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INTRODUCCIÓN 

En la actualidad, no cabe la menor duda de que el cuidado del ambiente no 
sólo significa la conservación y preservación de especies sobre el planeta, sino la 
salvación misma de él y de los seres vivos que lo habitan. A nivel nacional, la 
temática ha ganado adherentes rápidamente y los científicos debemos responder a 
esta situación,--éi{una forma organizada, efectivá 'y eficiente. -· _, _, .. 

• • • ~ ... ' -e '. • I '. ' ,,¡ J ~ ). • 

El problema acuciante de la contaminación de algunas áreas en el país, debe 
ser atacado con prontitud, pero además·s·e debe realizar acciones que consideren los 
riesgos potenciales a mediano y largo plazo, de modo que se impida una vuelta atrás 
al cabo de pocos años. .., ·' · ' ~ · · · J. 1 

,_ 

Los metales pesados, la mayoría de los cuales son adicionados al ambiente 
por acciones no naturales, pueden constituirse en contaminantes ~ue generen graves 

• • \ ... ; 'Í .. .t h. '·. ·. \ / .. ... \ ·. :.. i.\"°" ,..,, ""i !.!. -~ .1 

problemas en el corto, mediano y largo ·plazo; 'Por lo tanto,·- ijeben ·ser 
cuidadosamente cuantificados y estudiados en su comºportamiento una vez que han 
ingresados al ambiente . . :: : -.~- ~ . ·.r:i;-:·.: ·. ·· .. : ' · · .. ') r111.. "2'1 .J . 

. - Las áreas urbanas,· en t~·nfo qÚe centros éon altas Cifras de pobfaciÓn, están 
sujetas a una potencial contaminación 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. ~tCi:.~UGCrF!lti 

. -· ~_jf'~ ~ . . .. ¡ ~ r . . ;-:i ,.' , .. ,~ :: .... · . .::··):: -· r ··:· 

'· En este trabajo, el foco de atención se ""'centra :.-er\"' fos·~ itietalés·~·pesados 
presentes en el aire o detectados en otros medios, pero sin duda transportados hasta 
ellos a través del aire. En espeClal, se erifregarán:-resúlta"do§ obteniCfos'iin 'lá:ciüdád 
de Santiago, fundamentalmente" cfebido ·a la escasez.de información ·existente para 
otras ciudades del país. ' ~· '· .;,.,. 

2Ai'.~ :1G~ 

ANTECEr)etúis' GENERALES ··r.:\}, \ z ¡ t~ e JJA TJE.~ · ::!G ~~CDAfff!A3,)!,"iQ:J. 
". · 1 ·~ • ' - '· "í \ ""' :. 

Para el estÚdlo-de' los' élementos
7
traza;" eñ .. especial 'meYaíe's-pesados,'"'é's 

necesario entender primeramente algunos conceptos básicos sobre el substrato en 
el cual se encuentran dichos elementos en~elaire: 'En. líneas--gener-ales, ·en 'el·aire-·se 
pueden distinguir dos grandes tipos de contaminantes: los gases, cualquiera sea su 
naturaleza química (orgánica o inorgánica) y el material particuládó- súspendido, 
denominado también aerosoles atmosféricos o simplemente, partículas. Este trabajo 
se refiere específicamente al segundo tipo de contaminantes, en el cuál se 'detecta 
la presencia en el aire de los metales pesados. 

Relación tamaño del aerosol-impacto sobre la salud 

Los aerosoles atmosféricos se presentan en una amplia gama de tamaños, 
forma y composición química. Con respecto al tamaño y para nuestros efectos, los 
aerosoles atmosféricos presentan diámetros que se sitúan entre los 45 y los 0,01 
µm. Para el establecimiento de las normas, esto es, de las concentraciones máximas 
que pueden estar presentes en el aire, sin causar daño a la salud humana, interesan 
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sólo las concentra
ciones totales de los · 
aerosoles de tamaños 
< 45µrn y< 10µrn. 
Estos úl~imos se den_o--. -- · - · 
minan, también, la 
• tracción- - inhalable" 
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del aerosol, o sea, r' · ·7~ ~ 1 Uo _,o //"I¡ ;:J 
aquella capaz de pene- J~ -~ u 

5 
· ':il . o 1 

· r;i 6 q::i2 
trar en el aparato , 11 

• ~i&\ ···1r 
0 

• 1 ~ «:>.:º 20! 
respiratorio ,¡ · ~ - ¡J,~j.~ ' • r. (!0 '-> - ; •i) 

