PFA concentric PFA High Moderate  Moderate Yes
PEEK concentric PEEK High High Moderate Yes
V-Groove Ceramic  Moderate High High Yes
(8). Similar charts, with more specific Conclusion

and detailed information, are often
available from the manufacturer or
supplier.

Nebulizer Maintenance

Regular cleaning is crucial for main-
taining nebulizer performance and
extending nebulizer lifespan. A good
daily protocol is to always start and
finish the use of a nebulizer by nebu-
lizing a mildly acidic blank solution
followed by deionized water for a
couple of minutes. This ensures that
sample deposits or crystals do not
form inside a nebulizer when the sol-
vent inside the nebulizer dries out.

If the sample capillary becomes
blocked, tools like the Eluo (Glass
Expansion) can be used for safe back-
flushing. For stubborn salt deposits,
soaking the nebulizer in a 25% Fluka
RBS-25 (Sigma Aldrich) solution for 24
h, and then flushing with warm water,
followed by ethanol, is effective (9).

Note: Never attempt to eliminate a
blockage by inserting a wire or probe
into the capillary—this may damage the
nebulizer.

Always handle the nebulizer tip
with gloves to prevent detrimental ef-
fects from body oils. Be sure to store
nebulizers in their specially-designed
containers to prevent physical dam-
age or contamination. Lastly, never
put a nebulizer in an ultrasonic bath,
as this can dislodge the sample cap-
illary and damage the nebulizer.

Spectroscopy

Nebulizers remain a fundamental
sample introduction component for
ICP-MS. The diverse range of available
nebulizer designs, coupled with an un-
derstanding of each design’s impact on
aerosol characteristics and analytical
performance, enables analysts to select
an optimal nebulizer for the wide vari-
ety of sample types and analytical chal-
lenges often encountered in today’s
laboratories. Ongoing advancements
in nebulizer design and performance,
and the integration of supplementary
techniques such as aerosol filtration,
continue to enhance the sensitivity, pre-
cision, accuracy, and robustness of ICP-
MS. Lastly, proper nebulizer selection
and dedicated maintenance are the key
to maximizing instrument performance
and minimizing instrument downtime.
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Abstract

This application note explores the efficient and rapid washout of boron (B) from the sample introduction system of Agilent’s
7900 Inductively Coupled Plasma Mass Spectrometer (ICP-MS) instrument using Glass Expansion’s Peltier Cooled Cyclonic
(PCC) spray chamber. The combination of these technologies enhances analytical performance by minimizing memory effects
and improving signal stability, particularly in the analysis of trace levels of boron in complex, real-world sample matrices.

Introduction

Boron analysis poses challenges using ICP-MS due to its
tendency to form memory effects and interfere with subsequent
analyses. This occurs when residual boron from previous
samples adheres to the spray chamber walls, leading to
carryover and inaccurate measurements in following samples.
Along with a few other elements, such as Hg, Pb and Sb, B
is notorious for causing memory effects. Sometimes, even
relatively advanced ICP-MS instrumentation can struggle
to meet basic QC requirements when it comes to analyzing
challenging elements like these in real-world samples. For
example, when analyzing for boron using the standard Scott
style spray chamber, washout times can be extensive. This is
primarily attributed to the large surface area of the Scott-style
spray chamber, where the time needed to sufficiently get boron
levels to an acceptable level can take valuable analysis time.

Whether analyzing difficult real-world samples with high boron
content, or if low detection limits are hindering efficient rinse
out times requiring repeated rinse blank analyses, Glass
Expansion’s Peltier Cooled Cyclonic Spray Chamber (PCC)
Kit outfitted with a quartz spray chamber can quickly get boron
down to acceptable levels in rinse blanks.

Glass Expansion’s Tracey™ cyclonic spray chamber design
provides the best sensitivity, reproducibility and lowest memory
effects. Additionally, the Helix Constant Torque (CT) locking
screw and seal creates an optimal nebulizer interface that
significantly reduces dead volume around the nebulizer,
assisting the rapid washout.

PCC Spray Chamber Design

The PCC spray chamber by Glass Expansion is a high-
performance accessory designed to replace standard Scott
style spray chambers on ICP-MS instruments. It features a
unique cyclonic design that creates a centrifugal force within
the chamber. This force helps minimize the residence time of
sample aerosols, reducing their interaction with the chamber
walls and consequently, lowering memory effects. Furthermore,
the PCC Kit incorporates Peltier cooling technology, which
actively cools the spray chamber, further reducing aerosol
dwell time and enhancing washout efficiency. It offers several
advantages over the standard Scott-style spray chamber,
particularly when analyzing troublesome elements like B.

Figure 1. PCC Kit (P/N KT-1212Q) Installed on Agilent® 7900 ICP-MS.
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Key Advantages of the PCC Spray Chamber
1. Improved Washout Efficiency:

» The distinctive design of the cyclonic spray chamber
minimizes washout time, especially with highly
concentrated samples containing challenging elements
such as boron.

» Compared to the standard Scott-style spray chamber,
the PCC significantly reduces the time required to reach
baseline levels after analyzing boron-rich samples.

2. Helix CT Interface:

» All Glass Expansion cyclonic spray chambers feature
the Helix CT locking screw and seal.

» This interface ensures a consistent inert PTFE seal
against the nebulizer, preventing overtightening and
ensuring a gas-tight seal during nebulizer installation.

» The Helix CT design provides unparalleled, reproducible
day-to-day analytical performance, minimizing memory
effects and improving sensitivity.

3. Interchangeable Materials:

The PCC Kit allows easy interchangeability between
different spray chamber materials:

* Borosilicate Glass: Cost-effective option for routine
analyses not requiring low-level boron measurements.

* Quartz: Required for precise low-level boron detection.

* PFA: Ideal for applications with a hydrofluoric acid matrix
and ultra-trace ICP-MS analyses (paired optimally with
Glass Expansion’s DuraMist DC Nebulizer).

» The interior of the Tracey PFA spray chamber features
the proprietary Stediflow surface treatment, improving
wettability and efficient drainage.

4. Fast and Simple Installation/Operation:

» The PCC Kit connects directly to the existing electronics
and water-cooling system.

» Use existing software and methods to operate.

» A convenient mounting bracket ensures swift installation
on the Agilent® 7900 and 8900 ICP-MS systems.

5. Jet Vortex Interface (JVI™) — Aerosol Filtration:

* The JVlis illustrated in Figure 2, and is included in the
PCC Kit to easily utilize your existing method settings
for Make-Up or Dilution/Option Gas.

Experimental Setup

A high-throughput environmental laboratory analyzing
particularly difficult samples with high boron concentrations
was looking for a solution to their excessive rinse out times
to ensure quality data and improve their sample throughput.
The lab was using an Agilent 7900 ICP-MS with a standard
Scott-style spray chamber, I1SIS-3 switching valve, and SPS
4 Autosampler on two different instruments. Glass Expansion
equipped both of the lab’s 7900 ICP-MS instruments with
the PCC Kit (KT-1212Q) to demonstrate the advantages
(see Figure 1).

The PCC Kit operates using the instrument’s existing software,
communication port and chiller cooling ports, so installation
and operation were a breeze.

A challenging, real-world, aqueous sample from a remediation
site, containing 4.3 mg/L of boron was used to collect washout
analysis data, comparing the Scott and PCC Kit, by running
10 consecutive rinse blanks after the sample was analyzed.
The rinse blanks and the autosampler rinse station were
composed of 2% nitric acid and 1% hydrochloric acid. The
sample and 10 consecutive blanks were first analyzed using
their standard Scott-style setup. This same analysis was
then repeated using the PCC Kit. The collected rinse blank
data was compared using isotope 11 of B in H2 mode. The
details of the equipment and material used are summarized
in Table 1 and Figure 2.

Table 1. Materials Summary

Materials Summary

ICP-MS Instruments | Agilent 7900 with ISIS 3 Switching Valve

& SPS 4 Autosampler
Glass Expansion Quartz PCC Kit (KT-1212Q)

Spray Chamber

Nebulizer Glass Expansion MicroMist DC Nebulizer

(A13-1-UM04)

Sampler Cone Glass Expansion Ni Plated (AT7701-Ni/Ni)

Glass Expansion Ni Skimmer Cone (AT7902X-Ni)

Skimmer Cone

Figure 2. Materials Summary.

P/N KT-1212Q
PCC Quartz Spray Chamber

.@W—-;
{ | -
=

Jvim™

P/N AT7902X-Ni
Nickel Skimmer Cone

=

P/N A13-1-UM04
MicroMist DC Nebulizer 0.4mL/min

P/N AT7701-Ni/Ni
Nickel Plated Sampler Cone
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Standard Agilent Performance Reports were analyzed after
instruments were warmed up for thermal stability of the
interface. A total of 15 performance reports from two separate
instruments operating the same PCC kit configuration were
used to create averages of the key data summarized in Table
2. The performance reports span a time period of more than
3 months and include data immediately after changing cones.

Table 2. Performance Report Averages [n=15]

Instrument Performance Report
Average Nebulizer Gas Flow (L/min) = 1.038
JVI Dilution Gas Flow (L/min) = 0.00
H, & He Gas Flows (mL/min) = 0.00

Mass Sensitivity (cps) RSD%
Li 6385 2.481
&Ry 30735 2.223
205T] 21436 2.447
Oxide 156Ce0O/Ce140 (<1.8%) 1.301
Doubly Charged (<2.5%) 1.297

This lab was operating under EPA Methods 200.8 and 6020,
so each day after the instrument performance reports were
analyzed they also analyzed an EPA Tune Check Report
for H, and He modes to ensure the operating conditions of
the nebulizer and JVI gas flows met these method criteria,
which are different from the instrument performance reports
in Table 2. Tables 3 and 4 illustrate the average of 16 EPA
Tune Check Reports from 2 different instruments for the H,
and He modes, respectively.

