
Reliance Laboratories of
Bridgeport, West Virginia analyzes
drinking water and wastewater
for compliance with the Safe
Drinking Water Act (SDWA) and
other regulations. Reliance pro-
vides environmental services to
government-regulatory entities
and commercial clients, including
water and wastewater treatment
facilities, utilities, hazardous
waste management, underground
storage, engineering and legal,
landfill, metal finishing, oil and
gas exploration, mining, manu-
facturing and agricultural organi-
zations. The company has been
performing trace metal analysis
of drinking water and wastewater

to help ensure environmental
compliance for almost 30 years. 

Originally, Reliance used atomic
absorption (AA) spectroscopy but
found this method was unable to
provide the extremely low de-
tection limits, single digit parts
per billion (ppb) for most metals
and tenth of a digit for mercury,
which is required for regulatory
compliance. The company faced
the challenges of moving to the
latest inductively coupled plasma
mass spectrometry (ICP-MS) tech-
nology, including developing
methods, training its staff, and
overcoming the growing pains
involved in establishing any
leading edge technology.

Service and Training Support
Helps Environmental Lab
Convert to ICP-MS
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Reliance’s instrument supplier,
PerkinElmer, helped it overcome
these challenges by providing
state-of-the art ICP-MS technology,
methods development, training,
and technical support services.
“PerkinElmer has been extremely
helpful in getting us started with
ICP-MS and keeping us running
at a high level of throughput,” said
Bill Kirk, Laboratory Director for
Reliance Laboratories.

In the early years, the lab used
flame AA but as detection limits
were lowered, this technology
failed to keep pace. Reliance next
moved to graphite furnace AA
which kept pace with the re-
quired reduction in detection



limits for some time. As required
detection limits continued to drop,
however, even graphite furnace AA
could not meet the requirements for
some metals like mercury. Graphite
furnace AA was also unable to keep
up with Reliance’s increasing
throughput requirements. “AA
served us well over many years but 
it became clear that we needed to
switch to ICP-MS in order to meet
the single digit ppb limits and, in
some cases, tenths of a digit ppb
limits, required by the latest regu-
lations,” Kirk said.

ICP-MS operation and
instrument selection

ICP-MS works by decomposing sam-
ples in a high-temperature argon
plasma and analyzing the resulting
neutral elements based on the mass
to charge ratios. A nebulizer aspirates
the same high velocity argon, forming
a fine mist. The aerosol then passes
into a spray chamber where larger
droplets are removed via a drain.
Next the aerosol moves into a torch
body where a coupling coil transmits
radio frequency to the heated argon
gas, producing a superheated argon
plasma flame at the torch. The hot
plasma atomizes and then ionizes
the sample. Ions flow through a
small orifice into a pumped vacuum
system that focuses them into the
mass analyzer. In a quadrupole mass
analyzer, ions flow between four
metal rods each of which has a
specific electrical potential de-
signed to allow only ions with a
specific mass/charge ratio to pass
through the rods and onto a detector. 

“We selected the PerkinElmer®

ELAN® 9000 ICP-MS instrument
because it offers low detection
limits and high throughput and
gives us access to the wide range 
of services offered by PerkinElmer,”

Kirk said. The ELAN 9000 performs
analyses at the parts per trillion level
and lower. A custom resolution
feature makes it possible to selec-
tively adjust resolution for individ-
ual masses, minimizing spectral
interferences, extending working
ranges and improving detection
limits. The sample introduction
system uses an integrated peristaltic
pump to reduce sample uptake time.
The non-cooled spray chamber pro-
vides superior sample washout, mini-
mizing time between samples. Auto-
matic start and stop functions enable
the system to begin working before
personnel arrive at the lab and con-
tinue running unattended after they
have left for the day.

