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Abstract

The nature of organochlorine pesticides (OCP) and their physical-chemical properties exert im-
mediate action of control on live systems, which has justified their use in agricultural practices.
Their long life makes them a persistent ecological aggressor and biomagnifier. They reach foods
by biotic and abiotic means, and are absorbed and accumulate in adipose tissue. In lactation pro-
cesses, they are excreted in milk through the mobilization of fats. Diverse studies have identified
them as neurotoxic, affecting reproductive processes, altering the immunological response and act
as endocrine disruptors. An analysis was made of the content of organochlorine pesticides in
twenty-one samples of infant milk formulas marketed in the south of Mexico City in 2010. The de-
terminations were made following the protocols of the International Dairy Federation, by means
of gas chromatography with electron capture detector, and the majority presence was found of
a-HCH (100%), f-HCH (95.2%), y-HCH (90.5%), aldrin (85.7%), heptachlor (80.9%) and heptachlor
epoxide (80.9%) with mean values of 0.24, 0.13, 0.32, 0.62, 0.92 and 0.18 pg/kg of fat, respectively;
all below the limits permitted by the Codex Alimentarius. With null or lower recurrence and in lower
quantities, the family of DDT, endrin, endrin aldehyde and the endosulphanes were quantified.
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1. Introduction

The nature of the organochlorine pesticides (OCP) and their physical-chemical properties exert immediate con-
trol action on live systems, which has justified their use in agricultural practices. However, they have long term
effects on biota and health, acting as persistent ecological aggressors and biomagnifiers [1]-[4] as well as caus-
ing disturbance in animal health [5]. They are transported through biotic and abiotic means to foods, are ab-
sorbed for the most part orally, are metabolized and distributed, accumulating in adipose tissue. In lactation
processes, they are excreted in milk through the mobilization of fats [1] [6] [7]. Diverse studies identify their
presence with metabolic and genetic alterations: they are neurotoxic [8], affect reproductive processes [9] [10],
alter the immunological response [11] and act as endocrine disruptors [12]. The International Agency for Re-
search on Cancer (IARC) has recognized the mutagenic and carcinogenic activity of DDE, heptachlor, dieldrin,
the isomers a, # and y of HCH. Recently information has been given of genes that are affected by DDT, HCB
and p-HCH [8].

The subjects most vulnerable to their effects are infants, the elderly and the malnourished. Due to the evi-
dence of their damaging effects, the international organisms FAO/WHO and national legislation have estab-
lished increasingly more restrictive limits in their content [13].

The consideration that maternal alimentation is the most adequate for infants is sustained in theory and prac-
tice. Additional to human history, this right is recognized and legislated by the FAO/WHO [14], Rights of
Children and Mexican norms, which indicate that both human milk and infant formulas should insure the health
of infants [15] [16]. Despite the legitimacy of the regimentation, environmental contamination is the cause of
disturbances in milk quality and the presence of the OCP offers a warning with respect to its safety. In view of
this practice, the market offers substitution options of maternal alimentation by human milk substitutes or infant
milk formulas (IMF) for infant populations. These formulas should be of high quality and nutritional specificity
and be free of substances that are potentially harmful to the vulnerable condition of the consumers [16].

These foods are mainly made from powdered milk, with or without de-mineralized lactoserum, vegetable oils
or mixtures of vegetable oils and fats, raw materials which are susceptible to contamination. Attention has been
given to the quality of animal fat and vegetable oils, as they may register residues of OCP, as has been pointed
out by studies of Waliszewski et al., who found a-hexachlorocyclohexane (a-HCH), p-HCH, y-HCH, aldrin,
heptachlor epoxide, dieldrin, endrin, metoxychlorine, mirex and the isomers o,p” and p,p’ of DDT, DDE and
DDD [17]. The analysis of residues of OCP made at the end of the 1960’s in Canadian milk formulas reported
the content of lindane (y-HPH), heptachlor, dieldrin and DDT [18]. In Spain residues have been detected of
>-HCH, hexachlorobenzene (HCB), aldrin, endrin, heptachlor, DDE and DDD [19]. In Venezuela, OCP was
found in all infant formulas, with average values of HCB 0.07, X-heptachlor + heptachlor epoxide 0.015. diel-
drin 0.003 and X-DDT 0.085 mg/kg fat basis [19] [20].

