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ABSTRACT

A rapid and multiresidue method for determination the residues of organochlorine and
nitrogen-containing pesticides in the different fat content fish by solid-phase extraction (SPE)
technique was developed. In the present procedures, samples were extracted with acetonitrile.
The extracts were cleaned up by atandem SPE column of C,g and florisil, using acetonitrile as
the only solvent. Residues were determined by gas chromatography equipped with electron
capture detector. Recovery was obtained by three concentration levels of 12 organochlorine
pesticides and their metabolites (chlorobenzilate, dieldrin, endosulfan sulfate, endosulfan,
endrin, heptachlor, heptachlor epoxide, lindane, methoxchlor, p,p’-DDE, p,p’-DDT) and two
nitrogen-containing pesticides (alachlor and trifluralin) from 9 fishes with 1.2 - 23.3% of fat
content, respectively. The recoveries of the spiked pesticides residues from the fishes of differ-
ent fat contain (fat < 10%, fat = 10 but < 20%, and fat = 20%) were in the range from 73.4%
to 119.6%. There were no significant difference in the recovery between pesticides concentra-
tion and fat content. The recoveries of two samples were not included because of contaminat-
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ed by p,p’-DDT and endosulfan separately, or disruption by sample matrix.
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INTRODUCTION

Since organochlorine (OC) pesticides, such as
DDT, are known to spread far and wide because
of their persistency to decompose and their
lipophilic property, the global monitoring of these
pesticides has become one of the world's most
important priorities™. In the Republic of China,
OC pesticides have been decreasing and replaced
by organophosphates, carbamates, and synthe-
sized pyrethroids. However, due to the persistency

of OC, the opening of the market to imports, and
consumer awareness to environmental pollutants,
the development of a multi-residue analysis tech-
nique to monitor OC residues in fish in order to
ensure food safety as well as identify the source of
contamination, is therefore necessary®. Gas
Chromatography (GC), equipped with an electron
capture detector (ECD), is routinely used to ana-
lyze OC pesticides in fish. The isolation of com-
pounds of interest from fish may bring out some
fish lipids that could be harmful to the analytical
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column as well as contaminate the detector. The
cleanup procedure prior to analysis is therefore
important. The methods for sample cleanup are
well documented. According to the AOAC
method (1995)®), the OC in high-fat samples is
extracted and partitioned with acetonitrile and
petroleum ether followed by a florisil column to
remove residual oil. This method, however, is
time-consuming. Armishaw & Millar (1993) have
compared three cleanup methods including gel
permeation chromatography (GPC), sweep codis-
tillation, and florisil column adsorption chro-
matography, and have found all the methods capa-
ble of yielding satisfactory recovery. However,
when using sweep the codistillation method, the
temperature should be well controlled to prevent
the analytes from decomposition resulting in a
low recovery. The cleanup by GPC could yield
much more interference on the GC chromatogram.
The florisil column absorption chromatography is
considered to be the fastest and most reliable
method for sample cleanup among the above three
methods, athough it requires more solvents than
the sweep codistillation method and is less auto-
matic than the GPC(). Solid phase extraction
(SPE) has been suggested as a reliable extraction
method to analyze pesticides and environmental
pollutants in aquatic(®10, Schenck (1996) and
Schenck et al. (1996) have employed a tandem
SPE column for sample cleanup to analyze the
OC residues in fish. Compared to the AOAC
method (1995), the tandem SPE method gives a
better cleanup efficiency as well as saves time and
solvent. However, the suitability of applying this
method to fish is fat content dependent(™: 12, The
lipid content could be different between species.
Even in the same species, the fat content could
vary due to seasonal or physiological change(3).
To develop a multiresidue analysis method to
simultaneously detect multiple pesticides in fish
with different fat content is, therefore, necessary.

