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INTRODUCCION

En la actualidad, no cabe la menor duda de que el cuidado del ambiente no
sélo significa la conservacién y preservacién de especies sobre el planeta, sino la
salvacion misma de él y de los seres vivos que lo habitan. A nivel nacional, la
tematica ha ganado adherentes rdpidamente y los cientificos debemos responder a
esta situacién, en una forma orgamzada, efectlva y‘eflmente i

El problema acuciante de la contaminacidn de algunas areas en el pais, debe
ser atacado con prontitud, pero ademds se debe realizar acciones que consideren los ;
riesgos potenciales a mediano y Iargo plazo, de modo que se |mp|da una vuelta atras 3
al cabo de pocos afios. ; ‘

Los metales pesados, la mayoria de los cuales son adicionados al ambiente
por acciones no naturales, pueden constituirse en contammantes que generen graves §
problemas en el corto, mediano y largo ‘plazo: “Por 'lo tanto,™ deben ser
cuidadosamente cuantificados y estuduados en su comportamlento una vez que han
ingresados al ambiente. = @ 0 ° : - LI 28 L3 g

Las 4reas urbanas, en tanto que centros con altas cifras de poblacién, estan
sujetas a una potencial contaminacién de sus suelos, aguas y aire, derivada tanto de
la actividad natural de los seres humanos, como de las actividades industriales y de
servicios que complementan la vida urbana. HGICY M U 'f" i

L Y, LRI 3 ;

* En este trabajo, el foco de atenci6n se centra en Ios metaies uesados
presentes en el aire o detectados en otros medios, pero sin dugia transportados hasta
ellos a través del aire. En espe'cfal se ent‘rebférén“fesﬁltaddé obtenidos ‘en’la clﬁdéd
de Santiago, fundamentalmente debido a la escasez de mformacrdn exnﬁtente para
otras ciudades del pais. : - :

4

3,1‘ i3 ﬁ

ANT‘ECEHI)'E'IiITES' GENERALES A2 11 2 LIATIHED 2G 23ACIDA; Wu‘fia."ﬁ :
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Para el estudlo de los elementos” traza, en especlal me’tales pesados, 'es
necesario entender primeramente algunos conceptos basicos sobre el substrato en
el cual se encuentran dichos elementos en el aire. En lineas generales, en el aire se
pueden distinguir dos grandes tipos de contaminantes: los gases, cualquiera sea su
naturaleza quimica (orgénica o inorgénica) y el material particulado suspendido,
denominado también aerosoles atmosféricos o simplemente, particulas. Este trabajo
se refiere especificamente al segundo tipo de contaminantes, en el cual se detecta
la presencia en el aire de los metales pesados.
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Relaciéon tamaiio del aerosol-impacto sobre la salud

Los aerosoles atmosféricos se presentan en una amplia gama de tamarios,
forma y composicion quimica. Con respecto al tamafio y para nuestros efectos, los
aerosoles atmosféricos presentan didmetros que se sitlian entre los 45 y los 0,01
um. Para el establecimiento de las normas, esto es, de las concentraciones maximas
que pueden estar presentes en el aire, sin causar daiio a la salud humana, interesan
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minan normas prima- “Fiqura ‘1.- Esquena *del -aparato ‘respiratorio, .indicando
rias. Cuando se trata cualitativamente la penmetracién del aerosol, seqin tamafio y:
de la proteccién del porcentaje de respirabilidad para aerosoles <10 pm :oinamsis
ambiente “(suelos, 2t EigF ainoy. ohs ol LInbms’s nt & sviteld) 8nio: ub oih!
aguas, plantas, etc.), los valores de las normas son bastante menores, esto es
‘ LY mucho méas exngantes, vy en Chile no existen; se trata de las-normas secundarias. -
" RURINIA 20t supaadibnisemchantnesolsVeslcwinn negie 65 eemaitsls Foft
e il pegde el puntd de vista de la salud humana y debido a;)a estructura del
aparato respiratorio, s muy importante el conocimiento de las concentraciones del
aerosol en sus distintos tamaiios bajo los 10 gm y sus borrespondlentes
composncnones qulmncas. Esto resulta del hecho de ‘que esos aerosoles pueden
penetrar hasta diferentes” mveles del aparato I’BSDII’&ID[IO, ;alcanzandg  mayor
prqur}tdg?ﬁﬂenﬂia Jmecrilda ‘qlié presentan menores didmetros. ;15" %abeesq 2elstom
ros i2 O1 3} OLs29Q lciarm on) g\l"‘n"‘['\gm o v oz sasgnsm (3 .0 ”ﬂba
La'Fi gura ‘Y muéstra ‘cualitativa y cuantitativamente la 'situaci6n anterior -
(Préndez et al., 1991). Se aprecia que, estrictamente, las particulas < 45 ym y
hasta 10 gym,’ arecen de interés desde el punto de vista salud. Pero, ‘en’la medida
que sus dlémetros disminuyen bajo los 10 um, su penetracién al organismo es cada
vez mayor. El aerosol de 10 pm, practicamente, no se retiene en el aparato
respiratorio, pues es rapidamente reexpelido hacia afuera de él. Los porcentajes de
retencién de las particulas aumentan a medida que, por su ain menor tamariio, ellas
son capaces de alcanzar las zonas no ciliadas del aparato respiratorio, esto es, los
pulmones y los alvéolos pulmonares, sntuac:én que ocurre ya para particulas de

didmetro < 3;:m VIR & I 9T 8O ot o lehig w.;,- 256MH 92
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" A estas profundidades del aparato respiratorio, la remocién de Ias particulas
es muy dificil, de modo que ellas pueden permanecer dentro de los pulmones por
largo tiempo. Este hecho es particularmente importante cuando se agrega al tamario
de la particula, su composicién qufmlca y con ello, su potencnal toxicidad.

Relacién tamaiio del aerosol-origen y fuentes de emlsuSn
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El tamafio Y R
del aerosol también FIGURA 2. FEg PARA Mg, Mn, NI, Cu, Zn, Cd y Pb,
estd relacionado a - EN AEROSOLES DE DISTINTOS LUGARES DE SANT IAGO
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.Dicho valor suele snuarse en eI rango entre 1 Yy 10 aproxnmadamente, para
los elementos de origen natural. Valores superiores indican que los elementos se
encuentran enriquecidos en ei aire por Ios respectlvos aportes.desde una fuente de
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La Figura 2 ejempllflca la utilizacién de este cnteno {Préndez Y Ortlz.,
1989). En ella, se ha representado el FE promedio geométrico (FEg) para dnferentes
metales pesados cuantificados en el aire, en diferentes sitios de la cludad dg
Santiago. El manganeso y el magnesio (no metal pesado, pero si “elemento traza
tlenan un factor de ennqueclmlento < 10 y por ende son de origen natural

2 R El R EaT) 9 ! o . 5 "!p Tow A,_" __“

EI hierro ha sido elegldo como elemento de referencna, pues prewamente se
ha demostrado su origen natural en Santiago (Préndez et a!., 1984). Los restantes
elementos (niquel, cobre, cinc, plomo y cadmio) presentan FEg > 10 Y., en

consecuencia, tienen un origen antrépico. Esta conclusién es véhda para cualquner
zona de Ia c;udad de Santlago. tGeie B SE e = I T ey

T R N i

s Ppa—

Respecto del cobre, es fundamental lndlcar que, cuando el célculo de los FE
se hace respecto del contenido de cobre de los suelos chilenos y no en funcién de
los promedios internacionales atribuidos a la corteza terrestre, como es la situaci6n
generalmente empleada en la literatura, la asignacién de su origen cambia de

' antrépico a natural. Seré de esta forma que se le debera considerar normalmente en

la ciudad de Santiago.

La conclusién anterior es de especial trascendencia cuando se pretende
asignar el origen del cobre presente en el aire o a través de él en el suelo, emitido
desde una fuente puntual determinada. Por otra parte, esto entrega mayores
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Mn, Zn y Fe, EN AEROSOLES ATMOSFERICOS DE SANTIAGO

FIGURA 3. CONCENTRACIONES PROMEDIO DE NI, Cu, Pb, . ><

PRENDEZ YV ORTIZ, 1982
CONCENTRACION PROMEDIO ng/m3
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-como se ve en la Fgura 3 (Préndez Y Omz. 1982), donde ECD corresponde al
diametro de corte efectivo, que es una forma de expresar el didmetro de las
particulas, teniendo en consideracion su forma. Se observa que los elementos
antropogénicos aumentan sus concentraccones hacia las particulas de menor

dlémetro. Casos tlplcos son plomo y n{quel ISR 10 B ;.

En cambio, las concentracuones de los elementos naturales aumentan hama
los didmetros mayores. Aqui los casos tipicos son hierro y manganeso. Cobre y cinc
tienen comportamientos atipicos. El cinc, generalmente emitido en los p.rocg_so,s_ de
incineracién, se presenta en didmetros més bien grandes ("fly ash™). . . .. ...

SLINIRCLOLNS 16in0s

" De este modo, se cumple también en Sant:ago Ia aseveracion comunmeme
aceptada de que los aerosoles mas pequefios, de 1 a 2 ym o menos, provienen en
general de fuentes antrépicas o derivadas de las actividades humanas vinculadas a
procesos que ocurren a elevadas temperaturas. La excepcion es el fly as__h En

cambio, los de mayor tamafio, mayores de 2 ym, tienen un origen natural.

NORMAS

Un problema grave que se suscita para poder evaluar el impacto de los
metales pesados contenidos en los aerosoles, es la falta de normativa que oriente al
respecto de las concentraciones méximas permitidas, compatibles con la salud de las

' personas (normas primarias) y con la salvaguarda del ambiente (normas secundarias).

Algunos paises tienen reglamentados los contenidos méaximos de ciertos
metales en el aire, como norma primaria. Sin embargo, no se encuentran normados
todos los elementos potencialmente téxicos y ademdas sus valores no estdn
explicitamente vinculados a la fraccién respirable.