Method development

“PerkinElmer sent their technical
people to assist with setting up the
instrument and performing the pre-
liminary runs,” Kirk said. “Later
they sent a methods development
person to help us get started in
using the instrument to evaluate
compliance with the SDWA.” The
method was based on the US En-
vironmental Protection Agency
(EPA) Method 200.8 under 40 CFR
Part 141 which measures antimony,
arsenic, barium, beryllium, cadmi-
um, chromium, mercury, nickel,
selenium, thallium, lead and copper.
The method begins with establish-
ing initial performance data by
determining a linear range, deter-
mining instrument detection limits
(IDLs) and method detection limits
(MDLs), then analyzing a quality
control sample to verify acceptable
performance.

The analysis begins with warming
up the instrument for 30 minutes.
The instrument is then automatically
tuned using a solution consisting of
10 ppb of beryllium, manganese,

cobalt, indium and lead. If the
results are not within ±10% of the
true value, the analysis is terminated
and the problem is corrected. A
mass calibration check is performed
and adjustments are made if a change
of greater than 0.1 amu is observed.
A resolution check is also performed
and adjustments are made if an
error of greater than 0.75 amu at 5%
peak height is seen. The instrument
is then calibrated using blank and
standard samples. The elements of
interest are then calibrated at levels
typical of the samples analyzed.
From a cold start, the instrument is
ready to start analyzing samples in
less than one hour. Once running,
built-in quality control software
guarantees that samples are anal-
yzed according to EPA protocol.
Additional isotopes and compounds
are quantitated in order to perform
mathematical correction for isobar
and molecular interferences. An
isobaric interference is when one
isotope of an element is at the same
nominal mass as an isotope of
another element. For example, tin
and cadmium both have isotopes
with a mass of 114. A correction is
made by measuring the amount of
tin of an alternate isotope and using
the known natural abundance to
determine the amount of isotope
114. Molecular interferences also
occur with species formed in the
plasma such as chlorides and oxides
and are corrected in a similar manner.

Training and technical
support

Penley Miller, our laboratory mana-
ger, visited PerkinElmer’s facilities
for a week-long training course.
“The training class covered how the
instrument works, how to set it up,
methods development, routine
maintenance and troubleshooting,”
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information management system
(LIMS). The analyst then reviews the
results and they are sent to a supervi-
sor for approval.

“Right now ICP-MS is the unques-
tioned technology leader in heavy
metals analysis because it is the
only method of achieving the ultra-
low detection limits that are required
by current and upcoming regula-
tions,” Kirk concluded. “However,
converting to ICP-MS provides a
major challenge for laboratories that
have been using and are comfortable
with traditional AA methods.
PerkinElmer helped us make a
seamless transition to ICP-MS by
providing training and technical
support that we needed to get our
people up to speed and move them
quickly up the learning curve. The
result is that our laboratory has im-
proved its competitive position
and positioned itself for continued
growth.”

a service person they normally arrive
within a day or two. Their technical
support people are very knowledge-
able and eager to help us. We have
been using PerkinElmer instruments
for a considerable period of time
and our experience with them is
very good. We have found that their
instruments generally run and run
without any problems.”

Throughput increased 100%

If the turbidity of the sample is less
than 1 NTU then no sample prepara-
tion is needed. If the turbidity is 1 or
greater, then some digestion is
needed. The ELAN 9000 ICP-MS
analyzes up to eight samples for 20
metals in about 20 minutes. This
makes it possible to achieve about
twice the level of throughput than
was possible with the fastest AA
techniques. Analysts enter the results
into a bench sheet and they are later
transferred into the laboratory

Miller said. “Every day was spent 
in hands-on operation of the in-
strument. In the space of a week, I
gained a feeling of comfort in using
the instrument and helping our
analysts with problems they may
encounter in day to day work.”
PerkinElmer’s Introduction to ICP-
MS course begins with the theor-
etical background of the instrument.
Laboratory experiments are conduct-
ed to show how to set up, optimize
and maintain the instrument. Data
is collected through various analytical
methods. PerkinElmer recommends
that students should spend at least
one month becoming familiar with
the instrument and should have a
working knowledge of the software
before attending this course.

Kirk said that Reliance has received
excellent technical support for the
instrument. “Whenever we have a
problem with the instrument, we
can get help over the telephone
within an hour or so and if we need


