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Abstract

The fisheries products in this study comprise fish, bivalve, crustacean and cephalopod collected from different types

of markets in Taiwan between the years 2001 and 2003. A total of 91 pesticide residues belonging to four major pes-

ticide groups were tested and analyzed. The test results show that 65.40% of fish, 93.55% of shellfish, 84.92% of crus-

tacean and 98.33% of cephalopod samples contain no detectable residues. There are only two kinds (organochlorine

and organophosphate) of totally six pesticides (DDTs, dieldrin, chlorpyrifos, fenitrotion, fenthion and prothion) that

have been detected from the fisheries products in this study. For there were pesticides present in the fish products, con-

sumption of fisheries product there was no zero risk. But the exposure of consumer did not exceed the acceptable daily

intakes (ADI). For male, there was the highest risk in exposure to dieldrin, which the percentage of ADI was 93.56%.

This study also suggests that a yearly monitoring program for organophosphate pesticide residues in fish is necessity.

� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

A number of pesticides have been identified as likely

to cause disturbance to natural hormones in our

bodies. Unfortunately, they are commonly found in

our food, such as fish. Consumption of contaminated
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fisheries products could be a serious risk to human

(Keith, 1998).

Pesticides are widely used in agriculture and sanita-

tion for defense of pests. Some of them are also used

in aquaculture. Both agriculture and aquaculture are

traditional economy activity in Taiwan. Monitoring of

pesticide residues in vegetables and fruits has been con-

ducted since 1985 in Taiwan (Li, 2000). However, data

of civilian exposure to pesticides through fish ingestion

are scanty. Only a few reports on monitoring of organo-

chlorine pesticide residues in Taiwan fish can be found

in the literature (Ling and Huang, 1995). Fisheries prod-

ucts is very popular in the Taiwanese cuisine. The major

raw materials include fish, crab, shrimp, bivalve and
ed.
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cephalopod, of which most growing history was un-

known. Pesticide residues in fisheries products should

be of great concern to consumers.

There are four major groups of pesticides in agri-

cultural activities in the history of pesticide use.

Organochlorine (OC) pesticides could persist in the

environment for several years and subsequently accumu-

late in aquatic organisms. Since 1940s, OC pesticides

have become the routine chemicals in environmental

monitoring program (Neidermyer and Hickey, 1976).

At present, three other kinds of pesticides, organophos-

phate (OP), pyrethroids and carbamate, have been lar-

gely used to replace OCs in agricultural activities.

Untowardly, their moderate persistence, toxicity and

bioaccumulation ability in aquatic organisms have been

noticed (Sreenivasula et al., 1983; Lenardon et al.,

1984; Hanazato, 1991; Fairchild et al., 1992; Sreeniva-

sula, 1992; Gupta, 1994; Gomez et al., 1995; Serrano

et al., 1995; Saglio et al., 1996; Singh and Sharma,

1998; Lutnicka et al., 1999). The objective of this investi-

gation is to determine the concentration levels of pesti-

cide residues in edible parts of consumed fisheries

products in the market. The data enable us to estimate
Table 1

Pesticides tested

Kinds/grouping Pesticide and its metabolites (factory)a

Carbamate: 20

Group 1: Aldicarb (3); Aldlicarb sulfoxide (3); Carbaryl (3

Carbofuran-3-hydroxy (1); Fenobucarb (1); Isop

Group 2: 1-Naphthol (3); Aldicarb sulfone (3); Bendiocarb

Carbofuran-3-keto (1); Macbal (1); Methiocarb

Organochlorine and nitrogen-containing pesticides: 14

Group 3: Alachlor (1); Aldrin (1); Chlorobenzilate (1); p,p

Dieldrin (1); Endosulfan (3); Endosulfan sulfate

Heptachlor epoxide (3); Lindane (1); Methoxych

Organophosphate: 41

Group 4: Bromophos-methyl (3); Chlopyriphos (3); Cyano

Ethoprophos (1); Fensulfothion (3); Isoxathion

Phorate (3); Phosalone (1); Profenofos (1); Proth

Group 5: Carbophenothion (3); Diazinon (3); Dimethoate

Methidathion (3); Phenthoate (1); Phosmet (3);