¥ g %
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El Cuadro 1 muestra los valores e = eSS

de la norma para plomo, cadmio y vanadio - s e Il R e o
en aerosoles < 45 ym, en algunos paises %_—ﬁetalll::mssagsnagazl gﬁz
del hemisferio norte. Una caracteristica de g e !

a

las normas es que deben explicitar, ade- I(pg ” ) valen e avndTany
més de las concentraciones maximas, los Frosmetoe G0 tg gy 3
tiempos de exposicién. Asi, la reglamenta- - Elen. Conc.  Cludad, Pafs neganieg i
cién para plomo por ejemplo corresponde ShTy Mo onmichng i
al valor de 1,5 pg m=, permitido como Pb L3 ((::;Egggs dgﬂﬂé}}c)of';
media antmétlca para 3 meses. ) . xoh ! il u92 o 2ol
RN e e St T 0,7 exTURsS gz26d ab
i ~EnChile, recién el 18 de abril de c(; g * ;
1994, se establecié la norma primaria ™ 30 ex'”" 1o !
para arsénico, la cual fue derogada a los -~ - ST enonod esheneq
pocos dias. Para apreciar la magnltud de ;V Y5 50 a 1000 UST[ ab  2onocissy
los valores establecidos en las normas, se " 100 ey GRSE'S) 20tnemsls
pueden comparar por ejemplo, con la U . Toup ermot snu me
concentracién de plomo y cadmio encon- " o s e ———
trados en los aerosoles de la Antértica ¥ Acizgima pb 2l

chilena (Cuadro 2) y que corresponden a los de una atmdsfera.limpia., Se observa
‘quela norma de plomo, por ejemplo, admite valores 50 a 200 véces superiores al del
aire puro. ‘En el caso de cadmlo el rango es entre 3000 Y 5000. veces superior. :+
l TG m)l DU SV P20 T o Uz ndicmehenos Ay ebisTigr 2Elagingg
wromcphyeslusineg e Br,‘ﬁ-ﬂ.EBFED‘;'JS'»S;”!iiZI!‘!f.‘iI.'»'EIJEI‘ ABINSIMUS fébs?‘h%’ﬁéﬁéifné 4
CONCENTRACIONES DEMETALES ipiny arfiolty /o2 cosighf 50287 JoilsmsiE?
PESADOS EN AREAS URBANAS

BICET -";m' rmrr. ew,‘u;' N 2oinamsla sol *I;?rmnir‘fn Aganon agi aidmen of ‘
‘concentraciones de Ios elementos 3 (n lef (Préndez ot all’en 1993p) O el
traza en el aire, ‘@stdn vinculadas a la ’5 -{ng, ) i ) wn. n'_
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_accién antropogémca y por lo tanto, - : -
“son mayores en las cludades que en OIS G A

las 4reas rurales 'y mayores también o Hle .'t- M 245 F:acc}‘.sn_&?qu"l qu,g,)
“en las cercanias de fuentes emlsoras ; -’t‘-.'l‘-"-‘---:h‘l‘-'v 13500 o copmant 3 vAna g
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"En el Cuadro 3, se dan los Pb 0 ov- 0 00 0 0043 0, 136

valores encontrados para tres ciuda-

des latinoamericanas, haciendo la cd 0,0 =<0,009 0,0 2 f?,?‘_’?, 4 i}
comparacién en funcién de la fraccién e — i
del aerosol considerada. Se observa s p GEnicg J ;

que las concentraciones de diferentes metales pesados, encontradas en la fraccién
de alta respirabilidad en Santiago y en Sao Paulo son muy similares, pese a que las
emisiones en Sao Paulo son del orden de 4 veces mayores a las de Santiago

(Préndez, 1994).

Por su parte, la comparacién del aerosol total entre Santiago y Caracas
muestra valores claramente mayores para nuestra ciudad, a pesar de tener emisiones ;
que son aproximadamente tres veces menores (Préndez, 1994). Particularmente
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motables resultan las mayo- _ ik
fes concentraciones de cinc, - ng 29, "76N
s . ' cuadro 3. Concentracién de etales pesados (ng ) 3) _A‘_“.

eobr iago.
ey cfrorrlq i _Sapnggo en c1udades latmoalencanas L0 MNSAR R Bl 3o
La comparaci6n con . St L ¢ Lueedaiso
otras ciudades chilenas es . .. - S 1201 0108326
dificil, fundamentalmente , - Elel Sao ;:ulo Santiago Sa:gcapi fa:tlzg <61 20l
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metales pesados en la frac- af*e“n"’-', IQ[;__,%‘- 51 ; ot g i

cién del aerosol <15 ym’' y G Lo 15 u’:goi': yail 199 3"\1{ “yer nq o -
5 - -nef
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las ciudades de Arica (Hre- Fon o 81100 1596 - },]‘69 0’ e 7u.i.ll)s e

pic et al.,”1983) y Ranca- i B nagh 2of
gua (Alvarez, 1981), para :;.Cu T c-r.“f& 200 xG-O; quf"'owf eb
las cuales existe informacidén "2 l?gg(g) 568 cmlf 5 &g; auna
para la fraccion <45 um. is é‘; dé T ol 4 20b8273 0810
Los resultados se. presenta .. .Hi Ml s B 33 ophdll ¢ and .5.ejneid
en el Cuadro 4. ;o145 4477, ,.H.,;,;T_ ol LT B nagivo hu_neddl-‘6zen
. ”;-‘L._.';isua (590 BIGIE 58 spli orsin 'y Boveres, 1980; 2 Tof ”'“i” i{g‘ia"’
s ¥kos ostudios slec- i utora ‘Sanhueza’ et al 0i379 iwm
tuados en Arica, con respec- :: ‘a '1980 gt d ] ‘Js? iy u
to & los ‘metales “pesados i R eth] "“?01’ ‘dl*ﬂh‘mﬂ?um"hﬂ
presentes _en la _fraccién iih 3 DOin 154 ciandal S AT
<45 ﬂm. lntfcan hué. rHe B (r v e Mool TOLICYLTL /A 0INS MO 20129 8¥8Q
acuerdo al Cuadm4 en general las concentraclones no son muy elevaaas Por otra
parte, se ha demostrado que cobre, nlquel clnc, plomo Y, cromo"tiéﬁa'nLun orugen _
antrdplco (Hrepic et al., 1984), 09X iLIdVI0G M2 162015 il &by ¢ gilng

11 4..

s wmA la satuacuén general hacen excepcuén dos casos puntuales, uno fofendo

a las"concentraclones de plomo en el aire, provemente de suelo contaminado en las
cercanfas de una antigua via férrea de transporte de mineral y la otra, relativa a la
presencia de nfquel yplomoya clnc, emitidos en procesos diferentes por una misma
industria de tostacién de minerales y arrastrados por los vientos sobre un sector de
la ciudad (Hreplc y Quintana, 1990). v 00N 1o

Las concentracnones de arsénico en el aire de Rancagua, son varias veces
supenores a las detectadas en Santiago, como se deduce al comparar los valores
dados en el Cuadro 4, con los valores citados mas adelante. - HE ONE b

CONCENTRACIONES DE METALES PESADOS EN SANTIAGO

Santiago es la ciudad de Chile que presenta las mayores concentraciones

' J.R. Morales. Comunicacién personal
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de potenciales contami- .= . — T R rRTE R
nantes en el aire y por lo . o i
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de los antropogémcos, 2 ot ‘6:532'”‘(8({;200 220+ : ,:a 2ig
entre “los elementos HBL oend gi® i ETEREN. Rup
cuant;flcados, ,s6lo o ik 'Q"S: *): ’r:;;\:: 1:)‘“'90 120 g“""’*" ;*
 hierro,. cobre y manga _,;E-S-b sl iy A « F By AR, b?zg -:4(‘.30 it B:ff,
i.“ ,;

o tienen Yo onaen . gy e infcmladu,..,lw Morales et “al.,"’commicacién’ 1

o

natural,” ¢omo_$6"46: nal; % calculado- desde Hrepic et al., 1983; "

mostré uSando” al mo 05e] Perso ; :
delo de 165 factores de {5 o Alvaret,. 981, 530815 it At o)
enriquecimiento. Los 0521 fmail -23Q201 N0 \630A ne aabsm *

valores windican __que_ e B S A e A SR -st“ ,j én gee‘q :
para estos elementos, mayontanamente ‘presentes en gl aeroso §
¥ 1

alrededor del 83% de la_concentracién de cobre, del 55% de"!a'&ncantracndn de

ihierro y- del 31.% de la concentrac:én de anganeso. se encu.entgpn en f?"?"'g,s?,'q

entre 15 y45 pm, aerosol sin potenclal téxico, (Miﬁr 15 35 mqw 1) osiqding

_ .
S, on l,!as fracclones de ;

45 ym'y. de -3:pm, Io cual onenta claramente hama f%egtag. 2 mgggggg glgﬁig‘aura

ellos. ademés, se evidencia la potenclaf tOXICIdad del plgmob R A 2k

VTEIT ShY A0 26l 0eetih 2ozecoig ng 20biima fri) B,v amaoin v leupia eh ciannsare
--los valores para cadmlo se encuentran muy por debajo de ia | norma estableﬂdaue’n]
[PI R Rw F YA i et et

el extranjero, y V2ET snstaiug ¢ 2igeth) tsbuis sl

-
e ST S —
1 4

- el plomo esté snn duda concentrado en el aerosol < 3 4m; la ligera discrepancia

-entre los valores informados para < 3 ym y. para < 45 pm, esté dentro del margen

de error que implica trabajar con dos npos de muestreadores completamente

diferentes, incluso en sus principios de funcionamiento (filtracién: < 45 um;’

. impactacién: < 3 um). Ademds, los valores se encuentran muy préximos del valor
de la norma antes senalada para el aerosol < 45 pm, destacando que los valores

mdlcados corresponden a promedios anuales.

Los promedlos anuales, constatuyen una forma muy gruesa ‘de observar la
presencia de un elemento en el aire. Es mucho mas adecuado hacer un anélisis que
incluya la evolucién mensual, semanal y diaria de las concentraciones. Como ejemplo

3] DL n
2% 3 3 ] L - £ -« it - e
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de la evolucién mensual del p]omo' U2 13 0 O T R B TS M S P o AT P R s =X |

en la Figura 4 se muestran los : Fantear ._a:
renultades obiantdes @ al Gda - Cuadr Concentracmnes pronedm de netales >

: : pesados (ng n™) en aerosoles atmosféricos de
:grggi:f:n'::;u:::ifn;rs;a;sgb-l)?y' _diferentes tananos, en Santiago de Chile .; .

F O

- s ey
'_)he ier ._“n Jk
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, g ,uu 'Edlitu;&?

