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Abstract The objective of the present study was
to monitor the levels of organochlorine pesticides
HCB; «-, -, y-HCH; pp'DDE; op'DDT; and pp'
DDT in blood serum of Veracruz, Mexico inhab-
itants. Organochlorine pesticides were analyzed in
150 blood serum samples that constituted that which
remained after clinical analyses, using gas chroma-
tography—electron-capture detection (GC-ECD). The
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results were expressed as milligrams per kilogram on fat
basis and micrograms per liter on wet weight. Only the
following pesticides were detected: p,p-DDE was the
major organochlorine component, detected in 100% of
samples at mean 15.8 mg/kg and 8.4 pg/L; p,p-DDT
was presented in 41.3.% of monitored samples at mean
3.1 mg/kg and 1.4 pg/L; S-HCH was found in 48.6% of
the samples at mean 4.9 mg/kg and 2.7 pg/L; op'DDT
was determined to be in only 3.3% of monitored samples
at mean 2.7 mg/kg and 1.4 pg/L. The pooled samples
divided according to sex showed significant differences
of 5-HCH and pp'DDE concentrations in females. The
samples grouped according to age presented the third
tertile as more contaminated in both sexes, indicating age
as a positively associated factor with serum organochlo-
rine pesticide levels in Veracruz inhabitants.

Keywords Organochlorine pesticides - Blood serum -
Human

The widespread use of pesticides causes inevitable
human exposure to their residues through different
routes. Organochlorines are a group of pesticides that
have provided great benefits in the eradication of
various pest diseases in agriculture and in combating
the propagation of vectors transmitting mortal diseases
for humans. Used for these purposes in Mexico until
1999, DDT (1,1,1-trichloro-2,2-bis(4-chlorophenyl)
ethane) and HCH (hexachlorocyclohexane) have been
sprayed extensively in public health programs to combat
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the spread of disease-transmitting vectors. These pesti-
cides are characterized by chemical stability, a lipophilic
nature and a propensity to bioaccumulate in the
environment and food chain. Through their persistence
long after application and susceptibility to long-range
transport routes, they remain in the environment as
ubiquitous contaminants. Pesticides that have low or
intermediate vapor pressure volatilize from the ground
and surface soils, exposing humans that have not lived
in contaminated areas or manipulated these compounds
(Alegria et al. 2008; Wong et al. 2008). DDT, banned in
developed countries, is still used today in many
countries where malaria is a public health problem,
such as in Africa, Asia, and Latin America (WHO
2006). Consistent with this usage history, populations
of these countries generally should have higher tissue
residue levels than in Europe and the USA (Perry et al.
2005). Nevertheless, inhabitants of areas where
DDT was used in the past to combat malaria
continue to be exposed to the vapors caused by
their current volatilization.

One of the most important obstacles that hamper
the routine application of human body monitoring on
a large scale is the obvious need to collect human
samples, often invasively. Blood has the undeniable
advantage that it is in contact with all tissues and is in
equilibrium with organs' fats and fatty tissues.
Therefore, it has been used extensively to achieve
various research and survey goals.

Due to its high lipid affinity, organochlorine
pesticides are stored in the fats of tissues of most
organs. They enter the circulatory system and are
transported via the lipid and protein components of
blood serum. The determination of serum levels are
commonly used as biomarkers of exposure in epide-
miologic studies evaluating the concentrations related
to health effects (Sawada et al. 2010; Eskenazi et al.
2009). Except for a positive correlation with age

(Patterson et al. 2009; Perry et al. 2005; Herrero-
Mercado et al. 2010) and regional variability (Wolff et
al. 2007), consistent determinants of serum organo-
chlorine pesticide levels are not well established.