,•;, :;·' ·f"' . ? - .;. . . 11 . qD~;: .. ~~!~ . ~~ .o .. os->~·~ ~' "o1 _ 

- . ·~'Es impor- ~ ~ ". ~ '!i.~1t~ ~~u ·.· '. r º·º\ ., .... , ~ G 
1 .1 "ili'n;, L' . • ?.O 

tanta enfatizar 7que _ ______ _ /. ~:~;~ o~~-.. - o1 tJolt3o 
dichas :·normas ~~~>n . t - " , :. ... '.~; :..~/r;: ~~r . · · ---SUJ}Í'lfl9 Sb '10 10Gt 

determinadas con- . -·--- - -- -- ., ' .~ ·'.' . '$rJP ,.{f:¡¡ '<ÍJneimb 
siderando •, la . salud e· A -~ ; - ,; , , ····---- ; -mií:"'JGÓ 9 n 9 iJd0 9 2 

. i .., , .., .,... "·· · 11 lo! rt.~ 4 . ~ •\ 1 
humana y se deno- · - - - - - ----------' nosG1 Gn9io snu ob 
minan normas prima- {, Figura · l. ~,. F.sque1a ~ del ' aparato ·'respiratorio,, Jndicando_ 
rias. Cuando se trata cualitativaaente la penetración del aerosol; seqún _tuañ9 _y! 
de la protección del . porcentaje de respirabilidad para aerosoles ~ :10 111 .zo1nams19 
ambiente ... (suelos ; ~; qi,~1 1ti~!f~'):runQo .. ct1s·t!ol¡.0Jrlbít1bfs n!J 6 &t'if"Sl&\ Gfrtí6t :Ub ' ~-01b 1! 

aguas, plantas, etc.), los valores de las normas son bastante menores, · esto es 
mucho· más· exigente·s; y én Chile ñó existen; se tea ta :de las· normas secµ.ndarias. ')" < ·.~-0_~ íNfM~fl ·~~l o_;.;p 1~a;>ib;1i~~1oi~~fC:tra-Jt91Dls-V.. slG1u1w1 r.ié:fJilt!fi ef1.:~~tngkfu¡9 eor · 
.,l, .JJt1Ul}Oesde· el'puritó. de vista de la salud humana Y, debido. aJ J.a r eStf~ctur_a ·9el. 
aparato respiratorio, es muy importante el conocimiento de las concen~(aCiQfl~s .,.<!e! 
aerosol en sus distintos tamaños bajo los · 1 O µm y sus ·correspondientes 
coi:npo'siéiones"q'~Ímicas: Esto "resulta" del ·hecho ·de ''Que esos aer9S'oles· pueden 
penetrar hiista .diferéntes" iiíveles del aparáto. 'respiratorio, ". alcaniandQ . m~Y9.r 
pr~f~ndid~d- en 'i~ mEidídá "tiüe'pr~sentan menor.es diámetros; ~!J':><~~Hsasq 2als19m 

· ·.., rJ .;1, !Omo1e 'ª 019q ,oc ;aeq lu;erri on¡ oi¿origr,m lo " 02'.rnSQns m 1.3 .ogsi1ns2 
. ltra·Figura' '1' ml.Jesfra'cualitátiva "'y cuantitativamente la , :situación. ~ant~r;i9r . 

(Préndez et al., 1991). Se aprecia que, estrictame'nte, las partículas < 45 µm y 
hasta.10 µril,"car.ecen dé interés ·desde el puntO'de· vista salud. P.ero, :en·ta medida 
que.sus diámetro~ dism'inuyen bajc>IOs 10 µrn,"su penetración_ al organisn:i9 .. e~ _ca9a 
vez mayor. El aerosol de ·1 O µm; prácticamente, no se retiene .en el -~par~to 
respiratorio; pues es rápidamente reexpelido hacia afuera de él. Los porcentajes ~e 
retención de las partículas aumentan a medida que, por su aún menor .tamaijo, . ~11~~ 
son capaces de alcanzar las zonas no ciliadas del aparato respiratorio, esto es, los 
pulmones y ·ros alvéolos· pulmoñares, situación que ocurre ya para partículas de 
diámetro 1< 3 µrn . -: ·_1.,;: : '' 1· ,'. ;i._ .. ,~ ;_, ! · · .. '1 '."~ t:." o·.:. · 1 'i ., .·) iró•·J~:)e<¡ii;' 9 .JG r! G2 