* Elemento *"*(3;11 “oc15m L A5y o

histub iR RS G‘K""“d.i
y! s“asurﬂ 3 oib

-iaﬁmyi\ﬁbmp stfgd
8 {ug 7) st nr@.s}% 16

e ,‘21 ..:.‘ ,1&!'[) ‘A"L"h

ey

f‘“’“é’m e ddggt aﬁiéirﬁ,imﬁq'
LR M bl 6852 e, pan

. -. Sevequelas concentracio-" =
nes aumentan notablementeduran- -
te los meses de otono mwerno, o
alcanzandomvelesverdaderamente
l pellgrosos. Hesultados similares .

para el aumento de las concentra- - 3e;.‘Cd
ciones durante los meses de otofio
e invierno, 'se han observado_tam- :ic:-

bién para cobre 'y niquel (Préndez i o
g in 596 303, 1105
Yy Ortlz: 1982). 0% o en 2! A'g-_‘é'::éé:i SN S Erm?;nw jakw T;]r;

csf‘:;, o5 ..df'tr'anms« 9% .Ci,“s s;

a,pFe oo o ald68, o F2254,0 1gp lloz.nnw
fiew. > D é‘"*Eo 527 “gbPdixiv

Cr
centracuones alo largo del dia es [
rreuted) i *80 o2 onun

otra mformacién que ayuda a esta- "o urT 0.
blecér las tudntes’ Je dngen del efe-" m S”HJfbf‘wqﬁin D sioncim's oteq (B TbidmA
mento. La Flgura 5 muestra dl- jJ” 1 s PARRINGLT LLE FeINg! UD 20!-3 @9‘3]9
chas variaciones para diferentes © 2m‘l‘églca atgali';ica - g;:plada e
e e il a,qﬁf—. “Valores :S:E:ed?lca:;o: léoldt?eularqmadga1‘:')£s'°>~'l:'xn<:.:Rl b
51 Tty ‘Zh
1982). Laobservamdn grmcnpal es ou‘. <:1976-1983 para polvo <4Sum éjldfkwgt,ﬁ o

la ewdencla eq) ‘el aumento] de. }as 1 292:1987-1993 para plvo <15 Iloralw 6t 2o} o

concentrqc:o&es durapte e'l qlfa, g =
3 v i‘:)
cual relaciona la presenma de Io 9:“' 1983 para polvo $Sm J. et #u.h inols

L oo aasdine lavigog sfnamleps e

elementos en el alre a la actwldad
de la ciudad Y en 1 G T9HBUHOEYES L IBIdINSY Neg
o "’*’ 17 .sbamoly snilozeg eb “smeu:
consecuencla a K sty 5 -BLBMO Rg o 3"‘9‘4?’
W S a¥1cd i Ba cytmononn sl oypangea B ok

acciones__antropo- -
génicas, aun cuan- ' “FIGURA 4 "CONCENTRACIONES ‘PROMED 10, MENSUALES gbnqgf,

- DE PLOMO EN EL CENTRO. C VICo DE SANTIAW FOL -
do su origen pueda - A - A 3006 bo-
ser - natural ‘como i 2 e nticatzs eonebnggabnd” sbineys

as ei caso de cobre",' . 2.DUUIWMCION na/m3. in0ze ar2eciuR ndizsies v orn
y manganeso. ,
Concretamente, © 4,500
ésto se vincula al . |
levantamiento del 1,000
suelo por la activi- o
dad humana. En el - .- 500
caso del plomo, la
% variacion se rela- % 4+ 8 & 7..8 85 A5 44
ciona a lo largo del - shiclk
dia con el mayor
trafico vehicular. ; #1978 +1979 ¥ 4980
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to importante de .. .. - . o B30 iwend B 508 el T WO
destacar dentro de FIGURA 5. CONCENTRACIONES DE Pb, Zn, Mn, Cu Y NI,

la ciudad, se refie- = " *' EN AERDSOLES ATMOSFERICOS DE SANT|AGD 7 g
re a la diferencia Sl E8 0" S - ORTHIZ ol &l., mz
en las concentra- " CONCENTRACION ng/m3
ciones de ciertos
elementos, en .
distintas zonas de nz bar e
Santiago. El Cua- +""‘E ‘.
dro 6 muestra de el "“m"zﬂ Lia
forma - integrada A .‘,ZMJ:a-L. 17
por 4reas, los re- k. srnesr e | % sk
sultados corres- £ ey ,;.ﬁg—m 16 asaon 2d! stofegatanhia
pondientes a valo- . A S ner arswasca ol gote—r 8
res Ideterminados‘ " ;:‘_‘ % Rt A LOPLPSE D e‘,-pq,»g»@ ,3wﬂv—, asid
en -los mismos ...i - 537 488214sin0 v
sitios de la Red de « ‘¢ ° !* A s , Y
V.lg.ﬂﬂﬂCIa del Ser- =i A wﬁ!,.lm? DEL DIA CP. I = polvo E?tn! Lo W'“a?uzas"g\ sk
vicio de Salud 9T e b -.! 20 .61 lob agiel ol @ zonoizeiineg
Metfopohtano del 1} . -Bi2s. 3 shuvs. gunablsw alnigyta
Amblente, pero de manera mdependlente y con mstrumentai p[OpIO para muestreos

oes . e U‘i" -

: ¥ 2 i,l,;\ 146 of, goITisEaE" ::“..hm i, P i
ey ?" ’l’""l‘i:lb B‘ J'] 8‘)[10‘1\!‘6\! 21l

.I-.as drferenclas estén Ilga- '

das a las emisiones de fuentés Sogeied e i S
especificas. La situacion es parti- < Cuadro 6. Encentraclon?s proneaio Eﬁnasu 6l
cularmente clara para el plomo,” 5*“'"3195 pesados (‘th éerosoles & 3
elemento para el cual se postula * i, colectados en diferentes Lugares del frea

a 1‘5!.,.1.;.: :Ii\.‘ of Bri0IORI9 iBU:)
usualmente a_nivel urbano un ori- Hetromlitana

’mé'" AN R RVASRT
gen veh:cular especff‘camente g i
quema de gasolina plomada. I \SIMO oW .

h O
Centxo Sm. uis el 8bh

Cuadro 6 muestra las concentra- ... Elen. _ Sur__ Norte _Civico Oeste” 9@%,
ciones mas altas en el centro clvi- = =777 T ORI I AL’ Aba ,zsoindg

co y otras menores asociadas a la -+ ¢ 7ooarams itomis b
Pb 384 'm 1245 ° 843 Hea

avenida Independencia, estacién 102" 19" UIE]g "2 :
norte y estacion suroeste, asociada Cd e 8 17 ., 1 10 16 & i
a la avenida Cerrillos. Las estacio- &0~ 128 -295 5% ,_"655 ;J,a‘ﬁ % 8
nes del 4rea sur y oeste, que estin i 16 23 3 R B
més alejadas del trafico vehicular, ~ CU 4 -9 63 045 i35 r
tienen concentraciones menores. Fe 1224 3074 1468 1295 2437 - 31
- Mn 52 132 % -8 103_“ Y 4
En el caso del Cinc aSOCia- — : i'
do a procesos de incineracién o - ! %’

industriales especificos, las mayores concentraciones estan coherentemente ublcadas
en las dreas céntrica e industrial de la ciudad, a la época del muestreo. La presencia
" de altas concentraciones de hierro en el 4drea norte, puede resultar a primera vista
extraina. Sin embargo, la explicacién surge cuando se postula que el hierro presente
en las particulas de tierra existente sobre las calzadas o en las bermas de tierra
descubierta de vegetacién, muy frecuentes en esta drea, es molido y resuspendido



000377

40

al aire, por efecto del trafico vehicular. Esta situacién es también aplicable a la zona

oeste, la segunda en importancia en este sentido, en la cual adicionalmente existla

ala época un elevado nimero de calles sin pav:mentar. ademés de canchas de fatbol
de tierra. ‘ i Qi SIS CO
R IUHETT s RS 1Y TR IGTININ N ACY Oasf; penal

En el 4rea norte, se han efectuado también determinaclones de metales

pesados a alturas de 2 a 3 m de la superficie del suelo y a unos 300 m sobre la

superficie. En el ultlmo caso, el momtor de particulas se ubicé sobre la’ capa limite
au'nosfénca (CLA) = _
K2R HRELS 88 235ng Micicumtr 4 ne WOZUZOGIMST OMISI BpansMIag

m_am_z Concentrac&ones . promedio: .de

metales pesados (ug m:”):.en aerosoles <.3

um, colectados a diferentes altitudes en
~senel  drea cnorte . de ;Santiago”, (valores

para los elemantos -antropogénicos, ‘-

generados desde su' fuente con dia- calculados de Apablala, 1991) 5151501109

metros pequeiios o en altura (plomo y 2,18 w0 2,20
cinc), las concentraciones son sensi- s
‘ blemente iguales sobre y bajo ia capa - A .,{‘qxn Ad ae amﬁobre

(3]

Tl

) "Bl Cuadro 7 muestra los re-
sultados para tres metales pesados
(Apablaza, 1991). Se observa que,

tpEA . supe Pt o ) W
de inversién térmlca En camb:o, para Blel rficie
)t IEra Ay ) (v m i
hlerro, elemento natural rovemente o e ST
P qidbe Lb;,a.ﬁ@h Sbiz’ en* 91%:: léb -’3\!:;11

i ‘del suelo, las’ concentrac:ones "dismi-

~“nuyen con la alt_ura al ser inicialmente "’

"_'__generado con’ mayores dlémetros .

e pusteﬂormente recuclado parcnalmente _" o
al aare con dlémetros menores, por

2 Pb 5 nrisets cupd® suize acecidllon
)25 :_ .‘n gv Aacicemroini sl lsnpiosn
Zn femg 2 Y Jr630 ,ssfs.)f)}n ac.ﬁll 3

: TS e 52 suPe it »}-*‘\ﬂ--‘:2860 ng la n3 1829
accsdn antrdplca. Ve & 5 neiLlivl 52 20k <1 acibes 4G la n3 :
.23iEiAM ob § -T‘ 57U ‘cq ERHY r 2oLitima echiz=aa 2z0a1om ab onsmud olladss
X 4 _'. ; VY i _#‘.“
nacuén def'mtwa de 8 e MRS TG R e

- fuente de ongen del plomo en el aire de Santlago, se “hizo v ‘mediante er estudlo
:detallado de la 0id 3 « : ,;..r\, 0T wre‘a o;!sz’.ua

Tl TEH &
relacion entre’ con- AN B s L)
iahifar A SIREG GOing 31855 ‘S nJ‘. Laq e -)Irqmr,yn o

" centracién y tama- _'
fio de particula F'“é“ﬁu?nri"ﬁﬁmmoé’mmﬂ1‘2"3?5?..?2'1‘?&1?"" il
_bajo los 3 ym. Para e A » N s munalglvu., 1882s
oo se conS|deran ! g WNCEWW'D"IW"‘:’L .if"' ,g ‘: 1: ’r DIsT :" r-i‘ozj
las concentracio- 800 . . 1
nes en 6 fraccio- ' SRGR Rl
nes con didmetros ' 150 HE OH S0 T San e
crecientemente © 400 ' AL e
mas pequenos. Los siidi
resultados se grafi- J
can en la Figura 6 =00
(Préndez et al., 1003 )
" 1993b). o = s ¥ E ¥
o : a @’
Las curvas DIAMETRO DE PARTICULA  um
muestran que en
cualquier época del #groRo  FINVIERND  ¥PRIMAVERA  “TTVERANO

afo, las concen-
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traciones aumentan en la medida que disminuye el didmetro de la particula que lo
_contiene, siendo particularmente elevadas bajo 1 um y en el periodo de otofio e

_invierno. La curva correspondiente al material particulado eliminado desde el tubo de
" escape de los automéviles que utilizan gasolina plomada, tiene exactamente lamisma
forma, pero con concentraciones que son 150 veces mayores.

