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ENVIRONMENTAL EFFECTS ON HEALTH
/" WITHSPECIAL EMPHASIS ON NEUROTOXICOLOGY

~

»

. Environmental inﬂuancas on child healtj\ n at conception and contmue through-

out postnatal development. Such influbnces (positive and negative} significantly af- *

fect i ‘and future adaptation. Gottlieb (1976) has categorized three ways in
which the taﬁmﬂ\emmmm.mseamlm&on,famh-
mmm :

. ,Inﬁlc:mngﬁcmd'mam(m&ammmm {n such a dituation, the
. mxm&ﬂfmmimvmm«mt&m

developmental event. occurs. mmmﬁmstﬁuwm

—ammladenhpmmt,sachsﬁmm xmmmmﬁMMmt& .
ference with !

Wm stimuli pﬁtegtﬂﬁy Teads 1o deleterious infiix

fesentiation 7&@&&‘1%#&@1, 1978¥, ﬁqn emdenee far indtmmwb
ftém ; 3
cognize nawthatmai diﬁerentnatnonmmamm’alsre@hfmme

. _mﬁ of appropriite hormondl stimuli during m min\,
. 'Dmngmgewutﬂnm morpholo : :

mmmmammm

 Gonadal and \newral -differentiation, however, do not -occur until much later in

i mﬁmmmmwﬁ&

: ﬁgmﬁﬂﬁ%@aﬁ@ﬁa&wahmm#mw
. genitalia -of the female develop, but in the- presence of appropriate stimuli, male
'@m‘mﬁtmmmmmmgsﬁ&mﬂﬁ

themsWQnowurs i&ﬂgmwhemmis:ws,mnmmm
proceeds 16 develop in-a female-Jike-fashion, so that in adulthood, the potential for
wﬂmm:nmmmmmwpwddﬁfem:apm
ductive cycle occur. If; however, hormonss {e.g., estrogens) ampgsem,maeycﬁc

- mmmammmﬁmwmmfmmm&

like nervous system differentiation appears to be tstrogen which enters the brain as
tﬁmmmmrsmwmdmm \

Bmﬁnﬂidiffm&mminath&m staguinsaomble
fwmwﬁumd&d&amﬁm@kﬂﬁuﬂaws @ versa and for

logi¢al and neurst sex tb be diwoncm The fetal - mization

readily demonstrates the im: e ofanapﬁanm environment for the

éuﬁapmnofﬂujem!q Yeficient in adrens! cor-

ticosteroids and, therefors, the-ag opnafemg-ﬁw systems to the pitui-

mmh: consequencs; overproduction of other adrenal stefoids (of
estrogen and pr,pgestame are mcludad) occurs and. ma!e-hke differentiation

of the fetus takes place. .

Since many environmentst stimuli {e.g., noise, crawdi‘ng,ute)may be stressful to
the mother, chronic elevation of adrenal secretions is a potential source of inter-

© - ference with apprdpﬂate inducing st.mula ior saxual differentiation (Joﬂ‘e 1978).

- ~ .
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Furthermore, environmental poliutants, such as DDT, Kepone, i , etc., also may *
+« affect sexual differentiation. Both DDT and Kepone appear ert a mild estro-
genicity, and Kepone exerts clear masculinizing effects on. females when admin-
- : i:ge;jrneormaﬂy during the critical period for neural sexual differentiation (Gellert,

. - 8, . 5 LI ' - “ .
s .2 - Facilitation is apgarent mot when the environmental stimuli influence whether or
ot a partiowlgy event will occur, but when the rate’and/or. maximal level of matura-
. - tion is altered, Notalile, Jes of facilitation include the effect of thyroid
S, : hormone .ori the rat3.of gell 'division and migration and the role of visual and/or

. -+ evelopmental processes; the appropriate timing of evéats is an integral aspect of the -
' ' final - organized functigning unit. However, if the timing of development is shifted, .

- complete their maturstion. process. Too aslically
- - " - dlters the time &t which the granule ceils migrate add, a5 consequence, disrypt the
. entire organization of the cerebellar circuitry andits dependent motor coordination

' (Nichplson & Alhan, 1972). - = S

" Clearly, many ‘sxternal _environmental events atcelerate the_orga ability to
. . adapt to emnranmtatehﬂfmg. Thus, early experience with soress leads 1o the-

. * *  devalopment-of an organism better able to adapt to novel stimuli-(Levine, 1962),

. and envirbhmentst enrichment: facilitates acquisition of mazs skills (Rosenzweig &
. Bennett, 1878). Simitarly, proper develppment of the mam: tlian sensory systems
;7 -fequires an sppropriate ba ance-in sensery. input (Brenowitz ot a/, 1980). For most
v . environmental stimuli, there s an optimal range, Gompatible with Aealtfy develop-

%

though- possibly the most evident) effect of the .
ﬂbs not ﬁgﬂ&m‘wheﬂm ornot, or

deleterious influences on human health. wyfe
7 hi§ .number‘hlas'mutﬁpﬁ,ed significantly and,

E2 .




