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1. Introduction

Nowadays, more than 800 different kinds of pesticides are used for the control of insects,
rodents, fungi and unwanted plants in the process of agricultural production. Although
most of them leave the products or degrade in soil, water and atmosphere, some trace
amounts of pesticide residues can be transferred to humans via the food chain, being poten‐
tially harmful to human health. [1] Pest control in intensive agriculture involves treatment
of crops (fruits, vegetables, cereals, etc) pre and post harvest stages, rodenticides are em‐
ployed in the post-harvest storage stage, and fungicides are applied at any stage of the proc‐
ess depending on the crop. These chemicals can be transferred from plant to animal via the
food chain. Furthermore, breeding animals and their accommodation can themselves be
sprayed with pesticide solution to prevent pest infestations. Consequently, both these con‐
tamination routes can lead to bioaccumulation of persistent pesticides in food products of
animal origin such as meat, fat, fish, eggs and milk. [2,3] During the last decades much at‐
tention has been given to this group of substances and the international level after it became
apparent that they are transported through the environment and critical concentrations have
been reached in some areas even in places where they have never been produced or used.
Several countries banned the use of Organochlorine Pesticides (OCPs) during the 1970s and
1980s, although many of them continue to been used by other countries. OCPs have been
identified as one of the major classes of environmental contaminants because of their persis‐
tence, long-range transport ability and human and animal toxic effects. OCPs are carcino‐
genic in animals as well as in human (International Agency for Research on Cancer, 1987).
The immunotoxicity of selected OCPs has been also documented in vitro [4], in vivo [5], as
well as in animals, in human fetal, neonatal and infant immune systems [6,7,8,9].
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A growing number of epidemiological studies have investigated blood or adipose levels of
OCPs and their metabolites in relation with cancer, neurodevelopmental effects, immuno‐
toxicity and reproductive efficiency [10,11,12]. The main sources of OCPs in the human diet
are foods of animal origin and environmental exposure. It has been concluded that humans
are exposed to toxic compounds via diet in a much higher degree compared to other expo‐
sure routes such as inhalation and dermal exposure. Low volatility and high stability, to‐
gether with lipophilic behaviour, are responsible critical factor for their persistence in the
environment (air, water and soil) and subsequent concentration in fatty tissues through the
food chain. Therefore, it’s important to identify and to monitor levels of OCPs in foodstuff
of animal origin (meat and tissues that contain fat, milk and dairy products, eggs, honey and
fish). The main pathway for the OCPs contamination of animal food is the ingestion of the
contaminated food and/or water by the animals. [13,14,15] Breeding animals can accumulate
persistent organic pollutants from contaminated feed and water, and/or from pesticides ap‐
plication in livestock areas (treatment of cowshed, pigsties, sheepfold etc.).[16,17,18] The use
of feedstuffs in farms has become indispensable for animal diet in developed countries be‐
cause of increasingly higher production requirements. Animal feed plays an important part
in the food chain and has implication for the composition and quality of the livestock prod‐
ucts that people consume. Therefore, the control of OCPs residues in animal feed is manda‐
tory as well as the control in fatty tissues.

1.1. Organochlorine Pesticides (OCPs)

Organochlorine pesticides (OCPs) were intensively used in agriculture to protect cultivated
plants in mid-twentieth century. 1,1,1-Trichloro-2,2-bis(4-chlorophenyl)ethane (DDT), one of
the common OCPs, was used to prevent spreading of malaria and other vector-borne diseas‐
es such as dengue, leishmaniasis and Japanese encephalitis through the prevention of
growth of mosquito.[19,20] After OCPs were used widely in soil and plants for some years
and due to their relative stability and bioaccumulation property, these persistent chemicals
can be transferred and magnified to higher trophic level through the food chain. Conse‐
quently, OCP residues are present in fatty foods, both foods of animal origin such as meat,
eggs and milk, and of plant origin such as vegetable oil, nuts, oat and olives. Besides, these
chemicals are widely distributed in the environment, which provides another route of un‐
wanted intake in human. [21,22,23] Nevertheless, human exposure occurs still primarily via
low level food contamination. Since their mode of action is by targeting system or enzymes
in the pest which may be identical or very similar to system or enzymes in human beings,
these OCPs pose risks to human health and the environment. [24,25] Thus, monitoring of
OCPs residues in food becomes a routine analysis of pesticides monitoring laboratories. All
US government pesticides datasets showed that persistent OCP residues were surprisingly
common in certain foods despite being off the market for over 30 years. Residues of dieldrin,
in particular, posed substantial risks in certain root crops. About one quarter of samples of
organically labelled fresh produce contained pesticides residues, compared with about three
quarters of conventional samples. [26,27] Among the contaminated organic vegetable sam‐
ples, about 60% of them were contaminated with OCPs. After some OCPs were banned for
use since the 80s, common daily food items such as eggs, milk, poultry, meat and fish have
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been used for monitoring the residuals levels of OCPs. As regards food of animal origin, one
efficient way to avoid large-scale contamination is to control and monitor the levels of OCPs
residues present in animal feeds before being fed to the husbandry animals. [28,29,30]