The city of Veracruz and its surroundings are
endemic spaces for malaria. To prevent its propaga-
tion, these areas were treated with DDT at a rate of
2 g/m* from 1956 to 1999. The subsequent contam-
ination of the inhabitants is influenced by local
environmental pollution, duration of exposure, age,
diet, capacity for elimination by metabolism, and
number of nursed infants (Brunetto et al. 1996; Czaja
et al. 1997; Laden et al. 1999; Smith 1999). Thus, the
monitoring of human tissues such as blood, serves as
an indicator for understanding the biological specific-
ity in the behavior of organochlorine pesticides in the
tropical environment, as well as for assessing their
participation in environmental pollution (Laden et al.
1999).

Few reports are available that establish the
extent of organochlorine pesticide residue levels
in areas where they were applied only for malaria
or ectoparasites control. Moreover, there are scarce
studies that implicate sanitary actions as a princi-
pal source of human exposure. The aim of the
study was to determine organochlorine pesticide
levels in blood serum of Veracruz inhabitants in
order to establish environmental exposure to
organochlorine pesticides.

Materials and methods

During 2010, 150 blood serum samples that constituted
that which remained after clinical analyses were
obtained from clinical analyses laboratories in Veracruz.
The serum samples were stored in glass jars, immedi-
ately frozen, and kept at —25°C until analyzed.

Table 1 Results of 150

human blood serum moni- Pesticide Frequency Ranges X=SD Median GM

tored samples for organo-

chlorine pesticide residues B-HCH 73/150 0.2-27.4 4.9+52 3.1 2.9

(milligrams per kilogram on pp'DDE 150/150 1.4-154.2 15.8422.5 9.5 9.8

fat basis) 0p'DDT 5/150 0.1-6.7 2.742.9 2.7 1.1
pp'DDT 62/150 0.1-48.2 3.1+6.4 1.7 1.6
X-DDT 1.4-155.2 18.2+29.2 10.7 10.5
Ratio pp'DDE/pp'DDT 0.1-172.2 18.9+29.2 10.7 10.1
Age, years 2-85 43.3+20.1 43.5 36.6
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Table 2 Results of 150

human blood serum moni- Pesticide Frequency Ranges X=SD Median GM

tored samples for organo-

chlorine pesticide residues [-HCH 73/150 0.1-25.5 2.7+3.5 1.7 1.5

(micrograms per liter on wet pp'DDE 150/150 0.5-65.4 8.4x10.3 49 5.8

weight) 0p'DDT 5/150 0.1-3.4 14+1.6 0.6 0.5
pp'DDT 62/150 0.1-18.8 1.4+2.5 0.8 0.8
Y-DDT 0.5-65.4 9.1+£10.8 5.6 5.9
Ratio pp’'DDE/pp'DDT 0.1-172.3 19.0£29.3 10.7 10.1

Gas chromatography was conducted with a Varian
model 3400CX (Palo Alto, CA, USA) equipped with
a ®Ni electron-capture detector. The operating con-
ditions were as follows: the capillary chromatography
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-um film thickness; the temperature program
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.

Chemical analyses of organochlorine pesticides were
performed according to a previously detailed method
(Waliszewski and Szymczynski 1991; Waliszewski et
al. 2004). A blood serum sample placed in a 25-mL
tube with stopper was weighed and acetic acid in a
ratio of 1:1 was added. The sample with acetic acid
was left for 30 min to hydrolyze and liberate pesticides
from complexes with endogenous substances of blood.
Thereafter, organochlorine pesticide 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 portions 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 50-mL round-bottomed flask.
The sodium sulfate was rinsed several times with
hexane. The extract with rinses was rotary evaporated
to a few drops. The concentrate was transferred
quantitatively with hexane to a 1-mL calibrated tube
and the final volume was adjusted to 1.0 mL for
qualitative and quantitative determinations with ECD
gas chromatography.

All of the samples were analyzed for: HCB; «-, -, v-
HCH; pp'DDE; pp'DDT, and op'DDT. The minimum
detection limits for the organochlorine pesticide
residues were as follows: 0.2 mg/kg on fat basis or
0.1 pug/L on wet weight. 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, done at
2.0 mg/kg on fat basis and 1.0 pg/L on wet
weight levels, showed mean recovery values from
85% to 92%. The standard deviation and coeffi-
cient of variation were below 10, indicating
excellent repeatability of the method. Concentrated
sulfuric acid used in the cleanup step degrades the
ubiquitous phthalate esters that interfere in the
GC-ECD identification of organochlorine pesti-
cides, permitting their accurate determination
(Waliszewski and Szymczynski 1990).