- shipment of animal food -additive.-Thi
" shipped throuﬂmtﬁ!esﬁtsef Michi

- ! -

o with contmumg mvestigatlon, the number is bound ta-increase. For many com-

pounds, their potential health hazard is discovered during routine investigation be-
fq_re mrketmgw the genersl- publie. For-otllers; however, the recognition of ‘their-

. toxicity has occurred only after the consequencas of widespread contamination,

Incidents described below represent cases in which the potential health hazard was
not fully recognzed prior to the manifestation of toxicity in a human population,.

_and denwﬂsmiememesuty of identifying early sympfoms of toxicity.

. in early 1975, an ocutbr Kepone intoxication occurred mafartoryin Hope-
_ well, Virginia. - Kepona is the commercial n for' chlordecone,*which since its

introduction in 1953, has proved to be a highly effective pesticide. in 1975, many .
factory workers received.an acute; high ievel expmetoﬁtecmnpmd,andvamu;t

“neurclogical symptoms devéloped, Affected individuals gradually developed tremors

which their co-workers termed -the “Kepone-shakes” and exhibitet reproductive - -
mmmmjmmﬁmm As a consefjuence of
the severe syn ofgepmetmty ﬂ&pestigidemhasbeelrbauﬁmm
mmm e from the plant'contaminated the James Rivefand -
’—mpactgimetéaﬂaytoretai, 1878). Since the
mkmmmtm,nmmstamlmmmﬁm -

In 1975, Shuman et &, (1975) carefully -dociimented the correlation between

. bathing infants in hexachlorophene and the presence of neural disruption, aswell as -

muscle, urinery, cardiovascular, mmmﬂmmmmmmg

Jesponsible for the discontinaed maf’hmchlamphem in household products.” -

Ammﬁa&ﬂmmﬁmm)mmgmmm
Michigan, in 1873, A fire-retardant that containad PBB was ineluded miStakenly in-e
_PBH, was mixed. tvith the animal foodand
1. In addition 1o th#® lgss of 30,000 cattle
and other farm animals, farmers and other refidents became seriously ill {Schaum- .
burg & Spencer, 1980} Mmﬁ consequences of this exposure are unknown,

During the past 10 years, a significant affort has been devoted to the development of

- sensitive methods for identifying potential toxicants and for the early detection of

symptoms. Tests have been devised for the identification of potentially carcinogenic
compounds; use of tissue cultures have&et; advanced for the-prediction of toxicity,

‘and -complex biochemical and behavioral regimens have been instituted for the

identification of subtle manifestations_of low level exposure to toxic compounds.
Msthods utilized in toxicological research span the sntire scientific arena uniting
such diverse disciplines as moiacutar bxaiogy, phvsaotogy, biochermstry, pharma-
cotogy psyeho!em. X

The immature o;ﬁﬁsm isata partmulaﬂy htgh'nsk for many. environmental sub-
stances (e.g., heavy metals, pesticides, food additives) that exist in the parental
environment. Compaunds, which in the adult organism only termporarily disrpt the

~maintengpce of an already established biological function, may, in the developing

organism, totally prevent the function from fully developmg and thereby .aher the
entire process.of development. The previously mentioned consequences of i inappro-
priate hormone levels during development are excellent examples. Furthermore, in

utero, the fetus may be disturbed as a consequence of maternal use‘of alcohol,

* A
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- Within the clinical setting, evaluation of the consequences of prenatal exposure
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nicotine, caffeine, or other abused drugs. Even hyperthermia, caused by excessive
sauna use, has been suggested.to have teratogenic potential (Layde et al., 1980); and
the inclusion of blighted potatoes in the diet has been correlated with birth defects

. {Renwick, 1972), aithough data are not conclusive (Emanuel & Sever, 1973; Master-

. Sonygt al., 1974; Mun et al., 1975). It is not likely that the risk to child health can

be eliminated ‘co- ‘pletely. However, with appropriate research investigations and the
establishment of preventative measures; ‘the number of potential toxicants may be
reduced, so that danger to the developing organism can be minimized. .