Table 3. H, Mode US EPA 200.8/6020 Tune Check Report Average [n-16]

US EPA 200.8/6020 Tune Check Report [H,]

Table 4. He Mode US EPA 200.8/6020 Tune Check Report Average [n-16]

US EPA 200.8/6020 Tune Check Report [He]

Nebulizer Gas Flow (L/min) = 0.85
JVI Dilution Gas Flow (L/min) = 0.15
He Gas Flow (mL/min) = 4.5

Mass Sensitivity (cps) RSD%
°Be 87 2.615
Mg 1266 1.486
Mg 184 2.021
Mg 232 1.962
*Co 20333 1.333
SIn 24991 1.464
205Pp 11164 1.370
27Pb 9399 1.357
208Pp 23286 1.361

Results and Discussion

This lab’s reporting limit for B was 10 pg/L, and it frequently
encountered samples with boron levels on the order of 4.3
mg/L, making it difficult to rapidly rinse out these relatively high
concentration samples. After analyzing a 4 mg/L B sample, it
would normally take the Scott-Style spray chamber 10 rinse
blanks, taking a total of 31 minutes to analyze the sample and
then washout out the sample introduction system to get the
background level below the reporting limit. In comparison, the
PCC Kit was able to analyze the same sample and washout
to <10 ug/L in 12 minutes. Table 5 contains this comparative
data set to illustrate the washout efficiency of the PCC Kit.
And Figure 3 graphs this data showing the <10 ug/L reporting

Nebulizer Gas Flow (L/min) = 0.85 limit was achieved on the 4th rinse blank using the PCC Kit,
JVI Dilution Gas Flow (Limin) = 0.15 as opposed _to the 10th rinse blank after the Scott-_style spray
- chamber. This decreased the number of necessary rinse blanks
H, Gas Flow (mL/min) = 3.5 . . . ..
from 10 to 4, saving 6 rinse blanks. In this example, this is
Mass Sensitivity (cps) RSD% a 61% improvement in B washout time, resulting in a much
‘Be 972 1.497 higher throughput and much lower potential for any carryover.
Mg 11245 2.083
Table 5. Boron washout data for Scott-Style Spray Chamber vs PCC Kit
Mg 1609 2.207
Mg 1982 1.974 PCC Kit Scott Style Spray
(KT-1212Q) Chamber
%Co 25236 0.899
11 B [H2] 11 B [H2]
5| 84931 0.735
205pp 17030 0.871 Time Stamp | Conc. [ ppb ] Type Conc. [ppb] Time Stamp
27Pb 14342 0.898 7:35 PM 4294.897 | Sample | 4376.533 2:49 PM
208pp 35324 0.868 7:38 PM 18.655 Blank 1 141.146 2:52 PM
7:41PM 12.491 | Blank2 | 89.449 2:55 PM
7:44 PM 10483 | Blank3 | 57.566 2:58 PM
7:47 PM 9.49 | Blank4 | 42.028 3:01PM
7:50 PM 8.183 | Blank5 | 31.679 3:04 PM
7:53 PM 7.505 | Blank6 | 24.263 3:08 PM
7:57 PM 7.083 | Blank7 | 19.126 3:11 PM
8:00 PM 6.706 | Blank8 | 15.771 3:14 PM
8:03 PM 5366 | Blank9 | 11.902 3:17 PM
8:06 PM 5026 | Blank 10 | 9.851 3:20 PM
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Figure 3. Comparison of B washout after 4.3 mg/L sample using 10 consecutive
rinse blanks.

10 Rinse Blanks after 4.3 mg/L B Sample
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When only considering the combined sample uptake and
washout times for routine sample analysis, this particular lab
noted that it was able to save about 40 to 60 seconds per
sample, depending on the analysis type. Saving these 40
to 60 seconds was accomplished by reducing unnecessary
capillary length from the autosampler probe capillary to the
nebulizer and utilizing the faster washout times of the PCC
kit. Additionally, by reducing the number of rinse blanks from
10 to only 4 following high concentration B samples, the lab
was able to regain up to 24 minutes of billable analysis time for
each highly concentrated B sample. With the faster washout of
the PCC Kit and shortened sample path, the sample analysis
time range was reduced from 3.66—4.0 minutes down to a
range of 3.0—3.25 minutes. Gaining these 18 to 24 minutes
from one highly concentrated boron sample enables the
analysis of about 6 to 8 more samples just from eliminating
excessive rinses.

Summary of Key Benefits of Using a PCC Kit for
Boron Analysis
1. Faster Washout Times:

» Compared to traditional Scott-style spray chambers, the
PCC significantly reduces boron washout times, and in
this case nearly 10x faster.

2. More Efficient Workflow:
» Less reruns from unanticipated carryover or poor RSDs.
3. Improved Signal Stability:

» Reduced memory effects lead to more consistent and
reliable boron measurements, and longer analysis times
with less analytical drift.

4. Higher Quality Data:

» Less data flags on instrument blanks, method blanks,
duplicates, dilutions, and other QA/QC samples.

5. Increased Sample Throughput:

» Faster uptake and washout times enable shorter total
sample acquisition times, thereby increasing sample
throughput.

Conclusion

The Glass Expansion PCC Spray Chamber provides a
significant advantage for ICP-MS users performing boron
analysis. This application note demonstrated Glass Expansion’s
Quartz PCC Kit’s effectiveness in reducing boron washout
times when using a standard Scott style spray chamber
on Agilent’s 7900 ICP-MS. This environmental laboratory
saw immediate results and was able to recapture profitable
analysis time by eliminating unnecessary consecutive rinse
blanks to more rapidly bring boron to baseline levels after
highly concentrated samples. Moreover, sample uptake and
rinse out times were reduced by shortening capillary lengths
and taking advantage of the PCC Kit’s fast stabilization times.
Compared to the standard Scott-style spray chamber, Glass
Expansion’s uniquely designed cyclonic spray chamber
minimizes washout time with elements known to cause
memory effects, such as B, Hg, Pb, and Sb. The benefits of
investing in the PCC Kit are many, making it a wise choice for
labs analyzing elements that cause memory effects. For more
information on Glass Expansion’s PCC Kit, please visit our
webpage: Glass Expansion’s Peltier Cooled Cyclonic Spray
Chamber for Agilent® ICP-MS.

Customer Feedback

“For our particular application, this PCC kit was a great
improvement. On specific cases that required four or more
blank runs to bring the boron level to baseline now we can
do it with one or two blank runs. This allowed us to increase
sample throughput by about 50%.” — Specialty Chemicals
Manufacturer — USA

Glass Expansion Application Notes
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FEATURED ARTICLE

Enhancing ICP-MS
Efficiency with an Innovative,
Low-Maintenance Nebulizer

Sergei Leikin and Mary Kay Amistadi

Robust ICP-MS analysis of complex
matrices—especially those contain-
ing even small particulates and high
salt levels — remains a significant
challenge due to frequent clogging
of conventional concentric nebu-
lizers. Commonly recommended
filtration or centrifugation steps
are labor-intensive, increase costs
and extend turnaround time. To
overcome these limitations, an in-
novative nebulizer featuring a ro-
bust non-concentric design with a
relatively large sample channel in-
ternal diameter was employed. This
design provides good resistance to
clogging and improved tolerance
to tough matrices.

Results from over two years of
continuous operation across a wide
range of challenging sample types
showed a substantial increase in
ICP-MS throughput.

Overall analytical efficiency was
significantly enhanced through a
combination of factors: elimination
of nebulizer blockages, removal of
time-consuming filtration or cen-
trifugation steps, and a substantial
reduction in nebulizer maintenance.

Spectroscopy

hat is an inductively
coupled plasma-mass
spectrometry (ICP-MS)
analyst’s worst nightmare? Spending
hours preparing a large batch of sam-
ples and setting up an overnight run -
only to return in the morning and find
the sequence stopped after just a few
samples, an empty progress bar and a
familiar diagnosis: a blocked nebulizer.
Although ICP-MS is a well-estab-
lished analytical technique, maintain-
ing high efficiency and reliability in
routine operation remains challenging.
In many research and commercial labo-
ratories, sample nature and complexity
can vary daily, while expectations for
high productivity and rapid turnaround
are constant. When samples con-
tain complex matrices or even small
amounts of particulates, clogging of
conventional concentric nebulizers
occurs frequently (1), disrupting analy-
ses and compromising data quality. A
common recommendation: prevention
is preferable to corrective action. That
is why routine standard operating pro-
cedures often include filtration and/or
centrifugation steps - measures that,
while effective, are time-consuming
and add significant costs to the ana-
lytical process.
To address these limitations, a neb-
ulizer with an innovative design (2) has
been employed and its potential to
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streamline high-throughput ICP-MS
workflows without compromising ana-
lytical performance was assessed.

Principle of Operation

and Experimental Setup
Compared to inductively coupled
plasma-optical emission spectroscopy
(ICP-OES)—which commonly operates
at sample uptake rates of 1.0 to 2.0 mL/
min except for some cases like high
volatile organics—modern ICP-MS in-
struments work at much lower rates,
typically between 0.100 and 0.400 mL/
min. To achieve efficient performance
at these low flow uptake rates, nebu-
lizers for ICP-MS are designed with re-
duced internal diameters of the sample
channel, typically ranging from 100 to
270 um (3) (Figure 1 indicated by red
area), which increases their susceptibil-
ity to clogging.

For challenging samples, the gen-
eral recommendation is to use robust,
blockage-resistant, non-concentric
nebulizers with a large sample channel
ID, accepting some trade-off in sensitiv-
ity and precision. A larger capillary ID
can cause inconsistent sample delivery
at low uptake rates. While such com-
promised performance may be accept-
able for certain applications, it is often
unsuitable for the majority, as ICP-MS
is specifically designed to achieve the
lowest possible detection limits.
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Micronebulizer Sample Channel ID Comparison

1200

<i:l- M lfl

Concentric MicroFlaw PFA HEN MicroMist FFA 260 Farallel Path Optilist ION

FIGURE 1: Sample channel ID comparison: nebulizers designed for low sample
flow rates in ICP-MS.

(a)

Sample Channel
ID 0.80-1.00 mm
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(b)

Sample Channel
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Deflected Fine Aerosol

Gas Channel

FIGURE 2: (a) OptiMist ION, and (b) aerosol creation diagram at the tip of the
nebulizer.
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The nebulizer (OptiMist ION, Texas
Scientific Products, patent pending)
employs a rugged non-concentric de-
sign, with gas and sample channels
kept completely separate throughout
its body. Its relatively large sample
channel - approximately 0.75 mm in in-
ternal diameter (ID) - offers good clog-
ging resistance and enables reliable
performance with demanding sample
matrices. Efficient aerosol generation
is accomplished by positioning an im-
pact surface near the gas orifice, inte-
grated into a cover plate that forms a
small chamber (Figure 2). The gas jet,
directed at this surface under an opti-
mized angle, produces a pressure drop
that ensures stable sample delivery,
even at low uptake rates.

Since fine aerosol is deflected by the
impact surface, the nebulizer should be
oriented at an angle to the spray cham-
ber. An interface with Scott Double
Pass spray chamber was accomplished
by the specially designed End Cap sup-
plied with a nebulizer. Figure 3 shows
the nebulizer set up in two ICP-MS sys-
tems (a) Scott-double pass spray cham-
ber of an Agilent 8900 and (b) cyclonic
spray chamber of an Thermo ICAP RQ.

Applications and Results
The analytical work was carried out at
the Arizona Laboratory for Emerging
Contaminants (ALEC), which provides
analytical support to researchers from
five colleges at the University of Arizona.
The samples submitted to ALEC
range from environmental - drinking
and wastewaters and soil acid extracts
to agricultural (plant tissues), biologi-
cal (wood) and clinical - including undi-
gested whole blood, serum, urine, and
digested animal tissues. A few represen-
tative examples are shown on Figure 4
Wide sample varieties handled by
ALEC that often may change daily are
summarized in Table I.

Whole Blood and Serum

The nebulizer was first evaluated for
direct analysis of whole blood and
serum—two of the most challenging
sample types for ICP-MS. Blood is a
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complex matrix containing inorganic
salts, proteins, erythrocytes (red blood
cells), and leukocytes (white blood cells).
During sample dilution, protein coagula-
tion and cell precipitation can occur, po-

tentially impacting analysis (Figure 4). Al-
though alkaline dilution is often preferred
over acid dilution to reduce precipitation,
we intentionally selected an acid-based
dilution to test the nebulizer under the

FIGURE 3: Nebulizer setup in two different ICP-MS instruments (a and b - refer

to text for details).

most demanding conditions, as this ap-
proach produces a higher load of par-
ticulate matter. The dilution factor was
also kept to a minimum. Analyses were
performed using an Agilent 7700 ICP-MS
equipped with a collision/reaction cell.

