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PE3IOME: ®eTanbHbIn 1 paHHUA NOCTHATaNbHbLIN NEPUOLbl OTHOCATCS K Hambornee yS3BUMbIM NEepUOAaM XU3HM
YenoBeKa, KOraa Aaxe OTHOCUTENbHO He3HAYNUTENbHbIE BO3AENCTBNS 0Ka3biBAOTCH 4OCTATOYHBIMI ANS BO3HUKHO-
BEHMS CTOMKUX NOBPEXAEHUN. BnusHWe NonnioTaHTOB B OKpYXatoLLei cpefe Ha NNoja 1 HOBOPOXAEHHOTO OCTaeTCs
B HaCTOsLLee BpeMs ManonsyyeHHbIMU. iccnegoBaHns nokasanu, YTo 3arpssHsioLLmMe BellecTBa MOryT 0KasblBaTh
HeraTuBHbIN 3(PEKT Ha Maccy Tefla HOBOPOXAEHHOTO, Ha MCUXOMOTOPHOE W MOMOBOE pa3BuUTUe, Ha (OYHKLMO-
HUPOBAHWE 3HOOKPUHHLIX OPraHoB, B YaCTHOCTU LMTOBUAHON Xenesbl, Ha (POPMUMPOBaHME UMMYHHOTO OTBETa M
hopMUpOBaHME KIMHUYECKON KapTUHbI 3a00NEBAHN B AaNbHENLIENA XU3HN. PasnuyaloT HECKOMbKO MCTOYHNKOB
nonnoTaHToB: 1) NPOMbILWAEHHOCTb, NPOM3BOASALLAS U UCTONb3YIOLAs 3arps3HALLME BELECTBA, 2) BELLECTBA,
NCnonb3yemble B JOMALUHEM XO3SCTBE W NIUYHO rurneHe, 3) nectuynabl UCNoNb3yeMble B CESTIbCKOM XO3SICTBE,
4) nobblya NoONesHbIX NCKOMaeMbIX, 5) TpaHCNopT, 6) KypeHue pogutenen. Cpeamn onacHbIX BELWECTB, CONYTCTBYHO-
LWMX NPOMBILLIEHHOMY MPOU3BOACTBY, HE0BX0ANMO OTMETUTL nonuxnopbudernunsl (MXB) 1 GpoMUHNPOBaHHbIE
cybctaHumn (BC), cpeam BeWECTB, UCMOMNb3YEMbIX B AOMALUHEM X039MCTBE W NINYHOW rurneHe — bucdeHon A, dta-
natbl, cBUHeL, MeTunpTyTb. Mectuumabl — OAT u hocdopopraHmyeckne BeLecTBa — NPEACTaBAAT 0COObIN UH-
Tepec. HecmoTps Ha T0, 4yTto AT, akTnBHO ucnonb3yembli B 50—60-x rogax npoLwunoro Beka, 3anpeLleH yxe 50 net
TOMY Hasaf, OH 1 cenyac BXOAWT B CINCOK ONacHbIX CybcTaHuuit. TpaHCMOPTHLIE NOTOKK, MPOM3BOAALME BonbLoe
konuyecTtBo ra3oB — Takux kak NO,, CO,, menkue nbinesble yactuubl (PM 10, PM 2,5) n anemeHTapHbIit yrnepos,