Al t}atarSé'de material muy fino, se dispersa r%pidarﬁéhte en la atmésfera en
los primeros metros después de emmdo, dlsmlnuyendo de esta forma su
. concentracién local. Pero, por la misma razén, se dlspersa homogéneamante y
permanece largo tiempo suspendldo en la atmésfera antes de adquirir suficiente peso
como para ser redepositado por efecto de la gravedad Dicho comportamiento puede
axpllcar Ios resultados del Cuadro T.__ oobsesq cel®ism asif 516G %cs; ya

SRR Y . B 1 Y 5 i U ) > ?-\— i o~

2 igY) Tamb!én se ha mformado la presenma de arsémco en el aire de Santlago, con
concemraclones de 5,3ngm¥en 1976 y de 27,3 en 1978 (Huerta. 1980).

mLrt y amolg) sIUIlE 13 0 207i0Upsn 70" Nrr.

*Aaa No2 2 NIz nannng 25 amog
EFECTOS OBSERVADOS PROVOCADOS POR LOSqEAETAiESrPESAiQ(f)S.

Al 4 SLnLigHq -85 . aidmed nd Lesinmdt ndizievai eb
“““““““ La contaminaciéon produmda por metales pesados ~gmttldos Y. transporu-,ldos
a través del aire ha sido detectada sobre otros medlos.”A pivel Jnternacmnal hay
numerosos estudios que afectan a los seres humanos 'y.a otros seres wvos._,A mvel
nacional, la informacién es mas escasa, aunque Ia Ilteratura senala a| lo menos

estudtos efectuados sobre seres humanos, sobre suelos Y. sobre cuertps atlmentos.

wit 1#4'—&

L 0o eonram 2odemdib aon s ;5
En el prlmer caso, los trabajos se reﬁeren a la eventual absorcndn en el

cabello humano, de metales pesados emitidos al aire por una refinerfa de metacies
" La cuantificaci6n, realizada mediante espectrofotometrfa de absorc:én atomica y
. andlisis por Aactivacién neutrémca, mcluve Ios slgunentes elementos. arsénico,
cobalto. cromo, cobre, hierro, mercurio, plomo, ‘antimonio, selenlo y clnc. Para el
estudlo se consideraron tres poblac:ones diferentes de la regldn, una de las cuales

et al., 1983 Avegglo et al., _1984) j"--;_if'-_-:.;;’:_aaﬂ- e Jix."r‘ G-b----d%
- X : & = 3 mwy © and Mt i

Los resultados mostraron que solamente arsénlco y bromo alcanzaban
concentraciones significativamente mayores en el cabello de los habitantes de la
poblacién expuesta, tal como se observa en el Cuadro 8. Arsénlco y bromo no son
metales pesados en el sentido estricto; sin embargo, el arsénlco se suele mclunr en

los estudios de este tipo por su efecto téxico potencial. g i

Una importante contaminacién de suelos y vegetales provocada por el
molibdeno emitido desde la industria refinadora de metales Molimet (al sur de Santia-
go), fue informada hace algunos afios (Morales y Schalscha, 1984). El impacto
estaba directamente relacionado con la distancia a la fuente emisora y resultaba
particularmente peligroso para el ganado del area.

En el caso de los alimentos, dos grupos independientes de investigadores
(Guerrero, 1981; Diaz et al., 1983) han utilizado la lechuga como indicador de
contaminacién. Este es un cultivo de alto consumo entre la poblacién chilena, cuyas

JEATY oo
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hojas duedan en contacto directo _

wanl aerpsol : mlo Sféf'co' : c_u Concentraclén pronedlo y rangos de
‘As y Br (lg kg ) , para muestras de cabello
~ humano de poblaciones préximas a la fundicién

de cobre de Ventanas (Cassorla et al, 1983)

3 ~ N

5 .15:'\; :-'.u.‘ .l‘i }X _‘_‘('1 r'c
4 )
T

¢

Las muestras, tomadas en
distintas zonas cercanas a la ruta
5-Norte del Area Metropolitana, en -
las comunas de Renca'y Quilicura, ;'
mostraron un alto contenido de . ' g,
plomo, variando entre 2,5 y 6 'ﬂ’“ﬂ“ ok '"""";;' POBLA{:IOH i] han"- e
ppm, lo que supera notablemente o, e _YExQu_e‘sm R'ura o _a.,., ™
lo establemdo por ol reglamento,, b e R s e
sanitario de los_alimentos, el cual f"{}:s"'“ 1;6“ g 0,28 - 4 0,36 L VX
SEH 1] A

indica un valor maxlmo de 2 ppm i
3l (29- 5 48) (0 037 1,3) (0,065-1 19)
de plomo. LaﬁOMS recomienda. . LOA 3 0IBBIVA A LV AIROREAD

i 5 i '1
561004 - a5 vd YR G b A L .l_:
ppm 212 835 Br 212:6,T 55e012,15 ol ebni?; 29 .miaiaGh

ctreigpip ] pogmud s

1:;,.,\34?0E]#..;-; i sonelidD: ern }f‘d A% oibaM Y (0,24-44,3) - (0,086-5,3) (0,153-25,7): absy

3

CONCLUSIONES * ¢ 0b8-3E: 1AC-il omoT .6nswee
1 "1“’["\1 i aTe R 0] iy B P i 110

‘De acuercfo a la mformacndn entregada en el presente trabajo, Ias prmc:paie'é‘
conc!us:ones alcanzadas son: <o T S VR RGL S G ‘3',-0*3.”1.,.{’\5&301 DSl
o Gév -2 il ab wvinl oimisd v .mivD 2D .98 \osimiv(

-.en_la Regién Metropolitana, no existe suficiente, informacién_respecto de la
presencla en eI a:re da elementos pesados de gran |mportanc|a Por su eventual

_2‘ 3
toxtcrdad ‘tales como vanadio, arsémco antimonio V. mercun i8N 20I08MIE.
FARTOE AN VA e etk 19 VL B IO 53, iU o). ONEinD aIngidmA O:bq'\d

existe insuficiente informacién respecto de la presencna de metales pesados en el

“,alre de otras cuudades del pals, que no sea Santlago, iy Ol ',ﬂ td’ 1 oL
5 a2 R Rk AL , ¢antys 2010 socugls sb abontigami.

-la mformaclén respe'ctd de los efectos producndos por ‘métales pesados en’el aire’
de las 4reas urbanas chilenas, es escasa y requiere serimcremantada, debldo a sui
potenclal da to;ncndad para la salud de Ia poblacuén G e U b il Boll

Jr 2 ihle o LoavREnisg zolszaie g rm!(.:,a e I

- es de la mayor importancia ‘establechr normas ‘primarias y secundarias para ﬁiétales’
_pesados en el aire, a fin de establecer adecuadamente sus mveies de pehgrosndad
tanto para la salud humana como para la del amb:ente b

T TRUTVITeE R

en Santiago, el origen del plomo's"é" encuentra en la combustién de la gasolina
plomada, usada por algunos vehiculos motorizados; sus concentraciones en el alre
se encuentran en niveles peligrosos para la salud de la poblaci6n, en especml en
el &rea céntrica, de acuerdo con la normativa extranjera, y i S

- la cuantificacion de los metales pesados en el aire y la aplicacién de adecuados
modelos, permite determinar la peligrosidad o inocuidad de las emisiones de sus
fuentes especificas. Con ello se logra un gran avance en la evaluacién cuantitativa
del impacto real que pueden tener ciertas fuentes emisoras puntuales (fijas o
moviles) sobre el ambiente. Como consecuencia, se fac:htan los procesos que

implican la eliminacion de los contaminantes al ambiente. :
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CHAPTER 16

THE NEUROTOXICITY OF LEAD

INTRODUCTION

Most of the heavv elements hzve neurotoxic effects, either on the peripherea!
nervous system{PNS), oron the central nervous svstem (ONS). A bneflistof the
neurotoxic effectsof the heavveiementsisgiven in Tabie16.1. The nevrotoxicity
of mercury and arsenic is not disputed, and there is no doubt that iead has
neurotcxic effects ocn both chiidren and aqults when the cose is high. A lot of
effort has been put in te invesdgatng whether or not iow level izad exposure
impairs the neuropsvchological functioning of children [28,65,79,100]. The
weightof evidence does point to some effect oninteiligence, cognitive function-
ingand behaviour. Itis necessary in such an investigation to have sensitiveand
reliable measures of both iead levels and neuropsvchological funcrioning, as
well as statistical technigues to handle the data, and reiiable esimates of
confounding variables. Though lead is not as dangerous as mercury oOn a mass
basis, there are other reasons why iead is more dangerous as™@ generai
population toxin. These are, its greater production, and its wide use in areas
where peopie come into contact with it, espedally iead soider, paintec houses
and lead additives in petrol. A comparison of some of these features for the four
most comumon toxic heavy elements, are listed in Table 16.2.

ESTIMATES OF THE BODY LEAD BURDEN
The body lead burden can be estimated by measurement either of the iead

conientin materials such as leacd in bloog, teeth, hair, urine, f=ces and bone, or
the tiochemical effect of lead, such as its effect on the haemopoeitic system.