‘To reach maturity, the conceptus must undergd complex biochemical and morpho-
logical changes. During the first stage (the predifferentiation stage), damage to the
develdping organism is usyally alt or none. Either all cells die and no embryo is
formed, or a few 'cells survive and produce a normal embryo. During the second,

- {enibryonic) stage, however, severe malformations can result from exposure to -

environmental compounds. It is during this period that the proliferating cells begin -
ta forriuiate organs and the embryo may be highly sensitive to environmentsl pol- -

" lutants. Since different organs mature at different rates, the same compound ‘may

affect & véaiaydsmmfgupénﬂetmmmefmmtﬁe
third (fetal} stage the probability of gross malformation decreases since organs reach
8 period 'of marked diffetentiation. However, some structures. such as the nervpus

_ System, remain highly.susceptible to teratogenic compounds untit late pregnancy or

functioning are severely disturbed. T
A consideration of the special vulnerability of developing children must include in
urero exposisie to drugs dnd’ particularly: drugs of abuse. Although it has been -

" recognized that aleohol has teratogenic potential, only in the past decade has public

attention paid to the Fetal Alcohol Syndrome. tn 1873, Jones and collsagues .
ones at 4., 1973) described a common psttern of physical abnormalities in indi-'
Viduals whose mothers had sbused alcohol during pregnancy. Since that time,

- ‘hundreds of reports of Fetal Aimdeyndrmhmw, #d the prevaience

in the population of pa/tial expression of the syndrome is estimated to be about 3 to
d (Clarren & Smith, 1978). Fetal Alcohof Syndroma consists .
of at least three charpcteristics: growth deficits (body weight ang length); distinctive
facial characteristics) and indications of central nervous system dysfunction. Neural
disturbances range from mild to moderate mental retardation, with poor coordina-
tion, ,neomta} irritability, -end hyperactivity in childhood (Morrissey & Mottet,
1960). . - - - . - -

to
any compéund is extremely difficutt. Mo hers who abuse alcoho! also may abuse

" _cigarettes, other drugs, or may lack proper nutrition. Identification, assessmient, and .-

investigation of the effects of prenatal exposure to compounds require, therefore,
) o : '

- L
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the establtshment of an appropriate animel model. In the laboratary, higher mor-
" tality rates occur in offspring of animals receiving high concentrations of alcohol
(Rstev, 1979) and malformations may result {Chernoff, 1977; Kronick, 1976; Mor-,
risseay & Mottet, 1980).: Ferhaps of equal importance to the quality of child health
are the behavioral effects of alcohol e .exposure in the absenge of physical slgns of
abnormality (Riley, 1978). Prenatal exposure produc:s response inhibjtion in ani-
mals apd a propensity toward preservation of behavioi, which resemble the human
symptoms of shorter -attention spans and periods of mattentwenass. B:ochamucal
manifestations of alcohol exposire include sbnormal patterns of cellular protifera-

tion and a ‘disruption of CNS orgsnization (Baneqee et a!., 1978; E!lmgboe 1978),

" Possibly the best doctimerited example of a toxic neuronopathy is that produced by

" methyl mercury (Reuhl & Chang, 1979). While the toxic effects of mercury and its

compounds have been recognized for centuries, they were-not recognized as signifi-
cant environmental heelti* hazards until the mdssive outbreak of hundreds of human
cases of mercury poisoning i m Bay and theﬂngm District 6f Japan in the
1950, and the more recent ootbreak of methylmercury poisoning in Iraq during the
wmmr‘of 1371-1512, The*ciinical svmptoms of methylmercury pdisoning include

disturbances and cerebellar ataxis, with comp!amts of tingling and pares-

»

n the fingers followed lgter by numbness. Cereb.al and cerebellar atrophy, |

gr pathological findings of mercurial victims, was consistent with‘its action as
a nwrompsthm agent. However, the fetus also had a high vulnetability -toward
meﬂw!merwry ‘toxicity, W’ﬁﬂew level, pralonged exposure, disruptions of develop-
ment were severe, with exposed individuals displayiny eyidence of thedecortwanon
syndrome: in thé most severe cases, all layers of the eerebral cortex were spongy as a
resuit of complete loss of ne th less prolonged exposure, the severity of the
symptoms was reduced, but motor def ental disturbances, decreased alertness,
“and in emotional state occurred;” At the present time, it appears that the
amount of physical and mental | recwew made by the th:ms of fetal exposure will
be very stight., .
As a result of scientific uwemgations, significant advances have beén made toward
understanding the consequencts 6f toxic exposure, The number of infant deaths and
. fetal ‘malformations has decreased. As a consequence of educational eampas
" devoted to reducing the prevalences of pregnant females ingesting large quantities of

