QH”) Designation: E 1479 — 99

Standard Practice for
Describing and Specifying Inductively-Coupled Plasma
Atomic Emission Spectrometers

This standard is issued under the fixed designation E 1479; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope 4. Summary of Practice

1.1 This practice describes the components of an 4.1 AnICP-AES is an instrument used to determine elemen-
inductively-coupled plasma atomic emission spectrometetal composition. It typically is comprised of several assemblies
(ICP-AES) that are basic to its operation and to the quality oincluding a radio-frequency (RF) generator, an impedance
its performance. This practice identifies critical factors affect-matching network (where required), an induction coil, a plasma
ing accuracy, precision, and sensitivity. It is not the intent oftorch, a plasma ignitor system, a sample introduction system, a
this practice to specify component tolerances or performanckight gathering optic, an entrance slit and dispersing element to
criteria, since these are unique for each instrument. A prospesample and isolate wavelengths of light emitted from the
tive user should consult with the vendor before placing amplasma, one or more devices for converting the emitted light
order, to design a testing protocol to demonstrate that thanto an electrical current or voltage, one or more analog
instrument meets all anticipated needs. preamplifiers, one or more analog-to-digital converter(s), and a

1.2 This standard does not purport to address all of thededicated computer with printer (see Fid).1
safety concerns, if any, associated with its use. It is the 4.1.1 The sample is introduced into a high-temperature
responsibility of the user of this standard to establish appro{>6000 K) plasma that is formed from the ionization of the gas
priate safety and health practices and determine the applicastream contained in the torch. The torch is inserted through
bility of regulatory limitations prior to useSpecific safety metal tubing formed into a helix, which is called the load coil.

hazard statements are given in Section 13. Energy is applied to the load coil by means of an RF generator.
4.1.2 The term inductively-coupled refers to the fact that the
2. Referenced Documents physical phenomenon of induction creates a plasma by trans-
2.1 ASTM Standards: ferring energy from the load coil to the gas stream that has been
E 135 Terminology Relating to Analytical Chemistry for momentarily preionized by a high voltage ignitor electrode that
Metals, Ores, and Related Materfals functions only during plasma ignition.

E 158 Practice for Fundamental Calculations to Convert 4.2 When material passes through the plasma, it is vapor-
Intensities into Concentrations in Optical Emission Spec4ized, atomized, and many elements are almost completely

trochemical Analysié ionized. Free atoms and ions are excited by collision from their
E 172 Practice for Describing and Specifying the Excitationground states. When the excited atoms or ions subsequently
Source in Emission Spectrochemical Analysis decay to a lower energy state, they emit photons, some of

E 416 Practice for Planning and Safe Operation of a Speowhich pass through the entrance slit of a spectrometer. Each
trochemical Laboratofy element emits a unique set of emission lines. Photons of a

E 520 Practice for Describing Photomultiplier Detectors indesired wavelength may be selected from the ultraviolet and

Emission and Absorption Spectroscépy visible spectra by means of a dispersing element.

) 4.2.1 Instruments may determine elements either simulta-

3. Terminology neously or sequentially. The output of the detector generally is
3.1 Definitions—For terminology relating to emission spec- directed to a preamplifier, an analog-to-digital converter, and a
trometry, refer to Terminology E 135. computer which measures and stores a value proportional to

the electrical current or voltage generated by the detector(s).
Using blank and known calibration solutions, a calibration
curve is generated for each element of interest.

1 This practice is under the jurisdiction of ASTM Committee E-1 on Analytical P i
Chemistry of Metals, Ores, and Related Materials and is the direct responsibility of 4.'2'2 The Comp.mer compares the S|gnals a'.”s'ng frpm t.he
Subcommittee E01.20 on Fundamental Practices. various elements in the sample to the appropriate calibration

Current edition approved Sept. 10, 1999. Published February 2000. Originallgurve. The concentrations of more than 70 elements may be
published as E 1479 — 92. Last previous edition E 1479 — 92. determined.

2 Annual Book of ASTM Standardgol 03.05.

2 Annual Book of ASTM Standardgol 03.06.

4 Courtesy of PerkinElmer, Inc., 761 Main Ave., Norwalk, CT 06859.
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FIG. 1 Components of Inductively Coupled Plasma 4

4.3 Sensitivities (see 12.3) in a simple aqueous solution areopy meetings that occur throughout the year as well as by
less than one part per million (ppm) for all of these elementsindependent training institutes. Furthermore, several indepen-
generally less than 10 parts per billion (ppb) for most, and maylent consultants are available who can provide training, in
even be below 1 ppb for some. most cases at the user’s site.

4.3.1 Organic liquids may also be used as solvents yieldin L .
sensitivities that are within an order of magnitude of aqueou%' Excitation/Radio Frequency Generators
limits for many common organic solvents. Some organic 6.1 Excitation—A specimen is converted into an aerosol
solvents may afford detection limits similar or even superior toentrained in a stream of argon gas and transported through a
those obtained using aqueous solutions. high temperature plasma. The plasma produces excited neutral

4.3.2 Direct sampling of solid materials has been performe@toms and excited ions. The photons emitted when excited
successfully by such techniques as spark or laser ablation agioms or ions return to their ground states or lower energy
slurry nebulization. However, these require greater care in thigvels are measured and compared to emissions from reference
choice of reference materials and the operation of the samplingpaterials of similar composition. For further details see Prac-
devices. Solid materials, therefore, are usually dissolved pridiice E 172.

to analysis. 6.2 Radio-Frequency Generator
o 6.2.1 An RF generator is used to initiate and sustain the
5. Significance and Use argon plasma. Commercial generators operate at 27.12 and

5.1 This practice describes the essential components of &40.68 MHz since these frequencies are designated as clear
inductively-coupled plasma atomic emission spectrometefrequencies by U.S. Federal Communications Committee
(ICP-AES). The components include excitation/radio-(FCC) regulations. Generators typically are capable of produc-
frequency generators, sample introduction systems, spectrorimg 1.0 to 2.0 kW for the 27.12 MHz generator and 1.0 to 2.3
eters, detectors, and signal processing and displays. ThidV for the 40.68 MHz system.
description allows the user or potential user to gain a cursory 6.2.2 Generators more powerful than 2.5 kW are of limited
understanding of an ICP-AES system. This practice alsgractical analytical utility and are not commercially marketed
provides a means for comparing and evaluating various syswith ICP spectrometers. The power requirements are related to
tems, as well as understanding the capabilities and limitation®rch geometry and types of samples to be analyzed. Refer to
of each instrument. Practice E 172 for details. More power (typically 1.5 to 2 kW

5.2 Training—The vendor should provide training in safety, for a 27.12 MHz system utilizing a 20-mm outside diameter
basic theory of ICP spectrochemical analysis, operations dbrch and 1.2 to 1.7 kW for a 40.68 MHz generator) is required
hardware and software, and routine maintenance for at leafdr analyzing samples dissolved in organic solvents than is
one operator. Training ideally should consist of the basimeeded for aqueous solutions (approximately 1.0 kW). Less
operation of the instrument at the time of installation, followedpower is required for small diameter torches (for example, 650
by an in-depth course one or two months later. Advancedo 750 W for a 13-mm outside diameter torch).
courses are also offered at several of the important spectros-6.3 Load Coit
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6.3.1 A coil made from copper (or another metal or an alloysample solution flows surrounded by a larger tube drawn to a
with similar electrical properties) is used to transmit powerfine orifice (concentric) slightly beyond the end of the central
from the generator to the plasma torch (see 7.6). A typicatapillary (see Fig. 2). Minor variations in capillary diameter
design consists of a two- to six-turn coil of about 1-in. (25-mm)and placement affect optimal operating pressure for the sample
diameter, made fronms-in. (3-mm) outside diameter and gas flow and change the sample solution uptake rate. Uptake
Y1e-in. (1.6-mm) inside diameter copper tubing (though largerrates of liquid are typically 0.5 to 3 mL/min.
tubing is used with two-turn coils). The tubing is fitted with  7.3.1.2 CGNs exhibit somewhat degraded sensitivity and
ferrules or similar devices to provide a leak-free connection tgrecision for solutions that approach saturation or concentra-
a coolant, either recirculated by a pump or fed from ations of more that a few tenths of a percent of dissolved solids.
municipal water supply. Argon gas blown through the coil hasThis problem can be greatly reduced by using an inner argon
been used to cool other load coils. stream that has been bubbled through water in order to

