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601: GENERAL INFORMATION

In recent years, high rmnoeliquidchnmqﬂ:y(ﬂﬂ.ﬂ)hapmm
populantyasadetetmmmm until it is accepted as
oomplemenm'yto the more & {(GLC). HFLC
provides capabilities not possible with most importan thcahilitywaepa-
rate and quantitate residues of polar, nonvolatile, and heatlabile chemicals.
chamctensucsmakeHPLCthedetermmmnepofchoweﬁormnym
previously beyond the applicability of multiresidue methodology.

601 A: PRINCIPLES
) of
Fgure 801 (hmmamgaphyoomprh;lolg:i]llyd
Techniques tlal"hmmmof 1 characteristics. A narrow ini-
mixture is oa
Chrometography zone ¥ sofplive
'_J—l Development with mobile phase canses com-
. ponents of a mixture to move the
Ges  Liguid stationary phase at different rates and to
| separate from one another. Differential mi-
gration occurs becanse of differences in dis-
Colunn  Planar m’bunonbetweenthemr;phm'l‘hemo-
| bile phase can be 2 gas or a liquid. Liquid
Cessicsk  HPLC types, (thl:layerandinpapermt‘c‘l’am
L_.I_l W’pﬂlya)n:;dcohmn.cohnmnliqmdchm-
¢ version
| ! 1 1 ;: discussed here, is further subdivided accord-

156 uo EC to the mechanism of separation into five

Pt I.I(.C,bonded)phasechmmtographym ion exchange
andmcxduﬁonchrommgnphy SEC.

WdevdopedsmdﬂydmingthehEIMahigheﬁqu small particle

pac;.;-r P instrumentation were produced. Inoonmsttoch-lal
g liquid matoguphy,HPLthlgh c short, narrow

recordstheconcenmuonofthenmplc

HPLC systems use the principles of classical column chromatography in an analyti-
cal insttument. Development of HPLC has been directly related o availability of
suitable hardware (columns, pumps, inlet systems, low dead volume fitt ac.)
that allows precise flow control under the clevated pressures needed, as as the
ability to manufacture a wide variety of column packing materials in particle sizes
of exacting micron (pm) dimensions.

In contrast to GLC, where the gas mobile is inert and does not affect
scparation of analytes from one another, the mobile phase is critical to this

Chapter 6 is vevised from a chapter on HPLC writien for FDA in 198990 by Jossph Sherma,
PhD., Lafayette College, Easion, PA.

Trenamittal No. 54-1 {1/84}
2905 (6/52) 601-1
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resolution. Choice of mobile phase is second only to the choice of
modemdmmmmgd;emmbihtyofthesymmmpmdunethe separa-

HPLC had limited use for routine trace multiresidue analysis in the absence of
sensitive clementsclective detectors. Early development work relied primarily on
refractive index (RI) or fixed wavelength UV absorbance detectors. Neither detec-
tor demonstrated sufficient sensitivity or selectivity for use in trace residue analysis.
In the mid-1970s, the fluorcscence detector was shown to provide the needed
sensitivity and specificity for pesticides that are naturally fluorcscent or can
be chemically labeled with a fluorophore. This resulted in the first practical qﬁ
cation of HPLC to multiresiduc pesticide determination (see method

N-methylcarbamates, Section 401).

More recently, scientists have investigated photoconductivity and electrochemical
detectors and certain ications of the newer ¥ UV detectors.
This rescarch indicates these detectors can also fulfill the sensitivity and
selectivity requirements for determination of certain pesticides at residue levels.

HPLLC Modes of Operetion
Separations by HPLC are achieved
the five basic operational modes HPLC
(Figure 601-b). The mode chosen for 7 ]

theproperﬁesd‘meanalymes)wbe I I I .il.

separated and determined. For residue Lac UC s

determination, as for HPLC analyses SAX 8o

in general, BPC is the most widely r—l—'| .i.

used. Ion n
suppression  pair

There are two variations within the five

opcrational modes of HPLC operation;

these distinctions are based on the relative polarities of stationary and mobile
phases:

1) normal phase chromatography: stationary phase is more polar than
)themobllephgentbe ﬁhramlytaelumﬁm::nlytemmnh
increased by decreasing phase polarity.

2) reverse phase chromamgnphy' is les than
)themobilephae the most mlywnggmn

increased by increasing mobi phaepohrhy

Liquid-Solid Chromatography

LSC, also called adsorption chromatography, uses an adsorbent, usually uncoated
silica gel. The basis for is the sclective jon of polar compounds,
presumably by ing, to active silanol { H)group:i?mm
and on the surface of the silica gel. Analytes that are more be
more to the active silica gel sites. The solvent of the mobile phase
determines the rate at which adsorbed analytes are and cluted.

Yy



C

Pesticide Analytical Manual Vol. [ SECTION 601

LSCis useful for separation of isomers and classes of compounds differing in polarity
and number of functional groups. It works best with compounds that have relatively
low or intermediate polarity. Highly polar compounds may irreversibly adsorb on the
column. PoorLSCsemnommwuallyobwnedforchemimhmmammgonly
nonpolar aliphatic substituents.

Liquid-Liquid Chromatography

LLC, also called partition chromatography, involves a solid support, usually silica
gel or kieselguhr, mechanically coated with a film of an organic liquid. A typical
system for NP LLC is a column coated with 8,8'oxy dipropionitrile and a nonpolar

solvent like hexane as the mobile phase. Analytes are separated by mng
between the two phases as in solvent extraction. Components more in the
stationary liquid move more slowly and elute later. LLC has now been replaced by
BPCformostapphauom.

Bonded Phase Chromatography

BPC uses a stationary phase that is chemically bonded to silica gel by reaction of
silanol with a substituted organcsilane. UnlikeLLC.the phase is
not altcred by mobile phase development ort:l:genm s can
be used, presaturation of the mobile p! themnom:yphnesnotm-

qmmd,andgradxemeluuonanbeusedtohmove

Spedialized applications of BPC have been developed for ionized

which are highly water soluble and generally not well retained on RP col
ummketenuonandsepanuonmbeinausedhyaﬁmgan i pH
buffer to suppress jonization (ion suppression chromatography) or i
hpophxhcmnpaw(mnq;lrchmmmgnphy)bementhemlymandam
ion of opposite eremltnntnomomcspeasarescpantedlqthenme
column techniques used for nawmally nonionic organic molecules.

Ion is the preferred method for of weak acids and bases,
for thcpHofthemobtlephaseunbe to eliminate analyte joniza-
tion while remaining within the pH 28 stability range of bonded silica phases. The

analyte is chromatographed by RP HPLC, usually on a C-18 column, using metha-
noloraoemmmkphnahﬂeraﬂ:cmow:ph-e The technique is often
preferred over IEC (sec below) because C-18 columns have higher efficiency,
cquilibrate faster, and are generally easier to use reproducibly compared to jion
exchange phases. Strong acids and bases are usually separated on an ion exchange
column or by ion pair chromatography.

Ion pair chromatography is used to separate weak or acids or bases as well
asog‘rerlypesof c ionic co; ds.'lhememﬁnvolmmedac-ls
column and a hase a pH value at which the analyte is com-
pletelylommd(addp forhuu,badcpl—lforad:k)and an appro-
riate ion reagent of opposite charge. Trialkylammonium salts are com-
userfgﬁoﬁmplcxwdicmﬂym and alkylsulfonic acids for basic analytes.
Theaonpaussepanueaiftheyareneuuﬂpohrmohcub.hnduemmcha-
nism of ion pair chromatography is unclear. Retention and selectivity are affected
by the chain length and concentration of the pairing reageni, the concentration
of organic solvent in the mobile phase, and its pH. Retention increases up to a
int as the chain of the reagent or its concentration increases,
o g e e

Traramittel No. 54-1 {1/94)
Fam FDA 2805e 16/5¢)
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Compounds not ionized at the operative pH will not with the reagent, but
they may still be strongly retained by a lscolumnpc;cirpendmgondldralkyl
structure. In this case, however, retention will not increase with the addition of an
ion pairing reagent, and some decrease in retention may occur, probably due to

reagent competition for the stationary phase [1].
Ion Exchange Chromatography

IEC is used to separate ionic compounds. Microparticulate insoluble i
merrelinot:siha u&daﬁewwwm%

chemically bmmdtothempponproducemgaudcanon
thmmnmlychu_gedquammmymmonhmmbmmdmthemp-

in IEC result from competition between the analytes and mobile phase
iomforamofﬂodmchargeonthemry - Important factors control-
ling retention selectivity include the
type and concentration of other ions in the buffer system, pH, temperature, and
the presence of organic solvents.

Jon chromatography, a subcategory of IEC, has been wsed primarily for separa-
tions of inorganic cations or anions. Because a conductivity detector is usmlly
employed, some means is required to reduce the jonic concentration and, hence,
the background conductance of the mobile phase. A second ion exchange sup-
ressor column to convert mobile phase ions to 2 nonconducting compound may

used. Alternatively, a stationary phase with very low exchange capacity may be
used with a dilute, low conductance mobile phase containing ions that interact
strongly with the column.

Size Exchmion Chromatography

SEC scparates molecules based on differences in their size and in solution.

SEC cannot separate isomers. SEC is carried out on silica gel or &msu:hnp

having open structures with solvent-filled pores of limited size range. analyte
can enter the pores and spend a longer amount of time passing

the column than large molecules, which are excluded from the

thmshmldbenommonbementheamlymandtheaufmeoﬁhemon-

ary phase.

Two important subdivisions of SEC are gel (GPC)

and gel filtration chromatography (GFC). uses organic solvents for organic

polymers and other analytes in organic solvents. GFC uses aqueous systems to
separate and characterize biopolymers such as proteins and nucleic acids.

The chemist developing an HPLC method must first consider the of
the analytes of interest and choose an HFLC separation method that takes
advantage of those properties. Many of the references in the (Section

608) guidance to ing these choices. A general, si for
selecting an HPLC mode to the properties of the analyte(s) smmd
in Figure 601-c; the guide is on the principles of Snyder and Kirkland {2).

[0
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This scheme categorizes analytes as cither ionic/ionizable (and therefore water
o az}:l;rno&ionicﬁni oftheam(ll;:s.thedhgnm)pmidu:naﬂmbﬁ:r
tions, on
choodngmHPlgomothy:ofopmﬁonlikelywupumd:eanﬂym

801 C: INSTRUMENTATION AND APPARATUS

Basic Components

The following basic components are typically included in an HPLC system (Fig-
ure 601-d): solvent reservoir(s); optional gradientforming device; one or more
precision solvent delivery pumps; injector; analytical column and optional
precolumn and guard column; column oven; detector; recorder, integrator, or
computerized digital signal processing device; and associated plumbing and wir-
ing.

Traramital No. 84-1 [1/84)
Foren FDA 290658 (8/94) 601-5
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Gradient
device
Semple
q-nml
Thermostatted Rgure 8014
Purmp A Pump B e coumns Oven Block Diasgrem of
HPLC System
po— Colurmn m&np-n-‘nd
Solent A Sovert B MoGres-H Book Compary. from
\nn-.no.umar;-“—&a:
Thermostatieg  Cusntkative Anslytie, .
=Sk Ivaa= =
readout device ~—Datactor
Amplifier

ForamlyﬁalHPLC,typwalﬂowramofo.s-SmlJminmpmduwdbypmp
opennngatﬁﬁﬂ-ﬁﬂﬂﬁpn.x\lthwghur\mm
tion, state-of-the-art 25 cm x 4 mm id columns 51nn typhlly
ducelOﬂO-MpuatlmL/mm.Highprmmahonldbeavmdedbeme
contribute to fimited column life expectancies.

extract is applied to the column from an injector valve containing a
that has been filled with sample solution from a A&erpnsmgthmnghhg
column, the separated analytes are sensed by visible, absorption, fluorescence,
elecu'ochcmu:al.&l:owoon&ucﬁmy or Rl detectors. To minimize extra-column
spreading, instrument components must be connected wsing low dead
volume (kdv) fittings and valves and tubing as short and narrow in bore as possible.

Analytical HPLC may use either isocratic or gradient clution methods. Isocratic
clution uses a mobile phase of constant composition, whereas the strength of the
mobile phase in gradient elution is made to increase continually in some prede-
mrmmedmannadunngtheupaudon Gradient clution, which requires an

pro-
they

automatic electronic that pumps solvent from two or more reservoirs,
reduces analysis time increases resolution for complex mixtures in 2 manner
W rogumwmcl.c.clﬂiemeiuﬂon is highly

to be for residue determination. However, it is not

almyspo-ihle gradient clution because HPLC column/solvent
deMnmmc;abhmmempﬂmmdmechnga

Stationary phases are g:hﬂnl.ormegnhrpotmnplrﬂdahning
nominal diameters of 10, 5, or 3 um. Bonded by chemically
bonding different functional p mthemrfaceof are most widely
used, along with unmodified gel and size exclusion are usually
sumlussteel.s-ﬁunlongandtﬁmmd,pnpuked commercial manufac-
turers. There has been increasing use of microbore columns diameters 2

mm. Although many HPLC separations can be carried out at t tempera-
ture, column operation in a thermostatted column oven is necessary for reproduc-
ible, quantitative results, because distribution cocfficients and solubilities are tem-

perature dependent.

Depending on the nature of the analyte(s), certain additional equipment be
required. For example, apparatus and reagents for performing pou«o:;’m

Troeminad Ne. 54-1 {1./894)
Farm FDA 2005 15./92)
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derivatization, as used in Section 401 for may be needed to

N-methylcarbamates,
convert analytes 1o compounds that can be detected with the required sensitivity
and/or sclectivity.

HPLC System Plumbing

Band broadening can occur not only in the analytical and guard columns, but also
in dead wolume in the injector, detector, or plumbing connecting the various
components of the HPLC system. This

effect, calied extra-column di on, Figure 801
must be minimized for high efficiency. Column Outiot Ftings
The choice and use of mbi

and fittings are critical in this .y..:'.
Fittings. Figure 601-¢ illustrates three men
types of colamn cutlet fittings. The Ornindegs
conventional fitting (i) used in GLC el ik,
andgencmllabmatoryphmhntm -
excessive dead volume. It has
modified to a zero dead vol- AL

(0

ume (zdv) fitting (ii) in which the

metal column and the tbing are

butted up directly against the stainless (i} Corventionsl reducing union (deed volume is
steel frit. There is evidence that the sheded]; i) 2dv union; (&) kdv union.

nature of the tubing connection in the  Reprimed with pariasion of John Wikey and Bom, Inc., from
zdv fitting may lead to some loss in mégtmgmwm
efficiency, especially if the connection P

'u:;otmadecarcﬁxﬂy. The Wv fitting

(il roves efficien meofaoonechxpeddisu-ibumrconnecdngmepnne
orﬁ::l;lt’theenddth?giumnwiththe . A typical dead volume for the Idv

fitting is 0.1 pL.

Columns are usually received from

Figure 8014 manufacturers with a 1/4-1/16" zdv or ldv

Low Dead Vohume Fiting ontietﬁmngandal/fmnmdapor
a reducing union at the inlet (ie, not

TFUYP Figure 6014 shows a complete Miv it
Figure a
connection between a column and a
<—Farus detector. The column fits inside
w—2pmpounit  the stainless steel end fiting sealed
a hi jon ferrule. A 2 um
A/ mdio mhmmmm
oorie column and end fitting. The column and
detector are by a short length
of stainless steel (or polymer) tbing.
*% dencr The column is also mmzdv ldvtgn:eg
injection valve using a 2dv or
[leprinted with permission of Howsrd Gioane, Sevars, a1 & short length of stainless steel mb-
from LE-102 sudiovisus program.) ing.
P FOA CEe /401 601-7
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Figure 801 External column end fittings (Figures 601-¢ and 601-
b f), which were formerly popular, are not durable
during attachments and remowals. Thus,
the internal fitting is practically standard today. This
uses female threads in the fitting body and a male
nut (Figure 601-g).

of wbing. The most commonly used B the
internal thread ldv type (Figure 601-h). union
is not drilled through completely, but a short (0.027)

hgmthamlldhmcter( 002 or
0.01") hole drilled through. Even though the tub-
ing ends do not butt against cach other as in early

um:mwﬁmig together zdv type.
hramag i Fou 516, Pge 01 Assembly of Fittings. Fittings consist of four parts:
the body, tubing, ferrule, and nut. The nut and

ferrule are slid onto the tube end, the wbe is pushed all the way into the fitting
body and held there securely, the nut is finger-tightened, and then another three-
quarter turn is made with a wrench. This procedure should assure that the ferrule
is pressed ( ") onto the wb-
ing. To replace the ferrule, the tub- Fgure 801h
ing must be cut and the fitting re- P ornal Thread Dead Volume Fiting
made. When using fittings to con- Low
nect system components, the nut
should be tened and then
tightened a on tum more with —f
a wrench. I leaking is observed,
ightly more tigh should be

ient to complete the seal. Over-
tightening of nuts can lead to fiv
ting distortion and leaks. {Reprioted with parminsion of Aster: Publish

from Dolan, LW., and Lipchurch, P. [1988)

Fitting components from different  Ffigurs 3. page 788)
manufacturers have dissimilar de-
signs, sizes, and thread and are usually not interchangeable. Ferrules from
different manufacturers unique shapes, but they are usually interchangeable
becmnetheﬁ'ontedgeisdeformdwhen]xe-edonmdmmhmg However, as a
general rule, it is best to purchase all fittings and spare from onc manufac-
turer. Even fittings from a given manufacturer differ slightly because of manufac-
wuring tolerances. However, this is of concern only microbore columns, for
which dead volume is a greater consideration. For these columns, it is best to not
even interchange fittings from the same manufacturer.

A variety of fittings are available that can be ightened to the degree nec-
essary to seal stainless steel tubing at 20006000 psi. All of these are based on the
use of polymeric ferrules, but some have a steel nut, whereas others are all plastic.

601-8

Trenamiinl No. 84-1 (1/84)
Form FDA 2E05s 6/890)
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They arc used mostly on frequently attached and detached pressure connec-
nons,suchasbetween:hemjectorandmhmorcohnnnhaﬁdem and for

polymer tubing waste lines from the injector or detector.

Fittings must be kept free of silica particles, which may scratch surfaces between
the ferrule and union and cause Jeaks.

steel ml is available that is for
m:n: use in HPLCbmgsystcms. Itis Mmmm:ﬂypohhmwm w0
provide perfectly square ends. It is also cleaned by sonication, passivated, washed,
and rinsed with a solvent such as isopropanol to climinate residual dirt or oils.

Despite this careful preparation, it is a wise precaution to rinse new tubing with
mobile phase under operating pressure before using it as part of the HPLC system.

Thcmmcmnmnlyusedmﬁngfmmecﬁngwmdthechm
is 316 swinless steel, 1/16” od, with different i diameters. Tubing with
(0.25mm)1disoommonlyuaedinarmwheredadvohzmcmbemmi-
mized to maximize efficiency, e.g., between the injector and column, precolumn
andoohmn,columnsmmes,andoohmnanddctecmr,mdforprepnrmgpuhe

damping spirals.

Typical lengths of tubing connections are 3-6 cm. Tubing with 0.005 or 0.007" id
is used to connect microl or short 3 um particle size columns to detectors and
inj Filtering of samples and solvents is critical to prevent clogging
of this narrow bore tubing. Tubing with 0.02-0.05" id is available when ldv is not
important and low resistance to flow and pressurc drop is desirable. For example,
1 mm (0.047) mbing is often used between the pump and sample injector.

Tubing can be cut to reqlm'edlengthinthehboramty but it is important not
wdmmthemm‘gmdmmgm c simplest method is to
score the thing completcly around the with a file and then bend it back
andforthwhdeholdmgitonatherlﬂeofthemewhhmmoothjlwdpﬁus
The ends are filed smooth and deburred, and the

mthm!vcnt.lfthcbom:hmﬂdbeoomcloned the andﬁling,thetube
can be reamed out with an appropriate smoothing and wash-
mgAnumberoflypaofmanualandmotomed qmenmavailagkﬁ'.ﬁo‘:
chromtogmphyaccmorympphml’mperwmng tubing to make
connections is an art that requires considerable practice.