Because infants are populations that merit high quality in their alimentation and are especially vulnerable to
risks from contaminants, the present study was focused on determining by gas chromatography with electron
capture detector of the residues of OCP in IMF marketed in the south of Mexico City, because of its high signi-
ficance in harm to infant health.

2. Materials and Methods

The method of obtaining results of its content consists of a sampling, extraction of the fat (because the OCP is
found in this fraction), its purification, dissolution and quantitative determination by means of gas chromato-
graphy. The analytical characteristics that sustain this choice are the specificity, sensitivity and degree of resolu-
tion of the process and of the equipment (gas chromatography) to achieve repeatability and reproducibility of the
information.

2.1. Samples

A monthly sampling was carried out during October, November and December of 2010 of seven commercial
brands of dehydrated IMF. These samples were acquired in commercial establishments in the south of Mexico
City. A total of 21 samples were obtained, which were maintained at room temperature until their analysis. A
code was assigned to each commercial brand of IMF studied: IMF1 for the product corresponding to a formula
of zero to six months of age, with iron; IMF2 and IMF3 are continuation formulas with iron for infants of six to
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twelve months of age; IMF4 responds to a semi-elemental formula with iron and extensively hydrolyzed pro-
teins offered from birth; IMF5 is recommended for babies with gastroesophageal reflux, after four weeks of age;
IMF6 is a formula for babies with lactose intolerance, recommended after the fourth week of age and IMF7,
which is a formula for babies between six and twelve months with iron and probiotics. All of the IMFs informed
in their label the presence of vegetable oils, of palm, soy, coconut and sunflower.

2.2. Extraction of Fat

Each one of the samples was reconstituted according to the specifications of the manufacturer, proceeding to the
extraction of fat with phosphate free detergent solution by means of the proposal of Frank et al., obtaining five
to six grams of anhydrous fat [18]. The samples were conserved under freezing at —20°C until their analysis.

2.3. Extraction and Purification of Organochlorine Pesticides

The technique used was the analysis recommended by the International Dairy Federation, which is a procedure
of chromatography in a glass column [21]. This column was packed with partially deactivated florisil (Merck),
and the elution was made with mixtures of hexane (J.T. Baker) and dichloromethane (J.T. Baker) 4:1 with a
flow of 3 mL/min [22]. Then in a vacuum rotary evaporator (Blichi, Germany), the residues of pesticides were
concentrated, and dissolved in an exact volume of isooctane (Merck) and a measured volume was injected into
the gas chromatograph for its quantitative determination.

2.4. Conditions of the Gas Chromatograph

The gas chromatograph was a Hewlett Packard® model 6890 Series 11 (US), with electron capture detector (ECD
®Ni) with model 3396 integrator and capillary column SPB-5 (phenylmethylsilicon at 5%) of 30 m x 0.25 mm
DI and 0.25 um of layer thickness of stationary phase. The injected volume was 1 uL. The operation conditions
were: temperature of the injector 260°C; temperature of detector 320°C; oven temperature programmed from
90°C (2 min) at 30°C/min to 180°C (0 min) at 1°C/min, to 200°C (0 min) at 10°C/min and to 300°C (6 min). He-
lium was used as gas carrier with a flow of 1 mL/min. The standards were of Chem Service™ PPO-BJM at a
concentration of 20 ng/mL in isooctane and the run time was 40 min.

2.5. Quantification of Pesticides

The quantification was made using the method of the external standard from a mixture of sixteen OCP at a con-
centration of 20 ng/mL. Through the particular registers of retention times of the components of the standard
mixture, the chromatographic variables of the samples were compared with a relative standard deviation no
higher than 20%. In addition, the linearity of the responses was valuated and confirmed using a calibration curve.
The quantitative data was referred by the relationship among the areas of each one of the chromatographic sig-
nals. The control employed was the analysis of targets of solvents; the run with fortified samples to assess the
percentage of recovery; the injection of the midpoint of the calibration curve that was made with the mixture at a
concentration of 20 ng/mL of each compound and the determinations were made in duplicate. The limit of de-
tection of the chromatographic system was evaluated in 0.001 pg/kg fat basis. The OCP under study were
a-HCH, p-HCH, y-HCH, 6-HCH, p,p’-DDT, P,P’-DDD, p,p’-DDE, aldrin, dieldrin, endrin, endrin aldehyde,
endosulphan I, endosulphan I1, endosulphan sulfate, heptachlor and heptachlor epoxide.