TaKxe ABNATCH UCTOYHUKOM MOMMOTAHTOB. KypeHne — B OCHOBHOM KypeHue poauTenen — elle OAuH O4YeHb
BaXXHbIN UCTOYHUK Yrpo3bl. MiccnenoBaHus nokasanu, Yto fobeblya 1 niaBka HUKENS CONPOBOXAAIOTCA NPOAYKLMEN
BonbLUOro KonMyecTBa CEPHUCTOro ra3a. Kpome Toro, 310 Npon3BOACTBO NPUBOAMUT K NOSIBMIEHNIO B BO3AyXe 60/b-
LIOrO KONMYeCTBa OYeHb MarneHbKIX MblNeBbIX YacTuy — Hambonee BpeaHOro KOMMOHEHTa 3arpsisHEHNS BO3Ayxa.
XOTS TEOPETUYECKM XKM3Hb BONM3N NpeanpusTUn HUKENEBOrO NPOM3BOACTBA NpeacTaBnsercsa Hebe3onacHoi, B
HacTosLLee BpeMs NPaKTUYeCKkN He NPOBOANTCSA Hay4HbIX paboT, HanpaBeHHbIX Ha U3yYeHne BANSHWUS (DakTopOoB,
CONpOBOXAALLNX A0ObIYY 1 BbINNABKY HUKENS, HAa 300POBbLE AeTelt. VI3BECTHO, YTO NPaKTUYECKM BCE NONIOTAHTbI
BNUSIOT Ha AEATENBbHOCTb MO3ra, SHAOKPUHHOMN, UMMYHHOW 1 CEPAEYHO-COCYANCTON CUCTEM, MEXaH3M WX BAIUSIHWA
MOXET ObITb pasnuyHbiM. MexaHusm BAMSHWS MHOTWX BELLECTB OCTAETCs HeudyyeHHbIM. [TXB n MHorue gpyrue
NONMNIOTAHTbI ABAAKTCS paspyLUMTENAIMY SHAOKPUHHOW CUCTEMbI, UBMEHSS aKTUBHOCTb TOPMOHOB LMTOBMAHOM Xe-
ne3bl ¥ NONOBLIX FOPMOHOB. [1pK 3TOM OCTAETCS HEM3BECTHBIM, SBNSETCS N NOBPEXAEHNE MO3ra BTOPUYHBIM MO
OTHOLLEHMIO K HApYLUEHWIO AeATENbHOCTU LUTOBUAHON Kenesbl. BoamoxeH Takxe npsimon adpdekt MXb n gpyrux
NONMIOTAHTOB Ha Pa3BUTUE OPraHOB. ANUreHETUYECKNE MEXAHU3MbI PETYNALMM SKCIPECCUU FeHOB MOryT ObITh eLe
OAHWUM (haKTOPOM NOBPEXKAAKOLLEr0 BIIMSAHWAS NONNOTAHTOB. I3MeHeHMe akTUBHOCTW FeHOB MOXET ObITb MPUYMHO
HeraTMBHbIX N3MEHEHUI B NOCNEAYIOLLMX NOKONEHUAX. B aKCnepumeHTax Ha XMBOTHbIX KCMEPUMEHTANbHO JOoKa-
3aHO Hanun4yKe ANUreHeTUYECKNX MEXaHM3MOB NOBPEXAEHNS B CTPYKTYPE TOKCUYECKOTO BIIMSIHAS NECTULMAOB, NpK-
yeM ux aghekT Obin BbISBEH B YETBEPTOM NOKONEHUW. Takne MexaHn3Mbl, BO3MOXHO, UMEKT MECTO NPU KYPEHUN.