At the same time, public health safety authorities should constantly monitor the OCPs in
animal food commodities as the major source of human background exposure to OCPs is
through food of animal origin. Most persistent organic pollutant (POPs) are OCPs, name‐
ly,  aldrin,  endrin,  chlordane,  DDT and hexachlorobenzene (HCB).  They have been ban‐
ned for  agricultural  or  domestic  use  in  Europe,  North  America  and many countries  of
South  America,  in  accordance  with  Stockholm  Convention  in  1980s.  However,  some
OCPs are still used, e.g. DDT is used to control the growth of mosquito that spread ma‐
laria  or  as  antifouling  agent  in  some  developing  countries.  [31,32]  Residues  of  OCPs
have been detected in breast milk (including DDT, HCB and HCH isomers) in contami‐
nated areas.  Recently,  the scope of POPs was extended to include nine plus one chemi‐
cals. Among these new POPs, chlordecone, lindane, α-HCH, β-HCH, pentachlorobenzene
(PeCB) and endosulfan,  also belong to  OCPs.  [33,34]  In  order  to  fulfil  the requirements
of  the Stockholm convention,  the participating countries  have to develop their  own im‐
plementation  plant  to  monitor  the  background  level  and  collate  the  exposure  data.  To
ensure the pesticide residues are not found in food of feed at levels presenting an unac‐
ceptable  risk  for  human  consumption,  maximum  residue  levels  (MRLs)  have  therefore
been set by the European Commission. [35,36,37] MRLs are the upper legal concentration
limits  for  pesticides in or  on food or  feed.  They are  set  for  a  wide range of  food com‐
modities of plant and animal origin, and they usually apply to the product as placed in
the  market.  MRLs are  not  simply set  as  toxicological  threshold levels;  they are  derived
after a comprehensive assessment of the properties of the active substance and the resi‐
dues behaviour on treated crops. Both the periodic estimation of human exposure to per‐
sistent organic pollutants and the establishment by the EU authorities of MRLs in foods
have required the development of analytical methods suitable for research purposes and
inspection programmes.  As an example,  the  European Union has  established maximum
contents for these compounds in animal feed which can be as low as 5 µg Kg-1 for some
OCPs in  fish  feed and β-HCH in  cattle  feed.  In  the  rest  of  feed materials  these  values
can be as low as 10 µg Kg-1 relative to feedstuff with moisture content of 12%. [38,39,40]

1.2. Extraction methods and clean-up of OCPs

Animal  feed  as  well  as  animal  fat  are  considered  a  very  complex  matrices  with  large
number  of  components  especially  lipids.  Consequently,  the  development  od  sensitive
methods for its analysis with elimination of interferent compounds and enough efficien‐
cy  in  term of  analyte  recovery represents  an interesting task.  [41,42]  The most  intricate
step  in  these  procedures  is  represented  by  the  sample  extraction  and  clean-up  that
should be efficient enough to allow a reliable screening of contaminated samples. The se‐
lection of  suitable  solvent  (s)  and extraction method is  critical  for  obtaining satisfactory
recovery  of  OCPs  from  the  food  matrix.  Of  course,  if  co-extracted  materials  are  mini‐
mised in the extract,  the clean-up procedure would became simpler.  Owing to the lipo‐
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philicity of OCPs, organic solvent (s) normally can extract OCPs form food efficiently but
lipids are also co-extracted.  Solid-liquid extraction method was applicable  for  extracting
OCPs from various types of  food samples including vegetables,  meats and its  products,
fish,  eggs  and animal  fats.  In  addition,  several  standardised methods,  including AOAC
970.52,  EN 1528 and EN 12393,  have employed such solid-liquid or liquid-liquid extrac‐
tion  techniques  for  the  determination  of  OCPs  in  both  fatty  and  non-fatty  foods.
[43,44,45] In some occasions, sonication or Polytron was also applied to improve the ex‐
traction efficiency and recoveries.