1 1 

• t" -~-; , : 1 • • ·.· .·-·- : .. · ·· .c·:·t -:~"1' ~--! ' ... rn~1r< .~t... . "''r:1":1·.,.· 

. -A estas profundidades del aparato respiratorio, la remoción de la~ par_tí~uÍ~s 
es muy difícil, de modo que ellas pueden permanecer dentro de los pulmones por 
largo tiempo. Este hecho es particularmente importante cuando se agrega al tamaño 
de la partícula, su composición química y con ello, su potencial toxicidad. 

' ... ; .. . : .,: I , • 

Relación t amaño del aerosol-origen y f uentes de emisión .- • 1 .. ""; • ~ 
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El tamaño ·· : .... 
del aerosol también 
está relacionado a 
su origen y sus 
fuentes de emi-

FIGURA 2 . FEg PARA Mg, Mn , NI, Cu, ·Zn, Cd y Pb, 
EN AEOOSOLES DE DISTINTOS Ll..GAAES DE SANTIAGO 

sión. Un método 
que permite la 
separación entre 
los elem·enfos · de · · . . 
origen natúral y los 
antrópogén-icos 
está dado por·"el 
cálculo del llamado 
factor de eñrique
cimiento (FE), que 
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~ ¡ ; . ' }; •. • .. r.,~f). c,.. se obtiene hacien- 1 ¿ .,,. 1 ... ..... + M1 lll Nr • Cu X Zn • Cd • Pb 
do una cierta razón . -.. :, t: . ~ .... t.· :·I 
entre las COncen- ,;;:·¡FEQ= factores~ e1Trquec1m1ento promedio geomOtr.1co 

.. : . • • .......___---= ·":' . .;.. __ ..,, • , , -i ~:: ,~ • • ~;>r1 rir;n.m 
traciones de los ·-~ '· .·:' iC - ~ -. · :: •. . : '." ·~ ·.·. ·~ · _,, .. · - · ·. ,:r . ', ' b. _. "' ~¡ n . , 

- ... • ,; ,., J ~ .J : •L ,i •.. ) . .._: .. :i 
element - t · · · · · - · · os en es u- : -::·: ·.~ ;·: ¡:._ . ~ :· ¡ -. ~- · .. ¿y- .:fJ ::" : :-. x--- .; 1s b 1ci'.'J;:>ic1q ,,1• .,h 
di?, de forma relativa a un elemento tomado como referencia • .. _: 2 ,_. 2 1 0 ;,, .1 ic;, ~ 
.. ... ·1 :.:.:.· .:?o.o':' ,-r·· ! ~ i ~! ."' · ~ t; :: · ,,.- . 1 • • :to ~ J-: .:e" - :. . .. 1·~ .~ ~J .' :--ru ._ st: ' 1.~ 

·:e : :.'~·Dicho valor suele situarse en el rango entr_e .l: Y: 10 aproximadameme, para 
los elementos de origen natural. Valores superiores indican que los 'é1erñe.nioss é' 
encuentran enriquecidos en el aire por los respectiv_os aportes.desde una fuente de 
~rige~ a~trópiCO • .. , ..:~: · '.• ·: ': • . •.)" -::.: ' .· •; ¡ i_ ·;_' Jo'; v ¡ ¡ ·: o, ' 'l ?.:) ")Í '¡('I •; ::;1~ .: 1 ~;J Eif.q fi 

.. · . .. · • •1.. ~r. :1::!t d .:! · J: · ""!. : . ~ -r·! 1:1 ' · .:c11 ~rri '":J ~-.: , : ·;~ .~; ~: ,.~ ,~ "' ·:'"' ~ p~r;-
··" . La· Figura 2 ejemplifica la utilización de este criterio (Préndez ~Y: Ortiz:; 

1989). En ella, se ha representado el FE promedio geométrico (FEg) paraJdiferenfos 
_,. -o • • • , ~ • 1 ( : 

metales pesados cuantificados en el aire, . en d_iferentes .. ~!tio~ __ de) a_ .. ~i,u~~-d10q~ 
Santiago. El manganeso y el magnesio (no metal pesado, pero sí elemento tráza), 
tienen un factor de enriquecimiento < 1 O y por. ~nde son de origen natural. 

