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ABSTRACT

The classical methods of analyte isolation using homogenization and liquid-liquid partitioning have served for several decades as the

standard for the analysis of drugs and environmental pollutants in aquatic species. However, these methods often are costly in terms of

al

nalyst time and solvent use and often cannot be accomplished before the materials in question have gone to market. While there have

been improvements in screening and determinative techniques, these classical extraction methods are now a limiting factor in residue
monitoring. We present here an overview of tissue residue methods for the analysis of drugs and chlorinated pesticides in aquatic
resources and offer a comparison to newer extraction technologies, such as solid-phase extraction, supercritical fluid extraction, and
matrix solid-phase dispersion (MSPD), as alternatives. MSPD, in particular, shows a great potential to reduce labor and solvent costs

a

nd improve sample throughput for residue monitoring programs directed toward aquatic species.
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1. INTRODUCTION that contain potentially hazardous levels of drug or
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reasons: (1) for food safety —to identify and re- icantly compromised.
move from commercial markets any edible tissues With increasing reliance on aquatic species as a

0021-9673/93/$24.00 © 1993 Elsevier Science Publishers B.V. All rights reserved



226

source of dietary protein there is a strong public
interest in the safety of edible aquatic resources.
This interest is based on concerns about potential
unacceptable health risks associated with eating fish
containing residues of drugs and environmental
pollutants [1]. Such residues may exist in both fish
bought by consumers in commercial markets and in
fish caught for recreational purposes from rivers,
lakes, and oceans. Further, seafood sold in the mar-
kets of one country may often have been imported
from another with different regulatory policies con-
cerning drug and pesticide use in aquatic environ-
ments. For example, imports accounted for over
60% of the fish and shellfish consumed by the Unit-
ed States in 1990 [2]. Therefore, methods are needed
for compounds that may be present in either do-
mestic or international products. There is also a
need for an international consensus regarding resid-
ue levels and concerns.

In this regard, the Joint Food and Agriculture
Organization (FAO)/World Health Organization
(WHO) Expert Committee on Food Additives
(JECFA) serves as a scientific advisory body to
FAO, WHO, the Codex Committee on Residues of
Veterinary Drugs in Foods (CCRVDF), and the
Codex Committee on Food Additives and Conta-
minants, concerning the safety of residues of food
additives, contaminants, and veterinary drugs. Rec-
ommended acceptable daily intake and maximum
residue level (MRL) for these substances have been
proposed by JECFA and are used by many coun-
tries to formulate regulations regarding chemical
residues in foods —including aquatic food re-
sources. The analytical needs of an effective residue
monitoring program are in part determined by the
MRLs as set by a nation’s regulatory authorities.
Appropriate analytical methods for these programs
are recommended by the CCRVDF. A listing of re-
ports and other documents published by the JEC-
FA is available [3].

Although aquatic species are sporadically mon-
itored for various environmental contaminants, ex-
isting environmental monitoring efforts are not de-
signed to be of direct use in evaluating many aspects
of seafood safety concerns. This is, in part, due to
the fact that many environmental programs lack
sufficient geographical scope and sufficient focus on
the edible portions of many aquatic species. Be-
cause many studies are conducted by various uni-
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versity researchers and by state and federal agen-
cies, the programs also tend to lack a common
methodological approach to analysis.

As a result of public concern, the failure of envi-
ronmental and drug monitoring programs to con-
tribute valuable residue data for human food analy-
sis, and the fact that present seafood monitoring
and inspection programs lack both the frequency
and direction sufficient to ensure effective imple-
mentation of current regulatory limits for seafood
safety, several governmental bodies, including the
US government, have declared their intention to de-
velop a new seafood inspection system [4]. There is
early recognition that the key to the success of this
new system will be development and application of
more efficient and cost-effective analytical methods.

Two of the major classes of chemicals that will
need to be included in any aquatic food safety pro-
gram and in existing and future environmental
monitoring programs are drugs and chlorinated
pesticides. This review offers a summary of existing
methods for the analysis of many of the drugs and
for chlorinated pesticides in aquatic species. Several
major drawbacks of the methods are discussed and
three relatively new methods that offer solutions to
these problems are described.