1.3. Clean-up methods

Matrix  constituents  can  be  co-extracted  and  later  co-eluted  with  analysed  components
and can consequently  interfere  with analyte  identification and quantification.  Moreover,
co-extracted compounds, especially lipids, tend to adsorb in GC system such as injection
port  and  column,  resulting  in  poor  chromatographic  performance.  A  through  clean-up
minimised such matrix issues, improves sensitivity, permits more consistent and repeata‐
ble  results,  and extend the  capillary  column lifetime.  Several  approaches  have  been  at‐
tempted  to  eliminated  co-extracted  interferences  from  extracts,  including  freezing
centrifugation  or  filtration,  liquid-liquid  partitioning,  gel  permeation  chromatography
(GPC),  solid  phase  extraction  (SPE)  and  solid-phase  microextraction  (SPME).  The  sim‐
plest approach to remove the fatty co-extracted is by freezing centrifugation. [46,47] The
logic  behind  is  that  fatty  substances  (mainly  lipids)  have  lower  melting  point  than  the
solvent  so  that  frozen  lipids  can  be  removed by  centrifugation  or  filtering  while  OCPs
remain  dissolved in  the  solvent.  Different  freezing temperatures  ranged from -24  °C to
-70 °C have been used. However, the solubility of lipids in solvent not only depends on
the temperature but also the solubility product. Therefore this technique can remove sig‐
nificant amount of lipids for some food matrix but not for every matrix. Certain amount
of  lipids  would  remain  in  the  solvent  after  the  freezing  centrifugation  step  and  hence
further  cleanup  is  required.  Using  materials  with  large  surfaces  area  for  absorption  of
lipids have been employed since early 1970s.  These materials include, Florisil,  Lipid Re‐
moval Agent (LRA) media from Supelco, micro Cel E and Calflo E from Johns-Manville.
Micro Cel E and Calflo E and LRA are synthetic calcium silicate while Florisil is a mag‐
nesium silicate with high specific surface area. [48,49] They can be applied to remove lip‐
ids  either  in  sample preparation,  solid phase extraction step or  during sample clean-up
step, with minimal effect on non-lipid chemicals. When food sample is mixed with these
lipids absorbing materials,  edible fat  could be removed. Therefore it  is  common to con‐
duct a clean-up step by solid phase extraction (SPE) nowadays. Both, conventional glass
column  packed  with  sorbent(s)  and  ready-to-use  cartridges  have  been  utilised  and  the
common used phases are silica, Florisil, alumina and C18-bounded silica. Doong and Lee
compared the cleaning efficiency of ready-to-use cartridge filled with three different ad‐
sorbents  for  shellfish  extract.  [50,51,52]  Their  results  demonstrated that  out  of  14  OCPs
tested,  two were retained in the C18-cartridge.  As for alumina and Florisil  SPE,  though
all  14  pesticides  tested could be  recovered,  Florisil  provide better  results  in  term of  re‐
coveries,  repeatability and removal of  interfering substances.  Similarly,  Hong et  al.,  also
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showed  that  Florisil  had  better  cleaning  efficiency  of  fatty  acids  in  fish  extract  when
compared with C18. Besides, recoveries of some OCPs were poor with hexane as eluent
and these more polar OCPs could be eluted out from the column with acetone. Bazlic et
al.,  reported also that the quality of Florisil  was important in avoiding possible interfer‐
ence and misinterpretation of  results.  Even though GC-MS was employed as  the  detec‐
tion  system,  poor  quality  Florisil  could  introduce  false  positive  results  for  lindane  and
dieldrin. [53,54] To sum up, the combination of sorbent(s) and eluting solvent(s) have to
be  chosen very  carefully.  Otherwise,  some OCPs or  their  metabolites/derivatives  would
be lost  during the clean-up step.  [55,56,57] These OCPs could either break down or ad‐
here to the sorbent material,  leading to low or even no recovery. Finding of the optima
clean-up conditions  is  an  art  itself.  As  the  targeted OCPs might  cover  a  wide range of
polarities,  it  is  quite  difficult  to  find the  best  combination of  SPE column material  and
eluting solvent, which permits recovering the polar OCPs (but leaving the polar interfer‐
ents behind on the column),  as  well  as  recovering the non-polar OCPs (without eluting
any residual oil present in the extract from the column).