- • • : .. • ~ :.> - .. ... • • "'1 -; t, , . ~ . . - : .. . . .- .. ... .' " -
- .,. . • . • • • • • ·~ .. I • ·~ , ~~- .... , .. f '" ·~e ., .. - ., . ,. '"" -.,· "'") 

· El hierro ha sido elegido como elemento de referencia, pues· previame'nt~ se 
ha demostrado su origen natural en Santiago (Préndez ·et aL,· 1984). Los restantes 
elementos (níquel, cobre, cinc, plomo y cadmio) presenúin FEg >' '1o "y, én 
consecuencia, tienen un origen antrópico. Esta conclusi~n es ~álida para cu.alquie"r 
zona de la ciudad de Santiago. ,. · " ~ -· ::! !-. -

• 1 • 1 • ... .... - ~ 

Respecto del cobre, es fundamental indicar que, cuando el cálculo de. los F_E 
se hace respecto del contenido de cobre de los suelos ·chilenos y no en función '(Je 
los promedios internacionales atribuidos a la corteza terrestre, como es la situadón 
generalmente empleada en la literatura, la asignación de su origen cambia de 
antrópico a natural. Será de esta forma que se le deberá conside.rar normalmente, en 
la ciudad de Santiago. · . .. · . 

-: 1 I 

La conclusión 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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fundamentos a la 
posición de que los 
problemas ambien
tales sólo pueden 
resolverse realmen
te si se conocen 
adecuadamente el 
ambiente y sus 
condiciones natura
les, o sea las líneas 
de base. 

FIGJRA 3. CONCENTRACIONES Plr).4E010 DE Nl, Cu, Pb, 
Mn, Zn y Fe, EN AEOOSOLES AThOSFERICOS DE SANTIAGO 
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Por otra . .. '· .,: , .) ' -. 1 J,_·::i".:sr~ :.> -·¿ • A::.> 
parte, las concen- 1 . . .. .,1 - ., 

traciones de los 'l-" ~ '<>" q," <>" ~" ~" ro" 'b" ">" <t' .,." ~" ~ · () " ()' <>" ()' '" ,_ .... 11.' 11.' i),' .ii.· 1'' 1'' ''º ~~:: ~:: 
elementos cambian ;:: ~ '. 'eco u~ .~: ... , !(, ¿;:>_. ? "~0icv . ·::-· 
en una forma que . • .E. .~.-.- .. :-. -:!:.t ,•: 
relaciona sus fuen- . EN ~UNC I~ "."'L º ! Al.ETFO _DE LA PARTl_~_LA . ;;, : •. ' ¡ ' -.:. ':.' :~ÍJr ~:.: :'':-.: 
tes de emisión y ::.-·.- -;~·" -.. ·) ·.:.: ... :.· '~"- ~'·' :-ic, =. •. : .. , i 

sus diámetros, tal ::' .. -~ ~ .. .,: · r ·:" "' ·(~ ·nt1~ •j :-~) r. :1-.1 1 ; ~-. 
·como se ve en la Figura 3 (Préndez y Ortiz. 1982), donde ECO corresponde al 
diámetro de corte efectivo, que es una forma de expresar el . diámetro de· las 
partículas, teniendo en consideración su forma. Se observa que los elementos 
antropogénicos aumentan sus concentracíones hacia las partículas de menor 
diámetro. ~asos típicos son plomo y níquel. , .. ·. : · ~ :~ -::- · ·.G<~t-.;-1-;-~.:J:)V; -~ 

. --~ .'.~ ,, ·-~\. .... -.-·, .\. '4.,~··11: ~:-- ~-. - _;:. -& : ,r·:·L: ~-· ::; ' ; .·~J.. ~ .... ;JG,\;_-: '~ 

En cambio, las concentraciones de los elementos naturales aumentan hacia 
los diámetros mayores. Aquí los casos.típicos son hierro .Y manganeso. Cobre y cinc 
tienen comportamientos atípicos. El cinc, generalmente emitido en los procesos de 
incineración, se presenta en diámetros más bien grandes Cfly a_sh") . . .; ~~ ":,-e:, ·._~·: 