Although stainless steel tubing and mndudforqmndngapnic
andult—fmeaquemnaohenu,mnouon with buffers contain-
ing salts, particularly halide salts at low pH companies have available a
variety of accessorics that can solve this These include dtanium

preuumsynemoomponems,formem ¢ flow stream at all points of
contact, and titanium or polymeric fluorocarbon tbing with id values simi-

Erwmm]eumeLOnemchpolymeruTefu!(cthylene-uuﬂuomﬂhylene

copolymer), which can withstand pressures of 5000 psi or higher. (Teflon is im-

ited to <1000 psi.) Titanium and lmﬂuplmnhngum:ponmuare
wn!ur:&eﬁormmmmwﬁ chromatography.

Reference 3 is a valuable source of information to help avoid many tubing instal-
lation problems.

Trenemittal No. 84-1 [1/04}
Form FDA 2005 [6./792)
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Leaks. Leaks are relatively easy to detect in LC instruments becanse liquid
will be visible around a loose fitting. A loss of systern pressure when using a
constant volume pump is a common that a leak may be present. H this occurs,
all fittings, especially sample valve and column fittings, should be checked and
tightened if necessary with two wrenches. Care must be taken not to

overtighten. ¥ leaking does not stop, the fauly fitting must be replaced.

601 D: SOLVENTS AND REAGENTS

The mobile phase in HPLC is chosen for its ability, in combination with a partico-
Iar:ohnnn,toptwl:iednerequn'edsepannonofﬂ:::nmalyw(l) The solvents used

to prepare the mobile must be of high purity, most often HPLC
spectrophotometric , or distilled from all-glass apparatus. Other factors of
ce include cost, viscosity, toxicity, boiling point, compressibility, UV trans-

parency (if a UV detector is used), RI (if an RI detector is used), pre-un:
flash point, odor, inertmess with respect to sample compounds, and

corrosion. Cho:cesofsolvenaandmgmumnotbemadcwuhoutmefulmn—
sideration of the effect their presence can have on the entire HPLC system.

Solvents and reagents used in the HPLC determinative step and in sample prepa-
ration procedures preceding HPLC should not

1) cause degradation or unintended reaction of the analyte(s);

2) cause the solvent delivery system to malfunction;

3) cause damage to the analytical column;

4) cause damage to the detector; or

5) contribute noise or increased or decreased detector response for the

analyte.
Potential Problems
Many of the problems with mobile nhebemeoftheptmdmpn—
rities, additives, dust or other maitter, or disolved air.

mmespu:ﬁcpmuﬂpmblemsmﬂ:sohmuandmuandwm
tions follow.

Degradation. Analytes solvents and used in the ex-
traction and clean or in the step itself. Analyte
chemistry is usually advaa, to caunse
mnbemkbd.Unexpectel:re:fcﬁ.:ofﬂn ()(')'mthe bedcmog
strated by poor recovery compound(s) through method,
detecuozyofadd;m prodeucumthedemminaﬁnnep *

The ce of in solvents or ts is often the cause of such

prescnce of mpurics In scivcan o resgeas o oficn e caee of soch
beenfmmdmdegndeN—me:hylarhmammmthardemuﬂmmtyHﬂ.C.
Purity of all reagents used in trace-level determinations should always be as high

as possible.

601-10
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Dissolved Gases. The presence of dissolved gases in solvents the mo-
bile phase is a major cause of practical problems in HPLC. Gas can collect
in pumps, the detector cell, or other locations in the HPLC system. This can affect
the reproducibility of the volume delivered by the pump, or large bubbles may
completely stop the pump from working. Detection can be affected in various
ways. With the UV detector, air in the detector cell can cause seriously increased
detector noise or high absorbance. Dissolved oxygen can interfere with detection
at short wavelengths, as oxygen absorbs radiation at <200 nm. Solvents must be
“degassed,” a topic covered in Section 603 B, Mobile Phase Preparation.

Damage to Colmnns. HPLC columns are and to
B S L s iy et e e
bases should not be used in analyses involving BPC unless their removal
chmmatographytzmbeasnn’ed.Bondodphasesareusmllysublemthepﬁﬂor

of approximately 2-8.

ic particles and microorganisms can column frits or even the
miwﬁmhhppmgthepwsg:gdmpmthemhmﬁwm‘:
given flow will gradually increase, and the column may eventunally become com-
pletely blocked. Filtration of the sample solution and mobile phase to remove

25 pm, and the use of an appropriate precolumn and guard column, are
recommendedtoprotecttheanalyualcohm.hmduéummyheofm
cern with some columns and detectors.

Any mobile phase, especially one contai water or methanol, can dissolve silica
gelmunmodrﬁedandbonded:ﬂiagelco A precolumn containing silica
gel can be positioned between pump and injector to saturate the mobile phase
with silica gel so that the analytical column is not dissoived.

Both precolumns and guard columns are discussed in Section 602 E, Analytical
Column Protection.

The potential for to the column ? ts used m-mlumn
derivatization is unlikely mu@ of the phase is

post-column ts can the column effluent onto
the column. This can result in deterioration of the colomn packing.

Damage to Detectors. The potential for reagent damage varies with each detector.
As stated above, the compressibility of dissolved gases in solvents can cause bubbles
to appear in the detector cell and interfere with the analysis. Traces of oxygen are
incompatible with electrochemical detectors operating in the reductive mode;
oxygenunahomnequenchmginﬂuorucenoedemon,ladingwmduoed

sensitivity. dwhnuhrqmrdmmw
detectors can be clogged by the presence of particles 202 um. ion of sol-
vents through a 0.22 ym filter is essential when using this type of detector.

Solvent Impurities. Many reagent grade solvents contain ievels of impurities that
make them unsuitable for use in HPLC. Sometimes the impurities are added
deliberately by manufacturers as antioxidants, stabilizers, or denaturing
For example, chlomfozmmnllyoonuinsuptolo%methmolorethmfm?d
may contain butylated hydroxytoluene or hydroquinone. These
tics may cause increased or decreased detector response or change the
mobﬂephasemengd:and/or:elecuvity

Tranamittal No. 84-1 (1./84)
Forvn FDA 2805e {6/98)
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In some cases, incompatibility of a solvent or reagent with the HPLC system can
mmdmmmdmmmmemdep:;
recognized only during use of the chemical; careful investigation

be needed to determine the cause of the problem. Even microorganisms in inad-

purified water can cause a background signal in some detectors (see

ater, below). Wheneverpom'ble}u{sl‘l‘ll.cgndcaolvenn:hmldbemedwpre-
pare mobile phases. or pesticide grade solvents may not be

purc for HPLC use. Solvents should be adequately purified and tested before use.

Specific Solvents

Water. Water is probably the most commonly used solvent in HPLC becanse of its
role as the solvent in RP mobile phases. It is also one of the
most difficult solvents to and maintain in the pure state. Purity of water is

critical in the determination of trace residues, when detectors are oper-

ated at high sensitivity.

Purification of water by distillation, even triple distillation, is inadequate because
volatile and organics will not be removed. Bonded RP columns will
eoﬂeathmunpmuesmerlongtemme,whichcanalmrthepmpe:ﬂad‘thz
column or sometimes produce spurious peaks. Water can be purified by distills-

tion from potassium permanganate, grained C-18
bonded &mm»wﬁﬂmmaw
means of a commercial water purification system.

Onewﬂeiymedmmerwnﬂaﬁonm(uﬂhpmtwm@mpdmedm
a prefilter cartridge to climinate particulates; then
ofcharcoal,ionexchangerenn.andolgancx-gand
0.22pmﬁlter The activated charcoal
can interfere with spectroscopic detectors. mmdbedm
cartridge(s) removes inorganics and ionized organics, as well as impurities
ﬁomthecharcoaLthuremovaluenemhlforpmperopamofdecunchmr
cal detectors. The Organex-Q cartridge eliminates any remaining organics,
addition to traces of material leached from the ion exchange cartridge. Thcﬁna!
0.22 pm filter removes particles and microorganisms not climinated
bytheprwimncarmdges. step protects column frits, columns, and
detectors from particles that could clog them. It also mini-
mmutbe po-ibilnythatmmootganmwillgtwnﬂumﬂytoameahck
gounddetector The quality of the feed water is improved and the life of
n sysicm is extended if a reverse osmosis system is included between
thcpreﬁhermdwbonmmdga.ihhmlonntbchuelevdd‘m
inorganics, and microorganisms.

Lﬁaooug:n‘ummhahacuuﬁandalgxmdﬂply’ rapidly in water. Therefore,
even when using water in the manner just described, it is wise to discard
all remaining water at the end of each week. The HPLC system should be flushed
with methanol to any microorganisms that have entered it during the
week. At the beginning of a new work week, the water reservoir should be washed
with methanol prior to filling with i . i
isms can also be prevented by adding 0. sodium azide or acetonitrile (which
is present in many RP mobile phases) to the water.

Purified water is best stored in carefully cleaned glass containers. Plasticizers
can leach into water stored in plastic containers, interfering with RP systems or

601-12
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contaminating the column. Leaching of metals from glass containers is also a
possibility, but this is usually less of a problem than introduction of organic impu-
rities.

HPLC grade water can be from a number of commercial sources. This
water can be used as received for most applications.

The following purity check can be used o test water for applicability in HPLC:
* Pump 100 mL water through C-18 column.

® With a UV detector inline, run a linear gradient from 0 10 100% metha-
nol at 1 mL/min for 10 min and hold for 15 min.

¢ If the UV bascline shift at 0.08 AUFS is <10% and very few peaks of <3-
5% full scale deflection are observed, the water is pure enough for most

applications.

Acetonitrile. Acetonitrile is commonly used in RP HPLC mobile phases. Manufac-
turers’ specifications for HPLC solvent purity are usually bascd on acceptability for
UV detectors. Specifications for fluorescence and electrochemical detectors are
very difficult to define because of the complexity of instrumental parameters.

wm«dmemmmmmmhmuemplopdmﬂw;m
nol, which suffers from the same inadequacy of specifications as acetonitrile.
Methanol has the disadvantage of producing relatively viscous solutions when mixed
with water, giving rise to much higher pressures than with other mobile phases.

Chilorinated Solvents. Some chlorinated solvents are stabilized against oxidative
breakdown by addition of small amounts of methanol or ethanol. Alcohol will
increase polarity of mobile phases and shorten clution dmes in NP HPLC. Also,

ucibility will be affected because the concentration of stabilizer will vary
slightly from batch to batch.

Chlorinated solvents can be purchased without stabiliser, or the stabilizer can be

decompasition may be accelerated by the presence of other solventa.
acid can be removed by passing the solvent activated silica or calcium
carbonate chips. Solvents can be stabilized with to avoid these problems.

Gillespic « al. [4] noted problems such as increased detector and discol
oration of when cthylene dichloride or methylene ide was used
in HPLC mobile phases. The described were attributed to a reaction
between solvent impurities stainless steel upon prolonged contact.

Ethers. Ethers contain additives to stabilize them peroxide formation. For
enmple,temhydroﬁmno&mmbihmdby tion of small amounts of hyd-
roqumone This compound absorbs UV radiation and so interferes with UV ab-
detection. It can be removed by distilling the solvent from
'epclleu.lnhibuor-&eeuemhydmﬁ:nnshouldhemedina bottle
and flushed with nitrogen after each use. Any peroxides that form should be
periodically removed by adsorption onto alumina.

Traramittal No. 54-1 [1,/94}
Form FDA 2906e (B8/92]
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Reagent Blanks

Blank samples should be analyzed to ascertain that no interferences from

reagents
i blanks 3 when
T e e ey e

Safety Precautions

Beyond the concern over damage to HPLC systems that can be cansed by reagents
and solvents, it is important to protect the health of the analyst. An awareness of
the toxicity of the chemicals in use is essential. Care must be taken to minimize
cxposure to toxic chemicals. See Reference 5 for more on laboratory safety for

HPLC analysis.

601 E: SAMPLE PREPARATION

Sample Cleanup

Extracts to be HPLC must be cleaned (ie., interfering co-extrac-
mm)mgmpmnﬂmuﬂam?;dqmm&m
andmprmntoonuminaﬁou;:rharmmauypmtf{dmﬂﬂﬂqmm
column and/or detector impaired by injection of dirty extracts, especially
whenmnysamplum:;lyyud. o

Cleanup procedures for trace residue determination by HPLC must be developed
to accommodate the selectivity of the detector. Dimolved interferences in the
sample solution that in the chromatogram as extra must be re-
moved. Any materials will be strongly adsorbed by the mmust abo be
removed to prevent their affecting chromatographic characteristics of the column,
causing baseline drift, or appearing as spurious peaks in huter chromatograms.

A recent innovation combines cleanup of the sample extract in-line with the HPLC

deternﬁnaﬁvenep[ﬁ].Aahoncohmd‘SQ{rednreﬂ;:lm loop in
a six: HPLC injection valve, where it effectively removes

 chlor , from the extract. Solvent ofmeoohmnmwhﬂetheshat
column is still offline (disconnected from the ical column) cleanup
and substitutes for traditional separatory funnel t switch-

ing of the valve places the cleanup column in-line with the analytical column
tidimensional variations {7] provide simple, rapid analyss with minimam solvent
use.

Sample Filtration

Removal of particulate matter in the sample solution is critical for HPLC stability.
Both column frits and the of the column packing can become clogged by
particles, Jeading to in back pressure and adverse effects on chromato-
graphic results because of decreased column efficiency, production of split peaks,
ele.

At a minimum, samples should be passed a commercial clarification
apparatus, such as a syringe and a 5 pm filter in a Swinny adapter, before
injection. In residue n, passing samples through filters with <1 pm
601-14 o PO bae o2
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K the detector in use is of the porous flow-through the
aample mlkibeﬁhﬂedwremmcpuﬁcles)oium.lnaddiﬁon,h-ﬁnq:eﬁluu
placed ahead of the column can be used to t of column frits. It
munpomnttommthattheanalywisnot medium,
forquanmanvcdetermmanon.minhmldbcdemrmmedbymalymofnmpb
fortified with known concentrations.

Sample Solvent Degassing

Sample extracts shoukd be prepared for injection using solvents that have been
degaedmtheumemnmobilephuesolvenu(seeSecﬁonﬁﬂSB,Moﬁk
Phase Preparation). This will reduce the ity of problems when the
solvent enters the detector cell. The sample solution itself shouid not be degased
because evaporation will change its concentration.

Choice of Sample Solvent

Ideally, thenmpleshwldbedbohedmtbemobﬂephue.ﬂ:kred:mtheue
of the solvent peak, thereby aiding identification of early eluting sample
akomﬂsnmpkgeupmonorhdomtheeohmn.whu:hm t’be
loas of analyaednmpleandappeamoeof nndomly
cluting peaks in chromatograms from nﬁecﬁom.'lhuwuhioocur,for
example, if the mobile phase is methanol/water and the sample is dissolved in
neat methanol because of insolubility in the mobile phase. As a precaution after
using a different sample solvent, the column should be flushed with a strong
solvent that is compatible with the column, followed by equilibration with the
mobile phase before injection of the next sample. Ultrasonic mixing may aid in
dissolving the sample in the mobile phase or a similar solution.

lfdmsamplemntbepupamdinasohmtdlﬁumt&mthemﬁlephue,h
should be compatible with the column, as close as to the mobile
composition, and of weaker clution strength if keonlinmtwuhsolnbﬂity
requirements. In addition to possible le precipitation as described above,
injection in a stronger solvent can cause tailing. If a stronger solvent must be
used, the smallest possible volume sh: be injected.

601 F: REFERENCE STANDARDS

General preparation of solutions of
cnlreferenplzemmsundatdsﬁnr h%mmalyﬁmmmdmm.%
,andmhhtymdam’bedmgrmmdeuﬂmkeﬁumce&

Thenaumuf![?lﬂmkulttheptd‘areddemrmimﬂvemﬁ
reactive, or easily degraded pesticides. For this reason, the tyofthepeldade
in the solvent used to prepare standard solutions requires particular attention.

Stock Solutions

Considerations for the choice of a solvent for preparing stock standard solutions
are the same as for ing a solvent in which to inject (see Section 601
E). If stability permits, stan: solutions should be in the mobile phase
to be used in the HPLC analysis. However, many pesticides have limited stability
in “reactive” whenu,mchamﬂ:anolormr.o&enmedformbﬂephmF

example, the fungicides thiophanate-methyl, captan, folpet, and captafol can be

Tranwmittel No. 84-1 (1/84)
Form FOA 2905e {8/92)
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stored indefinitely in benzene, acetone, or isooctane, but they quickly degrade in
methanol/water.

Aliernatively, stock standard solutions can be prepared in a less reactive solvent
with a fairly high volatility (e.g., acetone). Working standard solutions can then be
prepared by evaporation of the volatile solvent from an aliquot and subsequent
dissolution in the HPLC mobile phase or other appropriate solvent.

Benzene i a good solvent for most standards, but is makes its
fsox low volatils i 5 e loss during mc::taho
isooctane’s ty minimizes e storage, pre-
cludes its use in cases where it is d tomponmed:eongmalsolwntptm
to dissolution in the mobile phase. Chlomformumeﬁ:lforunzinu,methykne
chloride or methano! for carbamates, acetone for benzimidazolerelated fungi-
cides, and methanol for phenylurca herbicides.

Because of possible deterioration due to evaporation and/or instability, it may be
necessary to remake stock standard solutions frequently. Because standard refer-
ence materials are often supplied in limited quantities (<100 mg), me of a mi-
crobalance is preferred for accurate weighing of low mg quantities of standard for

of stock solutions. Direct preparation of dilute solutions in thism
mgakomduoed:ennmberofdﬂuuommqmredmmkcthemrkmg
solution.

Working Standard Solutions

These solutions are prepared at concentrations suitable to the detector in use and
theexpemdlevehofpuuaduinumplem(hmenmmd
standard solutions should closely match those in sample cxwracts for the most
reliable comparison of peak heights or areas. For general screening purposes or
multiresidue analysis, working standard solutions can be made up as mixmres of
pesticides resolvable by the method.

Stability of working standard solutions should be confirmed by periodic compari-
son against newly solutions or fresh dilutions of stock solutions. Solvents
used to standard solutions should be compatible with the sample
solvent and the HPLC system (see Section 601 E) and should be checked for
contaminants that could possibly interfere with the analysis.

Storage

Smdsmdudwhﬂomshwﬂbemmdhmaplomnprodﬂum
<4° C. Benzene solutions can freeze at these temperatures and contain-
mOrganochlormepemadesmckmlunommbelmmdﬁoraﬂanﬁmths
without deterioration. Organoph: and carbamate solutions are less stable
and should be discarded 34 months after preparation. Some standard solutions
degrade quickly and must be made fresh at least daily.
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602: COLUMNS

The natire and dimensions of the column ing, together with the nature of the

mobile phase, determine the selectivity efficiency of the separation that

is achieved. cohnmnsmpackedwithll (usually 3-10 pm) hav-

mgananwmdism‘h:ﬁonm roximately ). The use of

materials ires that the m the column at high

pressure. Col can be thehboramly but most analysts purchase

commercial prepacked, pretested columns.

An HPLC column is a highly efficient filter, and any particulate matter or strongly
retained i tythatnlmectedwillremamonﬁﬁop To prevent deterioration
of the analytical column, a guard column should be instalied between it and the
injection device. The guard column is discarded or repacked after a certain num-
ber of sample injections. A saturation precolumn sitmated between the and

mectordmoemaybcmedtoemreeqmli’buumhemmﬂmm ma
m system, or to prevent dissolution of silica from an
\mmodlﬁedorbo analytical column. Although columns of different

amhznbeennud,!ﬁunx&émmndoohmpukedwithSorlOumm

ary phase material have provided adequate separation in a reasonable time for
manyapph«mions.

602 A: COLUMN SELECTION

Column selcction is not a straighdorward The best is to search
thehmmmforwrkpnﬂshedmanmuonpmmaumenmew:dwnmihrw.
the one that needs to be accomplished. Many of the references in Section 608
discuss column selection techniques for different sample types, and most column
manufacturers have published guides and technical data sheets that will aid in
column selection.