1.4. Detection techniques of OCPs

A number of different selective detectors can be coupled with GC for analyzing OCPs, in‐
cluding electron capture detector (ECD), halogen specific detector (XSD), electrolytic con‐
ductivity detector (ELCD) and atomic emission detector (AED). GC-ECD is the most
commonly used detection method with low detection limits. It is particularly useful for de‐
tecting halogen containing molecules. However, other organic molecules, such as aromatic
compounds, would also give positive signal. Users have to confirm the presence of OCPs by
another confirmative technique. Even though the above-mentioned selective detector can be
used for quantification, it is unlike to fulfil the European Commission’s stringest require‐
ments as set for pesticides analysis. Confirmation with GC-hyphenated with mass spectro‐
metric (MS) detector is normally required. Single quadrupole MS detector running in
electron ionisation (EI) mode with target analytes monitored by selective ion monitoring
(SIM) becomes a routine monitoring tool for OCPs nowadays. Since some OCPs are electro‐
negative in nature, GC-MS detector under negative chemical ionisation mode with methane
as reagent gas could provide better sensitivity. [58,59,60,61] To further increase confidence
in confirmative analysis, GC coupled with tandem Ms is one of suitable techniques. Besides
providing a more definitive detection tool, tandem MS also decrease matrix interferences,
improves selectivity and achieves higher signal-to-noise ratio and subsequently improves
the detection limit. Both tandem-in-time (ion-trap) and tandem-in-space (triple quadru‐
poles) detector have been applied for OCPs residues analysis in different matrices. The de‐
termination of pesticides residues in the environment and in food is necessary for ensuring
that human exposure to contaminants, especially by dietary intake, does not exceed accepta‐
ble level for health. Consequently, robust analytical methods have to be validated for carry‐
ing out both research and monitoring programmes, and thus for defining limitations and
supporting enforcement of regulations. In this field, reproducible analytical methods are re‐
quired to allow the effective separation, selective identification and accurate quantification
of pesticides analyses at low levels in food-stuff including food of animal origin.
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2. Aim of the research

The aims of the present work were:

• To develop and optimise a simple extraction and clean-up method to quantify non-polar
chlorinated compounds in high lipid containing samples (animal feed and subcutaneous
fat bovine tissue).

• To validate a multiresidues method for the simultaneous determination of 20 OCPs by us‐
ing GC-MS/MS in term of repeatability, precision, limit of detection (LOD), limit of quan‐
tification (LOQ) etc. The coupling of this detection mode is very useful for the analysis of
these complex samples allowing the separation, identification, quantification and confir‐
mation of a large number of pesticides at trace level.

• To monitor the OCPs level in animal feed samples used in bovine farm.

• To monitor the OCPs level in subcutaneous fat bovine tissue to asses and to verify the
concentration phenomena of these persistent pollutants.

3. Experimental

3.1. Feed and subcutaneous bovine fat samples

25 feed samples used for bovine with different composition were obtained from intensive
livestock farming. An example of feed mixture was shown in figure 1. 35 fat samples were
obtained from bovine for slaughter (18-24 month age) and presented in figure 2.

Figure 1. Feed sample mixture
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Figure 2. Subcutaneous fatty tissue sample

3.2. Chemicals and reagents

All OCPs were purchased from Supelco Inc.: mix 32094 and 32412 (Bellefonte, PA, USA).
The figure 3 displays the structures of these OCPs considered in this study. Purities of pesti‐
cides standards were greater than 99%. Working standard solution was prepared at concen‐
tration of 0.1-5 µg mL-1 by volume, dilution with acetone and hexane. Organic solvents
(hexane, acetone and acetonitrile) were of pesticide residue analysis grade (Sigma Aldrich,
USA). All glassware was cleaned with laboratory reagent, sequentially rinsed with distilled
water, acetone and methanol and finally baked in a oven at 300 °C. Distilled water was ob‐
tained with a Milli-Q system (Millipore, Bedford, MA, USA). For SPE, Florisil 5 g was pur‐
chased from Supelco.