,, ··-·· ·--- -- - -· - -·· -- -· · - ··· .. _ .. -.1 .. · '.:' ./ ~.:..:. ~ .)pr_;\JQ l j/ 1 S .-·~i :L;~ 
De este modo, se cumple también en Santiago, la aseveración comúnmente 

aceptada de que los aerosoles más pequeños, de ta 2 pm ~ menós, proviénen V en 
general de fuentes antrópicas o derivadas de las actividades humanas vinculadas a 
procesos que ocürren a elevadas temperaturas. La excepción es el fly ash. En 
cambio, los de mayor tamaño, mayores de 2 prn, tienen un origen natural.' · · ' 

NORMAS ~ · 1 • 1 • • 

Un problema grave que se suscita para poder evaluar el impacto de los 
metales pesados contenidos en los aerosoles, es la fa lta de normativa que oriente al 
respecto de las concentraciones máximas permitidas, compatibles con la salud de las 
personas (normas primarias) y con la salvaguarda del ambiente (normas secundarias). 

Algunos países tienen reglamentados los contenidos máximos de ciertos 
metales en el aire, como norma primaria. Sin embargo, no se encuentran normados 
todos los elementos potencialmente tóxicos y además sus valores no están 
explícitamente vinculados a la fracción respirable. 
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El Cuadro 1 muestra los valores 
de fa norma para plomo, cadmio y vanadio -- · · .., 
en aerosoles .< 45 µrn, .en algunos países .. cuadro 1. Normas pri1arias . para .. 

. del hemisferio norte. Una característica de . (!~~f) metales pes'ádos, ' 'en el aire ·o 
las normas es que deben explicitar, ade- 1 ... ~ : • =: .··; '·:: ·..!:-.1 

más de ias -éonCSiitíaciOnes ináximaS, los· ' · .. , ,.. . · · · ·· ~> ·2 ~ 11 
Ele1. Conc. Ciudad País ·· • 

tiempos de exposición. Así, la reglamenta~ :0------------------._ __ .:~~----~:'..l~:::ir :; 
ción para plomo por ejemplo, corresponde Pb '·· · 115 Ciudad de 'iféxfco~:' s 
al valor de 1,5 µg m-3, permitido como . t Caracas·: 1usA .l.!..;,., .. ., ;) 
media aritmét!~a para 3 meses-:-:~--~~:~::~: .!:J~t ex bJiSS' r. 0:, 1 :..9~ o .zel 

~ -._; ~::¡;.--.~ -=--~....;.-..::~-~- ·:_.:.._- ..,¡ O'? . 9Güd sb 
t-En ·Chile, recién el 18 de abril de ~ ' +.:· ' 

1994, ·se estableció la norma pi"imaria e~ .. ___ ;~ -~~\iIBs ío"l _ _f 
para arsénico; la cµal fue derogada a los __ , __ _, ... ·.r;oJ11o:l 2sl'· ,911eq 

pocos días. Para· a·precia~ la Í!!ªg':lit ud_°d_( __ ~. v"'·~-- SO a lOOO us11t eb 2enobirn 
los valores establecidos en las normas, se exn·URSS·,frnn:i zotn!3m(:l9 

J u . ' . ~t¡ • ~ 100 . 
pueden comparar por ejemplo; con la -·-·--·-- -- -- - _, ::iup sm10l snu na 
concentración de plomo y ·cadmio encon~...,. ~ ~ .. .,., "'~Q ·~ ·" · · .-.· , · - ·· - · ·· 
trados en los aerosoles de la Antártica v ncieime eb. ea1 

. chilena (Cuadro 2) y que corresponden a los de una atmósfera. limpia., Se _obs~r.v.a 
'queºta nofmaaé-plomo,~por éfemplo, ·admite valores 50 a200 véces superio¡~s. ~1. Q91 
·aire puro:'"En ~el caso de cadmio, el rango es entre 3000 y :5000. v.eces supe~ior., ;::, 
_.;Jr: :m•Jl:rÁ''9~ .. :01Jp J'$'Jl·'c;J.o:ox;. ·,t:íT ,Je. :- u¿ 0C.i:imeb1inoo: 'M ' '.óbt'i§irí9f' ~l>IJ5i11GQ 1 

¡.:- -orn .:· PR i~:!~J4)1:16Q . rr;i 6b~rl . 2Silúiosunoano~ f iui: .rü>JMrNut; lsaoi'tfoo6l1e1fus 8 

