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Abstract Organochlorine pesticides, due to their hy-
drophobic nature and persistence, accumulate in tissues
rich in lipids, which had been used as a biomarker for
environmental pollution. In humans, organochlorine
pesticides are continuously circulating and equilibrating
among body compartments. The objective of the study
was to evaluate the concentrations of organochlorine
pesticides in blood serum and compare their levels to
the total lipid contents in Veracruz, México inhabitants.
Our hypothesis is that concentrations of organochlorine
pesticides will increase just as lipid concentrations.
Levels of organochlorine pesticides were divided in
ascending tertils according to their total lipid content.
The linear trend model applied surprisingly reveals that
the average level of all organochlorine pesticides de-
creases as the lipid concentration increases. From one
tertil to the next 3-HCH, it shows a decrease of
—3.19 mg kg ' on lipid basis, pp.'DDE levels decrease
by —3.70 mg kg ' on lipid basis and pp.’DDT levels
decrease —1.13 mgkg ' on lipid basis. We conclude that
the levels and the orderly sequence of organochlorine
pesticide distributions in the blood serum maintain an
inverse relationship to total lipid blood serum
concentrations.
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Introduction

The consumption of chemical substances, especially
pesticides, has drastically increased worldwide in the
last decades. The general human population is predom-
inantly exposed to organochlorine pesticides through
foodstuffs including fish, meat, dairy products, and eggs
(ATSDR 2002, Smith and Gangolli 2002). Pesticides
are among the most toxic substances delivered to the
environment, since they show high chemical stability,
resistance to metabolism, and high lipid solubility. The-
se features make them harmful for humans and other
living organisms and justify the need for their control in
the environment and food webs (El-Amrani et al. 2012).
In the Veracruz region, the use of organochlorine pesti-
cides as a vector control in the past four decades was a
practice widely used, resulting in high persistence in
foods and human tissues (Waliszewski et al. 1997,
2001, 2012).

Due to the lipophilic properties and resistance to the
metabolic reactions, these pesticides are transported
through the food chain with strong biomagnification at
higher trophic levels (Daley et al. 2014). Humans, being
at the top of the food chain, accumulate and concentrate
organochlorine pesticides in tissues and fluids rich in
lipids, serving them as sensitive biomarkers of environ-
mental pollution. These studies have been very useful to
evaluate concentrations of these contaminants in
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specific populations worldwide and their relationship
with several pathologies (Eskenazi et al. 2009), thus
contributing to a better understanding of their impact
to environmental pollution.

Chemicals, just as organochlorine pesticides, first pass
through a diffusion barrier that may be a mucus or
biological membrane, to reach circulating fluids; the rel-
ative solubility of such chemicals in water may act as a
surrogate for lipids. Also, another important factor is
molecular size, that may simulate partitioning and diffu-
sion processes in tissues containing lipids, affecting their
tendency to bioconcentrate (Katagi 2010). Thereafter, the
organochlorine pesticides enter the circulatory system
and are transported through the lipid and lipoprotein
components of blood serum and deposit in adipose tissue
according to the partition coefficients between blood and
adipose tissue lipids, which occurs on the people exposed
(Daley et al. 2014; Dirtu et al. 2013; Malarvannan et al.
2013; Herrero-Mercado et al. 2011). It is considered that
these lipophilic substances are in a state of equilibrium
across body compartments: blood, fat, organs (Porta et al.
2009). Consequently, the determination of their levels in
serum and adipose tissues are being considered as indi-
cators of exposure in monitoring studies.

Blood serum is a good sample to assess human expo-
sure to organic pollutants (Mueller et al. 2008; Wang et al.
2011). Compared to other samples such as milk that can
only be obtained from the female population during the
lactation period and the adipose tissue obtained during
surgeries only, blood samples are more easily collected.
Furthermore, blood can cover a wide range of ages of both
genders and health conditions. Thus, blood serum is con-
sidered a good matrix to assess concentrations of pollutants
in large populations (Wang et al. 2013). However, a limi-
tation for low levels or no detection of some residual
compounds in serum samples compared to the adipose
tissue has been reported (Whitcomb et al. 2005). The
relation of structure activity is that the biological activity
of a chemical in the human body and the environment
relates to its molecular structure and physical-chemical
properties. Thereby, these characteristics would explain
different concentrations of some organochlorine pesticides
determined in serum, compared to adipose tissue (Herrero-
Mercado et al. 2011). Then, we decided to explore whether
the organochlorine pesticide concentrations can depend on
the blood serum lipid levels in a monitored population.