A knowledge of the ch of the sample, oﬁaendetcrmined by some simple wet

chemistry experiments, combined with a mnlemndl'

pmbablythemethoduwdmonoﬁenmoolumnsehmon I the weight,

::zg:ofsohxhﬂuy andmolemhrorionicstmcmmoftheanﬂymmkmwn.a
of separation can be selected as discussed ﬁgumﬁ()l—c) The
most appropriate column for that mode is then chosen, ez:nmoe

of the analyst, column manufacturers’ mcommcndaﬁons,oramrch

ture.

602 B: ANALYTICAL COLUMNS

Factors important in efficient columns include nmdmude
distribution in the andm:mmaldeadvohnneind:e cells,
and other components of the HPLC instrument.

Most packed columns are made from stainless steel. In addition, cartridge
oohmmare&monandmdialmmq;monmhmptqmedﬁ%:hmymn

polyethylene cartridges are available latter columns are
in a hydraulic press during use to minimize void volumes and ndﬂﬁeﬁccuand

thereby increase column cfficiency.

Trenamistal No. 841 (1,/84)
Form FIA 2005 (6,/792) 602-1
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Recent advances in column technology include use of 3-10 cm columns packed with
3-5 pm particles. The major advantages of these shorter columns over conventional
25 cm columns are faster separations and improved sensitivity of detection. Another
trend is the vse of microbore columns, 0.2-1 mmndoolummpackedmthmmﬁonal

bonded hﬁcrobmcohlmnsmhemadeverylong.pwm
million eoreucaiphtesfordiﬂimlu@uamm.'lhequum ot‘
mobile phases and allow novel detection possibilities, including flame ionization,

chemical ionization mass spectrometry, and IR spectrometry.

Normalphase(NP)HPLanrmdmnonadlorbent(dﬁagd.alumm)col-
umns or bonded (cyan o,ammo.diol)cohnnm.

raphy pola:bondedphasechmnmognp are ot'
nonionicmulnﬁmcﬁonalcompmmdsandmﬁhaﬁ b{aw

used column for NP separations. However, becanse NP
medwidelyforanalyﬁalwork.mmdismsionofmtummmthkneﬁonm

to various types of reverse phase (RP) chromatography used for pesticide determi-
nation.

Liquid-Solid Chromatography

Until recently, little use had been made of chromatography (LSC)

ggdad: Now, however, a column poxmgnphinccnbon.ampohr
adsorbent, has been successfully applied to the determination of
?;Zbl]l applications Y [gmﬂmm

offer ty for requiring pH extremes and are tary to

silica-based columns.

Bonded Phases

Mmmmmmummmaam
ﬁﬁdpb&:ﬂmﬂ% chde hﬂ;u::g(}-l 0-2.04,0-
» O, OTCFIOh m m 'ﬂmm#*

mmmi;ndnmo trﬂa:;lN puhrnm;:ee (m’
ol or on| Bomou:«m re-

and
reproducible mnonbondedcohmmmdnphydcnllyadaorbedmmgg
whxchd:eyhmealmoummplemelymphoed.ﬁem:gorhmuﬁonudwnm
pH range for column stabili

Moummmudaﬂyanihblcbondedphmmof!hedlmne
They arc prepared by reacting surface silanol gro m with an

t, the organic porﬁonof isthemoietymhe
bonded(octﬁ,omdmenﬂaminopmpﬁ.qmopmpﬂm) P:chnpcanbe
prepared, for c:ﬂrmbymgmono-,di- or o to produce
properties.
rmwxdaﬁhcamformnmonomolecnhrhmofbondedmgsnicmﬂror
trichloroorgancsilanes react with silica in the presence of a protic reagent to form
a linear or cross-linked polymeric layer, the structures and properties of which are
not as well defined as with monomeric Polymer bonded phases have poorer
mass transfer characteristics but higher . Some of the accessible unreacted
silanols on the silica surface after the primary bonding reaction may be removed
by end-capping, which invoives reaction with a less bulky reagent such as
trimethyichlorosilane.

Traamiinl No. 941 [1/794
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divinylbenzene (DVB) polymer as the base material have been developed.
Another approach is a base material composed of alumina coated with a
polybutadiene polymer layer to protect the bonded surface from attack by hydrox-
ﬁ%ﬁqupmpﬂlBupmﬂﬂeformchcdumbewmﬂummnmﬂeu
pH

Short chain phases such as C-2 and C4 are used to reduce hydrophobic interac-
uommucparannghighmolemhr t analytes, such as proteins and peptides.

cyanoﬁmcponalgrouporasashortchaink?mamcﬁalfornpmﬁonofpohr

carbon atoms in an chain, are less polar than silica and are wsed in both
NP and RP chro Phenyl phases are prepared by the reaction of
dimeth omnlancwxﬂnnliafl'lhcyarenonpohrmdhm?eml
affinity for aromatic exyl phases have selectivity for alicyclic

co to straight chain col Some RP columns are base-
deactivated to optimize jon of basic compounds without tailing or need for
mobile phase modifiers for ion pairing or ion suppression

The determinative of Sections 401, 403, and 404, methods for N-methyl-

d benzimidazoles, respectively, provide examples
ofapphanomofbondml?ll’LCmpmdeh:ddmanﬂym

The amount of DVB added for the polymerization reaction determines
thedegreeofauu-hnkingand.hence.theporestmcnne Resins with <6% DVB
are not pressure stable and cannot be considered HPLC packings. Slow diffusion
of analytes within the polymer matrix and the resulting poor efficiency led to
dﬂdopmentofpeﬂmm exchmgemateriak,Mgof:gl-cm.m

termediate coating of silica, and an outer ion polymer film. These
mamalsmﬁ'erfmmlawcfﬁamcydmtothen' large particle size and
low sample capacity.

anion exchange), or an amine (weak anion

capacity of exchangers is a function of the pH of the mobile phase adnngc
apautynexhibstedbydxﬁ'eumexchmgmatdtefoﬂowmg_

cation, above 3; weak cation, above 8; strong andmkanm.
below 6. The wide exchange range of strong makes them most useful
for general analytical work. The pH of the mobile controls retention by its
cffect on the ionic natre of both the sample and the exchange sites.

Pesticide Anelyticel Manual V. | SECTION 602
Most of the current bonded RP columns have 5 um silica as the base
material. Pore size ranges from 60-300 nm, with 80-120 nm most common.
To increase the range of pH stability, bonded columns having po .-

Tranamitzal No. 84-1 [1/84})
Form FOA 2908e (8/32)
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IEC has been applied to determination of residues of formetanate hydrochlo-
g,l:[ﬂ maﬂmachmgemechanhmkmedfuﬂmchmmmaphyd
ionic

Ion Puir

RPionparchmmamgraphyuanaltemamchEC.ltaanextenﬁonofm
gpm-o mtoglmy.mwhid:wakaadsorhauam

bonded column uonofap!-!modiﬁcrtothemohile
thatanalytesaremd:e:rundisoaawd

chromatography, organic compound is added to the mobile
phzne|at>formammtralu:nna wil manalyteofoppod:: ?otm_]*,

an alkylsulfonate can be to cationic samples and
phosphate to anionic substances. Ion pair chromatography is suitable for

ing mixtures of anions, cations, and ncutral substances; the pH of the mobile

will suppress the ionic character of one of the types of ions, while the

counter jon will react with the other type to form ion pairs. For example
umh:tylamonhmphoyhauhxﬂ’aedtopﬁ?jcanfmmmnpﬂswhhmm
and weak acids, and the buffering weak base ions.
ecules can be chromatographed with ci erqmt:mryamheonulfonauwunmr

ions at an appropriate pH value.

mbeaﬂ’eacdbyﬂ:cooncenmonandchoioeofdnmpaﬁmt
M(m&cnonm(:) of analytes are proportional to the counter ion
oonoenmon.lhehngerthealkylchamkngth,d:egrummkwlnu.ketcn—

tion times can also be ion of the mobile ,
whchuuanﬂyammma@n;dnterby exther ] or acctonitrile. -phae
Quaternary ammonium salts in alkaline medium are damaging to silica gel. Col-
umns should never be stored in such solutions. A precolumn in front of the
injector, to saturate the mobile phase with silica gel, is recommended in
these systems.
An demminaﬂonmg‘ chromatography (on a
mme)uthed residues (Section 404). In

addition, two methods for residues of and use the
ion pair mechanism, one wiwglymem (PRP-1) P“-"llmtoolmnn [Sl,mm
with a silica column using NP mode chromatography [4].

Size Exclusion

M;&eﬁeachﬁo&(ﬂﬂ)modemwmm:r;:e;gm
contro size of the Particle sizes jm
mngemmdmgt:de ptr.h%m i i
ngxdoxgznmgek,poromsiha,andoommlledporeglau.

The major use of SEC in pesticide determination is for cleanup of residues from
fatty samples by gel chrommpaphyndm'dnnuadeuuminaﬂn
step. The most pachngﬁorthimm copolymer
such as Bio-Beads $-X3 (Section 304 402). The Bio-Beads S-X series
offers exclusion limits from 400-14,000 molecular weight; S-X3 has a 2000 exclu-
sion limit. The exclusion limit is determined by the amount of DVB crosslinking

Tewwmingl No. 94-1 (1./94)
Faren FDA 2605 18/98)
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of the gel, as well as by the degree of swelling that can occur in different solvents.
Maximum expansion of the gel occurs in relatively nonpolar solvents.
solvents used include benzene, tolucne, xylene, carbon tetrachloride,
chlonde,andmnmruamhasmetbylenechlondc/hmne The sampie should

not interact with the stationary phase in any way, ¢.g., by adsorption.
phase with a smaller particle size will provide greater peak capacity, and better

and faster separations.
602 C: COLUMN EVALUATION

An HPLC column can be evaluated by measuring certain performance characteris-
morpa:amemm,manyofwhmhanbemaﬁmdormuedonthechmmm—

by the column. Column efficiency and peak symmetry reflect the
qualx of the column, whereas the capacity factor and selectivity indicate its
capability to retain and separate compounds of interest.

Figure 802-e
Calculstion of Columin Parformance Paremsters

try 1
10—4:
trp Terms
= potention timse, mm

i& 1 to= slution distance of unretained component, mm

2 tr=  trte [ncjusted retention time)

a.b= pask halfwiith at 10% pesk height, mm
At = tme betwesn pesk medma, mm

H W= pask width st bess, mm

_4 10% 1 h= paak height, mm

Wh = pesk width st halt height, mm

Whe—p

Capacity factor, k = tr/to

ky/K, arEry/tr,

160/ WY or 5.540/\Wh*

column length {om)/n

2(ALY/TW,+W,] or (1/4)o-1)¥Rik/ 14K
Peak ssynmetry, As bh/a

Rularences: Wialkrs, ML, st sl (Nov. 1880) "Fecommendstions for HPLC Cabumne,” LB 2447, FOA, Aocledie, MD;
ASTM Scanderds an Clrometagraphy [1081) EBB2.

i
feh

Several terms must be measured in order to calculate the parameters of a column.
Figure 602-a provides a visual representation of these terms:

The time from injection to the peak maximum is known as the retention time, t,,
The retention ime consists of two parts, ¢, and t',. t,, is the time from
dﬂ:esolvent&ont,whldlmaybenomduamﬂshiﬁordhmrhmoe
mthebuehncoramhentpukifthemnpkmhemhdiﬁamt&mthemoﬁk
phaneandhsensedbythedemctor t'|, the adjusted retention time, equals ¢,

minus t . ¢’ mpmsentsthenmed:ad:eanalyﬁenmedmthemﬂomryphm

At is the time between the maxima of two peaks, and W is the peak width deter-
mined between the intersections of tangents drawn on the sides of the peaks with
the baseline. All of these time values can be measured in mm directly on the

Tranamittal No. 954-1 {1/94}
Form FOA 2005 (8/52) 602-5
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recorder trace of the chromatogram. These terms are used to calculate the follow-
Mmﬂﬂ‘fmm of columns: capacity factor, sclectivity, efficiency,
and peak asymmerry.

The capacity factor, k, measures retention of an analyte by the column in terms of
column volumes. It is affected by the strength (eg. pola.ruy) of the mobile

andthemength(muvlty)of:hecolunm . A k value of 2-10 for the
most rctained component is generally forgood resolutions but may be

higher for difficult separations.

Selectivity is a thermodynamic factor that measures the ability of a particular
cohzmn/mohale& combination to provide different distribution coastants for

a different degree of retention for the two sub-
mnws.asmdwatedbytbescpaumof&eir maxima. It is bya
and calculated as the ratio of t', values or k fortuopeah.whhthehrgut
value placed in the numerator. §elecuvuynaﬂ'cctedbymechemhu'yofdleenth'e

system, including the functionality of the sample components.

Eﬂimencyuahneucfaaorthatmdwnatheabiktyoﬂhecolumn/moﬁkplme
combination to produce narrow peaks.

column dimensions, and packing technique. ltudcmmmedbydlenumba'of
theoretical plates, n, and height equivalent to a theoretical plate, HETP.

Resolution is the ability of the column/mobile phase combination to separate the
peaks representing two substances. It is a function of efficiency, selectivity, and
retention and is improved by increasing the of the peaks (sclectivity)
and/or by decreasing their width (increasing efficiency). Resolution should be >1
:‘olmminmummqlnnﬁnmemlylh.Ammk.dz-msmﬂy&

' Peakaspnmeuyducribeuhentheofachmmmgnphicpuk.lheoqm

symmetncal,Gmmnshapeforpeah,butuymmcuyanbewued eXIr
f:-. and Th : o;ctor the l:yl
tween [ 73 is ratio, at
mhummmmﬁfmemkwmwmmmmdy

chromatographic
of the chromatographic curve. A value of 1 indicates a symmetrical peak, a valne
>lb:uﬂingpuk.andavalue<lua&onﬁngpak.‘ *

Higher efficiency, which lcads peaks, is achieved by using columns with
mll,uuniform,qughﬂy padcdm op:mined colznn flow rates. High
selectivity, which is manifested by wﬂugmamdpeakmninﬂumcedmou]y

hythenamofthemuomryandmohkephm

602 D: COLUMN SPECIFICATIONS

The parameters described above can be used to evaluate column quality. Columns
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Table 602-a: HPLC Colunn Specification Blements

Physical Description
Packing material
* particle type: size, shape, pore size
* bonded surface type: functionality, mono or polymeric
¢ surface coverage: (% concentration or pmoles/m?)
¢ additional silylation
Column dimensions
Performance Chwracteristics

[Requires that the testsystem be defined by specifying mobile phase solvent and
flow rate, test solution compounds, and solvent. Characteristics must be related
to peak(s) that were used to measure each.]

¢ Minimum theoretical plates, n
® Resolution, Rs

¢ Selectvity, &

o Capacity factor, k

¢ Asymmetry, As

Atammnmum.anewanalyucaloolumnnhouldbecheckedforeﬁnencyhyalm—
lating and recording the number of theoretical plates using an

solution. Thnvﬂueiswmparedmd:themanuﬁcuner’upedﬁmnommdmed
in later column quality control evaluations.

Expected minimum efficiency values are shown in Table 602-b. In general, effi-
ciency (plates per meter) decreases with larger or less uniform size column pack-
ing, lower temperature, increased extra-column volume in the system, and larger
samples. Efficiency improves when k = <2 unless extracolumn effects are domi-
nant.

Spedﬁmnmandwummfornxaﬁnuoq -iliaeol-
umns were recommended at an early ofl-ll’lﬂﬂlindon[
mendanonsatemeﬁxlasagmdchnefor% oolumns.lmtlhe
specifications themselves are no applicable timprme-
ments in HPLC column technology. Other protocols for column

ation have been suggested. For ,PooleandSchueme[ﬁ]deuibedwlt
conditions and ifications for a 10 pm G-18 RP column using a mixture of
resorcinol, naph: , and anthracene and a UV detector.

Commercial bonded silica RP columns from different manufacturers are not equiva-
lent, and information on the degree of hydrocarbon coverage in a column is not
usually provided. In addition, the free (unreacted) silanol sites vary among

Treramital No. 84-1 (1,/94)
Farm FDA 2806 16/52)

602-7



Gl U O BE ' BE Ev IBE e B e A e = e

- RE

SECTION 802

Pesticide Anaiytical Manual Vol. |

Table 602-b: Minimum Efficiency Values
{in thousands of theoretical pletas per meter)

Particle Sise

Column Type 10 pm 5 pm Spm
" porous RP bonded 1220 3540 80-100

porous silica gel

adsorbent 24 40

porous ion

cxchangers 10-15

semirigid organic

size exclusion gels 912

mhmmandmmuﬁcmmdthueanhmdgniﬁamcﬂ'emm.;zechm
A test for i sclecting
ST P et el
magorgrou%hmedonahydmphob:dtyindex,ﬁ'eedhnolindu.andoohm
efficiency [7].

602 E: ANALYTICAL COLUMN PROTECTION

HPLC analytical columns are expensive and subject to damage use. The
following items must be used to protect the column and prolong its life:

Filters

A major cause of column deterioration and is the of
andchemunloontammanonattheheadofth?mseco!umn mmmmm
backprmueandﬁlanomalomchmmatognphicmlu.m )':l:ln?;
mized by proper filtering of mobile phase solvents (see Section 603

choosing a so!ventthatmﬂnotmnepredpinﬁnn(SecuonﬁOlE)ln
addition, in-line column filters help to eliminate particulate impurities.

Columns normally contain stainless steel inlet and outlet filters or frits to retain
the column . The pore size of the frit must be smaller than the particle
diameter of the g, £.8- 2 2 pm frit for 5 pm packing. Frits are either incorpo-
rated into the ends of the column itself or made an integral part of the column

end finings.

Periodic cleaning of end fittings and frits in an ultrasonic bath in a solution such
as 6 M nitric acid is recommended, when column back pressure in-
um.ncfomtmngcolumnendﬁ the manufacturer’s literature should
be read carefully for procedural instructions or notification of any loss of warranty
if the column is taken apart. Some companies seal end onto the column
with epoxy and do not guarantee the column if the seal is

602-8
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Precolumns

The terms “precolumn” and “guard column” are often used interchangeably, but

the two types of columns are different and scrve separate primary functions.

Precolumns are positioned in the HPLC system prior to the sample injector. Their

purpose is to saturate the mobile phasc with silica so that the silica or bonded

silica analytical column packing is not dissolved during use. Precolumns packed

:itfnincxpenﬁvc,comuﬁlimmaﬁhﬂeforthkmobﬂephmmndiﬁming
ction.

Guard Columns
Agmrdmiumnhinsertedbemnthcinjecmrandmﬂyﬂalcdumnmpmma
the latter from damage or loss of efficiency due to the presence of

matter or strongly adsorbed impurities from analytical samples. It can also serve as
a saturator column to prevent dissolution of the stationary phase, in addition to,

or instead of, a preco; as described above. The use of a guard column is
especially important when injecting relatively crude sample extracts or hiological
fluids.

Guard columns are short (2-6 cm) disposable columns containing the same 3
ing as the analytical column. The column must be changed , 28
dictated by the contamination of the samples, to ensurc that the lifetime of
the analytical ett'oolumn,vwhichs.l)oul:llmac\verallnmdrccllmms1'|mninglilme.i:
not shorten

The usc of a commercial column the same diameter i
as the analytical ooh:mn,?dmmbinauon' %mmmmmm
lengths of connection tubing, should cause essentially no loss in efficiency. Gaard
columns containing 5 or 10 pm particles can be in the form of
disposable cartridges (often 2 cm). They must dul;yx{ackedif in
laboratory. When a greater loss of efficiency is not critical, guard columns contain-
in using the

donotpzmideamnchpmtecﬁon?;umeoftheirlomrnnﬁoem

602 F: COLUMN MAINTENANCE AND TROUBLESHOOTING

Column Care

Chromatography companies usually supply a2 booklet describing recommended
mmdmﬁmmmToﬁamd% column descrip-
tion; directions for initial inspection, connection, i ion, regen-
eration, repair, and storage; mobile phase requirements; and i
solvent purification, protector columns, and replacement of frits. Any such litera-
ture should be read carefully and the suggestions followed as closcly as pomible.
The following items describe routine handling and maintenance:

¢ Do not jar, drop, or vibrate columns.
. Pmmhmtmwmmedirmﬂmspedﬂedhythemu-

facturer. I a flow di is indicated, operation in the opposite direc-
tion may disturb the packing and reduce column efficiency.