Pyraclofos (1); Pyridaphenthion (1); Quinalphos

Group 6: Acephate (3); Bromophos-ethyl (3); Demeton-S-

Fenitrothion (3); Fonofos (3); Methamidophos (

Monocrotophos (3); Omethoate (3); Terbufos (1

Synthetic Pyrethroids: 16

Group 7: Allethrin (3); Bifenthrin (3); Fenpropathrin (1);

Group 8: Cyhalothrin (1); alpha-Cypermethrin (1); beta-C

Group 9: Cyfluthrin (1); Cypermethrin (3); Deltamethrin (

a 1: Dr. Ehrenstorfer GmbH; 2: Merck; 3: Riedel-deHaen.
pesticide dietary intakes in citizen and to compare them

with acceptable daily intakes (ADIs) of the Food and

Agricultural Organization (FAO) as well as with the

World Health Organization (WHO), so as to assess po-

tential health hazards.
2. Materials and methods

2.1. Pesticide standard

A total of 91 pesticides belonging to four major pes-

ticide groups were tested in this study (Table 1). There

were purchased from Dr. Ehrenstorfer GmbH, Merck

or Riedel-deHaen, separately (Table 1). The purity of

all pesticide standards was over 95% except cyfluthrin

(94.50%), demeton-S-methyl (94%), permethrin (92%),

phenthoate (92%), phorate (88%), pyraclofos (91.6%),

tokuoxon (91%), tralomrthrin (93.50%) and triazophos

(70%). These pesticides were divided into nine groups

according to their chromatograph in gas chromatogra-

phy (GC) and high-performance liquid chromatography

(HPLC).
); Carbofuran (3);

rocarb (1); Metolcarb (3); Oxamyl (1); Thiodicarb (1)

(1); Butocarboxim (3);

(3); Methomyl (3); Promecarb (3); Propoxur (1)

0-DDE (1); p,p 0-DDT (1);

(3); Endrin (1); Heptachlor (3);

lor (3); Trifluralin (1)

fenphos (3); Dyfoxon (1); EPN (1); Ethion (1);

(1); Parathion (3); Parathion-methyl (3);

iofos (3); Tokuoxon (3)

(3); Fenthion (3); Malathion (3); Mephosfolan (1);

Pirimiphos-methyl (3);

(3); Triazophos (3)

methyl (3); Dichlorvos (3);

3); Mevinphos (3);

)

Flucythrinate (1); Tetramethrin (1)

yfluthrin (1); Esfenvalerate (1); Tralomrthrin (2)

3); Fenvalerate (3); Fluvalinate (1); Permethrin (3)
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2.2. Reagents

All reagents were of analytical grade unless other-

wise mentioned. Acetone, acetonitrile (isocratic grade

for chromatography), anhydrous sodium, magnesium,

methanol (gradient grade for chromatography) and

n-hexane (for organic trace analysis) were purchased

from Merck. Post column derivative reagents, includ-

ing o-phthalaldehyde (chromatographic grade, Part.

No. O120), o-phthalaldehyde diluent (chromatographic

grade, Cat. No. CB910) and thiofluor (chromatographic

grade, Cat. No. 3700–2000), were purchased from Pic-

kering Laboratories. Two types of solid phase extraction

cartridges: C18 cartridge (6 mL, 1000 mg) and amino-

propyl cartridge (6 mL, 1000 mg), were purchased from

J&T Baker and Merck, separately. DB-608 capillary col-

umn (0.53 mm i.d. · 30 m, 0.83 lm) was purchased from

J&W. Carbamate analysis column (C18 4.6 · 250 mm

column, 5 lm) was purchased from Pickering Laborato-

ries (Part Nos. 1846250 & 1700-0063).