2. METHODS FOR RESIDUE ANALYSIS OF DRUGS
AND POLLUTANTS IN AQUATIC SPECIES

Analytical methods are needed for screening,
quantitation, and confirmation of chemical residues
in aquatic species for research and regulatory pur-
poses. A review of the literature for methods used to
extract, isolate, and quantify chemical (drugs and
chlorinated pesticides) residues in aquatic species
(Tables 1 [5-42] and 2 [43-77]) reflects the confusion
currently felt in the field concerning which proto-
cols are most efficient, accurate, reliable, and cost-
effective. For example, most methods currently be-
ing used by monitoring agencies for pesticide analy-
sis are based on five “classical” multi-residue meth-
ods, some developed over thirty years ago. These
methods are commonly called the non-fatty
(MOQG), fatty (Mills), Luke, Storherr, and Krause
methods. Together they detect approximately 321
pesticides or pesticide-related compounds [78].
Most of these methods have undergone rigorous
multi-laboratory calibration studies, such as those
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needed to obtain official acceptance by the Associ-
ation of Official Anaiyticai Chemists (AOAC).
These methods are the backbone of residue analysis

prnfnnn]c for gnvprnmpn’{q] qunmpc such as the US

jS34 8 91 4

Food and Drug Administration (FDA) [79], U

Environmental Protection Agency (EPA) [80], and
the US National Oceanic and Atmospheric Admin-
istration (NOAA) [81] (Table 2). These methods
work well under certain conditions and for certain
purposes. However, perhaps the greatest drawback
to their continued use is their inefficiency as screen-
ing methods. These methods are sufficiently com-
plex as to not allow the generation of relevant data
in time to prevent contaminated foods from enter-
ing the marketplace For example, the FDA is re-
sponsible for prohibiting interstate marketing of
food containing illegal pesticide residues. In many
cases, food is sold before the FDA completes the
analyses needed to confirm the presence of the ille-
gal residues [82]. Results are obtained too late to
prevent enforceable removal of the contaminated
product. A similar problem exists in screening for

dAeiogq t are anmarannl amiacltiira
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A variety of methods for the analysis of drugs in
aquatic species have been reported. Historically,
microbial inhibition tests have been used to detect
and quantitate antibiotic residues in fish tissues [83-
89] but these tests often lack the specificity and sen-
sitivity required for residue detection at MRLs,

mav he affected hv non-snecific inhibitors. do not
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detect mrcroblologically inactive metabolites [90],

and often have a 20-24 h incubation time.
Colorimetric methods published for drug residue

testing in fish generally lack the sensitivity and spec-

ificity required for residue analysis, but may be of

use in experimental studies [91-93]. Experimental
methods using radiolabelled drug and liquid scintil-
lation counting [90,94-97] or whole body autora-
diographic studies [98,99] have been used to provide
information on pharmacokinetic behavior, metabo-
lite formation, disposition depletion rate, and ex-
traction efficiencies for COH‘ipo‘ui‘iub used in aqgt uacul-
ture. These methods are, however, unsuited for use
in routine drug residue analysis.

The development of rapid screening tests that are
practical and rugged would allow for routine mon-
itoring of larger numbers of samples in a shorter
time perlod with greater sensrtrvrty and selectivity

than c anpn cnrrently
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methods. The development of these tests may soon
be required by many governments as a part of the

methods package needed for drug approval of new
animal drugs [100]. Tests that show promise as
screening methods for aquatic species include thin-
layer chromatography (TLC) [101], high-perform-
ance liquid chromatography (LC) (Table 1), and li-
gand receptor techniques such as immunoassay
[102-104], bacterial cell receptor assay {i05], and
radioimmunoassay [106,107]. These techniques
have the greatest potential applicability to regulato-
ry monitoring programs, but must be combined
with newer extraction methods or used with a refer-
ence biological fluid, not requiring extraction, to in-
dicate the residue level in a target tissue. However,
the ability of a screening assay to accurately detect
positive and negative samples must be evaluated
based on performance parameters such as sensitiv-
ity, specificity, cross-reactivity, predictive values
(positive and negative) and efficiency before the test
can be included in a residue monitoring program.
Suspects identified with screening tests require

rantitatinm and anmfirmation af tha meracanca AF

\.[uauutauuu aud vulLliiiiaiuivil Ul Lll\- PIUDUIIUU Ul
residues exceeding the MRL in the target tissue;
hence rapid tissue extraction, quantitation, and
confirmatory methods must be available for regu-
latory purposes. For many such analyses, chro-
matographic methods provide the necessary speci-
ficity and sensitivity required for both qualitative