Accuracy

For serum samples, a 2% v/v nitric acid
solution containing ethanol and Triton
X was used for dilution. Despite visible
precipitation, no nebulizer blockages
occurred. Whole blood samples were
prepared by 1:20 dilution with a solution
containing 0.5% v/v nitric acid, 0.05%
Triton X, and 1.5% butanol, which pro-
duced only minor precipitation. In both
cases, 25 elements relevant to biomoni-
toring were analyzed. Due to the com-
plexity of the blood matrix, complete
matrix-matching calibration is often
used to maximize accuracy, typically by
adding a “base” blood to all calibration
standards (4). However, this approach is
limited by the availability of sufficiently
pure blood and requires time-consum-
ing prescreening or quantification of
contaminants via the method of stan-
dard additions.

FIGURE 4: Examples of the samples handled by ALEC Lab: (a) soil acid extracts; (b) wood core digests; (c) whole
blood at 1:20 Dilution in 0.5% HNO,, 0.05% Triton X, 1.5 % butanol.

Spectroscopy
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To address these limitations, we eval-
uated published whole blood compo-
sition data (5) and developed a partial
matrix-matching approach. Synthetic
calibration standards were prepared by

adding key matrix elements—particu-
larly those with significant effects on ana-
lytical signals, such as Ca, Na, and K—at
concentrations representative of typical
whole blood. For a 1:10 dilution, the syn-

TABLE I: Snapshot of ALEC sample logbook
Sample Type Sample Type Sample Type

Dairy sludge dry
and cake

Resin

Acid extracts

Sunscreen Fish feed
Wood digests Sugar/water
Basalt leachate Cell pellets

Serum/CSF/
blood digests

Plants

Recovery, %
160

150
140
130
120
110

Dry biosolids

NaOH cell digests
Breast milk 2022

Brines and waters

Tissue/serum/cells

Insects

Scorpions in yellow bag
Mine tailing extracts
Ghost wipes

Urines

Furniture finish
Rhamnolipid solutions

Mollusks, feathers, fur

9Be 27A 63Cu 66Zn 785e 88Sr 95Mo 107 Ag 111Cd 118Sn 121Sb 125Te 133Cs

138Ba 195Pt 205TI PbAve 238U

FIGURE 5: Accuracy data for whole blood CRM QM-B-Q1313 without complete

matrix matching.

Recovery, %
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110
100
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70
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30
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10

14:30 15:36 16:27 17:02 12:59 14:31 16:03

——Ti=—Cr——Mn

Co—+—Nij—+—Cu—e—2Zn—e—As ——S5Se ——Sr —e— Mo ——Ag ——Cd ——5n Sh

17:40 18:33 19:25 20:18 2110 22:03 2255

Te —o—Cs—+—Ba=—s—Pt——T|——Pb——Th——U

FIGURE 6. Calibration Stability over 12.5 Hours running whole blood samples.
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thetic calibration composition was (ppm):
Na-90, K-85, S-70, Fe-25, Ca-3.0. This
calibration strategy was tested using
certified reference blood samples from
the Institut National de Santé Publique
du Québec (INSPQ), Canada. Results are
summarized in Fig. 5.

Long-Term Stability

Along-term stability test was performed
over two days by analyzing whole blood
samples every 4.5 minutes (Fig. 6). After
the study, the condition of the sample
introduction components (a), (b), (c)
and the ICP-MS interface (c), (d) was
examined. As expected, the sample
introduction parts, and interface cones
were significantly affected by this chal-
lenging matrix. In contrast, the nebulizer
remained in good operating condition,
with no visible sample deposits (Fig. 7).

Routine Maintenance
To evaluate routine maintenance re-
quirements, the nebulizer was operated
continuously—purposely without any
cleaning—while monitoring analytical per-
formance. It is worth noting that trouble-
free operation lasted almost three years
(34 months). During this time, 31,500 chal-
lenging samples, many with high particu-
late content, were analyzed successfully
without pre-filtration or centrifugation.
The first sign of reduced perfor-
mance appeared after 34 months, when
a slight loss of efficiency and increased
backpressure were observed. The neb-
ulizer's performance was fully restored
by soaking in gently pre-heated labora-
tory detergent. It should be noted that
the nebulizer was operated without an
argon humidifier, and the large sample
load eventually contributed to minor
salt buildup around the gas orifice, as
indicated by the elevated backpressure.
Initial evaluations of nebulizer perfor-
mance (2) demonstrated efficiency and
precision comparable to concentric
nebulizer supplied with commercially
available ICP-MS instruments. Relative
sensitivity and method detection limits
(MDLs) for both nebulizers are compared
in two different ICP-MS system (Figures
8a [Agilent 7500] and 8b [Thermo ICAP
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FIGURE 7: Sample Introduction Conditions after 2 days exposure to whole
blood samples showing sample deposit on the (a) torch, adapter, (b) spray
chamber, (c) clean nebulizer, and (d and e) interface cones.

RQJ). MDLs were determined accord-
ing to the United States Environmental
Protection Agency—Contract Laboratory
Program. (USEPA CLP) protocol by ana-
lyzing a solution containing 1 ppb of tar-
get analytes and several ppm of Na, K,
Mg, Ca, and Fe. The standard deviation
from seven replicate measurements was
multiplied by 3.14 to estimate the MDLs.

Further evaluation was carried out
using arsenic speciation—an applica-
tion where sensitivity is critical, as some
species, particularly monomethylarsonic
acid (MMA), can occur near the detec-
tion limit. That is why efficiency of the

Spectroscopy

nebulizer is an important contributing
factor. These experiments were per-
formed on an Agilent 8900 triple-quad-
rupole ICP-MS in mass shift mode, using
O, (75 As to 91 AsO) on the PRP-X100
anion exchange column with 12 min
acquisition time and 50 pL injection vol-
ume. The samples were prepared using
the CDC Method DLS-3000.15-03 for
Urine Arsenic Speciation with eluents
containing 10 mM NH, carbonate and
TRIS buffer plus 4% MeOH at pH 8.6 and
10 mM NH, carbonate and TRIS buffer
plus 4% MeOH and 15 mM NH,SO,, at
pH 8.0. An example of chromatogram in
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urine sample where MMA content is less
than 2% of total arsenic and close to the
minimum detectable level is shown on
Figure 9a. A calibration curve focused
near the detection limit, along with a
sample containing 90 ppt MMA (just
above the 80 ppt standard), is shown
in Figure 9b.The MDL for MMA under
these conditions was estimated at 30
ppt in solution, based on 30 from six
replicate measurements of the lowest
calibration standard (50 ppt).

Conclusions

Implementing an innovative nebulizer de-
sign in routine laboratory ICP-MS opera-
tions resulted in a substantial increase in
analytical efficiency. Over nearly three years
of continuous use across a wide range of
challenging sample types, the system pro-
cessed 31,500 samples without requiring
nebulizer maintenance or cleaning.

This performance was achieved
through the elimination of nebulizer
blockages, removal of time-consuming
filtration or centrifugation steps, and a
significant reduction in maintenance
requirements. Downtime common with
concentric nebulizers—often due to fre-
quent blockages—was eliminated, free-
ing operator time for higher-value tasks.

Importantly, these efficiency gains
offer measurable cost savings, increased
sample throughput, and improved reli-
ability of ICP-MS analyses. Elimination of
disposable filters and reduced cleaning
contributes to additional cost reduction.

The approach is broadly applicable
to commercial, regulatory, and research
laboratories handling complex or vari-
able matrices, including environmental,
clinical, and industrial samples. Based
on the demonstrated stability and per-
formance, this technology shows strong
potential for adoption in high-through-
put laboratories worldwide.
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THE APPLICATION NOTEBOOK |

Redefining the Limits of Uptime & Throughput
in Water Analyses with the NexION 1100 ICP-MS

Ruth Merrifield - Global Product Manager, ICP-MS
Liyan Xing - Senior Application Scientist, ICP-MS
PerkinElmer U.S. LLC

When conducting trace elemental analyses of
waters, regardless of the type of laboratory
you’re part of, you are dealing with human or
environmental health and are therefore subject
to regulatory limits that reduce exposure to
toxic levels of metals. For all laboratories con-
cerned with following regulated or validated
methods, having reliable instrumentation that
is easy to maintain is paramount. Often, these
labs must deal with a wide range of sample
matrices, requiring minimal instrument down-
time with maximum productivity.

This two-part study demonstrates the robustness and sta-
bility of PerkinElmer's NexION® 1100 ICP-MS (Figure 1)
through the analysis of drinking water samples in Standard
mode following U.S. EPA Method 200.8 (Part 1) as well as the
analysis of simulated natural water samples using Collision/
KED mode (Part 2).

For the more challenging analysis of simulated natural
water with 0.25% total dissolved solids (TDS), 5200 samples
were run over a 26-day period. Routine maintenance was con-
ducted every 1400 samples, taking no more than 10 minutes
to complete. This resulted in less than 1% of the overall time
spent on routine cleaning while allowing the instrument to be
running analytical methods for 92% of the total experimental
time (Figure 2), demonstrating the robustness and stability of
the NexION 1100 ICP-MS, for all types of water samples.

The operating conditions used in both sets of analyses are
summarized in Table 1.

Part 1: Drinking Water in Standard Mode - U.S. EPA
200.8

Here, the NexION 1100 ICP-MS was used to analyze drink-
ing water samples in Standard mode (no gas), in accordance
with U.S. EPA Method 200.8. A total of 26 elements were
measured, with 21 required following Method 200.8, and 5
additional elements were included for information purposes.
Instrument performance was assessed in terms of detection
limits, analytical accuracy, and robustness.

Detection Limits:
The NexION 1100 ICP-MS achieved IDLs and MDLs well below
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Figure 1. PerkinElImer NexION 1100 ICP-MS

91.6% Instrument up time

‘\ 5.1% Instrument warm up

2.5% Tuning
0.8% Maintenance

Figure 2. Percentage of overall time used for maintenance
and optimization activities versus sample analysis (instru-
ment productivity) on the NexION 1100 ICP-MS over 26-
day project.

Method 200.8 requirements (Figure 3A), ensuring reliable
trace to ultra-trace analysis. Its unique Extended Dynamic
Range (EDR) electronic dilution capability increases linear dy-
namic range to 10', allowing the analysis of both high- and
low-concentration elements in a single analytical run, with-
out a cell gas. This dual capability streamlines workflows by
enabling both trace and major element determinations in a
single run.