2.3. Instrument

The GC (HP Model 6890) system consisted of 63Ni

electron capture detector (ECD) and flame photometric

detector (FPD). The HPLC (Agilent 1100 series) system

consisted of post-column derivatizer (Pickering Labora-

tories PCX 5200) and fluorescence detector (HP1100

Series). The other apparatuses include Homogenizer

(Kinematica, polytron�), solid phase extraction vacuum

manifold and accessories device (J&W Scientific, SPE),

rotary vacuum evaporator (Heidolph model VV2011),

aspirator (EYELA A-3S; FHETO SUE 300Q), refriger-

ated bath circulator (YIH DER BL-710) and nitrogen

gas generator (NITROX, UHP0551).

2.4. Instrument condition

For OC, OP and pyrethroids pesticides analysis, the

instrument conditions were the same as Sun et al.�s
method (2003). For carbamate pesticides analysis,

HPLC was used. The injection volume was 50 ll. Mobile

phase was combined water (solvent A) with acetonitrile

(solvent B) and run with linear gradient, which A/B =

80/20 (v/v) at time 0 to A/B = 30/70 at 35 min and then

equilibrated at initial conditions for 3 min, its flow rate

was 1 ml/min. Analytical column temperature was

40 �C. Catalytic reactor temperature was ca. 100 �C.
OPA-reagent flow rate of derivatization was 0.3 ml/

min. Excitation wavelength and emission wavelength

of detection were 330 nm and 465 nm, separately.

2.5. Sample collection

In reflection upon seafood buying habit of Taiwan-

ese, samples were procured from retail of traditional
market, nationwide supermarket, regional supermarket

and fish market, or directly from fish farm, during the

years of 2001 through 2003 from three major urban

areas of Taiwan. They are Taipei, Taichung and Kaoh-

siung cities.

2.6. Residue determination

Each fisheries product was prepared according Pesti-

cide Analytic Manual (FDA, 1994). The cleanup and

extraction procedure was modified from Sun et al.�s
method (Sun et al., 2000) and briefly described in

Fig. 1. All the results had been corrected for percent

recovery of the individual pesticides.

The estimation of residue levels in all fisheries sam-

ples was according to the guideline of WHO (1997).

Maximum residue level was derived from the mean of

detected residues. Minimum residue level was derived

from the undetected samples which values were regarded

as limit of determination/2. Average residue level was

derived from all samples including detected and unde-

tected samples.

2.7. Calculation of estimated daily intake

For preliminary assessment of consumer�s exposure

to pesticide residues in fisheries products, the calculated

estimated daily intake (EDI) is expressed as percentages

of the ADI. The calculations of EDI are described as

below:

EDI ðng=kg body weight=dayÞ
¼ seafood consumptionðg=kg body weight=dayÞ

� residueðng=gÞ

In this study, seafood consumption data were re-

ferred by Wu et al. (1999). The maximum EDI was de-

rived from the maximum residues.
3. Results and discussion

A total of 920 samples of fisheries products were ana-

lyzed for pesticide residues from the years 2001 to 2003.

Table 2 shows the number of samples surveyed and

those containing pesticide residues in each kinds of fish-

eries product. Overall, 65.40% of fish, 93.55% of shell-

fish, 84.92% of crustacean and 98.33% of cephalopod

samples contained no detectable residues. There are no

detectable residues of carbamate and pyrethroids pesti-

cide in surveyed samples. Organochlorine (OC) pesticide

residues are detected in 144 (34.60%) of fish, 4 (6.45%)

shellfish and 28 (15.7%) crustacean samples. Organo-

phosphate (OP) pesticide residues are detected in 69

(11.37%) of fish, 2 (1.05%) crustacean and 1 (1.67%)

cephalopod samples. Fish had higher detection rates of



Step 1 Sample mince 10 g  

Step A-1 Add water 10 ml and acetone 20 ml  
Step B-1 Add water 10 ml and blend for 1 min with blender 