3.3. Equipments

Ultrasonic bath (Branson) was used for the extraction of chlorinated pesticides form feed
and fat samples. The generator of ultrasonic bath has an output of 150 W and a frequency of
35 kHz. Rotary evaporator (Buchi, Swiss) was used for the concentration of organic solvent.
High intensity planetary mill Retsch (model MM 400, Retsch, GmbH, Retsch-Allee, Haan)
was used to obtain representative aliquots of feed samples powder.
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Figure 3. Chemical structures of chlorinated pesticides investigated in this study (19 OCPs)

3.4. Sample extraction, delipidation and clean-up procedure

3.4.1. Superfine Grinding (SFG) of feed sample

In order to obtain a representative feed sample a superfine powder was prepared from feed
using mechanical grinding-activation in an energy intensive vibrational mill. 50 g of differ‐
ent feed sample were ground in a high intensity planetary mill. The mill was vibrating at a
frequency of 25 Hz for 4 min using two 50 mL jars with 20 mm stainless steel balls. Pre cool‐
ing of jars were carried out with liquid nitrogen in order to prevent temperature increasing
during the grinding process. The speed differences between balls and jar resulted in the in‐
teraction of frictional and impact forces, releasing high dynamic energies. The interplay of
all these forces resulted in the very effective energy input of planetary ball mills. The appli‐
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cation of mechanochemistry deal with the physical changes of substances in all state of ag‐
gregation, for instance occurring with the combined action of pressure and shear in energy-
intensive grinding mills. Mechanochemical technology has been developed and applied in
different fields (synthesis of superfine powder, surface modification and drug modification)
and could represent a novel tool of research. [62,63,64] The procedure is presented in Fig.4.

Sample 10 g

Sonication 20 min

Rotary evaporation 

70 mL
acetone/hexane 

(5:2), v/v

filtering

acetonitrile 50mL

Freezing 30 min, -24 C

Rotary evaporation 

filtering

Clean-up with 
Florisil

Elution 13 mL 10% 
acetone/hexane (1:9, v/v)

Concentration

GC-MS/MS

Superfine grinding 
extraction (SGE)

X 2

Figure 4. Analytical procedure for the extraction and purification of OCPs from feed and subcutaneous fatty tissue samples

3.4.2. Samples extraction

10 g of subcutaneous fat tissue (homogenised in a cooled mixer) or feed sample finely ground‐
ed and prepared with the procedure described above (SFG) were extracted by ultrasonic agita‐
tion with a mixed solvent of 70 mL of acetone-n-hexane (5:2, v/v) for 20 min. Extract was filtered
to remove traces of water with filter paper containing 5 g of sodium sulphate, and then transfer‐
red into a 250 mL round flask. The extraction was repeated one more time. Extracted solvent
was dried and redissolved in 50 mL of acetonitrile that has low solubility for lipids. Acetoni‐
trile extract was stored in the freezer at -24 °C for 30 min to freeze lipids. Most of the lipids were
precipitated as pale yellow, condensed lump on glassware surface. Cold extract at -24 °C was
immediately filtered with filter paper to remove frozen lipids. The precipitated lipid on glass‐
ware surface was redissolved in 50 mL of acetonitrile to perform filtration again by same proce‐
dure. The filtered extracts were combined and concentrated to a final volume of 1 mL by a
rotary evaporator to follow Florisil-SPE clean-up.
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3.4.3. Sample clean-up

The SPE cartridge was cleaned with 12 mL of n-hexane and air dried by positive pressure
prior sample application. 5 mL of hexane were used to condition the cartridge. After sample
loading, the cartridge was air dried for 10 min. Desorption of the OCPs, which had been
concentrated on the Florisil sorbent, was carried out using 13 mL of acetone-n-hexane (1:9,
v/v) mixture at a flow of 1 mL min-1 and collected in a 50 mL round flask. The eluate was
then concentrated at 45 °C under nitrogen stream until just the disappearance of the last
drop of solution. Finally, the residue was redissolved in 1 mL hexane Pestanal prior to its
injection in GC-MS/MS system.

