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INTERNATIONAL

Standard Practice for
Use of Reversed-Phase High Performance Liquid
Chromatographic Systems *!

This standard is issued under the fixed designation D 6156; 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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope can be greater or less than the mobile phase. The separation

1.1 This practice covers requirements for defining, testingmethod is called normal-phase HPLC when the stationary
and verifying the performance of high performance ”quidphase is more polar than the mobile phase, and the separation
chromatographic (HPLC) systems when used for trace analysf@ethod is called reversed-phase HPLC when the reverse
of pesticides and toxic substances in carrying out pollutiorFondition exists. The reversed-phase HPLC system, using an
control programs and in assessing the quality of food product@dsorption column, has become the more frequently used
as mandated by national laws and regulations. As a practicichnique for separation and analysis of organic compounds. It
matter, this practice is intended to cover requirements of@n separate a broad spectrum of nonionic, ionizable, and ionic
reversed-phase (adsorption) HPLC systems. Microbore colum#mpounds, and its columns are usually stable and separations
and ion-exchange column HPLC systems are not covered her@dy be performeq with good repeatability since the stationary
It is not intended to exclude any other equivalent means oPhases are chemically bonded. _
analysis. An HPLC system can successfully be applied in the 1.4 The detector type selected for use with an HPLC system
analysis of a variety of sample types including ground andlepends _generally on the concentration as_well as the chemical
surface water, municipal and industrial efluents, workplace airand physical properties of the sample matrix and the analyte to
soils and sediments, plant and animal tissue, and food produc$ measured. The following detectors are covered in this
(1, 2, 3)2 Collection and extraction techniques, appropriate toPractice. UV/Visible spec@rophotometrlc, fluorescence, electro-
the sample type, are required prior to analysis. Samplinghemical, and refractive index.
techniques and measurement methods are not covered in thisyore 2—The mass spectrometer is a highly specific and sensitive
recommendation; however, some relevant measurement metietector appropriate for most applications. It is normally coupled to the

ods may be found in references listed in Appendix X1. HPLC system through an appropriate interface. The use of a mass
) o ) spectrometer as a detector is not covered in this practice because of its
Note 1—High performance liquid chromatography is Synonymous gpecialized nature.

with high pressure liquid chromatography. .
ap a grapny 1.5 The following are examples of classes of analytes that

1.2 Metr.ological and technical requirements are providedmay be measured by an HPLC system: carbamates, pyrethri-
for the major components of an HPLC system including the,ys  organophosphates, polycyclic aromatic hydrocarbons,
pump(s), injector(s), column(s), detector(s), and temperaturg,angjics, isocyanates, aflatoxins, chlorophenoxy-acid herbi-
control _and dqta handllng systems. The conditions o_f operatio ides, triazine herbicides, and amines. An advantage of HPLC
of a single integrated instrument, or one combined froMy\er gas chromatography is that it may be used for the direct
separate components, are intended to cover the application fj{oasurement of thermally labile compounds, compounds of

trace analysis. .. low volatility, and strongly polar compounds without conver-
1.3 Basically four types of packed columns for liquid o, to derivatives.

chromatogrgphy exist: partition, adsorption, ion exchange, and | g Optimizing the performance of each major component
gel permeation. Other terms are used to refer to each type. Fgf ihe measuring system may achieve performance better that
many separations, however, the actual separation may not b&q criteria prescribed for these applications. Success in this
clearly defined and may involve a combination of retention,ggnact depends on the knowledge, skill, and experience of the
mechanisms. Furthermore, the polarity of the stationary phas&nalyst.

1.7 The values stated in Sl units are to be regarded as the

* This practice is under the jurisdiction of ASTM Committee D-19 on Water and standard.

is the direct responsibility of Subcommittee D19.06 on Methods for Analysis for
Organic Substances in Water.

Current edition approved July 10, 1997. Published October 1997.

2The boldface numbers given in parentheses refer to a list of references at the
end of the text.
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1.8 This standard does not purport to address all of the 3.2.12 linear range—the range of concentration or mass of
safety concerns, if any, associated with its use. It is then analyte over which the sensitivity of the detector is constant
responsibility of the user of this standard to establish appro-to within 5 percent. Its value is the ratio of the upper limit of
priate safety and health practices and determine the applicalinearity to the detection limit.
bility of regulatory limitations prior to usef-or specific hazard 3.2.13 long-term noise-all observable random variations

statements, refer to Section 8 for precaution. of the detector signal ovea 5 to 15 minperiod. It is this noise

that can be mistaken for a late-eluting peak.

2. Referenced Documents 3.2.14 mobile phase-the liquid (solvent) used to elute the
2.1 ASTM Standards: analytes through and from the column and may consist of a
D 1129 Terminology Relating to Wafer single component or a mixture of components.