MATERIALS AND METHODS
|. Materials

(1) Organochlorine and Nitrogen-Containing
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Pesticide Sandards

1. Pesticide standards. Eleven pesticide stan-
dards were used in this study: aachlor (of purity
98.8%, Dr. Ethernstorfer); aldrin (of purity 98.7%,
Dr. Ethernstorfer GmbH); chlorobenzilate (of
purity 97%, Wako); dieldrin (of purity 98.4%, Dr.
Ethernstorfer GmbH); endosulfan (of purity 99%,
RDH); endrin (of purity 99.9%, Dr. Ethernstorfer
GmbH); heptachlor (of purity 99.1%); lindane
(gamm-HCH)(of purity 99.7%, Dr. Ethernstorfer
GmbH); methoxychlor (of purity 99%, RDH);
p,p’ -DDT (of purity 99.7%, Dr. Ethernstorfer
GmbH); trifluralin (of purity 99.5%, Lilly).

2. Metabolite standards including endosulfan
sulfate (of purity 98%, RDH); heptachlor epoxide
(of purity 99%, RDH) and p,p’-DDE (of purity
99.4%, Dr. Ethernstorfer GmbH) were used.

(1) Equipment and Materials

1. Equipment. Centrifuge (Backman, model J
2-MC with JA-14 toto); homogenizer (Kinema-
tica, polytron®); SPE device (J& W Scientific,
SPE vacuum manifold and accessories); rotary
evaporator (Heidolph model VV2011); gas chro-
matography instrument (Varian 3400 equipped
with ECD and a DB-608 capillary column 0.53
mm i.d. x 30 m).

2. Materials. SPE cartridges with 3 specifica-
tions: Bakerbond spe™ reservoirs (75 mL),
octadecyl (Cig) cartridge (6 mL, 1000mg), and
Florisil cartridge (6 mL, 1000mg).

3. Reagents. Acetone (Merck, extra pure),
acetonitrile (Merck, isocratic grade for chro-
matography), sodium sulfate (Merck, anhydrous
extra pure), ethyl ether (Merck, GR), isopropyl
acohol (Merck, GR), methanol (Merck, GR), n-
hexane (Merck, for organic trace analysis), petro-
leum ether (RDH, extra pure), toluene (Merck,
GR), and double distilled water.

(111 Fish Samples

Nine species were collected: Pacific saury
(Cololabis saira), Common carp (Cyprinus car-
pio), Sea Perch (Lateolabrax japonicus), Dagger-
tooth pike eel (Muraenesox cinereus), Golden
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sample 2.5 g + acetonitrile 25 mL

1

homogenize for 1 min with the polytron

i

centrifuge at 1500 rpm, ca5 min

1

decant 15 mL of the supernatant, dilute to 50 mL

i

transfer to the tandem SPE column
(areservoir above the prepared C,g column)
I flow rate: 3 drops/s
all the extract is eluted, rinse the reservoir with 5 mL water

1

remove the reservoir, € ute the column twice with 5 mL water

i

all the water is eluted, increase the vacuum to max. for 10 - 15 min to dry

1

discard al the eluates, remove the C;g column to the upside of the prepared florisil column

i

add 6 mL 3% toluene-petroleum ether

i

waiting 3 min
I flow rate: < 3 drops/s
collecting the eluate

i

1

1

i

remove the upper (Cg) column

elute the florisil column with 6 mL 2% ethyl ether-petroleum ether, twice

« collecting the eluates

dry eluates with nitrogen to < 1 mL, add n-hexaneto 1 mL

1

analysiswith GC-ECD

Figure 1. Analytical procedure for determining pesticides residues in fish tissue according to Schenck, et al.,

(1996) method.

threadfin bream (Nemipterus virgatus), Atlantic
salmon (Salmo salar), pollack (Theragra sp.),
Tilapia (Tilapia nilotica), and Large head hairtail
(Trichiurus lepturus). Most of the fish were pur-
chased from supermarkets in the Taichung area,
except for the common carp, which was pur-
chased from a fish culture center located at Wu-
Shan-Tao when it was 3-months old and then cul-
tured for more than one year.
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Il. Methods

(1) Instrument Conditions

The GC oven temperature was initiated at
140°C for 2 min, raised to 200°C at 4°C/min, kept
at 200°C for 5 min, raised to 230°C at 5°C/min,
kept at 230°C for 5 min, raised to 260°C at 2°C/
min, and then kept at 260°C for 6 min. The tem-
peratures of the injector and detector were 250 °C
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and 320°C, respectively. The injection volume
was 1 uL. The flow rates of carrier gas (N,) and
makeup gas (N,) were kept at 1.9 and 30 mL/min,
respectively.