With the aim of contributing to a better understanding
of organochlorine compounds in relation to body’s
lipids, the purposes of this study were monitoring the
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concentrations of various organochlorine pesticides in
the blood serum and comparing their levels to the total
lipid concentrations of blood serum by using a linear
trend model. Our hypothesis is that concentrations of
organochlorine pesticides will increase just as lipid
concentrations.

Materials and methods
Sampling

One hundred fifty blood serum samples representing
those that remained after clinical analyses were obtained
randomly from clinical analysis in laboratories, of Ve-
racruz inhabitants as a case study. The serum samples
were stored in glass jars, immediately frozen and kept at
—25 °C until analyzed.

Analytical technique

Chemical analyses of organochlorine pesticides were
performed according to a previously detailed method
(Waliszewski and Szymczynski 1991; Waliszewski
et al. 2004, 2012). Blood serum samples were placed
in a 25-mL tube with stopper, weighed, and acetic acid
in a ratio of 1:1 was added. Samples were left for 30 min
to hydrolyze and release the pesticides from blood’s
endogenous substances. Thereafter, organochlorine pes-
ticide residues were extracted three times with 10-mL
portions of a mixture of hexane and acetone (9:1). The
extracts were collected in a 100-mL separatory funnel
and washed twice with 25-mL of distilled water to
remove traces of acetic acid, acetone, and water-
soluble substances. The organic phase was collected in
a 30-mL tube with stopper, and 2 mL of concentrated
sulfuric acid was added. The contents were vigorously
shaken for about 1 min and left for 3 min to ensure good
phase separation. The hexane phase was passed through
a sodium sulfate layer to a S0-mL round-bottom flask.
The sodium sulfate was rinsed several times with hex-
ane. The extract with rinse was rotary evaporated to a
few drops. The concentrate was transferred quantitative-
ly with hexane to a 1-mL calibrated tube, and the final
volume was adjusted to 1.0 mL for qualitative and
quantitative gas chromatography determinations. Gas
chromatography was conducted with a Varian model
3400CX (Palo Alto, CA, USA) equipped with a **Ni
electron-capture detector (ECD). The operating
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conditions were as follows: the capillary chromatogra-
phy column from J&W Scientific (Folsom, CA, USA)
was a DB-608 with a 30-m, 0.32-mm inner diameter
(i.d.), and 0.83-pum film thickness; the temperature pro-
gram was 193 °C (7 min) to 250 °C at 6 °C/min, hold for
20 min; the carrier gas was nitrogen at 6.3 mL/min and a
1 pL aliquot was injected in a splitless mode.

All samples were analyzed for HCB; o, 3-, y- HCH;
pp-'DDE; pp.'DDT; and op’'DDT. The minimum detec-
tion limits for organochlorine pesticide residues were
0.05 mg kg™ on lipid basis. To determine the quality of
the method, a recovery study was performed on ten
spiked replicates of blank cow blood samples, which
presented contamination levels below the detection
limits. The fortification study, performed at 1.0 mg kg '
on lipid basis, showed mean recovery values from 85 to
92 %. The standard deviation and coefficient of variation
were below 10, indicating an excellent repeatability of the
method. Concentrated sulfuric acid used in the cleanup
step degrades the ubiquitous phthalate esters, interfering
in the GC-ECD identification of organochlorine pesti-
cides, allowing their accurate determination
(Waliszewski and Szymczynski 1991).