Stability & Accuracy:

Stability was confirmed by the consistent recoveries of both
internal standards and continuous calibration verification
(CCV) samples during a 10-hour run of mid-hardness tap wa-
ter (Figures 3B-C).
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TABLE 1. NexION 1100 ICP-MS Parameters and Operating Conditions

Instrument Component/Parameter

ICP-MS

Nebulizer

Spray Chamber

Torch

Interface

Peripump Tubing

Operating Conditions
RF Power

Plasma Gas Flow
Auxiliary Gas Flow
Nebulizer Gas Flow

Sample Uptake Rate (Carrier
and IS combined)

AMS Gas Flow (for natu-
ral waters only)

Data Acquisition
Sweeps
Dwell Time

Replicates

Autosampler and HTS
Autosampler

Sample Loop Size
Autosampler Probe
Flush Delay

Read Delay

Probe Rinse

Wash

Peripump Speed

Accuracy was verified through the
analysis of certified reference materials
(CRMs) and spiked water samples, with
recoveries within £10 percent for all tar-
get elements (Figure 3D).

Part 2: Simulated Natural Waters
Leveraging Collision/KED Mode

In this part of the study, He Collision/
KED mode was leveraged on the Nex-
ION 1100 ICP-MS for the analysis of
5200 simulated natural water samples
with 0.25% TDS over a 26-day period.
A total of 24 elements were measured.

Spectroscopy

Type/Value

NexION 1100 (PerkinElmer)
MEINHARD® Glass

Quartz Cyclonic with AMS (Al
Matrix System) Gas Port

One-Piece Quartz, 2 mm Injector

Standard Nickel Sampler and Skimmer
Aluminium Hyper-Skimmer

Carrier: Orange/Green (0.38 mm i.d.)
ISTD: Orange/Green (0.38 mm i.d.)
Waste: Gray/Gray Santoprene

(1.30 mm i.d.)

1600 W

15 L/min

1.2 L/min

Optimized for CeO*/Ce*<1.5%
0.24 mL/min

0.1 mL/min (-2X dilution)

20
25-100 ms
3

S23 (PerkinElmer)
1.0 mL

1.0 mm i.d.

6s

30s

5s

30s

80 rpm

Instrument performance was assessed
in terms of detection limits, analytical
accuracy, and robustness.

Detection Limits:

The method detection limits (MDLs)
were measured at the end of each day
to ensure that they were well within
reporting limits. Figure 4A shows that
the MDLs for each element do not sig-
nificantly change over the 26 days of
analysis, demonstrating that the Nex-
ION 1100 ICP-MS produces stable, re-
liable results.
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Stability & Accuracy:

In this case, a continuous calibration
verification (CCV) was run every 10
samples, along with internal standards
for each injection as well as the analy-
sis of a certified reference material
(CRM) and matrix spike at the begin-
ning, middle and end of the samples.
The stability of the CCVs can be seen
for over 5000 samples (Figure 4C). Al
CCVs are well within the +/- 20% al-
lowable for a natural water method.
Typical internal standard graphs, matrix
spikes and CRM values from before
and after a routine cleaning procedure
can be seen in the cutout (Figures 4B-
D), again demonstrating that all values
are well within the allowable limits for
these types of samples.

Conclusion

By combining exceptional sensitivity,
accuracy, and long-term stability, Perki-
nElmer’s NexION 1100 ICP-MS, with a
host of proprietary technologies engi-
neered with the user’s efficiency in mind,
offers a robust and reliable solution for
laboratories tasked to meet the strin-
gent requirements for trace-elemental
analysis of water samples — from the
simpler drinking water all the way to the
more challenging natural water ones —
while also necessitating fast turnaround.
This is thanks to a range of proprietary
technologies that come together to de-
liver accurate, repeatable results with
minimal downtime. These include:

Extended Dynamic Range is an
electronic dilution offering the highest
linear dynamic range on the market —
up to 14 orders of magnitude — provid-
ing the capability to run high- and low-
concentration elements in the same
run. Applied per-mass, this approach
extends the linear range or attenuates
high signals, reducing detector load
and prolonging detector life.

High Throughput System is a flow
injection module that helps speed up
sample-to-sample time and reduces
carryover by injecting into the system
only the required amount of sample
necessary, keeping the probe clean
and eliminating contact between the
sample and the peripump tubing.

Peltier-cooled Spray Chamber, like
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FEATURED ARTICLE

Behind the Signal Drop:
Distinguishing Between Cone and
Sample Introduction Issues in ICP-MS

Genette Alcaraz, Elizabeth Ranalli, and Sergei Leikin

Reduction in signal intensity
or analytical precision is the
most common performance
issues inductively coupled
plasma mass spectroscopy
(ICP-MS) users are faced
with. Troubleshooting these
problems can be costly since
distinguishing between
cone degradation and is-
sues related to the sample
introduction system is often
challenging—even for expe-
rienced analysts. A rational,
step-by-step approach to
diagnosing and resolving
the common ICP-MS perfor-
mance issues is proposed.
It includes practical guid-
ance on inspection criteria
and maintenance protocols
to determine when to clean,
refurbish, or replace inter-
face cones. The proposed
approach is intended to re-
duce instrument downtime
and operational costs by
extending the cone lifetime
and minimizing unnecessary
replacement.
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“ y ICP-MS was working
perfectly yesterday, over-
night run went well, but

today the sensitivity is down, and instru-
ment can’t pass the tuning routine.”

Inductively coupled plasma mass spectros-
copy (ICP-MS) analysts who run the analysis daily
are familiar with this situation. Performance is-
sues can vary but typically are narrowed down
to either the loss of sensitivity or degradation of
the precision or the combination of both. In ad-
dition, there might be a problem with the long-
term stability when QC check samples are out of
the acceptable range and instrument software
calls for recalibration.

ICP-MS is a complicated system that includes
multiple components which must work in con-
cert. Still, over 95% of the performance problems
are related to either the sample introduction sys-
tem or the interface region—the sampler and
skimmer cones. What's more frustrating for an
analyst than replacing interface cones—only
to learn the real problem was with the nebu-
lizer, spray chamber, peristaltic pump tubing,
or the pump itself? That is why distinguishing
between the sample introduction system and
the interface when troubleshooting ICP-MS per-
formance issues is a challenging task, even for
an experienced analyst, and requires a rational,
step-by-step approach.

Approaching the Problem

Rather than immediately focusing on the sample
introduction or interface region, it is best to first
view the problem from the perspective of the
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application. While modern ICP-MS instruments
are designed to handle a wide range of matri-
ces—from drinking water to industrial waste or
high total dissolved solids (TDS) brines—the im-
pact on internal components can vary dramati-
cally. The presence of calcium—even at a few
hundred ppm—in complex matrices can quickly
lead to material accumulation on the sampler
and skimmer cones and its inspection makes
common sense.

Moreover, since sample deposition on the
cones is unavoidable when working with com-
plex matrices, a common recommendation is to
‘condition’ new or freshly cleaned cones by aspi-
rating a calcium-containing solution for approxi-
mately 10 min prior to calibration. In cases where
the sample matrix is stable and predictable,
using the actual sample solution to condition
the cones for a few minutes is often sufficient.
When samples with elevated TDS are analyzed,
salt buildup in the nebulizer is a common con-
cern. A straightforward way to assess this is by
applying nebulizer gas at 1.0 L/min and moni-
toring the pressure, all without plasma ignition.
Elevated pressure is a sign that the nebulizer
requires cleaning to restore its performance.

The next logical step is to review instrument
data, as it often provides the most reliable in-
sight—particularly when considered alongside
application-specific factors. The standard tun-
ing procedure generates a performance report
that includes sensitivity across the mass range,
as well as oxide and doubly charged ion levels.
If the argon gas or tuning solution is confirmed
to be clean, elevated ratios may point to cone
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wear or contamination. Elevated interface
pressure (such as reduced vacuum quality)
is another indicator that the cones may re-
quire inspection or maintenance.

When neither application-specific fac-
tors nor instrument performance data
clearly identify the issue, the next logical
step is to inspect the sample introduction
system in the following sequence:

¢ Nebulizer: Test nebulizer backpressure
with gas flow through the nebulizer only;
Aspirate water and check aerosol visually.

e Peristaltic pump, Tubing and Connec-
tions: Check tubing wear, roller tension,
and flow consistency. Inspect for leaks,
kinks, or blockages.

e Spray chamber: Check for large lig-
uid droplets buildup and inconsistent
draining.

¢ Torch and injector: check for the sam-
ple deposit on the tip or inside the
torch injector.

It should be noted that routine mainte-
nance recommended by ICP-MS manufac-
tures and described in multiple publica-
tions may prevent the vast majority of the
performance issues (1).

Nebulizer

Modern ICP-MS instruments are standard-
ized to operate with a small sample uptake
rate in the range 0.100-0.400 mL/min. Con-
centric nebulizers usually employed for
their high efficiency and good precision
are prone to blockages due to their tiny
sample capillary and especially if not really
clean solutions are analyzed (2).

As mentioned earlier, a nebulizer back-
pressure test without having to light the
plasma is quick and a simple way to diag-
nose the blockage.

If backpressure is normal and within
the nebulizer manufacturing specifica-
tion, a look at the aerosol mist while as-
pirating deionized (DI) water on the dark
background is another simple, quick, and
efficient way to diagnose the nebulizer
functionality (Figure 1).

If these tests are still non-conclusive,
trying a “backup” nebulizer with a known-
good operational condition should help to
narrow down the problem.
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FIGURE 1: Observing the nebulizer mist on the dark background.

Frequent nebulizer blockages is an in-
dication of the wrong nebulizer type used
for the application. If high-total dissolved
solids (TDS) samples make up a significant
portion of the laboratory workload, an
argon humidifier is a must-have to prevent
salt buildup around the nebulizer orifice.

Peristaltic Pump and Tubing
Worn out or flattened peristaltic pump tub-
ing is quite often overlooked. Proactively
replacing the sample and internal standard
tubing on a regular basis is a simple yet ef-
fective preventive measure since it will help
to focus on the other components of the
sample introduction system. The frequency
of tubing replacement depends on the
sample throughput and type of matrices.
It varies from daily to once every few days
provided the tubing clamps of the peristal-
ticpump are released at the end of the run.
Any connections within the sample in-
troduction path are highly recommended
to check. Even a tiny leak or presence of
air bubbles can affect the data precision.

Spray Chamber
The most common issue is inconsistent
draining of the spray chamber. On mod-
ern ICP-MS instruments, where spray
chambers are usually hidden behind Pel-
tier cooling blocks, checking for steady
drain flow is a straightforward way to iden-
tify possible issues.

If inconsistency is observed, it is worth
to disassemble the Peltier cooler and look
at the spray chamber conditions. Pres-
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ence of accumulated large water droplets
on the surface is a certain sign that clean-
ing is needed.

Torch and Injector

Finding the sample deposit either on the
tip of the torch injector or inside the injector
usually is not an issue with clean samples,
but quite common when challenging ma-
trices are analyzed. Direct analysis of oils or
whole blood after dilution with appropriate
solvent is just one example where sample
deposition is expected to happen and the
torch needs to be looked at closely.

Plasma Appearance
A plasma truly can be worth a thousand
words. Its appearance serves as a quick
and effective diagnostic tool. Flickering
or the loss of the darker central channel—
where the aerosol normally travels—often
indicates a problem in the sample introduc-
tion system. Similarly, an unusually bright
or misshaped plasma may indicate a leak.