Trensmittal No. 54-1 {1,/84)
Faren FOA 2905e (8/82)
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When starting up the HPLC system, gradually increase column flow rate
and pressure to avoid pressure shock and formation of voids in the pack-

Check fittings vi and by feel 1o be sure there are no mobile phase
l';ah.l..eahtoo to sce may be detected by the coolness of fittings to
e wuch.

changetheinlet&itandpodblydktmbthe pnd‘.mglﬁku'
samples that may contain particulate matter to prevent contamination of
the sample valve or column inlet frit. A commerdal clarification kit that
attaches to a syringe is a convenient way to filter samples.

Do not overtighten column end fittings, or threads may be stripped, caus-
ing a leak.

ﬂuh&emhmnwi&awlwntwthmﬂnemoﬁlepheum
end of the day if dirty samples were injected.

Handle columns gently to avoid shock and the formation of voids.

Label columns with complete information on their source, identity, his-
tory and conditions of use, and regeneration and storage solvents. a
log notebook for each column from time of installation.

Do not subject columns to operating conditions that may destroy their
mntbemdthew'menlmumd that are
compatible with the particular col

Column Evaluation by Injection of Test Mixtures

Inject mixture to evaluate efficiency, selectivity, k, peak shape, &z, according
mthe?at!::nmy‘six:nmt reql.lhk'e':mmu (see Section 602 C).
Choose the test mixmre wtbepurpoceofthewlt:

602-10
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* To to the one supplied with a prepacked
athemanufacmrer use the same compounds and conditions

specnﬁedbythe manufacturer for comparable results.

¢ H an inhouse test mixture for column assessment is needed, prepare it
to contain the following types of components:

1) an unretained (but not excluded) component for assessment of the
volume between the particles and in the pores;

2) a minimally retained ent (k = about 0.2) to assess zone broad-
enmgansedmamlyb] e injector, column, and detector. Because
the peak volume of this component will be small, it will be a critical

test of the effect of these system components on performance;

3) a moderately retained component (k = 1-3);

4) a well retained ent (k = 7-20). This tis
aine compon: t & = 720, componendd;ognmﬂ
peak volume; and

5) a totally excluded component for determination of column void vol-
ume.

Column Storage

Whennokmgerinme.oohnnmshwldbeequilibuwdwuh appropriate
storage solvent, disconnected from the HPLC system, and the ends capped se-

curely for storage.

luﬁon);lECeothmmaoompaﬂblesohentmththemsduﬁumoﬁhe
exchanger; and SEC columns in a solvent compatible with the propertics
of the packing. Columns are not normally stored under pressure. tempera-
ture and humidity of the storage area should be moderate and consistent.

Column Regeneration

Columns should not be operated with cxcessive pressure as this can create a void
at the column head, resulting in a k t loss of . The cause of
increased back pressure should be determined and steps n to remedy
the situation. Pressure buildup due to i
Im:::’le‘t i thecohnnnorchmgingtbeﬁitathehuddtheoohmnﬂge
sim)| mmvmgsuonglyreainedmmhlumhmgmﬂla t
stronger than the mobile phase. If an guard column is in use, rejuve-

of th should be the
nation e system most cases by merely replacing

Trarankinl No. 54-1 {1,/84)
Form FDA 2505e (6/52)
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A void at the head of the column can be observed after removing the inlet fitting.
Voids can be filled with cither glass beads or the same or similar packing as
originally in the column.

Flushing with pure organic solvents such as methanol, tetrahydrofuran, chloro-
form, or acetonitrile is useful for regencrating bonded phase columns. When

using any series of washes, the order of solvents sh be weak to (nonpo-
lar lar for NP, and hrtononpolarfork?),wuhconﬁduaﬁnnmmgd‘nmmal

htyatcach bcw;:he(;outmthlé%aqm
hospomoraoeﬁcu:dandaudicnmpmiﬁa 1-5% aqueous pyridine. Bio-
ﬁ:gmlmamkandﬁnmmmovedﬁomk?whmmhy with methyl-
cne chloride and making scveral 0.2-1 mL injections of during
elution. , 75 mL of each wash solvent is used at a flow rate of 0.53 mL/
min. If dounotremoveadwrbedhnpm'iﬁesﬁnmdnempofdnmlumn
bed,theupper,connmmwdhyenofpmkingmmbemmdwitha
(exercising great care to avoid scratching the internal column wall), and the col-
umn repacked as described above for the case of a void.

In all cases, the last wash in the regencration process should be with a solvent that
is miscible with the mobile phase, and the column should be finally re-equifibrated
with the mobile phase. After regeneration (or between washing to check

),atestmrxun'eshouldbechmmamognphedtoewlmw number,
E ion and retumn to equilibrium with the mobile
canalaobemonitoredhy ing the column connected to the detector and
observing bascline drift. This sh not be done if eluted impurities might con-
taminate the detector cell.

References

(1] KErause, RT. (1989) [ Lig. Chvomaiogr. 12, 1635-1644
[2] Niemann, RA. (1998) J. AQAC Int. 76, 1362-1368
[3] Worobey, B.L. (1987) Pestic. Sci. 18, 245-257
[4] Chichila, T.M., and Walters, S.M. (1991) J. Assoc. Off. Anal Chem. 74, 961-967

[51 Walters, M.]., & al. (Nov. 1980) ‘Recommendations for HPLC Columns,” LIB
2447, FDA, Rockville, MD

[6] Poole,CF.,andSchuette, S.A. (1984) Contemporary Practice of Chromatography, pp.
241-252, Elevier, New York

[7] Walters, MJ. (1987) J. Assoc. Off. Anal. Chem. 70, 465-469

602-12

Tronamintal No. 94-1 [1/84)
Form FOA 2905 (5708



=)

R B == I Gl E O n v e o Em E&w

Pesticide Analytical Manual Vol. |

SECTION 603

603: MOBILE PHASE SELECTION,
PREPARATION, AND DELIVERY

Mobile phases for different HPLC modes were described briefly under Modes of
Operation (Section 601 B). Solvents used to prepare mobile phases were discussed
under Solvents and Reagents (Section 601 D). This section ts additional
conndemuonsmhtedtothepmparauonandddmryofmohmu.

603 A: MOBILE PHASE SELECTION

Mobile phases in HPLC are usually mixtures of two or more individual solvents
with or without additional additives or modifiers. The mobile is an active
partner with the column in obtaining the required separation. The usual approach
is to choose what appears to be the most appropriate column, and then to design a

mobile phasc that will optimize the retention and selectivity of the system.

The two most critical parameters for nonionic mobile phases are strength and
sc Mobﬂephaemthnmhwddntcﬂywpolﬂityandaﬁﬁqwdb
analytes in n opposite
n:lauo exists for reverse (RP) chromatography. The general strategy
forchoonngamobllephasentoﬁndasolvmtoruﬂnmmmmmeowm

strength to give k values in the 2-10 , and then to alter the phase to
gwctheneededselectimywhmum :gmstrength.Solmlshve
beenclamﬁedaccordmgwm'engthandselecuvitytoanowthesdecuonm
to be at least somewhat systematic.

Solvent strength for any solvent is t on the stationary phase adsorbent.
An eluotropic scries is a ranking of solvent strengths on a given adsorbent. Table
603-a lists solvent strengths for common solvents when used with different station-

ary phascs.

Tamwwm”hwumammbusd&edﬁﬂmtwme
sdmumﬁmdforﬂl’lﬂmmd&dined.%m&'

interact in t ways with the analytes to be separated, ¢, dlpenionmtu'ao-
tions, dipole forces, and hydrogen bonding To optimize se
separations, mobile phases are prepared from whenumd:ﬂ'umtnbcdvuyw

Normal Phase Chromatography

The cight groups of solvents shown in Table 603-b emerged ﬁmm plot of
solvents within a triangle d'dlpdeselecdvitymdinam] Mnimum
donor, ton acceptor, and parameters {1, 2
tamedxg‘r:nesohentschooenﬁ'omeachgmupdooeuwﬂ:emofd:e
triangie. Based on other factors, such as viscosity and UV properties, the
three solvents chosen are usually dicthyl ether or methyl ether (MTBE),
chloroform, and methylene chloride. Hexane is used as the base solvent to
polarity (solvent strength). A binary mixture of hexane with one of these three
mhmuanbemedwdeﬁaminemewomnesohmtwmgth.mdother
bmarytema!yandqmmarymixmmwith same can be tested in
trial and error fashion for the required selectivity. overall strength
of a mixture is the sum of the product of the individual  values times
the volume fraction for each component solvent. Other useful combinations of

'?

i
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Table 603-8: Properties of Common HPLC Soivents with Akuning Colurnns
Solvent Solvent

ov Pohhy M
Cutoff, Refractive  Boiliag Parsmoter,
Solvest nm Index Poimt, 'C P, 25°C | o z’ Growp
isooctane 197 1.389 99 0.47 0.1 0.01 -
n-hexane 190 1.372 69 0.30 01 0.01 -
methyl tbutyl ether 210 1.369 56 027 25 035 —
benzene 278 1501 81 0.65 2.7 052 v
methylene chloride 238 1.421 40 0.41 3.1 0.42 \'4
npropanol 240 1385 97 19 4.0 082 n
tetrahydrofuran 212 1.405 66 0.46 4.0 0.82 1
ethyl acetate 256 1.370 77 043 414 058 Via
chioroform 245 1.443 61 053 41 0.40 Vil
dioxane 215 1.420 101 12 48 0.56 Via
acetone 330 1.356 56 0.3 5.1 056 Via
cthanol 210 1.359 78 1.08 43 0.88 n
acetic acid 1570 118 11 6.0 Large v
acetonitrile 190 1341 82 034 58 0.65 Vib
methanol 205 1.526 65 0.54 5.1 0.95 o
water 1.383 100 0.89 102 Very Large vilk
Table 603b: Classification of Solvent Selectivity
Growp Solvents
1 aliphatic ethers, methyl tbutyl ether', wetramethylguanidine, hexamethyiphosphoric acid
amide, alkyl amines

it aliphatic alcohols, methanol

m pyridine derivatives, etrahydrofuran, amides (except formamide), glycol cthers, sulfoxides

v glycols, benzyl alcobol, acetic acid, formamide

A methylene chlaride ethylene chloride

VI  a) tricresyl phosphate, aliphatic ketones and esters, polyesters, dioxane

b) sulfones, nitriles, acetonitrile. propylene carbonate

§ S

aromatic hydrocarbons, toluene, halosubstituted aromatic hydrocarboas, nitro compounds,

aromatic ethers
fluoroalcohols, m-cresol, water, chloroform

Underlined solvents are those generally preferred.

[Both tables reprin

(1984) Contemporary Practice of Chromatagraphy, Table 4.16, page 260.]

ted with permission of Elscvier Science Publishers, from Poole, CF., and Schuette, SA.
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solvents with different selectivity characteristics mﬂ the entire range
of mixture composition include methylene ride, and acetonitrile m
Freon FC-113 (1,1,2-trifluoro, 1,2, 2richlorocthance), and methylene chloride, MTBE,
and cthyl acetate in hexane.

Solvents for liquidsolid (LSC) HPLC should contain at least a
small concentration (e.g., 0.01-1% a polar modifier (water, alcohol, acetoni-
trile) to de-activate highly adsorptive sites that can canse wiling of chromato-
gxaphcptha&ru&emmhpothdemr and it can have 2 pro-

found effect on chromatographic results. It is very difficult to control exactly the

amount of water dissolved in nonpolar solvents such as pentane, hexane, heptane,
and methylene chloride; thnnoneoftheﬁ causcs of slow column equilibra-
tion with mobile phases and poor tyinISC.'I‘hefollowmgmmeful
preauuonswhenmmgalumma

. Uum%muumwdsohenufornlimgdmdﬁ%mmd
solvents for alumina, except for pentanc, hexane, and heptane, which
shouldcomam005%aoetonm11e (50% watersaturated means that the
mhentha%%d&emrumﬂdhmnfumwuﬂym
50% water-saturated solvents are prepared by mixing equal volumes of
dry solvent and saturated solvent or by passing dry solvents through a

special moisture control column for specified time periods.)

s Change from one solvent to another in small steps along the
series. Do not attempt to follow a very polar solvent with a very
one directly, or viee versa.

® Chromatograph mixture repeatedly column equilibrium
achnmeamh:nﬁmda&crbemgshg::normm

¢ I possible, use a scparate column for each mobile phase to avoid prob-
lems associated with slow equilibrium. Avoid gradient elution with silica
gel or alumina columns.

Reverse Phase Chromatography

Thssecuonw:llonlyeonsidermobilephwﬁorbondedpohrphaeuﬂm
such as C8 and C-18, which predominate in pesticide determinations. Classical

liquid-liquid chromatography (LLC) will not be covered because it has been al-
most completely superseded by bonded phase chromatography.

In RP ,lhemobilephuesmmpohrthmmemﬂomryphe
andthemostdpo compounds clute first from the column. Mobile
ally consist of mixtures of water, the weakest solvent for RP aqueous

buffers with watersoluble organic solvents. Typically used solvents include, in or-
der of decreasing polarity and increasing elution strength: methanol, acetonitrile,
cthanol, isopropanol, 1-propanol, dioxane, and tetrahydrofuran (THF). Acid and
basic buffers arec used in the ion maode to convert, respectively, weak
acid and weak base uotheu-nomomc,hydmphohicforml,whdlm
selectively retained on mobile phases are being
mamnglyusedforthe“nonnqumkl" of polar substances.

3
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'I‘hesclecuvill; described above for NP HPLC is

well to RP um%em“wmemmd&eﬁmwhmg

the requisite water solubility are acetonitrile (dipole interactions), methanol (pro-

ton acceptor), and THF (proton donor properties). It is most common to start

with a water/methanol mixture to find the optimum solvent strength (F*), and

sclcsiity fo the required scparation, Each mobile phase modiier kmparts 2 spe.
ectivity

cial selectivity by causing lower k values (faster elution) foroompam&wlge

particular type of functional group.

A systematic foursolvent, seven-mixture mobile optimization based
on the approach described above is widely used for isocratic NP and RP [3].
In the case of acids or bases, an additional modifier to adjust pH may be neccasary,
ag,l%awﬁcag:g'mfuthechmmmphydphm&.Oneoﬁhcm
mixtures tested protocol should provide the scparation. If not, a
different column, temperature, pH, or solvent is required. An HPLC
system with four solvent reservoirs and computerized solvent mixing capability
makes this optimization routine a simple matter.

Ton Exchange Chromatograply
Solventlforﬂlesepamdonoﬁonic (eg. with acidic or basic
chmmumm mﬁﬁ.bﬁaw

m ion exchange (IEC)
that allow the analytes 1o possess full or partial electronic charges and to be
more or less attracted to the ionic groups of the stationary phase.

lon exchange separations usually depend on several equilibria, the positions of
which are a function of the factors: the relative affinities of the analyte

and the mobile phase counter ions, the jonic strengths of the analyte and counter
ions, the acid or base strengths of the analyte and the stationary phase functional

groups, and the mobile phase pH.

The general approach to designing a mobile is to first adjust the jomnic
strength to gueanalymekvaluuhegmeenz 10, and then adjust the pH w0
control selectivity. lnwionicmengthﬁdhummcnﬂonmdhlghwmcmlh
elution. A change in pH affects both the character of the functional

stationary andtheionmnonoftheamlym Retention is mobile
phase/ pH between the pKa values of the exchanger and analyte
(both must be charged). Elution is facilitated by mobile phase/exchanger
above the pKa of a cation or below the pKa of an anion. Efficiency is i by
clevated temperatures and lower flow rates. An increase in counter jon concentra-
tion increases mobile phase strength. The proper choice of counter ion can im-

selectivity. In general, exchangers ions with higher charge, smaller

, and greater . Retention of is favored if
the is with counter jons that are and clution if
the mobile phase/exchanger contain held counter ions. Addition of an

i strongly
ic modifier i Ivent strength if
nipcacring with the mobile phase by 3 bydrophobic mechanisrs) and Increascs
efficiency by lowering viscosity.
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Ion Pair Chiromatography

The mobile phase for jon pair chromatography is at a pH where the analyte is in
m:onmfmm.andltahoeonnmsapamngagentdmg:ln with the analyte

to form a hydrophobic, uncharged species that is retained by a C-18 or
C-8 bonded column. Typical pairing agents are a quaternary amine for weak acids
and an alkyl sulfate or sulfonate for weak bases.

The choice of a mobile phase is aided by the following guidelines:

1) Methanol/water mixtures are as the mobile phase to mini-
mhemmimquprm

2) Short chain counter ions are recommended for with litde dif-
ference in molecular structure, and longer chain, obic counter
ions for greater retention.

3) H silica-based bonded columns are used, th EHofthemobilephae
must be maintained within the column’s ty range. Use of porous

polymer packings avoids this concern.
4) The mobile phase should be degassed before adding the counter ion to
prevent possible foaming.

5) 1&@] concentrations for counter ions are 0.005-0.01 M, and 0.0005-
M for buffer components.

6) Counter jons should not absorb UV light if a UV detector is in use.

7 To t salt precipitation, the pump should not be tumned off until
mﬁ':m is washed out of the system. Al , a slow flow of
mobile phase can be maintained overnight. It is best to a dedicated
column only for ion pair HPLC.

Size Exclusion Chromatography

m&mhwdmmmmmmm
requirements for a mobile phase: it must i analyte not
the stationary phase. Solvents that are not compatible with polystyrene-
Mcmme (DVB) phases include water, alcohols, acetone, methyl ethyl ke-
tone, and dimethylsulfoxide. Hmea@‘zemdwnmdmsem:eﬂmmme
phase, tailing and/or delayed elution to interaction analyte e

hase can occur. effects are reduced by using a mobile

stationary p
phasechemlcaﬂyrelatedtothe onary phase, e.g., toluene for polystyrene-DVB

Gradient Elation in HPLC

The discussions relate to mobile for isocratic HPLC.
Wmmnmmmwmmmmmm Itis
not adequate, however, for separation of analytes containing components with
greatly different retention times. Gradient clution improves resolution of early

Trerwrrittal No. 54-1 (1/84)
Form FDA 2905 [6/92)
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elutingreahwhileamnnghmein peaks to elute sooner and in a narrower
es to the ﬁngeraleluﬁonptohlemindudeoohmnoou—
phngandﬂowandmmperamm t, but these will not be discussed here.

Solvent gradients are usually composed of a binary mixture of a weak solvent to
which continuously increasing amounts of stronger solvent are added in a linear,
convex, or concave relationship over time. Isocratic elution periods are often in-

cluded at the and/or end of the consid-
erations mdtﬂ?;fh}n:fwnu chosen, the mﬁnﬂ lmtand the
gradient shape stccpm.Stepwhcgrad:enamaho . Methods are
available for predicting and optimizing gradients for the t HPLC modes
[4, 5], but the most suitable gradient for a particular separation is usually deter-
mined empirically.

Gradient clution is used widely in NP and RP bonded phase and IEC. It is not
recommended for LSC and cannot be used with LLC or with refractive index (RI)
or conductivity detectors. Regeneration at the end of the gradient must return the
column to equilibrium with the initial solvent. considerations may re-
quire purging the system with an intermediate solvent, or it may be
possible to simply pass 5-10 column volumes of the first solvent through the col-
umn.

pH and ionic strength i are common in IEC to control mobile phase
strength and selectivity. ients for ion pair must be checked
to be sure that the counter jon and buffer components are in all solvent
composmonsumllonpurgmdienumzmvoheam!ventgndiemwithmt
pH and counter ion concentration, or i

603 B: MOBILE PHASE PREPARATION

Mobile that
st be highly puribed %mm ph..e. ascs et b ltrsed dhrough
ﬂpmporemﬁlmandbe

Filtering Solvents
Pamaxlanemamrmwlventsanthn?e block flow in tubing, and de-
mmumubeamﬁm

brane filters with 0.22.1.2 jm pore ize are compatible with all solvents commonly
used in HPLC. Most commercial HPLC grade solvents are prefiltered through a
0.2 pum filter and should not require additional filtration.

