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Abstract: During previous fifteen years several field surveys were carried out in the large area subjected to environmental
pollution by polychlorinated biphenyls and pesticides. The attention has been focused to the analyses of organochlorine
(OCs) levels in environmental (superficial waters, air, soil, wildlife, foods) and human samples. Among adverse health ef-
fects the attention has been focused to thyroid volume and thyroid autoimmune disorders, pituitary-thyroid interrelations,
metabolic disorders and diabetes in adults and to cognitive, behavioral and psychoneuromotoric disorders, impairment of
hearing apparatus and dental defects in schoolchildren. Original data were obtained showing possible transgenerational
transmission of certain adverse health effects possibly by previous prenatal and perinatal exposure of young adults to high
organochlorine levels of their mothers. In participants from heavily polluted area with high blood organochlorine levels a
significantly higher prevalence of adverse health signs was found compared to those from the area with considerably
lower pollution. However, considerable attention was also paid to the problem of individual susceptibility to adverse

health effects.

INTRODUCTION

Extensive evidence showed that long-range atmospheric
transport of persistent organochlorinated pollutans is one of
the main vectors for their translocation far away from the
sides where they were produced, while the open ocean may
serve as a final sink for such chemicals. Nowadays, there is a
growing number of information about a global pollution by
organochlorines (OCs) and about their adverse health effects.
However, in addition to such global pollution there exist
several reservoirs with considerably high OCs level resulting
from dumping of industrial waste such a Baltic Sea, Great
Lakes, Hudson Bay etc.

During the past 5-6 decades Slovakia has been also sub-
jected to heavy industrial and agricultural pollution due to
environmental negligence of previous regime. Since any
scientific or public surveys have been strictly banned, the
opportunity to search for possible adverse health effects be-
came possible as late as in early nineties.

First survey carried out across the whole territory of Slo-
vakia [1,2] showed considerably high serum levels of DDE
(dichlorophenyl-dichloroethylene) with median of 6060 and
range of 1300-34,800 ng/g lipid and for HCB (hexachloro-
benzene) of 5380 and 160-23,200 ng/g, respectively. At the
same time the sum of 15 most abundant PCB congeners in
western and central Slovakia was considerably lower (me-
dian 2630, range 460-4350 ng/g) than that in eastern Slova-
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kia (median 3640, 1160-9200 ng/g) which apparently origi-
nated from the factory Chemko discharging the chemical
waste to the Laborec river without any preventive measures.
This further resulted in heavy waterborn and airborn pollu-
tion of air, soil, superficial and underground waters, fish,
wildlife and food chain [3-7] Recently, also high level of the
same substances was found in the cord blood and cord tissue
in newborns from the same area [8-10].

Within the second survey in 1998 the £15PCBs in serum
of 101 mostly exposed workers of Chemko factory from
polluted area (POLL) was of 7300 + 871 ng/g (mean + SE)
compared to that found in 205 referent adults (1230 + 62
ng/g) from the area located about 60 kilometers upwind and
upstream which we selected as the area of background pollu-
tion (BCGR). Although we could not avoid a certain spill-
over between those two areas, still a striking difference in
OCs level was found within the third extensive survey of
2046 adults in 2001 [11, 12], in which 1008 subjects from
POLL showed 5 % to 95 % PCBs level range of 670-9100
ng/g compared to 1038 subjects from BCGR with respective
level of 350-1700 ng/g. Moreover, the respective levels of
DDE were 550-8200 vs. 350-4500 ng/g and these of HCB of
80-2900 and 100-2200 ng/g thus supporting unavoidable and
persisting pesticide pollution of the area larger than that pol-
luted by PCBs. Sum of dioxins, furans and dioxin-like co-
planar PCBs in BCGR showed a median of 20.3 pg TEQ/g
lipid (25 % to 75 % level range of 15.7 to 27.4 pg TEQ/g),
while the respective values for POLL were 24.4 pg TEQ/g
(25 % to 75 % range of 15.7 to 49.3 pg TEQ/g), thus consid-
erably higher level in upper two quartiles of POLL.

Since the beginning our attention has been focused to
strikingly high PCBs level in fish from polluted Laborec
river and Sirava lake (mean £15PCB congeners level found
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in planktivores was 223,550 ng/g lipid, while that in preda-
tors was as high as 375,430 ng/g) which was found a main
source of extremely high PCBs level in human serum [11].
Similarly, strikingly high values of PCBs, dioxins and furans
were found in home-produced eggs, chicks and cow milk
due to the access to contaminated soil as compared to these
from large commercial farms [4].

At the same time, each survey has been also focused to
the detection of possible adverse health effects. We were
well aware that we are facing to multiple OCs pollution and
thus also to their possible “cocktail effect” which still re-
mains to be elucidated [12, 13]. Although the interactive
effects of all pollutants cannot be excluded, the appropriate
toxic action of each of them and of its role cannot be satis-
factorily quantified. Thus, it is difficult to specify to which
extent each substance is responsible for a certain biological
effect.

Since PCBs were the main target of this survey and also
showed the largest range of values, they were used as
a marker of the whole spectrum of OCs and thus all other
data to be presented bellow were stratified in terms of PCBs
level. However, from this follows that simultaneously chang-
ing levels of all other OCs should be always kept in mind.
Although several statistical approaches are currently using
sophisticated software, all findings thus obtained must not be
necessarily compatible with biological interrelations. There
certainly exists a huge black box between the exposure vari-
ables as inputs of the system (e.g. blood level of individual
OCs) and outcome variables (e.g. blood level of hormones,
antibodies etc.) as outputs. From such reason similar data,
though obtained by sophisticated software, still seem to
show rather superficial associations and some molecular
approaches are needed such as, e.g., gene reporter systems
etc.