Total serum lipids were determined colorimetrically
with phosphovanillin according to the method

Table 3 Results of organo-

chlorine pesticide residues Pesticide Frequency Ranges X=SD Median GM

from 75 female human

blood serum samples (milli- 3-HCH 40/70 0.3-27.4 39455 2.2 2.0

grams per kilogram on fat DDE 75/75 1.6-154.2 16.4+25.1 7.8 8.7

basis) opDDT 3/75 0.1-1.8 0.7+0.9 03 0.4
pp’'DDT 38/75 0.1-48.2 4.0+8.0 22 1.9
¥-DDT 1.6-155.2 18.6+27.3 9.1 9.6
Ratio DDE/pp'DDT 0.1-172.2 21.4+36.5 95 8.8
Age, years 3-85 43.3+19.9 41.0 37.2

@ Springer



5616

Environ Monit Assess (2012) 184:5613-5621

Table 4 Results of organo-

chlorine pesticide residues Pesticide Frequency Ranges X=SD Median GM

from 75 male human blood

serum samples (milligrams p-HCH 33/75 0.8-18.9 6.1+£4.7 5.3 4.5

per kilogram on fat basis) DDE 75/75 1.4-121.0 17.2+19.7 11.1 11.0
op'DDT 2/75 4.7-6.7 5.7+1.4 5.7 5.6
pp'DDT 24/75 0.4-4.0 1.6£1.0 1.3 1.3
3-DDT 1.4-125.0 17.8+20.3 11.6 11.4
Ratio DDE/pp'DDT 4.2-43.8 15.14£9.3 15.2 12.7
Age, years 2-85 43.3+20.4 45 36.1

recommended by Hycel de Mexico using a
commercial kit for clinical laboratories.

Statistical calculations were conducted using sta-
tistical software Minitab version 12. Concentrations
of organochlorine pesticide (milligrams per kilogram
on fat base and micrograms per liter on wet weight)
were expressed as frequencies, arithmetic means (X)+
standard deviations (SD), medians, and geometric
means (GM). The resulting concentrations were then
used to determine the significance of categorical
factors on pesticide levels by the variability among
samples, pairing them to identify differences among
means by applying the Student's ¢ test between sexes
and dividing these groups in tertiles to associate sex
and age as a determinant factor of exposure.

Results and discussion

Routine biomonitoring may be desirable for the
efficiency valuation of risk management options and
efficacy of environmental and health policies. For
pesticides, average exposures may not reflect peak
exposures arising through infrequent exposure epi-
sodes. Repeated sampling of high-exposure subjects
provides more insight into the true nature of these
episodes and of their toxicological consequences.
Invasively collected matrices for human biomonitor-
ing, obtained as the remainder part of clinical
analyses, are toxicologically relevant alternatives for
many of the biomarkers currently determined. More-
over, a well-informed choice of matrix can provide an
added value for human biomonitoring, offering
opportunities to study additional aspects of exposure
to organochlorine pesticide residues and effects of
short- and long-term toxicokinetics, change of expo-
sure over time, or monitoring of selected communities
(Smolders et al. 2009).