CONCENTRACIONES DE METALES ·~wpl;-; ··v oTfiol<í 'f•) él G(ijlq~f 'ao~G':> ~ óH?>rr16ib r! 
PESADOS EN AREAS URBANAS 
: '.~.: ri ll'3ln0_.'.:TiUí> 201G1UJ1.; 11 ¿0Jnems f9 201 3U 2nnnbsl]n9:1nc1:-i ?.f l . oirlmc~ r· ~ 
, .,,,· ., ·)1d Es C'.-s·u· 8· , ..... 9 .. s.t 'ma( '"Q' u'e · 1 .. s , .. ;.,. CUa!iro ~. Rango <;1~ s:onc~nµac1on~ _de , 

U 1 a · v"... • ... . . ... .u. _ . ,_ 'n)V r¡ '> f· -t . , • .... .a.. ; _:L•• · )t ~ 
, · ... ·· ·· -·~. ~ .-. · ·· • . ~· . .-..-- - •etales pesados en la peniilsula antart1ca 
concentrac1on~~ ~e .!os elementos _.. ·-''". -3 Pr'énde 't ·ai' ····~M3b· ·1>:.i nsn.91J ·· 
t 1 • ,, .. tá · 1 d .1 ...... (ng 1 ' · ( z e ., 1:n l. , .. .. . raza en e aire, es n vmcu a as a a _._,. . ... , ~ it''- · - .. ..: ,,¡¡:,_., 1q ..,<- "16101.noni:mr 
acción antropogénica y por lo tanto, . r•,_. .. . - .'':.-·: .. ¡ ·-'.r ~ .,,,:.~ .·:: ~ .,;. 

::son'"maiores'én las cfüdades qúEf en ·· ~.;ñi~·~;'i!:-i'ZT;u~j-;¿·-."'.7'i,j;:.·.,·::;;;-;~i7:ii'.---

I - ....... ., .. , - - ,., .. ,.. . · . . ,:; Ele1. _ Fracción aerosol 
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. as áre~s. rurales _Y m~y.or~s tamb1~n •!. !!~ - ..... um ;:.:J f,... 4:,5~,,., : 0 1 !!u 11 !-·1:;, ;:nc::.tqsos 
~ 1 f d f t •. . "' · · · .. ~- ~ · < UI · < ~. ~ • .. ,, · en as cercan as e uen es emisoras --"' . ·1. ·, '· , ..... .,,. -.1 . B :9Jl'i0: !r .. ,, ·,; nn·:,g · · 

- • _,1 ~ - -------- - -------------- ------------- --puntuales . . ;; ... :. , ,..,i '.) <:;,,~-·-· .:.; ·; · ~ '.i. ·J.• : ;1 <: L:~ .. ; 1f· ·:3 ;:; 11e1:u::i0 :Jt.;p 20~~::101éf ~ 
• :·;:u ·r .. l •]'. '.!' ( f lll • . l[r • ; : ~\ - 'r:l -Pi»º.- i;.- i o 'oíi-:.,.{o3óº' srr. ·5 hoo43~ ·ó,¡ 136 !;:) ; 

En el Cuadro 3, se dan los ' ' ·· . ' ·' ·. · 
valores encontrados para tres ciuda
des latinoamericanas, haciendo la 
comparación en función de la fracción 

Cd o,o - <0,009 

del aerosol considerada. Se óbserva .. · .. ..: ,, ~ . , .;1· :··1..J,·1 ,u ·.J 

Que las concentraciones de diferentes metales pesados, encontradas en la fracción 
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 comparación 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 

f 
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A()ta-bles resÜl.tan ~¡a5· mayo: ·.· ------------------- .,., 
res concentr~c;:iones _de cinc;, :· 
tobre y cromo en Santiago . 

.. ·. .. 

, . "'~t:·1>·~r.~ :o .; t 

Q:) <.;.900 1 '"'::'~.,'\ • .,~f ~ .,"' 1 ~ . , ,.... · ..... .... ~ ~-...,...- ": ...... J.. ... -, . ·- ·-... L.. ,.. • .,... ' · • • 
· · · · 'A la s1tuac1ón general, hacen excepción dos casos puntuales; üno referido . 

• ' t"l .. :., ... ~·r-:r.>r r,r ~'\tt <.." .... • i'"",...,, •• r-'"'' • ... t .-..- - ,, ....... - · - · - - ___ ...., • 
a las concentraciones de plomo en el aire, proveniente de suelo contaminado en las 
cercanías de una antiguá' vía .férreii.de.trarispórte~de mineral y ·1a otra:: relativa·á' la 
presencia de níquel y plomo y a cinc, emitidos en procesos diferentes por una misma 
industi'ia1té tostación de -minerales y arrastrados poi lós vientos sobre un sector de 
la ciudad (Hrepic y Quintana, 1990). ·: .. \Jio jn.;1)',.:9 b . 