Adverse Effects of OCs on the Thyroid
A. Thyroid Volume and Thyroid Growth

Increased goiter prevalence was found by palpation
method in the subjects consuming rice oil poisoned by PCBs
and furans in Japan [14] and also in Taiwan [15]. Since,
however, due to a high consumption of sea food the iodine
intake in those countries is high thus counteracting the thy-
roid growth, the above findings on possible goiter promoting
effects of OCs appeared of interest. In contrast, it should be
noted that even slight iodine deficiency in some OCs pol-
luted area could bring false positive findings if increased
thyroid volume would be ascribed to OCs effects.

Considering these reports, we carried out the survey of
thyroid status in Chemko employees using a long term expe-
rience of one of us (M.T.) with thyroid ultrasound [16-20].
In addition, since increased frequency of thyroperoxidase
antibodies (TPOab) has been found in workers exposed to
polybrominated biphenyls [21], we also attempted to meas-
ure several thyroid antibodies.

Within the pilot survey [20] we found significantly
higher thyroid volume (ThV) in 238 Chemko employees
(median of 17.3 ml) as compared to that in 486 referent
adults from much less polluted districts (median of 11.3 ml).
From this it appeared that the increased ThV in those em-
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ployees could be related to their exposure to OCs. Although
in that survey we still did not measure the level of PCBs in
Serum, very high level in Chemko employees has been as-
sumed from the data obtained previously [1].

Second pilot survey was carried out by joined chemical
and medical staff in 1998 [22] and was aimed to define more
accurately the borders of most polluted area. When compar-
ing 101 Chemko employees with 205 adults from the area
60-70 km north which we selected as background pollution
area (BCGR), we found significantly higher PCBs level
(6493 £ 705 vs. 1230 + 62 ng/g; mean + SE; p<0.05) and
thyroid volume (16.19 + 0.59 vs. 13.61 + 0.35 ml; p<0.05.)
Nevertheless, we observed that certain spillover in PCBs
exposure existing between surrounding areas cannot be defi-
nitely avoided and thus we did not include 164 subjects with
PCBs level of 3516 + 273 ng/g to the referent group, since
they apparently were living in such “spillover” area.

Within the following PCBRISK survey (2001-04) a total
of 2046 adults (834 men and 1212 women aged 21-75 years)
were examined, among them 1008 from polluted area
(POLL) and 1038 from BCGR as defined above [12]. In this
survey we confirmed increased ThV associated with increas-
ing level of OCs. For instance, the ThV of 11.15 + 0.26 ml
(mean + SE) in 407 adults in the 5™ PCB level quintile (5772
+ 387 ng/g lipid; mean + SE) was significantly higher
(p<0.001) than that of 8.78 + 0.18 ml found in 410 adults in
the 1% PCB level quintile (485 + 5 ng/g) and also signifi-
cantly higher (p<0.001) than that of 9.55 + 0.20 ml found in
410 adults in the 3" PCB level quintile (1102 + 6 ng/g). At
the same time, the level of DDE and HCB increased in paral-
lel with that of PCB [12]. However, ThV also depends on the
duration of exposure thus obviously increasing with age.
Thus, we also showed the increase of ThV in large groups of
age matched adults from polluted area compared to these
from background pollution area, which was highly signifi-
cant for the group of 21-40 years (288 vs. 291 subjects, resp.;
p<0.01), of 41-50 vyears (379 vs. 364 subjects, resp.;
p<0.0001) and of 51-60 years (365 vs. 282 subjects, resp.;
p<0.0001). Thus, significant additional effect of OCs on
ThV other than that of age was demonstrated [12]. General
overview of those OCs and age effects on the ThV is also
summarized in Fig. (1). It should be noted that this figure
also shows a considerable individual susceptibility, since in
each PCBs decile there is a large range of ThVs in subjects
of each age group exposed to the same decile of PCBs level.
Namely the upper limit of that range is considerably increas-
ing with the number of decile. For instance, Fig. (1) shows
10 cases of ThV >15.0 ml among 85 subjects aged >50 years
in the lowest two deciles (first quintile) of PCB level, while
significantly higher number of similar subjects (43 per 199
subjects; p<0.05) was found in the highest two deciles (fifth
quintile). In addition, some possible threshold PCBs level as
related to the increase of ThV was also discussed elsewhere
[23].

However, it should be noted that due to a well monitored
mandatory consumption of iodized salt since nearly 60 years
ago Slovakia belongs to iodine replete countries as supported
by the thyroid study of European schoolchildren [24], by the
findings of satisfactory level of urinary iodine and/or low
ThV within this [12] and our previous field surveys [17-20,
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Fig. (1). Distribution of thyroid volume (ThV) in a total of 2046 adults (1212 females and 834 males) divided in three age groups (gray
points = <35 years of age; black points = 36-50 years of age; black triangles = 51-75 years of age) as stratified in deciles of PCB level. Upper
range limits of serum PCB level (ng/g serum lipid) in individual deciles are: 504 — 627 — 767 — 906 — 1,087 — 1,387 — 1,711 — 2,343 — 3,664 —

101,413 (90 % of 10th decile = 15,103).