and auantitative drito analvees T 1amnid chromatoe-
Al Juaiiulau vy Gilug Qiairyovs. idayuau Liuviaalyg

raphy is the most commonly reported method for
quantitation of drugs in aquatic species, but extrac-
tion procedures and/or sample pretreatment are of-
ten needed before injection on conventional re-
versed-phase analytical coiumns. Newer analytical
columns employing internal surface reversed-phase
or immunoaffinity packing permit direct injection
of plasma and other hquid matrices that cannot or-
dinarily be used with conventional LC columns
[27]. With these improvements LC procedures may
approach screening tests in speed and simplicity
[108]. As illustrated in Tabie 1, a variety of analyi-
ical columns and mobile phases are reported for a
number of drugs. Reversed-phase C,;g packing is
most commonly used but other packings reported
are dimethyl silica, polystyrene gel, ion-pair, poly-
styrene divinylbenzene, and Regis Pinkerton inter-
nal surface reversed-phase. Detection by UV using

fiv arl_ ar variahla_waovalanath datactare ar dinde ar
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ray is most frequently reported, but fluorescence de-
tection gives greater sensitivity for the quinolone
antibiotics. Reported limits of detection for some of
the LC methods listed in Table 1 are above the cur-
rent MRLs of many countries and few of the meth-
ods have undergone interlaboratory validation
studies, however. Therefore, methods validated for
detection of drugs and pollutants about the MRL
are needed for many compounds used in aquacul-
ture.

Several multi-residue gas—liquid chromatograph-
ic methods (GLC) have also been reported for
aquaculture drugs [109,110] but GLC is not as fre-
quently utilized for analysis as LC (Table 1). Never-
theless, absolute confirmation of the presence of a
compound required for regulatory action may often
be secured using gas—liquid chromatography-mass
spectrometric detection and confirmation (GLC-
MS). LC-MS is becoming more available and will
someday exceed GLC for the purpose of confirming
many of the polar drugs used in aquaculture. How-
ever, even these technologies require the use of tis-
sue isolation methods that are simple, fast, and effi-
cient.

3. PROBLEMS DUE TO REQUIREMENTS FOR SAMPLE
PREPARATION, ISOLATION, AND CLEANUP

Sample preparation, isolation, and cleanup are
becoming the major rate-limiting factors in sample
analysis as improvements in analytical methods
proceed [111]. This fact is especially important in
light of efforts to introduce rapid screening tests
such as immunoassays. Several approaches have
been used over the years for the preparation, isola-
tion, and cleanup of drug and environmental resi-
dues from aquatic matrices. The classical approach
to isolation of the drugs is homogenization fol-
lowed by liquid-liquid partitioning. Liquid-liquid
partitioning may also be used with biological fluids.
Homogenization and liquid-liquid partitioning
methods provide adequate separation of the drug
from matrix but are often expensive in terms of
time, labor, material use, and organic solvent dis-
posal. Such approaches also tend to be highly non-
specific in their isolation of the target drug(s).

Furthermore, these methods may be generating

.. more pollution than they are satisfactorily resolv-

ing. Table 1 gives an indication of the problem by
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showing a list of the required volumes of solvent for
extraction of various drugs from aquatic tissues.
Many of these solvents are of greater environmental
concern than the compounds they are used to iso-
late. During extraction and isolation procedures
much of this solvent volume is evaporated into the
atmosphere, and solvents are often not disposed of
properly. This leads to further contamination of the
atmosphere, aquifers, aquatic habits, and resources.

As previously mentioned, a further problem with
excessive use of solvents is that they make these
methods very expensive to perform. The purchase
price and subsequent disposal costs of organic sol-
vents and wastes can be limiting factors in analyses
performed by government agencies operating on a
restricted budget. Therefore, costs for materials can
limit the number of samples which can be consis-
tently analyzed to provide a statistically sound eval-
uation of the magnitude of contamination.

Employee costs can also be a limiting factor in
residue analysis. Official methods generally require
extensive training of laboratory technicians in order
to guarantee consistent, reliable results and most
such methods are not amenable to automation.