D 1193 Specification for Reagent Water 3.2.15 noise—a measure of variation in the detector signal
E 682 Practice for Liquid Chromatograph Terms and Relaand can be divided into three components.
tionship$ 3.2.16 peak—the portion of a chromatogram recording
E 685 Practice for Testing Fixed-Wavelength Photometrigdetector response when a single analyte, or two or more
Detectors Used in Liquid Chromatography unresolved analytes, elute from the column.
3.2.17 pump—delivers the mobile phase at a controlled flow

3. Terminology rate through the chromatographic system.

3.1 Definitions: 3.2.18 repeatability—the closeness of agreement between
3.1.1 For definition of terms used in this practice refer toresults of successive measurements of the same sample and

Terminology D 1129 and Practice E 682. carried out by the same instrument under the same conditions
3.2 Definitions of Terms Specific to This Standard: of use during a short period of time.

3.2.1 analytes—the dissolved components of a mixture that 3.2.19 retention time ()—the time between sample injec-
are to be separated and detected by the HPLC system. tion and the appearance of the peak maximum of the analyte at

3.2.2 baseline—the portion of a chromatogram recording the detector.
the detector response when only the mobile phase emerges3.2.19.1Discussior-A related term, Capacity Factor (k),
from the column. measures the degree of retention that is defined as:
3.2.3 chromatogram—a graphic representation of the detec- k= (t, —ty)/ty
tor response versus retention time or elution volume as the
analytes elute from the column and through the detector. where ) )
3.2.4 column—for HPLC systems, consist of a tube that tm = the time for the mobile phase to proceed from the
contains a packing (a solid support plus stationary phase) point of injection to the detector.
through which the mobile phase flows. Selectivity @) is a measure of relative retention of two compounds
3.2.5 detector—the device that responds to the presence of expressed as:
analytes eluting from the column. o = Kk,

3.2.6 drift—the average slope of the baseline signal mea- Efficiency (N) or theoretical plates is a number which describes peak

sured over a minimum period of one-half hour. broadening as a function of retention. Efficiency is calculated from:
3.2.7 dynamic range-the range of concentration or mass of

the analyte over which a change in sample amount produces a N=16 <tr_1>2
. . . wl
measurable change in the detector signal output. Its value is the
ratio of the upper limit of detection to the instrument detection where:
limit. t, = retention time of Compound 1, and
3.2.8 elution—the removal of an analyte from the stationary wl = peak width of Compound 1.
phase by the mobile phase. 3.2.20 resolution (R)—the ability of a column to separate
3.2.9 flow rate—the volumetric rate of flow of mobile phase chromatographic peaks. It is usually expressed in terms of the
through the chromatographic system. separation of two peaks. One attempts to achieve the largest
3.2.10injection device—a means of introducing a sample resolution possible.
into the mobile phase at a location just ahead of the column. 3.2.20.1 Discussior—Resolution can be calculated in two
3.2.11 instrument detection limit-the concentration of the ways:
analyte that gives a detector signal output equal to three times
the mean short-term noise as determined on a statistical basis.
3.2.11.1 Discussior—This term is sometimes called “mini- \where:
mum detectability” in references and manufacturer’s literature.t,1
The detection limit is sometimes defined as an output S|gnat 2
equal to some multiple (two or ten) of the noise. wb
Wy

R = (t2-t1)/1 /2w, + w)

retention time of Compound 1,

retention time of Compound 2,

peak width at baseline of Compound 1, and
peak width at baseline of Compound 2.

or:
2 Annual Book of ASTM Standardgol 11.01.
4 Annual Book of ASTM Standardgol 14.02. —1/4 (\/N) k
5 Annual Book of ASTM Standardgol 14.01. / 1+
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where: 5. Description of an HPLC Instrument
selectivity or separation factor,

a = .
: : 5.1 General:
N = efficiency or number of theoretical plates, and . . -
k = capacity factor. 5.1.1 Adiagram of an HPLC system is shown in Fig. 1. The

mobile phase from a solvent reservoir is filtered and then
pumped through the injector, analytical column and detector.
The injector, column, and/or detector may be enclosed in a
R =1/4(a=1) (VN) %( thermostatically controlled oven. A .sample.is introduced at the

For the usual case of closely adjacent peaks<( 1), these two top of the colu_mn thro_ugh an injection device and the analytes
expressions foR are not sufficiently different to merit concern. See Separated while passing though the column. A guard column

f N is assumed constant for Peaks 1 and 2, thgh~ww,2
Therefore, the expression for resolution becomes:

Ref (4). may be required for some methods to retain materials which
3.2.21 sensitivity—of a detectoris the signal output per unit could degrade the analytical column performance. A post
concentration of the analyte and may be expressed as: column reactor may be necessary for derivitization of analytes
S= (A*F)M prior to detection. The eluate from the column is monitored by
a detector that responds to analytes. The detector output signal
where: o is displayed instantaneously and/or stored in a data system. The
S = sensitivity, eluate is finally collected in a waste container for proper
A = the integrated area of the analyte, disposal.
F = the flow rate, and . ,
M = the mass of the analyte injected 5.1.2 Separation of a sample’s components by a column

3.2.21.1 Discussior-This equation does not apply to an depends .on the inte_raction of the column paqking (sta'Fionary
electrochemical detector of the coulombic type. phase) with the mobile phase. The term isocratic elution is used

3.2.22 short-term noise-all observable random variations When the composition of the mobile phase is kept constant
of the detector signal ove 1 to 2 min ancshould be measured during the chromatographic procedure. The term gradient
peak to peak. elution is used to specify that a deliberate change is made in the

3.2.23 solid support—ideally the inert material within the composition of the mobile phase during the chromatographic
column to which the stationary phase is bonded (togetheprocedure. The term gradient elution is synonymous with
providing the packing material) and through which the mobilemobile phase or solvent programming, which is somewhat
phase flows. The solid support may be characterized by thmore descriptive of the process taking place within the HPLC
particle diameterD,, which can be measured in um. system.

3.2.23.1 Discussior—For more discussion of relevant

5.1.3 The individual analytes eluting from the column are
terms, see Reff2, 5, 6)

. . . . . monitored by a detector. The detector signal output versus time
3.2.24 stationary phase-the active immobile material y g P

o . . Is called a chromatogram which has peaks associated with the
within the column attached to the solid support or the solid 9 P

support itself that delays the passage of analytes by one 8 mponents. Peak areas or peak heights are related to the

. : e oncentration of sample components.
several possible mechanisms or by a combination of such P P

mechanisms. 5.1.4 The overall performance of an HPLC system may be
o characterized by the repeatability of measurements of the
4. Significance and Use retention time and peak height (or area) for specific analytes

4.1 High performance liquid chromatography provides aunder controlled measurement conditions.
simulte_meous separation for. b_oth qualitatiye and quantita_tive 5.2 Major Components-The mobile phase composition
analysis of trace level pesticides and toxic substances in .4 required purity depend on the method of analysis, detector
variety of sample matrices, from a single analytical operation,c.q 4ng type of elution employed. The mobile phases most
requiring only a few millilires of sample. Compound confir- comr;wnly used in reversed-phase HPLC are mixtures of either
mation can be determined by performing a second analysis Ol athanol or acetonitrile with water
a column that has a different stationary phase than the primary '
column. The mobile phase may also be different, creating a °-2-1 Pumps:
different selectivity for the analyte. Proof of confirmation 5.2.1.1 Syringe pump utilizes solvent displacement of the
occurs if the target analyte is detected on both columns. mobile phase by a mechanically controlled piston advancing at

4.2 A photodiode array detector can be used to determina constant rate in a fixed volume chamber.

peak “purity” by determining spectral homogeneity across the 52 1.2 Reciprocating pump with one or more heads uses
peak. Peak purity or homogeneity is used to help withsmgajl volume chambers with reciprocating pistons or dia-
chromatic methods development and as an indication that gnragms to facilitate the flow of the mobile phase against back

peak may not be a single compound. pressure. Check valves are synchronized with the piston (or

4.3 Positive compound identification can be determined b iaphragm) drive to alternate the filling and emptying of the
using a mass spectrometer detector coupled to the HPL

obile phase from the chamber.

system.
4.4 Analysis time is usually 20 to 30 min depending upon Nore 3—Mechanical pulse dampers and/or electronic or pneumatic
the retention times of the analytes. transducers are often incorporated to ensure pulseless flow.
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Note 1—Note that the guard column, column oven, or post column reactor, or all of these, may be included or excluded as required by the analytical
method. The column reactor may be located just ahead of the column and is then referred to as a pre-column reactor.
FIG. 1 Schematic Diagram of an HPLC System

5.2.2 The injection device most commonly used is a valvat elutes from the column. The absorbance measured may be
and loop in which the sample contained in a syringe isrelated to the concentration of the analyte. Single (fixed)
introduced into an ambient chamber, or loop, and is subsewvavelength detectors typically use a low-pressure mercury
quently displaced into the pressurized flowing mobile phase bjight source at wavelengths determined by the mercury emis-

means of a rotary or sliding motion. sion lines and an associated optical filter. Appropriate variable
Note 4—Septum and septumless injection devices may be used. Th\@’avelength detectors include those having, a grating mo_no'
process of injection is often automated. chromator to select one or more wavelengths and, a photodiode

5.2.3 A guard column may be placed between the injectofarray with optic§ to select a range of wavelengths simulta-
and column to protect the latter from loss of efficiency becausé‘eousw' Deuterlum,_ tungsten, or pulsed xenon lamps are
of the presence of particulate matter or strongly absorbeHsua”y used as the light sources to cover the wavelength range
material in the sample. for both variable-wavelength detector types.