KMOYEBBIE CJTIOBA: nnod; HOBOPOXAEHHBIA; MOMMOTAHTbl B OKpYXalLleh cpene; SHOOKPUHHAS CucTema;
ANUreHeTMYECKNe MEXaHN3MbI.
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ENVIRONMENTAL POLLUTANTS, A THREAT FOR CHILDREN

© Pieter J. J. Sauer
Beatrix Children’s Hospital, University Medical Center, Hanzeplein 1, P.O. Box 30001, 9700 RB Groningen, The Netherlands

Contact information: Pieter J. J. Sauer — MD, PhD, Emetitus Professor of Pediatrics, Division of Neonatology at the Beatrix Children’s Hospital,
University Medical Center. E-mail: p.j.j.sauer@umcg.nl

ABSTRACT: The fetal and early postnatal are the most vulnerable periods of life, when even relatively small distur-
bances can lead to permanent damage. Relatively unknown risks for the fetus and young infant are environmental
pollutants — compounds, present in the environment that can affect human health. Studies have shown that these
compounds may have negative effects on birth weight, psychomotor and sexual development, endocrine organs like
the thyroid gland, immune responses and the development of diseases in later life. Different sources of environmental
pollutants and different products can be distinguished: 1. compounds produced and used wT industrial processes,
2. compounds used in household and personal care, 3. pesticides used in agriculture, 4. pollution caused by mining,
5. air pollution caused by traffic, 6. smoking by parents. Among dangerous compounds produced and used in in-
dustrial processes are Polychlorinated Biphenyls (PCBs) and Brominated compounds (BCs), among products which
are used in households and personal care — bisphenol A, phthalates, lead, methyl mercury. Pesticides — DDT and
organophosphates — are the compounds of special interest. DDT despite it had been used extensively in the 1950s
and 1960s and was banned 50 years ago is known to be harmful even now. Traffic, producing gases like NO2, Co2 as
well as very small particles (PM 10, PM 2.5) and elemental carbon, is an important source of environmental pollutants.
Smoking, mainly by parents, is another very important thread to children. Studies have shown that nickel mining and
smelting result in the production of high concentrations of sulferdioxide gas. The air is also polluted by very small
particles, the most dangerous part of air pollution. Though theoretically living besides nickel mining and melting
plants is dangerous, nowadays studies on the effects of nickel mining on children seem to be lacking. While almost all
compounds have effect on the brain, the endocrine system, the immune system and the cardiovascular system, mode
of their action might be different. The mode of action of many substances is not well known. PCBs and many other
compounds are endocrine disruptors, affecting the thyroid and sexual hormones. It is unclear however if effects on the
thyroid hormones are the cause of brain damage. There might also be a direct effect of PCBs and other substances on
the development of organs. Another mechanism of action of these pollutants might be to influence gene expression by
epigenetics. The activity of genes might be affected, what can have results in next generations. This epigenetic effect
has been shown for pesticides in animal studies, effects were seen till the fourth generation. Epigenetics might also
been involved in the effects of smoking.

KEYWORDS: fetus; newborn; environmental pollutants; endocrine system; epigenetic mechanism.

Pediatricians are trained to protect, and when needed and
possible, to restore the health of children. The most vulnerable
period of life, when even relatively small disturbances can lead
to permanent damage, lasting till adulthood, is the fetal and ear-
ly postnatal period. Non-optimal circumstances during fetal life
and the first period after birth may cause permanent damage in
the infant. Medication given to the pregnant mother might have
a permanent effect on the fetus or infant, while no side effects
are seen in the mother. Fetal malnutrition is related to an in-
creased risk for cardiovascular diseases, stroke, hypertension
and lung diseases in later life. Relatively unknown risks for the
fetus and young infant are environmental pollutants. Environ-
mental pollutants are compounds, present in the environment
that can affect human health [16]. Studies have shown that
these compounds may have negative effects on birth weight,

psychomotor and sexual development, endocrine organs like
the thyroid gland, immune responses and the development of
diseases in later life. Pediatricians have to be aware of these
problems and, whenever possible, stimulate efforts to reduce
these risks.

Different sources of environmental pollutants and different
products can be distinguished:
compounds produced and used industrial processes
compounds used in household and personal care
pesticides used in agriculture
pollution caused by mining
air pollution caused by traffic
smoking by parents
In this paper we will briefly review the existing knowledge
about the most well-known pollutants.
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COMPOUNDS PRODUCED AND USED
IN INDUSTRIAL PROCESSES

PCB’s. Polychlorinated Biphenyls or PCBs are compounds
that were widely used in industrial processes. These compounds
are lipophilic and are hardly degraded, neither by humans nor in
the environment. Although the use of these compounds have
been banned decades ago in many countries, they are still widely
present in the environment and also in humans, due to the re-
sistance to degradation [4]. Levels are especially high in young
children. PCBs are transported over the placenta from the mother
to the fetus, studies showed almost equal levels in the fetus and
the mother [15]. Breast milk is an important source of these com-
pounds, due to the high fat content of breast milk. Many studies
have shown that PCB’s can have negative health effects, main-
ly in the fetus and newborn infant. Higher levels of PCBs result in
a lower birth weight [11]. Postnatally these infants are more hy-
potonic. There is a delay in psychomotor development [9]. Levels
of thyroid hormones are lower, as well as sex hormones in boys
[12]. A higher exposure to prenatal PCB levels is related to a less
responsive immune system [12]. The effects on psychomotor de-
velopment are still present at adolescence [18].

Brominated compounds. When PCBs were banned, they
were replaced by brominated compounds. These products are
widely used, especially to make clothes, computers, furniture and
carpets more flame retardant. Recent studies show that these
compounds also have a negative effect on the psychomotor de-
velopment [18]. More studies are needed to investigate if these
compounds also have endocrine disrupting effects.