The step-by-step diagnostics of ICP-
MS performance issues is summarized in
Figure 2.

If sample introduction system appears to
be functioning properly, cone assessment
becomes the next logical step.

Diagnosing and Restoring
ICP-MS Performance:

When to Clean, Refurbish, or
Retire Interface Cones

This section outlines best practices for
assessing cone condition, cleaning ap-
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propriately, and determining when plati-
num refurbishment or full replacement is
warranted—all of which play a key role in
restoring analytical performance and mini-
mizing disruptions.

Visual Indicators of Cone Degradation
Sampler and skimmer cones serve as the
critical interface between the plasma
and the mass analyzer. Over time, their
performance can degrade due to matrix
buildup, physical wear, or damage. Cones
should only be removed for inspection
when baseline performance has de-
clined, and upstream sample introduc-
tion components have been ruled out.
Performance decline with no recovery
after cleaning is a strong indicator that
physical degradation has exceeded user
maintenance thresholds and additional
action is needed.

Key visual indicators of cone-related
degradation are shown in Figure 3 (3).

Cone Cleaning Guidelines for

Optimal ICP-MS Performance

Proper cleaning is the first line of de-
fense against signal degradation, but
overly aggressive or incorrect methods
can damage cones and reduce their
lifespan. To maintain consistent per-
formance and preserve cone integrity,
the following cleaning protocols are
recommended.

When to Clean

e Signal intensity drops or becomes un-
stable

e Background levels increase or become
noisy (show high relative standard de-
viation [RSD])

® You observe deposits near the orifice

Gentle Cleaning Step

* Gently wipe the cone surface using
a cotton swab with pure deionized
water

® Rinse thoroughly with deionized
water

e Place the cone in cleaning fixture with
inserts or similar container or beaker

e Sonicate for 2-5 min in 1:20 Citranox
Solution (Alcanox, Inc.) at 30 °C

® Rinse with deionized water

Spectroscopy

2. Poor precision

1. Signal Loss or Low Intensity

3. Combination of both

o~

EvaluateApplication
Review Data/Tuning Reporf

N\

\

Evaluate Plasma
Appearance

l Not stable or misshaped

Elevated Oxide
High TDS or Ca at or/and Doubly Not lovated Sample
100s of ppm ChargedRatios; Introduction
PoorVacuum
%of
;g
&)
%’)
Cone_s Nebulizer: Pump tubing and
Inspection, Test Pressure Connections:
Cleaning or Visually evaluate the mist check or replace
replacement
Problem l N Spray Chamber check:
o draining, liquid droplets buildup
]
Cleanor Problem Torch and Injector:
replace Check forsample deposit

FIGURE 2: ICP-MS troubleshooting diagnostics: Sample introduction relative

to cones.

Oxide or salt buildup

Refractory buildup in
the analytical zone

Pitting, erosion, or discoloration
near the orifice

Flaring at the cone tip from
thermal or chemical stress

Orifice deformation or collapse
from mechanical stress

Severe orifice deformation
and matrix buildup

—

FIGURE 3: Different examples of ICP-MS cone degradation (x100-x150 mag-

nification).

e Place the cone in cleaning fixture or
place in sonicator

* Sonicate for 5 min in fresh deionized
water at 30 °C

e Let air dry or blow dry with filtered
compressed air or nitrogen if available
If gentle cleaning has not cleared

the orifice of the cone proceed with

enhanced cleaning.
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Enhanced Cleaning Step

All Cones

e Place the cone in cleaning fixture with
reservoir or similar container or beaker

e Soakin 1:20 Citranox solution for 2 h and
then sonicate 30 °C for the last 15 min

e Rinse with tap water

® Place the tip of the cone only in the
insert cup with reservoir or similar
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container or beaker containing 1-2%
HNO, for 10 min (Always use a clean-
ing fixture or modified set up to ensure
the Ni or Cu base are fully protected,
ensuring only the Pt tip is exposed to
the acid environment).

* Rinse with tap water

e Return to cone cleaning fixture with in-
sert cups or similar container or beaker
for another 10-min soak

* Rinse with tap water

¢ Rinse and Return to cone cleaning fix-
ture with insert cups or place in sonica-
tor. Sonicate 30 °C in deionized water
for 15 min

* Replace deionized water and repeat
sonication

e Let air dry or blow dry with filtered
compressed air or nitrogen if available

For Platinum Tips Only

e Place the cone in cleaning fixture with
reservoir or similar container or beaker

e Soak in 1:20 Citranox solution for 2 h and
sonicate 30 °C for the last 15 min

e Place the tip of the cone only in the in-
sert cup with reservoir or similar con-
tainer or beaker containing up to 5%
HNO, for 10 min (Always use a cleaning
fixture or modified set up to ensure the
Ni or Cu base are fully protected, en-
suring only the Pt tip is exposed to the
acid environment).

* Rinse with tap water

e Return to cone cleaning fixture with insert
cups or similar container or beaker for an-
other 10-min soak

* Rinse with tap water

® Rinse and Return to cone cleaning fixture
with insert cups or place in sonicator. Son-
icate 30 °C in deionized water for 15 min

¢ Replace deionized water and repeat
sonication

e Let air dry or blow dry with filtered com-
pressed air or nitrogen if available

These cleaning procedures help pre-

serve cone geometry and surface finish,

extending cone life and ensuring optimal

performance post cleaning, as shown in

Figure 4.

When to Refurbish
If cleaning fails to restore performance,

a platinum cone may be a candidate for
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FIGURE 4: Cone cleaning fixture with Insert and reservoir cups shows an exam-
ple of proper cleaning techniques for cones to ensure an extended life span.

refurbishment. Spectron’s platinum cone

refurbishing service uses precision tech-

niques to:

® Remove embedded material or oc-
clusions

® Reshape the orifice to restore cor-
rect geometry

e Inspect and verify dimensional tol-
erances

Depending on usage and condition,
platinum cones can often be refurbished
multiple times, extending their life by a fac-
tor of three to four. The images in Figure 5
show successful restoration outcomes for
cones that would otherwise have been dis-
carded due to orifice damage and partial
or full occlusion.

Refurbishment is particularly beneficial
when damage is from mechanical impact
(for example, dropped cones) or heavy de-
position, but enough material remains for
reworking.

When to Retire a Cone
Not all platinum cones are refurbishable. A

cone should be retired when:
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® The material is brittle, porous, or an-
nealed

® There is severe orifice collapse or
cracking

® The cone lacks sufficient material to re-
form within manufacturer specifications
Spectron offers platinum credit for un-

usable cones through our reclaim

program, issuing credit based on the

average market value of the platinum

alloy recovered. This adds value while

supporting sustainability and waste

reduction.

Conclusion

Extending cone life and optimiz-
ing ICP-MS performance requires a
combination of structured diagnos-
tics and well-informed maintenance
decisions. Once upstream sample in-
troduction components are ruled out,
visual inspection, proper cleaning,
and professional refurbishment, when
appropriate, can restore analytical
performance without unnecessary
replacement. Figure 6 is a flowchart
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to better understand cone-related
performance issues.

Key takeaways

e Before reaching out to any compo-
nents (sample introduction or cones)
evaluate the analysis from the ana-
lytical application standpoint, which
may lead to identifying the most
likely component to inspect.
Analyze the performance data avail-
able by checking the tuning report.
Certain data may guide to the root
of the performance issues

If clean samples are run and there
are no signs in the data directly
pointing out to cones, start with
sample introduction

Evaluate plasma appearance as a
quick and effective diagnostic tool
After front-end causes are ruled out,
turn to cone inspection

Use metal-specific cleaning proto-
cols to avoid introducing new per-
formance issues

Consider refurbishing platinum
cones as a sustainable, cost-effec-
tive alternative to replacement
Retire cones when material integ-
rity or orifice geometry cannot be
restored

By adopting these best practices,
|CP-MS users can reduce downtime,
maintain data quality, and extend the
working life of high-value components.
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FEATURED ARTICLE

Silent Saboteurs: Hidden
Contaminants, Impurities, and
Artifacts in Trace Element Analysis

Patricia Atkins

As trace-level elemental analysis
evolves, contamination has become
the primary threat to data quality,
particularly in techniques such as
inductively coupled plasma-mass
spectroscopy (ICP-MS). This article
explores the multifaceted sources
of laboratory contamination, in-
cluding impurities in high-purity
acids and water, leachables from
labware and polymers, environ-
mental background, and biological
contamination such as microbes
and biofilms. Special attention is
given to emerging contaminants
such as microplastics, their in-
teractions with trace metals, and
their dual role as carriers and sub-
strates for microbial growth. The
article also addresses the increas-
ing complexity of polyatomic and
isobaric interferences in contami-
nated systems, outlining strategies
for mitigation and emphasizing the
role of certified reference materials
(CRMs). The discussion culminates
in best practices for ensuring data
fidelity in high-stakes environments
such as environmental, food safety,
pharmaceutical, and semiconduc-
tor laboratories.
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dvances in inorganic and el-

emental analysis have revolu-

tionized our ability to detect
increasingly lower concentrations. How-
ever, with heightened sensitivity comes
a corresponding rise in susceptibility to
contamination. Contamination levels
once considered analytically negligible
now pose significant sources of error,
particularly in regulated environments
such as environmental monitoring, food
safety, semiconductor manufacturing,
and pharmaceutical quality control.

As the analytical capabilities of induc-
tively coupled plasma-mass spectroscopy
(ICP-MS) and other systems improve,
laboratories must elevate their aware-
ness of potential contamination sources
and interference mechanisms. The no-
tion of a “clean laboratory” has evolved
beyond laminar flow hoods and powder-
free gloves to encompass a complex un-
derstanding of chemical, physical, and
biological contributors to analytical error.

Certified reference materials (CRMs)
remain essential tools in modern trace el-
emental analysis, providing the accuracy
and traceability needed for high-confi-
dence results. Yet even the most rigor-
ously validated CRMs cannot compensate
for contamination introduced during the
analytical process. In a world where parts-
per-billion (ppb) and parts-per-trillion (ppt)
are the new norm, unrecognized con-
tamination—often from seemingly trivial
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sources—can exert a disproportionately
disruptive effect. Despite advanced in-
strumentation, laboratories frequently
encounter unexplained interferences,
out-of-spec results, or questionable re-
coveries, many of which trace back not to
instrument drift or poor calibration, but to
subtle, unrecognized contamination.

A striking historical example of such
contamination occurred in the field of
oceanographic research. For decades,
global ocean surveys reported seawater
concentrations contaminated by trace
metals leaching from ship structures and
sampling equipment. This issue inflated
readings of iron, copper, and zinc—dis-
torting models of nutrient cycling and
even influencing environmental policy
decisions. This prompted a paradigm
shift toward “trace-metal clean” sam-
pling techniques and stringent contam-
ination controls at sea. The economic
and scientific consequences of revising
decades of data were substantial (1).

Closer to the laboratory bench, doc-
umented studies have revealed equally
impactful contamination pathways. For
instance, routine barcoded labels on
sample tubes have been shown to in-
troduce measurable amounts of zinc
into trace metal analyses (2), while minor
lapses in glassware or pipette clean-
ing have elevated sodium and calcium
backgrounds by orders of magnitude (3).
Such contamination not only degrades
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data quality, but can directly impact
environmental assessments, regulatory
decisions, and public health responses.