Total serum lipids were determined colorimetrically
with phosphovanillin according to the method recom-
mended by Hycel de Mexico using a commercial kit
applied by clinical laboratories (Anonymous 2011).
Reference values of the method for Mexican popula-
tions are 4.0-8.5 g L™' (Anonymous 2011).

Statistical

Statistical calculations were conducted by using statisti-
cal software Minitab version 15. Concentrations of or-
ganochlorine pesticide (milligrams per kilogram on lipid
basis) were expressed as arithmetic means (X) + stan-
dard deviations (SD). Then, the resulting concentrations
were used to determine the relation between the organ-
ochlorine pesticide level and the total lipid contents. To
this purpose, the total population was divided into small
subgroups in ascending tertils (50 participants in each
tertil) according to the total lipid content. To evaluate
differences and trends among subgroups, the linear
trend model, calculating smooth of data by averaging
consecutive observations in a series to provide forecasts
was applied. The trend model is as follows:

Yi=08,+bit+e

(Y trend, 3, fBi: slope of the line, represents the
average change from one to the next result, e;: the error
term).

Results and discussion

There are still unresolved issues about toxicokinetics of
organochlorine pesticides in humans. Identification of
blood concentration of these pesticides by total serum
lipids is frequently applied, on the premise that lipophil-
ic substances are in a state of equilibrium across body
compartments such as blood, fat, and organs (Porta et al.
2009). During our analysis, only the presence of f3-
HCH, pp.'DDE, and pp.'DDT was detected, and among
them, pp.’'DDE showed the higher concentration
(11.84 = 8.07 mg kg ' on lipid basis), which is consis-
tent since it has a longer half-life in human adipose
tissue and can remain in the body during the whole
lifetime. This is followed by 3-HCH concentration
(5.30£5.17 mg kg " on lipid basis). Meanwhile, DDTs,
such as insecticide pp.’"DDT, show lower concentrations
(1.96 + 1.78 mg kg " on lipid basis) and its isomer op’
DDT was not detected among analyzed blood samples.

To evaluate our hypothesis that concentrations of
organochlorine pesticides will increase just as lipid con-
centrations, the organochlorine pesticide levels obtained
from randomly selected people were grouped into as-
cending tertils (50 participants in each group) according
to the total lipid blood levels. The values obtained are
shown in Table 1 and Fig. 1. Analyzing the mean and
standard deviation of mean, levels of all organochlorine
pesticides, and their fluctuation among tertils, results
show surprisingly that pesticide levels decrease as the
lipid concentration increases (Fig. 1).

To evaluate the trend of organochlorine pesticide
concentrations when blood serum lipids increase, the
linear trend analyses model was applied. The results of
mean values and mean absolute deviations (MAD) are
showed in Fig. 2. The statistical model applied showed
that 3-HCH concentration decreases by 11.99 mg kg '
on lipid basis when the total blood lipid concentration
increases, and the negative trend indicates an evident
average decrease of —3.19 mg kg ' on lipid basis from
one tertil to the next. Similarly, pp.'DDE levels have an
average of 19.24 mg kg on lipid basis with a negative
trend of —3.70 mg kg~' on a lipid basis decrease from
one tertil to the next, as the lipid level from the blood
serum increases. While the result of the pp.’'DDT trend
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Table 1 Organochlorine pesticide level in serum samples (mean + SD) levels (mg kg ' on lipid basis) divided into tertils according to total

lipid mean levels (g/L)

Tertils 3-HCH pp'DDE pp'DDT ¥DDT Lipids g/L™"

1 9.06 + 6.68 15.76 = 10.47 320 +2.46 16.55 + 11.20 357 £59

2 5.09 +£4.20 11.41 £6.07 1.82 +£0.93 11.94 + 6.44 490 + 39
2,67 £224 8.36 £ 4.84 0.93 +£0.65 9.01 +5.66 723 £ 172

also shows that their concentration among tertils de-
creases by 4.25 mg kg™ ' on lipid basis as the lipid
concentration of the blood serum increases, this average
result is less pronounced, —1.13 mg kg on lipid basis
among tertils in comparison to 3-HCH and pp.'DDE.
The behavior of DDT total (3-DDT) was dominated by
pp.’DDE and their concentrations, resulting in an anal-
ogous trend to the pp.'DDE results. Statistical calcula-
tions indicate an average decrease of 20.04 mg kg ' on
the lipid basis with —3.77 mg kg ' on the lipid basis
decrease among each tertil.