22, 25]. Moreover, it should be noted that, although ThV was
significantly higher in POLL, it was still relatively low in
both POLL and BCGR areas. From this follows that such
subtle differences in ThV related to different OCs level may
be detected only by ultrasound.

B. Possible Mechanism of OCs Effect on Thyroid Growth

Although in rats fed very high doses of OCs (e.g. mg/kg
body weight) several morphological [26-30] and ultrastruc-
tural changes [31, 32] were observed, they must not neces-
sarily be related to the growth of human thyroid. However,
considerable morphometric changes in the thyroid of rat
pups were found, if pregnant rats were administered tetrab-
romodiphenyl ether (PBDE) in a dose of 140 or 700 pg/kg
[33].

Although the impaired thyroid growth could possibly
result in the thyroid cancer (ThCa), only few possibly rele-
vant data were found so far. Thus, three ThCa cases ap-
peared among 5003 subjects from the village located nearby
OCs producing factory [34], increased risk for ThCa was
found in 13,482 workers exposed to OCs [35], increased
mortality from ThCa appeared among 2885 OCs exposed
workers [36] and in agricultural region of Minnesota with
extensively used herbicides [37]. However, with the use of
excellent Norwegian Cancer Registry [38] significantly ele-
vated risk of ThCa was found in 40,849 women (174 cases
per 1.210,683 person/years), whose spouses were employed
in fishing, whaling or sealing work. Thus, it may be specu-
lated that this finding could be related to high OCs level in
fish from northern Atlantic.

Among 2046 adults within PCBRISK survey we found
thyroid nodule by ultrasound in 98 cases. Among them 33
agreed with gammagraphy examination and some of them
with following thin needle biopsy, while 5 agreed with sur-
gical thyroidectomy because of very large nodules, but no

ThCa has been found. However, two cases of ThCa already
treated were found by questionnaires among first degree
relatives from POLL [12].

However, possible mechanism of OCs effect on the thy-
roid growth still remains to be elucidated. Perhaps the atten-
tion should be paid to possible thyroid growth effect of some
OCs with estrogenic activity, e.g. of DDE and some PCB
congeners [39,40], since estrogen receptors (ER) were re-
peatedly found in normal and disordered thyroid [41,42] and
the binding of PCBs to such receptors in vitro was reported
[43,44]. Moreover, via their specific Ah-receptor, some OCs
may activate intracellular hormone signaling pathways in-
cluding these of estrogens [45].

Estrogens and phytoestrogens were found to enhance the
process of thyroid cell growth and tumorigenesis [46-48]. In
thyroid cancer cells increased ERalpha expression was
found, while that of ERbeta was either low or absent. Thus,
estrogens may have opposite effect on the growth of thyroid
cancer cells, depending on the balance between these two
receptors [49]. Nevertheless, such ERalpha/ERbeta interplay
in certain tissues represents one of decisive factors orienting
the transcriptional mechanism of a target gene as related to
the presence either of agonist or antagonist ligands among
which could be even some OCs [50]. Human thyroid showed
the potential for estradiol synthesis and autocrine or
paracrine estrogen responsiveness which may contribute to
such process [51]. This mechanism may be supported by
higher incidence of ThCa in women during reproductive
years compared to men or in postmenopausal women treated
by estrogens for a long time compared to those not treated
[52]. All such findings support the view that estrogens could
contribute to the growth of malignant and possibly also nor-
mal thyroid which might be potentially valid also for OCs
displaying estrogenic activity. Finally, close interrelations
between female gender and thyroid may be supported by
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very well known high prevalence of all thyroid disorders
(including cancer) which, in each ethnic, is at least about
four times higher than that in males.

Finally, it was repeatedly observed that strongly lipo-
philic ortho-substituted PCBs congeners may dissolve in cell
membrane, cause the increase in membrane fluidity and fi-
nally rapid death of thymocytes in vitro [53,54]. Although
these experiments were performed in vitro, it cannot be ex-
cluded that, in subjects exposed for a long time, certain
amount of PCBs could enter also the thyroid cell membranes
and possibly influence the cross talk between thyroid mem-
brane antigens and circulating lymphocytes. Such mecha-
nism may further facilitate the development of autoimmune
thyroiditis at least in hereditary predisposed individuals
which also could contribute to the thyroid growth.

C. OCs and Thyroid Hormones in Blood

In rats two possible effects of OCs on thyroxine level
were observed, one of them resulting from the displacement
of T4 from the binding to transthyretin - main T4 carrier
protein in rat plasma - as repeatedly reviewed [55,56]. How-
ever, the decrease of blood TT4 level was also considerably
enhanced by the increase of T4 hepatic conjugation followed
by increased biliary excretion resulting from the induction of
hepatic UDP-glucuronyltransferase after feeding rats with
high doses of PCBs or other glucuronidation inducers for
few weeks [57,58]. In addition to a decrease of TT4 and TT3
level in blood, after feeding rats with PCBs also the increase
of pituitary thyrotropin (TSH) was found [59,60].