PRODUCTS USED IN HOUSEHOLDS
AND PERSONAL CARE

Bisphenol A. Bisphenol A (BPA) is a compound used to make
plastics more flexible. It is used in many different products, includ-
ing children’s toys, bottles for formula feeding and dummies. It
was also used in infusion lines for patients, including newborn in-
fants. Plasma levels of these compounds are especially high in
newborn infants. Children are exposed to these compounds
through contaminated food and bottles in which formula is giv-
en. Another route is the ingestion of contaminated dust and soil.
Also, BPA can leak from toys. BPA is readily absorbed by the gas-
trointestinal tract. Children admitted to a NICU are exposed to
these compounds through the use of intravenous and other lines.
Higher levels of BPA are related to a lower birth weight, sexu-
al development in boys, increased anxiety and depression and
poorer emotional control at three years of age [13]. BPA may also
have endocrine disrupting activities, on hormones like thyroid and
sexual. This might cause a delay in neurodevelopment. Chronic
exposure might cause ischemic heart disease, diabetes and obe-
sity. Finally, concerns have been expressed over that past years
that Bisphenol A might induce cancer. Given the risk of BPA, es-
pecially for small children, has the use of BPA has been restricted
for materials used for small children.

Phthalates. Phthalates consist of a group of compounds
also used to make plastics like toys more flexible. They are also

used in products for personal care like cosmetics end deodorants.
Afrequently used product is DEHP. This compound is found to be
endocrine disrupting, it is related to affect male and perhaps also
female genital development [10]. Also an association was found
with a decrease in birth weight. Phthalates are, like all environ-
mental pollutants, transported over the placenta. Levels found in
cord blood are almost equal, or slightly lower, compared to mater-
nal levels. High levels of these compounds in the pregnant moth-
er, for instance for DEHP caused by extensive use of cosmetics,
therefore is very harmful to the unborn and newborn infant.

Lead. One of the eldest and most studied environmental
pollutant is lead. Humans can be exposed to lead via food,
drinking water and inhalation. An important source of lead in
the environment was the addition of lead to gasoline used by
cars. Children living close to a road with heavy traffic showed
high plasma lead levels. Food can be contaminated due to lead
containing farmland and dairy products from cows consuming
polluted food. Smoke from cigarettes also contain lead. The fe-
tus is exposed to lead by the transfer from the mother via the
placenta. Many studies have shown that prenatal and early post-
natal exposure to lead causes a marked reduction in intellectu-
al development in infants [1]. The addition of lead to gasoline
has been banned in most countries, however the land used for
agriculture still contains relatively high concentrations of lead.
Also, water pipes made of lead are still in use. These pipes
are an important source of lead. Infants therefore continues to
be exposed with all negative effects on mental development.
Recently an accident occurred in the USA where drinking water
was heavily contaminated with lead.

Methyl mercury. Studies have shown that methyl mercury
has negative effects on the neurodevelopment of the fetus and
young infant [20]. Humans are mainly exposed by eating pollut-
ed fish. Fish is contaminated through the presence of this com-
pound in water. Levels in fish are high enough to cause dam-
age in infants of mothers with regular fish consumption. On the
other hand, is fish consumption very important for the pregnant
mother because of the presence of poly unsaturated fatty acids,
a-linolenic acid and its derivative DHA in fish. The psychomotor
development is higher in off spring of mothers who have taken
supplemental DHA during pregnancy as well as in children fed
with sufficient DHA [20].

PESTICIDES

DDT. One of the eldest and well known pesticide is DDT
and the degradation product DDE. DDT was used quite ex-
tensively in the 1950s and 1960s. Then, it became clear that
not only weeds and parasites were killed by DDT, but also
animals eating these weeds. It caused a dramatic mortality in
birds, causing the well-known “silent spring”. DDT was banned
50 years ago, but due to its persistence against degradation,
it still can be found in the environment, but also in humans.
DDT is not only harmful for animal, but also for infants. DDT
causes a decrease in cognitive and motor delay in infants, a
delay that persist in adulthood [8].
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Organophosphates. Organophosphates are a group of pes-
ticides that are quite extensively used in agriculture. These com-
pounds have negative effects on human health. They do not only
negatively influence the neuromotor development in children, they
might also be able to induce cancer in adulthood [6]. Despite the
risk are these compounds still widely used in agriculture due to
their high efficacy to protect crops.