Laboratory chemists and quality profes-
sionals often first suspect their instrument
or their standards when results deviate
from expectations. A common concern
raised is that a standard is “too high” in a
particular element—only to discover upon
closer review that contamination arose
from the water used to dilute it, the gloves
used to handle the vial, the pipette tips, or
even airborne fibers settling into sample
containers. These instances highlight the
insidious nature of trace contamination—it
often masquerades as calibration error or
standard deviation.

As detection limits continue to de-
cline, the vulnerability of analytical re-
sults to contamination increases expo-
nentially. At this level of sensitivity, even
a fraction of a microliter of contami-
nated rinse water or a few micrograms
of improperly handled plasticware can
derail entire datasets.

In this article, we present a compre-
hensive examination of contamination
pathways that threaten trace elemental
analysis—from acids and water, to lab-
ware, environmental dust, and even mi-
crobiological residues. We also address
silent, emerging contaminants like micro-
plastics and microbial activity, which are
rarely considered yet increasingly relevant.

Acids, Reagents, and

Inorganic Impurity Profiles
Inorganic trace analysis begins—and
can often be undermined—by the
quality of the acids and reagents used
throughout the sample preparation
process. Whether for digestion, dilu-
tion, rinsing, or matrix matching, acids
such as nitric acid (HNO,), hydrochloric
acid (HCI), hydrofluoric acid (HF), and
sulfuric acid (H,SO,) are ubiquitous in el-
emental laboratories. These acids, while
often labeled as “trace metal grade” or
“ultrapure,” may still harbor elemental
contaminants at levels ranging from
parts per trillion to parts per billion. For
techniques like ICP-MS that are capable
of measuring at or below the ppt level,
even sub-ng/L concentrations of iron,
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TABLE I: Grade categories for acids in inorganic analysis

Grade
Category

Example Grade Names

ACS, AR, Lab Grade,

Reagent Technical
Trace Metal Grade,
Trace TraceSELECT, Instra-
Analyzed, ROMIL-SpA
Ulra<iraee Optima, Suprapur, ULTREX,

ROMIL-UpA, EL Grade

lead, uranium, or boron can introduce
background signals, obscure true ana-
lyte levels, or inflate detection limits.
The challenge lies in the fact that not
all high-purity labels mean the same thing
across suppliers or production methods.
For example, “reagent grade” nitric acid
may contain dozens of elemental impu-
rities in the low ppb to mid-ppb range,
while “ultrapure” sub-boiling distilled
acid may offer impurity profiles down
in the low ppt or even sub-ppt range.
Unfortunately, cost and procurement
constraints sometimes force laborato-
ries to use lower-grade acids for clean-
ing or rinsing, unknowingly introducing
background contamination into even
their highest-priority samples. A single
reagent lot with elevated boron, tin, or
sodium can affect a month’s worth of en-
vironmental or semiconductor samples.
Different grades of acids used in trace
element analysis are shown in Table I.
Each acid even in pure forms can be
susceptible to elemental contamination
which can interfere with analysis. (Table
ll) For example contamination in nitric
acid often stems from the nitrate source,
reactor vessel materials, and packag-
ing. In reagent grade, iron (Fe), lead (Pb),
boron (B), sodium (Na), and zinc (Zn) are
commonly introduced from metal reac-
tors, leaching during storage in unlined
drums, and atmospheric contact during
bottling. Trace grade nitric acid is typi-
cally processed using plastic-lined equip-
ment or non-metal systems and stored
in high-purity high-density polyethylene
(HDPE) containers, which reduces Fe, Sn,
and Pb to the low ppb range. Ultratrace
grade nitric acid is purified by sub-boiling
distillation in cleanrooms using quartz or
fluoropolymer systems, minimizing con-
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Possible Metal

Ll e Impurities
ppm to

General lab use high ppb

ICP-OES,

environmen- 10-100 ppb

tal methods

|ICP-MS, semi-

conductor, 1-10 ppt,

isotope work some <1 ppt

tamination to the 1-10 ppt level for ele-
ments like U, B, and Na.

Hydrochloric acid contamination
arises from chlorine gas production
equipment, reactor vessel linings, and
container materials. Reagent grade HCI
may contain Fe, Zn, Ca, and Pb due to
corroded stainless steel systems, PVC
tubing, or residual chlorinated byprod-
ucts. Trace grade HCl is filtered and sta-
bilized to reduce Zn, Fe, and Na, with
packaging in virgin plastic minimizing
external contamination. For ultratrace
grade, purification techniques such as
sub-boiling distillation and inert gas
bottling help limit impurities like Fe, Zn,
and Na to the ppt level, with storage
exclusively in fluorinated ethylene pro-
pylene (FEP) and perfluoroalkoxy alkane
(PFA) containers to prevent leaching.

Contaminants in sulfuric acid origi-
nate from the raw sulfur feedstock and
legacy production equipment. Reagent
grade H,SO, often contains Fe, Pb,
and As from older lead-lined towers,
vanadium catalysts, and unrefined SO,
sources. Trace grade sulfuric acid is re-
fined to eliminate ore-based metals like
Cu and Zn, typically through distillation
and filtration. Ultra-trace grade acid is
produced using high purity SO; in clean
synthesis systems and stored in non-
leaching containers to suppress Na,
Pb, and Fe levels to ppt concentrations.

Due to its aggressive nature, HF read-
ily leaches contaminants from nearly all
materials it contacts. In reagent grade,
impurities such as Ca, Si, Fe, and Al are in-
troduced from fluorospar sources, reactor
linings, and HDPE containers. Trace grade
HF is packaged under inert conditions and
stored in high-purity plastic to limit leach-
ing of Na and Ca, while filtration reduces
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particulate metals. For ultra-trace grade,
sub-boiling distillation and PFA storage
are used to reduce Si, Na, and Ca to single
digit ppt levels, avoiding any exposure to
glass or atmospheric moisture.

In addition to acid matrices, many
laboratories rely on metal-containing
reagents for sample stabilization or de-
rivatization—such as zinc acetate, iron
chloride, or magnesium nitrate. These
compounds are often assumed to be suf-
ficiently pure for use without verification.
However, because these materials are
often manufactured for industrial or phar-
maceutical use, they may contain heavy
metal contaminants (such as Cu, Pb, Nj,
and Tl) that were not removed or tested
for in production. Without validation of
incoming reagent purity—or adequate
use of blank subtraction—these impuri-
ties may distort calibration curves, spike
recoveries, or internal standard behavior.

For best practices, laboratories should
use sub-boiling distilled acids for critical
applications, screen new reagent lots by
ICP-MS before use, and utilize separate
acid lots for cleaning and analysis. Glass-
or fluoropolymer-bottled acids should
be selected based on analyte risk (avoid
borosilicate containers for B, Si, and Na
testing). For critical applications such as
semiconductor, pharmaceutical, or envi-
ronmental compliance work, the cost of
ultrapure acids is a necessary investment
in data integrity.

Water: The Universal Solvent

and Contaminant Carrier

Water is the single most used reagent
in any analytical laboratory, serving as
a solvent for sample preparation, dilu-
tions, rinse solutions, blanks, and cali-
bration standards. Despite its ubiquity,
water is often underappreciated as a
critical contamination vector. In trace-
level analysis, even sub-ppb concentra-
tions of trace metals in water can lead
to significant errors—masking analyte
signals, inflating blank values, or lead-
ing to poor recoveries.

Even high-resistivity water systems
(18.2 MQ-cm) can fail to remove metal
ions entirely. Common trace elements
found in poorly maintained or overloaded
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TABLE lI: Elemental impurities in common acids

Common
Impurities
(Reagent)

Fe, Pb, B, Na,
Zn, Cu, Ca

Nitric acid

Hydrochloric acid Fe, Pb, Zn, Ca, Al

3 . Fe, Pb, As,
Sulfuric acid Na, Mg, Cu
q ; Si, Ca, Al, Fe,
Hydrofluoric acid Mg, Na
Perchloric acid Na, Fe, K, Ca

Common Common
Impurities Impurities
(Trace) (Ultra-trace)
Fe, Pb, B, B, Fe, Na, Pb
Zn, Sn, Na (<10 ppb)

Fe, Zn, Na
Fe, Zn, Pb, Ca, Na (<10 ppt)

Na, Fe, Pb
Fe, Pb, Na, As, Zn <10 ppt)

: Si, Na, Ca

Si, Ca, Na, Fe (<10 ppb
Na, Fe, Ca, Zn Na, Fe, (<10 ppb)

TABLE lll: Types of laboratory water and their definitions (4)

Resistivity TOC

(MQ-cm

at 25°C)
Type | =18.0 <50 =< 0.005
Typell =10 =50 =< 0.01
Type lll =01 N/A < 0.05

systems include sodium (Na), calcium
(Ca), potassium (K) from glassware, labo-
ratory air, or ion exchange beds; Boron
(B), silicon (Si) from borosilicate glass or
reverse osmosis (RO) membranes; iron
(Fe), zinc (Zn), copper (Cu) introduced via
corroded stainless plumbing or fittings
and lead (Pb), cadmium (Cd) from legacy
building plumbing, stagnant water loops.
The appearance of these contaminants
can be intermittent, seasonal, or equip-
ment-dependent—making them harder
to diagnose without routine monitoring.
For example, in one case, a laboratory
using Type | water for lead testing dis-
covered blanks containing 20-30 ppt Pb.
Investigation revealed deterioration in a
deionization (DI) resin cartridge, which
had been used past its exchange capac-
ity, leading to leaching of metals back
into the system (4-6) (Table Ill).

The choice of water purification tech-
nologies can impact the potential con-
taminant found in the laboratory since
each purification process is developed
around a specific set of targets but
may allow critical contaminants to pass
through into the water (Table IV).

Sodium | Chloride | Recommended

(ug/L) |(ug/L) |Use
ICP-MS,

<1 <1 ultratrace
metal analysis
AAS, ICP-

<5 <5 OES, general
trace analysis
Glassware

=50 =50 rinsing, feed

to Type | units

Plastics, Plasticizers, and Piping
Materials and Inorganic Analysis
Plastic materials are ubiquitous in the
inorganic laboratory environment. They
are widely used as we have seen in
water filtration and purification systems
in addition to use as storage contain-
ers, storage tanks, values, tubing, and
filters. Not all these plastics are inert
to the inorganic environment and can
leach particles or trace contaminants
especially if exposed to changes in pH,
temperature over periods of time. Many
nonfluorinated plastics use metal cata-
lysts while obviously the fluoropolymers
contain fluorine. (Table V).