6.3.2 The high power conducted by the coil can lead to rapicdhumidify the sample gas argon. Furthermore, since suspended
oxidation, surface metal vaporization, RF arc-over and evesolids may clog the tip, it is desirable to include a piece of

melting if the coil is not cooled continuously. capillary tubing of even smaller diameter in the sample
6.3.3 A safety interlock must be included to turn off the RFsolution uptake line. This action will isolate a potential
generator in case of loss of coolant flow. clogging problem prior to clogging at the nebulizer tip.
6.4 Impedance Matching 7.3.2 Micro-Concentric Nebulizer (MCN)

6.4.1 To optimize power transfer from the generator to the 7.3.2.1 To some extent, the MCN mimics the concept and
induced plasma, the output impedance of the generator must fienction of the CGN but the MCN employs a thinner-walled
matched to the input impedance of the load coil. Somepoly-ether-imide capillary and TFE-fluorocarbon (or other
instruments include an operator-adjustable capacitor for impolymer) outer body to minimize or eliminate undesirable large
pedance matching. drop formation and facilitate HF tolerance (see Fi§%)3A

6.4.2 Alternately, RF frequency may be automatically tunedrue aerosol, as opposed to a mist, is produced consisting of
or varied in free-running fashion against a fixed capacitor-only the desired smallest size droplets. Liquid uptake rates to
inductor network. Most modern instruments, however, incorproduce similar sensitivity to CGNs are sharply reduced with
porate an automatic impedance matching network to simplifthe MCN. The MCN utilizes typical uptake rates of <0.1
ignition, to reduce incidence of plasma extinction when intro-mL/min and is HF tolerant. Unusually small sample size, low
ducing sample solutions, and to optimize power transfer. uptake rates, fast washout times, and very low drain rates
_ characterize this nebulizer. The low uptake rate is particularly
7. Sample Introduction beneficial for extending limited sample volumes so that the

7.1 The sample introduction system of an ICP instrumeniong nebulization times encountered with sequential spectrom-
consists of a nebulizer, a spray chamber, and a torch. eters undertaking multielement analysis may be successfully

7.2 Nebulizers accomplished.

7.2.1 Samples generally are presented to the instrument as7.3.2.2 The initial purchase cost is higher for the MCN than
aqueous or organic solutions. A nebulizer is employed tdor the CGN but the cost may be offset by a substantial
convert the solution to an aerosol suitable for transport into theeduction in recurring hazardous waste disposal cost (for
plasma where vaporization, atomization, excitation, and emisexample, heavy metal salts, mineral acids, etc.). This disposal
sion occur. cost reduction is because of the minimal waste volume inherent

7.2.2 Some nebulizers, designated as self-aspirating pnewith low sample uptake rates and significantly reduced drain
matic nebulizers, operating on the Venturi principle, create &ates. In addition, micro-autosamplers that are compatible with
partial vacuum to force liquid up a capillary tube into the the MCN are available for the optimum handling of small
nebulizer. Precision of operation may be improved if a peri-sample volumes.
staltic pump controls the solution flow rate.

7.2.3 Other nebulizers require an auxiliary device, suchasa——
peristaltic pump, to drive solution to the nebulizer. Generally, 5 Courtesy of CETAC Technologies, a division of Transgenomic Inc., 5600 S.

. . 2nd St., Omaha, NE.
pump-fed nebulizers are more tolerant of high levels of'
dissolved solids and much less affected by suspended solids
and viscosity variations. ==

7.2.4 If fluoride is present in solutions to be analyzed, it is—~x— f—fﬁ
necessary to employ a nebulizer fabricated from hydrofluoric
acid (HF)-resistant materials (see 7.4.1.). It is possible to use
the HF-resistant nebulizer for most other types of solutions, but
sensitivity and precision may be degraded. An HF-resistant
nebulizer may be more expensive to acquire and repair, and
require greater operator proficiency and training than other
nebulizers.

7.3 Self-Aspirating or Non-Pump-Fed Nebulizers 3

7.3.1 Concentric Glass Nebulizers (CGN) ARGON

7.3.1.1 CGNs consist of a fine capillary through which the FIG. 2 Concentric Glass Nebulizer (CGN) *

48 SAMPLE




iy £ 1479

Nebulizer Gas

Sample » Sapphire

q _—T Crystal
Nebulizer gas ——  0.47mm = “.
-\‘> Platinum
Grids

FIG. 5 Grid Nebulizer ©
Sample =
-—-———'; —
7.4.2.1 These nebulizers operate by passing an argon gas

flow through a falling film of flowing analyte solutiohThe
falling film is typically guided by a shallow groove or channel

to a pressurized argon orifice. Film thickness varies with
FIG. 3 Micro-Concentric Nebulizer (MCN) 45 channel depth, surface texture, cleanliness, and wetability
(hydrophilicity), as well as liquid viscosity, surface tension,
and sample delivery pump rate. The nebulizer does not aspirate

7.3.3 Cross-Flow Nebulizer (CEN)-Consists of two capil- - 4¢rally and must be pumped to fill the groove or channel with
laries held perpendicularly and with exit tips close together, a§ample liquid.

shown in Fig. 4. This nebulizer is preadjusted by the manu-7 4 5 5 This nebulizer can tolerate extremely high levels of
facturer and is known as a fixed cross-flow nebulizer. Itgicconed and suspended solids, but some early versions of this
requires little ma_untenance and is very durabl_e. Proble_m_s Wlﬂfﬁlevice have developed a reputation for not being as sensitive or
high levels of dissolved and suspended solids are similar t8,a¢ise as a pneumatic or grid-type nebulizer. However, more
those of the concentric glass nebulizer. recent versions easily perform as well as concentric or grid

r4 Pum_p—Fed Pllneumatic Nebulizfers . h nebulizers. Most Babington nebulizers are HF-resistant. An
7.4.1 Grid Nebulizer—constructed from a fine-mes screenexamp|e of a common arrangement is shown in Fig. 6.

of acid and _solvent resi_stant matgrial, such as platinu_mAlternate configurations may be used.

mounted vertically in an inert housing. Sample solution is 5 g Spray Chamber

pumped over the surface of the mesh. A high-velocity 9as 7 5 3 'the spray chamber provides an aerosol droplet-sorting
stream is directed through the openings in the screen, shearifg fion to ensure that only the smaller droplets (typically less
the liquid from the wetted surface. A fine mist is produced 8NGhan 10 um) reach the plasma. This ensures that the plasma is
transported to the plasmﬁ. ,?_second screehn, parallelrt10 the f'rﬁ.[)t significantly overloaded with solvent. The larger droplets
and mounted between the first one and the spray chamber, i$e condensed and drained away from the spray chamber. If a
usually incorporated into the design to improve uniformity of J iciaitic pump is used to remove the waste liquid from the

' pray chamber during nebulization, the pump tubing for the

relicanma

droplet size and transport. A schematic diagram of a gri

nebulizer is shown in Fig. .?S.The gr_iq nebulizt_ar may De yrain should be of a higher flow rating than that used for the
employed to analyze fluoride-containing solutions, but an,iaxe.