Lead in Blood
The most comumoen measure of lead is lead in blood, it is mainly estimated in

the whole biood, butalsoin the plasma orin the red blood cells. Blood is difficult
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TABLE 16.1 Neurotoxicity of the Heavy Elements

Neurotoxic effects

Element
Mercury CNS: brain damage, visual, sensory, auditory and
coordination dysfunction, PNS: e.g. tremors
Cadmium Nothing reported '
Lead CNS: encepnalitis, behaviour, inattention, 1Q deficits
PNS: reduced nerve conduction
Indium PNS: paralysis of limbs, convulsive movements
Thallium CNS: encephalitis, brain tumour, PNS: polyneuriti
Arsanic CNS: vertigo, restless, irritability, hearing loss,
PNS: motor paralysis, peripheral neuritis
Antimony ?
Bismuth PNS: peripheral neuritis -
Seienium CNBS: depression, irmitability
Tellurium PNS: tremors, diminished reflexes, convuisions

to sample accurately and reliably, and is sampled either as venous blood or
capillary blood. Both methods are subject to contamination, but the problem is
more significant in the capillary method as a small volume of blood is taken.
However, with rigorous methodology capillary sampling should be satisfac-
tory for small sampies {43], and provided high results are checked with venous
sampling.

A single PbB measurement is not adequate as a persons blood lead can
fluctuate over time [36,38], and it represents recent exposure [33,75,77,100,
105,115]. A person could easily be incorrectly classified if a high lead exposure
had occurred a long tme before the blood was taken. Blood lead results
typically have a variability of =10 to £15%.

Lead in Teeth
After blood, children’s deciduous teeth have been the next most often used
dssue for esimating body lead. The distinc: advantage of teeth is that they
¢ provide a record of past lead exposure (5,19,29,36,42,77,90,106,109,126], there-

TABLE 16.2 Relative Toxicity and Availability of Mercury,
Cadmium, Lead and Arsenic to Human Beings

Eiement Crustal Productdon Toxidty Toleraoie
conc. x 1000t intake
rgg (19895) pgd'

Lead 13 4100 moc. to highly 430

Mercury 0.08 6 extremely ~40

Cadmium 02 14 highly ~60

Arsenic 1.8 30 nighly ~60?

b AR S e v e,
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fore there is less of a chancé of incorrectly classifying peopie in terms of thei

overall lead exposure (33,86,100,118). Moderate association has l;een founlcr'z
between PbB and tooth lead (e.g.r=047, p<0.001) [5,118,127], however, as the
two materials reflect different temporal lead exposures, it is n:)t necessa;'v that
they show a close correlation. We have discussed previously the probié"n of
tooth analysis and the different matrices and typeof teethin C:hapters 4 an;j 13

Ifagreement could be reached on what tooth material and tooth type to samoi:‘
it is likely that testh would be the best tissue to use in e iderrﬂofo ical Hes
of the health effects of lead. i B e

Lead in Hair
Anaccessible assue for the measurement of lead is human scalp hair, which
hisebz-en used in the studv of neuropsychological effects of the metal
43 07 08 1 e 5T e
f-_g,‘,z',,s,.2]]. As discussed in Chapter 13 hair presents more problems than
geeetnhogcause oftne endogenousand exogenous sources of lead in the fibre The
st hair sampie is that tzken ciose to the scal i B fridmal
: kenc . reflecting iz
e Jegls. Thooboct mastBio ar g Pyiss fing more closely internal
Is. >{ POSItion to sampie is probably the nape of the neck. Hair
TOOts mayv oe even better material to sample. '
Lead in OtherMaterials *
Other materizis such as urine and f=ces have not been widely used as a
measure of the bod v leac burcen(3,14,20,43,49,11¢ 120]. Lead released from the
1 . 1 = =10 = ' cheiar = .-' i ‘:- .
COd}’,m urine and ‘z=ces by Cheiatng agents, such as peniciliamine and EDTA
may be used to mezsure the body lead burden [14), ’a
As outlined previousiv lead interferes with the biosynthesis of haemn at a
numeer oi steps. Tnerefore various species and abnormal productsaccumulate
providing possiole markers for the bodv lead burden [19]. The markers most
frequently studied zre, EP, the activity of 8-ALAD in blood and levels of ALA
and CP in urine. Little use has been made of these methods. o

NEUROPSYCHOLOCICAL METHODS
Cognitiveand Behaviour Testing

A wvariety of neuropsvchological measures are available which aim to
measure functions such as: 1Q {full scale, performance and verbal) fine and
perceptual motor skills, verbal processes, visual percention processes, gross

- ] hohot~ : 3 = e o = g , ' o
Toff). activity, ::-3.--.,? Aour ran.r-.gsanq nerveconcucuon. Anarez of difficulty is,
:,nqmg tests sensitive enough to detect small changes in neuronsvchoiog‘ical
functioning {19,24.35,3 +0,21,45,77,82,84,86,87,91,100,104,105,108,109,111).
The Wechsler Pre-school and Primary Sczle of Intelligence, WPPSI, test which
measures perceptual motor apility revealed significant differences berween
groups with Pb8 levels above 2nd below 29-39 Lg dit, whereas the Denver De-
velopment Scl:.—eentljx_ig Test, DDST, test which measures language and fine
motive adaptive ability rev I di t wit i
p v revezled differences between groups with PbB leveis

€8€000
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572 The Neurotoxicity of Lead

above and below 3%-60 mg dl' {91]). Therefore it is necessary to consider a com-,

bination of tests, perhaps a mixture of a standardized 1Q test (e.g. Wechsler
Intelligence Scale for Children - Revised, WISC-R) and spedialized neuropsy-
chologxcal tests [108]. Measures in more than one setting may help chst:mgmsh
between pervasive and situational effects [109]. Testmo must be objective and
blind with respect to the lead measure (19}, and bias may be introduced by using
~more than one tester.

Increasing the battery of tests does not necessarily improve the results. Ata
5% level of significance one test in 20 will show a significant effect by chance
[34,86,108,109,111). It is difficult to obtain objective parent and teacher ratings
of child behaviour, and care is necessary in producing a questionnaire, and in
the method of presentation to parents {72,126].

Confounding Variables

Confounding variabies (CV's) are factors which associate with the outcome
of interest, i.e. the neuropsvchological functon, or the lead exposure or with
‘both together [19]. Where appropriate these variables have to be considered,
and alistisgivenin Table 16.3. Two methods are available to handle CV's, either

- -~

TABLE 16.3 Confounding Variables

Sodioceconomic status (SES) Birth and medical factors

Parenzal: 1Q
Educarion level
Atfitude to child
Attitude to school
Interest
Restricriveness
Father head of house

Pre-natal problems

Birth weight

Birth order

Number of pregnancies
Mother's age at birth of child
Mother’s exposure to toxins
Mother’s mental health

Father's occupation Infections
Mother's cccupation Iron palance
Family income Trauma
Caregiving environment Medical problems
Nourishment Pica

Social class Genetic factors

Social disadvantage
Marital relationship

Host sensitivity

Environmental factors

Physical factors

Type of residence

Length of time in residence
Geographic location

Home cleanliness
Smok'mg habits

Alcohol use

Age

Sex

Race

Number of siblings

as :.whql‘ﬁ%ﬁﬂ.%%f’ﬁ’:
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matching exposed and control groups for the variabies, which is difficult to do
adequately, or controlling for the variables statistcally [19,33,100,105). In
longitudinal studies (i.e. camed out over time) of the same sample, it is
reasonable to expect most CV's to remain constant {37].

Extensive criticism of various studies centres around the attention, or the
inattention, given to CV's [36,57,71,82,84,87,111]. The socio-economic status
(SES) of the subjects is relevant, but is difficult to measure quantitatively. Sodal
class, or father’s occupation, or income have been used, but they are rather
crude measures. Both, under-estimates and over-estimates of SES, can influ-
ence the final assessment of the effect of lead. Many of the factors listed in Table
16.3 are inter-dependent and if too many of these are used in an analysis this
could conceal the influence of other factors [1108,110].

- The biological variability of people is also a factor, to which litte attention
has been given [24]. Some people are sensitive to a ceriain Jevel of a toxin, while

others are not.

Statistical Methods

The lead concentrations and neuropsychological data obtained have to be
handled by statistical techniques, in particular multivariate analysis. The ability
to discriminate between variousinter-active factors depends on the sample size
[18,19,40,41,82,100, 109,111). The sample size required is determined by, the
level of significance desired, how small a difference one wishes to detect, and
the frequency of the factor in the population [19]. To increase the certainty, and
decrease the detectable difference, requires an increase in sample size. Samples
too small tend to give inconciusive results.

The selection of exposed and control groups has to be random, but for a
number of reasons some subjects will be eliminated from a study This may
produce a sample bias which needs to be tested. When the sampling has been
selective or stratified, care is necessary over generalizing the results (19}

Confounding variables may be determined by forward selection, where the
experimenter mazkes the choice, or by backward selection, where a CV is
eliminated statistically because its inclusion or exclusion does not change the
lead exposure regression coefficient. This can mean thata CV may be required
for one outcome measure, but not for another [37].

Qutliers in the data need to be determined statstically and removed before
further processing of the data [37]. In a material, such as teeth, because of the
natural variabiiity in thelead level an outlier may in fact be areal valueand must
beincluded [42]. Some statisdcal packages have constraints over the number of
covariates that can be handled, and this could be artificially restrictive [37]. The
statistical limit to the number of outcome measures (per subject) that are
required to demonstrate group“, as distinct from individual, differences is one

third the sampie size [13].
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EPIDEMIOLOGICAL STUDIES o

The steps in epidemiological studies include, determination of the sample
size, sampling, measurement of the lead exposure and the outcome factors (i.e.
neuropsychological functioning), dedding on confounding variables and sta-
tistical handling of the results. Epidemiological studies can be either retrospec-
tive or prospective. In a retrospective study people with a particular outcome
(limited to one) are compared with a control group regarding their lead
exposare. It is difficult, and may be impossible,to fully control forthe CV’s. In
a prospective study, which is a better approach, groups with different lead
exposure are studied over a range of outcome measures (7,16,23,24,33,37,
54,100,105]. For longitudinal prospective studies, lead exposure and outcome
measures are estimated over tdme, and the CV’s could well remain relatively
constant and are less of a problem. An ideal study would start with pregnant
women and then follow their children over a number of years.

