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Introduction

Summary

Recent reports have confirmed a worldwide increasing trend of testicular cancer
incidence, and a conspicuously high prevalence of this disease and other male
reproductive  disorders, including cryptorchidism and hypospadias, in
Denmark. In contrast, Finland, a similarly industrialized Nordic country,
exhibits much lower incidences of these disorders. The reasons behind the
observed trends are unexplained, but environmental endocrine disrupting
chemicals (EDCs) that affect foetal testis development are probably involved.
Levels of persistent chemicals in breast milk can be considered a proxy for
exposure of the foetus to such agents. Therefore, we undertook a comprehen-
sive ecological study of 121 EDCs, including the persistent compounds dioxins,
polychlorinated biphenyls (PCBs), pesticides and flame retardants, and non-
persistent phthalates, in 68 breast milk samples from Denmark and Finland to
compare exposure of mothers to this environmental mixture of EDCs. Using
sophisticated, bioinformatic tools in our analysis, we reveal, for the first time,
distinct country-specific chemical signatures of EDCs with Danes having gener-
ally higher exposure than Finns to persistent bioaccumulative chemicals,
whereas there was no country-specific pattern with regard to the non-persistent
phthalates. Importantly, EDC levels, including some dioxins, PCBs and some
pesticides (hexachlorobenzene and dieldrin) were significantly higher in
Denmark than in Finland. As these classes of EDCs have been implicated in
testicular cancer or in adversely affecting development of the foetal testis in
humans and animals, our findings reinforce the view that environmental expo-
sure to EDCs may explain some of the temporal and between-country differ-
ences in incidence of male reproductive disorders.

the hypothesis that testicular cancer incidence may be a
‘whistleblower’ for occurrence of other reproductive

A considerable increase in testicular cancer incidence
among young men during the last century has taken
place worldwide and large scale geographical differences
in the incidence of this disease exist (Bray et al., 2006).
There is a remarkable three to fourfold higher inci-
dence of testicular cancer in Denmark in comparison
with the nearby country Finland. We previously tested
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health problems in a population by carrying out large,
coordinated, prospective studies of cohorts of newborn
boys and their mothers in Denmark and Finland. These
showed that the incidence of cryptorchidism and hypo-
spadias was also three to fourfold higher in Denmark
than in Finland (Boisen et al., 2004, 2005). Even among
healthy newborn boys, there were significant differences
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as Finnish boys had larger testes than Danish and
higher levels of inhibin B, a marker of testicular Sertoli
cells (Main ef al., 2006b). Prospective studies of the
general adult populations have also revealed higher
sperm counts in Finnish than in Danish men (Jorgen-
sen et al., 2002).

A crucial question is to what extent these conspicuous
differences in occurrence of reproductive problems
between two Nordic countries are because of environ-
mental factors. Studies of immigrants’ testicular cancer
risk have shown that second generation immigrants have
similar risk of cancer to that of the host country popula-
tion (Hemminki & Li, 2002; Myrup ef al., 2008). This,
together with the increasing trends of male reproductive
health problems, strongly suggests that environmental
rather than genetic factors play a major role. As humans
have been widely exposed over the same time period to
man-made persistent EDCs, their aetiological involvement
has been suspected. In reality, humans are exposed not to
single EDCs, but to complex mixtures and the latest evi-
dence from animal studies shows that such mixtures can
have profound effects on male reproductive development
at concentrations at which the individual EDCs have no
effect (Christiansen et al., 2008; Kortenkamp, 2008; Rider
et al., 2009).

Therefore, we have undertaken an ecological study to
examine whether exposures to EDC pollutants is higher
in Denmark than in Finland. We measured 121 chemicals
(listed in Tables SI and S2) in 68 breast milk samples
from 36 Danish and 32 Finnish women who gave birth to
healthy boys. Chemicals studied included flame retar-
dants, such as polybrominated diphenyl ethers (PBDE)
and biphenyls (PBB), organochlorine pesticides (OC),
polychlorinated dibenzo-p-dioxins (PCDD/F dioxins) and
biphenyls (PCB), and phthalates, all known for their
potential as endocrine disruptors. Breast milk was chosen
because concentrations of pollutants in milk fat are con-
sidered to represent human exposures (Smith, 1999;
Wang & Needham, 2007).