5.2.6.2 Fluorescence detectors may be used for measuring
. the fluorescence of the analytes as they elute from the column.

5.2.4 The column used depends on the analytical method. fthe fluorescence measured may be related to the concentration
should be selected for optimum separation of the analytes. of the analytes. In a fluorescence detector, light of a specific

Note 6—Bonded-phase silicas are widely used as packing (stationary"_avelength is selected using an excitation monochromator Qnd
phase and solid support). directed onto a flow cell. Any fluorescence that results is

5.2.4.1 Forreversed-phase HPLC, octadecylsilyl is the modfirected at rig_ht .angles through an emission mo.noc_:hrometer to
common functional group used for the stationary phase a/@ Photo multiplier type light sensor. The excitation mono-
though alkyl, phenyl, and nitrile may also be used. Two type<hrometer is typically a tunable grating type monochrometer.
of packing are generally used, porous packing in which thd he emlssmn_mgnochrometer may be a §|mple opugal filter to
stationary phase is found throughout each porous particle arkf!ect the emission wavelength range of interest, or it can be a
pellicular packing in which the stationary phase is found On|ytunable grating mqnophrometer. .So_me fluorescence detectors
on the outer layer of an otherwise impermeable particle. allow both the excitation and emission wavelengths to be set

5.2.5 Pre column or post column reactor is used to deriva@nd changed under program control during the course of a
tize analytes prior to detection. chromatogram.

5.2.6 Detectors: 5.2.6.3 Electrochemical detectors may be used for measur-

5.2.6.1 UV/visible spectrophotometric detectors may beng the concentration of analytes that can be oxidized or
used for measuring the absorbance of light by each analyte asduced at an electrode surface. A fixed or program controlled

Note 5—A filter should be added if a guard column is not present.
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potential is applied to the detector cell working electrode and Note 9—An initial performance test should include a measurement of
a current results when an electroactive analyte elutes from thge instruments sensitivity and its working range using a test sample that
column. The current is proportional to the analyte concentra™a represent the compound or compounds to be analyzed as well as the
tion. |nter_1ded measurement method o_f appllt_:atlon._The r_eqmrements of this
. section and the Annex reflects using an isocratic elution mode; however,
~ 5.2.6.4 Refractive Index detectors can be used for measufse gradient elution profile response of the detector should also be
ing samples since they are a bulk property or universal detect@fetermined when it too will be applied.
that responds to all solutes that have a refractive index (RI)
different from the mobile phase. The differential refractometer
measures the deflection of a light beam due to the difference i
refractive index between the sample and reference liquids in

single compact cell.

6.3.1 UV/Visible Spectrophotometric Detector:
6.3.1.1 Type—Concentration and cell length dependent se-
ctive and widely applicable,
6.3.1.2 Test Compound-Anthracene,
6.3.1.3 Wavelength-254+ 5 nm,

Note 7—For additional information about detectors, see Réjsand 6.3.1.4 Test Conditions-The test conditions should be
(). compatible with those provided in Annex Al.

5.2.7 The data system provides a means for recording and 6.3.1.5 Peak Width at Half Height-=(5X tr?/L X Dp)1/2
displaying the output signal of an HPLC system detector as 8.02 min at a signal to noise ratio >100,
function of time. A potentiometric strip chart recorder, com- where:
puting integrator or a computer system may be used for this tr = retention time,
purpose. More advanced data systems may be available thatl. = column length, and
include automatic control of sample injection, instrument Dp = particle diameter of the packing of the column (see
operation, detector, and integrating and report parameterai.2.3),
Functional testing of chromatographic software as part of 6.3.1.6 Instrument Detection Limit3 ng anthracene in-
computer/instrument validation is recommended. jected, and

6.3.1.7 Linear Range-10".

Note 10—For additional details about tests, see Annex A3 and®ef

6. Metrological Requirements

6.1 Pumps:
6.1.1 The pump shall be capable of performing in the 6.3.2 Fluorescence Detector
pressure range of 0 to 40 MPa. 6.3.2.1 Type—Concentration dependent, selective and com-

6.1.2 The pump shall be capable of delivering flow ratespound specific, cell volume dependent,
from, 0.1 to 5 mL/min. When tested with water, its flow rate  6.3.2.2 Test Compound-Anthracene,
shall be repeatable withitr 3 % as determined for a flow rate  §.3.2.3 Wavelength-Excitation, 250+ 5 nm, and emission,
of 1 mL/min and collected over a 10 min interval at an overallg00+/-5 nm,
system pressure of at least 14 MPa. 6.3.2.4 Test Conditions-Same as 7.3.2 for internal diam-
6.1.3 The pump’s pulsation shall be less tha % peak to  eter, flow rate, and retention time range for a specific column
peak in pressure when monitored for water at a back pressufength. (See Annex Al.)
of 14 MPa and for a flow rate of 1 mL/min of water over a 10  6.3.2.5 Instrument Detection Limitl ng anthracene in-
min interval. This measurement shall be carried out at thgected, and
pump (just before the injector) at the operating pressure. 6.3.2.6 Linear Range—10°.