. socially acceptable drugs, tisks to the developing organism_have declined. Furthet-
. more, increased knowledge about the vulnerability of the fetus has eliminated the

routine prescription of potantuaﬂy dangerous compounds to pregnant individuals.,
The énvironmental risk to the developing fetus consequerntly has been tedpced sub-‘

Maﬂy during the past.decade.

Emetgence from thie womb, however, does not present the infant with a safe and
secure habitat. In pdfticuler, the continued maturation and organization of the -

nervous system postnatsily: place the mfant\at special risk for a variety of neuro-
toxicants. Children are more likely to ingest tnxic substances and, once ingested,

children oftent exhibit a low ability to meta! lize the compounds. Furthermore, . -

because of the immaturity of the blocd-bra  tarrier; the CNS of children may

receive especially hight concentrations of ingc.id materfals, Environmental pol.
- . . T B

-
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lutants, therefore, may, exert. severe and often fatal, mfluences on the developing
orgamsm. . ) -

Lead poisoning We best known example of an enwronmental toxicant for
which childten areat particularly high risk. Humans.carry a greater lead burden than
they do _for any of the other heavy metals (Morrissey & Mottet, 1980), and within

" .. similar environmental conditions; children have higher blood levels than adults
_.—(EPA, 1977). Because children mdiscnmmatgly ingest various substances, children

living in urban environments (especiatly in older houses in- which lead paint or
plaster are peetmg and easily accessible), are at high risk to lead intoxication, Emis-’
sion of lead via autombile exhaust or industrial practice also constitutes a threat and
-~ particularly is prevalent in city dwellings. Ip addition; children appear to have an

*. ~"enhanced rate of lead sbsorption jncreasing the, ‘proportion of mgsted material

_available for organismic demageé (Krigman et al., 1980).

C!mi@tsvnmomsmoéﬂzedasaeomequmeoﬂaadmtoxwamhmbm
- known- sipce . the time of Hippocrates (Waldron, 1966). Since lead crosses the
. placenta (Baritrop, 1969), exposure of pregnant females to high levels of lsad: may
_Cause dbortion” of the fetus (Wilson, 1977). Less severg exposure results iri en-
mphﬂopathyormenta%retardaﬁontaaﬂm 1969). Even when such sévers
-anomalies are absent, affected children may devebahvpmzetmty and conwulsions
. {Krigman et al., 1880). It is becoming increasingly evident ‘that: low levels of lead

: mpmmmmefmmmf&nmrmﬂmmmmﬁmmmimd

brain damage to severe mental anomalies. Lead"poisoning also has been implicated in
.a variety of heurological dissases, including motor neuron disease (Campbell ot o/,

* 1870), presenile ‘dementia of Alzheimer-type changes [Niklowitr & Mandybur,

1975), diffuse demyslination of the cergbiral white matter (Verhaart, 1942), and
‘brain tumors in children (Schreier-et al., 1977). In animal studies,’ it has been .
mmmmﬁaﬂd/wmmﬂmddawmmnm
of the nervous system (Carpenteg & Fern, 1977; Gilani, 1973; Press, 1977; Reiter et
al.,. 1876}, mﬁtthahramragmaffecnddependmtumtheageoﬁxpm
Mmmmo{bﬁmmmﬂmmHﬂmkm during the
mm;mmmmmmmmmAwm
,nwymmieﬂ _neuropharmacological, and neuro-
wwtﬁﬁn&msﬂw{mwmﬁmmmﬂmm
such. as calcium, Effects of lead on enzyme activity and membrane function are
‘documented {Krigmari et al,, ﬁﬁimeﬁectsofkdmm&ochmmﬁﬁm

{Holtzman et af,, -1978) and impairment of estrogen and prog fprone 2 tecretion have
been reported (Wfde & Nilsson, 1977). Lead inhibits adany Shiclase activity and
affects neurotransmitter activity (Kostial & Vouk, 1%7' Mai®s & Cooper, 1973}

1Shih-& Hanin, 1978} o ™y
Fm the -available data, the risk to child health from lead exposure.appears to be

¢ esuadbymmfamumddtﬂmasammafmetmofamofm

developing individual, Since lead exerts multiple cellular actions, the significance of -

the exposure dapends the dynamics of the dwehping organmnandthe
importance of pafticular didrupting events to further maturatm 1t is :mportant

M

T . . E6
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.- ylead encephalopathy remains. high and the risk of minimal. brain ‘damagé is still
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theréfore, that the studies of lead toxicity be compared intimat:ely to those of
shormal development. Otherwise, the repercussions of lead exposure to child heaith
(and consequent therapeutic measures) will be difficult to evaluate. .