Cause and Effect

It does not automatically follow that if a strong assodation exists betwesn
two factors that the relationship is causal (22,37,63,100,109,122]. Nevertheless,
a strong assediation cannot be ignored. Requirements to establish a cause and
effect relationship are: a consistent trend over a number of studies, a dose-
response relationship, the effect is biologically plausible, that other traumata
can be excluded or shown to not rule out the cause under consideration, the
association is strong and spedfic, that the cause precedes the effect in time, that
the evidence is coherent i.e. consistent with the natural history of the outcome
and disease, and experimental evidence isavailable suchasa study of acciden-
tal exposure (19,108]. A strict adherence to all these requirements could well
rule out any cause and effect relationship being discovered. Eventually itis the
end in the available evidence, and the quality of the epidemiological study
that are important in the decision.

Some evidence obtained does not distinguish cleariy between either lead
being the cause of the outcome or the outcome predisposing people to high lead
exposure [37,109]. In such cases other information is required about the situ-
ation in order for one conclusion to be favoured over another (37].

Two models of cause and effect have been proposed (19]; (a) multiple

independent causa] factors,
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and (b) cumulative and sometimes independent causal factors

Al +A2vA3+A4—pB—»Outcomek
causal factors effect

"I_"ne second model is often used in analysis of results, but 2 more complex
situation may well exdist, i.e. a mixture of models (a) and (b), ‘

Al + A2
A3

Al 2 A5 L A8

\\“‘ B — outcome
/
A7 /

causal

factors Rilge:

NEUROPSYCHOLOGICAL STUDIES

The various neuropsychological studies on lead can be classified in different
ways, such as the degree of lead exposure, or in terms of the subject, either an
adult or child, or the tyvpe of epidenﬁological study, i.e. prospectve or retro-
spective, Toss sectional or longitudinal. A method of classification used by
Rutter [108-111) will be followed here. The classification is: (1) studies of
children with mental retardation or behavioural deviance; (2) studies on the
effect of reducing the body lead burden bychelation; (3) studies of peopleliving
close to smelters; (4) studies of small groups of people in a clinicél environment
and (3) studies of large populations selected in a random manner. Clearly the
groups merge into each other, espedally groups 3, 4 and 5.

Mentzl Retardation Studies

Studies of mental retardation in relation to lead are retrospecive, in that an
outcome has been determined and people with or without the outcome are
compared as regards their lead exposure. The principal limitation, is the
restiction in the number of neuropsychological outcomes. The sample is
normally stratified and is generally small in size. '

Outcomes that have been selected are; mental retardation (9,32,74,76],
learning disability [97,98] and autism (16,17]. Studies in Glasgow [9,76] demon-
strate good correlations between mental retardation, blood lead levels and
water lead levels. The quality of the matching of the mentally retarded and
control children, and the handling of CV’s may be criticized, but even so for
water lead levels >800 mg I the chance of mental retardation increases by a
factor of 1.7. In a Welsh study [32], no relationship between water lead ]e\;e!s
and mental ability was observed, but in this case, the water lead levels were

S8€000
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<300 mg I'. Autistic children with a high incidence of pica were found to have
elevated blood lead levels [17], but the significant relationship disappeared in
a second study, though the trend persisted [16].

Inother studies, children diagnosed with mental retardation and/or hyper-
activity[20,21,23,24,129] have been grouped according to; those with a probable
cause, those with a possible cause and those with an unknown cause. The
groups were then compared according to their lead exposure, and in some cases
(21,24], the blood lead Jevels were higher in the children with no known cause
of their iliness. Some criticisms directed at this work include; possible sample
bias, little or no consideration given to pica and SES, poor matching of groups,
small samples, over diagnosing probable cause and unknown cause, and no
clearsource of lead {1:;,43,8._,] OQ]. Evenso, adistinctdifference inthe PbBlevels
between the groups with probable and unknown aetiologies existed. Whether
or not a causal relationship occurs is less certain.

Chelation Studies

Inprinciple the investigation of the neuropsvchology of children witha high
lead burden before and after chelation is a powerful method to demonstrate a
causalrelationship [109]. Hyperactive children, of no-known or minimal cause,
or with a history of lead poisoning were treated with either penicillamine,
which removes lead from the systern, or with methviphenidate, which helpsin
hyperactivity, or with a placebo. Improvement in teaching ratings, parent
ratings and global impressions occurred for children on both drugs, but no
Change was apparent for those who received the placebos, however, more
dropoutsoccurred from the study for the placebo group. The children receiving
penidilamine also had their blood lead levels reduced [25). Though the quality
of the sample has been questioned the results do point to a possible causal
relationship, especizlly because of the use of contrasting interventions [108].

Smelter Studies

Studies of people living near or working ir iead based industries, have one
advantage, namely, the source of lead is clearly definable. A number of studies
nave been carried out on children and adults [2,4,7,28,44,46,47,48,52,58 59,60
64,69,70,73,95,104,114,115,116,123,130}. Most have used blood lead as the
measure of lead exposure, and frequently oniy one measurement was made.
Two PbB measurements at different times prowdes the basis for a better
classification of the high and low lead groups. An Australian study addressed
this probiem, and a number of blood lead measurements have been taken at
different times during the study [4,28).

A problem for smelter studies is obtaining a big enough sample, and
maintaining it throughout the study. Another proolem is deter-runmg the best
dme’ to carry out the neuropsychologpcal testing of outcome measures in
relation to the lead measure. Fi nding matched pairs, increases difficulties and

]
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often the sample size can be drastically reduced because of this. Often age, sex
and race have been matched, and estimates of S:;S have varied f-rorn not
considered to the use of the father’s occupation and income.

In a large (592 children at 2 years old) prospective epidemiological study at
Port Pirie, Australia [4,28], the children’s lead exposure was tracked from the
16th. week of pregnancy. The increase in blood lead levels in the sample
(especially for post-natal blood) was associated with a significantly reduced
Bayley Mental Development Index (MDI) score. The MDI score drops ~2 units
for every 10 pg dI”' lead in the biood. It is planned to carry the study on to age
7 years, and preliminary results atage 4, using the McCar thv scale of cru]ar=n s
amhty, also shows a significant negative association tc Diooc lead. It was also
notced that preterm births are more likely when the biood lead level of the
mother was elevated [4,28). A similar result has been found in Glasgow [28].

A-summary of some of the studies on children is given in Table 16.4.
Summaries $fave disadvantages as much of the data has to be omitted, and it
gives the r*npressmn that the studies are all of equal quality. A number of the
investigations find a lead effect [4,57,59,60,130], wherezs others find no effect
[32,70,10~=}. The weight of evidence is suggestive that eievated blood leac Jevels
are associated with some impairment of 1Q and neurologic functioning. It is
likely thata spectrum of effects occur [63], and what is observed depends on the
cut-off point between the high and low lead groups, as well as the sensivitv of
the neuropsyvchological tests. A cut-off point of 3540 g dI”' could be too high,
so that the two groups differ little in their neuropsvchoiogic effects. The
Australian study indicates a iead effect where the blood lead levels are much
less, around 11-20 pg dl? [4,28]. ,

Clinic-Type Studies

A number of clinic-type studies have been carried out, mostly in the US.A.
The studies are generally prospective and cross-sectional. Frequently the the
cut-off blood lead level is >30 mg d!" for the lead group and <30 mgd!* for the
controls, which, as for the smelter studies, may be too high. However, at the time
when many of the studies were carried out, 2 PbB fev el of 30 mg i’ was not
considered too high. Teeth and hair have also been used as leaq indicators.

The principal outcome measure used in the studies is mental abilitv as
measured by 1Q tests. Eiectroencephalographic (EEG) measurements have also
been used. The CV's mostly considered were age, sex, race and SES. Parental IQ
and/or education have been considered as important variables.

A majority of the studies (including the EEC studies) demonstrate a signifi-
cant lead effect, and in some a small negative trend was observed, but not
statistically significant. Comparative data, and the findings of the various
investigations, are listed in Table 16.5. The results from studies which have not
taken into account CV’s must be considered with caution. A longitudinal study
[30,31], with some methodological errors, indicated that over 2 34 year period
the damage initially observed was still obvious. Unfortunately, the blood lead




TABLE 164 Summary of Studics on Smelter Children

Localion Sainple Blood lead Neuropsychol. Authors’ Commenls Reference
sive jig dl? tests lindingy
UK.
London 215 Mean 331 10), behaviour No effect A weak PhBl/distance correl, one Pbl), SES not 2,64
handled well,
Birmingham 851 Near faclory 111 Exam No effect, No measure of lead exposure, malched some- 52
1642 unpolluted closest o facl- whal for age, SIS, birthrank, maternal age.
areas ory did slightly
less well »5]
Manchester 24 >35 Behaviour, No effect, high  Malehed for age, sex, SIS, parent edue. area, 4
23 <35 penceral devel- lead did slightly  length of residence; age & school accounted for 104 =
opment less well mosl varfation; 3 yr study. g
London r 34 7-10 1Q), educational An elfect for Controlled for SES, sex, age; lested 9-12 monthy '-01
48 11-12 allainment, 1Q and alter one PbB measure; decided SIS measure 130,63 =y
49 13-16 leacher ratings dose [response oo crude. X
35 17-32 2,
US.A. <
Bl Paso 50 & 46 240) 1Q, behaviour An effect Some malching, age, sex, SES, language, lime 123 =8
81 & 78 <10 newrologic tests (I1Q (perform.) of residence 62 =
finger wrist o
lapping) A
138 mean 50 1QQ, teacher No effect Some malching, age, sex, race, income; children 70,69
controls mean 20 reporls, neurol- away from area during Investigation. .
opic lesls
Shoshone 202 240, <40 Nerve conduction  An elfect Concentric sampling, malched, age, sex, SES, 58,59,60
(Idaho) velocily (NCV) time of residence.
3+ 20 >40), <40 1Q No elfect 47

malched pairs

50 240, <10
malched palry

168

SRR

Table 16.4 continued

Location Sample Dood lead
size Jig i
Shoshone 50 240, <10
(ldaho) matched pairy
6
with low NCV
Belgivm 12 (<1 km) 279
36 (25 km) 160
73
conlrols 11.5
Australia 592 9.4 (mothers)

(P1. Pirie) al 16 monlhs

104 (mothers)
al birth

L8E000

r\i151|ro[_rsyc]1(:i,_

lesty

NCV

EEG

Bayley, MDI, '

An elfcet

An effect

findings

Malched, sex, age, SES, length of residence,
lype of residence; varialion belween
lesters >samples.