Organic Contaminants

Many water sources have the potential
for a wide range of contamination issues
as we have seen but most of the issues,
we have spoken about to this point have
been inorganic contaminants. But there
are organic contaminants which can influ-
ence and effect inorganic analysis. Many
plastics in the laboratory are made of poly-
mers mixed with additives such as plasti-
cizers, slip agents and coatings which due
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TABLE IV: Water purification technologies and limitations

Technology Removes
Reverse osmosis (RO)
Deionization (DD
Ultrafilters (UF)

UV oxidation

Sub-boiling distillation

Mixed-bed polishers

Particulates, most ions, organics
Charged species (cations/anions)
Bacteria, colloids

Organics, microbes

Volatile impurities and metals

Finishing step for ultrapure systems

TABLE V: Plastic materials and elemental contaminants

Polymer

Polystyrene (PS)

Typical Lab Use
Disposable Petri dishes, pipette trays

Polycarbonate (PC) Filter holders, sample containers

Polymethyl pentene (PMP) Volumetric labware

Borosilicate glass

to their nature can produce interferences
for inorganic analyses. Plastic products
can also shed plastic particles which in-
terfere with inorganic analyses (Table VI).

These additives, while essential for
the functionality and durability of poly-
mers, can leach into reagents, blanks,
and samples under common laboratory
conditions. Studies have demonstrated
that phthalates like di(2-ethylhexyl)
phthalate (DEHP), found in PVC and
pipette tips, can migrate into aqueous
samples, especially when exposed to
solvents or elevated temperatures. This
leaching can lead to matrix modifica-
tions that suppress or enhance ioniza-
tion in techniques such as ICP-MS, re-
sulting in skewed calibration curves or
inaccurate quantification. Similarly, ther-
mal desorption analyses have revealed
the diffusion of plasticizers from labware
into solution phases, while stabilizers
such as butylated hydroxytoluene (BHT)
and flame retardants can contribute to
complex polyatomic interferences in
the plasma. Most notably, inorganic
contaminants like antimony—used as
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High-purity containers and tubing

Glassware, beakers, flasks

Polypropylene (PP) Centrifuge tubes, beakers, containers

Low-Density PE (LDPE) Bottles, wash bottles, tubing
High-Density PE (HDPE) Bottles, drums, container liners

Limitations

Boron, silicates, and some small ions poorly removed

No removal of organics, bacteria, or neutral species

Do not remove dissolved ions

Does not remove metals directly

High purity but slow and costly

Must be replaced routinely to avoid
leaching contamination

Elements Detected

Max Total ppm

Na, Ti, Al

Ca, Pb, Fe, Cu 19
Ca, Cl, K, Ti, Zn 23
Cl, Br, Al 85
Ca, Mg, Zn 178
K, Ca, Mg 241
Si, B, Na 497
Cl, Mg, Ca 519
Ca, Zn, Si 654

TABLE VI: Plastic types and organic contaminants

Polymer

Polystyrene (PS)

Low-Density
PE (LDPE)

Polycarbonate
(PC)

Polymethyl
pentene (PMP)

Borosilicate
glass

Polypropylene
(PP)

High-Density
PE (HDPE)
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Typical Lab Use

Disposable
Petri dishes,
pipette trays

Tubing,
ultratrace labware

Bottles, wash
bottles, tubing

Filter
holders, sample
containers

Volumetric
labware

High-purity
containers
and tubing

Glassware,
beakers, flasks

Centrifuge
tubes, beakers,
containers

Bottles, drums,
container liners

Polymer
Additives

/ Organic
Contaminants

Typical Organic
Contaminant
Levels

Styrene
monomer,
antioxidants

Styrene: <1 ppm

Perfluorinated
additives
(minimal organics)

Negligible

Antioxidants,
slip agents, UV

BHT: 0.1-1 ppm

stabilizers

Bisphenol-A BPA: 0.01-0.2
(BPA), flame ppm
retardants

Antioxidants, 0.1-1 ppm
processing aids

Fluoropolymer Negligible
stabilizers

(minimal organics)

Trace organics Trace siloxanes

from alkali leaching

Phthalates, Phthalates:
slip agents, 0.1-5 ppm
antioxidants

Antioxidants, BHT, Irganox:
plasticizers 0.5-2 ppm
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FIGURE 1: Microplastic and inorganic
complex or metal interactions.

a catalyst in polyethylene terephthal-
ate (PET) plastics—have been shown to
leach into bottled water, raising Sb levels
well above background and potentially
masking or mimicking trace-level target
analytes. These findings emphasize the
critical need to scrutinize not only the
elemental purity of reagents and water
but also the composition of the labware
in contact with analytical systems, espe-
cially in ultratrace applications.

Dangers of Microplastics
A newer danger to health and safety has
grown in interest over the last five years
— microplastics. Microplastics are minute
particles of plastics shed from plastic
articles or the breakdown products of
deteriorating plastic components. The
dangers posed by microplastics have
been undergoing increased study and
are a great cause for health concerns in
the scientific community. Another av-
enue to be discussed is the danger of
microplastics in the laboratory setting
and how they might impact analyses.
The shedding of micro- and nanoplas-
tics from laboratory plasticware repre-
sents a subtle but growing threat to the
accuracy and reliability of inorganic trace
elemental analysis. As analytical detec-
tion limits reach into the parts-per-trillion
range, even nanogram quantities of for-
eign material can disrupt results. Labora-
tory plastics—such as polyethylene (PE),
polypropylene (PP), and polyvinyl chlo-
ride (PVC)—can degrade under common
lab conditions including friction, acid ex-
posure, ultraviolet (UV) light, and heat.
This degradation leads to the release of
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FIGURE 2: Weathering and Contamination processes of plastic particles. (a)
Unweathered plastic polymer with embedded additives: (red) inorganic, or
(green) organic plasticizers. Few sites for binding. (b) Weathered plastic al-
lows for the release of chemicals (red & green) and opens binding sites (white),
which allows binding of metals (red), and microbes (blue). (c) Microplastic
particles continue to release and bind chemicals and attract microbes into
biofilms, which can also bind metals and other chemical compounds.

micro- and nanoscale particles, often in-
visible to the naked eye, which can carry
both inherent polymer contaminants and
adsorbed environmental metals into criti-
cal analytical workflows (Figure 1).
These micro and nanoplastic particles
can be a substrate for chemical adsorption
to the particle surface by contaminants or
may carry inks that have been adsorbed to
the plastic surface. The metal or chemical
species can also be absorbed by the par-
ticle allowing for later release as the par-
ticles enter an environment which allows
for dissolution or increased solubility such
as an in a situation of an acidic reagent or
agueous sample preparation.
Microplastics can act as dynamic res-
ervoirs for trace elements in laboratory
and environmental systems, particularly
when influenced by surface weather-
ing, pH conditions, and microbial colo-
nization. (7) Pristine plastics exhibit low
sorption potential for metals due to
their hydrophobic, nonpolar surfaces.
However, environmental and laboratory
weathering—through UV exposure, oxi-
dation, or mechanical abrasion—creates
surface roughness and introduces polar
functional groups that dramatically en-
hance metal-binding capacity. This effect
is amplified in the presence of biofilms,
where microbial extracellular polymeric
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substances (EPS) serve as additional
chelating agents, concentrating metals
like lead, zinc, cadmium, and copper on
the plastic surface. Sorption behavior is
also highly pH-dependent: at low pH,
surface protonation suppresses metal
adsorption, while neutral to slightly basic
pH (6-8) enhances uptake, especially for
cationic metals. These findings under-
score the complex interplay between
physical degradation, microbial activity,
and chemical speciation in determining
how microplastics influence trace metal
distribution and behavior in analytical
and natural systems. The weathering
and contamination processes of plastic
particles is exemplified in Figure 2.
Studies such as those by Mintenig
and associates (8) and Lear and co-
authors (9) have demonstrated that
microplastics from common laboratory
materials—including sample tubes,
tubing, and filtration systems—can
contaminate ultrapure water systems
and blanks. These plastic particles may
introduce exogenous elements such as
heavy metals, zinc, aluminum, or anti-
mony (used as catalysts or stabilizers
in polymer manufacture) and organic
residues like phthalates or bisphenol-
A. Furthermore, nanoplastics can act
as carriers for trace metals by adsorb-
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TABLE VII: Contamination issues associated with different polymer materials

Source / Mechanism S :
Polymer Type of Shedding Contamination Risk

ing analytes onto their surface, leading
to under-recovery or misidentification
during ICP-MS analysis (10,11). As noted
by Koelmans and associates (12), these
microplastic-derived contaminants can
mimic sample-related species or alter
plasma behavior, complicating interpre-
tation. In high-purity laboratories, where
every source of contamination must be
scrutinized, the integrity of plasticware
is now recognized as a critical compo-
nent of quality assurance, especially in
cleanroom or ultra-trace environments.
The potential contamination associ-
ated with different polymer materials is
shown in Table VII.

A part of the danger of microplastics
comes from their chemical composi-
tion but another part of the danger of
contamination comes from their struc-
ture and ability to become a substrate
for contamination to accumulate like
complexes, dust, or microbes. Met-
als can accumulate in microplastics
through four primary methods, the
first as a component of their polymer
structure, process formation, or in the
form of chemical additives. The second
method is acting as a site for electro-
static interactions between charged
surfaces and ionized metals. In weath-
ered plastics or in certain plastic ad-
ditives there can be complexing with
additives or chemical groups like car-
bonyl and carboxyl groups to attach
metal substrates. Finally, biofilms can
accumulate on the surface of plastics
becoming chelators or exchange sur-
faces changing metal affinities.

Missing the Microbes?
Microplastics not only pose chemical con-
tamination risks in the laboratory but also
serve as ideal substrates for microbial col-
onization and biofilm development. Due
to their high surface area, hydrophobic
nature, and persistent structure, plastic
particles—particularly polyethylene (PE),
polypropylene (PP), and polyvinyl chlo-
ride (PVC)—are prone to rapid microbial
attachment when exposed to moist or
aqueous environments.