Note 8—The pressure of the pulsations at the detector will be much 6-3.3 Electrochemical Detector:
less than that measured above, since the detector is at the lowest pressur®.3.3.1 Type—Concentration dependent, selective,
of the system. Pump performance may affect the detection limit of a 6.3.3.2 Test Compoung-Hydroquinone (oxidation),
detector for some sample components. To optimize system performancguinone (reduction),
the detector noise generated by the pump shall be minimized. 6.3.3.3 Test Conditions-The test conditions should be

6.2 Injectors—Injectors shall be capable of delivering a compatible with those provided in Annex A2,
specific sample volume with a repeatability of +/-1% or 6.3.3.4 Peak Width at Half Height-<(5x tr’/L X Dp)1/2
+/-0.5 pL, whichever is greater, for a volume within the range0.04 min at a signal to noise ratio >100,
from 1.0 to 1000 pL. Injectors shall meet these requirements 6.3.3.5 Detection Limit—50 ng hydroquinone injected, and
for pressures up to 34 MPa. 6.3.3.6 Linear Range-10".

6.3 Detectors—Within an HPLC system, a detector’s per- . _
formance depends upon interactions among many variabIedse':'eogtzrlge]T(ggesgn;T;')ty of the detector depends on the flow rate in the
including the choice of solvent, the column efficiency, the T
detector’s cell volume, and the type elution. Because of such 6.3.4 Refractive Index Detector:
interactions, the metrological requirements of the detectors are 6.3.4.1 Type—Concentration dependent, universal,
defined in terms of performance tests. An overall performance 6.3.4.2 Test Compound-Anthracene,
test for a HPLC system having either a UV/Visible or fluores- 6.3.4.3 Test Conditions-The test conditions should be
cence detector is provided in Annex A2, and Annex A3, whichcompatible with those provided in Annex Al,
should be considered for an initial test of a HPLC system. The 6.3.4.4 Detection Limit—1 pg anthracene injected, and
following procedures are examples of how to establish detector 6.3.4.5 Linear Range—10
performance and instrument detection limits. 6.4 Temperature Control:
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6.4.1 The instrument’s detector shall be capable of meeting 7.10.2 Instrument model, serial number, and date (year and
the requirements of 6.3 within a range from 10 to 35°C whermonth) of manufacture,
the temperature of the detector is stable to withid°C during 7.10.3 \oltage, frequency, and current requirements, and
a complete measurement. 7.10.4 Compliance with national regulations concerning
6.4.2 The temperature of the column compartment shall bpersonnel safety and radio frequency interference emission.
adjustable in 1°C increments, when such an oven is provided.

Note 12—When an HPLC system column is operated at temperatureg' Practical Instructions

of 10°C or more above ambient, preheating of the mobile phase may be 8.1 HPLC systems use high voltage and potentially toxic

required to avoid bubble formation. and flammable liquids under high pressure during normal
) _ operation. Warning labels shall be conspicuously placed on the
7. Technical Requirements instrument to alert the user to these and other potential hazards.

7.1 The mobile phase should contain reagent (HPLC) gradmstrument installation and operation, particularly with respect
chemicals which may require further purification for someto ventilation and a means for disposal of sample and solvent
measurements. Water shall be of high purity meeting thavastes, shall be consistent with national and local safety
requirements of Specification D 1193, especially with respectegulations.
to organics and shall require filtration in addition to chemical 8.2 Manufacturers of HPLC systems or their components
purification. Before use, filtration shall be carried out using theshall supply a manual that describes the installation, operation,
filter porosity and media recommended by the instrumenand routine maintenance of the systems or components. (See

manufacturer. Use only fresh solvents. also Ref(7).) Service manuals shall be available upon request.
7.2 Immediately before use, the mobile phase shall be 8.3 Before installation, all laboratory environmental factors
degassed to prevent bubble formation. shall be considered. Manufacturers shall provide operating

7.3 A pressure monitor and a pressure limit switch shall bespecifications for the HPLC system that include the power
provided in the system at least between the pump and theonsumptions, the upper and lower rated voltage and frequency
column. and the range for ambient temperature and humidity.