(I1) The Procedure for the Extraction and Cleanup
of Organochlorine and Nitrogen-Containing
Pesticides from Fish

The head, tail, and scales of the fish were

removed, and the fish body was then chopped and
transferred into a bottle.

1. Method 1. Method for the analysis of 9
chlorinated pesticides in beef fat developed by
Long (1991)(™9 was fol lowed.

2. Method 2. Method for the simultaneous
analysis of 21 organophosphate pesticides in an
aquatic environment reported by Sun et al. (1997)
(18) was followed.

sample 10 g + acetonitrile 50 mL

l

homogenize for 1 min with the polytron

l

filtration with vacuum pump, then add acetonitrile to 100 mL

1

transfer 50 mL to flask (rd. bttm.ground), condenseto < 1 mL

|

wash flask with 15 mL acetonitrile to the prepared tandem SPE column
(florisil column below the C,g column)

| flow rate: 3 drops/s

collecting the eluate

i

dry eluate with nitrogen to < 1 mL, add n-hexaneto 1 mL

l

analyze with GC-ECD

Figure 2. Analytica procedure for determining pesticides residues in fish tissue modified from Schenck, et al.,

(1996) method.

Table 1. Comparison of different pre-treatment method on the recoveries of organochlorine pesticides in fish

tissue

Pesticides Recovery (%)2

Spiked level (ug/g) Method 2° Method 3¢

Alachor 0.5 68.1(12.1) 0.0
Aldrin 0.1 41.7 (11.5) 63.6 (36.3)
Chlorobenzilate 0.8 81.2 (7.4) 0.0
Dieldrin 0.03 81.5(5.3) 93.6(3.4)
a-Endosulfan 0.11 56.0 (14.0) 75.6 (13.7)
[3-Endosulfan 0 68.3 (6.9) 0.0
Endosulfan sulfate 0.11 70.2 (7.8) 84.0(9.8)
Endrin 0.1 81.3 (4.5) 62.7 (13.3)
Heptachlor 0.1 56.9 (5.3) 54.3 (50.9)
Heptachlor epoxide 0.1 62.6 (5.8) 77.9(19.1)
p,p’-DDE 0.1 43.6 (7.8) 65.2 (20.7)
p,p’-DDT 0.1 68.2 (11.2) 63.2 (12.1)

an=3; number in parenthesisis the coefficient of variation (CV, %).

b Sun, et al. (1998) method.
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¢ Schenck, et al. (1996) method.
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3. Method 3. The method based on a report of
Schenck et al. (1996)(1) is schematically listed in
Figure 1. SPE cartridges were conditioned with
the solvents as follows. The reservoir was rinsed

with acetone. Then the C,g cartridge was stepwise
washed with 6 mL of petroleum ether, 6 mL of
acetone, 12 of mL methanol, and 12 mL of dis-
tilled water (retain about 1-2 mL of water in car-

: 1. Trifluralin 9. Dieldrin
- A 2. Lindane 10. Chlorobenzilate
- 2500 3. Heptachlor 11. Endrin
i 4. Alachlor 12. 3-Endosulfan
5. Aldrin 13. p,p’-DDT