Degassing Solvents

of solvents is necessary to avoid problems with columns, pumps, and
detectors caused by gas bubbles in the system. The filtering if carried out with
an aspirator or vacuum pump, can also provide degassing. of volatile

S
i
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whentmmm&ammmmchangememdﬁemcm
degassing should never be used for such mixtures.

Other degassing methods include boiling, use of an inline degassing unit with a

membrane, or by agitation in an ultrasonic bath. However, the
most effective and convenient degassing method is helium sparging. A commercial
unit can be used, or a setup can be in the laboratory from Tefion tubing and
an inlet line frit atached to a helium supply. The frit is immersed in the solvent
rescrvoir, and helium is bubbled for a few minutes with about 34 psi pressure at
the tank. The helium flow is reduced to a trickle during operation of the system. If
solvent mixtures arc made manually, individual solvents are degassed prior to
preparation, and the mixture is kept under helium during use.

Preparation of Multisclvent Mobile Phases

Mobilc phase mixtures can be cither by manual or by inline
mixing using the HPLC solvent anddelmyappmms. glase-
mmedforprepanngmohlephwshouldbeexcepuonaﬁydmwudna
not introduce particles or impurities.

deﬁerentappmachummm:lcmandonohohenumpo-ible Either is
valid, as long as the preparation da;lzmoordednomhenan

duce the results. In the first method, volumes sohenuAandBmm:g;
graduated cylinders or pipets are mixed together in the mobile phase reservoir. In
the sccond method, a measured volume of solvent A is placed in a volumetric
flask, and the solution is diluted to the line with solvent B and transferred to the
mobile phase reservoir. Solutions by these methods will be slightly differ-
ent, especially for water/alcohol mixtures, because of the nonexact additivity of
volumes upon 1 . It is good practice to prepare the mobile phase fresh each
day, especially if a vo solvent is involved. If the mobile will be used for
longer periods, it should be definitely proven, e.g., measuring RI or

chromamgnphmgammmre.thatthereunochangemmpm'nh

for a mobile phase inline,
b of the raobils e st be cametally o e e the separa:
tion repeated.

Solveni Reservoirs

Tfkazhligmﬁmntmnnnpum. ¢m$mo§:w : with smallthe :hmugh
i ti iti a cover a i

which the Teflon or stainless steel delivery mbing fits snugly but without constriction.
The reservoir is placed away from tordnftstoavoidwmpennmgndmn.
and above the solvent delivery system siphon feed to the pump. The
reaetvonrshouldbchbeledwnhtheoo ition and date of preparation of the
mobile phase, andasolventrelervon'lwrmrm sinker frit) should be attached to the end
of the delivery tube.

Trenemittsl No. 84-1 (1/04)
Farm FOA 2005 {6/82)
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603 C: MOBILE PHASE DELIVERY SYSTEMS

Pamps

The function of the pump in HPLC is w0 deliver the mobile phase through the
column at high pressure with a controlled flow rate. Two major categories of
pumps are constant flow or volume and constant pressure. Constant pressure
pumps apply a constant pressurc to the mobile phase; flow through the column is
determined by the flow resistance of the column and any other restrictions in the
system. Constant flow pumps generate a certain flow rate of mobile phase; the

pressure depends on the flow resistance.

Conmntﬂwmnxemmcommendedﬁormbemﬂowmcemy
or settling of the column, small
Wnauom.orbmldupofparu matter. These effects will canse rate

with a constant pressure pump and result in nonreproducible retention
data and erratic baselines.

A suitable pump should have the following characteristics:

1) The interior of the pump should be made of incrt materials that resist
corrosion by any solvents being used.

2) Pressurcs up to 6000 pei and a wide range of flow rates (0.1-210 mL/min)
should be available, and the flow rate should be easy to change. High flow
rate capability is especially important for preparative work.

3) The flow should be constant, repro-
mwﬁmn least 1%, and

or adampingsylm
byth shouldbe
e pulses. It easy 10 set,
Moblls phess cutet measure, and change the flow rate.

4) luhouldbeeuymchnngeﬁnmone
mobile phase to another.

homt g The internal volume of the pump and
(* a!id‘the between the pump
ould be as small as

A 6) The pump should be useful for
Mobdo phass iniet isocratic or gradient operation.

[Reprintad with parvrission of John Wiy and Sons, ﬂmpmpshwldbeuhpnbkmlht

inc.. from Uindeay. 5. [1567) Hgh Ferlormance usc of small volumes of mobile phase,

Liuid Chrometogreply. Figre 2.2d, page 21.) ahig! volame bile phase reservoir,
or a heated reservoir.

8) The pump should be to maintain and repair. Even with the best of
are,mk.riny,and;cuwmreqtﬁreoouﬁmalrephmmmt.mdit
will help if these are easy to access.
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Neither constant pressurc pumps nor screw-driven constant flow pumps

are described here because the mm)kmedmm
HPLC instruments. In this pump, a smasll ndrivenmandomofasolmt
chamber by a motor-driven eccentric cam and arrangement. On the forward
stroke, the inlet check valve closes, the oudet opens, and the mobile phase is
pumped to the column. On the return stroke, the oudet valve closes and the
chamber is refilled.

Beausethednphoedvohmeusmall,thepumpmmtqdeﬁequen Abrasion
is minimized by using hard, smooth piston material boroznmgh-.
npphlre.orchmme-platedmel.Solventcnpamyof
Figure 803b a reciprocating pump is unlimited if the external
Gredient Systam | reservoir is filled as required. The internal chamber
volume can be very small (e.g., 10-100 pL), allowing
rapid change of mohile The flow rate, 0.01-
50 mL/min, is changed the length of the
Sobvent piston stroke or the of the motor. Piston seals

and check valves must remain leak free. This

requires
regular maintenance and periodic replacement of
parts. Access to valves and seals for maintenance is

usually quite easy.

603-a sh i
e C03% shos 3 inglo b reciprocting pumpy
one-half of the pﬁn g cycle. Flow pulsanons arise

- with some detectors during sensitivity analyses.
To Flownoxsenreducedifthemgh ndeﬁgedmtha
[Ruprinted with permission of John Wisy xdmkentcsothedemrmotmqnnd
Liouid enough to sense the flow changes. Other ways to
Chvometagrephy, Figre 2.2/, page 241 obtain constant flow rate are the incorporation of
dampeners or a feedback control system.

Twin- or reciprocating pumps have two Figure 803c

heads lSOdegreumztofphnebytheac— Gredient Systam &
tion of a single cam so that onec pumps while the
others refills, producing a constant, pulseless flow

and reduced noise. Sohvent Solvent

2 variation of the pieon purmpe described thove. A

Vs
ndﬁvenhackandfmthbyaneeuenmcdhc.

e movement is conveyed hydraulically to a flexible Low
steel membrane, which flexes and displaces the sol g
vent out to the column, and then pulls in mobile chamber
phase from the reservoir when the diaphragm re-

___L_“" :
prosiame
pump

v

i

turns. Check valves at the inlet and outlet ensure
flow in the proper direction. The piston does not
contact the solvent directly, so seals are not needed.
Pulsations caused by discontinuous pumping and suc-
tion cycles are stabilized by incorporation of a damp- To column
system or two pistons synchronized to minimize o i und wih parrvinsion of Jdohn Wisy
Backpxmurechangumthecohmand and Giona, Inc., adepted from Lindesy, 5.
the elasticity of the diaphragm can canse flow rate e e 24

Trenemital No. 54-1 {1/94}
Form FOA 2805e [8/82]
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Figure 803d deviations. A feedback flow controller should
Gradient Syatem W be incorporated to ensure constant flow rate.
o 1 =
Figures 603-b, ¢, and -d show the arrangements
—_ forgndient-formingsymmsmwlmgtmsol-
rﬁ— Fow
pressws [ |pressure || cOnOler
Lt i P In Figure 603-b, the gradient is formed at low
l pressure by metering controlled amounts of
- solvents A and B from low pressure into
B prarire | a mixing chamber (volume <1 mL) with a
g midng stirrer, from which it is dravn into a
i Chamber igh pressure pump for delivery to the column.
‘ The arrangement in 603 is similar, but
“:‘ of ohes Whey composition of solvent in the low pressure mix-
mﬂhm”m.m’-"um' Lindesy, & ing chamber is regulated using microprocessor-
(1887} High Parformence Liguid controlled, time-proportion-
Fore2.2lpu24]  jng valves. Low pressure symvmhnomhing
chamherarealsomihbk.Such

systems, which
ensure that the gradient is not retarded, involve highly precise valve control and a
great deal of mechanical and electronic equipment to mix extreme volume ratios.

In Figure 603d, the solvents are with two
into & high presvare miing chamber, The ype of gradicnt forrasd  contrelied by
programming the delivery rate of each pump. Electronic control must ensure that
the total volume is always constant and that compensation is made for changes in
viscosity. The post chamber must provide rapid and complete mixing and

have a small volume and no “decad” areas. This method is more than low
pressure mixing because a separate pump is required for each solvent and thus is
decreasingly favored.

Technically sophisticated systemns, involving low pressure, controlled mix-
mgmddehmymmecdmmmmmmmmht
three and four different solvents, which are becoming more

wndelynsedforsepanﬁonofcomplamm
Errors in gradient formation can be caused by restricted lines and loose

connections, which can be corrected by the operator. Problems with valve con
lers or software usually must be handled by a manufacturer’s service technician.

603 D: MAINTENANCE AND TROUBLESHOOTING

603-10 Form FOA 2005« 16/89)
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operation manuals and require that they are read
mreﬁxﬂybymuanymanu{acumprwdemm?ﬁm
and troubleshooting information with their pumps.

Stock an adequate supply of that require routine replacemen
maybemdamagedorbmkmmgmmnem;wmmas;:
plungers, fittings, cams, O-rings, heads, check valves, springs, clamps, «.

Maintain a log notebook for each pump. List maintenance and repair
dates and procedures, and use and storage history.

Do not store corrosive solvents or buffers in the pump overnight.
Periodically lubricate pump motors with the proper grade of oil.

Do not attempt to replace one solvent with another unless both are
completely miscible.

Degas solvents to avoid bubbles in the pump head(s) and filter all sol-

vents. These are the two primary precautions for preventing pump prob-
lems.

If possible, avoid highly volatile solvents (e.g., pentanc), which with the
pumping action can cause volatilization bubblies.

Avoid pump overheating by working in a wellventilated area.
Conﬂlmdm:hepmrelimiuwitch.ifmihbk,inetpropuiy.

Inlpecqnnnphead:andﬁmng:forhhon:dﬂym.lmhmbe
caused by y pistons and worn piston seals. Gentle tightening of fit-
tingsmually leaks. Overtightening of fittings can cause leaks
permanently damage the part. This can be an expensive matter if
ﬂleaﬂ'ectedﬁmngthrcadsmmapmnpcheckwlnorhud.

Dirty, sticking, or malfunctioning check valves can canse irregular or
inaccurate flow and baselines, or stop flow altogether. Check
valves can be replaced or cleaned. In cither case, follow the
manufacturer’s instructions.

Determine the useful lifetime of pump seals under the
tions in cach laboratory. Replace the seals on a regular %dﬂ:
mdulhfeumeuover.oratlemonayuﬂybmmmemﬁme

inspect the piston for scratches.

Verify the flow rate of pumpe on 2 periodic basis, to an accuracy of 10%,
byﬂ;fzhverymtoagmduawdcylindawhilemngmﬁasmpmm
When an accuracy of $1% is desired, use a stop watch and buret. Mea-
sure the time interval as the meniscus passes two marks on the buret a
knomwhmeaparnhleuta?nﬂnperhdudeﬁablefordmdqme
of accuracy. If the delivered flow rate is not within

for leaks and/or make adjustments or repairs as mtheopent—
ing manual.

Troramitial No. 54-1
Farm FOA 2605 [B/52)

(1/84)
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¢ If the pump starts up but does not move the solvent, it is probably in need
of priming. Pump-priming procedures vary from one instrument to an-
othe:alcheckthecorrectpmoediminﬁlemmufxmu’smmt
man

Problems Caused by Air. Most with HPLC pumps are caused by air
bubbles. These arise when air is into the when the solvent reservoir
mmdryth:trtheaohe;tellr:ﬂlctﬁn;;‘h&egem the reservoir; from leaks at the

connect et to pnmpﬁomh:bblugmauedwhen
dxenmb:leil;mc components are mixed; or from cavitation of the mobile phase
in the inlet line or pump head. The symptom in each case is stoppage of flow or

fluctmating pressure.

A sinker frit on the end of the inlet tubing or tight connection through a cap
themonthoftherueworrwiﬂkeepthcmhingmhmged-thebomofﬂ:e
reservoir and prevent air in the reservoir from reaching the pump.

K an air leak on the inlet side of the pump is suspected, carefully each of

the fitd including the check valve. Do not overtighten plastic to the
i[:?nfmomm If the leak persists, disassemble the fittings and examine them
damage.

Recut mbemdsmdmﬂemr?hunﬁ or com-
pression fittings until the problem is solved. beennnd.ﬂmhdu:
fiting with nonbuffered solvent before re-assembly.

When RP solvents (¢.g., water and methanol) are mixed, the mixture has a lower

capacity for dissolved gases than the pure component solvents. This is bubbles
often are scen evolving from freshly mixed mobile phase. With manual mixing,
excess gas bubbles from the solution, but the mixture remains saturated with air.

Therefore, when the pump begins to fill, pressure is reduced and gas bubbles
fammﬂ:epumphead.\ﬁthluwpmmmng.aohennmmﬁnedm
prior to the pump. Mobile phase the pump is supersatmrated with air,
which bubbles out in the . With high pressure mixing, solvents are mixed
after the , 30 bubble should not occur in the pump. Proper degas-
sing of (Secuon B) is essential.

Cavitation occurs when the pump draws solvent through a line with restricted flow
and creates a partial vacuum in the line. This vacuum can canse dismolved air w0
expel, forming bubbles in the inlet line or pump head. Blockage of the inlet filter
rected by eplating the rexricd lece. Amother caume i a tightly fiting rescreok

the ter. Another cause is a tightly rescrvoir
cap that is not properly vented. Drifling a very small (<1 mm) hole in the cap or
loosening it can remedy this problem.

Problems Caused by Dirt. The most damaging system are
caused by dirt, a :.-.,rm that encompasses pammmgermnmthe
mobile phase, buffer evaporation, or wearing of scals. The main problems cansed
by the presence of dirt are malfunctioning check valves and premature pump seal

wear.

Parﬁmhmmnermplﬂentpmper checknlm.remlnng pres-
sure fluctmations and poor pressurc mixing, a dirty
checkwheanmnepmpo%gpmblemlfmpkﬂmhmgdoum

Trenominad No. 54-1 [1/B4}
Form FDA 2905 18/790)
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eliminated, the dirty check valve should be cleaned, ifpocible.andhtcrmmed.
If it cannot be cleaned, it can be returned to the manufacturer for rebuilding. A
dnzcheckwlveudmedbyrmmgmthﬂﬂ.ﬂgmdesoivunormmmgin
10% nitric acid followed by rinsing with HPLC grade water

Ifa containing buffered mobile phase is shut off and allowed to sit over-
night or without washing out the buffer, mobile phase behind the pump
seal will evaporate and abrasive solid crystals will form. When the s re-
started, these crystals will abrade the seal and cause accelerated wear, scal
icles can also cause check valve ems and block the top column frie.
with 10-20 column volumes of nonbuffered solvent at the end of each day
is recommended. Some pumps are designed to allow direct flushing of buffer
from behind the seal. The pump operation manual should be consulted.

Pmblenl.'l‘opreven rtioning problems, solvents must flow

with no restrictions. Change inlet (sinker) frits in solvent reservoirs before
they become blocked. Make buffers fresh daily to extend frit lifetime by retarding
microbial contamination. Make sure that low pressure fittings are sealed properly
mthatmannotlukmandwhmtoutﬂomihlydegamhmumprmt
bubble problems. Elevate solvent reservoirs above the i manifold to

apply slight head pressure and improve the reliability of t delivery.

Run reference tests routinely to recognize mechanical problems with the propor
tioning valves and problems with the controlling software. For example, set the
programmer 3o the solvent does not flow through the column. Use any convenient
(miscible) solvents of HPLC quality in the pumps. Attach a recorder to the pro-
gram monitor terminal jacks so the pen traces the gradient. Operate the program-
mer as outlined in the instrument operating manual. Compare the trace on the
recorder to determine whether the correct programs are actually being produced.
Test cach program that is regularly used for actual analyses.

Ano&amumaymmheamdlﬂ%nouadcwﬁomﬂwlm&n]mt

B (containing a UV absorber to aliow detection), changed every 5 min. The resule

ing trace of absorption vs time should yield rising steps that have the same height

and are fairly square. A third test is 2 20 min blank gradient run at 4 mL/min

mngtheumespikednsohentihumshouldbemmnym:ght (espe-
bemen5and95%3).mthmguhrmmomatthe0%huhneand

plateaun.

Bubblepmblumcanbecauedbyairluh,wh:chanownwhena
ing valve diaphragm becomes perforated or other damage to the solvent propor-
tioning manifold occurs. The proportioning manifold can be tested by connecting
the manifold inlet and outlet tubing with a union. If the bubble problem disap-
pears, the manifold is bad and must be replaced.
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604: INJECTION SYSTEMS

The purpose of the injection system is to apply the sample extract onto the column
in a narrow band. Three techniques are available: direct syringe injection, stop-
flow syringe injection, and use of an injection valve.

In direct syringe injection, the extract is injected into the flowing mobile

through a septum using 2 high pressure syringe in a manner similar o A
injector is available for direct syringe injection without interrupt-

ing mobile phase flow. In stop-flow injection, injection is made at ambient pressure

after dep: th lt::e;i!:ljecﬁonponbyﬁeofadidingaﬁlmduhuﬁwlve,or

by urning off the solvent delivery . The direct syringe inj

injection techniques mnowohmdmelymed.m jection and stop fiow

604 A: INJECTION VALVES

The injection valve is at t the most used device for repro-
ducibly introducing nmplemmm into o oohzmmwmwmuuu flow inter-
ruption. Valves can be made with or internal loops. Virtnally all commer-
cial external loop valves are variations of the six. ndnﬁ%l:hminmmm
A fixed volume loop is connected across two of the ports. extract is introduced
through the injection port, and excess extract flows out through the waste port.
The other two ports provide a path for the mobile phase as it is into
The 10 and uL e probably m .Looplg 2 veaally aade
e 10 20 plL sizes are pro most wi are usually
from standard 1/16" stainless steel, but other materials are used in biocompatible
injectors,

When the valwe is rotated to the load position on the left in Figure 604-a, mobile phase
flows directly from the pump to the column and the connects the injection and
waste ports. The Joop is at ambient pressure and is with extract from a regular

Tranamital No. 84-1 [1/894} m_1
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When the valve is rotated to th position, shown on the
nght,mo pﬁ‘:nﬂx;m:mxghmehop:;em;:ljt;?mMmﬁm

Onecommonmecbniqueumﬁlltheloopoomplewlymﬂlm(thc‘ﬁlbd

oop” technique). In this case, the loop volume fixes the injection volume, and the
loopmustbechangedtomytheemactvohme To achieve good reproducibility,
an extract volume equal to twice the volume should be used to flush and fill
thelooanaTeﬂonmmbenmed,mranduoe-mhmtwmbemgomgto

air should be expelled when filling the For in which
limited extract is available, somevalvuhmaspeg:‘;p port that permits
loading of the loop with minimal waste.
Other methods for varying the volume of extract injected include a fixed

:ckllme complewlymthacombm;m&nofmrgandsohmt;

e " man s

oop ( or'pamalloopwchn:que wl-‘orbeuwwnhthe
loop technique, thevolumeofexmm_)ectedshwldbedo%ohhenomal
loop volume, ¢.g., 10 uL extract in a 25 pL loop. If mymhbﬂcnwdm
bd:ntmlm lumt: be'n’ The soluﬁ:;ind:e aﬂmﬁe:ifliﬁ‘t;
no, vol can

neminalloop volume can be infcied, The partalloop technique o fecibly
ibly injecting specific extract aliquots from a syringe.