In spite of théact that the precise. mechanisms of lead intoxication are stili un-
known; recognition of the dangers of lead to the child has become widespread. The
incidence of accidental exposure has decressed. Media campaigns and echicational
programs Have emphasized the importance of protecting children from lead con-
taminated paint and plaster, and the lead burden has declihed with the requirement

« that new aitomobiles use unleaded fuel (Marrissey & Mottet, 1880). Chelation
‘the mortality from childhood lead encephalopathy. However, the morbidity of actite '

apparent, ]
“The initial negessity for a response to the problems bf lead toxicity requifed.ihv-
mediate action and the development, of rapid therapeutic procedures, These pro- |’

the nervous system and the consequent reductidn in thie quality of child health.
Pesticides constitute another category of environmental toxicants to which children
are likely to be exposed. Among ‘these- compounds, the organophosphcrus com- -
poupds and the polychiorinated compounds have received-the most. extensive in- -
vestigation, In,neither case, haywéver, have significant clinical finGings been reported -
in children, ahd most studies have not compared neonate and adult toxicity, Yet,
biochemical studies siggest that the ‘pattern of symptoms following exposure is not

. the same in the young and ift the adult. Thess compounds-exert significant influ-
‘ences on the reproductive system of exposed adults (Eroschenko & Wilsen, 1975}
and in young animals affect sexual diffesentiation (Gellert, 1978). In a recent study,
Kepone was-administered to neonafal rats on day 4 pdstnatal (within the period of
sexual differentiation); female neonates exhibited precocious puberty and/pq:m
ductivé failure in adulthood (Gellert, 1978). These studies suggest that thedgng-term
consequences of childhood exposure to pesticides have ot been fully realized, In
the case of Kepone, which appears to exert estrogenic action on the reproductive
system, (Paimiter & Mulvihitl, 1878), thege is every reason to suspect that the process

+  of sexual differentiation may be disturbed. Even though he burden of Kepone in
the environment is not increasing, developing children stil may, be at risk, since
Kepone is not readily degradable. in addition, other pestieides still in use may
constitute a similar risk, . :
The role of nutrition in child health is so widespread that it is the subject of popular
publications and mass media coverage. Food additives exert deleterious influences
on child behavior leading to hyperactivity (Connors, 1980) antisocial behavior,
muscle incodrdination, and cognitive and perceptual difficulties {Feingold, 1979).

¥+ Alteration of the diet has been claimed to be an effective therapy in a substantial
portion of the cases (Connors, 1980), The proof of these claims is subject to dispute

A

more basic research must be apglied-to the study of the mode of action qf lead on

' :. E"7 ,‘A -
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and vall prompt conscderable rezearch in the future. Study of the mechaﬂisms of
action of food dyes is refatively recent, but dyes have been reported to disturb
neurotransmitter accumulation (Logan & ‘Swanton, 1979), to alter membrane

> permeability of neurons and to alter the ability of the rterve to’ generate.action
potentials (Levitan, 1979), Because of their prevalence in the human diet, food
. additives should contmua to be a major topic of research interest.

“ Ot recent concern is the widespread usé of flavor-ennancing substances, such as

: * glutamate and aspartate as food additives (Oiney, 1 . These compounds belong -
toadmofsubsnnmknommexmamtsm on the GNS. Unlike 2
variety of synthetic materials, these naturally-occurring eompounds {ead to relatively

specific patterns of neuronal cell. death. “widespread use of such
- compounds recently has been reviewed by Ol ), who noted that the corr
. : pounds often gct additively. Cn the other cnntrol of the use of these

¢ » substances’ consides& them in isolation gachotheran&fromthemm’erof
med’m&whexc:tatommmmmdnaddlﬁmmbabyfood in_some socia pop,
and in commercial soup, ete. The marketvis one heavily biased toward child con-.
sumption, Since the’combination of various-excitatoxins may far exceed the neuro-

. toxic effects of the compounds taken'singly, it is imperative that the avaluation of
ﬂ\aecomponndscmﬁﬂwﬂmtoﬁmetofthewﬁd. Baby food mayhesiﬂ‘e but
babyfaodpimsodspepmynﬁt.