However, it should be noted that the doses of OCs (such
as mg/kg body weight) used in animals were by one or two
orders of magnitude higher than the assumed intake in hu-
mans. Thus, there still remains a question whether such
mechanisms could play some role in humans, since several
controversial data on possible OCs effects on blood thyroid
hormone level were published. It should be noted, first, that
there is a problem to compare the data published in terms of
lipid adjusted level of those highly lipophilic OCs with these
using so called ppb level (e.g. “pars per billion” or pg OCs
per liter of wet serum). Since the latter reports mostly do not
show the true lipid level in serum, the only way to transform
their ppb level approximately to ng/g lipid scale is to divide
the value of ng/L by 7.5 g which is the arbitrary median of
total lipid level in serum.

It should also be recalled that T4 level in humans pre-
dominantly depends on the level of major thyroxine binding
protein in human plasma (thyroxine binding globulin - TBG)
- rather than on the thyroid function. From such reason total
T4 estimation is neither recommended for clinical diagnos-
tics by American Thyroid Association [61] nor for the
screening of OCs effects on the thyroid by US Environ-
mental Protection Agency [62]. Thus, it appears that the data
obtained so far on the association of OCs with T4 level
should be at least carefully interpreted, since they must not
be related to the thyroid function at all. This refers both to
accordantly reported findings on negative associations of
OCs with T4 [63-66] or to these on either no changes [20,
67-69] or on a decrease of T4 level in subjects with in-
creased OCs level [70]. Some other studies definitely re-
ported very low and possibly subthreshold PCBs level such
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as X7PCBs level median of 62 and 95 % of 226 ng/g (trans-
formed) [71], the range of PCB-153 level of 30-292 ng/g
[72] and X£14PCBs level median of 45 and range of 20-160
ng/g (transformed) [73]. Thus, there still remains a question
whether the observed associations of such low OCs level
with thyroid hormones result from the true effect of OCs or
rather from some effects other than these of OCs.

Thus, total T4 estimation perhaps does not appear any
relevant tool for the search of disrupting OCs effects on the
thyroid status, while more appropriate information could be
obtained by the estimation of FT4, FT3, TT3 and TSH, since
these hormones are involved in the metabolic activity at the
cellular level and/or in the regulation of pituitary-thyroid
feed-back loop.

As concerns the associations of OCs with FT4 and TT3,
among the studies in cohorts with relatively higher OCs level
negative association of FT4 with PCBs (mean ~200; 95 %
~420 ng/g, transformed) was found [74], while positive as-
sociation of FT4 and TT3 with DDE (mean = 204; 95 % =
1230 ng/g), but not with PCBs (mean = 212; 95 % = 566
ng/g) was also reported [68]. In contrast, negative associa-
tion of TT3 with Z89PCBs (mean = 806; maximum = 3104
ng/g) [64], of TT3 with Z16PCBs in males (mean = 1710; 75
% = 2550 ng/g) [66] and that of TT3 with PCB-153 in fe-
males (median = 159; range = 16-776 ng/g) was also found
[75]. Surprisingly, any significant changes of TT4, TT3,
FT4, FT3 in 110 Baltic fishermen with a considerable level
of Z18PCBs (mean = 1137; 90 % = 3617 ng/g) and DDE
(mean = 828; 90 % = 3152 ng/g) were not claimed [76] and
the same is true for 527 adults from Italy with a similar
¥24PCBs level (median = 713; 95 % = 3520 ng/g) [69]. Af-
ter weight loss in obese men significant increase of OCs re-
leased from adipose tissue was found together with
a significant decrease of TT3 level [77] which, however,
could result predominantly from the energy restriction rather
than from the confounding effect of OCs.

Within PCBRISK survey we found highly significant
correlation of X15PCBs with FT4 treated as continuous vari-
able in all 2046 subjects (r= 0.104; p<0.001), while that with
HCB was significantly negative (r= -0.059; p<0.01) and no
correlation was found with DDE. This seems to show possi-
bly exclusive role of PCBs as related to the increase of FT4.
However, if FT4 and TT3 levels were treated as categorical
variables, in 232 subjects with relatively very low level of
215PCBs (<530 ng/g) we found significantly negative corre-
lation with TT3 (r=-0.142; p<0.05), while that with FT4 was
above the limit of significance (1= - 0.109; p<0.09). Moreo-
ver, the correlation in 691 subjects with Z15PCBs categori-
cal level of 531-1000 ng/g was fluctuating around zero, but
became significantly positive after the upper range limit was
increased to 2000 ng/g (p<0.001 for FT4 and p<0.05 for
TT3). Such fluctuating associations in different categories of
FT4 and TT3 level could at least partly explain some dis-
crepant findings obtained in several studies by others [78].

D. OCs and Pituitary-Thyroid Interrelations

So far, the association of various OCs with TSH level
was found mostly positive, such as that of PCBs (mean of
214, max. 505 ng/g, transformed) with TSH in young Mo-
hawks [74] or that of DDE but not of Z18PCBs (median 159;
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Fig. (2). Interrelation of serum TSH level with the sum of 15 PCB congeners (left panel) and free thyroxine (FT4) (right panel).

maximum 776 ng/g with TSH in Baltic fishermen [76]. Al-
though the interrelations of PCBs (mean 89PCBs for males
of 626 ng/g, transformed from ppb) and DDE (mean for
males of 613 ng/g, transformed from ppb) with TSH in Great
Lakes fish consumers were found inconsistent [63], in simi-
lar fish consumers positive association between PCBs (GM
of 200 ng/g) and TSH was later reported [65]. Positive rela-
tionship between DDE (median of 580, 95 % 2140 ng/g) and
TSH was also found [79] as well as that of different individ-
ual PCB congeners with TSH in lakeside communities of
Quebec [66]. Transient increase of serum TSH level in
breast-fed babies of mothers exposed to dioxin was repeat-
edly reported from Netherlands [80, 81]. In contrast, how-
ever, negative association was found in adults between DDE
(mean of 240, 95 % 1230 ng/g) and TSH [68], between
PCBs (mean of 893 ng/g, transformed) and TSH [70] and
also between tetrabromodiphenyl ether (BDE-47) and TSH
in Baltic fishermen [76]. Finally, no difference in TSH level
between quartiles of PCBs level (median of 713, 95 % 3521
ng/g) in exposed adults from Italy was reported [69].