HF-re&staE’F spray Chag?fbe(; andb_torch must also be usedb. 7.5.2 A positive pressure must be maintained in the spray
i /4.2 Babington, Modified Babington or V-Groove Nebu- champer to prevent air ingress and deliver the sample aerosol
I1zer. to the torch. It is therefore vital to ensure that all connections

between the spray chamber and the ICP torch are leak-proof
and that the drain plug is secure. If a peristaltic pump under
computer control is incorporated, automatic start-up and shut-
down can be achieved without depleting sample solution.

7.5.3 A common ICP spray chamber is a double-pass-type
fabricated of glass (see Fig. 7). If fluoride is present in
solutions to be analyzed, it is necessary to employ a spray
chamber constructed from HF-resistant materials. It is possible
to use the HF-resistant spray chamber for other types of
solutions.

7.6 Plasma Torch-The argon gas that forms the plasma is
directed through the load coil by means of a plasma torch.

7.6.1 The classic ICP torch is constructed of three concen-
tric quartz tubes sealed together and is known as a one-piece

® Courtesy of Leeman Labs, Inc., 6 Wentworth Drive, Hudson, NH 03826.

DETAIL

P
g

G vy,

Nebulizer o . . . . .
Tt s This nebulizer is sometimes misnamed a cross-flow nebulizer. It is most
P properly named a Babington or modified Babington nebulizer after the original and
FIG. 4 Cross-Flow Nebulizer 4 pertinent patent holder.
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torch (see Fig. 8). These torches produce good plasma
stability and are easy to use. However, they are, in general, not
HF-resistant and, if damaged, the entire torch must be replaced.

7.6.2 The demountable torch (see Fig) % in common use
particularly since the individual tubes can be replaced without
replacing the entire assembly.

7.6.3 Alternate materials of construction (typically ceram-
ics) may be employed for analyzing solutions containing
significant quantities of fluoride ion that attacks quartz.

7.6.4 In place of quartz, one-piece or demountable torches
are commonly made of an HF-resistant ceramic. For demount-
able torches, all tubes, or often only the central or injector tube,
are made from a corrosion-resistant ceramic.

7.6.5 If fluoride-containing solutions are to be analyzed
routinely, the design and performance of the prospective
supplier's HF-resistant torch should be evaluated.

7.6.6 There may be significant variations in the ease of
installation and operation, and in costs of repair and mainte-
nance.

FIG. 7 Spray Chamber 4

SAMPLE GAS FLOW
8 Courtesy of TJA Solutions, 27 Forge Parkway, Franklin, MA 01945. FIG. 8 Typical One-Piece Quartz Torch 8
° Courtesy of TJA Solutions (formerly VG Elemental), lon Path Road Three,
Winsford Cheshire, CW7 3BX UK.
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| available. This additional flow affects the observation zone that

i is viewed by the spectrometer and, consequently, enhanced
|

|

I

detection limits for the alkali metals and alkaline earths may be
realized. Furthermore, the argon sheath attachment may also
I prevent salt encrustation in the inner tube with elevated salt
E E concentration samples.

7.7.3 The inner gas flow rate is the most critical because it
i affects the injection efficiency and residence time of the sample
| in the plasma and, especially for a pneumatic nebulizer (see
! 7.3), influences transport efficiency of both analyte and solvent
| species. Both sensitivity and position of the maximum signal-
i [ [ to-noise ratio within the plasma are dependent on sample gas
i pressure and flow rate.
| 7.7.4 A conventional regulator and rotameter provide ad-
|
I
]
I
I
I
[}
I
|

equate stability in most cases, but a precision pressure control-
= ler or a mass flow controller (MFC) may be required in certain
applications. The intermediate flow affects the vertical location
of the plasma relative to the torch and load coil. Gross
variations will affect accuracy and precision but an MFC is
seldom, if ever, required for this flow. An MFC also may be
used for the inner gas flow, but is seldom, if ever, required. The
user should compare results with and without MFCs to
determine their impact on performance.

7.7.5 In all but the most robust (all ceramic) torches, loss of
outer gas flow through the torch will lead to rapid melting. A
safety interlock must be included in the instrument design to
turn off power to the RF generator in case of loss of argon

pressure.
7.6.7 Alternately, it may be possible to build an HF-resistant 7.8 Alternate Sample Introduction Devices

system or acquire one from a vendor different than the 7.8.1 Ultrasonic Nebulizer (USN)

manufacturer of the spectrometer. 7.8.1.1 AUSN with desolvation is the most generally useful
7.6.8 Before purchasing a third-party torch system, a demalternate sampling device. In this device, the sample solution is

onstration of both repeated plasma initiation reliability andpumped over the face of a quartz-coated crystalline transducer

analytical performance with the fluoride medium in the in-driven by a low-power RF generator (see Fig. 10). The
tended model spectrometer is recommended unless a satisfac-

tory guarantee of analytical performance and initiation reliabil- @

FIG. 9 Demountable Torch °

ity is obtained.
7.7 Gas Flow H
7.7.1 There are usually three gas flows through the torch. rﬂ
The first is the outer (coolant or plasma) gas flow which is
directed tangentially to the internal surface of the largest
diameter portion of the torch (typically 12 to 20 L/min, %

;. ICP

although some torches are designed to operate on much low
flow rates). Second, an intermediate (auxiliary) gas flow Condenser
(typically 0.5 to 1 L/min) is directed between the central tube
through which the sample aerosol is introduced and the outer
tube to reduce carbon formation on the injector tip when

organic samples are being analyzed and to prevent the plasma Heated 'U' Tube
from collapsing onto the injector tip. That intermediate flow,

however, may also improve performance with aqueous Drain

samples. Third, an inner (sample or nebulizer) flow (typically riln

0.4 to 1 L/min) passes through the sample introduction device
and transports the analyte through the injector tip into the
plasma. The manufacturer should provide data on optimal
ranges for each of the gas flows since torch geometry strongly
influences optimal rates.

7.7.2 An argon sheath attachment, a device for changing the Sample [n
flow rate of the intermediate flow during the analysis by Drain
introducing an additional argon flow under computer control, is FIG. 10 Ultrasonic Nebulizer
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apparatus is about ten times as efficient as the self-aspiratingultielement ETV analysis on these systems. Because of
and pumped pneumatic nebulizers described in 7.3 and 7.éxtended dry and ash cycles, ETV systems have substantially
respectively, and is useful for situations requiring very highslower cycling times in terms of sample throughput rate.
sensitivity. Sensitivity is about ten times better with a USN  7.8.3.2 Autosamplers for ETV are far more complex and
than with self-aspirating and pumped pneumatic nebulizerssxpensive and are not as readily available as they are for gas
However, the USN device is more expensive and may requiraebulizers.
more maintenance than the pneumatic types. 7.8.3.3 ETV precision is typically worse than that of gas

7.8.1.2 Operation of the USN without desolvation is genernebulization and, therefore, requires a greater number of
ally not practical because the large amount of aerosol reachingplicate determinations. Also, the interference effects are more
the plasma creates an excessive solvent load which reducgsgricate and extensive. The prospective user of ETV should try
excitation efficiency and negates all potential sensitivity ad-the desired analysis at the manufacturer’s application labora-
vantage. The aerosol, therefore, is passed through a heatgsty before purchasing an instrument.
zone followed by a condenser to limit solvent loading of the 7.8.4 Sampling Solid Materials-Approaches to direct
plasma. analysis of solid materials include insertion of a graphite rod

7.8.1.3 Solutions with relatively high concentrations of containing the specimen into the plasma, arc or spark ablation,
dissolved solids or uncomplexed fluoride ion may not belaser ablation, or slurry nebulization. Since considerable skill is
suitable for ultrasonic nebulization. required, these techniques cannot be recommended for the

7.8.1.4 Ultrasonic nebulizers may be slightly less stabléeginner or casual user. Commercial devices are available, but
than pneumatic nebulizers although USN performances dhe prospective user should evaluate them critically before
between 0.5 and 1 % RSD are typical with recent versions. Thpurchase to ensure that the required sensitivity, precision, and
user should ensure that short-term precisigil % RSD for  accuracy may be attained in the sample medium of interest.
raw, uncorrected, unratioed signals) and long-term drift rate€onsiderable care is required in selecting appropriate reference
are adequate for all anticipated applications. materials for accurate calibration.