Materials and methods

The data set for this analysis was obtained from a joint
prospective bi-national study of pregnant women and
their offspring between 1997 and 2001. This study aimed
at assessing the current prevalence of congenital cryptor-
chidism and hypospadias in Denmark and Finland as well
as identifying environmental and lifestyle factors possibly
associated with testis development and function. Ques-
tionnaires and breast milk samples were obtained. The
design of the study was previously described, as well as
details on breast milk sample collection and selection for
chemical analysis; some of the data were included in
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other investigations (Main et al., 2006a; Shen et al., 2006,
2007).

The original data set consisted of 130 breast milk sam-
ples from mothers of newborn children. Sixty-eight of the
newborns (36 Danish and 32 Finnish) were healthy and
without signs of reproductive malformations and 62 were
born cryptorchid. As breast milk from women who deliv-
ered a boy with cryptorchidism may be a major con-
founder in an analysis of the general exposure levels to
EDCs in a population, we only included breast milk of
the 68 mothers who gave birth to healthy boys. A total of
121 chemicals were analysed; however, 12 chemicals with
non-detectable levels in all samples were excluded from
the final statistical analysis (Tables S1 and S2).

During all chemical analyses, the laboratories and tech-
nicians were blinded for country of origin. All laborato-
ries participated in external quality control programmes.
Pesticides including enantiomeric compounds and poly-
brominated biphenyls were analysed at the Institute of
Ecological Chemistry, Neuherberg, Germany (Damgaard
et al., 2006) and polybrominated diphenyl ethers, dioxins,
PCB’s and furans at the Department of Environmental
Health, National Public Health Institute, Kuopio, Finland
(Main et al., 2007). All phthalate analyses were performed
at chemical laboratory at the Department of Growth and
Reproduction, Copenhagen, Denmark (Mortensen et al.,
2005; Main et al., 2006a).

The Danish mothers were slightly younger than the
Finnish and more of them participated with their first
child in the study. Moreover, Danish samples were col-
lected on average 1.8 years later than Finnish samples.
These potential confounders, and others, were adjusted
for in the analysis.

To assess the extent of differences in exposure to indi-
vidual chemicals between Denmark and Finland, chemical
concentrations in breast milk samples were analysed using
linear multiple regression. The p-values were corrected for
multiple testing by the method of Bonferroni. Potential
confounders, known to affect the level of chemicals in
breast milk samples, were added as covariates in the anal-
ysis, including maternal age, maternal body mass index
(BMI), year of milk sampling, maternal smoking
(yes/no), maternal diabetes (yes/no) and parity.

We investigated the differences in combined chemical
exposures between the two countries using machine-
learning classifiers, which simultaneously take all chemical
concentrations into account. These classifiers can detect
any combination or pattern of chemicals which discrimi-
nates between Danish and Finnish samples. Such patterns
may describe for example if the sum of two or more
chemicals must be above a certain level, or the level of
one chemical is high whilst the level of another chemical
is low. Three Machine Learning Classifiers were applied
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for comparison, two of which were linear methods [Par-
tial Least Squares (PLS) (Wold, 1966) and Sequential
Minimal Optimization (SMO) with 1st order polynomial
kernel], and one was a non-linear method (Multilayer
Perceptron with one hidden layer of 5 nodes).

For the machine learning classifiers, analysis was per-
formed both with and without adjusting for confounders.
Confounders were adjusted for by interpolating the data
using regression coefficients. In addition, confounders
were adjusted for in the analysis with PLS by adding the
confounding factors, along with country, as response-
variables.

Two different software programs were used; Simca-P
10.5 (by Umetrics Inc., Umed, Sweden) was used for per-
forming PLS, and Weka 3.5.3 (Witten & Frank, 2005)
was used for performing analysis with the other classifiers.
One fourth of the samples (17 samples) in the original
data were randomly removed and used as a test set for
external validation. A balanced number of samples from
each country were included in the test set.

Non-detectable sample measurements were treated in
three separate ways: they were either set to 0, to half the
Limit of Quantification (LOQ), or to LOQ. All analyses
presented were repeated for each case. In addition to the
measured values of the chemicals, we analysed sums and
toxic equivalencies (TEQs) of PCBs, PBDEs and PBBs.
Finally, as phthalates differ in their chemical properties
and exposure routes compared with all the other com-
pounds in our data set, they were analysed together in a
separate model.