In spite of very large range of OCs level in a total of
2046 adults, we could not find any correlation of continu-
ously treated TSH level either with PCBs (5% to 95% range
of 417 — 5480 ng/g) or with DDE (5% to 95% range of 403 —
6851 ng/g) [23, 78]. However, if TSH level was treated as
categorical variable, there appeared considerable clustering
of very high PCBs levels in a small group of 48 subjects with
TSH level <0.50 mU/L, among which 16/48 subjects (33.3
%) had PCBs level >3000 ng/g, while in remaining subjects
with TSH >0.50 mU/L such number was 256/1998 (12.8 %;
p<0.001).

When searching further for additional signs of hyperthy-
roidism (e.g. increased FT4 plus increased TT3) among the
subjects with very high PCBs level, we identified a total of
13 cases (9 females and 4 males) with very low TSH level
(mean + SE = 0.16+0.05 mU/L). Their average FT4 level of
23.34 + 3.71 pmol/L was higher than the upper limit of nor-
mal reference range (22.0 pmol/L) and all TT3 levels (mean
of 2.56 + 0.25 nmol/L, range of 2.14 - 3.13 nmol/L) were
higher than the median of normal reference range of 2.10
nmol/L). We called these cases “high PCBs related subclini-
cal hyperthyroidism” since they showed fundamental labora-
tory signs of hyperthyroidism (very low TSH and very high
FT4 and TT3), while their normal or slightly increased body
mass index (mean + SE 26.2+0.7) was compatible with more
or less balanced possibly subclinical metabolic state [82],

though more detailed clinical examinations were not done
[78]. This view is in agreement with recently suggested revi-
sion of thyroid diseases classification by Monaco [83] who
admitted that “environmental factors can affect thyroid func-
tion without a modification of thyroid morphology* and de-
fined “subclinical hyperthyroidism as an asymptomatic state
in which circulating FT3 and FT4 are normal, but serum
sensitive TSH is suppressed which shows a mild stage of
thyroid hyperfunction”.

Thus, from our findings it may be concluded that TSH
level tends to decrease with increasing level of PCBs which
is contrasting to several findings of increased TSH level by
others as referred above. Such view may be supported by
Fig. (2) which shows a general trend between the decreasing
level of TSH and increasing level of PCBs (left panel) and of
FT4 (right panel). However, similarly to Fig. (1), this figure
possibly also shows the important role of individual suscep-
tibility in the development of adverse health effects related
to PCB. Thus, the left panel shows a tremendous number of
cases with PCB level of 1000 to 10,000 ng/g, while only
very few of them had TSH level <0.5 mU/I. The right panel
further shows that several of those cases with TSH level <0.5
mU/I also have increased level of FT4. As explained in detail
above, we previously identified 13 cases with very high PCB
and, at the same time low TSH and high FT4 [78]. Since a
significant positive correlation between PCBs with both FT4
and TT3 was demonstrated previously [23, 78], it may be
concluded that increasing PCBs possibly result in increasing
FT4 by disrupting the equilibrium between total and free
thyroxine in plasma. This further possibly results in in-
creased input of FT4 to the cells and increased intracellular
T4 to T3 conversion including pituitary cells which contrib-
utes to a final decrease of TSH.

In general, current opinions on the interrelation between
TSH level as a major diagnostic tool and thyroid function are
based on categorical reference intervals which were recently
set to <0.4 mU/L for hyperthyroidism and >2.5 mU/L for
hypothyroidism [84-86], although considerable controversies
namely on the upper level (which about 10 years ago was
still 4.5 mU/L) are still going on. Thus, within the Colorado
Thyroid Disease Prevalence Study 90.1 % among of 24,337
subjects had TSH level 0.3-5.1 mU/L [87], while within the
NHANES 11l about 90 % participants had TSH level be-
tween 0.5 and 2.5 mU/L [84]. However, because of low
number of cases with very low TSH level in our cohort we
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arbitrarily increased the hyperthyroid cut/off level from 0.4
to 0.5 mU/L.

From this follows that TSH level should not be treated as
a continuous variable. Since a great majority of subjects have
TSH level densely pressed within a very narrow range be-
tween about 0.5 and 4.5 mU/L, while nearly all of them
show a normal thyroid function, it seems paradoxical to
search for some pathological associations within such
densely pressed cluster of predominantly normal data (see
also Fig. 2).

E. OCs and Subclinical Thyroid Disorders

Countless reports exist on the increased prevalence of
immune system disorders in the population exposed to vari-
ous OCs, among them on increased prevalence of otitis me-
dia in Inuit children [88], decrease of vaccine response in
children from Faroe Islands [89], decrease of 1gG in exposed
population after industrial accident in Italy [90], in North
Carolina farmers exposed to DDE [91] or in OCs exposed
polar bears [92]. Multiple immune system lesions also oc-
curred after mass human poisoning by HCB in Turkey [93].