. !nsummary,dunngthepas:decade mgntﬁcafnproyesshabermmadetomdthe
identification ond: description ‘of toxic substances. Although _smareness of the con-
tribution of environmental factors to human ﬁeatthhase%a!ateé during the past
two decades, rmdti;ﬂﬁhmu&:ﬁncy A large pertion-of the laboratory ressarch
has been performed on-the adult organism, Those studres that have included ges-
tational and/or neonatal exposure have been refatively consistent (even across a wide
variety of types of toxieants] in pointing out that the developing organism does not
mspondtotoxxcantsmg@mmthatmeadunorganmmesponds. .

Because of the immediate concern for treatmentafaffectedmdmduﬂsmdme
reduction 6f the threat from the environment, a largs amount of past reseerch has
. hadmbapruﬁﬁ!vdmipﬁwmnatum?hsupﬁahmﬁemex@hngmdm
it is possible to msvanetyofcempmdsmdingmmm site of
- lesion,. and ly, even mode of action, However, -studies (e.g.,
mwmmm&mofmmmam)mradm e a bacieseat to
the more descriptive endeavors. In the. néxt deacade, mcreaedemphasssmustbe
phcmmbacmmmthemdvaftwm

Finally, considerabje emphasis during the past daeacte been placed on tha de—
_scription and study of compounds that produce ively, long-term, severe mal-
formations-and/or loss of funotion. These studies have bedn invaluahle becatise they,

+ , in fact, have been the impetus for the removal ofmanycompoundsfromﬂw
environhment. However, while decreasing the risk of compounds in the environment .

i§ of great mtportame it upfhserwimmﬁmhd‘w&nlsa!mdyaﬁmdorm

. whom low levdl risk remains imminent. Effective therapy for those individuals re-.” -
quires an undwstandmg of the modu of action of the @:xic compoxﬁtds Pamcularlv

~e @




T

" where the developing pl

incressed crowding snd
. Furthermars, relatively.low level wmaﬁmpém&!g&c

_ ~ ~dréw from resssrch in

-young and adults to partitular toxic

’

_ - predominantly negative effects. Although every part of the developing organism is

level exposure to toxic §om, i "

events with which the to compound interferes, , Sz

Ifgcre Wmmmnmwwgmmng :

Bocape of the' obwvious neosssity of reducing environmentally-

prosii malformations, past resesrch’hias conosntrated o agints .3

tfafits on child health. Ag the incidence of infant desthe has 3
“§8 nOow time to incrasse smphisis on thuose snvironments!

Wnd gorequent incredee in density of enviranmental palivtants.

infant sach day of its Iify. The totsl number of snvironmental

The pardxadchaplmedhwgmhabmmldﬁtm but it is avident
that increasinig attention to the_child population is required. Toxicologists must

’ smbryology, developmental ne » and developmenta) '
psychology to obtain basic information on the princigles of development that make _
the young especially, suscaptible to environmantal factors, e
Finally, the past decade has witnessed primarily the e of a descriptive
science, and it has not yet besn possible to synthesize sccumulating dats.
What are the factors that are important in predieti ) the relative sensitivity of the

1

t toxic compounds that
compounds be grouped acct

they interact? Identif] of the mechanism of action of multiple compounds are
essential before general principles will emerge. However, once a skeleton of
such' princi

¢ is formed, the evaluation of additiona! compounds can’progeed at
t{at rates, . :

Summary .
The environment is an essential aspect of the individual's development. Its contri-

bution may be- positively providing appropriate stimuli necessary for.organismic
development, On the other hand, certain aspects of the environment may have

s o . - -

subect to this enviroAmantal ‘influence, in recent fears considerable emph%’"
’ E-Q - / .

- v
5 ;o .




- Ve . een plaée'd\agﬁ'he develoging nervous sys@im. !n another paper, sevéral ‘neurotoxi-
- ' cants wh?ch have been identified and investigated during the past 10 years, have been
: L, overvmed For each of these compounds, both the developing individual and the
P aduit can\expenence long-term consequences of ncurotoxicant exposure. Howeve-,
B - for many compounds, the conseguences of neurotoxicants are not the same in the
o . neonate amd adult organisrs. Consequr—nt!v special attention must be paid to the
: . . study of the developing’organism in any assessment of the consequences of neuro-

) tox}c compounds.
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