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Abstract Organochlorine pesticides (OCPs) and poly-
chlorinated biphenyls (PCBs) in human milk from Chelem,
Yucatan, Mexico were analyzed. Relatively high levels of
p,p-DDE, 7y-chlordane, f-hexacyclohexane (f-HCH) and
PCB congeners 170, 28, and 44 were found. Concentration
profiles by OCP groups followed the next order:
2DDTs > 2Chlordanes > XHCHs > 2Chlorobenzenes >
2Drins. Total OCPs showed a decreasing tendency with
number of births (primipara and multipara and age ranks)
but these differences were not significant. ZDDT levels
were lower than in other studies in Mexico, but 36% of the
samples exceeded the JMPR-FAO/WHO acceptable daily
intake (ADI). About 60.53% of samples exceeded the ADI
value for heptachlors.

Keywords Human milk - POPs - Organochlorine
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Persistent organic pollutants (POPs) are a vast group of
compounds (i.e. DDT, hexachlorobenzene, hexachlorocy-
clohexanes, heptachlor, and dieldrin, among others), that
are manufactured as pesticides, and also industrial products
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or byproducts such as polychlorinated biphenyls (PCBs)
and dioxins. They have been used since the 1940s, and
although their use has been prohibited in many countries,
they are widely distributed in the environment. POPs are
persistent, toxic and lipophilic, and therefore bioaccumu-
late and biomagnify at all levels of food chains, affecting
top predators and humans. DDT exposure increases the risk
of breast cancer (Cohn et al. 2007); relations between
PCBs, hexachlorobenzene and chlordanes with testicular
cancer (Hardell et al. 2007), fetal growth retardation and
lowered birth weight (Siddiqui et al. 2003; Rylander et al.
2000), among others have been reported. Breast milk has
been used to determine organochlorine pesticides (OCPs)
and PCBs levels in humans as indicators of long-term
exposure because it is easy to obtain, since it is a non-
invasive method, and indicates the contaminant levels in
maternal fat. Moreover, it allows to evaluate the obvious
concern of exposure of suckling infants to these chemicals.

Yucatan state is located in Eastern Mexico, in a poten-
tially susceptible malaria and dengue zone. From 1959
DDT was used in Mexico in campaigns for the control of
vectors, and in small amounts in agricultural zones. From
1987 its use was restricted exclusively to combat the
malaria vector, but in 2000 its use was substituted by
pyrethroids. In this way, from 1988 to 1999 a total amount
of 33 tons of technical DDT (75% purity) in Yucatan were
sprayed (Secretaria de Salud 2000). Moreover, other
organochlorine pesticides such as dieldrin were also used
for vector control. The goals of present study were to
determine the levels of OCPs and PCBs in breast milk from
Chelem, Yucatan; to evaluate differences in POPs levels
according to birth number and age rank, and to compare
levels of OCPs obtained in this study with the acceptable
daily intake (ADI) (JMPR-FAO/WHO 2006) and other
studies in different countries and Mexico.

@ Springer



256

Bull Environ Contam Toxicol (2008) 80:255-259

Materials and Methods

Human milk samples were obtained from 38 breast-feeding
mothers between December 2005 and February 2006 from
Chelem in Yucatan, Mexico; samples (20 mL) were col-
lected 4-21 weeks post-partum into amber glass bottles with
Teflon caps and frozen (—20°C) until analysis. Organo-
chlorine pesticides and PCBs were extracted and quantified
by the following method. To 10 mL of milk sample, internal
standards (200 ng of PCB 103) were added and then
extracted three times with 50 mL of hexane for 3 min with a
tissue mixer. The supernatant was filtered and humidity
eliminated with anhydrous sodium sulfate. The extract was
concentrated to 6 mL and cleaned with 16 g of partially
deactivated Florisil (activated to 600°C for 4 h and deacti-
vated partially with 5% w/w water) packed in a glass column
and using anhydrous sodium sulfate at the top and bottom of
the column. The first fraction was eluted with 70 mL hexane
and the second fraction was eluted with 50 mL of hexane-
dichloromethane (7:3 v/v). A total of 26 OCPs and 22 PCBs
were quantified by gas chromatography using a Hewlett
Packard 5890 Series II gas chromatograph, equipped with an
electron capture detector and with a 30 m x 0.25 mm
(0.25 pum film thicknesses) Ultra 2 capillary column. These
compounds were identified and quantified using standards
from Ultra Scientific. Blanks and spiked blanks were ana-
lyzed simultaneously with each set of samples for quality
control and assurance. OCPs and PCBs concentrations were
converted to a milk fat basis assuming that human milk is
3.5% fat (Burke et al 2003b); concentrations were reported
as mean =+ standard deviation, and their frequency in the
samples were expressed as percentages. Estimated daily
intake (EDI) (Jensen 1983) for some OCPs were calculated
assuming 5 kg body mass, average 0.8 kg/day of milk
intake, and a proportion of lipid in milk of 0.035, for com-
parison with ADI values established by JMPR-FAO/WHO
(2006). Differences in POP levels in primipara and multipara
women, and age ranks from mothers, were evaluated by
nonparametric Kruskal-Wallis ANOVA (p < 0.05).