7.8.2 Hydride Generation 7.9 Autosamplers-For situations in which large numbers

7.8.2.1 Hydride generation is useful for elements whichof similar samples are to be analyzed, an automated sample
may be converted to volatile hydrides. This technique affordgntroduction system may be desirable. Such a device may be
improved sensitivity and avoids interferences arising frompurchased from the manufacturer of the spectrometer or
spectral overlap with non-volatile concomitants. acquired from another supplier.

7.8.2.2 Interference occurs instead in the form of chemical 7.9.1 Two types of autosamplers are generally available.
inhibition of the hydride reaction. Concentrated transitionThe simpler and less costly is a sequential device that processes
metal or precious metal media or selected dissolved oxidantsamples in the sequence in which they are loaded into a rack
or a combination thereof, produce the worst interferencesprior to starting analysis. More sophisticated devices allow
Combinations of metal and certain oxidants (notably, nitricrandom access. This capability may be coupled with an
acid and its residues) can be particularly troublesome becaugg@propriate computer hardware/software system to allow reca-
of metal-induced catalytic effects which amplify the chemicallibration if results for quality control check standards are not
inhibition. Optimization of reagent (reductant) concentration,within a specified range, or to repeat analyses if duplicates do
generally lowering to the range between 0.5 and 1 % Na@H not agree within acceptable limits of precision. If the user
less, can minimize or eliminate catalytic inhibition and fre- wishes to acquire an autosampler from a source other than the
quently reduce the magnitude of interference to a range wheif@strument vendor, the compatibility must be verified by
standard addition or matrix matching become at least usableonsultation with the manufacturer of the spectrometer, and
calibration schemes. preferably by actual product demonstration.

7.8.2.3 Care must be taken to match samples and reference
materials and to ensure that analytes are converted to tife SPectrometers
proper chemical form for quantitative conversion to the desired 8.1 ICP spectrometers may be classified as sequential types,
hydrides. Commercial equipment is available or the literaturesimultaneous types, a combination of the two called
may be consulted to design and build a suitable apparatusimultaneous/sequential systems, and solid state detector spec-
While hydride generation was performed in a transient mannetrometers.
in older atomic absorption systems, the data acquisition sys- 8.1.1 Sequential Spectrometerderform determinations
tems of most commercially available ICP-AES systems argyy means of a monochromator and one or more photomulti-
more conducive to continuous generation. pliers. Commercially available instruments may select the

7.8.3 Electrothermal Vaporization (ETV) wavelength to be monitored either by rotating the grating of the

7.8.3.1 ETV may be employed where sample size is limitedmonochromator or moving the photomultiplier tube. Some
As with hydride generation, the transient nature of ETV is notspectrometers contain more than one monochromator or detec-
well suited to conventional ICP-AES data acquisition systemdor to improve rate of data acquisition or to optimize perfor-
and may not work at all with many such systems. ETV ismance in each of several spectral regions, or both. In addition,
particularly unsuited to sequential spectrometer systems be second monochromator may monitor a reference wavelength,
cause relatively slow wavelength change between sequentialthus permitting real-time internal standardization for improved
determined elements precludes any possibility of transienprecision.
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8.1.2 Simultaneous Spectrometer€onventional simulta- one device type to the next and for many years was a severe
neous spectrometers usually employ one or more separate ehiitation. Modern silicon wafer technology can improve poor
slits and photomultiplier tubes for each element of interest. AUV photosensitivity limits by either elimination of the surface
typical polychromator consists of an entrance slit, a diffractionoxide dead layer during manufacture or by phosphor coatings.
grating, and exit slits located on the focal curve with aBy either means, several systems are available with spectral
photomultiplier tube behind each exit slit. Alternatively, the response extending easily to wavelengths less than 167 nm.
exit slits and photomultiplier tubes may be replaced by a solid 8.1.4.7 Considerations in selecting an advanced array detec-
state detector (see 9.3). Some spectrometers have an auxiliaty system should include spectral resolution, sensitivity for all
monochromator to allow determination of at least one addielements of interest, particularly elements that give rise to short
tional element not detected by the array of photomultipliersvavelength emissions, the number of available detector pixels,
mounted on the focal curve. and the number of elements that can be simultaneously

8.1.3 Combined SpectrometersSome photomultiplier determined in the sample medium of interest. Often, the largest
tube-based instruments include each type of spectrometeumber of pixels does not guarantee the best results. Resolu-
described in 8.1.1 and 8.1.2. This design combines the advation sensitivity must be considered in the sample medium of
tages of the superior speed, excellent precision, and simultaaterest.
neous multielement analysis attainable with a simultaneous 8.2 Spectrometer Environment
instrument and the flexibility to measure the emission at any 8.2.1 Temperature fluctuations affect instrument stability.
suitable ultraviolet or visible wavelength using a sequentialSome manufacturers provide systems for maintaining a con-
scanning spectrometer. stant internal temperature within the optical compartment and

8.1.4 Solid State Detector SpectrometerEchelle spec- sample introduction area provided that changes in the outside
trometers are available to provide high resolution in a compademperature are controlled within a specified range and rate of
x-y wavelength presentation format. The compact formathange. Other manufacturers design their spectrometers to be
allows imaging of the spectrum onto one or more silicon waferstable over a specified temperature range without attempting to
array detectors including photodiode arrays (PDA), chargeontrol the spectrometer’s internal temperature.
coupled device (CCD) arrays and charge injection device 8.2.2 Changes in the refractive index of the atmosphere
(CID) arrays containing anywhere from several thousand taffect the optical path. Manufacturers provide various means to
over 250,000 individual pixels. Such advanced array detectorsompensate for these changes, including use of evacuated
can theoretically be fitted with an image intensifier plate, butvacuum), purged, or precise, pressure-controlled, gas-purged
are typically operated at unity gain to control costs. spectrometers, or use of optical compensation as follows:

8.1.4.1 Except for being used as a simultaneous spectrom-8.2.2.1 Simultaneous instruments are equipped with mov-
eter, solid state detectors have some distinct differences table entrance slits or a rotating refractor plate behind the slit to
other spectrometers. shift the image of the entrance slit onto the exit slits,

8.1.4.2 The lack of detector gain above unity and the 8.2.2.2 Sequential spectrometers may be designed to locate
compact echelle format, which is characterized by the unuswan intense reference line before each measurement and then,
ally short slit height required for prismatic order sorting under computer control, make measurements at a predeter-
collectively have an adverse effect on system sensitivity unlessiined wavelength distance from that reference line for each
offsetting factors are introduced. spectral line to be measured, or