@ Springer

During the blood serum monitoring study 150
blood serum samples (75 from females and 75
from males) were collected in which only the
presence of 3-HCH, pp'DDE, op'DDT, and pp'DDT
were detected, thus only these pesticides are dis-
cussed. The summarized results of organochlorine
pesticides levels from a total 150 monitored samples,
expressed as frequencies, ranges, mean, and standard
deviations of mean (SD), medians, and geometric
means (GM) expressed on lipid base (milligrams per
kilogram) are presented in Table 1 and on wet weight
(micrograms per liter) in Table 2. The age of
participants ranged from 2 to 85 years with a mean
of 43 years. One hundred percent of analyzed blood
serum samples contained pp'DDE at mean concen-
trations expressed as 15.8 mg/kg on lipid base and
8.4 ug/L wet weights. This compound is followed by (-
HCH that had concentrations of 4.9 mg/kg and 2.7 pg/L
and was found in 48.6% of the samples. The analysis of
pp'DDT and op'DDT indicated lower concentrations.
pp'DDT was presented in 41.3% of total blood serum
monitored at 3.1 mg/kg and 1.4 pg/L and op'DDT in
3.3% of samples at 2.7 mg/kg and 1.4 pg/L.
Calculated pp'DDE/pp'DDT ratios which evaluate the
age of exposure, shows high mean value 18.9. This
indicates antique exposures and the predominance of

Table 5 Results of organochlorine pesticide residues from 75
female human blood serum samples (micrograms per liter on
wet weight)

Pesticide =~ Frequency Ranges  X+SD Median GM
3-HCH 40/70 0.1-25.5 2.4+4.1 1.7 2.3
DDE 75/75 0.5-50.5 7.549.5 4.9 5.9
op'DDT 3/75 0.1-0.5  0.3+0.2 0.6 0.7
pp'DDT 38/75 0.1-18.8 1.7£1.2 0.8 0.7
¥-DDT 0.5-50.8 8.5+3.9 5.6 6.2
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Table 6 Results of organochlorine pesticide residues from 75
male human blood serum samples (micrograms per liter on wet
weight)

Pesticide Frequency Ranges  X+SD Median GM
-HCH 33/75 0.3-10.4 3.3+2.6 2.6 1.1
DDE 75/75 0.8-65.4 9.4=+11.1 6.2 4.0
op'DDT 2/75 3.2-34  32+0.2 32 0.1
pp'DDT 24/75 0.3-23  0.9+0.5 0.7 0.8
>-DDT 0.8-654 9.7+11.3 6.3 4.5

pp'DDE as the principal contaminant of Veracruz
inhabitants, caused by previous metabolization of the
insecticide pp'DDT. Moreover, the values show a
decreased trend in concentrations of insecticide pp’
DDT in the Veracruz environment. Our pp'DDE/pp’
DDT ratio was higher than the values 11.5 and 12.7,
calculated by Hansen et al. (2009) in Vietnam
produced by lower pp'DDE levels. During the
monitoring, we detected 12 persons with extreme
contamination: pp'DDE levels that reached
154.2 mg/kg and 65.4 pg/L and pp'DDT levels of
48.2 mg/kg and 18.8 pg/L. These results are
explained by the existence in Veracruz of specific
points, contaminated with the insecticide DDT and
alimentary habits of persons that expose them at a
higher rate to organochlorine pesticide residues.

To observe the possible influence of sex as a
discriminatory factor for organochlorine pesticide
levels, the pooled sample was divided according to
sex of donors (75 females and 75 males). The results
are presented in Tables 3 and 4 on fat basis and
Tables 5 and 6 on wet weight. The calculated mean
ages for females (43.3 years) and for males

(43.3 years) show no differences between mean ages
between sexes (p>0.05). In order to look for differ-
ences in organochlorine pesticide levels between sexes,
the samples were paired. The results demonstrate
significant differences between sexes for /-HCH mean
concentrations (p<0.05). Other organochlorine pesti-
cide concentrations expressed on fat basis and wet
weight indicated no statistical differences (p>0.05)
between sexes, including the pp'DDE/pp'DDT ratios.
In general, during the monitoring study, sex was not
observed to be a determinant factor for organo-
chlorine pesticide contamination level. This fact
expresses the uniform extend of inhabitants' expo-
sure caused only by living in the urban Veracruz
environment.