6. Heptachlor epoxide
7. a-Endosulfan
8. p,p’-DDE

14. Endosulfan sulfate
15. Methoxychlor

.Mw |

Joad b

Volts

0 10 20 30 40 5 0 10

20 30 40 50 O
min

10 20 30 40 50

Figure 3. Chromatograms of 14 organochlorine and nitrogen-containing pesticide for pesticides standard and
its metabolite (A); and chromatograms of sample of Cololabis saira (B), Cyprinus carpio (C), Lateolabrax
japonicus (D), Muraenesox cinereus (E), Nemipterus virgatus (F), Salmo salar (G), Theragra sp. (H), Tilapia

nilotica (1), Trichiurus lepturus (J).
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Table 2. Recovery of spiking different organochlorine pesticides to common carp (Cyprinus carpio) tissue by

cleanup with solid-phase extraction method

Pesticides Spiked level Recovery? (%) Detection
(ng/9) Spikedlevel x 1 Spikedlevel x 2 Spiked level x 4 limit (ppb)
Alachlor 0.125 88.9 (9.4) 975 (2.0) 105.4 (10.6) 225
Aldrin 0.025 116.0 (1.4) 94.8 (2.7) 97.8 (12.4) 28
Chlorobenzilate 0.2 97.9 (3.1) 931 (1.3 92.0 (3.7) 3510
Dieldrin 0.0075 95.4 (1.6) 89.7 (1.7) 98.0 (2.1) 3
a-Endosulfan 0.025 94.3 (3.0 103.8 (3.7) 944 (4.1) 44
[-Endosulfan 0 98.9 (1.6) 914 (2.2 93.8 (5.8) 24
Endosulfan sulfate ~ 0.025 73.7 (2.4) 90.2 (1.3) 845 (7.7) -
Endrin 0.025 86.6 (1.1) 90.6 (1.6) 92.3 (7.0) 35
Heptachlor 0.025 915 (1.8) 938 (2.2 102.6 (11.5) 25
Heptachlor epoxide  0.025 98.8 (1.6) 99.0 (2.3) 98.8 (6.4) 16
Lindane 0.025 87.2 (1.7) 97.0 (21) 87.8 (1.6) 20
Methoxychlor 0.025 74.2 (5.0) 734 (1.9) 105.2 (2.8) 99
p,p’-DDE 0.025 90.5 (1.7) 91.3 (21) 99.7 (3.1) 34
p,p’-DDT 0.025 119.5 (1.5) 938 (1.3) 119.6 (8.6) 30
Trifluralin 0.025 112.6 (2.5) 1174 (1.0) 845 (0.7) 120
an=3; number in parenthesisis the coefficient of variation (CV, %).
Table 3. Fat content of fish muscle
Fish species Fat (%)
Pacific saury (Cololabis saira) 233 £ (1.6)
Common carp (Cyprinus carpio) 11.7 + (1.0)
Sea Perch (Lateolabrax japonicus) 2.8 + (0.8)
Daggertooth pike eel (Muraenesox cinereus) 12 + (0.2
Golden threadfin bream (Nemipterus virgatus) 21 + (0.3)
Atlantic salmon (Salmo salar) 21.9 £ (0.9
Pollack (Theragra sp.) 194 + (1.3)
Tilapia (Tilapia nilotica) 54 = (1.3
Largehead hairtail (Trichiurus lepturus) 34 £ (0.6)

an=3; number in parenthesisis the standard deviation.

tridge). A florisil cartridge was packed with sodi-
um sulfate (2-cm), and then eluted with 5 mL of
petroleum ether. The tandem SPE was lined up
with a reservoir, florisil cartridge, and Cqg car-
tridge.

4. Method 4. Modified from method 3. This
method only requires 2 cartridges: C,g and florisil.
The procedure is listed in Figure 2. A florisil car-
tridge was packed tightly with 2 g sodium sulfate
and then inserted with glass cotton. These two
cartridges were connected in an order of C.g and
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florisil. The C,g cartridge was rinsed with 6 mL of
acetonitrile, which was then retained in the florisil
cartridge waiting for use.

(111 Analysis of the Total Fat Content in Fish

The method developed by Undeland et al.
(1998)(14 was followed. Fish meat (10 g) was
chopped and then mixed with 16 mL of isopropyl
alcohol. The mixture was ground for 30 sec while
kept in an ice bath. After adding 32 mL of n-hexa-
ne, the mixture was ground for another 30 sec and
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then centrifuged at 19,600 g (11500 rpm) for 15
min at 4°C. The n-hexane layer was collected and
dried over nitrogen gas in a 28°C water bath. The
fat content of the fish sample was thus calculated
on the basis of the mass of dried residue.