Reference

No elfect

No elfect

An elfect

N(_:V Em f?rc,;my's group and 6 with low
NCV in Landiigan’s studly

Conhiols matehed for ape and SIS

Corrects for counfounding veariables
e.g. caretaking environment

44

35
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TABLE 16.5 Summary of Clinic-lype Studies of Children

Study Sample Blood lead Tests Results Commenls
pg dl!

Boston (USA) 58 >4() 1QQ, neurologic 1Q 8 pl Increase Longitudinal study, no CV considered.
(1972,1974) 42 =35 alter 1.5 yr
[102,103] (1.5 yrs Iater) e

Boston (LUSA) (1973) 24 >4() NCV A lead elfect No CV considered.

[39] 22 controls
New york (1974) Variely 40-80 1Q, behaviour 1Q 22 pt difference Nao CV considered.
(1] : low Pbl} & tooth lead
and looth lead { i
) polsoned

New York F24,25 B1, 38 Neurolopic, social, No effect Maltchedl; age, sex, race, SES, plea and neonatal
(1972,1977) 31, 36 80, 28 language & enviran . Cut-off Phl) level high.

[55,56]

Virginia (USA) 70 T2 59, - 1QQ, neurologic, 19725 1QQ, Malched; race, sex, SES, housing denslly,
(1972, 1975) 67,70 202, 117 behaviour 19753 1Q no. children <6 yrs,pica In lead groups. Resulls
[30,31] (restucdy 34 ppg! points dilference suggest permanent damage, Longitudinal study.

yis later) tooth lead

New York 30, 50 40-70, 10-30 1Q, teacher ral- 1981 12 1Q Controlled for age, sex, parental 1Q and educ,,
(1974,1976,1981) 32,0 27-19, 26 Ings, behaviour point difference birth wi., SES positive elfect In both studies,
[36,96,128] .73 208, <37 bul dismissed by authors (1981)

due lo Inadequale control of SES.

Cleveland 132 6.5 molhers Behaviour Some ellect Three out of 17 ouleomes associale with
(1985,86) Mother Zinfant 5.8 cord malernal or cord blood lead.

(28] palrs

Cinclnnaltl, (1975) 27 >50), <30

(6]

1Q, neurologic,

1QQ -1 10 2 points

Matched; age, sex, race, SES; parent and

aiN Ul

pea] Jo AJPxoj0In

e I'A"., i
ii%!e'}-%ﬁév‘ﬂ%#m ]

malched pairs behaviour difference leacher assessments weak,

Rhode Is 45 240 1Q, neurologlc 1Q 16 polnts Matched; sex, age, race, SES; appears lo show
(1974, 1979) 45 <40 behaviour between controls & a dose/response relationship.

[107] lead polsoned and 5
points controls & ¥
long exposed.

Table 16.5 continued

Study Sample Blood leac Tesls Results Cominents

pg dl?

Boston (USA) (1977) 41 >50 1Q, neurologic Weak posltive effect  Malched SES, birth welght; blg time gap
[88) 35 <30 belween bl and oulcome measures.

New York 579 5-441 Behaviour, teacher Posilive resull Conlrolled for age, sex, culture group;
(1978,1979) ralings, academic SES assumed same for all sample.

126,27] achievemenl

Nth Carolina (1980,81) 40 23 Behaviour, No elfect Malched; sex, age, race, SES; well conducted,
172] 43 <31 neurologic hyperactivily In home environmenl, no school.

Chlcago (USA) Varicly <40 1o 10, newmologic, Negligible effect No control of CV, except case of siblings.
(1981) >200 NCV, EECG. 1Q 4 pts difference
[112] <40 1o >200 mg I

Maryland 149 Hair lead 1Q, newrologic Approx. 30 1Q pla Controlled for sex, race, SES, urbanicity.
(1981) aver enllre tange Usied hair lead, could have sample bias.
[121) Cdl also has an associalion

Sydney (Aust) (1982) 72-108 >19 1Q, neurologic, No clear difference  1landles CV by correlation, controlled for
[68) 72-108 <9 behaviour ape, sex.

Boston (USA) 19 Dentine lead  'sychol. measures  Positive effect Combined EECG and psychologlcal testing and
(1980,1981) 22 EEG oblained improved explanatlon of varlance.
[13,89]

Nth Carolina (USA) 69 6-59 EEG All give a posilive Resulls suggest elfect ocaur at Pl <15 mg dl'.
(1981,1983) 100 7-59 10, EEG elfect for Tead
111,92,93] (63 studied)

28 14-39 EEG
{reasses)

882000

Y
Wi

m

pEaT] JO AIPIX0)0INAN] '~

18¢




582 The Neurotoxidty of Lead
levels of the controls were not measured. The SES factor was carefully consid-
ered, making use of parent education, occupation and family income.

Some studies [36,96,128] have aroused a lot of comment, probably because
the authors reversed the conclusions of their earlier study. Initially a positive
effect was found to exist between a lead group with PBB of 40-70 Lg dl! and
controls 10-30 pg dI [96]. A restudy of the same group [36], five years later,
demnonstrated only a small positive effect which was not statistically significant.
The authors’ suggested there were methodological problems in the first study.
In a third prospective study 132 mother/infant pairs were studied using
maternal blood at the time of delivery and cord blood lead levels for estimating
the lead exposure. Significantrelationships were found between the cord biood
lead and abnormal reflexes and neurological soft signs, and also between
maternal blood lead and muscle tonus [28]. .

The four EEG studies [11,13,89,92,83] all showed an effect with increasing
PbB levels. Also an effect was discernible at PbB levels <15 pg dl, though no
threshold was apparent over the PbB range 7-59 ug dl*. The combined use of
EEG and psychological measures (13,89] appears to be a2 more powerful
predictor of PbB values and neuropsychological impairment than the two
separate measures.

The results for most of the clinic-type studies are weighted towards a
neuropsychological effect of lead. Issues, such as the danger level of PbB, and
satisfactory cut-off levels for study, are not resoived.

Population Studies

Provided the sample in a popuiation study is representative, the findings
may be'extrapolated to the general population. Hence there is a ot of interest
in this type of epidemiological study. Over recent vears a number of studies
nave been conducted [28,40,41,43,51,86,77,89,91,100,101,113,117,118,126,127).

There are difficult areas in general population studies. Locating the source
oflead canbedifficult. The sample needs to berepresentative, butin theend the
experimenter is dependent on the cooperation of the participants. A range of
confounding variables can be expected, making it necessary to take care over
esrabiishing and contreliing for these factors. rinaily, itis best to find a measure
oflead which is more than one single measurement. A summary of some of the
studies is given in Table 16.6. Many of the studies involve 2 great deal of work
involving a number of disciplines.

Studiesinthe USA Theinvestigztion thatcreated interestin populaton studies
and has evoked most comment and criticism, was published in 1979 by
Needleman’s group [77). From a populaton of 3329 eligible children two
groups, one of 100 children with dentine lead <6 1:g g and one of 58 children
with dentine lead >24 pg g were selected. The two groups were then tested
witha number of neuropsychological testsand the results statisticaliy analysed,
controlling for mother’s age at time of subject’s birth, mother’s educational

Wl o
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level, father's SES, number of pregnancies and parental IQ. The IQ’s found for
the low and high lead groups were: full scale 106.6, 102.1; verbal 103.9, 99.3; and
the performance 108.7,104.9, i.e. a difference in the region of 4-5 points. Also ten
of eleven teacher behaviour ratings were significantly different between the
two lead groups. In addition 2146 children were given teacher behaviour
ratings and the results considered in terms of six dentine lead groups. The high
lead groups performed less well on nine of the eleven behaviour ratings.

Numerous criticisms of the study include; the use of dentine lead as a lead
marker, omission of the source of 1éad, sample selection, handling of the
confounding variables, the large number (66) of neuropsvchologic outcomes
tested, the testing technique, the statisdcal treatment of the data, and the
methods of obtaining the teacher ratings {3,8,35,36,37,45,67,70,100,106,122].
The work has aiso had favourably criticism, such as the planning, good reasons
for excluding certain people and 2 sound choice of psychological tests
[3,99,106,109]. Needleman and coworkers have responded to most of the above
points {78,80,83-85] and despite the criticisms the study does demonstrate an
effect of lead on neuropsychological functioning of children.

The data from the study has been analysed in other ways [10], which
indicates that lead disrupts the child /maternal IQrelatonship. For the low lead
group maternal 1Q accounted for 24.7% of the child’s IQ variance and the
addition of lead did not alter the value, whereas for the high lead group,
maternal [Q accounted for 16.1% of the variance, which rose to 27.1% when lead
was included.

Two further studjes (86,89] have replicated the teacher behaviour rating
study on a group 0f 1273 children. A group of the chiidren studied in the 1979

report were re-studied 4 years later [86] with respect to behaviour in scheol.

Some of the tests indicated a dose-response relationship. )

A 4-7 point defidt on the Baviey MDI scale was observed for 216 chiidren at
age 6 months, grouped into high, medium and low lead exposures based on
maternal cord bicod iead levels. The lower score occurred for the higher lead
group [28]. The deficit persisted when tested at ages 12, 18 and 24 months. The
primary source of lead was identified as coming from the mother during
pregnancy.

A study of 242 mothers and 280 infants in Cincinnati (28] found that the
prenatal blood lead (mothers) showed a significant negative relationship with
MDI and PDI (Bayley Psychological Motor Development Index), but not with
the child’s post natal blood lead levels.

A group of 218 children in Chicago were divided into three lead groups
based on their blood lead levels [91). A number of bicod lead measurements
were carried out on each child over 3 years. A significant difference was found
between the Righ and low lead groups in verbal productivity, perceptual and
visual motor functioning, however no control of CV’s was attempted, except

that the sample was said to be homogeneous.