8.1.4.3 Successful offsetting (compensating) factors include 8.2.2.3 The sequential spectrometer may be designed to
various combinations of increased integration time (exposurenove in turn to each approximate wavelength and perform a
time), detector cooling, improved spectrometer f/number (nupeak search before taking the measurement.
merical aperture), and axial viewing of a horizontally oriented 8.2.3 For all designs, it is necessary to provide internal
plasma torch. temperature control, or to design and construct the spectrom-

8.1.4.4 In at least one case, a combination of the above fowgter so that stability may be achieved without temperature
parameters consistently yielded routine sensitivity for an adeontrol.
vanced array detector equaling that of photomultiplier tubes. 8.2.4 Since temperature and humidity changes may also

8.1.4.5 An advantage of advanced array detectors is sul@ffect the sample introduction system, detectors, and electronic
stantially larger numbers of simultaneously determined elereadout, some manufacturing specifications may require that
ments. In many cases two or more analytical spectral lines magare be used in selecting a location for the spectrometer which
be simultaneously monitored. Other advantages include: simugxperiences minimal variation in temperature and relative
taneous background correction adjacent to every spectral line lumidity. It is the responsibility of the user to provide a
easily performed and offers potentially greater accuracy; altercontrolled environment as specified by the manufacturer.
nate line selection provides more flexibility to minimize or 8.3 Optical Path
avoid spectral interference, or to increase the overall system 8.3.1 Since oxygen exhibits increasing absorbance with
concentration dynamic range for a given element with bothtdecreasing wavelength below 200 nm, the performance of an
strong and weak lines are available for many elements, or botlgir path instrument degrades below that wavelength and
and, availability of chemometric enhancement of signal togenerally is not useful below approximately 190 nm.
noise ratio using multiple lines of each element. 8.3.1.1 Purging the optical path with nitrogen or argon, or
8.1.4.6 Short wavelength sensitivity inherently varies fromanother gas with low absorption in the ultraviolet region may
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extend the spectral region to wavelengths less than 167 nnnavelength coverage and give rise to fewer ghosts, but
Use of nitrogen as the purge gas is, in general, less expensiveechanically ruled gratings provide adequate resolution and
to maintain than vacuum path systems. Purge rates required toay exhibit higher intensity (due to greater peak reflectance).
achieve a given performance level (below 200 nm) vary widely 8.4.2 Overlapping Orders-Filters or cross-dispersion
according to the manufacturing design of the spectrometeprisms for echelle systems may be used to remove residual
volume to be purged, and the extent of leaks in the spectrominwanted spectral orders. A prospective user should review
eter housing. Before purchase, it is advisable to check thearefully the types of analyses to be performed to ensure that
purge gas rate (L/min) required to achieve specified detectioan instrument with optimal grating density combined with
limits below 200 nm. spectral order(s), blaze and focal length is chosen. Resolution
8.3.1.2 Alternatively, the spectrometer optical compartmentonsiderations are different for a sequential instrument than for
may be purged with nitrogen, sealed and maintained at a low Simultaneous instrument.
pressure. The nitrogen is continuously filtered over reactive 8.4.2.1 A sequential instrument allows flexibility in avoid-
catalysts to scrub out oxygen and water. With modification tang spectral interferences by selection of an alternative analyti-
certain optical components in the spectrometer, wavelengthsal wavelength. An alternative line may be less sensitive than

can be extended to 120 nm. the line of first choice, but if decreased sensitivity is accept-
8.3.1.3 Vacuum path instruments are more expensive anable, choosing such a line may avoid spectral interference.
require additional maintenance. 8.4.2.2 In the case of simultaneous instruments, the optical

8.3.1.4 For purged, closed purged and vacuum systemgeometry is fixed so that each detector receives photons at the
isolation of the optics from the laboratory environment will exact sample wavelength for every analysis. More accurate
lengthen the useful lifetime of mirrors, gratings, and refractormathematical corrections for spectral overlaps are possible.
plates (if present), especially if the environment containsThis is particularly true of solid state detector spectrometers
significant concentrations of acid fumes. that can simultaneously monitor background in multiple pixels
8.3.1.5 If purging or vacuum are operated continuouslyadjacent to the spectral line.
there is no effect on data acquisition rate once equilibrium has 8.4.2.3 In certain situations with PMT-based simultaneous
been achieved in the spectrometer. Alternatively, with propesystems, it may be desirable to install more than one analytical
design and construction, a vacuum spectrometer may includechannel for element(s) to be determined in samples with
feedback system to turn the vacuum pump on when an uppgliffering and severe spectral overlaps. This is often inherant
limit of about 10 Torr is exceeded and to stop the pump wherwith solid state detector systems.
a specified lower limit is achieved. Considering the total cost of 8.4.2.4 Another concern with a Paschen-Runge optical
operating a spectrometer for several years, there may be littimount type (PMT-based) simultaneous instrument is that
difference among vacuum, purge, and air-path spectrometersigher spectral order lines of concomitant species may give rise
8.3.2 While most commercially available instruments areto spectral interferences. Installation of cutoff filters may be
designed to collect radiation from the plasma directly, anconsidered for polychromator-based systems to reduce overlap
acceptable alternative is the use of a fiber optic cable térom higher order lines.
transmit radiation to the entrance slit of the spectrometer for 8.4.2.5 Echelle-based array spectrometers are generally
wavelengths above 200 nm assuming the fiber optic wavenaturally free of order overlaps because of prismatic order
length cutoff does not negate the use of important analyte linesorting. Weak-line (high concentration) analytical channels of
Also, the cutoff wavelength may increase with age because ahajor elements are often included to assess major element
photodegradation. Photodegradation may also cause deterio@encentration and generate dual- or multiple-wavelength spec-
tion of the fiber optic itself requiring periodic replacement of tral interference correction for those trace analyte channels
the cable. It also may be necessary to clean the fiber optiwhich are partially overlapped by interfering lines of the major
periodically in accordance with the manufacturer’s recom-elements in question.
mended procedure. 8.4.3 To reduce cost, some sequential instruments are
8.4 Optical Systems equipped with short optical paths or gratings with low groove
8.4.1 Optical Dispersior—The dispersing element in com- density, or both. In contrast, other sequential instruments with
mercially available ICP spectrometers is commonly a diffrac-higher groove density and focal length may have better
tion grating, though some manufacturers use echelle gratinggesolution than echelle spectrometers. Care must be taken,
For a given optical path, higher groove-grating densities ohowever, to ensure that resolution is adequate for all materials
higher spectral orders, or both, provide better resolution bulikely to be analyzed.
cover a narrower wavelength interval than gratings with lower 8.4.4 Some sequential instruments may be supplied with
densities. For any given grating, longer focal lengths providedual or composite gratings, that are interchanged by computer
better resolution but lower sensitivity (due to increasedcontrol, allowing the operator to select the resolution and
finumber). This may be offset by the use of a spectrometer witlspectral coverage required.
a larger diameter grating (that is, lower f/number) and by the 8.5 Locating Wavelengths
diminution of spectral background and associated noise that 8.5.1 A major concern in sequential instruments is the
arise from resolution improvement at wavelengths above abouiccurate location of the desired analytical wavelength. There
220 nm. are several methods employed to select the wavelength of
8.4.1.1 Holographic gratings generally provide extendednterest, as follows:
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8.5.1.1 One approach is to use a stepper motor to digitizeters, it is necessary to record the signal from an analyte-free
the steps from a reference point to the wavelength of interestatrix solution and a matrix solution containing a typical
For accurate results, wavelength calibration must be maineoncentration of each major element and analyte. For some
tained. Frequent resetting of the reference point and tempergases, a one-point correction is adequate, while others may
ture control of the spectrometer are required. Regular check&quire averaging the values of two points bracketing the peak.
on the accuracy of wavelength settings should be performed to g8 6.5 To maximize throughput and minimize drift errors,
avoid changes resulting from wavelength drive wear. Somgse as few correction points as possible. Be aware that spectral
Commercia”y a.Va.iIable instruments include a means Of mainnnes undergo Concentration broadening_ |f a background cor-
taining the temperature in the optical path within a few tenthsection point too close to the center of the peak is chosen, a
of a degree Celsius. portion of the analyte signal will be subtracted for analytes