RESULTS AND DISCUSSION

The GC chromatograms of 14 organochlorine
and nitrogen-containing pesticide standards and
their metabolites are shown in Figure 3 (A). The
standard of endosulfan is a mixture of a-endosul-
fan (peak 7) and B-endosulfan (peak 12); while
the endosulfan sulfate (peak 14) is a metabolite of
endosulfan. Heptachlor epoxide (peak 6) and
p',p’-DDE are the metabolites of heptachlor and
p'.p’-DDT.

The common carp was used to test for the
effects of different extraction and cleanup meth-
ods on the recovery of pesticides. Our preliminary
study showed that Method 1 was not capable of

effectively removing the fish lipid. This could
minimize the applicability for the pesticide analy-
sis in animal tissues with different fat content.
Method 2 could give a better lipid-removing effi-
ciency and has been reported to be a method of
cleanup for simultaneous analysis of 21 orga-
nophosphate pesticides’®). However, a satisfacto-
ry recovery ranging from 70% to 120% was bare-
ly achieved, except for chlorobenzilate, dieldrin,
and endrin (Table 1). Both spiked alachor and
chlorobenzilate were not detected by using
Method 3. In addition, the high coefficient of vari-
ation (>20%) on the recoveries of heptachlor,
aldrin, and p’,p’-DDE indicates that Method 3 is
low in repeatability. Schenck et al.(*2) also report-
ed that this method gave a low pesticide recovery
(< 70%) when the fish samples with lipid content
up to 22.6% were used. By using Method 3, a cen-
trifugation procedure is applied to separate the
supernatant which contains the compounds of
interest from the sample matrix. This step could

Table 4. Recovery of spiked?® organochlorine pesticide in fish tissue containing different fat content

Recovery (%)°

Pesticides < 10% fat 0 10% < 20% fat O 20% fat
mean min  max mean min max mean min max
Alachlor 97.2 86.1 104.3 97.2 889 1054 935 90.3 975
Aldrin 835 780 904 88.2 73.7 116.0 723 70.7 74.6
Chlorobenzilate 95.4 79.1 108.7 909 895 979 774 735 80.3
Dieldrin 914 80.2 99.0 92.2 89.7 98.0 846 754 92.7
a-Endosulfan 939 841 988 100.3 94.3 113.9 87.2 71.9 106.0
[B-Endosulfan 949 415 119.0 86.0 80.8 989 813 712 936
Endosulfan sulfate 116.1 70.6 266.5¢ 799 737 94.6 85.9 74.7 105.8
Endrin 95.6 825 105.2 93.2 86.6 104.0 80.3 77.3 84.0
Heptachlor 100.2 81.6 116.4 104.7 915 1140 838 71.3 99.0
Heptachlor epoxide 934 858 99.0 95.1 90.6 99.0 86.0 71.8 99.8
Lindane 88.2 81.7 929 86.5 848 97.0 88.1 80.2 96.3
Methoxychlor 93.0 75.4 106.2 82.8 73.4 105.2 785 722 926
p,p'-DDE 98.2 81.8 127.64 95.6 90.5 106.9 758 734 79.6
p.p'-DDT 92.7 70.4 139.4d 98.3 93.8 1195 734 715 755
Trifluralin 88.2 78.9 100.3 94.0 829 1174 94.0 88.7 106.3

aSpike level : seetable 2.

b The minimum and maximum value of different fish which are mean of three different spike level and each

spike level repeat three times.