Results and Discussion

Table 1 shows OCPs and PCBs concentrations in breast
milk. High p,p’-DDE levels (3041.36 4+ 5056.83 ng/g lipid)
and high frequency in the samples (84%) were found. This is
the major metabolite from commercial DDT. Although it is
not used in vector control since year 2000 (Secretaria de
Salud 2000), high levels in this study demonstrate its per-
sistence in the environment. A similar concentration was
reported by Waliszewski et al. (2002) for p,p’-DDE
(3,230 ng/g lipid), in human milk from 1997 to 1999 in
Veracruz, Mexico. DDT isomers and metabolites in human
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milk are a very important risk factor in suckling health
because they have been classified as possibly carcinogenic to
humans (2B) by the International Agency for Research on
Cancer (IARC 1991); moreover its endocrine disruptor
potential has been demonstrated. In order to evaluate whe-
ther DDT exposure is caused by its recent use in the study
zone, the DDE/DDT ratio was used. Ratios higher than 1:2
indicate a non-recent use (Harris et al. 1999) and it could be
due to diet (food contaminated with residues).

Concentrations of y-chlordane (925.10 £+ 1038.92 ng/g
lipid) and heptachlor (576.51 & 240.31 ng/g lipid) were
the highest in the chlordane group. Lindane (y-hexacyclo-
hexane) has been a widely used pesticide in Mexico (in
agriculture, cattle ranching, and pharmaceutical industry);
but high concentrations (612.31 & 701 ng/g lipid) and
highest frequencies in samples (66%) of [-HCH were
found. This is due to the fact that Lindane can be converted
to the beta isomer (-HCH) in the environment (INE 2004)
and it is more persistent. In general, 1,2,3,4-tetrachloro-
benzene (1,2,3,4-TCB) was the most frequently detected
OCP (89%) in the samples, but the mean concentration
(304.40 £ 476.50 ng/g lipid) was lower than for other
OCPs; its sources in the environment could be dielectric
fluids spills, it was also used as insecticide and as inter-
mediary in the manufacture of herbicides and defoliants
(IPCS 1991).

The concentration profile of OCPs by groups followed
the next order DDTs > Chlordanes > HCHs > Chloro-
benzenes > Drins and their mean concentrations can be
observed in Table 1 (Endosulfan II, Mirex and pentachlo-
roanisole were not grouped). PCBs 195, 8 and 29 were the
most frequent congeners (36.84%, 28.95% and 26.32%
respectively), and the highest mean concentrations were
for PCBs 170, 28 and 44 (1607.81 + 750.87;
1264.71 £ 454.23; 1155.29 + 235598 ng/g lipid respec-
tively); is important to remark that PCBs have been
classified as probably carcinogenic to humans (2A) by
IARC (1987). Differences by age ranks and number of
births, from OCPs and PCBs levels were tested, and sig-
nificant differences (p > 0.05) were not found. An
increasing tendency of XPCBs levels with age is observed
(Fig. 1b), possibly due to bioaccumulation. In the case of
the number of births (primipara and multipara), a slight
decrease tendency in multiparas is observed. Total OCPs
levels in primipara mothers are higher than multiparas
(Fig. 1a), because during lactation, the endogenous fats
(with accumulated contaminants) were mobilized and
incorporated in the mammary gland as a component of
breast milk; therefore a POPs depuration and elimination
mechanism from the mothers is lactation.