Results

After correcting for multiple testing, six chemicals exhib-
ited significant differences between the two countries and
all were higher in Danes than in Finns (Table 1, Fig. 1).
Without statistical correction for multiple testing, higher
concentrations in Danish samples were observed for the
vast majority (54 out of 58) of chemicals that exhibited a

Chemicals in breast milk

significant between-country difference (Tables 2A and
2B). Chemicals which did not differ significantly are listed
in Table 2C (resulting p-values for all chemicals, includ-
ing TEQs, can be found in Tables S3 and S4).

Analyses with the machine-learning classifiers showed
that the chemical exposures in the two countries were so
distinct that perfect, or near perfect, separation of samples
with respect to country of origin was possible (Fig. 2).
Obviously, not all chemicals contribute equally to this
difference. To examine the importance of each chemical,
we examined the weights of each chemical in the models
and performed feature selection by training the different
machine-learning methods using only a subset of chemi-
cals (Tables S5-S8 for performance of the machine learn-
ing analysis for various models). Each of the methods
achieved perfect separation of Danish and Finnish
samples using a slightly different set of chemicals
(Tables S9-S11). Several of the chemicals were used by
two machine-learning methods, and two chemicals,
1,2,3,4,7,8-HCDD and 1,2,3,6,7,8-HCDD, were consis-
tently selected by all three methods. Indeed, the combina-
tion of these two chemicals alone perfectly separated the
Danish and Finnish samples (Fig. 3). Moreover, the clear
between-country difference was robust and did not disap-
pear if either of these two chemicals was left out of the
analyses. These results did not change when the chemical
levels below the limit of quantification were assigned to 0,
one half of LOQ or LOQ.

As phthalates differ from the persistent compounds in
their chemical properties, exposure routes and persistence,
they were also analysed in a separate model. The phtha-
late levels alone did not exhibit any strong separation
between the two nations.

Discussion

Our comprehensive analysis of more than one-hundred
environmental chemicals in contemporary breast milk

from Finland and Denmark revealed conspicuous

Table 1 Chemicals with significantly higher concentrations in Danish than in Finnish breast milk samples in a linear multiple regression analysis
after correction for multiple testing. Percentiles show unadjusted concentrations

Percentile, Denmark

Percentile, Finland

Chemical 25th 50th 75th 25th 50th 75th p-value Higher in
1,2,3,4,7,8-HCDD 2.39e-3 3.32e-3 4.76e-3 0.78e-3 1.06e-3 1.28e-3 2.18e-4 Denmark
PCB 209 0.088 0.11 0.16 0.045 0.061 0.092 3.27e-5 Denmark
PCB 156 4.21 5.66 8.62 2.83 3.59 4.83 1.07e-2 Denmark
PCB 157 0.70 0.86 1.27 0.44 0.60 0.80 2.25e-2 Denmark
Dieldrin 3.06 4.66 5.98 1.86 2.21 3.10 2.30e-4 Denmark
Hexachlorobenzene 8.80 11.78 14.16 6.87 7.60 8.55 1.32e-4 Denmark

Levels below LOQ were assigned the value 0. Data are given as mean + SD. LOQ, Limit of Quantification.
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Figure 1 Plots show the distribution of concentrations of chemicals which exhibited significant differences between Denmark (red) and Finland
(blue) in a linear multiple regression. Chemicals were measured in breast milk samples from Danish and Finnish mothers of healthy boys.

Table 2A Chemicals that had significantly higher concentrations in Danish than in Finnish breast milk samples in a linear multiple regression ana-
lysis before correction for multiple testing (p < 0.05). Chemicals that still differed significantly after correction are shown in bold (see supplemen-
tary Tables S3 and S4 for details)

Class of chemicals Congeners

PBDE BDE-153

PBB 2-BB, 4-BB, 22’-BB, 344’-BB, 33’44’-BB, 22’45’6-BB, 33’44’5-BB, 33’44’55’-BB

Organochlorine Hexachlorocyclohexanes [(+)-o-HCH, (=)-o-HCH, «-HCH (sum of enantiomers), -HCH, &-HCH]
pesticides 0,p’-DDT, 1,1,1-trichloro-2-(2-chlorophenyl)-2-(4-chlorophenyl)ethane

p,p’-DDT, 1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethane

0,p’-DDE, 1,1-dichloro-2-(2-chlorophenyl)-2-(4-chlorophenyl)ethene

p,p’-DDE, 1,1-dichloro-2,2-bis(4-chlorophenyl)ethene

Dieldrin, Hexachlorobenzene (HCB), Aldrin, Trans-chlordane, Heptachlor, (+)-Oxychlordane (OXC), (—)-Oxychlordane,
(OXCQ), Oxychlordane (Sum of enantiomers), (+)-Cis-heptachlor epoxide (HE), (—)-Cis-heptachlor epoxide (HE),
Trans-heptachlor epoxide, Endosulfan-I, Pentachlorobenzene