7.4 The pump shall be designed to deliver a single mobile
phase at a constant rate through the column for isocrati@. Metrological Controls
elution. If gradient elution is to be employed, solvent gradients 9.1 General Considerations:
may be generated either by controlled mixing of the mobile 9.1.1 Calibration—It is essential to calibrate the measuring
phase components on the inlet side of a single pumping systegystem to ensure that the performance is acceptable, particu-
or by combining the outputs of two or more pumping systemsarly that the range over which the output of the device,
prior to the injector. whether expressed in peak area or peak height, is linear with

7.5 Additional filters of from 2 to 10 um may be used beforerespect to analyte concentration. Failure to perform this cali-
the pump. A 0.5 um filter and guard column, shall be used aftefration may introduce substantial errors into the results.
the pump and the injector in order to remove particulate matter 9.1.1.1 External standard calibration begins with prepara-
and chemical interferences. tion of standards of known and increasing concentration.

7.6 The columns shall be tubular and packed, may bevorking standards should be made from individual weighings
constructed of metal, glass, or plastic and shall be capable eind dilutions into volumetric flasks, if a component’s concen-

withstanding the pressure generated by the pump. tration is large enough. If not, make working standards from a
Note 13—The column connections should be designed for easy assen‘?‘-tOCk solution. The Concemratlon, range for the working stan-
bly and disassembly. dards should cover the range of interest.

) ] 9.1.1.2 External standard calibration curve is generated by

7.7 All plumbing connections of the HPLC system shall be|otting for each working standard concentratiofaxis) the
arranged to minimize the pre-column and post-column deafleak area responsér-éxis). After verification of a linear
volume of the system. multiple calibration, a one-point calibration curve using a

Note 14—The connections should be selected for compatibility inSingle working standard can be used to generate a response
sealing against high-pressure fluids and for their resistance against beifigctor. The legitimacy of using a one-point curve for analysis of
dissolved or corroded by the applicable mobile phase. unknowns rests on method validation which is performed at the
Iputset.
o 9-1.2 Calculation of results using an external standard is
determined by the expression:

RF x, = ConcentrationX;)stdResponseX;)std

7.8 A means shall be provided for temperature control fo
detectors if the ambient temperature is not sufficiently stable t
meet the requirements of 6.4.1.

Note 15—A metal block for a heat sink or a resistance type heater are
examples of devices used for temperature control.

. Unknown Concentratio = RF , X Respons
7.9 The data system shall accurately record and display the Hund 0o Ponsun

output signal of an HPLC system detector as a function of time.where:

7.10 Markings shall be attached conspicuously to all majorRF ;, = response factor
components of the HPLC system as follows: 9.1.3 An HPLC system is an instrument comprised of a
7.10.1 Name of manufacturer, pump(s), injector(s), column(s), detector(s), and data system
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for a complete measurement. The specific components used9.2.2 Initial Test—An initial test of the HPLC system shall
depend on the analytical method determined to be appropriatee performed according to the manufacturer’s instructions. The
for the analyte(s) by the responsible national body for moni+esults of this test shall be within the specifications provided by
toring and control of environmental pollution. Therefore, the manufacturer.
traditional legal metrology controls for instrument validation 9.2.3 Overall Test-A test of the entire HPLC system shall
may not be enough for these instruments. However, th&e carried out frequently (for example, once per work period)
responsible national body usually provides the quality controbising reference materials, or specifically prepared samples, that
procedures like those described in 9.2, as a means of assurigfge appropriate for the analytical method for the class of
the continued metrological integrity of an HPLC system.  analytes normally determined. This test should specifically
9.1.4 Quality control procedures for specific anaIyticaICharaCte”Ze the instruments detection limit, sensitivity, and

methods are usually established by the responsible nationgP€rating range.

body. Once such quality control procedures are in place, the Note 16—Procedures for routinely checking the operational conditions
national body might consider means for assessing laboratoriégd the overall performance of an HPLC system are given in Annex A2
that use HPLC systems. Such means include: accreditation 8fid Annex A3, respectively. Appropriate reference materials may be
the user laboratory, self certification by the user Iaboratory?“"""""lble as 'n(.j'camd in Ref8, 9, 10)
proficiency testing through intercomparison of measurements 9-2.4 Routine Test-Test procedures based on the relevant

among user laboratories, or a combination of these procedurgg€asurement method should be considered for routine testing
9.2 Quality Control Procedures; of a HPLC system because of the possible extreme variation in

o . aninstrument’s performance in measuring sample components
9.2.1 Records—A record shall be maintained that contains ¢ interest.

the following information in chronological order for each g 5 pyplished ProceduresQuality control procedures

HPLC system: are often published by the responsible national body and
9.2.1.1 Results of initial and overall performance test, usually specify appropriate HPLC system performance tests,
9.2.1.2 Results of routine tests that document, at a minicalibration procedures, and routine tests that apply for the

mum, the retention time, peak area or height, and peak widtrnalytical methods for specific poI.Il_Jtants. The time interval
9.2.1.3 Identification of the reference sample for each analyP€tween tests should also be specified.