p,p’-DDE and p,p’-DDT levels in this study were
slightly lower than the study of Waliszewski et al. (2002)
in Veracruz, Mexico (see Table 2); it is important to
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Table 1 OCPs and PCBs levels

(ngfe lipid) + standard OCPs Mean £ SD (ng/g lipid) % PCBs Mean + SD (ng/g lipid) %
deviation and frequency (%) in | 5 4 5 1CB 520.04 + 563.70 55 PCB S8 687.93 + 512.73 29
human milk samples from
Chelem, Yucatan Mexico 1,2,3,4-TCB 304.40 £ 476.50 89 PCB 18 443.00 + 327.96 24
Pentachlorobenzene 178.86 £+ 70.29 37 PCB 28 1264.71 + 1454.23 18
Hexachlorobenzene 91.61 £ 49.12 55 PCB 29 25.57 £ 2293 26
2 Chlorobenzenes 676.27 £+ 701.00 PCB 44 1155.29 + 2355.98 13
o-HCH 308.26 & 74.12 24 PCB 52 73.48 £+ 27.69 13
p-HCH 612.31 & 694.75 66 PCB 66 3.52 3
y-HCH 376.41 £+ 151.15 18 PCB 87 21243 + 191.44 16
0-HCH 245.39 + 126.13 53 PCB 101  85.75 + 59.92
YHCHs 753.67 £+ 722.76 PCB 105 372.44
o-Chlordane 259.90 + 128.59 5 PCB110 59.15 + 39.29 21
y-Chlordane 925.10 £+ 1038.92 16 PCB 118 ND
Heptachlor 576.51 £ 240.31 58 PCB 128 ND
Heptachlor epoxide 154.60 £ 129.83 47  PCB 138  38.72 £ 19.15 16
trans-nonachlor 269.33 + 62.88 34 PCB 153 111.86 + 35.97 8
cis-nonachlor 250.16 £ 154.53 24  PCB 170  1607.81 £ 750.87 16
Y Chlordanes 974.62 £ 742.61 PCB 180 ND
Aldrin 282.03 £+ 139.25 13 PCB 187 63.84 £ 3544 8
Dieldrin 296.65 + 85.92 29  PCB 195 577.90 £ 260.47 37
Endrin 290.69 + 43.63 5 PCB201 ND
>Drins 404.20 &+ 205.79 PCB 206  90.01 &+ 30.00 5
o,p’-DDE 132.88 + 83.69 42 PCB209 ND
o,p’-DDD 51.03 £+ 35.84 47 X PCBs 1541.25 + 1563.18
p,p'-DDD + o,p’-DDT 126.85 £+ 95.76 32
p.p'-DDE 3041.46 £+ 5056.83 84
p,p-DDT 209.75 4+ 123.09 29
2DDTs 3064.63 + 4996.62
Endosulfan 1T 277.39 £+ 123.14 29
Mirex 204.59 £ 74.50 8
TCB, tetrachlorobenzene; HCH, Pentachloroanisole 101.61 & 62.96 76
Hexacyclohexane; ND, not SOCPs 5123.06 + 5372.77
detected
[ Total PCBs A| | [] Total PCBs B

remark that the chronological levels obtained by Wal-
iszewski et al. (1996, 1999, 2002) have a decreasing
tendency (from 5,017 to 3,230 ng/g lipid of p,p’-DDE in
three studies carried out between 1996 and 2002), that
coincides with the restriction and prohibition years for the
use of DDT in vector control in Mexico. p,p’-DDE and
p,p-DDT levels were relatively high, only lower than the
results from Thailand (Stuetz et al. 2001) and Jordan (Nasir
et al. 1998). For Hexachlorobenzene (HCB), f-HCH and y-
HCH our results were higher than those reported by Wal-
iszewski et al. (1996; 1999). Heptachlor levels were higher
than those from Thailand (Stuetz et al. 2001), Jordan
(Nasir et al. 1998) and Taiwan (Chao et al. 2006).