8.5.1.2 Another approach is to scan rapidly to the peak aregresent at high concentrations, inducing an overcorrection
and then scan that region to locate the center of the princip@rror and creating non-linearity.
peak. This method is prone to error if interfering lines are 8.6.6 If an analyte is to be determined only at levels one

present or if analyte concentrations are near the detection limi, e times its detection limit or higher, background correc-
8.5.2 A potential user of a sequential instrument shouldion may not improve accuracy, since variations in background
require demonstration of the ability of the proposed instrumentytensity may be insignificant relative to analyte signal. Con-

to provide accep'table accuracy, precision, and sensitivity foéequently, the need for background correction decreases as
sample types of interest. concentration of analyte increases.

8.6 Background Correction 8.7 Resolution and Spectral Coverage

861 lon-electron re(_:omblnatlon a_nd stray radiation 9V€ 'g.7.1 The manufacturer should specify the resolution and
rise to background continuum. Argon ion-electron recombina-

S . .~ .~ spectral coverage of each monochromator in the instrument.
tion Is a major component of_the plasma background EMISSIOTh ata obtained from elements with closely spaced doublets
_Introdl_Jctlon c.)f an aerosol mto_the plasma may affect theshould be provided to verify the manufacturer’s claim.
intensity of this background continuum. An additional recom- : .

bination may also give rise to background continuum from 8.7.2 Some manufacturers offer an optional auxiliary mono-

dissolved major sample ions. chromator to supplement the capabilities of a Paschen-Runge
8.6.1.1 Provide background correction capability if an in-yPe palychromator. The aperator may then determine ele-

strument is to be used to analyze samples for which matrif"€Nts for which the polychromator is not equipped. _
matched reference solutions do not provide adequate compen-8-7-2.1 The user should note that the background correction
sation for background shifts near analytical wavelengths. Thi§ystem employed for the polychromator portion of the instru-
situation is likely to be encountered if the major elementMent generally is not capable of correcting the auxiliary
content is expected to vary significantly in samples analyzed ighannel. It usually is necessary to identify a line without
accordance with any one calibration scheme. significant background, rather than attempt to measure and
8.6.1.2 Background correction generally involves measurSubtract the background signal from the total response.
ing the background emission at a wavelength near the analyti- 8.7.2.2 The potential user of an auxiliary monochromator
cal wavelength (free of line emission from concomitant ele-should evaluate the resolution, sensitivity, and wavelength
ments) and subtracting that intensity from the total intensitycoverage in relation to analytical requirements. Accessibility
measured at the analytical wavelength. and ease of operation also should be considered. Some devices
8.6.1.3 In some instances, if the background continuun®'® mounted in areas that are difficult to access and are
intensity varies with wavelength, it may be necessary textremely difficult to optimize.
measure the background on both sides of the analytical 8.7.3 The manufacturer shall include software and hardware
wavelength and interpolate to estimate the continuum intensitgither for moving a refractor plate (8.6.2) or for adjusting the
to be subtracted. position of the entrance slit in the optical path (8.6.3) to
8.6.2 Refractor Plate—A quartz plate held between the Optimize sensitivity and wavelength accuracy and to provide
entrance slit and the diffraction grating, perpendicular to the?ackground correction measurement adjacent to the spectral
light path, on a rotating mount provides background correctiodine.
on a polychromator. Under computer control, the refractor 8.7.4 Entrance and Exit Sk-The width, height, and
plate is rotated to direct background continuum into the exismoothness of slit edges will affect performance of the spec-
slit, permitting a subtraction of background from the analytetrometer. Instruments are available with either fixed, adjust-
signal. able, selectable, or computer-adjusted entrance and exit slits.
8.6.3 Entrance Slit Translatior~The entrance slit of a Fixed slits are less expensive but adjustable, selectable or
polychromator may be offset under computer control to obcomputer-adjusted slits are often useful in increasing sensitiv-
serve selected areas of background continuum similar to thiégy. Increased slit width will provide more signal sensitivity but
use of a refractor plate in 8.6.2. also more spectral background and less resolution. Slit selec-
8.6.4 Wavelength ScarsSome instruments, both simulta- tion is, therefore, often a tradeoff between resolution and
neous and sequential, allow display of peak profiles on &ensitivity.
computer monitor and preparation of hard copy on an attached 8.7.5 Baffles—If interferences from stray or scattered light
printer or plotter. To establish background correction paramare detected, baffles and masks (or other design components)
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may be installed. This often has been provided for in advanc&nfortunately, arrays typically coupled to echelle spectrom-
by the manufacture. eters have substantially smaller pixel heights and lower gain
than photomultiplier detectors. Also, an echelle spectrometer
9. Detectors generally is required to provide compact (x,y) spectral format
9.1 Both conventional photomultiplier tubes and advancedompatible with the size and shape of array detectors, and to
electronic arrays such as CCD, CID and PDAs are used agbtain adequate resolution.
detectors for ICP instrumentation. 9.3.4 To facilitate prismatic order sorting, echelle spectrom-
9.2 Photomultiplier Tubes eters also have substantially shorter entrance slit heights than
9.2.1 Photomultiplier tubes are used to convert photons t@ormal monochromators or polychromators. Collectively, these
electrical current. Diffracted photons will pass through the exitconsiderations result in greatly reduced overall luminosity.
slit and strike the photomultiplier tube positioned to detectTherefore, long integration times (for example, 40 s), detector
them. The photons strike the active element of the photomuleooling, improved spectrometer f/number, or axial plasma
tiplier giving rise to a cascading electron current which isviewing, or a combination thereof, are generally required to
integrated by a capacitor. A computer records the accumulatesbtain the desired sensitivity. The adverse effects of longer
voltage stored on the capacitor and this value is directlyntegration time may be offset by the unusually large amount of
proportional to concentration of the analyte. spectral information that is simultaneously obtained by an
9.2.2 Some instruments are capable of interrogating anglectronic array spectrometer (200 spectral lines or more, with
zeroing the capacitor many times per second, which extendsackground correction data already included). The potential
the dynamic range. Another approach uses a voltage-tuser of an array detector must establish that there is adequate
frequency converter combined with a counter to extend theesolution and sensitivity to meet current and potential analyti-
linear range. Multiple order interferences may be minimized bytal requirements in the sample media of interest.
selecting photomultiplier tubes which respond only in the ) ] )
spectral region of interest, such as solar blind tubes whicAO. Signal Processing and Display
respond to ultraviolet but not to visible radiation. For higher 10.1 Signal Integration
wavelengths, order filters may be placed in front of the PMT 10.1.1 The current from each photomultiplier generally is
detector(s) except in the case of echelle spectrometers whi@mplified and integrated by electronic hardware. The amplified
employ cross-dispersion prismatic or secondary grating ordezurrent may be integrated by a capacitor or integrating sample/
sorting. hold circuit and the accumulated voltage measured one or more
9.2.3 Select photomultiplier tubes with minimal dark cur- times during or after data acquisition.
rent and noise, and high stability. Refer to Practice E 520. 10.1.2 The linear range may be limited by self absorption in
Some manufacturers include provisions for adjusting PMTthe plasma source, saturation of the photomultiplier tube or
gain, either manually or under computer control, so that tharray detector, or saturation of the integrating electronics.
useful concentration range may be varied. This provision idVhile the linear range for each analyte is at least four orders of
especially important for sequential instruments, since thenagnitude, solutions with concentrations beyond the normal
photomultiplier tubes may be required to measure signals fromange may be analyzed either by varying integration time,
elements with widely differing concentrations and sensitivities.system gain or, for PMT based systems, a component change
9.3 Advanced Electronic Arrays which effects system gain. Range extension, however, reduces
9.3.1 Electronic arrays (CCD, CID, and PDASs) also may besensitivity. Accurate results will not be provided if emission at
used to generate electrical signals from incident photonghe wavelength of interest is so intense that the system no
Arrays usually are employed with echelle gratings (in combi-longer yields a linear response.
nation with either a cross-dispersion, order-sorting prism or 10.1.3 A voltage-to-frequency converter may be used to
diffraction grating) to achieve resolution equal to or better tharproduce a series of digital pulses with a frequency proportional
that which can be obtained with conventional systems. Array$o the amplifier output voltage, and the pulses accumulated on
offer the potential of simultaneous background correction. Linea counter. The integrated signal generally is read and stored by
selection may be done after viewing data to avoid spectrathe instrument controller or computer. The manufacturer may
overlaps and regions in which unacceptable large backgroundclude the hardware for signal integration and readout on one
shifts are encountered. The potential user of an array systeor more computer-addressable channel cards.
should compare results on typical samples with data obtained 10.2 Displays—Displays may be analog, digital, or com-
with a PMT system before purchase. puter screen graphic in nature, or a combination thereof.
9.3.2 Use of a charge-coupled device (CCD) array, charge- 10.2.1 Analog Display—Analog display typically is
injection device (CID) array or photodiode array (PDA) allows achieved by hardware allowing any single photomultiplier to
simultaneous determination of the entire spectral range, dse monitored. A needle deflection is a measure of signal
selected segments thereof, making it unnecessary to vary thetensity. This capacity is convenient for aligning the instru-
optical system to accomplish background correction. Thement.
techniques described in 8.6.2 and 8.6.3 require separate time10.2.2 Computer Graphie-A computer screen display of
intervals for background and analytical measurements. the spectrum (intensity versus wavelength) or selected channel
9.3.3 Electronic imaging arrays permit simultaneous meaeutput (intensity versus time) may be provided in addition to
surement, which improves sample throughput and avoidanalog and digital displays.
errors from variations in the continuum signal with time. 10.2.3 Digital Display—A dedicated computer and printer
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are employed to generate screen or hard copy digital datanalyst must be aware of the possibility of spectral overlap
including calibration data and concentration results. from an element that is not being determined. With simulta-
10.3 Software neous instruments, it may be necessary to install additional
10.3.1 Software design is a major consideration in selectinfpardware to correct for concomitant elements or to allow
an instrument. Numerous packages are available for intereleletermination of a given element at two or more wavelengths.
ment corrections, statistics, calibration, alignment, and creatioBequential instruments permit measurement of other lines of
of new routines. Some software packages include options sudhterfering elements to allow correction of their contributions
as polynomial curve fitting, statistical weighting factors, use ofat the analytical wavelength.
an internal standard, automatic blank subtraction, and applica- 11.5.1 Where Paschen-Runge or Czerny-Turner systems are
tion of dilution factors to calculate results for solid or liquid employed, the user must be aware of possible interferences
samples which were diluted prior to analysis. from second or third order spectral lines although their
10.3.2 Different capabilities for formatting data for the magnitude may be minimized by proper photomultiplier tube
analyst’'s internal use and for providing results directly toselection and by automated order-filter programming provided
customers are available. Storage and recall of multiple analytin some sequential systems.
cal methods including capability to automatically download 11.5.2 For the more common applications, spectrometer
stored values for many, if not all operating parameters anananufacturers typically employ staff who are experts on line
autosampler tray setup parameters, is a convenient featuselection. These technical personnel may well be more adept
provided by most manufacturers. than many users at choosing the best lines for common
10.3.3 Wide variations exist in capabilities and ease ofapplications for simultaneous, multiple-PMT based spectrom-
operation. Clarity and completeness of user’'s manuals are alsers. It is recommended that their suggestions generally
significant considerations. The prospective user should visit ashould be accepted in finalizing the channels of a
applications laboratory for each manufacturer of interest tghotomultiplier-based simultaneous spectrometer during the
perform a hands-on trial of the software before purchase. purchasing phase.
10.4 Computer Hardware-Commercially available instru- 11.5.3 Refer also to 8.6 on background correction.
ments generally include a dedicated computer, disk drive, an
terminal, often with graphics capabilities. The user may ac-
quire hardware from another vendor at lower cost, but must be 12.1 Precision
sure that such equipment is compatible with instrumentation 12.1.1 Precision depends on the concentration of the ele-