PCB PCB-28/31, -49, -60, -66, -74, -77, -81, -99, -110, -114, -128, -138, -153, -156, -157, -167, -169, -170, -180, -183,
-187, -189, -194, -206, -209, Sum of PCBs, WHO-TEQ
PCDD/PCDF's 2378-TCDD, 12378-PD, 123478-HF, 123678-HF, 123478-HD, 123789-HD

PBDE, polybrominated diphenyl ethers; PBB, polybrominated biphenyls; PCDD/F dioxins, polychlorinated dibenzo-p-dioxins; PCB, polychlorinated
biphenyls.

differences, particularly with regard to concentrations of = of the examined chemicals and their mixture pattern

persistent organic pollutants (POPs). In fact, an analysis seemed quite different in Denmark and Finland.

of only two dioxins could totally separate the Danish Three classes of chemicals were represented by the
breast milk from the Finnish breast milk. Another impor- compounds that were found in significantly higher con-
tant finding was that the levels of chemicals were generally centrations and with broader distribution spectrums in
higher in the Danish samples, where the concentration Danish samples; PCBs, organochlorine pesticides and
range of POPs was also much broader and included some PCDDs. Several of these have been implicated in impair-
quite high values. Thus, taken together, the exposure levels ~ ment of foetal testis development or testis cancer
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Table 2B Chemicals that had significantly higher concentrations in
Finnish than in Danish breast milk samples in a linear multiple regres-
sion analysis before correction for multiple testing (p < 0.05). No
chemical was significantly higher in Finland after correction for multi-
ple testing (see supplementary Tables S3 and S4 for details)

Class of chemicals Congeners

Phthalate Monoesters Mono-butylphthalate,
mono-benzylphthalate
Organochlorine pesticides Methoxychlor

PCB PCB-51

PCB, polychlorinated biphenyls.

(Toppari et al., 1996; Hardell et al., 2003; Main et al.,
2006a; Fowler et al., 2007; Andersen et al., 2008; Damg-
aard et al., 2008; McGlynn et al., 2008).

An important question is whether the apparent differ-
ent exposure levels can explain the marked differences in
male reproductive health problems between the two
countries. Most previous studies examining links between
exposures and reproductive health problems, including
our own previous investigations, have focused on possible
effects of single agents or a group of related agents at a
time (Main et al., 2007; Kortenkamp, 2008). However, it
seems important that evaluations of effects of chemicals
on human health should include as many as possible of
the agents constituting the ‘total pollution cocktail’ to
estimate the combined effect (Christiansen et al.,, 2008).
Recent animal studies have, in fact, shown that combined
exposures to multiple chemicals had significant adverse
effects, although previous dose-response studies had
shown no effects when the chemicals were administered
one at the time at low concentrations (Christiansen et al.,
2008; Rider et al., 2008). In the present study, we there-

Chemicals in breast milk

fore made use of advanced bioinformatics software
programs to extract the total information of all analysed
chemicals in all breast milk samples.

Why more POPs in Danish milk?

We were unable to find data which could explain the gen-
erally higher levels of EDCs in Danish samples. The major
source of human exposure to POPs is from fatty foods
(Wang & Needham, 2007). According to the National
Danish Implementation Plan of the Stockholm Conven-
tion, Miljostyrelsen (Danish Ministry of the Environment)
(2006), the levels of POPs in Danish foodstuff should not
raise cause for concern. Furthermore, regulation of the
most significant chemicals in Table 1 show no striking
differences between Finland and Denmark. Differences in
regulatory practices may therefore not account for the
specific chemical signatures of the two populations.

Polychlorinated biphenyls have been produced since
1929 and used in many applications such as in paints,
plastizisers and dielectric fluids in capacitors and trans-
formers. The sale of PCBs and PCB containing products
was banned in Denmark in 1986. In Finland, the manu-
facture and use of PCB containing products was banned
in the early 1990’s [Finnish Environment Institute, 2006;
Miljostyrelsen (Danish Ministry of the Environment),
2006].