Traffic. Traffic is an important source of environmental pollut-
ants. Traffic produces gasses like NO2, Co2, very small particles
(PM 10, PM 2.5) and elemental carbon. Studies have shown that
these compounds cause cardiovascular diseases like hyperten-
sion and cardiac infarction. It also causes severe lung damage in
adults [17]. The life expectancy of an adult living close to a busy
road is at least one year less then controls. Unborn and newborn
children at especially at risk for negative effects of compounds
produced by traffic. Birth weight of children born to mothers liv-
ing close to a busy road is lower compared to controls. Children
exposed to this air pollution show more lung infections and more
-severe- asthma. This will likely result in severe COPD at later
life. The World Health Organization (WHO) has published upper
limits for air pollution. Unfortunately, is the air pollution in many
cities in the world, including Russia, much higher than these lim-
its. This results in permanent lung damage in young children and
earlier death in adults. Heavy traffic must be banned from cities
and schools and other buildings for children must not be built in
the vicinity of a busy road. At this moment is air pollution due to
traffic one of the main threads to children. That air pollution might
be a problem in Russia, is shown in fig 1.
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Fig.1. Air pollution in Russia: Krasnoyarsky krai [14]

W Smoking, mainly by parents, is another very important
thread to children. Maternal smoking during pregnancy results in
a lower birth weight. It also leads to a permanent, life long, re-
duction in lung volume. Smoking by mother and father at home
results in more and more severe asthma and also permanent
changes in lung growth. Smoking is one of the most serious envi-
ronmental pollutants for children [7].

Nickel mining. Studies have shown that nickel mining and
smelting results in the production of high concentrations of sulfer-
dioxide gas. The air is also polluted by very small particles, the
most dangerous part of air pollution. People living close to nickel
mining and smelting reported higher incidence of headache, pul-
monary infections, palpitations, lower abdominal pain, shortness
of breath, constant chest pains, unusual spitting, coughing regu-
larly, loss of body weight, regular constipation, diarrhoea, nausea,
vomiting, urinary pain, and unusual genital discharge [3]. Studies
on the effects of nickel mining on children seem to be lacking. A
study in Russia showed the effect of nickel mining on the environ-
ment (fig. 2).

How do these environmental pollutants have effect on the
unborn and newborn infant? While almost all compounds have
effect on the brain, the endocrine system, the immune system
and the cardiovascular system, might mode of action be different.
The mode of action of many substances is not well known. PCBs
and many other compounds are endocrine disruptors, affecting
the thyroid and sexual hormones. It is unclear however if effects
on the thyroid hormones are the cause of brain damage. There
might also be a direct effect of PCBs and other substances on
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Fig. 2. Effects of Nickel mining and melting (AMAP, 2007) [2]
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Fig.3. Ways to affect the activity of genes in next generations

the development of organs. Another mechanism of action of these
pollutants might be to influence gene expression by epigenetics.
The activity of genes might be affected, what can have results in
next generations (fig 3). This epigenetic effect has been shown
for pesticides in animal studies, effects were seen till the fourth
generation [5]. Epigenetics might also been involved in the effects
of smoking.

Environmental pollution in Russia. What is known about
the environmental pollution in Russia and the effects on children?
Not many studies have been published regarding the potential
effects of environmental pollution on children in Russia. As far
as | could find there were 13 studies on environmental pollution in
Russia published in 2014-2015, all in Russian journals. One
study showed that he places of work of the parents (wood chem-

Fig.4. Deaths from air pollution [21]

ical manufacturing, aluminum plant, petrochemical and chemical
plant) influenced the incidence of upper respiratory tract infec-
tions in children [19]. There are no indications that the environ-
mental pollution in Russia is very different from other industrial-
ized countries. One study showed the air pollution in Moscow to
be at least comparable to other big cities in the world. Another
study indicated that the mortality due to air pollution in Russia is
higher compares to other countries (fig 4).

Why are these studies important for pediatricians? All pol-
lutants mentioned in this review cross the placenta, so the
fetus is exposed to these compounds. The fetal and early
postnatal period is the most critical period for the develop-
ment of organs. Exposure to compounds, also at a low dose,
can result in permanent damage in the newborn infant, caus-
ing life long effects. Breast milk contains many of the pollut-
ants and is therefore another important source of these com-
pounds in newborn children. Environmental pollutants there-
fore are more harmful for newborn infants than for adults.
It is important that pediatricians realize that the occurrence
of diseases in children might be related to the exposure to
environmental pollutants.

In conclusion, we must assume that:

+  Environmental pollution is widespread in the world

+ This is very dangerous for humans, especially for children

+ As pediatricians, we must ask our politicians to take care of
our environment

+ Pollution is costing lives and money

«  We are polluting our planet, detrimental for our children and
grand children
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It is possible to prevent this to happen when we all are aware
of the problem
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