All of the above problems indicate that the use of
classical methods for screening purposes should be
severely curtailed and phased out as new, more ap-
propriate methods are developed and validated for
sample screening.

4. TISSUE RESIDUE PROBLEMS CAUSED BY DRUGS

Diseases are the single most important cause of
economic loss in intensive aquaculture [2] and ne-
cessitate the use of antibacterial and other ther-
apeutic compounds to maintain the health and pro-
duction of cultured species. Although there is a de-
gree of variability there are numerous therapeutants
which are consistently used worldwide in aquacul-
ture {112-114]. These agents belong to a wide range
of chemical and therapeutic classes such as antibac-
terials (e.g., sulfonamides and potentiated sulfon-
amides, aminoglycocides, f-lactams, tetracyclines,
quinolones, macrolides, etc.), parasiticides (e.g.,
mebendazole and dichlorvos), disinfectants, pisci-
cides, herbicides, algacides, anesthetics, water treat-
ments, and dyes. This large range of chemical class-
es presents a problem for residue monitoring, and
requires the use of screening tests to adequately de-
tect the presence of illegal residues.
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A residue can be defined as “any compound pre-
sent in edible tissues of the target animal that results
from the use of the sponsored compound, including
the sponsored compound, its metabolites and any
other substances formed in or on food because of
the sponsored compounds use” [100]. Metabolites
are considered to be as toxic as the parent com-
pound unless shown otherwise [100]. Clearly, ex-
traction and analytical methods used in monitoring
programs must be capable of extracting and analyz-
ing both parent drug and metabolites present in the
tissues of interest at or less than MRLs. However,
MRLs are not always static. Toxicological data are
always being updated and the JECFA periodically
issues recommendations for MRLs based on such
available toxicology information for selected veter-
inary drugs including those used in aquaculture.
Many countries have established MRLs based on
JECFA recommendations for a number of these
compounds. A listing of WHO publications con-
taining JECFA recommended MRLs is available
[3].

The use of therapeutants in aquaculture not only
may result in unacceptable residues in edible tissues
but also in the environment. Drugs used in aquacul-
ture may be directly introduced into the environ-
ment, as with ectoparasiticides, or indirectly intro-
duced in medicated feeds (via non-consumption of
the feed, poor bioavailability, and limited biotrans-
formation). The environmental degradation, accu-
mulation, and persistence of these agents is affected
by water temperature, sediment microenvironment,
and factors affecting dispersion [115]. It has been
estimated that 70 to 80% of orally administered
oxytetracycline remains in the environment [116].
Furthermore, there are large variations in the per-
sistence of antibiotics in sediments from fish farms.
Furazolidone exhibits a very short half-life (18 h)
[117] and oxytetracycline a half-life of 32 to 64 days
depending on sediment conditions [116]. The envi-
ronmental fate [115-122] and effects [117,122-127]
of several compounds commonly used in aquacul-
ture has been the subject of recent studies. How-
ever, the environmental metabolism, fate, and ef-
fects of most drugs introduced into the aquatic en-
vironment is poorly understood and relatively few
methods are available for the multitude of com-
pounds, environmental matrices, and environmen-
tal conditions that are of import in assessing the

C. C. Walker et al. | J. Chromatogr. 642 (1993) 225-242

environmental impact of these compounds. Envi-
ronmental impact assessment is now required for
aquaculture drug approval in the United States
[128]. Additionally, periodic monitoring of fish
farm effluents for drug residues may be required.
Therefore, methods of analysis of therapeutic
agents in environmental samples are now part of
the drug approval process and should be part of our
continuing environmental concern.

Development of new methods of analysis of ther-
apeutants was identified at a recent joint FDA-US
Department of Agriculture (USDA) sponsored In-
terregional Research Project Number 4 (IR-4)
meeting as a priority need in aquaculture [129]. In
general, new methods for drug residue analysis in
aquatic species must be suitable for screening,
quantitating, and confirming tissue residues of
drugs used domestically and drugs present in im-
ported aquacultural products. The methods must
also be suitable for analyzing environmental sam-
ples for drug and contaminant residues.