Polychlorinated dibenzo-p-dioxins are unintentionally
produced as byproducts in many industrial processes (e.g.
paper bleaching),
Denmark, the total emission of chlorinated dioxins into
air (including PCDD and PCDF) in 2000-2002 was
estimated to be 11-162 g I-TEQ/year (Hansen & Hansen,
2003). In Finland, the corresponding number was

traffic and waste combustion. In

Table 2C Chemicals that did not differ significantly (p > 0.05) between Danish and Finnish breast milk samples in a linear multiple regression
analysis of their concentrations (see supplementary Tables S3 and S4 for details)

Class of chemicals Congeners
PBDE BDE-28, -47, -66, -75, -77, -85, -99, -100, -119, -138, -154, -183, Sum of PBDEs
PBB 2-BB, 4-BB, 22’-BB, 24'5-BB, 344’-BB, 22’55-BB, 22’45’-BB, 33’55’-BB, 22'45’6-BB, 22’455’-BB, 3344’5-BB,

22’44’66’-BB, 22’44’55’-BB, 33’44’55’-BB, Pentabromobenzene (PeBB), Hexabromobenzene (HeBB)

Phthalate monoesters
Organochlorine pesticides

Mono-methylphthalate, mono-ethylphthalate, mono-2-ethylhexylphthalate, mono-isononylphthalate
Hexachlorocyclohexanes (y-HCH, §-HCH, &-HCH)

0,p’-DDD, 1,1-dichloro-2-(2-chlorophenyl)-2-(4-chlorophenyl)ethane
p,p’-DDD, 1,1-dichloro-2,2-bis(4-chlorophenyl)ethane
Octachlorostyrene (OCS), Pentachloroanisole (PCA), Aldrin, Cis-chlordane, Heptachlor, Trans-heptachlor epoxide,

Mirex, Endosulfan-II

PCB PCB-18, -33, -47, -52, -101, -105, -118, -122, -123, -126, -141

PCDD/PCDF's

2378-TCDF, 12378-PF, 23478-PF, 1234678-F, 1234789-F, 234678-HF, 123789-HF, 123678-HD, 1234678-D,
OCDF, OCDD, WHO-TEQ, Sum PCDD/F

PBDE, polybrominated diphenyl ethers; PBB, polybrominated biphenyls; PCDD/F dioxins, polychlorinated dibenzo-p-dioxins; PCB, polychlorinated

biphenyls.
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AFinnish Figure 2 Scatter plot generated from the
Partial Least Squares (PLS) model. Each point
represents one milk sample, blue: Finnish,
red: Danish. The location of each point is a
reflection of the chemical concentration pro-
file in the breast milk. The y- and x-axis are
the first and second principal components,
A respectively, which are linear combinations of
the concentration of the chemicals. The top

A 10 most important chemicals in each of the
A two principal components are listed as fol-
lows: PCI: 1,2,3,4,7,8-HCDD, PCB 209, PCB
156, PCB 189, PCB 170, PCB 157, PCB 194,
PCB 180, o.p’-DDE, PCB 81. PC2: 1,2,3,6,7,8-
HCDD, 1,2,3,4,6,7,8-HepCDD, Mirex,
1,2,3,4,6,7,8-HepCDF, OCDD, PeBB, BDe
154,1,2,3,4,7,8-HCDD, PCB 49, Octachloros-
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tyrene.
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Figure 3 Two-dimensional scatter plot shows
the concentration of the two chemicals
1,2,3,4,7,8-HCDD (x-axis) and 1,2,3,6,7,8-
HCDD (y-axis) in each breast milk sample. The
Danish (red) and Finnish (blue) samples are
completely separated into two distinct groups.
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estimated to be 32.24 g I-TEQ/year in 2002 (Finnish
Ministry of the Environment, 2006). As the Danish esti-
mate is imprecise, we are unable to assess in which coun-
try the emission is higher. In our dataset, seven different
PCDD congeners were present including 2,3,7,8-TCDD,
which has the highest TEQ factor of all PCDDs and
therefore considered the most toxic PCDD. Among the
PCDDs measured, only 1,2,3,4,7,8-HCDD differed signifi-
cantly between the nations and the levels of this com-
pound was somewhat higher than the similar 2,3,7,8-
TCDD. However, different PCDD-congeners vary in their
biological effects (Niittynen et al., 2007) and therefore the
TEQ factors for the compounds do not necessarily reflect
their endocrine disrupting potential and their effect on
male reproductive health.

12 In each country, the two chemicals show clear

linear correlations but with different slopes.