3.5. GC-MS/MS analysis and detection

A Varian GC 3800 gas chromatograph coupled to a Varian Saturn 2000 ion trap mass spec‐
trometer was used for the analysis and detection of the OCPs. The gas chromatograph was
equipped with a Rtx-5 fused-silica capillary column (30 m x 0.25 mm i.d., 0.25 um film thick‐
ness) obtained from Restek. Helium (purity 99,99%) was the carrier gas at constant flow of 1
mL min-1. The GC injector temperature was maintained at 280 °C. The oven program tem‐
perature was: initial temperature 120 °C increased by 5 °C min -1 to 280 °C and held for 10
min. The ion trap spectrometer was operated in electron ionisation (EI) mode.

The ionization energy was set at 70eV. The detector range was m/z 40-650. The transfer line
and trap temperature were 250 °C and 170 °C respectively.

Figure 5.  GC-MS chromatogram (TIC  mode)  of  a  standard OCPs  mixture  (MRL 0.5  mg kg-1)  used in  the present
study.  1:α-HCH,  2:β-HCH,  3:γ-HCH,  4:δ-HCH,  5:Heptachlor,  6:Aldrin,  7:  Heptachlor  epoxide,  8:Endosulfan I,  9:Diel‐
drin,  10:p-p’DDE,  11:Endrin,  12:Endosulfan  II,  13:p-p’DDD,  14:Endrin  Aldheyde,  15:  Endosulfan  Sulphate,  16:p-
p’DDT, 17:Methoxychlor
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4. Results and disussion

4.1. Key results about extraction and clean-up method

Two extraction and clean-up methods have been developed, tested and optimised for the
extraction  of  20  OCPs  from animal  feed  sample  and subcutaneous  fatty  tissue  samples
from bovine.

Large amounts of lipids were extracted when n-hexane or acetone was used as extraction
solvents. In general, complex mixtures of of several types of lipids were co-extracted during
the extraction of chlorinated pesticides from biological sample. Triglycerides and sterol es‐
ters are the major components in meat fats.

The key point of the extraction method take advantage of significant difference of melting
points between lipids (below about 40 C) and chlorinated pesticides (above 260 C), so that
lipid components can be easily separated from chlorinated compounds. After extraction, lip‐
ids in organic extracts were precipitated as frozen at -24 C in the freezer, while chlorinated
compounds were still dissolved in cold organic solvents. Thus frozen-lipids can be removed
just by filtering extracts. During overall process, approximately 90% of lipids were eliminat‐
ed without any significant loss of pesticides. After freezing-lipid filtration, the remaining in‐
terferences were successfully removed by a solid-phase (SPE) Florisil cartridge.

Sample clean-up was necessary for the removal of polar coextracted substances. Florisil car‐
tridges have been employed for that purpose since that adsorbent has proved to be very effi‐
cient for the clean-up of food samples.

4.2. Optimisation of MS/MS transitions

From full scan spectra, the most intense higher mass precursor ions were selected for devel‐
opment of MRM method. For the most of the analytes these were the base peak ions in the
mass spectra, but in some cases higher mass ions of lower intensity were selected to mini‐
mise the possibility of matrix interferences. Precursor ions were examined using different
collision energies (automated method development) and the most intense product ions were
selected for each precursor ion. The products ions for all OCPs determined in this study are
summarise in table 1.

For quantification of the target analytes linear calibration curves for all pesticides over six
calibration levels (0.005 mg kg-1-1.5 mg kg -1) using a feed and fat blank samples were pre‐
pared taking also in consideration the MRLs levels for each compounds. In quantitative
analysis one of the main problems is the suppression/enhancement of the analyte response
caused by sample matrix components. Calibration curves were performed by using matrix-
matched (in each matrix) because the feed and fat samples contain many compounds that
are co-extracted in the extraction organic solvent. The use of Florisil-SPE tries to avoid ma‐
trix effect using a clean-up step, but this not eliminates completely the problem. A matrix
effect on the analytical signal due to the matrix was noticed for most pesticides.
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OCPs
R.T.