2.6. Statistical Analysis

An exploratory analysis was made, along with a descriptive statistic, sequences graph and analysis of means of
Kruskal-Wallis, using the SPSS program for Windows version 20.0.

3. Results and Discussion

Organochlorine pesticides profiles present in standard solution and IMF fat are shown in Figure 1. The chro-
matographic conditions allowed us to obtain defined peaks for OCP. Sixteen chromatographic signals were
identified in the standard solution, as well as five to sample of IMF. IMF sample was characterized by having
a-HCH, g-HCH, y-HCH, heptachlor and heptachlor epoxide.
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Figure 1. Organochlorine pesticide chromatograms in: (a) standar solution; (b) fat infant milk formula (application volume
to gas chromatograph = 1 uL).

Table 1 shows the results of the analysis of means and frequencies of occurrence of the concentrations of or-
ganochlorine pesticides present in the samples of infant milk formulas, from October to December, expressed in
parts per billion (png/kg fat basis). The Kruskal-Wallis test did not show significant differences (p = 0.08) among
the means of OCP of the IMF of the seven industries studied.

In October, there was no presence of endrin and its aldehyde, DDE and endosulphan sulfate, however, in No-
vember and December an OCP was detected in at least one sample (Figure 2), which indicates a persistence in
these products.

The following frequencies were found in decreasing order: a-HCH (100%), S-HCH (95.2%), y-HCH (90.5%),
aldrin (85.7%) and heptachlor and heptachlor epoxide (80.9%), endosulphan | (71.4%), 5-HCH (61.9%), endrin
aldehyde (42.8%), p,p’-DDT (38.1%), P,P’-DDD (33.3%), dieldrin and endrin (23.8%), endosulphan 11 (19.0%),
p,p’-DDE (14.35) and endosulphan sulfate (9.5%). Therefore, above 60% frequency six pesticides were found,
while the aromatics of the DDT family had lower occurrence. The contents higher than 1 pg/kg fat basis in the
seven types of formulations were registered in the following scale: B-HCH (6/7), X-heptachlor + heptachlor
epoxide (6/7), aldrin (2/7), endrin aldehyde (1/7) and endosulphan I (1/7). The IMF1 and IMF2 registered the
lowest number of OCP, while those classified as IMF3, IML4 and IMF5 had the highest number of residues, al-
though all of the values were lower than the limits permitted by the Codex Alimentarius [13].

Figure 2 shows the sequences of OCP from October to November. It is observed that the IMF1; 2 and 7
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Table 1. Median and frequencies of organochlorine pesticides (ug/kg fat basis) in infant milk formulas.

Sample (n = 3)
Pesticide MRL'
IMF1' IMF2 IMF3 IMF4 IMF5 IMF6 IMF7
Alfa HCH 0.010 0.133/3 0.088/3 0.393/3 0.163/3 0.299/3 0.141/3 0.188/3
Beta HCH 0.303/3 0.371/3 1.735/3 0.671/3 1.889/3 0.581/3 0.581/2
Delta HCH ND%/1 ND/1 0.248/2 0.077/3 0.871/2 ND/1 0.075/3
Gamma HCH 0.010 ND/1 0.203/3 0.453/3 0.246/3 0.581/3 0.336/3 0.192/3
p,p’ DDT 0.020 0.099/2 ND/0 0.108/3 ND/0 0.129/2 ND/1 ND/0
p.p’ DDE ND/0 ND/0 ND/1 0.040/2 ND/0 ND/0 ND/0
p.p’ DDD ND/0 ND/0 ND/1 ND/1 0.356/2 ND/1 0.113/2
Heptachlor 0.006 ND/1 0.317/3 1.686/2 0.084/2 0.696/3 0.952/3 0.734/3
Heptachlor epoxide 0.061/2 0.031/3 0.164/3 0.019/2 0.032/2 0.093/2 0.028/3
Aldrin 0.006 0.050/3 ND/1 0.322/2 0.077/3 0.823/3 0.570/3 0.468/3
Dieldrin ND/O ND/O ND/1 ND/O ND/1 ND/1 ND/1
Endrin ND/0 ND/0 ND/1 ND/1 0.077/2 ND/1 ND/0
Endrin aldehyde ND/0 ND/1 0.240/2 ND/1 ND/1 0.146/2 0.091/2
Endosulphan | 0.010 ND/1 ND/0 0.876/3 0.062/2 0.596/3 0.976/3 0.137/2
Endosulphan 11 ND/0 ND/0 ND/0 ND/0 0.079/3 ND/1 ND/0
Endosulphan sulfate ND/0 ND/0 ND/O ND/0 ND/1 ND/1 ND/0
Total 0.646 1.01 6.225 1.439 6.428 3.795 2.607