5. TISSUE RESIDUE PROBLEMS CAUSED BY PESTI-
CIDES

Pesticides have been and continue to be applied
extensively in the United States for agricultural pur-
poses on animals, farmland, and forests and for
mosquito control in urban areas. Many of these
chemicals ultimately find their way into aquifers,
rivers, lakes, and oceans mostly through transfer in
the water itself, through adsorption to sediments
and other organic layers in the water, or through
air. In addition, because many aquaculture ponds
are built on land that was formerly used for agricul-
ture, the sediments and organic materials of these
ponds could also contain high levels of pesticides.

Some of the pesticides that may be found in the
environment are the chlorinated hydrocarbon, or-
ganophosphorus, carbamate, and pyrethrin/pyreth-
roid pesticides; chlorophenoxy acid, triazine, tri-
chlorobenzoic acid, chlorophenol, and glyphosate
herbicides; viticulture fungicides; and grain fumi-
gants. The EPA has established tolerance levels for
over 300 pesticides in various foods or food groups
[130], and the FDA has determined action levels for
many pesticides and their metabolites and degrada-
tion products in seafood [131]. Some of these pesti-
cides are included in current seafood monitoring
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programs conducted by groups such as the FDA
and US National Marine Fisheries Service and also
included in environmental monitoring programs
conducted by groups such as the NOAA.

Most of the pesticides are readily degraded in the
environment and therefore, are normally not a
problem as tissue residues. However, some of the
pesticides, especially the chlorinated hydrocarbons,
such as DDT, are persistent in the environment and
can be commonly found as residues in mammalian
and aquatic species. Most of the chlorinated pesti-
cides have been banned from wide-ranging use in
this country for over twenty years, but they contin-
ue to be of concern to regulatory agencies because
of their occurrence in food and their unknown
health effects. Many are classified as suspected car-
cinogens [132].

In general, the persistence of the chlorinated pes-

ticides and hnfpnhnl to undergo biomagnification
1C1GES olent T80 vAvALAusAJLAAvu\-LVAA,

their contmued use in some countries, and the con-
cerns for their known and unknown toxicity make
them a very important class for regulatory agency
attention. State, federal, and international monitor-
ing programs will need to continue to inciude this
class of compounds in their testing for decades to
Because efficient, cost-effective,
methods for the extraction, detection, quantitation,
and confirmation of these residues in aquatic ma-
trices do not exist, a need for a better approach to
analysis has recently been acknowledged The re-

R Y PR DI PR PO, PR

s€arcn auu UCVCIUPII[CI[L pld.[lb Ul lcguld.wry dgcn—
cies, such as the FDA [78,133] and the USDA Food
Safety Inspection Service [134], currently include
commitments to increase and improve capabilities
for testing for pesticide residues.

come, universal

6. FUTURE METHODS OF RESIDUE ANALYSIS

There have been recent advances in the field that
offer several promising techniques as possible solu-
tions to the problems caused by outmoded and
complex analytical methods. Three techniques, su-
percritical fluid extraction (SFE), solid-phase ex-
traction (SPE), and matrix solid-phase dispersion

(MQDD\ are receivine attention hecanse thev have
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the potent1al to greatly reduce analysis costs and
reduce analyst-generated waste and pollution.
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6.1. Solid-phase extraction

In the SPE process, a compound is isolated from
a liquid sample based on its relative solubility in the
li(]‘tiiu mobile puabc bu1upcucu to its aunubuu._y iia
solid support-bound liquid stationary phase of dif-
fering polarity or to a solid support stationary
phase of differing polarity. Isolation is accom-
plished by passing the analyte dissolved in solvent
(organic or aqueous) through a column containing
the stationary phase with subsequent elution using

nnranriata anlvant Qavaral cnls A_rnhnca aviran_
an al.ll_ll\)yllat\a SC1VEnL. SEverai SCilG Plasv vauav

tion methods have been developed to facilitate the
extraction and cleanup of biological liquid and tis-
sue samples.

For liquid matrices, acceptable residue recovery
may be obtained using protein precipitation and di-
rect injection of plasma without cleanup with SPE
H l'l but the many 1mpnrlhpc present can affect the

vaal dllQil

chromatogram and accumulate on the analytic col-
umn, thus resulting in increasing back pressure.
SPE cleanup helps avoid these problems and works
well with biological fluids such as plasma, urine,
and cerebral spinal fiuid. In addition, SPE extrac-
tion and analysis can be automated and done on-
line [20-22] and/or with on-line dialysis and column
sw1tchmg.