2. Performance Criteria

and software. ment of interest, identity and concentration of concomitants,
the type of sample introduction system employed, the adjust-
11. Interferences ment and condition of any peristaltic pump tubing, the wave-

11.1 Differences in viscosity, total dissolved solids, pH,length stability of the spectrometer, and the stability of the RF
surface tension, solvent volatility, and similar physical proper-generator and gas control system.
ties between sample and reference solutions may give rise t012.1.2 Precision is directly related to the overall tempera-
variations in transport efficiency. ture gradient to which a variety of RF, optical, mechanical,
11.2 The high temperature and electron density of thenebulizer, detector, gas control, etc., components are subjected
plasma give rise to a region of the plasma in which chemicatluring the test period.
matrix effects have little impact on emission intensities from 12.1.3 Short-term relative standard deviation (RSD) of ten
the analytes when the plasma is viewed radially (side-on)consecutive measurements (raw, unratioed signal) of not more
Selecting optimal entrance slit dimensions and observing ththan 10 s each for elements of concentration at least fifty times
emission at the proper height above the load coil minimizeshe detection limit, in an acidified agueous sample solution
such interferences in the radial view. with no strong interferences, should be less than 1.0 % for most
11.3 Axial (end-on) plasma viewing is very intense and carelements with wavelengths greater than about 210 nm.
substantially improve sensitivity but is considerably more 12.1.4 Elements with lines near the upper or lower limit of
susceptible to matrix effects at normal nebulizer gas flowsthe spectral range may show poorer precision. Since back-
greater than or equal to 0.8 L/min and plasma electron numbeground correction requires measurement and combination of
densities, less than or equal to2 10*/cm?®, two or more signals, precision of background-corrected signals
11.4 Potential spectral overlaps from concomitant elementwill often be poorer when compared to uncorrected signals.
may be estimated by measuring the signal arising from a 12.1.5 Internal standardization (in which the analyte line
high-purity single-element reference solution of the concomisignal is ratioed to the line signal of another added or
tant element. It is useful to consult tables of spectral lines tandigenous element) can substantially improve precision. For
become aware of possible overlaps, especially when analyzirfgrther guidance on the use of internal standardization, refer to
samples of unknown composition. If the overlap is severePractice E 158.
alternate line selection may be indicated to minimize spectral 12.2 Sensitivity
interference. 12.2.1 Sensitivity can be estimated as a detection limit. The
11.5 Potential interferences should be considered in the ling-sigma detection limit is defined in manufacturer’s literature
selection process for polychromators. With sequential instruas the concentration of an analyte giving rise to a mean
ments, it may be desirable to select an alternate line, to avoidnalytical signal three times the magnitude of the standard
spectral overlaps even though sensitivity is usually lower. Theleviation of the blank. It is desirable to measure the detection
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limit using a reference solution containing analytes at concennebulizer employed, stability of gas flow and sample introduc-
trations approximating the values listed in Tabl€ tb verify  tion system, RF generator stability, composition of solution,
instrument performance. and duration of integration.