T Maximum residue limits (jg/kg) (Codex Alimentarius, 1993); ": Median/frequency of occurrence; 3: Not detected.

present lower total concentration than the rest of the IMF (2.55, 5.38 and 8.72 pg/g fat basis, respectively). The
IMF with highest total concentration was 3, 5 and 6 with 22.78, 21.76 and 20.62 pg/kg, respectively. Despite the
fact that the a-HCH had the highest frequency, the highest concentration was found in f-HCH with a mean of
1.13 pg/kg fat basis.

This work shows values of OCP in IMF marketed in Mexico City at the end of 2010. In all of the IMF it was
observed that none of the pesticides exceeded the maximum residue limit (MRL) for pesticides established by
the Codex Alimentarius (0.006 - 0.020 ug/kg).

Figure 2 shows that B-HCH had a higher concentration than a-HCH. These isomers of HCH have been found
for long periods of time in diverse parts of the planet [23]. In the last decade they are still being identified; they
have been found in ten IMF from India, in concentrations that fluctuate between 0.04 - 335.87 pg/kg fat basis,
among which -HCH, o-endosulphan, malathion, dimetoate, dieldrin and aldrin were found present in most of
the IMF [6]. Recently the content of these derivates was measured in soils of the La Lorraine Region in France
and the highest content was presented by f-HCH with a value of 0.64 + 0.15 pg/kg [4]. Their presence has also
been estimated in the Bay of Abu Qir in Egypt [2] and their presence was reported along with other organochlo-
rine compounds in sediments. The transport and biomagnification of these substances by the trophic chain is
well known, reaching the highest links of the chain.

The study of Raghavan et al. in India has ratified the effect of HCH on the production of free radicals and in
the response of alteration of the redox state, reducing the cellular antioxidant systems [24]. In the clinical aspect,
Dar et al. analyzed the effect of f-HCH and DDT on the immunological response in Lupus eritematosus [11].
The exposure to the isomer f-HCH markedly increased the percentage of lymphocytes T CD3 (+) and CD4 (+)
while there was a decrease in CD25 (+).

It is known that only the lindane (y-HCH) has insecticide properties and that along with the isomer a are
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Figure 2. Graphical representation of sequences of organochlorine pesticides (ug/g fat basis) present in infant milk formulas.
(1112,---, 777 = October, November, December).

transformed by different means to the derivate S, which has greater persistence. Presently studies are being made
of the response of absorption of lindane with nanometric particles of fullerene to eliminate it from the medium,
although the safety of this combination is still being determined [25].

The presence of heptachlor merits a careful examination. Although the data found are considered unobjec-
tionable, studies of their adverse effect on health have shown it to be dangerous. One of its action mechanisms is
oxidative stress [26]. This activity was evident in the turtles of Magdalena Bay in Southern California, given that
antioxidant agents such as glutathione and enzymes such as catalase and dismutase superoxide diminished its
capacity to maintain the redox state due to the presence of the pesticides that were found present. The causes of
this presence and of the enzymatic activity analyzed were linked with water currents, the habitat and agricultural
activities [3]. Its estrogenic activity has also been evaluated with the expression of the vitelogenin gene after an
exposure of 96 hours to the percentages of 10, 25, 50 and 75 of the ECsy and this response has been considered a
biomarker of endocrine disruption [12].