It should be underlined that overwhelming majority of
thyroid diseases also shows autoimmune origin. Thus, hyper-
thyroidism results from the stimulation of thyroxine release
from the thyroid by the action of pathological thyrotropin
receptor antibodies [TRab] which further results in an over-
stimulation of thyroxine release from the thyroid. In such
a case the pituitary-thyroid feed-back system is suppressed
by high level of thyroid hormone and hence the thyroid is
solely under the control of those antibodies.

In contrast, hypothyroidism results from cytotoxic effects
of thyroperoxidase and/or thyroglobulin antibodies (TPOab
and TGab, respectively) which further result in a gradual
destruction of thyroid tissue and impairment of thyroid func-
tion. From epidemiological view it is necessary to note that
both such major diseases could be subclinical or latent and
thus unrecognized for years or even decades as appeared is
especially true for hypothyroidism. From such reason it is of
special importance to search predominantly for the signs of
subclinical hypothyroidism (e.g. positive TPOab and TGab
level, thyroid hypoechogenicity by ultrasound and increasing
TSH level) and these of subclinical hyperthyroidism (namely
low level of TSH and high level of FT4, TT3 and TRab).
Recently the pathogenesis of autoimmune thyroid diseases
resulting from the interaction between susceptibility genes
and environmental triggers has been extensively reviewed
[94].

As mentioned above, anti-microsomal antibodies (this is
an obsolete term for TPOab) were found in workers em-
ployed in PBB factory [21]. As far as we are aware, since
that time no findings on increased thyroid antibody preva-
lence in humans exposed to OCs were published. However,
the association of TPOab with increased PCBs level was
found within all our surveys [12, 20, 22, 23]. Although the
absolute number of subjects with positive TPOab level was
much higher in females, the difference between those highly
exposed and less exposed was much higher in males [12,
23]. Although TPOab level in serum is the marker of auto-
immune process and possible predictor of overt hypothyroid-
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ism, each subject with actual positive value must not yet be
clinically hypothyroid. However, the stage of progressing
hypothyroidism may be seen by ultrasound which reveals the
extent of thyroid injury by hypoechogenicity of thyroid ul-
trasound image [95, 96]. Actually, we found significantly
higher coincidence of positive TPOab with hypoechogenicity
in 5th versus 1st quintile of serum PCBs level in males (7.2
% vs. 1.0 %; p<0.03), while that in females was not signifi-
cant (14.7 % vs. 11.3 %), although in terms of absolute
numbers it was much higher than that in males [12]. How-
ever, the stage of overt hypothyroidism is finally indicated
by the increase of TSH level over the certain range, although
there currently appears some disagreement between epide-
miological and clinical views. Thus, as shown above, recent
epidemiological views on the lower range of hypothyroid
TSH level are based predominantly on the finding of only
about 10 % general population with the level >2.5 mU/L
[84]. Although the advocates of this view admit that the dis-
tribution of TSH level in the large population shows a
skewed curve with a long tail toward the higher TSH values,
they underline that the values greater than 2.5 m/L are pre-
dictive of evolution into overt hypothyroidism [86]. In con-
trast, several current clinical views suggest that the treatment
of hypothyroidism by thyroxine is advisable for those with
TSH level >10 mU/L, while those with TSH of 4 to 10 mU/L
still represent a dilemma which should be guided by careful
clinical evaluation, since the decisions based on TSH, T4
and T3 measurements seem to be somewhat arbitrary [97].

Thus, it appears that thyroid autoimmunity should be in-
cluded in the cluster of immune system injuries which seem
to be one of major adverse health effects of OCs. Neverthe-
less, there are some problems related to thyroperoxidase it-
self which should be at least briefly discussed, though they
are out of the scope of this review. Thus, so far any generally
accepted international standard of TPO apparently does not
exist [98]. Moreover, thyroperoxidase antibodies in human
sera are polyclonal and their fingerprints, which may be ge-
netically determined, recognize several conformational im-
munogenic epitopes located on thyroperoxidase molecule
which are also genetically determined [99,100]. From this
follows, that there are several commercial Kits which are
using different TPO preparations, different epitopic specific-
ity of antibodies and different units. Other problem is the
analytical and clinical cut/off level. Thus, the clinical cut/off
usually means that 95 % of clinically sick patients will show
the values higher than cut/off, while 95 % healthy blood do-
nors will show the values lower than cut/off in contrast, ana-
lytical cut/off shows the minimal level which is significantly
different from zero and thus some TPOab in blood are al-
ready present thus predicting a possibility of already existing
subclinical and later possibly of overt disorder. It seems that
from epidemiological view the analytical cut/off could be
more important than that clinical one, since it shows the ex-
tent of the spawn predicting a possible future development of
subclinical thyroid disorders. In our surveys we used auto-
matic electrochemiluminiscent immunoassay (Elecsys,
Roche, Germany) and the cut/off level of 37 U/ml which was
slightly higher than the clinically recommended value of 34
U/ml, so the values we referred are both analytically and
clinically positive.
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Recently TPOab levels higher than the normal reference
range were found in 18 among 47 breast fed young Akwe-
sasne Mohawks (median age of 17.6 years) [101] who had
significantly higher levels of HCB, DDE and all groups of
PCB congeners, while no one case was found among 67 of
those non-breast fed.