Recendy, the six-port valve has been adapted to place cleanup and analyte concen-

msm—lmemththedetcminamemp.Aahm iea column chosen
for its ty to retain the analyte replaces the loop shown in 6042 [1].
While the valve is in the load position, sample extract is injected onto the cleanup
column; subsequent injection of solvent removes co-cxtractives to waste without
removing the analyte. Whenthevaheismawdmdlehjectpoddon.mobile
phase flows through the clean and elutes the analyte onto and
g’emcmr

Vmuomofthismchniquean

loop injector. These injection
valves are also available for
microbore HPLC. This type of
valve, which is designed for nar-

Pump rw}bore (1-2 mm) columns, has
[Peprintad smmicn —— a 0.2-1 pL in cham-
munq.anssm:.m;‘a:wm ber and builtin port with
Fous 2.29. page 26.) 0.3 puL holdup volume to reduce
extract loss.
604-2 e PO Bion 0
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Ten-port multifunctional valves are now available for HPLC. These can perform as
a standard six-port injection valve and in addition allow extract injection followed
by back flush, injection into two columns simultaneously, injection into either of
two columns (random access), extract injection followed by precolumn back finsh,
trace enrichment, alternate extract injection from two streams, two-column selec-
tion with flow maintained in both, heart-cutting operations, and fast, sequential
injections of a single extract.

Injection valves used with the filled 1 aremytouse,pmndcd:e
bestpremonf?rquanunml-m& i <1

casily adapted ormuomncin)ecuon. allow high preuure

7000 pai). The partial loop injectio is not as :]E theged

looptechmqueformnmlin_]ecnom.ltu medonlyforpteﬁmmyapen—
ments when determining the optimum injection volume, or with automatic injec-
tors that provide precision automatic syringe delivery. Tomnmmcohnnn
efficiency, the est convenient extract volume shouid be in
exuactsolmnttbatnweaker(u.mompohrforrevenephae!l?lﬂ)thand:e
mobile phase.

The method used to insert the valve in the HPLC system is critical for minimiring
loas of efficiency. A 5 cm length of 0.15 or 0.50 mm id tbing between the valve
and column with connection viz a low or zero dead wvolume fitting is recom-
mended. When using the fill technique, the valve should be connected as
shown in Figure 604a. This plumbing arrangement delivers the exuact to the

column before the solution previcusly in the loop, preventing band spreading due
to dilution of the extract.

604 B: AUTOMATIC INECTORS

Automatic injectors are valve injectors whose rotation is controlled by pneamatic
or electric actmators. Most usc a mechanized to dispense the extract into
the loop. Systems md:bothﬁxedmdwmmmanihbleforum&
tended operation. A typical adjustable volume mode! ailows injection of 1-100 uL,
mmmmthamwwmmmge,nomm

mechanism to minimize extract waste, MiCrOProcessor-con ion sequenc-
ing, and a multivial sample turntable. The microprocessor controls movement of
the wmtable, sampling necedle, microsyringe, and injection valve. All injection
parameters, including sampling interval, sample number, andm_pcdompernngt,
are entered from a keyboard. Injection precisions are typically quoted as 0.5-1%.

604 C: OPERATION, MAINTENANCE,

TROUBLESHOOTING,
AND REPAIR OF INJECTION VALVES

The following considerations are important for trouble-free operation, mainte-
nance, and repair of injection valves:

¢ Read carcfully the Literature packed with the valve for information on
instailation, use, maintenance, and repair.

¢ The major canse of inj problems is particulate matter entering the
W.Mdamlmmmhgmmmemmﬁm.md
cause leakage. They can also block the connecting tubing or sample
loop. To avoid formation of particles, dissolve the sample extract in the

Trenaminal No. 94-1 {1/94]
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mobile phase itself. If a solvent is used in which the analyte is more
soluble, components of the extract may precipitate when contact is made
with the mobile phase. Toehmmateparucuhu: matter, install an in-line
5 um filter between the pump and the valve, andﬁlteranyemausdm
have visible particulate material or are cloudy or opalescent.

If blockage occurs, locate it and back flush the blocked pasage; disas-
semble the valve and sonicate the blocked part in soapy water, rinse in
clear water, and blow the passage clear with compressed air; or

the blocked tubing. Return blocked valves that cannot be cleared in the
laboratory for reconditioning by the manufacturer.

Tommnmzemtorsealmr,puventahudvepamda&omemuhg:he
valve as described above, and do not allow buffered or corrosive mobile

phases to remain in the valve for extended periods of time without flush-
ing.

Do not operate above the pressure limit of the valve (usually 1500-7000
pai) orleahgemayoomr Operate at the lowest possible pressure w

Usc valves that are constructed of materials compatible with extract and
mobile phase ents. In addition to the usual valves constructed
from stainless with a polymeric rotor, specialty valves made from
more inert matcrials are commercially available.

Maintain a good supply of spare parts, .g., dead volume fittings, ferrules,
and rotors. It is best to stock backup valves in case repair cannot be done
in the laboratory and return of a malfunctioning valve to the manufac-

Engrave an identification number on each valve, and keep a log notebook
to monitor the history of use and repairs.

To minimize dead volume broadening, use connecting tubing
bemendnemjeaionvaheamrak and the column and the
detector, that is as short as possible andhaamllnd.Seedmtwlve
tubing is straight and has a flat end that is scaled tighdy
inside the port in the valve body. Do not metal pieces formed in the
tube-cutting process to enter the valve body.

Identify crossport leaks by observing mobile phase emerging from a Teflon
exit line when the valve is in the load or run position.
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605: DETECTORS

ThefuncuonohnHPLCdetectorntomnunnmﬂyandinmnnnemﬂymimr
the mobile phase emerging from the column. The output of the detector is an
electrical signal that results from measuring some property of the mobile
and/or the analytes. Application of HPLC to trace residue determination is
dent on the availability of sufficiently specific and sensitive detectors. The common
HPLC refractive index (RI) detectors are nonselective and require microgram

quantities of analyte, so were never adequate,

The UV/VIS absorbance and fluorescence detectors are now applied to
m" mstguedetemnnauon,bemnemthodnuwchhareml in schemes

utilize their capabilities while overcoming their limitations. Other detectors
available for HPLC include photoconductivity, electrochemical, and mass spectro-
metric; published applications to residue determination increase each year. Use of
combined detection systems is also increasing, eg., the combination of UV absor-
bance and electrochemical detection.

The following are important characteristics of HPLC detectors:

Sexuitivity. Detector sensitivity is a gauge of the detector’s {signal) to the
presence of an analyte. In HPLC themnlqtmﬂmmmmmt
is called minimum detectability, defined as concentration of analyte that canses
the detector to produce a response twice that of instrument noise.

Minimum detectability refers to detector response to an in pure solution.
“Limit of detection” or “limit of determination,” however, into account the
amount of sample extract that can be introduced to the detector and is partially
dependent on the degree of cleanup provided by the method (sec Sec-
tion 108). Inpcuonvolumenanlmpomt in ing the limit of
detection of an HPLC analysis, uﬂmm for HPLC de-
termination are not oonumtrawd. s can tolerate large vol-
umes of solvent without loes of column performance, thus improving detection.
Injection volumes up to 100 pL are not unusual for analytical HPLC.

. The linear range is the concentration over which response is

rehtedmamlytemaeentnﬁon(u.,aplot response u concentration
has a constant slopc). Linearity is commonly expressed in units such as 1:10,000 or
10%, which might indicate a range of 10" (the minimum detectable quantity) to
lo‘g/mLfortheUVdetacwr

Seladhltyof Response. Universal detectors noaﬂoomponmnmd:e

ssleaﬁc selective) detectors respond
dependmgon ( Szalecdved':wcwnmn:l‘:l'{j
leuaﬁ‘ecmdbyvamnominﬂaemoblkphae

Effect of Changing Conditions. 1dcally, the detector should not be affected by
changes in temperamre or mobile phase composition.

anedewmmmmbimdonshwldmctnpidlynm
Tnckly canbemmmedaeunately'l’hemmmddw
etectomeo:d s ed as the time required to reach 63 or 98% of full

Trenemiztal No. 84-1 {1,/84)
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scale deflection, should be at least in the 0.1-0.8 sec range for high speed HPLC
and narrow peaks. Modern instruments are capable of response in the millisecond
range.

Cell Vohmme. Detector cell volume should be minimized to limit peak broadening
and maximize efficiency. A cell volume of 8 uL is typical, with smaller values for
micro-HPLC. The volume of associated tubing sh also be minimized. How-
cver, as the volume of the detector ceil decreases, sensitivity of detection is poorer.
Detector design should eliminate dead corners in the cell from which the analyte

is not quickly washed by the mobile phase.

Noise and Drift. Bascline noise, as indicated by variations in the recorder signal
with no sample in the detector cell, is mostly by the electronics of the
detector, recorder, or amplifier. Additional sources include the mobile phase
(h:bhlu,changuinﬂawnteorwlah,iqmﬁu) and

fluctuations. To reduce the chance for bubble formation from mo-
bile phase in the detector cell, modern detectors include a back pressure restrictor.

Baseline drift may occur when the HPLC system is first turned on. K drift persists
after warmup, it is most likely due to changes in mobile phase composition, leaks,
temperature variations, column bleed, or a gas bubble in the detector cell. Baseline
drift can also be caused by slow clution of hi retained components left on the
column from previous samples.

Nondestructiveness. An analyte can be collected for further characterization if its
chemical form is not changed by the detector. UV and flnorescence detectors are
examples of nondestructive detectors, while the clectrochemical and photocon-
ductivity detectors are destructive.

Ruggedness, reliability, and of use, main , and repair are also impor-
tantquaﬁﬁumscekm}m.g:ewc:en. enanes i

605 A: LV/VIS ABSORBANCE DETECTORS

The most popular HPLC detectors are the fixed and variable wavelength UV/VIS
types. Fixed wavelength UV detectors most often operate at 254 nm, which is
uscful for molecules with aromatic rings, carbonyl, conjugated double bonds, and
other suitable chro ores. Variable wavelength detectors usually operate in the
190-380 nm range wi adeuuerinmmuorl%%ﬂnmwithaﬂlgﬂﬂnﬂml
mngsten source. Other supplementary lamps that have been used are the 229 nm
cadmium lamp and 214 nm zinc lamp.

Variable wavelength detectors provide several advantages. A wider

and significant increase in sensitivity often result from operating at in
lhelQD-Mnmnnge.Misdmtothehtgemohrah&dnﬁud‘my
cides in this region. Typically, aromatic systems have a 1 times

bance at 214 and 229 nm than at 254 nm. Different peaks in the

can be detected at different optimum wavelengths.

Very pure solvents, including water, must be used to avoid noise and unstable
basclines at the lower wavelengths. Increased selectivity for pesticides with aro-
matic and certain other functional groups can be obtained by at Jonger
wavelengths such as 280 or 295 nm. This gives the analyst the ability to "edit out”

Yranaminnl Ne. 941 (/84
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unwanted peaks. This however, lead to some loss in sensitivity if
mmmnt&memmbemad:‘::ymmhg:hdmﬂmmm
bance. An additional advantage of a otometrictype detector is that un-
known components can be ident by stopping the mobile phase flow and
scanning the full UV/V IS spectrum of the component trapped in the sample cell
(stopflow scanning).
Fixed Wavelength UV Detectors
There are several types of fixed wavelength UV detectors that differ mainly in the
output of the source. One type has a low pressure mercury lamp source that emits
asha:phnespcctmm.AﬁlterpuenhepmapdEﬂnmlineandremmother
weaker lines. A second type has
a modified mercury lamp \mha
piepho and provees s w",s..t':::..
2540r280nm.Aﬂurdtypeem-
ploys a medium pressure mer-

cury lamp and band pass filters
tomla«: emission lines at 220,
254, 280, 313, 334, or 365 nm.
Figure 605-a shows adiagramof = 4"\ 1|
the light path and liquid flow nm
path for a double-beam fixed ®:’
wavelength UV/VIS detector.
Light from the source is focused

a lens onto sample and -
l'tzl'eraenhy q?celk.(:olumnemuem ﬂ
flows continuously through the
sample side (top), while the ref-
erence side (bottom) is filled
phase Or air. A (Reprived with parsission of John Wilsy snd Sons, tnc., from

m ofal‘o tion is cho- Meer, V.R {1998) Precticel High Performance Liquid
senbytheﬁlter Afterpaﬁng Ohramascgrephy. Furs 5.5, page €81
through the filter, the radiation
is chopped by a rotating sector
so that alternating pulses fall on the detector (double beam in time). The pres-
ence of absorbing analyte in the sample cell decreases the intensity of the
beam relative to the reference beam. The difference in signal between the two
beams, which represents the absorbance of the analyte, is amplified and recorded.
lnanalta‘namedemordengn the sample and reference radiation fall on two

etectors whose outputs pre-amphﬁulmalogmpam
which produces the ahsorbance uble-beam design compensates for
changamsourcequmtandphotomﬂupliermberupm
Detector cells are typically 1 mm id with a 10 mm optical path, or approximately 8
pL volume. The most common designs are the H-cell, Z-cell, and the tapered cell.
The latter design minimizes the effects of changing mobile phase Rl, as can occur
during gradient elution.
Fore FOA G (/K1 605-3
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Sample

Flter Wheel
] My o

[Raprintad with parmission of Elsovier Solance Publishers, from Podls. C.F., and Schustts, 5.A. [1584) Comamparery
Practios of Chromatography, Figre 5.6A, page 377.)

Varisble Wavelength UV Detectors

The second or UV/VIS detector is the continuously variable wavelength

(Fig|m605-b) t from a continuous deuterium source (or tungsten source lﬁ

the visible reglon) isfomsedon the ennncealit&agmtingmuochrm

which disperses it into its o wavelengths. The monochromatic
thmughthe-mt mto leandmﬁerenoebams

spliver or ch 'Ihedetectormeasures d:ﬂ'ermeemablotbnnee

the sample reference.

Solvents

i mml:enwm bemdht‘hemlalglh()
regions. It is important to solvents that are transparent at s
being used. For example, carbon tetrachioride, benzene, and acetone cannot be
used at 254 nm because they absorb too . Hexane, chloroform, methanol,
andwaterare t at 254 nm and a wide cisohenuu'engdl
e phases. The choice of solvents with cutoffs <220 nm is
qmtclnmted.

Performance Characteristics

The UV detector is sensitive to 10* 1o 10 g/ml. of many compounds. It has a
wide linear range and is relatively inscnsitive to small changes in flow or back
pressure, although at the detection limit the detector is very sensitive to changes in
temperature. Detection is limited to compounds that absorb at the chosen wave-

length.

Tronsviaal No. 94-1 [1/94)
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Gradient clution is provided the solvents do not absorb. At very sensitive

settings, changes in Rl, as caused by gradient elution or pressure and flow changes,
canpmdunebasehneshlﬁsmthzﬁctypuofdetmuns.

The fixed wavclength detector is less versatile but is much less expensive and
often gives less noise than the continucusly variable wavelength spectrophotomet-
ric detector. As mentioned above, the great advantage of the vartable wavelength
demorudxeahhtytoopunnumumyand/orselmtyforeachmﬂyuw
detection at the most favorable wavelength.

Mnultichannel or Photodiode Array Detectors

an?demector,polychlmﬂcradhﬁmis the
dewctorﬂowcell, g radiation is diffracted by a grating so that it falls
onmanayofphotodroda.Eachd:odeuceivuadﬂ‘ermtnmwumlmgth

band. The complete array of diodes is scanned by a many times a
second. The resulting spectra may be displayed on a ray tube monitor
and/or stored in the mstrument for transfer to a recorder or printer. The detector
nbatnsedmmnjun@:m\;itha terizeddsum:'pn,whichallmm
post-run as identity confirmation by comparison of spectra
with a library of standard spectra from disk . Detection can be
made at a single wavelength or at a number of i , OF

wavelength changes can be programmed to occur at specified points the
run. Absorbance ratios at selected wavelengths (e.g., 254 and 280 nm) can be
displayed for each peak, which aids in determining identity and the presence of

unresolved components.

Applications

The UV detector has been the most widely used for pesticide residue determina-
tion. Section 404 uses UV and fluorescence detectors to determine benzimidazole
residues, whereas other references describe combinations of UV and

ducﬁvilh{l-a};thephomdiodeanaykapplimblcmdctermhingpn:qlmand

Problems, Maintenance, and Trouhleshooting

Air bubbles in UV flow cclls can produce a series of very fast noise spikes on
natograr or pronounced baseline drift. mwl:ighabaotbameludmy
can impure or improperly prepared phase, air
mtheﬂowceﬂ,bsylmnlign ﬂowoell.ordinyendwmdow.cumada:bz
in the detector cell becanse they are thmughthesymmorthcsolvem
deguedmthedetectorl’xmt being pumped through the system
by climinating system leaks, lllngalrfromthe system, avoiding very

volatile solvents, and not stirring ruemir too Pm-
vent solvent mtbenmpleoellby themobile

use. If the cell has n ptmrevalve nuecell
auachnglO‘spuﬂmelorTeﬂon mmwmaaﬂm

rumetor.andplaangthembmgwﬂetabovethedemr The tubing must not
shut off flow completely, as too great a pressure increase could shatter the cell

it
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To dissolve gas bubbles lodged in the cell, briefly increase cell back pressure
holding a of rubber septum over the detector outet or by connecting a

syringe to emxchWithaqueomtwnmzybenemytoﬁntheeenwuh
methanol and repeat application of

Protect the detector from flactuations the system
hmmmtmdmmwmmmm?MMm‘g
change

.

Detector response can drop because dirt in the cell or a bad source lamp reduaces
the level of radiation the photocell. Some detectors have a meter that

allows easy determination of light level. If it is low, clnnthedetecmrorchange
the source lamp. (Avoid eye damage by not vi light directly.) Consult
the detector manual for the proper procedure for the and clean-
mgtheueﬂ.l‘heavmgehfcofa%!nmlampu hr, but it

shouldbercphoedauoonasagmgbeglmmmmengmﬁanthmy
Some cells can be taken apart, the optical components cleaned with a

solventanddmd,andtheoeﬂre-uembied.Othmcannotbeukmwmdm
cleaned by flushing the cells with a series of solvents delivered from a 50 ml. glas
syringe, e.g., acetone, 6 M nitric acid, distlled water, and acetone, then drying with
a flow of clean, dry nitrogen before reconnection to the column. If necessary,
aﬂowﬁMmmaddtomdm&eceﬂm:ght.Tompamdcm

cffectively, draw nitric acid through the cell with a syringe in a direction opposite
to the normal flow.

605 B: ALUORESCENCE DETECTORS

>

Fluorescence detectors provide two to three orders of magnitude more sensitivity
than UV detection. Selectivity is also excellent because of the choice of excitation
and emission wavelengths and the fact that only a amall fraction of all compounds
naturally fluoresce.

The simplest of instrumentation is a Figure 808-¢

fixed fluorometer with bandpass Fhuorescence HPLC Detector
filters for both excitation and emission.

More convenient and versatile fluoromet- Photodiods

ric detectors can operate at variable wave-
lengths. These are equipped with mono-

chromators to select excitation and emis- Emission
sion wavelengths. Most compounds that Rer
ﬂuomnmmﬂyhmaﬂﬂo con-
jugated cyclic structure. Nonfluorescent

can be detected if they are first Excitation
converted to fluorescent compounds by o
pre- and post-column derivatization. e
Detector Design vV—v Pt

605 is a schematic diagram of 8  rocrived whh parmission of John Wisy st
simple filter fluorometer detector. Light zﬁ-‘m mugavnuuu‘:?u:“
from a mercury lamp passes through a fil- Porformence Liguid Chrommiogrepty.
ter that selects the cxcnadon wavelength. 5100 74)

An interference filter providing a 10-20 nm

Transrisial No. 98-1 /98]
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bandpass is commonly used. Lenses focus the radiation on the sample cell, which
contains the flowing column cffluent. If fluorescent compounds are present, they
absorb the incident radiation and re-emit at a longer wavelength.