Step 2 Add acetonitrile 80 ml

Step 3 Homogenize for 1 min with the polytron

Step 4 Filtrate with vacuum pump

Step A-2 Condense to no acetone

Step A-3 &
Step B-2

Salt out:
(1. transfer to separation funnel and add NaCl 12 g;
2. shaking for 1 min and settle for 15 min, remove NaCl and water;
3. add MgSO4 15 g and mixture)

Step 5 Add acetonitrile to 100 ml

Step 6 Transfer 50 ml to flask (rd. bttm.ground), condense to < 1ml 

Step 7 Wash flask with acetonitrile (15 ml) to the prepared tandem SPE 
column

*amino propyl column below the C18 column, condition with 
acetonitrile  (5 ml) before use 

flow rate: 3 drops/sec
Step 8 Collect the eluate

Step 9 Dry eluate with nitrogen to < 1 ml Dry eluate with nitrogen to dry

Step 10 Add acetonitrile to 1 ml Add n-hexane to 1 ml

Step 11
Determine OP

pesticides
with GC-FPD

Determine
carbamate

pesticides with
HPLC

Determine OC or synthetic
pyrethroids pesticides

w i t h  G C - E C D

Fig. 1. Analytical procedure for determining pesticide residues in fisheries products. Steps 1–11: for all kinds of fisheries products; Step

A: additional procedure for bivalve; Step B: additional procedure for cephalopod.

Table 2

Number of samples surveyed and contained detectable pesticide residues in Taiwan during years of 2001–2003

Seafood Surveyed

samples

No. of

detected

Detection

rates (%)

Detected of samples No. of

multipesticide

residues
Carbamate Organo-

chlorine

Organo-

phosphate

Pyrethroids

Fish 607 210 34.60 0 144 69 0 22

Shellfish 62 4 6.45 0 4 0 0 0

Crustacean 191 30 15.71 0 28 2 0 0

Cephalopod 60 1 1.67 0 0 1 0 0

Total 920 245 26.63 0 176 72 0 22
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OC and OP pesticides. These pesticides, however, were

not detected in cephalopod or shellfish. Multipesticide

residues were detected only in 22 (3.62%) of fish sample.
This result is similar to the no detectable rate of FDA

domestic seafood in 1998, 1999 and 2000 separately

(21.50% in 1998, 28.90% in 1999, 24.60% in 2000) but
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is higher than that in 2001 (18.4%) (FDA, 1999, 2000,

2002, 2003).

For different fish sources and end user services, pesti-

cides residues detection rates in different selling site are

listed and compared in Table 3. The detection rates

are greater than 20% all over the sampling sites. As for

the 91 pesticides, DDTs, dieldrin, chlorpyrifos, fenitro-

tion, fenthion and prothion have been detected from

fisheries products. The predominated residues are DDTs

(including p 0p 0-DDD, p,p 0-DDE and p,p 0-DDT). DDT

and dieldrin have been banned in 1970s in Taiwan for

their long persistence in environment. There are no stud-

ies on OC pesticide incidence in product of fish farms in

Taiwan so far.

Chlorpyrifos following DDTs is one of the main

detectable residues, especially in the nationwide super-

markets (in 30 of sample, 10.07%) and regional super-

markets (in 29 of sample, 14.08) (Table 3). The next

detectable residue is fenitrothion. Chlorpyrifos and feni-

trothion are widely used not only in agriculture but also

in sanitation in Taiwan. In fisheries products processing,

both supermarkets have the highest standards on hygie-

nic conditions. However, in the national supermarkets

(nationwide chain store) the service of processing is at

sight, whereas in the regional supermarket, the same ser-

vice is through the central kitchen. Chlorpyrifos is one

of the most widely used active ingredients for pest con-

trol in the world. Many studies have been conducted

in examining critical aspects of chlorpyrifos products

as they relate to health and safety (Dishburger et al.,

1997; Johnson et al., 1998; Clegg and Gemert, 1999).