Hexachlorobenzene and dieldrin are both organochlo-
rine pesticides that were introduced at about the same
time in the 1940s. In Denmark and Finland, this hexa-
chlorobenzene was banned from use as a pesticide in
1993 and 1996 respectively and was totally banned in
2003 and 2002, indicating that the regulation has been
similar in both countries [Finnish Environment Institute,
2006; Miljostyrelsen (Danish Ministry of the Environ-
ment), 2006]. Dieldrin, which recently has been shown to
be toxic to foetal Leydig cells at low concentrations (Fow-
ler et al, 2007) has been used in Denmark in small
amounts between 1956 and 1988 [Miljostyrelsen (Danish
Ministry of the Environment), 2006]. In Finland, dieldrin
was stopped being used as a pesticide in 1970, but it was
still manufactured for treatment of plywood for export

© 2009 The Authors
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until 2002. An extensive study of possibly contaminated
sites in Finland in the early 1990s indicated that levels of
dieldrin were very low (Finnish Ministry of the Environ-
ment, 2006).

Limitations and strengths

The participating lactating women had a narrow age dis-
tribution and were mainly from higher social classes in
both countries. Therefore, they may not represent the
populations in general. However, as most of the EDCs
that we have measured are widely distributed in the envi-
ronment and/or tend to accumulate in fat and in the
food chain, it is likely that our findings in general are
applicable to the wider population. Danish samples were
on average collected 1.8 years later than Finnish samples,
which is a confounder as environmental concentrations of
the measured POPs have generally been declining during
the past decade (Zietz et al., 2008). However, as we
detected higher levels of POPs in Danish samples, the
true differences in exposures between Danes and Finns
are likely to be even greater than we observed.

In addition, although our study included more than a
hundred reproductive toxicants, it should be remembered
that current environmental exposures involve many thou-
sand chemicals which were not included in our study, but
could still be part of the problem. These include perfluo-
rinated compounds and several non-persistent chemicals
for example currently used pesticides and industrial
chemicals like bisphenol A, several phthalates and phtha-
late metabolites not included in our study, certain sun
blockers, phytoestrogens and mycotoxins. Furthermore,
we know little about the genetic variations in the metabo-
lism of, and susceptibility to, these drugs. Therefore,
although our study was extensive, future studies relating
chemical exposures to diseases should aim at including an
even larger list of these ubiquitous chemicals along with
genotype data. Thus, exposure to the chemicals we analy-
sed here may not alone explain the difference in incidence
of male reproductive problems between the two nations.

Implications

Persistent chemicals obviously give rise to exposure of
newborn babies through breastfeeding after birth. How-
ever, the levels of chemicals in breast milk can also be
considered a proxy for exposure of the foetus during
pregnancy by transfer across the placenta, as these persis-
tent chemicals with very long metabolic half lives in the
body show strong correlations between levels in breast
milk and concentrations in maternal and foetal serum
(Wang & Needham, 2007). Although little is known
about the possible reproductive effects in the foetus of

© 2009 The Authors
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most of the measured chemicals, a number of them have
already been implicated in such effects in animal and
human studies. Additionally, more and more data suggest
that the foetal testis is inherently more susceptible to
endocrine-disrupting effects than the adult gonad (Ander-
sen et al., 2008; Welsh et al., 2008). Our findings of dis-
tinctly different chemical exposure patterns and
significantly higher levels of persistent compounds in
samples from Denmark than from Finland could there-
fore play a causal role in the (yet unexplained) higher
Danish incidence of male reproductive disorders.

Our data reinforce current thinking of the need to
minimize human exposure to EDCs on precautionary
grounds. In this regard, it should be noted that some
such compounds (e.g. dioxins and flame retardants) are
still being unintentionally or intentionally produced and
released. Although human exposure to most POPs has
decreased, this may not yet be discernible in incidence
rates of testis cancer or other male reproductive disorders.
For reasons of the persistent nature of these compounds,
exposure will be passed on to the next one or even two
generations and there is a long latency between perinatal
exposure and (adult) manifestations of many reproductive
disorders.

Conclusion

This comprehensive study on endocrine disrupting chem-
icals in Danish and Finnish breast milk samples revealed
conspicuous differences: specific chemical signatures were
found in the two countries. In addition, the levels of per-
sistent compounds were significantly higher in samples
from Denmark, where higher incidences of testis cancer,
cryptorchidism, hypospadias and poor semen quality are
present. Our findings are important, as these compounds
are known for their endocrine disrupting abilities.
Furthermore, animal studies, as well as recent human
studies, have shown associations between some of the
same agents and male reproductive problems.
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