=Ty tia

68000



i
i
TABLI 16.6 Sununary of Population Studies of Children & ;
)
Study Lead Sample Tesits Conlounding Résulls '5
Measure variablea ‘
Boston (1979) Dentine 3329 teeth from 2335 WISCR Family size, mother's  Significant differences between high and low I“
|77] ahigh lead >24 pg g Seashore rhythm  ageal lime of birth, lead groups 1Q full scale 4.5, verbal 4.6, »
100 Token mother’s educ, SES perlormance 38, il
low lead <6 mg g Senlence repelit- parental 1Q
58 jon, reaction time
)Six groups, <51, Fleven teacher None on whole sample, Significanl Irend observed Indicaling a dose-
5.1-8.1, 8.2-11.8, behaviour ralings  same as above on high response relationship. 5]
11.9-17.1, 17.2-27.9, and low lead grups m
>27.0 g ' % :
2146 children = i
Lowell, Mass. Dentine 1273 children Ileven teacher SIS, birthweight, Signilicant trend for behaviours; distractable, a3 ("
(1981) Five groups: £6.4, behaviour ratings  mother's ecucation disorbanised anc frustrated, a dose-response S ",'f‘
189) 6.5-8.7, 8.71-12.01- grouped into 5 relattonship. ?_D< o
1B.1, 2182 pg ' cluslers \'::‘T.
Selected 215 children = b
from 447 N a
West German ‘ g‘
(1983) Whole 26 malched palrs WISC-R Matched for age, sex,  Near stpnificant difference In 1, performance. g. i
[126] teeth low lead <3 g ' visual molor father’s occupation 6 points (p = 0.08), full scale 7 polnls (p=009); "
high lead > pg g integration (olher factors similar  visual motor integration significanily different b
Orlginal sample gross motor for Lwo groups) (GIFT test); verbal 1Q (5 pis) and gross motor "‘
1238 children Integration inlegration not significant. .-.":,:
(1983) Whole Three groups WISC-R Sex, age, labour dur- A difference in 1Q s but not significant, visual j:;;
[127] leeth <A2ngg' 36 visual motor allon, soclo-hereditory  motor integration (GFD) sig‘nl[icnnliy dilferent, ﬁi‘f‘,l
5872 g g", 56 integration background (school some parent behaviour ralings significantly %
>98pg g’ 23 Vienna reaction type & (ather's dilferent, not for teacher ralings. 0,’1.
sclected from 317 lime; behaviour occupallon) UE’
’ chlldren out of 3669 rallngs i L
sy R e "
Table 16.6 continued o
Stucy Lead Sample Tesls Confounding Results
Measure varlables
5 Gy » i i . .
A\E_{lgr;;l)n (Sydney) :SIl:if:d 11:2:(\;(; :]c‘li\;‘:;zlc;':n:ml ](?;:(::i::ﬂ::l::;rc o :J.(:l:(_‘: ll’i.r? ln]ull | Signilicant Ctl)rlﬂl.'lli()!'lﬁ in behavioural and antl-
(43 m:\c-[\c;s associated 1h leac aoclal behaviour.
London Whole - b ,
i ol i L P e s
i " A slica, socis alter control for C V. Show a conslstenl lrend In !
>80pg ! seashore rhythmy,  background, birth decrease wilh increase In lead it
403 from 3890 visual seuqential - condition, developmental h o ;js
f”?”‘ a possible 6875  memory subsel, delay, marital relation- -
children sentence memory,  ship, mother’s mental g
ahape copying, slale, sex, age, s
behaviour tatings — lester, - controlled . m
Chicago Blood Three groups wppst \r:ht‘.n H‘?quircnt ol ; . S_%,
(1983) <25 iy 1, ; ; one, l,rn.ups relatively Slj'nllslu:n! slgnificant differences for high lead o
[91] 30-40 il,'E, g’ lomogenous with other two groups, in verbal productivity, E
41-60 g };n perceptual and visual motor function. \2
218 children S0
New Zealand  Blood 579, I yr. NSCR, - TR -
(Dunedin) four p'n)mp_q :,1?::”:’ i:;];" I;:;‘;lmrl::ih‘,r’s ]T?“nl;::;IE;::‘IIEI::?l:)::lﬁac‘jl!:\l’(l'd \V|‘::l I’hi}, bt h
(1988) <7, 7-10, 10-13, it ’: il g : i y spelling 7 shaviour were, 3
(17 >13 pg Al lm]\avl’:':ur ’
London : Toolh <1.0-Myug g' Tesls as for rel. 118 Parental and sodal Naoun-slgnif 1Q, mothers [Q main determinant
fllg(ﬁ)?{g])] crowns 403 [rom 3890 [aclors Boys 1Q/lead assoc. remalned signif.
Uﬁ(?‘lm?) Dlood ‘:\il{g,-\fgi;r:-: " Hearing threshold ‘\_fl:::‘imss a!:ut'col\dltinns Signil. inr;l:r'n.‘;(: in hlenlri.ng threshold with lead
3 ity & SES, urbanization also carly infant aclivities, e.g. slt walk.
06€000 "
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£ The blood lead levels obtained in the USA during the NHANES II survey

: were studied in relation to the hearing threshold of 4519, 4-19 year olds. A
significant assocation was discovered, which showed a higher threshold
(frequency) existed for the peopie with higher lead levels. Alsc, using the same
blood lead datz, significant associations were found with the age a child first sat
up, walked and spoke, as well as evidence for hyperactivity (113).

Studies in West Germany Two investigations have been carried out in West
Germany (53,124-127], in which dentine lead was used as the lead marker. From
a sample of 1238 children, 904 incisors were analysed from 604 children,
eventuzlly 26 pairs matched for age, sex and fathers’ occupation (SES) were
obtained. Lower [Q’s were found for the high lead group, but the difference
with the low lead group did not reach statistical significance. The small sample
may have had something to do with this.

In a second study at Stolberg, in a2 mining arez, [124,127] & sample of 3669
children were used.The dentine lead of 115 children were divided into three
groups. Some bicod lead levels were 21so measured. Verbal IQ decreased, 117,
115, 109 with increasing denane lead (p<0.1), whereas other IQ measures were
not significant, though the trend was in the same direction. However, after
correcting for the CV’s, the verbal IQ’s differences became not significans.

Studies in the United Kingdom Alargestudy carried outon London children
(118], was both well planned and detailed. Froma tota! populadon of 6875, 6-

= 7 vr oid chiidren, from 168 London schools, 4105 children provided teeth of
which the whole tooth ccowns were analysed. A sub-sample of 403 children

were then stucied in detzil. The groupings within this sampie were: low lead
(«25uzg™) 145, medium iead (5.0-5.5ug g") 103, and high lead (>8.0 ug g)1353.
A number of neurologic and psvchometric tests were carried out on the sub-
sample. For the iead groups, unadjusted for covariates, the three [Q scores were
significantly different {or the high and low lead groups, as was 2 word reading
test and one tlock of ‘reaction time without delay”’ tests. in addition the resuits
- showed the trend for IQ; low lead < mediumiead < high iead. Re—alculation of
-~ the data using the CV’s removed the statistical significance. The variance in the

tooth iead was accounted for by family cleaniiness, picz, years the child sucked

their thumb, mother’s smoking habit, proximity to waste iand, age of houseand

child’s play space. If anything the study may have over compensated for the

A number of other studies have been completed in the UK. The work
described above [118) has beenreevaluated using the dentine iead asa contnu-
ous variable rather than grouped. Again no association was found betweer
tooth lead and child’s IQ. Parental IQ had the major influence on the the child
IQ. However, there was a small significant association, after allowing for CV’s,
betweentoothlead and the IQ of boys. This wasan unexpected result, and needs
to be replicated {100,101).

S —

confounding factors.
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An earlier study of children in London, living near a smelter (Table 16.4)
[63,130], found an association between blood lead and IQ. This was replicated
[66], this time using children living near a major road system. The results this
time did not reveal anyv association, though children of manual workers did
have a non-significant trend of decreasing IQ and increasing blood lead. One
reason may have been the small sample of 87 children. The difference between
this result and the eariier study, may have been in the SES mix of the samples,
asmorechildren of middle class families were included in the second study [66].

Two studies have been carried out on Birmingham children, 187 preschool-
ers, and 201 children 5.5 years old. The results of both studies indicated no
association withblood lead and IQ, though for the older groupa non-significant
trend was found. In some neuropsychological tests significant associations
were observed [50,51].

Studies in the South Pacific Three studies have been carried out in the South
Pacific. A sample of 1200 children, in Sydney, Australia, were studied using
capillary blood and hair for lead measurement {43]. The principal finding was
that proximal hair lead related to behavioural and antisocial problems most
strongly. Blood lead and behavioural factors were also significantly related.

In Dunedin, New Zealand, as part of a Child Multidisdpline Health and
Development Study, 574 eleven vear old children were studied using blood
lead as the lead marker [117). Whereas IQ was not significantly associated with
lead, a number of cognitive functions and attention/behavioural ratings were
significantly associated, after controlling for the confounding variables.

Alarger study of children (664 to 888 depending on the neuropsychological
measure) has been carried out in Christchus rch, New Zealand The children were
agec 8and 9 years and dentine lead was used as the lead measure (40,41}. The
lead measure was treated asa continuous variable, and allowance was made for
the intrinsic variability of the sample. As for many other studies a trend of
decreasing IQ and increasing lead was observed, but after controlling for CV's
the trend was not statistically significant. Teacher ratings, however, of school
performance remained sig'\iﬁcant [40}. Maternal and teacherratings of inatten-
donand restlessness were found to have a small. but consistent, and significant
association with the dentine lead variable [41].

Mechanism

As vet there is no clear picture of the mechanism by which the lead can
influence the neurological functioning of children. One possioility (12,81 is that
&-ALA (-aminolevulinic acid), which is raised in the blood because of the
inhibition of haemn synthesis by lead, is a2 neurotoxin and can cross the blood-
brain barrier. The §-ALA could be a weak antagonist to the neuro-transmitter
v-aminobutyvric acid (GABA), HO C-CH?-CE-L-CH.Z-\IH The chemical siruc-
ture of GABA and §- ALA, HO,C-CH,-CH,-CO-CH,-NH, are not unrelated, and
the latter may rrun'uc the GABA asa ralse neuro—'—ans-mua'f GABA is believed
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to be animportant neuro-transmitter in the cerebral cortex and lead may inhibit

itsmetabolism. Both GABA, and maybe the neurotoxic effects of &- ALA, appear

to be mainly associated with areas such as stress, anxietyand hyperactivity,and
if this 1s so it tends to fit in with the results of the studies discussed above.

In conclusion it may be said that, overall from the large number of different
studies the weight of evidence does suggest an assogation between low level
lead exposure and neurological functioning of children. The lead may slightly
affect the 1Q of children, but usually not significantiyv. This may because IQ is
not the best outcome to measure in relaton to lead. It does seem however, that
behaviour, restlessness, and attentiveness are more clearly and significantly
associated with lead in children. This could be considered a serious situation,
because such behaviour problems are not conducive to children learning
irrespective of the IQ. The affect of lead on thesiurman race has been with us for
centuries [94] bacause of its wide use inindustrialized societies. Whether or not
the situation is anv worse today has been debated, but it does appear from the
work described above that that the urban population at least, is being infiu-
enced by the neurotoxiciry of lead.
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