Although it is emitted in all directions, the re-emitted or fluorescent light is usually
measured at a right angle to the direction of the incident light. A second filter
isolates a suitable from the fluorescence spectrum and rejects any
scattered exciting radiation from the source. A lens focuses the emitted Light on a

photomultiplier tube.

The second filter can be a bandpass filter for selectivity, or a cutoff filter for
greater sensitivity.

The right angle measurement design allows of the incident beam as
well as the emitted light, so that dual UV absorption flnorescence detection is
possible with some commercial detectors. A more common arrangement is to
place a separate UV detector in tandem with a fluorescence detector to check the
reliability of the fluorescence measurements, especially at low levels of quantit-
tion.

Other more isth fluorescence detectors use monochromators in-
nudofﬂlmwmmnﬁnmwmkn@m detec-
tors. These usually have either a deuterium (190400 nm) or xenon (200-850 nm)
arc source. Because these sources are more unstable than a mercury discharge
source, detector design is often modified w0 correct for fluctuations in source
intensity by splitting off a portion of the cxciting t to a reference detector.
Variable ength detectors have the advantage of low exci-
tation, which is necessary for some naturally fluorescent compounds a8 in-
doles and catecholamines.

Fluorescence detectors that use a laser as the exciation source are being studied.
The intensity of lasers is about 10* higher than that of conventional sources,
providing a 10-100 fold improvement in detection sensitivity. The use of lasers can
reduce stray light, because their radiation is enti ic and coherent
and the beam has a small cross section and is nondi . At t, the use of
Made&aormmkﬁmiwdbytheirhighcouandnhm:nmrmp
of available excitation wavelengths.

Solvents

The intensity of fluorescence is affected by the composition of the mobile phase
and the presence of ies. Quenching can occur with halide ions, water and
other strong h ing solvents, and buffers. High temperature and oxy-
gen in the mobile can also induce ing. Compounds that flnoresce in
organic solvents may show a shift in intensity fluorescence maximum wave-
length with change in solvent polarity.

Performance Characteristics
Sensitivity is for fluorescence because the is measured directly against
a dark d, and si intensity can be increased by an increase in source

intensity. The sensitivity of fluorescence detectors is in the range of 1-100 pg/mL
for favorable compounds. Because both the excitation and detected
can be varied, selectivity is high for fluorescence detection. The linear range is

Tronamital No. 94-1 (1/84)
Form FDA 2800 [5/92}
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mm two or three orders of magnitude at low concentrations where absor-
is <0.05. At higher concentration Icvels, the linear range can be very small.

Parameter Adjustments

Optimum wavelengths for fluorescence detection are chosen by
excitation and emission spectra with a fluorescence spectrofluorometer. gormost

ds,aatmonandemmionlpemmmirror thac more or less
matlongeraduuonandshormrm When excitation
and cmision maxima are close together, optimization of fluorescence detector
monochmmator umncalforachmmgmmmalemmonompmwhile
-«:mcmh duetotl:eovcrhp.C:reﬁllchoweofemhm
wzvelengthandsht characteristics is necessary for maxi-
mumsenmimy,aswellasformn background noise if fluorescent impuri-
ueoarepresentintheinjectedm[ ].

Applications

Section 401, method for N-methylcarbamates, post-column hydrolysis and
derm:monmpmduceachankaldcmbiebl;.:ﬂmdemam

tion of that determinative step detects naturally fluorescent residues without the

postcolumn reactions. Section 403 uses to substituted ureas for
subsequent fluorometric labeling and determination. 404 uses UV and
fluorescence detectors for benzimidazole residues.

Detector Maintenance

Clcan the cell compartment with chromic acid (or ) cleaning solution,
followed by thorough rinsing with dilute nitric and water. An overnight

soaking in chromic acid cleaning solution may be nccessary to remove stubborn
impurities.

605 C: ELECTROCHEMICAL DETECTORS

Elecuochunial(ECh)deﬁectonindudedumducdvhydemfonhcdem

mination of jonic analytes m

detectors for analytes with or reducible Eup. first

EChdewctorforHPI..Cmedpohrowhy but because use of this mode today is
t, it will not be discussed in this chapter. The most widely used isthe

mﬁ-em detector using a carbon electrode, or, fire-

quc:;tg,agoldamlgamorarbonpme , which can provide sensitive
ecﬁwdemmmmndmmpomdsﬁthwm

ECh detection can be used with reverse phase (RP) columns becanse of the
polarity of RP mobile phases. For the detector to function properly, the

phase must possess good electrical . Salt or buffer at a concentration
ofOtBMhoﬁenmedmopmvided:emquhedmicmgﬂ:.lhedemh
impractical for normal phase (NP) HPLC, and RP systems with high modifier
concentrations may also cause problems.

ECh detection has been applied to the HPLC deteymination of phenols, amines,

m halogmoompo\mds.ketona, and nitroaromatics. It is
suitab‘e for quantitation of various pesticide , such as dinitroaniline,

Trenamisnl No. 541 {1./04)
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bipyridinjum, triazine, and ph L herbicides; nitrophenyl, di ol, car-
bamate, and organophosphorus and azomethine i and fun-
glades.Anypesuadethatpmdmumelemoompmmd(phcnoLm
amine, aromatic nitro compounds) on metabolism or such as
;arbamates,urea,anﬂndes,du,canpotenﬂaﬂybedcmhwdmgthem
etector.

Conductivity Detectors

Conductivity detectors measure the conductance (reciprocal of resistance) of the

efflucnt, which is proportional to jonic analyte concentration if the cell is suitably

deugned.‘lheymusuallymedmdﬂectmorgamc organic ions after
cxchange or ion chromatography. Since these modes of HPLC

mohilephmwith cu,ltnnecﬂ achemimlor
electronic means of theco &em‘m
mnbemeaan'ed delaector.

'I‘ypumlde&ectorshaveacellmthamllﬂ;i)mwhm:e oompo.edof
insulating material, into which graphite or noble metal electrodes are implanted.

A constant alternating voltage is applied to the clectrodes, and conductance is
measured with an appropriate circuit, such as a Wheatstone bridge. Since conduc-
uvuyuh:ghlytempcmmdependem,ammsforaummﬂctempeuuueoom—
pensation is usually included.

Amperometric and Coulometric Detectors

ECh detectors are most often amperometric or coulometric detectors that mea-
sure current associated with the oxidation or reduction of analytes. Oxidation is
carried out at an anode bearing a positive potential, and reduction at a cathode
havmganegamepotcnual.D:ﬂ'erentm%omdtrequne potentials for
these electrochemical reactions to occur. emmntprudm“;ydleelecunde
reaction is measured in a flow cell at the column outlet. Detector selectivity and

sensitivity are changed by varying the potential of the clectrode.

The use of clectrochemical reduction as an HPLC detection method is impractical
becausc oxygen is easily reduced, and it is difficult to remove oxygen completely
from the mobile phase. Most ECh detector applications are, therefore, based on
oxidation. Mobile phases that work bhest are aqueous/organic mixtures with added
salts or buffers.

The coulometric of ECh detector reacts all of the electroactive analyte passing
thrmlghinylekg;ahlghcrcnmntfortheelem'espeduthanthe
amperometric detector. However, background noise is also greater, 3o it is not
more sensitive. Theoo\ﬂomemcdetectoriammuvemﬂowmandu:pen-
ture changes, and, like the GLC microcoulometric detector, it

absohnemanner,ehmmaunglheneedformﬁbnmﬂm.hnmepmne
to clectrode mnuminaﬁonmdmunbemd ct potential
control over the entire clectrode area. The emctypeofE(]:demis

much less popular than the amperometric type.

The amperometric ECh detector uses a smaller electrode surface and reacts only
about 1-10% of the electroactive analyte, so that most of the analyte leaves the

detector cell unchanged. Small currents in the nanoampere range are produced.

Trenamitisl No. 54-1 (1/84)
Form FOA 2805 (8/88)
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Figurs 805-d These currents can be amplified and
Three Elactrode Electrochemical measured accurately, leading to
Detactor sensitivities as low as 0.1 pmol in fa-
Shar/ - vorable cases. Amperometric ECh
wlhr. : detectors arc also simple in design
x'::‘ /et and inapenmeandan
slectrode shorodt  be made small internal
volume(Ol-SuL) minimiz-
- <« S %mh bmndenm&hud:qm

N Figure 605d is a

simplified sche-
L4~ Somnes  matic diagram of an amperometric
Sy  ECh detector. Three electrodes are
the e ducg theu:lﬂe
parmission current to B
oy’ oh Parkrmncs Lipds measured, a silver/silver chloride
Crvometogreply. Figure 2,471 page B8] reference electrode against which
thepomnmlutbewnrhngelee—
trode is sclected, and a stainless steel auxiliary electrode to carry the current
nlygluygzbanhmhemialhxgmypo&hﬁe andelemnll:cmdaumg
mo isa inert,
form of carbon. To maintain reproducibility, the solid carbon elecirode requires
regular maintenance in the form of polishing and cleaning, so detectors must be
relatively simple to take apart and re-assembile.

The chromatogram is obtained by the current at the working clecurode,
whnchummtamedataﬁxedpotenﬂalmhuvemthemﬁumelecﬂode.adm
clectroactive analyte elutes from the column. The working electrode potental is
usnally at or near the limiting current platean of the analyte. The

current, which is constant for a given mobile flow rate and jon, is

mum applied potential and the effect of variables such as solution pH, mobile
phase composition and concentration, and analyte structure.

Performance Charactevistics

In general, ECh detection offers better sensitivity and selectivity than the UV
detector for pesticide residue determination. Detection limits are genenl!yat
picogram levels, whereas for the UV detector, detection limits are, at best,
nanogmmlcvch.Ontheotherhmd.theUVdemorhag!uterlongm
stability and is easier to use on an everyday basis.

Detector and sensitivity are critically dependent on flow rate constancy,
solution pH, jonic strength, » ccll geometry, condition of the elec-
wode surface, amlthe_ﬁmee electroactive (e.g., dimolved oxygen,
halides, trace mctals). detector cannot be with flow or solvent program-
ming if these changes affect the baseline, and waiting periods of 210 min are

for variations in conditions such as flow rate, applicd voltage, or mobile
phase, or for initial startup each day. Both increased flow rate and an increase in
the volume of injected extract decrease detection sensitivity.

5’
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Applications

An ECh detector was used for oxidative detection of coulometrically reduced
m lumn monit:ryecllwdimal?{y ofmpomm Jhite
€O, aﬂ in means of a

mducﬂh;

coulometric detector. The organonitro functional were
cellofdledetectorandthemducﬁon were then detected by
clectrochemical oxidation. A 20-90% /water gradient with constant

clectrolyte concentration could be used without occurrence of a significant baseline
change. The cell required periodic cleaning with dilute nitric acid and sodium

hydroxide solutions to eliminate negative peaks.

HPLC with ECh detection was also used to determine 001-002]1:11
thiourea (ETU) in foods by a revised official AOAC method [7, 8]. The
cxuactmchromatogmphedonagnphimedarbonoohmnmthmmﬂe/
aqueous (.1 M phosphoric acid/water (5:25:70) mobile mand the ehuted

ETU was detected by using an amperometric ECh detector a gold/mercury
working electrode.

605 D: PHOTOCONDUCTMTY DETECTORS

The photoconductivity detector (PCD) is sensitive and selective for organic halo-
gen, sulfur, and co d:atfomsumg,mblemupmphowly-
sis. The eﬁuentmas it the column; one-half is
referenceceﬂtfamnducﬁvitydcteaorandﬂxcotherhalfhundhtedmthﬂ{
or 254 nm UV light. Suitable analytes become ionized, and the resulting conduc-
tanoensmeasuredhythedetector Operation of the PCD requires an ion ex-

purify the mobile phase and lower background conductivity. Both
RPandNP(n eom)systcmhaw:beenusedmththc?ﬂ) but the former
ammorecommoﬂ;medforpeuiadedeterminammdwmbeemphmdm
this section.

Apparstus

Publications [9, 10] describing applications of a PCD to pesticide residue determi-
nation employed a system with a reciprocating » loop injector or autosampler,
foroeddnﬁoolumnmen.nnablewawlengtm

the PCD, dual recorders, a data system for peak integration, and C-18 and cyano
bondedmhmAﬁowspﬁuerma@mcdtgeﬂwas::lﬂwmdmhm
effluent through the of detector. Balance of
flows through the reference and analytical loops is facilitated by a metering valve
in the solvent line exiting from the reference compartment of the conductivity
cell. This apparatus, or an equivalent system, will be assumed in this section.

Performance Characteristics

The following performance characteristics have been determined by studies of a
PCD-UV detector system for residue determination.

Mobile Phase Preparation. Optimum sensitivity and stable baselines are achieved
when the mobile phase has a minimal ionic background concentration. De-ioniza-
tion of the mobile phase solvents, either individually or as a mixture, is carried out

605-11
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hyarculaﬂonthmughamnedbedcarmdge(llmixmreofammdcaﬁm
exchange resins). Ion exchange treatment of aqueous mobile phases shortly be-
fore use with the PCD is recommended. A 24 hr period of resin circulation at 2.5
mL/min was chosen arbitrarily for “complete " of the solvent. Resin-
treated acetonitrile was found to be i with the PCD-UV detector sys-
tem, and the use of resin-treated methanol rather than treated or untreated aceto-
nitrile is recommended.

Temperature Control. More scnsitive and consistent detection was obtained when

the column, photolysis reaction chamber, mdtmtyoelk,anda-ochwd?lmnb-
were all maintained at a constant, elevated temperamre (35-40° C) within
oven.

Mobile Phase Fiow Rate. The use of low flow rates detector responsc and
redlmtheapendimreofpu'lﬁedmoﬁlephm. owever, lower flow rates lead

longcranalymnmeunlesthemngthofthemhlephaeanbeincrmed
without losing the required resolution. A compromise among speed, resolution,

and detection is on the sofa
an sensitivity is necessary, depending requiremen partico-

Pressure. The PCD is very sensitive to fluctuations. mobile
phase degassing and subsequent gende mmmhd'l:aongh maintain stable
pumping pressure. Use of gradient elution is ki by pressurc variations that
occur as the mobile phase composition changes, leading t0 excessive baseline

sh:ﬂ.espeaallymhlghmmtyapphauom.

Reproducibility of Response. Improved ity was shown to result from
complete purification of the mobile phase by ion exchange resin treatment and,
to a lesser degree, temperature control.

NP ) Solvent The i jon of the PCD wo NP
mwmmw the lowopmpolalmf the moﬁkmdphmmmmmm
mohhtyandpoorchuge maf’ermd:eoonducﬁvhycellunddmsadm:ely
aﬂ‘ecupuk and response. Some workers have nm
goodmpomebyaddingaeeticaddoroﬂmrpohrormic

mmmmﬁm@wm“mw

dmunuhedneedforptmﬁcmontqde-iomummadmuguoflhemeof
certain nonaqueous solvents.

Choice of Irradiation Wavelength. In the 254 nm mercwry lamp provides
greater detection sensitivity than the 214 nm zinc lamp. However, response can be
improved for certain compounds if the zinc lamp is substituted for the mercury
lamp. Greater stability is ensured if the detector, including the lamp, is left on at
all imes.

Seusitivity, Selectivity, and Linearity. The PCD can detect low ng lewels of many
5mdvmfamdwb;ohnmﬁoml-l?}vngngieaedlnj;guoan
typically 5 pL. containing 1-20 ng pesticide. typically shows more
mterfermcelﬁ'omgmpmd:mthel'm indicating superior
selecumyforthc?CDBem(methePGDnm;gom;ﬂuandéenﬁmm
tions in conditions (e.g., de-ionization degassing phau,
tempcnnu'emlnnnpmgﬂucmauonsg ), it should be operated with a andem UV

i 80512
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detector to monitor the chromatographic system and aid in the diagnosis of anoma-

lies.

Applications
The PCD has been included in several methods for pesticide residues [1-3, 10].

605 E: MASS SPECTROMETRIC DETECTORS

Mass specoometric (MS) determination can be definitive, ’ information
on analyte retention and concentration while confirming its iden-
tity. Interpretation of mass spectra permits determination of molecular mass,
m&muhmngemtdmlemhmmmmmmmmwly mo-
ecular identity.

Successful use of MS as a chromatographic detector requires introduction of col-
umn effluent to the MS without the vacuum in which the detector oper-
aws.'l'hlsmknnowmz for GLC-MS, but systems for

or otherwise e HPLC mobile phase before introduction to the
msﬁﬂbangdevdopeiNummmﬁcumdmmﬁonwchmquaforHPU}
MS have been made available, but so far no one system serves all needs.

An HPLCMS interface involves two stages: eﬂluentmu'odmdonandanalyne
ionization. Available effluent introduction techniques include spray techniques, in
which the analyte is introduced as an aerosol; direct liquid introduction, and
mechanical transfer, such as the moving belt interface. Spray techniques are most
common; the aerosol may be nebulization of the effluent using
thermal (e.g., Thermospray), pneumatic (heated nebulizer, particle beam,
Thermabeam), or electrostatic (¢lectrospray, lon Spray) processes.

The particle beam interface actually combines several processes to remove solvent
from the effluent. After nebulization, the resulting acrosol loses its more volatile
components in a desolvation chamber. Subaequenﬂy the remaining aerosol is

i

!
)

- W Y B DB TR G5 GO Bx BN G BN £

pumped 2 momenwm , a scries of skimmers and pumps that
divert most of the solvent vapors. hmleranalymemolembdlenpa-mtod:e
MS.
Several approaches to analyte jonization exist; the combination of effluent intro-
dumonandwnhmonmntbe . Direct ionization of the effluent oc-
Thermuzay tcrﬁwes;npoxmﬂmandmnonoom
other direct ionization , called fast atom bombard-
ment,lonimutheanalytebybombudmgﬂae t with fast moving

atoms. Electron impact ionization can be achicved if the solvent is removed
such as with the particle beam interface. Chemical ionization (CI) can be used
without removal of solvent, using “filament-on™ Thermospray, direct liquid intro-
duction, or one of several atmospheric pressure chemical ionization (APCI) sy»-
tems that now exist.

APCI is a recent and significant i t in HPLC-MS interfacing .
APCiuamd‘ionfomeumoq;hm n:dmolca
M&APGmnmmmiqueandmﬂkbemmdnqmbenﬁhedwhh
most of the interfaces described above. One unique advantage of APCI systems is

that interfaces (e.g., electrospray, heated nebulizer) can be readily interchanged

Tranamizal No. 841 {1
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without venting the MS. APCI most commonly provides CI specira, but with
demMSinsggnenu(MS/MS),mommmpkxspem:linfomﬁonhob(ﬁnﬂe.

Selection of an interface for a particular HPLCMS ! requires consider-
ﬁon&mmmmm,mmﬁkmlt:rmmm&e
choice of interface to those capable of handling the volume; ¢g., Ion inter-
face is limited to 200 pL/min, while Thermospray can accept 1 mL/min.

stability of the analyte(s) may also restrict choice of interface. The interface must
also be with mobile phase composition; «.g., nonvolatile salts or buffers
may clog some interfaces, flammable solvents are generally unsuitable, and high
aqueous content may inhibit volatilization.