There are no reports directly pertaining to the contami-

nation of sanitary chemicals on fisheries products. In

both kinds of supermarkets, higher multipesticide resi-

dues had been detected, in which 9 samples of nation

supermarket (3.02%) and 12 samples of regional super-

market (5.83%) were found.

Table 4 shows data for levels of pesticide residues of

all samples. The maximum levels (which derived from

the mean of detected residues) of fenthion was as high

as 247.60 ng/g, the average values (which derived from

all samples including detected and undetected samples)

was only 1.06 ng/g for low detection rate (0.33%).

Although the residue levels of these pesticides are below

the maximum permissible intake (calculate by ADI mul-

tiply body weight 60 kg) of Codex Committee on Pesti-

cides Residues (CCPR), and some developed countries

(Dogheim et al., 1996), there was no zero risk because

there were pesticides present in the fish products. In

order to take account of the maximum risk of con-

sumer�s exposure in fisheries products, the estimated

daily intake (EDI) residues was calculated with maxi-

mum residue levels.

According to the data from National Nutrition

Survey in Taiwan area conducted from 1993 to 1996

(Wu et al., 1999), the mean consumption of seafood



Table 4

Pesticide residues in samples during sampling period (2001–2003)

Pesticide Maximum,

ng/g

Minimum,

ng/g

Average,

ng/g

No. of samples

with residue

Detection rate,

%

Organochlorine

DDTs 169.12 0.63 32.49 174 18.91

p,p 0-DDD 80.79 0.75 13.54 147 15.98

p,p 0-DDE 40.67 0.65 8.22 174 18.91

p,p 0-DDT 68.00 0.80 12.05 154 16.74

Dieldrin 30.68 0.64 0.93 9 0.98

Organophosphate

Chlorpyrifos 27.89 0.26 2.27 67 7.28

Fenitrothion 55.43 0.20 1.04 14 1.52

Fenthion 247.60 0.25 1.06 3 0.33

Prothiofos 15.25 0.29 0.30 1 0.11

Table 5

Estimated dietary intakes (EDIs) of pesticide residues by adults in Taiwan area and acceptable daily intake (ADIs)

Pesticde EDI (ng/kg body weight/day) EDI% of ADI ADI, mg/kg

body weight/day
Male Female Male Female

Organochlorine

DDTs 257.90 194.20 1.29 0.97 0.02

Dieldrin 46.78 35.23 93.56 70.45 0.00005

Organophosphate

Chlorpyrifos 42.53 32.03 0.43 0.32 0.01

Fenitrothion 84.53 63.65 1.69 1.27 0.005

Fenthion 377.60 284.33 5.39 4.06 0.007

Prothiofos 23.25 17.51 23.25 17.51 0.0001
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(including freshwater fish, saltwater fish, shellfish and

shellfish products) by males were 91.5 g and females were

68.9 g. Table 5 shows the results of calculation of preli-

minary EDIs of pesticides and the corresponding ADIs

by adults in Taiwan area. The exposure did not exceed

the ADI certainly. For male, there was the highest risk

in exposure to dieldrin through consumption of fisheries

product, which the percentage of ADI was 93.56%.

It was realized that OC pesticides are environmen-

tally hazardous and many developed and developing

countries have been continuing to monitor the trends

of residue concentrations in fish and other biota. But

maximum residues limit (MRL) for OC pesticides in sea-

food are currently not in force in most countries. This

study shows that there has been some OP pesticide res-

idue detected in fisheries products. It indicates that the

present monitoring program that has been conducted

only for OC pesticides in fish is insufficient. Although

OP pesticide residues in fisheries products do not pose

any immediate risk to human health so far, a yearly

monitoring program for OP pesticide residues in fisher-

ies products, especial in fish, is necessity.

The higher multipesticide residues detected in the

samples from supermarkets also suggests that the appli-
cation procedure of sanitation chemical should be re-

viewed to prevent chemical contamination in fisheries

products.
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