Current results of human blood serum lipid and or-
ganochlorine pesticide concentration comparisons and
trend analysis reveal a decrease of organochlorine pes-
ticide concentrations when the serum blood lipid levels
increase. Therefore, biological activity of
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organochlorine pesticides in the human body can be
related to its molecular structure and physical-chemical
properties. Our results are in concordance with that of
Malarvannan et al. (2013), Dirtu et al. (2013), and
Herrero-Mercado et al. (2011), indicating a potential
steady redistribution of these pesticides among body
compartments and low metabolic rate (Kim et al.
2011; Gyalpo et al. 2012). Recently, De Roos et al.
(2012) showed that indicators of greater adiposity (such
as weight, body mass index, fat mass percent, subcuta-
neous abdominal fat, intra-abdominal fat, waist circum-
ference, and hip circumference) were related to lower
plasma concentrations of most organochlorine pesti-
cides. In accordance, the current results indicate that in
the human body, organochlorine pesticide concentra-
tions dilute when blood lipid concentration increase
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Fig. 1 Behavior of 3-HCH, pp.'DDE, pp.'DDT, and ~DDT mean + SD and 95 % confidence intervals (CI) of means (mg kg ' on lipid

basis) among ascendant tertils. Values were presented in Table 1
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Trend Analysis Plot for b-HCH
Linear Trend Model
Yt=11.997 - 3.19500"t

Trend Analysis Plot for ppDDE
Linear Trend Model
Yt =19.243 - 3.70000*t
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Fig. 2 Trend levels among tertils of 3-HCH, pp.'DDE, pp.'DDT,
and XDDT (mg kg ' on lipid basis) according to ascendant lipid
concentrations. MAPE—mean absolute percentage error which
measure the accuracy of fitted series values and express accuracy

and the abovementioned process seems to be a dominant
factor regulating the levels of these pollutants in the
blood compartment. That is to say, as the blood lipid
increase, there is a drop in organochlorine pesticide
concentrations.

Organochlorine pesticide elimination is restricted
by the types of pesticide and organism for which
bioamplification is likely to occur. As an example,
bioamplification occur during weight loss events, but
the extent of this effect depends on the rate of pesti-
cide elimination and the loss of the partitioning ca-
pacity (De Roos et al. 2012; Chevrier et al. 2000; Hue
et al. 2006; Pelletier et al. 2002). The process will be
maximized for organochlorine pesticides showing
hydrophobicity, because the process inversely corre-
lates with chemical elimination and for pesticides
that undergo little or no metabolic biotransformation
(Daley et al. 2014). This assumption correlates to the
results of the current study, indicating that increases
in levels of organochlorine pesticides released to

as a percentage, MAD—mean absolute deviation which measure
the accuracy of fitted series values and helps conceptualize the
amount of error, MSD—mean squared deviation which measure
accuracy of fitted series values

serum from human fat deposits might be of concern,
suggesting that mobility of fats and their metabolism
could possibly cause the reaccumulation of organo-
chlorine pesticides in fat deposits. The resulting in-
crease in the internal exposure to these contaminants
may adversely affect health, as metabolism and/or
elimination of these compounds are altered (Pelletier
et al. 2002). Despite the fact that absolute levels of
organochlorine pesticides are no different between
human organs and fat deposits (Waliszewski et al.
2003), the present finding suggests that a higher level
of selected pesticides in blood serum lipids seems to
predispose them to selective accumulation, maintain-
ing an inverse relationship to total blood serum lipid
concentrations. Further studies must be carried out to
identify the effects of changes in parameters such as
weight loss, body mass index, and other fat mobiliz-
ing status for a better understanding of this inverse
relationship among organochlorine pesticides and
blood serum lipids.
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