To determine if organochlorine pesticide levels in
human blood serum can depend on age of the
monitored person, each sex group was further divided
according to age into an ordered distribution of three
parts, each containing a third of the population and
the mean and median tertiles were calculated. The
results obtained are presented in Table 7 for females
and in Table 8 for males. The ¢ test applied to compute
differences among three tertiles of females shows that
the mean concentrations of S-HCH levels are not
different (»p>0.05). The mean pp'DDE did not exhibit
a difference between the first and second tertiles (p>
0.05), whereas between the first and third and second
and third, the differences are statistically significant
(»<0.05). op'DDT and pp'DDT did not present
differences among means when comparing the three
tertiles. op'DDT was detected only in the third tertile
that corresponds to older participants. The conclusion
of a similar degree of exposure to insecticide pp'DDT
can be explained by its ban since 1999 in Veracruz

Table 7 Organochlorine pesticide levels in tertiles according to age for female group (milligrams per kilogram on fat basis)

First Second Third

Pesticide Frequency X=SD Median ~ Frequency X#SD Median  Frequency X#SD Median
[B-HCH 3/25 1.1+1.2 0.6 15/25 3.6+5.3 1.4 22/25 4.4+59 2.4
pp'DDE 25/25 6.8+10.5 3.6 25/25 10.1+8.6 7.2 25/25 32.3+36.8 19.9
op'DDT 0 0 3/25 0.7+0.9 0.3
pp'DDT 10/25 3.1+£3.3 1.9 10/25 2.842.3 22 18/25 5.1+11.3 2.1
X-DDT 8.4+£12.1 3.9 11.3£9.9 8.2 36.1+39.6 20.3
Ratio DDE/ppDDT 7.2+6.1 5.6 9.2+6.8 7.2 36.2+49.3 15.4
age 21.5+9.0 23 42.3+5.1 41 66.0+9.3 63
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Table 8 Organochlorine pesticide levels in tertiles according to age for male group (milligrams per kilogram on fat basis)

First Second Third

Pesticide Frequency X=SD Median  Frequency X+SD Median  Frequency X+SD Median
B-HCH 6/25 39+2.4 4.1 12/25 5.3+3.8 5.4 15/25 7.6+£5.7 6.1
pp'DDE 25/25 15.4+243 7.6 25/25 11.6+9.2 9.8 25/25 24.6+20.7 17.4
op'DDT 0 1/25 6.7 6.7 1/25 4.7 4.7
pp'DDT 7/25 1.8+1.3 1.4 8/25 1.5+0.8 1.1 9/25 1.5+0.9 1.7
>-DDT 15.94£25.2 7.6 12.4+9.9 10.2 25.3+20.9 17.4
Ratio DDE/ppDDT 13.4+9.4 8.8 12.2+4.9 12.6 18.9+11.6 17.1
age 19.7+10.3 21 45.6+3.8 45 64.7+9.8 64

and the stepwise disappearance of the insecticide from
the environment. Comparison of the three tertiles
revealed that total DDT has different (»p<0.05) mean
concentrations, which was influenced by pp'DDE
levels. The pp'DDE/pp’'DDT ratio increases signifi-
cantly for the mean from the second to third tertile
and this difference is statistically significant (»<0.05).
The results display an increase in organochlorine
pesticide concentrations with age (especially pp'DDE)
caused by its storage in human adipose tissue over the
total life. The pesticide is stored, partitions between
adipose fats and blood lipids, and circulates in the
whole human body (Herrero-Mercado et al. 2011).
Analyzing the mean differences for all organochlo-
rine pesticide levels among males three tertiles, only
statistical differences (p<0.05) between first and
third, and second and third pp'DDE and X-DDT
tertiles levels were found. S-HCH, op'DDT, and pp’
DDT concentrations among three tertiles showed
differences that were not statistically significant

among concentrations, indicating similar exposure
rates for Veracruz male inhabitants. The pp'DDE/pp’
DDT ratio did not increase significantly for the mean
from the first to second and third tertile (p<0.05).
Moreover, the ratios compared between sexes are
higher for the males.

The comparison of pp'DDE and pp'DDT levels
between female and male tertiles, grouped according
to age, is presented for pp'DDE in Fig. 1 and for pp’
DDT in Fig. 2. Applying the ¢ test to compare both
sexes, the only significant difference (p<0.05) for the
pp'DDE in the first tertile between female and male
was obtained.