12.2.2 Sensitivity depends upon many parameters, includ- 12.2.3 A typical set of detection limits obtained with a
ing the ionization and excitation potentials of the element, theconventional pneumatic nebulizer for a 10 s measurement
dark current and stability of the photomultiplier, type of using simple aqueous reference solutions is shown in Table 1.

12.3 Wavelength Selection
12.3.1 When selecting the wavelengths to be utilized in a

10 Courtesy of Myers & Associates, 3742 S. Huntington Dr., Bountiful, UT Paschen-Runge polychromator for particular applications,

84010. close collaboration between user and manufacturer is critical.
12.3.2 The physical size of photomultipliers and exit slit
TABLE 1 Approximate Sensitivity for Conventional Nebulization assemblies limits the proximity of adjacent analytical lines.

Note 1—These detection limits and analytical lines were determinedThIS constraint may be partially alleviated by the use of mirrors

for simple aqueous solutions containing total dissolved solids less thaANd overhead photomultiplier sockets allowing orientation of
100 ppm. Sensitivity is poorer (higher detection limits) for solutions Photomultipliers perpendicular to each other, or by making
containing larger amounts of dissolved solids or high concentrations c80me measurements using second or third order spectral lines,
elements having spectra overlapping these lines. In some cases, an both.

alternate line may provide superior results. 12.3.3 If the presence of high concentrations of concomi-
Element Wavelengths, nm Detection Limits, ug/L tants causes spectral overlap, it may be desirable to select a less
Aluminum 308.215 15 sensitive line to avoid spectral interferences. Lines with struc-
/Xfi?nic ;gg-;gg gg tured (rather than smooth) background should be avoided on
ntimony . .
Barium 455,403 5 channels used to measure concentrations that vary over a range
Beryllium 313.042 0.2 of more than three orders of magnitude.
Boron 249.773 S 12.3.4 It may be desirable to incorporate two detectors for
Cadmium 226.502 5 h el for d . . li d th
Calcium 315.887 c such elements, one for detecting a very sensitive line and the
Cerium 413.764 50 other for a line weaker by three orders of magnitude.
Chromium 205.552 2 12.3.5 The manufacturer should provide detailed informa-
Cobalt 228.616 10 . . .
Copper 324,754 5 tion on costs and downtime required to add one or more
Gallium 294.363 40 additional elements at the user’s site. Array detectors may have
Germanium 265.158 50 full spectral coverage or may have, for example, over 200
Gold 242.795 20 | i i h | i
Hafnium 932247 20 pre-selected, permanently fixed lines. The pre-selected lines
Indium 230.606 40 generally are chosen to minimize spectral interference for a
'Lfg;d ggg-g‘s‘g ;g wide variety of applications and typically provide at least one
Lithium 670,784 10 alternate line per element. o
Magnesium 279.806 5 12.4 Analysts employing sequential instruments must select
Manganese 257.610 1 lines for the various analytes in each sample. Since selected
Molybdenum 202.030 10 . e . K
Nickel 231.604 10 lines must afford sen§|t|V|ty_ appropriate f_or the required range
Niobium 316.340 30 of analyte concentrations, it may be desirable to use two lines
S;E;Tm gégigg ég of differing sensitivity. Line selection also should minimize the
Phosphorus 214.914 80 number and .ma.gnitudg of spectral interferences fr_om_ other
Platinum 265.945 50 analytes. Avoid lines with structured background emission.
Potassium 766.491 50
Rhenium 227.525 10 13. Safety Features
Rhodium 343.489 50
Ruthenium 240.272 20 13.1 Generator
§Cfmdium iggg% 550 13.1.1 The RF generator contains capacitors which develop
elenium . - -
silicon 288,160 20 Iethgl volta_ges dur_lng operation. The ger_1erator m'ust be
Silver 328.068 3 equipped with paneling to prevent access during operation. The
gfdiutf_“ igg?gi 210 door allowing access for maintenance must include a safety
rontium . . ap oy s
Sulfur 180.731 50 interlock to turn off power if it is opened. . .
Tantalum 226.230 50 13.1.2 Some generators require a grounding stick, enabling
Tellurium 214.281 S0 service engineers or operators to short all capacitor terminals to
Thallium 190.864 10 d
Thorium 283.730 80 grounda. _
Tin 189.989 10 13.1.3 No one should ever attempt to service the generator
Ptaﬂ'utm ggg-?gé 250 alone. Refer to Practice E 416.
ungsten . . .
e 365.968 100 13.1.4 Where appropriate, the manufacturer should include
Vanadium 292.403 5 proper use of the grounding devices and proper procedures for
z_ﬂ”um gg;ggg g changing power tubes in the training curriculum and also in the
Inc : . . .
Zirconium 343.823 5 service manual for the instrument. It is strongly recommended

that only trained electronics technicians with specific training
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in RF generators perform other than routine maintenance. 13.6 Liquid Waste—Since much of a sample solution is
13.2 Torch Box—In operation, the plasma produces ex-rejected by the spray chamber, it must be collected and
tremely intense ultraviolet radiation, capable of causing severdiscarded in accordance with environmental regulations. Typi-
eye damage. Refer to Practice E 416. The torch box doagally, licensed chemical waste disposal companies are con-
should be interlocked so that power to the plasma is cut off itacted to remove the contents of spray chamber drain bottles.
it is opened. This interlock also will prevent the possibility of care must be taken to ensure that any incompatible wastes are

the operator receiving an electrical shock from the load coil. ¢ojlected and stored in separate containers prior to ultimate
13.3 Burn Hazard—The plasma torch may become very disposal. Refer to Practice E 416.

hot, especially in cases of a malfunction. The operator should .
allow the torch to cool for several minutes before attempting to 1.3'7 Edme_trﬁent;yt S.htUt?O\tH-I:[het mst]rcfument must bfh
remove it. Even then, the torch should be handled cautiously tgauIPped with salety Interlocks 1o turn off power in case the

minimize the possibility of being burned in case it has notcooling water or argon flow rate falls below acceptable_level_s.

cooled sufficiently. The generator should shut down automatically |f cooling a_|r
13.4 Shielding—The RF generator and torch box should peflow decreases below a rate adequate for cooling operatmg

fully shielded in accordance with FCC and OSHA regulationscomponents. The generator must also shut off automatically if

to ensure that no excessive RF radiation escapes into tHgflected power exceeds an amount specified by the operator.

environment. 13.8 Additional Informatior—For specific details concern-
13.5 Venting—Samples passing through the plasma maying safety procedures, consult Practices E 416.

give rise to airborne toxic substances. Also, large quantities of

heat must be dissipated from the operation of some RH4. Keywords

generators utilizing an RF power tube. This is not a critical

matter for solid state RF generators. The torch box and =

generator employing RF tubes must be vented from th@Ptical

laboratory in an environmentally-acceptable manner. Refer t§ductively coupled plasma

Practice E 416.

14.1 spectrometry—atomic emission; spectrometry—
emission; spectroscopy—emission; spectroscopy—
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