¢ Recovery of lowest spiked level in daggertooth pike eel.
d Recovery of lowest spiked level in largehead hairtail.
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easily lead to an error in operation. According to
Schenck(D), toluene and 3% toluene-petroleum
ether used for the cleanup process in Method 3
were only suitable for the extraction of organo-
chlorines from low-fat fish. Extracting the pesti-
cides from high-fat fish could bring out some fat
from test samples that could result in interference
in instrumental analysis. According to Sapp(?,
spiking 1 or 2% diethyl ether in hexane or petrole-
um ether as an elution solvent was capable of elut-
ing the organochlorines from the cleanup car-
tridge. Schenck et al.(12 suggested that depending
on the fat content of fish, the concentration of
diethyl ether in petroleum ether could be adjusted
up to 10% alowing the fat to be retained in the
florisil cartridge. A method modified from
Schenck et al. was developed in this study. Two
SPE cartridges for sample cleanup were connect-
ed, while using the acetonitrile as an only solvent
for washing and elution (refer to Method 4).
Fourteen pesticide standards with different levels
were tested for recovery. The results of this test
are shown in Table 2. The recoveries of 14 pesti-
cides at three spiked levels (low, median, and
high) were in the range of 73.7%-119.5% (CV%
ranged from 1.1% to 9.4%), 73.4%-117.4% (CV%
ranged from 1.0% to 3.7%), and 84.5%-119.6%
(CV% ranged from 0.7% to 12.4%), respectively.
This modified method is superior to the method
proposed by Schenck et al. (1996) in terms of the
analyses of the organochlorine and nitrogen-con-
taining pesticides from common carp. In addition,
the developed method is simple in sample prepa-
ration, low in coefficient of variation, and uses a
minimum amount of solvent.

To determine the applicability of the modified
method on fish with different fat content, three
levels of organochlorine pesticides were spiked
and tested for the recovery. Table 3 lists the fat
content in the test fish. Three categories were
classified based on fat content. First, low-fat (fat
content < 10%) fish included Muraenesox
cinereus, Trichiurus lepturus, and Tilapia nilotica;
second, median-fat fish (fat content ranges
between 10% and 20%) included Cyprinus carpio
and Theragra chalcogramma; and third, high-fat
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fish (fat content > 20%) included Salmo salar and
Cololabis saira. The average recoveries of the
pesticides from fish were in the range from 72.3%
to 116.1% (Table 4). The maximum recovery from
low-fat fish was found to be endosulfan sulfate
(266.5%), the spiked level of which was 0.25
ng/g, from daggertooth pike eel (Muraenesox
cinereus). The GC chromatogram (Figure 1 E)
shows one peak appearing at the same retention
time as the endosulfan sulfate peak. The excep-
tionally high recovery of endosulfan sulfate from
daggertooth pike edl could result from the matrix
effect or residual endosulfan sulfate in fish. The
maximum recoveries of p,p’-DDE and p,p’-DDT
from largehead hairtail (Trichiurus lepturus),
which was classified into a low-fat fish, reached
up to 127.6% and 139.4%, respectively. Two
peaks corresponding to the retention times of p,p’-
DDE and p,p’-DDT appear in the GC chro-
matogram of the Trichiurus lepturus extract as
shown in Figure 3(J). This result suggests this fish
sample could be contaminated with p,p’-DDT
resulting in a high recovery of p,p’-DDT and its
metabolite p,p’-DDE. The matrix effect could not
be a cause in this case because of the lower possi-
bility in occurrence of the two corresponding
peaks at the same time.

A key point of residual analysis is the extrac-
tion technique, which allows the compounds of
interest to be extracted from the sample matrix
and minimizes the lipid interference in instrumen-
tal analysis. Therefore, the manipulation of the
partition of fish oil and pesticide in solvent is an
important point of concern. In this study, we have
demonstrated a method which is not only able to
simultaneously analyze 9 organochlorines and 2
nitrogen-containing pesticides in a variety of fish
with wide ranges of fat content, but also simplifies
the process of analysis. However, the matrix effect
could occur when using the developed method. As
can be seen from Figure 1(B) to 1(J), an unknown
peak appears between the standard peaks of endo-
sulfan sulfate and methoxychlor that could inter-
fere with pesticide analysis. In this study, acetoni-
trile (boiling point = 82°C) was applied as an elu-
tion solvent to replace acetone (boiling point =
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55.5-57.5°C), routinely used for pesticide extrac-
tion. This could reduce the efficiency in the sam-
ple concentration, and is a drawback.
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