Studies have shown that microplastics
can harbor diverse microbial communi-
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Polypropylene
centrifuge
tubes

Polypropylene
(PP

Polyethylene (PE),
Polypropylene
(PP

PE/PP
pipette tips

Plastic wash

bottles Polyethylene (PE)

Tubing (PVC,

silicone, PE) PVC, PE, Silicone

Sample con-
tainers (LDPE,
HDPE)

HDPE, LDPE

Filter housings
& capsules

Polyethersulfone
(PES), Nylon

RO/DI
storage tanks

PE, PP

Gloves (nitrile,

latex, vinyl) Nitrile, Vinyl

Synthetic fiber

air (fibers) residues

Packaging
films,
plastic liners

Polyethylene,
Polypropylene

ties, including environmental bacteria,
fungi, and even pathogenic species. In
aquatic and laboratory systems alike,
these particles function as “microbial
rafts,” enabling transport and prolifera-
tion of biofilm-forming organisms (13).
Once established, these biofilms can
bind trace metals from the surrounding
environment, creating localized zones of
elevated elemental concentration and
posing arisk to trace-level inorganic anal-
ysis. Further, microbial metabolism within
these biofilms can alter redox conditions,
solubilize otherwise inert elements, or
generate metabolic byproducts that
interfere with techniques like ICP-MS.
Recent research has extended this con-
cern into controlled environments: Li
and co-authors (14) demonstrated that
polypropylene and polyethylene micro-
plastics introduced into high-purity water
systems supported dense microbial
biofilms within days, even in filtered and
UV-treated loops. These findings empha-
size the importance of controlling both
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Friction, aging,
autoclaving

Mechanical
wear, extru-
sion defects

Squeezing,
chemical
exposure

Flexing, pres-
sure stress

Long-term
contact,
temperature
cycling

Filter
membrane
degradation

UV exposure,
long resi-
dence time

Abrasion, par-
ticle sloughing

Airborne
fiber fallout

Tearing,
static charge
attraction

Nanoplastics, Zn,
Ca, organics

Microplastic
particles, organics

Shedding of PE
particles, Zn

Plasticizers, micro-
plastic fragments

Additive leach-
ing, PE fragments

Membrane particles,
adsorbed metals

Leaching of PE
fragments, biofilms

Synthetic particles,
trace organics

Deposits on
surfaces and vessels

Particles from
liner residues

physical and biological contamination
from microplastic residues in ultratrace
laboratories.
Microorganisms—including bacteria,
fungi, and microbial byproducts—can
have surprising and disruptive impacts
on inorganic analytical techniques such
as ICP-optical emission spectoscropy
(OES), ICP-MS, and ion chromatography
(IC) (15-17). These effects are especially
relevant in high-sensitivity laboratories fo-
cused on trace element detection, where
even minor contamination or signal sup-
pression can compromise results. Biofilms
on water systems can accumulate metals
like iron, copper, manganese, and zinc
which can shed into water plants leading
to signal spikes, drift, and false positives.
Microbes can metabolize compounds
producing compounds that reduce re-
coveries. Organic acids, chelators (such
as siderophores), and exopolysaccharides
can complex or sequester metals, altering
their speciation or preventing proper ion-
ization. Some microbes’ oxide, reduce or
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Microbial
Species / Group

Pseudomonas
spp.-

Bacillus spp.

Staphylococcus
spp.-

Sphingomonas
spp-

Aspergillus spp.

Penicillium spp.

Cladosporium

spp.

Nocardia spp.

Mycobacterium
spp.-

Synechococcus
spp-

Chlorella spp.

Nitrosomonas
spp.-

Thiobacillus spp.

Saccharomyces
spp-

Escherichia coli

AT
contamination

Type/Form

Biofilm-forming
gram-negative
bacteria

Spore-forming
bacteria

Skin-associated
bacteria

Waterborne bio-
film bacteria

Airborne fun-
gal spores

Mold spores
and hyphae

Airborne environ-
mental fungus

Actinobacteria,
filamentous

Slow-growing
actinobacteria

Photosynthetic
cyanobacteria

Green algae

Nitrifying bacteria

Sulfur-oxidizing
bacteria

Yeast

Gut-associated
gram-negative
bacteria

Virus particles

Contamination
Mechanism

Biofilms in UPW
systems, metal
uptake and chelation
via siderophores

Spore particulate
contamination,
phosphate, and
sulfate production

Shedding and
secretion of
salts, skin oils

Biofilm formation in
tubing; production of
organophosphates

Spores shed in lab air;

biosorption of
Al and Si

Spore deposition in
lab; produces chela-
tors and mycotoxins

Environmental
spores: binds
transition metals

Biofilm-mediated
degradation of
lab plastics, metal
adsorption

Persistent in filters,
slowly releases fatty
acids and metals

Releases organic
acids and produces
nitrates/nitrites

Matrix effect from

pigments and cell debris;

complexation of ions

Produces nitrite, nitrate
Vvia ammonia oxidation

Produces sulfuric
acid and sulfates
via H,S oxidation

Produces ethanol and
acetates; acidic
conditions alter
speciation

Produces endotox-
ins and polyamines;
adsorbs Mg, Ca, Fe

Nucleic acid con-
tamination alters
conductivity; binds
trace metals

Table VIII: Microbial species contamination and inorganic techniques

Inorganic Disruption
Pathways

Chelation of Fe, Cu, Zn; pH
shifts; metal ion retention

Sulfate/phosphate
precipitation; matrix
complexity

Surface contamination,
spectral background

Sequestration of phosphate
and chelation of trace metals

Al and Si release; fungal
enzymes bind trace metals

Chelation of Zn, Cu, Fe by
mycotoxins; pH alteration

Binds Fe, Mn, Zn; alters
sample mass

Metal leaching from
plastic; sorption of analytes

Modifies TOC and
adsorption profile of filters

Interferes with anion
chromatography; alters
pH, ionic strength

Matrix effects in ICP-MS
from chlorophyll and silica

Increases nitrate background
in IC; alters N speciation

Increases sulfate
background in IC and ICP-MS

Shifts solution pH; inter-
feres with ICP sensitivity

Sequesters divalent
cations; causes baseline drift

Increases background signal
in ICP-MS, alters ion matrix

Affected Techniques

ICP-MS, IC, ICP-OES

ICP-OES, IC

ICP-MS, Gravimetry

ICP-MS, IC

|ICP-MS, Gravimetry

ICP-OES, IC, Weighing

ICP-MS

ICP-MS, Cleanroom
studies

|ICP-MS,
Spectrophotometry

IC, ICP-MS

ICP-MS, IC

IC, ICP-MS

ICP-QOES, IC

ICP-MS, pH-
sensitive assays

ICP-MS, IC, pH-
sensitive prep

ICP-MS,
Conductivity, TOC

methylate metals transforming them to
different forms which can impact specia-
tion. The particles themselves can clog
nebulizers or create matrix effects. Some
microbes can produce IC analyte targets
like nitrates, sulfates or phosphates and
invalidate IC results (Table VIII).

Spectroscopy

Polyatomic and Isobaric

Interference in Contaminated Systems
Spectral interference, particularly poly-
atomic and isobaric overlap, remains one
of the most difficult analytical artifacts in
ICP-MS. Polyatomic interferences arise
when multiple atoms or molecules com-

bine in the plasma to form a species with
the same mass-to-charge ratio as the
analyte of interest. Common examples
include ArCl* overlapping with As* at m/z
75, or ArO* overlapping with Fe* at m/z 56.
These interferences become even more
complex in contaminated environments.
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TABLE IX: Possible ICP-MS interferences or contributing contamination

Possible Contamination Sources

Interfered Analyte | Interference lon

40Ar35Cl+

“OAr O (ArO*)

AOAr15N+ 39K160+

V* (m/z 51) *Cl'*0*, PO*
S+ (m/z 32) 1602+’ 14NTBO¢

When microplastics are introduced—ei-
ther from environmental contamination or
from labware—the resulting organics and
additives can combust or incompletely ion-
ize, producing complex polyatomicions (such
as C,Hy", CCl, and CN¥) that affect lighter ele-
ments such as Ti, V, Cr, and Mn. Moreover,
microbial contamination introduces nitro-
gen-, sulfur-, and phosphorus-containing
compounds which can result in overlapping
species such as NO*, PO, or SO* (Table IX).

Furthermore, bacterial biofilms and or-
ganic-rich matrices can modulate plasma
temperature, increasing the likelihood of
incomplete ionization or new adduct for-
mation. This variability means that even
well-tuned instruments can yield poor re-
coveries or inaccurate readings if contami-
nation is not tightly controlled.

The Critical Role of Certified
Reference Materials in Trace Analysis
Certified reference materials (CRMs) are
foundational to high-accuracy elemen-
tal analysis and regulatory compliance,
especially in ultratrace work by ICP-OES,
ICP-MS, and related techniques. However,
not all CRMs are created equal. The most
reliable CRMs are produced using multiple,
orthogonal methods of verification—typi-
cally including gravimetric preparation, wet
chemical analysis (for example, titration or
complexometry), and instrumental confir-
mation via ICP-OES or ICP-MS. This multi-
modal validation ensures not only that the
target analyte concentration is accurately
reported, but that interferences and impu-
rities are fully characterized.

Spectroscopy

ASCa+ 3251eo+ 36Ar12C+

HCI in lab reagents, microplastic chlorinated residues possible

Laboratory air, water (dissolved O,), possible microbial metabolism

Possible microbial byproducts (nitrifying bac-

teria), residual NOs* in water

Microbial phosphates, degraded plasticizers, lab detergents

Microbial activity, sulfur-containing organics in microplas-
tics. O,/NO species; corrected via O, mass-shift to SO* (48).

Possible contamination from chlorinated plas-

tics (PVC), lab air particles, bottle cap liners

Cr in tap water, leached from lab valves or acid residue

CRMs of the highest caliber begin with
the highest-purity raw materials—either
commercially available at semiconductor
or trace analytical grade, or further puri-
fied in-house through recrystallization,
distillation, or sublimation. These materials
must be free from trace-level interferences
that could compromise the final value as-
signment. The value of a CRM increases
significantly when elemental impurities are
not only measured, but certified, allowing
analysts to subtract known interferences
or adjust their calibration accordingly.

Equally critical is the purity of the re-
agents—particularly water and acids—
used in CRM production. ASTM Type |
water systems must be routinely validated
for microbiological, organic, and elemen-
tal contamination. Ultrapure nitric and hy-
drochloric acids used in CRM dissolution
or dilution should be sub-boiling distilled
and verified by ICP-MS to ensure blank lev-
els are below the analyte reporting limits.
Even the materials used for packaging and
storage—bottles, caps, seals—should be
pre-screened to avoid leaching of metals,
plasticizers, or microbial residues.

By controlling and validating each
input—chemical, procedural, and physi-
cal—CRM producers can provide stan-
dards that not only meet ISO 17034 and
ISO 17025 requirements (18,19), but also
inspire confidence in the laboratory data
they support. In an era of single-digit
parts-per-trillion reporting, the differ-
ence between a good CRM and a great
one can define the reliability of an entire
analytical method.
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CRMs are essential to validating accu-
racy and controlling for contamination.
However, their effectiveness depends
on their appropriate application. Labo-
ratories should:
¢ Select CRMs that match the matrix and

concentration of their samples.

e Use first and second source CRMs
from independent providers to verify
accuracy.

e Regularly qualify reference materials
against in-house blanks and previously
validated standards.

¢ Avoid diluting CRMs with low-purity
acids or water, which can introduce bias.

e Document lot numbers, storage con-
ditions, and expiration dates as trace-
ability tools.

Importantly, CRMs should not be
assumed infallible. If repeated con-
tamination appears in blank-cor-
rected CRM runs, the contamination
may lie in dilution, sample prepara-
tion, or the laboratory environment—
not the standard.

Best Practices and Conclusion

Maintaining trace-level integrity in ele-

mental analysis requires discipline, aware-

ness, and a strong contamination control

program. Key best practices include:

o Always use reagent-grade or ultrapure
acids and ASTM Type | water.

e Validate all labware for elemental blank
levels before use.

e Limit use or type of plastics where
metals, microplastics, or plasticizers
may leach.
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e Control airflow and human presence in
clean areas.

¢ Implement microbiological testing of
UPW systems and sample prep areas.

The invisible nature of most contamina-

tion makes it easy to overlook—but the
cost to data integrity can be enormous. As
detection capabilities become increasingly
sensitive, so too must our understanding
of these silent saboteurs. Only through ac-
tive control, monitoring, and education can
laboratories ensure the validity and trust-
worthiness of their elemental data.
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