Numerous applications of HPLC-MS have been published, and reviews of the

o Ili?iﬁonsmzvaih?la[%'}ilzl.kderenwwthemcofprﬁdebmhmﬁcc
o 1 ide i about ication to i

-15] and w APCI provide information application 1o pesticide

605 F: DERIVATIZATION FOR DETECTION ENHANCEMENT

3
-

The detection properties of an analyte can in many cases be enhanced by
post-column derivatization. Pre-column derivatization is usually carried out i
pendentofthehsmnnemandpost—cohnnnduinﬁmionimﬂy?aformedh-
line. Derivatization reactions have been carried out mostly in conjunction with
fluorescence detectors, but visible absorption and ECh detectors are abo

Comparison of Pre- and Post-Column Derivatization

Pre-column derivatization have the advan that reaction times
Precolimn dertiztion procedures has the admninges that loog reacton imes
have the same detection properties as the derivatives. This is not with
post-column reactions, because excess reagent is fed with the effluent to the detec-
tor. Pre-column derivatization may serve as a purification step, and the derivatives
may chromatograph more favorably than the parent compounds. However, the
ducing the chromatographic selectivity. Pre-<column derivatization requires a quan-
titative reaction resulting in a stable and well defined product; by-products formed
in the reaction may interferc with the analyte in the i
extensive cleanup after the derivatization reaction. No instrumental modifications
are required for pre-column derivatization, unless it is carried out inline. In
eral, post-column allow for a higher degree of automation.

for post-column derivatization should be rapid to avoid extra-column band broad-
ening. An upper practical limit for high 3 HPLC is about 20 min.

J

§

Post-Column Reactor Design

column d- o mobllei;hae ety terrupted, although o
and detector. The i flow is not in it may
be angmented by addition of a secondary solvent to aid the reaction or meet
detector requirements. This is especially important for ECh detectors, for which
themobilcphaseanddeﬂvaﬁuﬂonmagemm:ddomfuﬂyoﬂndhk.&me
the reactor is located after the column, products of derivatization will not interfere

605-14
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with chromatography. The de-
Tivatization reaction not have to
go to completion or be well defined
if it is reproducible. The reaction
should place in a reasonable
time, and the t should not be
detectable under the same conditions
as the derivative. A high concentra-
tion of reagent is usually used to mini-
mize dilution effects, and a moder
ately elevated temperature to speed
the reaction.
Egureﬁﬂ&eshouschemamc
sentations of three
umndewctomthe'muofwbxh
are strongly influenced by the time
reqmredforﬂ:emon In all of
- Pume =\ these designs, controlled volumes of
(i) A[ fr—Rlemctor one or more reagents arc added to
1| |&— Heuting batn the column cffluent, followed by mix-
1 mgandincuhmnforaoetummne
From column = with controlled temperature.
Detector ts are added at low pressure
using pulse-free peristaltic pumps.
O mctor, (0 Packed ba ressor hmmmw
reactor (i), reagent is via a
Tﬁmmmdﬁm mixing tee into the cffluent
e, e ining the scparated analytes. The
oy, Fore 245 prm 7R reacor, which s  coll of saimles stee]
or Teflon capillary tubing typiul!y
O.Smmnd,lwﬁoonmhme),plvvﬂud:enewnryﬁmeforthe
without significantly contributing to band . The combined streams are
on to the detector. Thntypeofrucﬁoruaﬂuhleforfau(sm
1 min) derivatization reactions, e.g., for determination of amines with
o-phthalaldehyde reagent.
The segmented stream tubular reactor (ii) is used for slower reactions (5-30 min).
Bubbles of air or a nonmiscible liquid are introduced into the stream at fixed time
intervals. This segments the column effluent into a series of reaction volumes
whase size is governed by the dimensions of the reaction tube and the
of the bubble introduction. conditions include small L segments
introduced at high fmu“‘c;q' mlluimmonmbes;and flow rate.
This type of reactor dlﬂ'mionandbmd segmen-
muonagentngenmﬂyremomdbyaphasesepuawrpﬁortolhedem but
noise can aiso be suppressed electronically.
For intermediate speed reactions (0.3-5 min), packed bed reactors (iii)
of a column containing a n mmauerialmchasghsbudshmbeen
Reagent is pumped into the ing effluent stream, and the mixture enters the
reactor column. ing of the reaction column can lead to band broad-
ening in the same way as for the analytical column.
Form FDA 20058 (/661 605-15
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A second detector can be placed ahead of the reaction detector to gather addi-
tional information about the analyte. For example, a UV detector can be utilized
prior to a derivatization/fluorescence detector.

Post-column derivatization techniques can involve si modification of solution
pH. For example, postcolumn conversion from tly acid to a pH above 8
increases the fluorescence of coumarin anticoagulant rodenticides and allows their
sensitive determination with a fluorescence detector. More commonly, reagents
are used that produce fluorescent, UV-absorbing, colored, or electroactive deriva-
tives. Formation of a UV-absorbing derivative is difficult because most suitable
nts are also strongly absorbing. Reagents can be directly reacted with the
or an initial hydrolysis or oxidation reaction is sometimes carried out,
followed by derivatization of the Fluorescamine, dansyl chloride, and o-
ph yde are cxamples of reagents, and ninhydrin is a common
i t for amino acids. Derivatives containing nitroaromatic chro-
mophores can be used for UV or ECh detection based on reduction. p-Aminophenol
O ot i el e
The most important applications of derivatiration to pesticide deter-
mination have involved detection of amines. One example is the detection of N-
mecthylcarbamate insecticides and metabolites as described in Section 401.
Photochemical reactors have been to convert to a more
by oo bys gy koo s e e
detection- enhancing reagent. The reactor often consists of a Teflon or quartz coil
wrapped around a high power UV lamp in a reflective housing. The of the

coil is optimized in relation to the desired irradiation time. An of this
mm%wamhmmmmm
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606: RESIDUE IDENTIFICATION AND GUANTITATION
606 A: RESIDUE IDENTIFICATION

The first step in determining residues in a cleaned up, concentrated extract is to run
a preliminary chro Tentative peak iden is made by
retention data with data for standards measured under identcal conditions. If these

data indicate the presence of one or more peaks, proper standard
whuommpmpardforthummnm;andquanmﬂon

Identical retention characteristics of an analyte and reference substance in a single
determination do not assure accurate identification, becanse several
may have the same retention time under any given set of conditions. Confirmation
identity must be obtained by use of additional determinations (Section
). Cochromatography and HPLC using alternative (dissimilar) columns and/
or selective detectors are most for residues determined with HPLC.
Other chromatographic methods such as GLC or thin layer chromatography (TLC),
or UV, IR, nuclear magnctic resonance (NMR), or mass spectrometry (MS) may
also be useful for confirming residuc identity.

Relative retention time, the ratio of the absolute retention of the compound of

jection technique vary.
pound may be chromatographed just before or after the , but it is best to

~ include a portion of the marker compound in the injection of the sample extract;

in this way, both residue and marker peaks are chromatographed at the same
conditions and appear in the same chromatogram.

lnaddiﬁontorehmerctenmnme,puk is often another useful aid in

oomsample identity can be confirmed
mabuohm:orrehuvemuondmeupondamﬂoncf

bodnheanalymeandtheappmpmtemferencemndard.

Co-chromatography

an alternative means of i malp;:uedon
retention times. An amount of standard thought to be the amalyte,
naddedmapomonofthegx:ﬁemaappmtelydoubkdn
present, and an aliquot is If the tentative identification of the residue
wasoomonlythepeakduetothcmlytewﬂlbemtemﬁed.md nm
will not be distorted (ie., no shoulders or produced)
methodhadlenmehnﬁuﬁonu ofremnﬁonmnu.inthatnh
possible that another compound characteristics correspond-
ing to the added compound mightbe identification using this
wchmqunenhancedbyhlghcolumn efficiency and resolution and
opmnngpanmem,whenpeﬂiadammﬂruolwdﬁomme er and
from nonpesticide artifacts co-extracted from the sample substrate, there will be
the greatest chance for the analyte and the co-injected standard to separate if they

Tranernksal No. 94-1 {1/84)
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mnotthenmccompmmd.lftheﬂl'wquemha capability, the co-
mjeaedmuummbemcydedmralumestotrymupum analyte from the

Use of Alternative Columns

Concurrence of retention times between analyte and standard peaks, or absence
of separation of peaks in a co-injected plus standard, on two or more
different HPLC columns (eachmthamﬂkmoﬁle
anmd:athempuhrepmtthcnmecmnpamd.ﬂm.ﬂw
must be judici chosen 3o that their scparations are dillmcﬂ;
diﬁamtmecbanmtbatpmdneedﬂmtelummkm (RP
and normal phase (NP) partition columns and silica gel adsorption
beenshowntobemdcpendt.complemmmyeolummfm'oonﬁrmﬂmnofpak
identity for many compound types.

Spectrometric Confirmation

It is possible to confirm identification spectrometrically by collecting the analyte as
itehtuﬁ‘omthemmgelmummllywmthmm&m
collector, and it with UV, MS, IR, or NMR. However, hhgunl
cation of this for trace pesticide determination is
mumyofmchinmumenunknmed.eluamﬁomfﬂ'l.ﬂmoﬁmdﬂﬁmhm
concentrate, and buffers and salts from RP mobile phases can interfere.

Spectrometric confirmation can be inline. The absorbance (peak
he:ght)muoattwodﬂferentUV ¢.8., 254 and 280 nm, can be charac-

teristic for a particular oompound,and of the ratio for the analyte and
a standard can be helpful for penkmnﬁrmuon.'l‘hepumorablmoeof
pﬂhmmedpﬂumwhmmgdﬁmtnmmmﬁ-
tional confirmational information that have been cmployed for
dcmrmmamnmdudeﬂ:eUVdewmrfoW
rescence, or electrochemical detector. Specificity is by the position of
the absorption wavelength with the UV detector, the excitation and emission wave-
lengths with the fluorescence detector, andthemducuonortmdsionpomml
mthﬂ:celccuochcmcaldewctor

Identification can be made by wse of a scanning UV/VIS detector. Them
ewrmmuallysettoamlenﬁ:ﬂmyodnwa

graphic peak to be identified. When the absorbance signal = at its maximum, the
ﬂowofmobilephaehsmppedbyofa:mp—ﬂownlvemdtbefnll:pm
of the trapped component is scanned. The flow of mobile phase is then restarted
and the analysis continued. A limitation of this approach is that UV and visible
absorption spectra are not as characteristic as IR, NMR, and MS for compound
idenufication.

Scanning of fluorescence spectra somewhat better characterization. K
full spectrum detection is used for tification confirmation, the following crite-
ria have been suggested [1): the maximum absorption wavclength in the spectrum
of the analyte should be the same as that of the standard material to which it is
compared within a margin determined by the resolution of the detection system.
For diode array detectors, this is 12 nm. The spectrum of the analyte
should not be visually different from the spectrum of the standard material

Trerawitel No. 941 (1/804)
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for the parts of the two spectra with a relative absorbance >10%. This criterion is
met when the same maxima are present and when the difference between the two
spectra is never >10% of the absorbance of the standard material at any point.

606 B: GUANTITATION

Techniques for quantitating detector bymmnmtd‘chmmogrﬂ
peahmﬂ:enmefor}maforcrmonmpmvidudhmfor
manual peak measurement and use of electronic integrators; these directions should
be followed in HPLC quantitation.

Pesticide residues are quantitated ing the size (beight or arca) of the
peak for each analyte and the size from a similar, known amount of each
mﬁercnocmndardmjectedundathe:ameHPLCeondinom before and/or
after the sample injection. Onlyonestandatdoomenu'anonnmmﬁnreadl
if injections are made at concentration levels
response. This procedure, whmhildlemonwkielyued.uknawnsthemal
mndatdmuonmethod.()therg::: titation methods, such as internal standard-
iration and standard additions, not been widely used for pesticide residue

The exploratory chromatogram of the sample extract used to obtain qualitative
expwi]lmdwatetotheanalyutheproperstandardsolmiontohemed.'l‘he
solution should contain the pesticides to be quantitated at proper concentration
Ievehtofallmthmmehnﬂz ofthedetecwrandahowpmducepeah
comparable in size (usually $25%) to those obtained from the
theump!eexmlnjccnonofﬂlemdaldmmmylhowthuaddﬁoml
dilution of the sample extract is required to produce peaks of the concen-
tration pesticides that are within the linear detector range and in size to
those from the standard mixture. If several standard mixtures are available at
different concentration levels, selection of one closely approximating the unknown
will facilitate the analysis. It cannot be emphasized too strongly that accurate
quantitation is not possible unless standards are prepared ind maintained prop-

erly and replaced on schedule.

Peak t linearity in HPLC can be Jost due to band spreading when the sample
solvenhte:sgh tly stronger than the mobile phase, eg., the sample is dissolved
in methanol and injected into methanol/water (1:1) mobile phase in an RP col-
umn. If possible, the sample should be dissolved in the mobile to minimize
this problem. Otherwise, the injection volumes must be considered; the
amounts of sample and standard injected should be equal, or the sample volume
must be kept small and the volume causing the onset of band spreading deter-
mined and not exceeded.

Reference
(1] de Ruig, W., ot ol (1989) J. Assoc. Off. Anal. Chem. 72, 487-490

Trenamittel No. S4-1 {1/84)]
Faren FOA 20005 [6/82)



!’ Posticida Anaiytical Manusl Vol. | SECTION 607

607: QUALITY ASSURANCE AND TROUBLESHOOTING

Previous sections of this chapter included advice related to the
components (Sections 601 D, 601 E, 602 F, 603 B, 603 D, 604 C, 605 A,
|

specific system
and 605 B). m:ecnonpmdutesung,mmntenanoe,andmblahooﬁngmoe—
dures for the HPLC system as a whole. Thesc procedures are to
minimize poor performance, damage, and downtime of the HPLC system and to help
ensure that results of HPLC analyses arc accurate and precise.

l 607 A: LIGUID CHROMATOGRAPH MONITORING
AND PERFORMANCE TESTING

Consult the instruction manual supplied with each instrument

%aﬁc installation, operation, maintenance, and ‘mmce checkpmeedm'u.
¢ following tests are general in nature and be appropriate for most

HPLC systems and analyses.

. (heckvhaﬂyforsolvmtluhat:nﬁuings.

. pump(s) at 1 mL/min, at the detector sensitivity anticipated,
and:::febae e noise. If noise problems exist, consult the instrument
man

® Check detector sensitivity by chromatographing a reference standard
{or mixture) appropriate for the particular detector being used; note

detector response.
® Pretested columns, with which a test chromatogram is supplied by the
manufacturer, are preferred. Verify the of new columns by

repeating the manufacturer’s test. At time of use, test the column by
mpeadngthepafmmancemtspeaﬁedwhend:ewhmmm

mmmﬂmmmmvm&ﬁmd

columns packed in the laboratory in the same way with the same
reference material as for commercially packed columns.

. th&emhmmwam.mdmdﬂumm

lnrmoperauan injet tical amounts of standard to check
mprodudbﬂntyumthmhbontoryspecﬁanom(typicaﬂyﬂ%)

¢ Before ming the system for a new , determine that the detec
tor response is linear and bycmmncuon of a standard
curve. Using standards of di t concentrations, occasionally s
checkthathnamyandrupomefactonmmthmhbmwm
tions.

) Qedmm:udcand ﬁlte?eémdm?md&

purity are ere is
ﬁmd:czuonofounmmnonorsigmﬁmntmmchnge pre-
parc new mobile phase.
IS 807-1
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* Do not leave water or aqueous solutions of salts, acids, or bases in the

pump(s). Flush the system with an organic or aqueous/
organic solvent. Methanol is for long tg': shutdown.

607 B: TROUBLESHOOTING FROM CHROMATOGRAMS

Efficiency is a measure of the ability of the column to produce narrow peaks
(Section 602 C). It is expressed by the plate number (number of theoretical
phm)ofthecohnmn.neabnﬁtyoftheco!unmmnpuuemmponensn

termed resolution. Resolution is a function of the peak widths (efficiency), the
scparation between peak centers (selectivity), and the degree of retention for the
mﬂl’ ts by the column (capacity). This section reviews some problems that

detected by inspection of chromatograms and offers possible causes and
solutions for them. Specific procedures for solving most of the problems will be
found in the individual sections covering various instrument components.

" oo by e po e b el
capamyfacwr(andm e column) by using a mobile phase that
is weaker, ie, (g foradsorpuonchrmmgmphyandmorepohr

for reverse phase

* M peaks of 2 mixture are not well separated but capacity and are
adequateg}c.éhkmgj-mandm ),aclecuvitz’:htoolow ary
selectivity to a second a
different mechanism (& RP), oruym
mo!nlcphasemthbothofthe Ifthccolnmnnold.iuruolm
may have deteriorated; try 2 new column of the same type with the origi-
nal mobile phase.

* Poor resolution can also be due to low column efficiency. effi-
Mq&mmeﬁwmwmﬁenmw:fn;mnd
resolution. incress-
B i e e T s
with smaller diameter the operating tempera-
ture (mass transfer is i )Avmdatﬂ:etnpoftheoolumnmaho
cause poor efficiency and resolution.

* Loss of retention from one chromatogram to the next can be caused by
incomplete column equilibration after clution, jon of
sample impurities, or loss of column . Solve the first by
mﬁo;!umn after cach t clution. Remove adsorbed

® An increase in retention times can be cansed by too low flow rate, incor-
rectly prepared mobile phase mixture, the wrong solvent in one of the

reservoirs, or too slow rate of of gradient. I silica gel is
used, the activity of the column may increased because of the
meofmorewmplet:.‘driedwlvmu.

807-2
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Additional causes of drifting retention times include differences among
solventbatches.changumtheoompoudono{abﬂchofmbﬂephac
upon standing, changes in temperature, 2 nonconstant recorder drive or

slipping chart changing mobile phase flow caused
nreptoducibﬁp:mpdehmyoraz:km € system. e "
Tailing in adsorption chro can result from column

sites too much activity. To solve this problem, add an optimum
amount of a deactivator (e.g., water) to the mobile phase.

In RP HPLC, can result if the sample is nearly insoluble in the
mobilephaeord‘ e sample is partly or completely ionic. Bonded RP
columns have a high proportion of unreacted silanol groups (SiOH)
available formsecondagﬂ‘monmomvﬂth Some of these silanol
groups causc to maﬁ'ectaudiccompmmds.l)ﬂamt
commercial columns are better or worse in terms of their

MMWMMMnonewﬂlhewmpku]yﬁm

Add appropriate mobile phase additives to ensure of
thembymnimmngunmwdﬁhndmwmmwwm:lmpuk
tailing. 'Ihebestadd:hmmunnllylﬂ-&ﬂmumeth

e for g base tailing, l%
acetic acid for climinating ofaads.lfhdnaudlcand

nmplecomponentsampruem,oom ¢ the additives to give a cumula-

mobile phase tooowanlomcmgthnr wrong oradsoup-
tion on the resin. Optimum buffer concentrations are depen-
dent, generally ranging from 10-100 mM. Ideally, the pH of the mobile
phueﬁouldmmdmtthewluteiscomplemlymmd.kkmpﬁonw
the resin can often be climinated by an increase in temperature or

addition of a small percentage of organic modifier to the mobile phase.

Foralltypuofpuckinp.uihngmnbemed a void at the top of the
c:cdv;lzm ormdeoonneeuo?mbingbeue?ﬂwm-
e orbem:heeol:fmnmddem'l‘he
cause is indicated tailing of carly peaks is greater

thanthtgeoﬂaurpeab,andifnﬂmgumforﬁncrﬂawm

A peak exhibiting fronting (a nsinglenﬁnged@)kmﬂymed
by overloading. Remedy mﬁm it/ less sample.

A peak exhibiting a doublet or a shoulder {(or tailing) results from a
dirty, channeled, or defective column. dirty columns by wash-
ing or repacking the top of the bed. If the inlet frit rather than the

pachngisdmy clean or replace the frit.

Peaks with a staircase shape that never reach true maximum height
result from an incorrect recorder damping control setting.

Anouym:ﬂﬂhnehnembemedbyinmeamderdum
control setting, or by incorrect grounding of the recorder or the

eanemitad No. 94-1 [1/894)
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instrument, a defective source lamp or dirty cell windows (UV detector),
or contaminated solvent. Bascline noise in the form of successive
spikes is most likely due to formation of bubbles in the detector
Baseline drift is caused by contamination of the detector cell or column,
clution of adsorbed impurities, or a change in detector temperature.

¢ A negative recorder trace is caused by a leak between the sample
and reference cell compartments; and repair.

607-4
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