The ADI is the amount of a chemical that can be
ingested daily over the lifetime of an individual without
an appreciable health risk to the consumer, on the basis of
all known studies. In Table 3, EDI levels of human milk

Total OCPs

6000
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2000

Concentration (ng/g lipid)

1000

15-20 21-25 26-30 >30
Number of birth Age

Primipara Multipara

Fig. 1 Medians of total PCBs and OCPs (ng/g lipid) in human milk
from Yucatan Mexico, for number of births (a) primipara (n = 12)
and multipara (n = 26) and for age ranks (b) 15-20 (n = 7 8), 21-25
(n = 17), 26-30 (n = 7), and >30 (n = 6)
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Table 2 Means of some organochlorine pesticides in human milk (ng/g lipid) form several countries

Country  References n  Year pp- pp- HCB y- p- o- Aldrin Dieldrin Heptachlor Heptachlor
DDE DDT HCH HCH Chlordane epoxide

Thailand® 1 25 1998 8214 2597 146 103 NA NA NA NA 126 177
Jordan 2 411 1998 1,950 4,400 350 710 NA 460 860 1,410 500 190
Taiwan 3 36 2000-2001 310 23 NA 2 2 10 ND ND 3 4
Indonesia 4 10 2003 400 90 60 ND 90 NA 10 NA NA NA

UK 5 54 2001-2003 150 6 17 1 15 0.3 NA NA NA NA
Tunisia 6 87 2002-2003 2421 1,015 260 8 50 NA NA 59 NA NA
Russia® 7 17 2003-2004 600 50 100 800 NA NA NA NA NA
Japanb 8 38 2001-2004 330 13 14 NA 110 NA NA NA NA NA
Mexico® 9 43 1994-1995 5,017 1,271 47 22 561 NA ND ND ND ND
Mexico® 10 60 1997-1998 3,997 651 25 2 61 NA NA NA NA NA
Mexico® 11 112 1997-1999 3,230 510 NA NA NA NA NA NA NA NA
This 38 2006 3,041 210 92 376 612 260 282 297 577 155

study

NA = not analyzed; ND = not detected

 Results converted to ng/g lipid assuming 3.5% of lipid in human milk (Burke et al. 2003b)

b Primipara

¢ Studies realized in Veracruz, Mexico

! Stuetz et al. (2001);  Nasir et al. (1998); * Chao et al. (2006); * Burke et al. (2003a); > Kalantsi et al. (2004); ¢ Ennaceur et al. (2007); ’
Tsydenova et al. (2007); ® Kunisue et al. (2006); © Waliszewski et al. (1996); '© Waliszewski et al. (1999); ' Waliszewski et al. (2002)

Table 3 Acceptable daily intake (ADI) and means of estimated daily
intake (EDI) of some OCPs found in breast milk from Chelem,
Yucatan Mexico

OCP ADI EDI Maximum % > ADI
mean levels

SDDTs" 10% 26.816 175.237 36.84

Dieldrin + aldrin 0.1 3.145 8.470 34.21

X Heptachlors® 0.1 5.884 11.240 60.53

Endrin 0.2 2.544 2.813 5.26

y-HCH (lindane) 5 3.294 6.265 2.63

ADI and means of EDI are expressed in pg/kg day

* Value modified in 2000 from 20 to 10 pg/kg day (JMPR-FAO/
WHO 2006)

® DDTs = p,p’-DDT + p,p'-DDE + p,p'-DDD + o0,p'-DDT +
0,p'-DDE + o0,p'-DDD

¢ XHeptachlors = Heptachlor + Heptachlor epoxide

from this study and ADI values for some OCPs (JMPR-
FAO/WHO 2006) are compared. Heptachlor + heptachlor
epoxide levels exceed ADI levels in most of the samples
(60.53%); mean EDI level (5.884 pg/kg-day) was much
higher than the ADI value (0.1 pg/kg-day). X-DDTs
levels exceed the ADI for 36.84% of the samples. ADI
values are based on the ingestion lifetime and that breast
milk is consumed only on the first years of life. But it is
necessary to indicate that this short period of the life is
very critical, and possible adverse effects can appear in
the long-term.

@ Springer

Our findings indicate that OCPs and PCBs were found in
high levels in human milk from Yucatan Mexico, and a
possible depuration mechanism of OCPs from the mothers
can be the lactation. Further studies are necessary, for
determining contaminant sources, and to evaluate if the
POPs ingested during lactation could be causing adverse
effects in the long run in children.
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