The presence of DDT and its derivates continues to be an important motive for study. Although numerous
legislations have prohibited its use in many countries, its stability makes it persistent and its derivate DDE has
been qualified as highly toxic. In addition to the content of the family of the HCH, heptachlor, heptachlor epox-
ide, hexachlorobenzene, endosulphan, aldrin and dieldrin, both in sediments of Abu Qir Bay in Egypt and in
soils of La Lorraine, £-DDT was calculated in 27 pg/kg in the Egyptian zone and in soils of the French region
studied at 0.2 and 2.3 pg/kg [2] [4].

Its effects on reproductive health have been an abundant motive of study and the IARC has classified DDE as
carcinogenic. Recently, Mahalingaiah et al. measured the residues of DDT, DDE and HCB in serum of women
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during the follicular phase when expressing spontaneous abortions in fertilization treatments in vitro, and the
investigators did not find a significant association with the detectable levels of DDT/DDE; HCB; DDT and DDE;
0f 0.087 pg/kg for HCB; 1.12 pg/kg for a total value of DDT and 1.04 pg/kg for p,p’-DDE [10].

A reality which increases the risk on the environment and biotic resources is the diversity of compounds
present in the air, soil and water; these mixtures are susceptible to giving synergic responses. Labrada-M. et al
have analyzed the synergy between heptachlor and cadmium and have found lipidic peroxidation [3]. The stu-
dies of Brauner et al. reported the analysis of a cohort of 47 053 individuals in relation to the presence of orga-
nochlorine pesticides. In addition to the OCP in the environment, other compounds were registered, including
the polychlorobiphenyls (PCB) and heavy metals [5]. The synergy among them in many cases is a logical infe-
rence, but in the case of making specialized studies between the OCP and PCB, the authors found a prediagnosis
of non-Hodking Lymphoma associated with this double presence.

There is abundant information of the metabolic damage of the OCP and there is more and more evidence of
their genetic effects. The investigation group of Mitra et al. has identified the expression of the genes ATAD2B,
BIVM, CD96, CXorf39, CYTH1, ETNK1, FAM13A, HIRA, INO80B, ODG1, RAD23B, and TSGAl4 in-
volved in the exposures to DDT, f-HCH and HCB, thus this evidence recognizes their potential of action on the
genetic information. Their effects showed disorders in the connective tissues and skeletal muscle, as well as
neurological diseases [8].

Among the perspectives in this wide field that associates the agricultural practices with health and environ-
ment, is sustained research. Hence, the importance of the study of the chemical characteristics of the enantio-
mers and their characters of chirality [27] makes them responsible for a fraction of their toxicity. Another focus
is the bioremediation through the use of bacteria Pseudodomonas putida 9, Stenotrophomonas maltophilia IMV
B-7288 [28] and plants such as Phragmites autralis which degrade HCH [29]. The extraction of active prin-
ciples of medicinal plants is incorporated as a means of partial solution to the contamination by the OCP; one of
these is the artemis extracted from Artemisa vulgaris L. which acts with a biopesticide effect. An additional line
of study is the absorption of toxic compounds with nanoparticles [25]. Vaccinations are also produced which are
tested in zones affected by malaria, a motive for the massive use of DDT. In this way, there is a reduction in the
use of insecticides which control the presence of the vectors of Plasmodium falciparum. In the area of predic-
tions, mathematical models are being generated which involve the knowledge and integration of diverse hydro-
logical, climatological variables and human parameters of the potentially affected individuals. Recently the ge-
netically modified mosquitoes Anopholes are another control option of the causes of the use of these OCP.

4. Conclusion

Although the concentrations found in this study do not surpass the limits established by the Codex Alimentarius
[13], it is convenient to maintain vigilance and reduce its contents, as these compounds manifest a danger for
infant consumers by their accumulation in target tissue and the toxic potential that has been manifested. The
possible synergies among the components of the mixtures present signal the use of resources of prevention and
monitoring.
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