sis performed, of the mobile phase(s), injector(s), column(s)o. Keywords

(including particle diameter), elution procedure, detector(s), 19 1 electrochemical detector; fluorescence detector: food

and data system(s), _ _ ~ products; high performance liquid chromatography; industrial
9.2.1.4 Description of malfunctions and corrective actionsefiuents; pesticide; refractive index detector; reversed-phase;

taken, and soils; spectrophotometric detector; surface water; toxic sub-
9.2.1.5 Extent of maintenance or repair, or both. stances; workplace air
ANNEXES

(Mandatory Information)

Al. TEST CONDITIONS FOR HPLC DETECTORS

Al.1 This annex provides the recommended conditions 25 8.8 to 11.7
under which the requirements for detectors covered in 6.3 can 20 7.0 to 93
15 53 to 7.0
be tested. 0 35 10 47
. ) 75 2.7 to 35
Al1.2 UV/Visible Spectrophotometric Detector: 6 21 to 2.8
Al1.2.1 The nominal flow rate for a selected internal diam- A1 23 The peak width at half height for various packing
eter (I.D.) of a column should be as follows: particle diameters and various lengths of a column should be
I.D., mm Flow Rate, mL/min the foIIowing.
4.6 1.0 Column Length, tr, min 3 ym, min 5 um, min 10 ym, min
3.9 0.7 cm
2.0 0.2
30 12.3 0.17 0.22 0.32
Note Al.1—For other IDs, flow rate = (1521.2 mL/min.) 25 10.25 0.16 0.205 0.29
. . 20 8.15 0.14 0.18 0.26
Al.2.2 The retention time range for selected length of 15 6.15 012 016 0.22
column should be as follows: 10 4.1 0.10 0.13 0.18
Column Length, cm Retention Tme Range, min 765 gé 882 Ooilt)lz gii
30 106 w0 14.0 Note Al.2—The indicated retention time,Y is the mean value of the
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expected retention time range.

Column Length, cm Retention Time Range, min

Al1.3 Fluorescence DetecterThe test conditions recom- gg 5656 t0$-275

mended shall be equivalent to or compatible with those of 20 ;1_41% 58

Al.2. 15 3.31t0 4.4

10 221029

. 75 1.6to22

Al.4 Electrochemical Detector: 6 1.3t0 1.7

Al.4.1 For the mobile phase, use 0.1 M acetate buffer (PbH A1.4.6 The peak width at half height for various packing

= 4.9+ 0.1) in 15 % (V/V) methanol/water. particle diameters and lengths of the column should be the

Note Al.3—Prepare buffer, adjust pH, and then add methanol to bringsame as the values given in the table under A1.2.3 after the

volume composition to 15 % methanol. The buffer serves as a supportiny@lues provided are multiplied by a factor of two.
electrolyte.

. . Al.5 Differential Refractometer Detector:
Al.4.2 Working Electrode-Use either glassy carbon or

porous graphite. Al1.5.1 The test conditions should be equivalent to or

A1.4.3 Working Electrode PotentiakFor oxidation use compatible with those of A1.2,
+0.7 V vs. Ag/AgCI reference electrode or +0.5 V vs. Pd Al.5.2 Detector Settings:
reference electrode and for reduction use —0.2 V vs. Ag/AgCI Sensitivity: 32
reference electrode or +0.4 versus Pd reference electrode. Scale Factor: 20

L L L Polarity: +
Note Al.4—The oxidation potential is for the oxidation of hydro-

quinone to quinone, and the reduction potential is for the reduction of
quinone to hydroquinone.

Al1.4.4 The nominal flow rate for a selected internal diam-
eter (1.D.) of a column should be as follows:

I.D., mm Flow Rate, mL/min
4.6 2.0
3.9 14
2.0 0.4

Al1.4.5 The retention time range for a selected length of
column should be as follows:

A2. A PERFORMANCE TEST FOR AN HPLC SYSTEM

A2.1 This test provides a procedure for the conditioning AZ2.3.2 Check system pressure and check the pressure fluc-
and checking of an HPLC system before operation for anuations of the solvent delivery system after the column is
analysis. (See Practice E 685.) The purpose is to provide eonditioned with the mobile phase. Pressure fluctuations

routine overall HPLC system check. should be less thart 0.2 MPa for a 10 MPa head pressure.
A2.2 Start-Up Procedure: A2.3.3 Check all plumbing for solvent leaks.
A2.2.1 Turn on power to all HPLC system modules. A2.3.4 Check the detector stability by observing the digital

Note A2.1—The time and date should also be set on microprocesso(rlepIay or recorder, integrator, or data system response.

based systems. Note A2.2—This stability should be within:= 1 percent of maximum

A2.2.2 Fill all solvent reservoirs with appropriate degassedull scale attenuation.
mobile phase solvents.