(min)

Precursor ion

(m/z)

Product ions

(m/z)

Excitation

voltage (V)

Linearity fat

( r2)

Linearity

Feed ( r2)

α-BHC 18.01 181 109, 142 1.0 0,9997 0,9974

Hexachlorobenzene 18.41 286 214, 249 1.0 0,9974 0,9951

β-BHC 19.82 181 109, 145 1.0 0,9980 0,9950

γ-BHC 20.12 181 109, 145 1.0 0,9984 0,9985

δ-BHC 21.73 181 109, 145 1.0 0,9994 -

Heptachlor 24.54 272 100, 237 0.4 0,9987 0,9984

Aldrin 26.63 293 220, 255 0.8 0,9992 0,9951

Heptachlor epoxide 29.21 353 263, 334 0.7 0,9982 0,9977

γ-Clordane 30.66 375 266, 301 0.8 0,9944 0,9945

Endosulfan I 31.37 241 170, 260 0.9 0,9993 0,9978

α-Clordane 31.61 375 266, 301 0.8 0,9935 0,9910

Dieldrin 32.96 263 193, 228 0.7 0,9988 0,9979

p-p' DDE 33.16 318 246, 283 0.7 0,9974 0,9987

Endrin 34.23 263 193, 228 0.7 0,9982 0,9975

Endosulfan II 34.84 241 170, 260 0.9 0,9951 0,9973

p-p' DDD 35.66 235 165, 199 0.6 0,9958 0,9976

Endrin aldheyde 36.03 345 243, 279 0.7 0,9968 -

Endosulfan sulphate 37.43 387 251, 289 0.6 0,9988 0,9925

p-p' DDT 37.84 235 165, 199 0.6 0,9996 0,9971

Methoxychlor 41.04 227 196, 212 0.7 0,9982 0,9991

Table 1. Summary of precursor ions and products ions selected for analysis of OCPs n EI mode and linearity for fat and
feed sample calibration curves.

The linearity of the curves was studied for each pesticide considering the area of the peak
relative to the internal standard. The calibration data are given in table 2, showing a good
linearity of the response for all pesticides at concentration within the interval tested.

LOD and LOQ were evaluated taking into account the baseline noise variations in the chro‐
matogram obtained from the analysis of blank feed and blank fat samples (n=10). The LOD
and LOQ were defined as the concentration of the analyte that produced a signal-to-noise
ratio of 3 times and 10 times the standard deviation respectively above the blank signal. Ta‐
ble 2 shows the values in mg kg-1 of feed and fat sample calculated with blank sample ex‐
tracts. The values are similar to those obtained by other authors for the LOD and LOQ in
feed animal samples. LOD and LOQ values for subcutaneous fat sample are not present in
literature. Our results are very similar to that obtained in fish muscle and meat.
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Subcutaneous fat tissue Animal feed

OCPs
MRL*

(mg kg-1)

LOD

(mg kg-1)

LOQ

(mg kg-1)

MRL**

(mg kg-1)

LOD

(mg kg-1)

LOQ

(mg kg-1)

α-BHC 0.5 0.007 0.024 0.02 0.002 0.016

Hexachlorobenzene 0.2 0.007 0.026 0.01 0.003 0.011

β-BHC 0.1 0.012 0.041 0.01 0.003 0.010

γ-BHC 0.02 0.001 0.006 0.2 0.012 0.04

δ-BHC 0.5 0.007 0.023 0.02 - -

Heptachlor 0.2 0.004 0.010 0.01 0.001 0.005

Aldrin 0.5 0.003 0.010 0.01 0.004 0.015

Heptachlor epoxide 0.2 0.002 0.008 0.01 0.002 0.009

γ-Clordane 0.05 0.005 0.019 0.02 0.003 0.013

Endosulfan I 0.05 0.003 0.012 0.1 0.007 0.024

α-Clordane 0.05 0.005 0.019 0.02 0.005 0.017

Dieldrin 0.2 0.002 0.008 0.01 0.002 0.007

p-p' DDE 1 0.001 0.005 0.05 0.003 0.012

Endrin 0.05 0.002 0.007 0.01 0.004 0.013

Endosulfan II 0.05 0.003 0.010 0.1 0.004 0.016

p-p' DDD 1 0.002 0.008 0.05 0.002 0.008

Endrin aldehyde 0.05 0.003 0.011 0.02 - -

Endosulfan sulphate 0.05 0.002 0.006 0.1 0.007 0.023

p-p' DDT 1 0.004 0.001 0.05 0.006 0.02

Methoxychlor 0.01 0.002 0.008 0.5 0.002 0.007

*= MRLs of EU regulation guidelines (CE 32/2002); ** = MRLs of EU regulation guidelines (CE 396/2005)