Before SPE can be used with solid tissue (e.g.,
muscle and liver), a separate homogenization step
and often multiple filtration, sonication, centrifu-
gation, and 11qu1u~11qu1u uean‘uP steps are ie-
quired. While SPE may improve cleanup of these
solid tissue samples, the additional labor and mate-
rials costs make SPE less suitable, in some cases.

Solid-phase extraction methods published for fish
tissues are often combinations of SPE with other
methods such as homogenization, liquid-liquid
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(Table 1). Because choice of SPE column depends
on the matrix and on the particular compound of
interest, a wide range of solid-phase columns of dif-
fering polarities have been used for drug extraction
in fish and include C,, Cg, C1g, NH,, amberlite res-
ins, and PLRP(polystyrene—divinylbenzene) poly-
ers (Table 1),
rs (Table 1)

me
6.2. Supercritical fluid extraction

With the SFE process, supercritical fluids [usu-
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ally supercritical carbon dioxide (SC-CO.)] are
used in place of organic solvents to extract residues
[135]. Carbon dioxide becomes a supercritical fluid
if handled above its critical temperature and pres-
sure. Because various chemicals and associated tis-
sue lipids are soluble in the SC-CO,, they are ex-
tracted and then collected once the pressurized CO,
is brought back to atmospheric pressure. No large
volumes of organic solvents are needed. One draw-
back to the procedure is that because the extracts
contain contaminating lipids, a cleanup step is usu-
ally needed before samples can be injected onto in-
struments such as gas chromatography apparatus-
es. Cleanup is usually performed with gel permea-
tion chromatography or adsorption chromatogra-
phy with Florisil. In-line cleanup could be conduct-
ed by using disposable or reusable SPE cartridges
or newer disc SPE technologies and changing the
pressures of the supercritical fluid. Coupling this
system directly to an LC-MS type interface or a
GLC-MS interface could provide a complete ana-
Iytical process for the desired analysis.

More work will be necessary to further develop
this process. Its application to fish tissues [58] is
quite limited. However, the process has the poten-
tial to provide a near solventless, in-line, automated
process for the rapid analysis of the lipophilic chem-
ical species from edible aquatic resources.

6.3. Matrix solid-phase dispersion

Of the three techniques being considered, matrix
solid-phase dispersion, in particular, has the strong-
est potential to meet the demands of future residue
monitoring of aquatic resources for drugs and pol-
lutants.

In general terms, the process involves blending a
tissue sample (0.1-1.0 g) with lipophilic polymer-
derivatized silica particles [e.g., octadecylsilyl
(ODS)-derivatized silica (C,g)], which simultane-
ously disrupts and disperses the sample. This mix-
ture of C, g and tissue becomes part of a potentially
multiphasic column that possesses unique chro-
matographic character. Elution of the MSPD col-
umn with a solvent or solvent sequence can provide
a high-resolution fractionation of target analytes
that can be further purified by simultaneous use of
co-columns of Florisil, silica, or alumina. The final
eluate can, in most cases, be directly analyzed or
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further concentrated or manipulated to meet the de-
mands of the individual analysis. The extracts ob-
tained from these methods are most often detected
by LC (in the case with drugs) or GLC with electron
capture detection or mass spectrometry (in the case
with pesticides). However, they can also be used in
immuno- [103] or receptor assays.

Additionally, the MSPD process is generic and
can be modified for a particular application by (1) a
change in the eluting solvent or solvent sequence,
(2) use of a different polarity polymer or solid sup-
port, and (3) blending of the C, g/tissue in the pres-
ence of modifiers such as chelators, acids, bases, etc.

MSPD could also be used in conjunction with
SFE. The water in biological matrices often inter-
feres with the SFE process [135] and analysts have
used samples blended with diatomaceous earth to
remove water from the sample. However, blending
samples first with polymer-coated silicas, as is done
in the MSPD process, would remove water and pro-
vide an initial stage of fractionation at the point of
elution of the analytes with supercritical fluid and
modifiers.

In general, the three main advantages of MSPD
are (1) it allows for rapid turnover of samples and
hence, access to timely data on residue levels pre-
sent in samples, (2) because of its required small
sample size, it considerably decreases solvent use
compared to the classical methods, which in turn
decreases environmental contamination and in-
creases worker safety, and (3) it is suitable to robot-
ics automation. Therefore, MSPD has the potential
to meet the future demands for conducting drug
and pesticide analysis for large numbers and varie-
ties of samples.