Miscellaneous Adverse Metabolic and Thyroid Health
Signs

A. OCs and Diabetes

Although some occupational surveys reported the asso-
ciation of OCs exposure with diabetes, among the first plau-
sible findings were these on increased fasting and 2-hr post-
prandial glucose level as obtained in Vietham veterans
spraying Agent Orange containing TCDD (2,3,7,8-
tetrachloro-dibenzo-dioxin) [102], increased prevalence of
diabetes together with serum glucose and insulin abnormali-
ties [103] as well as on the association of increased plasma
insulin and insulin resistance with high TCDD level [104,
105].

The association of serum OCs level with diabetes was
also found in participants of the NHANES Il study
[106,107]. Increased association of self-reported diabetes
with serum level of PCB-153 and DDE was observed in
large groups of Swedish adults [108, 109] and also in women
involved in pesticide related activities within the Agricul-
tural Health Study [110]. Among important findings is that
of highly increased odds ratio for diabetes in 24-year follow-
up study of Yucheng women in Taiwan [111].

The data obtained within the PCBRISK study by the es-
timation of fasting glucose level in 2046 adults and oral glu-
cose tolerance test in 1220 of them showed increased preva-
lence of impaired fasting glucose, impaired glucose tolerance
and diabetes mellitus significantly associated with increasing
PCBs level in serum as summarized in preliminary reports
[112,113].

However, the mechanisms resulting in such associations
are still lacking. Nevertheless, reduced glucose transport
activity in adipocytes of dioxin treated mice was found to-
gether with reduced copy numbers of glucose transporter
GLUT4 and its mRNA. This finding raised the possibility
that dioxin might gradually reduce the production of glucose
transporters and thereby cause progressive insulin resistance
[114]. 1t is well known that toxic effects of OCs are appar-
ently mediated via the binding with a specific Ah-receptor
(AhR) whose ligand binding subunit also acts as a ligand
activated transcription factor. Among heterodimerization
partners of such subunit are AhR nuclear translocator (Arnt)
and nuclear transcription factor kappa B (NF«kB). It was also
suggested that dioxin specific AhR may promote diabeto-
genic effect by antagonizing the function of peroxisome pro-
liferator activated receptors (PPARS) [115] which were also
found to be linked to cellular proliferation, differentiation
and apoptosis as well as to obesity, diabetes, atherosclerosis,
inflammation, cancer and aging. However, it was stressed
that the responsive genes required for TCDD toxicity still
have to be defined, although the induction of CyplAl itself
appeared a significant event in the toxicity pathway of OCs
[116]. Recently, however, it was demonstrated that the in-

Langer etal.

creased ratio of mRNA of GLUT 4 and NF«B in adipose
tissue obtained from Vietnam veterans appeared the most
sensitive and reliable indicator of dioxin induced diabetes
particularly at very low exposure levels [117].

B. OCs and Prevalence of Multiple Adverse Health Signs

In addition to aforementioned impaired glucose metabo-
lism we also found significant positive association of major
OCs with triglycerides, cholesterol, BMI, thyroid volume,
TPOab [12] as well as with FT4, TT3 and TSH treated as
categorical variables [78]. Using these data we arbitrarily
defined several adverse health signs such as increased ThV
(>75th percentile), positive TPOab (>37 U/ml), positive
TRab (>1.7 mU/ml), increased FT4 (>19 pmol/L), increased
TT3 (>2.1 nmol/L), TSH in hypothyroid (>4.0 mU/L) or
hyperthyroid (<0.5 mU/L) range, increased thyroglobulin
(>40 ng/ml), increased fasting glucose (>5.6 mmol/L) and
insulin (>10 miU/ml) as well as increased cholesterol (>6.0
mmol/L), triglycerides (>2.0 mmol/L) and BMI (>75th per-
centile).

Fig. (3) shows the numbers of individuals from POLL
(n = 1008) and BCGR (n = 1038) as sorted in terms of in-
creasing number of adverse health signs per person. As
shown, the prevalence of subjects with 0 or 1 adverse signs
was nearly twice as high in BCGR (272/1038 vs. 125/1008;
p<0.001), while, inversely, more than twice as high preva-
lence was found in POLL: for subjects with 6 or 7 (195/1008
vs. 84/1038; p<0.001) and with 8 or 9 adverse signs
(54/1008 vs. 22/1038; p<0.001). Hence it appeared that in
more exposed population the number of subjects with more
adverse signs was significantly higher.

C. Prenatal Exposure to OCs and Possible Transgenera-
tional Transmission of OCs Related Adverse Health Effects

As repeatedly reviewed [118-121], considerable attention
has been focused to early and delayed effects of prenatal and
perinatal OCs exposure on children and adolescents. Within
the birth cohort study which followed PCBRISK survey in
the same POLL area high levels of PCBs, pentachlorophe-
nol, hydroxy-PCBs [8-10] and methylsulphone-PCBs [10]
were recently found in cord blood which showed a consider-
able exposure of the third generation born in that area since
the start of PCBs production in 1955. In addition, the first
evidence to date on the association of PCBs exposure in
neonates with decreased thymus volume was provided [122]
and the tight connection between the development of im-
mune and central nervous system during prenatal life was
described which may play a role in future neurobehavioural
disorders [123].