A2.2.3 Flush and de-gas all plumbing lines prior to pump-
ing mobile phase through column at a flow rate of 1 mL/min.

A2.3.5 Confirm that all temperature controlled components
have reached their nominal instrument settings.

A2.3 Checking Procedure: A2.4 Conclusior—If all conditions under this annex are
A2.3.1 Measure the repeatability of the flow rate by collect-acceptable, the HPLC system can be considered ready to
ing the delivered mobile phase in a graduate cylinder over gperform an analysis.
least three successive 10-min periods.
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A3. AN OPERATIONAL TEST FOR AN HPLC SYSTEM

A3.1 This test involves measuring anthracene in a A3.5 Inject 20 uL of each reference solution of A3.3in turn.
methanol/water solution. It is specific to a reversed-phas&leasure the peak area and peak height of each specific
HPLC system that includes a UV/Visible spectrophotometricreference solution at least four times. Also measure the
and/or fluorescence detector. The purpose of this test is tpeak-to-peak noise.
provide a performance test for an entire HPLC system. The test

results should be consistent with the requirements of Section 4 A3.6 Record retention times, peak areas, peak heights,
of this practice. noise measurements, and the peak widths at half height.

Calculate the signal to noise ratio by dividing the peak height

Note A3.1—The results of this test may not be reliable in predicting anby the noise. Calculate the coefficient of variation for the peak
instrument’s performance in detecting sample components required b,

analytical method. Therefore, in some cases, the analytical method may l%‘ereas and retention times.
a useful means for routine testing of an instrument’s performance (see

9.2.4). A3.7 For a signal to noise ratio of greater than 100, the

coefficient of variation of the peak areas should be less than
A3.2 Prepare a stock solution of anthracene in methandb %. The maximum measured peak widths at half height shall
that has a concentration of 2 mg/mL. meet the requirements specified in A1.2.3.

Note A3.2—Anthracene may be a potential health hazard; therefore, A3 8 Determine the detection limit from a linear plot of the
persons who carry out this test should be made aware of this hazaric(i_} : : :
through a material safety data sheet and should be instructed to follow saie sults of A3.5 and A3.6 using peak height versus the amount

laboratory practices. Injected in nanograms as follows:

» ) ) A3.8.1 Calculate the amount injected of each reference
A3.3 Prepare three additional reference solutions in 60 % qution

methanol and 40 % water by serial dilution of the stock A3.82 Draw a parallel line equivalent to the noise level,
solution by factors of 0.1, 0.01, and 0.001. and
Note A3.3—Acetonitrile and water may be used. A3.8.3 Extend the linear plot of the measured data to
) ) intersect with the line representing three times the noise level.
A3.4  Set the flow rate appropriate for the column diametefrhe intersection on this plot is the detection limit and shall be

as givenin A1.2.1. Adjust the mobile phase composition and/ofess than or equal to 3 ng injected for the UV/visible and 1 ng

given in A1.2.1 for the appropriate column length. Observe the

temperature requirements of 6.4. Measure the peak width at A3.9 The sensitivity of the instrument may be calculated
half height. If the peak width at half height does not meet theaccording to the equation given in 3.2.15 or may be derived
requirements of 6.3.1 or 6.3.2, replace the column beforérom the linear plot described in A3.8, in which it is equal to

continuing with the test (see also A1.2.3 and A2.3.3). the slope of that plot.

APPENDIX
(Nonmandatory Information)

X1. REFERENCE TO MEASUREMENT METHODS

X1.1 U.S. Food and Drug Administration (FDARgesticide  Chemists Methods Manual, 14 Edition 1984, Arlington, VA
Analytical Manual 22209, USA.

X1.2 U.S. Environmental Protection Agency,* Test Meth- X1.5 United Kingdom Health and Safety Executive (HSE),

ods for Organic Chemicals of Municipal and Industrial WasteMethods for Determination of Hazardous Substancgs
Water”. Hugh’s House, Stanley Precinct, Bottle L20 3QZ, England.

X1.6 APHA-AWWA-WPFC, American Public Health As-
ociation,Standard Methods for the Examination of Water and
astewater16th Edition, (revised every three years).

X1.3 U.S. Environmental Protection Agency,” Guidelines
Establishing Test Procedures for the Analysis of Pollutant
Under the Clean Water Act: Final Rule and Interim Final Rule

and Proposed Rule,” 40 CFR Part 136, U.S. Federal Register x1.7 Annual Book of ASTM Standards, Ingdal. 00.01,
Notice, Friday, October 26, 1984. 1986.

X1.4 Association of Official Analytical Chemist®fficial X1.8 International Organization for Standardization (ISO),
Methods of Analysis of the Association of Official AnalyticalCataloguel1986.
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