6.4. MSPD applied to aquatic resources

As seen in both Tables 1 and 2, MSPD has been
used to provide for single or multi-residue analysis
of various drugs and environmental contaminants
in several aquatic matrices. Drugs isolated from
aquatic animal tissues by this method include oxy-
tetracycline [12] and sulfadimethoxine [15,103]
from fortified channel catfish muscle and oxolinic
acid as an incurred residue from channel catfish
muscle and bile [29]. Reimer and Suarez [16] report-
ed a multi-residue method for MSPD isolation and
LC analysis of five sulfonamides in fortified salmon
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muscle. Jarboe [30] has demonstrated its applica-
bility to the isolation of incurred residues of nalidix-
ic acid from channel catfish muscle and liver. Walk-
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several enzyme immunoassays for the detection of
sulfadimethoxine residues using MSPD extracts of
fortified channel catfish muscle as well. Other com-
pounds used in aquaculture or related compounds
have been extracted from various non-aquatic ma-
trices using MSPD methods [136] and these meth-

ods could notentially be ahﬂhpr‘ to aguatic matric-
“ao NJ WL \l\r\/ll\-lull \1 Viw i13xiavax

es.

Pesticides extracted and isolated by this method
include 14 chlorinated hydrocarbon pesticides from
fortified whole oyster homogenate and crayfish he-
patopancreas [43,44] and 9 chlorinated pesticides
from fortified catfish muscle [45]. These methods

are a qmmﬁnnnf advance in the ahihfv to screen

more samples due to their simplicity and efficiency.

7. DISCUSSION

Methods development for residue determination
should focus on rapid screening tests, multi-residue
capabilities, metabolite detection, and improved
sensitivity [137]. Further, the use of determinative
methods generally requires a method of isolating
the compound(s) of interest from edible or marker
tissues that is rapid, inexpensive, and does not gen-
erate large volumes of solvents for disposal. Classi-
cal isolation methods using homogenization and/or
liquid-liquid partitioning of biological tissues and
fluids may be sufficient for some applications but
are poor for screening purposes because they are
often lengthy, involving multiple steps and use large
volumes of solvents (Table 1). Solvent disposal is

horaming inoraacinaly avynencive and anviranmeanc
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tally unsound. Therefore, methods using low sol-
vent volumes are desirable. A main purpose of this
review was to present a case for phasing out existing
official methods in favor of newer technologies that
require Iess sampile, less soivent, iess employee time,
and less cost per sample. Newer techniques such as
qnnprrrmr‘n] fluid extraction [135], solid-phase ex-

tractlon (Tables 1 and 2), and MSPD (Tables 1 and
2) [136,138] offer alternative isolation strategies.
When compared to the classical methods, these new
methods greatly reduce labor and solvents costs and
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the new methods and more work is needed to fur-
ther develop SPE, SFE, and MSPD for use with the
many different types of matrices that may contain

ragidiies af oche al canta nte Hawavar aftha
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three new methods, MSPD shows tremendous po-
tential.

MSPD methods have been published for the iso-
lation of a wide range of compounds in a variety of
matrices indicating this approach may provide a ge-
neric technique for single and multi-residue extrac-

tion of Arngc environmental hn"ufanfc and their

metabolites. In particular, MSPD has already been
used to provide a two-step process for the single- or
multi-residue analysis of various drugs [12,15,16,29,
30,103] and chlorinated pesticides [43—45] in several
aquatic matrices. This process, when compared to
classical methods, has been estimated to reduce sol-
vent use by approximately 98% and analysis time
by 97%. Furthermore, once the MSPD column is
prepared, the process of solvent elution, collection,
and analysis can be automated by the use of robot-
ics. Cost of analysis is decreased because less sol-
vent is needed and fewer laboratory technicians
need to undergo training. Safety and environmental
protection are increased because less solvent is
needed. Finally, data is generated more quickly be-
cause of the ease of the process and its potential to
be automated. These features of MSPD make it a
general and perhaps significantly useful method in
designing future residue analysis screeming pro-
grams for aquatic as well as other food animal re-
sources.
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