Blood concentrations of organochlorine pesticides
integrate exposures from all pathways of exposure as
well as over time. Hence, with few exceptions, these
serum concentrations differentiate neither the route of
exposure nor the time period of exposure. Possible
exceptions include the ratio of pp'DDE/pp'DDT,
which yields information regarding the time since

Fig. 1 The comparison of 160 4
pp'DDE levels (milligrams *
per kilogram on fat basis) 140 +
between female (F) and x
male (M) tertiles, grouped in 1201 *
three tertiles according to
100
age
(=
< 804
o
£
60 ~
*
40 * ®
20 %
| o =2
o] ==
F-1 M-1 F-2 M-2 F-3 M-3
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Fig. 2 The comparison of 50
pp'DDT levels (milligrams *
per kilogram on fat basis)
between female (F) and 40+
male (M) tertiles, grouped in
three tertiles according to
o 304
age X
)
E 201
*
10 *®
o4 Elil} s EIJ:'E E=s R =
F-1 M-1 F2 M-2 F-3 M-3

the last DDT exposure. The values are high, indicating
residual sources of the pesticide DDT coming from
past applications which was previously metabolized
to DDE that is more persistent and is stored
principally in the body.

Table 9 presents the comparison of organochlorine
pesticide levels between monitored females and previ-
ously monitored pregnant women (Herrero-Mercado et
al. 2010). The comparison reveals statistically signifi-
cant differences (p<0.05) between means of pp'DDE
and total Y-DDT concentrations. The comparison,
delimited only to the first tertile of monitored females
(21 years) and previously monitored pregnant women
(26 years), pointed out that there were no statistically
significant differences (p>0.05) among all organochlo-
rine pesticide levels of both groups. The result of no
differences can be justified because both populations
correspond to younger women who have a shorter time
of exposure that does not permit store of organochlo-
rine pesticides at higher levels in adipose tissue.

The measurement of an environmental chemical in a
person's blood does not by itself mean that an
insecticide causes disease. Advances in analytical
methods have allowed the measurement of low levels
of environmental chemicals in a person's blood.
Studies must also consider other factors, such as
duration of exposure expressed in the age of a person
(Patterson et al. 2009; Eskenazi et al. 2009; Ibarluzea
et al. 2010) that present in the study a close correlation
with organochlorine pesticide levels. Thus, obtained
results from the monitoring study were computed
applying multiple regression analyses. The obtained
results (+*>90%) indicate that age has a linear
relationship with an increase in serum organochlorine
pesticide levels. Our result are supported by similar
conclusions from other studies (Dirtu et al. 2006; Lino
and da Silveira 2006; Lee et al. 2007). Accumulation
of these pesticides in aged people revealed that these
pesticides are more slowly eliminated in our environ-
ment and are difficult to eliminate from the human

Table 9 The comparison of organochlorine pesticide levels among pregnant women, monitored females, and the first tertile of

monitored females (milligrams per kilogram on fat basis)

Pregnant women

Monitored females

First tertile of monitored females

Pesticide X+SD Median X+SD Median X+SD Median
(-HCH 42448 2.3 39+54 22 1.1+1.2 0.6
pp'DDE 5.9+13.5% 2.4 16.4+25.1* 7.8 6.8+10.5 3.6
pp'DDT 22425 1.1 4.0+£8.0 2.2 3.1+£3.3 1.9
2-DDT 6.4+14.7* 2.6 18.6+£27.3* 9.1 8.4+12.1 3.9

*p<0.05, statistical significant differences between means
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body. Once accumulated in adipose tissue they remain
in the human body for life. Comparing third tertile
between sexes, higher concentrations correspond to
female, especially pp'DDE, and that is in agreement
with observations of Dirtu et al. (2006) and Koepke et
al. (2004) Park et al. (2005) who determined that this
difference is caused by different body fat composition
between sexes and different alimentary habits.
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