In agreement with the data by others [124-127], the
cross-sectional examination of 435 children 8-9 year-old
within PCBRISK study showed considerably wide range of
OCs exposure and negative association between the serum
PCBs level and performance in several neuropsychological
tests [128]. In addition, increase of hearing threshold at the
frequencies of 250-2000 Hz as well as a decrease of the am-
plitude of transient otoacoustic emissions with increasing
PCBs level was observed [129] and the proportion of differ-
ent types of developmental enamel defects, demarcated or
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Fig. (3). Absolute number of subjects (y axis) belonging to groups of subjects with increasing number of multiple adverse health signs (x
axis) in the area of background pollution (gray columns) and in the polluted area (black columns).

diffuse opacities and/or hypoplasia significantly correlated
with serum PCBs level [130].

In 223 young adult males and females (aged 21-35 years)
from POLL who were participants of PCBRISK survey we
found significantly higher prevalence of TPOab, TRab, in-
creased ThV and impaired fasting glucose as compared to
231 of their counterparts from BCGR. However, although
the level of all major OCs (such as PCBs, DDE and HCB) in
those young adults from POLL was significantly higher than
that in those from BCGR, it was still about a half of that
found in 533 subjects from POLL (aged 41-55 years) thus
representing the generation of their parents. Since those
young adults from POLL were born during the period of
high environmental pollution (1966-1980) it was hypothe-
sized that the adverse effects could result from the prenatal
exposure rather than from their own exposure during
postnatal life.

As shown in Table 1, among 116 young females from
POLL a total of 44 were selected with nearly the same levels
of PCBs, DDE and HCB as these in 137 of their counterparts
from BCGR. In such selected group called “PCB adjusted
young females” still significantly higher prevalence of
TPOab (p<0.001), TRab (p<0.01), IFG (p<0.001) and ThV
(p<0.01) was found as compared to young females from
BCGR. In addition, entirely the same differences were found
in “PCB adjusted young males” from POLL [131]. Hence it
appeared that the assumption on possible role of prenatal and
perinatal exposure in the development could be supported.
However, since possibly also some epigenetic component
could participate in the final outcome, the data obtained may
be compatible with several present views and findings on
epigenetic transgenerational transmission of endocrine dis-
ruptors action [132,133].

CONCLUSIONS, PERSPECTIVES AND VISIONS

It seems that the global pollution by unfriendly chemicals
will be hardly cleaned up. There possibly appears no other
way but to live with them and to let them to pioneer new
pathways in the labyrinth of our cells and molecules and thus

Table 1. Serum Level of PCB, DDE and HCB (ng/g lipid) in all
Young Females (Aged 21-35 Years) from Background
Area (BCGR), Polluted Area (POLL) as well as in the
Group of 44 Females Selected from Polluted Area
(POLL-ad) which Showed Approximately the Same
Mean Level of PCB, DDE and HCB as these in BCGR

Females 1 - 35 Years

All Females PCB Adjusted

Parameter

Background Polluted Polluted
Area (BCGR) | Area (POLL) |Area (POLL-ad)

Age (years; mean +

276+44 259 +4.2% 249+35"
sD)

Number of cases 137 116 44
R +

PCB - mean + SE 566+37 | 1493+1345 | 649+ 20°
(ng/g)
R +

DDE - mean £ SE 791+42 | 1385+1045 | 963 +05°
(ng/g)
_ +

HCB - mean £ SE 270+ 15 326 + 30° 198 + 16°
(ng/g)

TPOab >37 [U/ml 15/137=10.9 | 43/116 =37.1

18/44 = 40.9 %°

(%) % %©
TRab > 2.0 IU/ml (%)| 9/137 =6.5 % 20/ 113: Y2 =207 9%
0
ThV (ml; mean+SD)| 7.52+237 | 8.31+262° 8.74 + 2.49°

IFG (5.6 — 6.9 mmol/l | 33/137 =24,1 | 44/116 =37.9

18/44 = 40.9 %°
£ %) % %" 0

Statistical differences between either all or adjusted females from polluted
area vs. females from background area: - chi-square test: * = p<0.05; ® =
p<0.01; ¢ = p<0.001; t-test: °= p<0.05; £ = p<0.01.

to disrupt our inherited mechanisms regulating the sophisti-
cated interplay between several systems and organs of our
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body. They already discovered epigenetic route to our DNA
for sure and thus learned how they could influence our ge-
nome much earlier than our scientists did. Thus, they possi-
bly play there already a role of the spawn or mycelium
which will be manifested in the next generations.
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LIST OF ABBREVIATIONS USED

BCGR = control area of backhround pollution
DDE = dichlorodiphenyl dichloroethylene
ER = estrogen receptor

FT3 = free triidoothyronine

FT4 = free thyroxine

GM = geometric mean

HCB = hexachlorobenzene

OCs = organochlorines

PBB = polybrominated biphenyls

PCB = polychlorinated biéhenyls
PCBRISK = acronym of the project

PCDDs = polychlorinated dibenzo-dioxins
PCDFs = polychlorinated dibenzo-furans
POLL = polluted area

PCBRISK = acronyme of the project

SIR = Standard Incidence Rate
SPEECD = acronyme of the project

TG = thyroglobulin

TGab = thyroglobulin antibodies

TPOab = thyroperoxidase antibodies
ThCa = thyroid cancer

ThVv = thyroid volume

TRab = thyrotropin receptor antibodies

TSH

TT3
TT4
UDP

Langer etal.

= thyroid stimulating hormone (thyrotro-
pin)

= total triiodothyronine

= total thyroxine

uridyl diphosphate
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