Table 2. MRLs, limits of detection (LOD) and limits of quantification (LOQ) for OCPs in fat and feed samples.

4.3. Occurrence of OCPs in animal feed samples and subcutaneous fat samples

The OCPs residues may concentrate in the adipose tissue and in blood serum of animals lead‐
ing to environmental persistence, bioconcentration and biomagnifications through the food
chain. Pesticides contamination of meat as well as chicken resulting from feeding a diet con‐
taining a low concentration of pesticides is a well established fact. [63,64] OCPs residues in feed
may be ingested bi herbivores and eventually find their way into the animal body which ulti‐
mately results in contamination of milk, meat eggs, etc. consumed by human being. [65,66]

The most pesticides detected in animal feed were p-p’ DDT, heptachlor followed by lindane,
methoxychlor and aldrin. The frequency of detection is presented in figure. 6.
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In subcutaneous fat sample the most detected OCPs were heptachlor, hexachlorobenzene
detected in all samples followed by p-p’ DDE, p-p’DDT, methoxychlor, lindane and p-p’
DDD as shown in figure 7. Aldrin was detected both in feed samples and animal fat. The
presence of aldrin in meat indicates the need for concern from the public health point of
view because of its much higher toxicity than other OCPs. [67,68] These results are in ac‐
cordance with other author that found HCHS and DDTs the most compounds detected in
meat samples. In general, it was observed that the p-p’ isomers of DDE, DDT and DDDwere
detected in samples. All detected pesticides in feed samples and fat samples did not exceed
the MRLs established by the European Union for each compounds (Fig 8, 9). The concentra‐
tion of detected pesticides in the samples are summarised in table 3.

Fat samples Feed samples

OCPs mean sd mean sd

(n=35) (±) (n=25) (±)

Σ-Heptachlor 4.11 1.15 2.16 1.02

Σ-DDT 38.68 6.60 4.12 1.79

Σ-Aldrin 8.46 6.01 4.53 1.12

Σ-Endosulfan 9.30 1.36 nd -

α-HCH 1.32 0.07 nd -

β-HCH 3.07 0.69 nd -

δ-HCH 5.67 1.51 nd -

γ-HCH 11.27 1.21 5.17 1.29

Endrin 16.91 2.82 4.15 0.63

Endrin aldheyde 6.89 1.60 12.99 1.57

Methoxychlor 3.78 1.08 nd -

Hexachlorobenzene 11.73 1.20 nd -

nd= not detected; sd=standard deviation

Table 3. Mean organochlorine residues levels (µg kg-1) in subcutaneous fat and feed samples
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In  conclusion  a  rapid  extraction,  freezing  lipid  filtration  and  GC-MS/MS  measurement
methods were developed and used to measure chlorinated pesticide levels in animal feed
sample and subcutaneous fatty  tissue in order  to  assess  the possible  concentration phe‐
nomena of these persistent compounds. The freezing lipid filtration combined with Flori‐
sil-SPE cartridge enabled efficient removal of lipids extracted from feed and fat samples
without significant loss of pesticides. Hence, the method offers a rapid and valid screen‐
ing  tool  with  high  sensitivity  for  determination  of  organochlorine  pesticides  based  on
GC-MS/MS detection.

The subcutaneous fatty bovine tissue has been confirmed as target organ able to concentrate
pesticides with lipophilic behaviour like organochlorine residues. The feed could also repre‐
sent a possible source for contamination of OCPs through the food-chain. Therefore, the de‐
termination of pesticides residues in feed and food is today necessary for ensuring that
human exposure to contaminants, especially by dietary intake, does not exceed acceptable
levels for heath. One analytical challenge in the food safety is to present reliable results with
respect to official guidelines.
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