. ,. .. 
. . _,_ .._·}, r· '°' -·: ,_ ...... - ... . . 

·. '. _· 'Las concentraciones de arsénico en el aire de Rancagua, son varias veces 
superiores a las detectadas 'en Santiago, .. como se deduce· al comparar los valores 
dados en el Cuadro 4, con. los valores citados más adelante. - : .. - . 1 ~: - lJllS . b 

. '. -,-
-

CONCENTRACIONES DE METALES PESADOS EN SANTIAGO .. ,, .. · . 
• 1 .. .)· • : .. • ; ," • • : : .-: • r; 

Santiago es la ciudad de Chile que presenta las mayores concentraciones 

- . ~ .. 
:. .. .- · ':· . · .. .. _·:: .·.... ·· '· -. .. 

1 J .R. Morales. Comunicación personal 
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• ('. · 1 • .,, 1t : .; • .J·-·· l 
de potenciales contami
nantes en el aire y por lo 
tanto es ' necésario hacer ~: . CUadro 4. Cºncentraciones pro1edio de 1etaJ.es pesados 0

•• ~ 
para ella un análisis más '', _(ng ,-

3) en aerosoles-atmosférico "<15 y '<45' µa; para ':• 
·ciudades chiíenas -- ... 

detallado. . Un primer n· .-J : i·" b~ ¡¡·e;- .): r~ 
aspecto dice 'relación -con .. - r • - • - -··· ·-- - • • - -·· -- ;- • • ., 

los resuitadéis:'obténidos :._>,:: : ·"':. 0'.;:Antopg • . ~Ván -,Arict ·~" .. Rancayua ., :-~ 1 :(:-
. . . " 1984 1983-19901 :1983 . ¡11!)fl981 Jt ,!i :)lllb 

para diferentes fracciones .: · .. .,. : .. .. ·, - ·-
del aeroso(illost'rados'en '·. ~ --~:.--~-------~-".'.:--------------:.~,~:.-~-::~--7.i: .:.:~---~ : :~ 
el Cuadró- 5~ · se-aésta-=- --·-:···-·:---··---'"..-.::-:::-. ~15 Jll . -------- - --.-.<45" ,..~ ~-S4 2º'.' 

1 
. · . · . ' c'Tl 106-· 109 r:r-* -Gto¡¡: ·\ ab 2oo t~:u10 zsl nú1.J 

can os s1gu1entes hechos . - ·"1 - u·: l '. . - ' 4 \,) v . .. , ·~ ' 

• • · • . ·v~ » . licr 63- 27 td "~ ¡ , .c.J ,r.¡; -1197 s1aso 
importantes. · · • );}"' · '· Mn •. • • .~ 9.- 2 : .. t ZOfl!iC !s.} zobu~t~ :Jnsu:> nsri 

-:'' :,:;i . , -:. ' · · · · Fe · · 100-7191 160 - 326 Jf.i :t ·~ .1.0 ~e:.. • ~q 2s!n; ·)m 
- en pn~~r- luga~!r : hay . ''ófCU .. 1 l . 40- 261 l"1t V r ff f '. e r s,··9o ...>150 ;sb nob 

que se~ar~r lo~ e,l.~men- ,;; ~,)n . ..l -~·o:.. 550 r.~* , ·?675 S'.liiA 1t-: 6c2: bub zsl 
tos de Qngen natural . ? ·· .... . ~ _.. 11u · , " • ::i ' e - .• . 

111'' -Vi~ ... . ·• '. ·TcPb ··J· • i"; • r.c* ".~p32· " .'t- l·200 ·! 220'-' te :nq 
de ~oss;:iptropog_~r:i19os, _: SuHi .. ():.:.• a'"* 6rn41 !f S'~r~ .~1svfA) nug 
entre Jos eleme~tos · ~ - u r . ... e.J:. -1 . ,\ ' ~ . . 

" } . · · · ·- · ~ --;. · .e ·As · ~ :· ·oal;'. * J.>,!i?'.i.íf.J* .!Jl.!l,l1:lE>!U.1Q~f..lf 90 "'.;.1:¡20 :l.lwa.etil 
cuant1f1cados, .. -sólo P. '·s· b .,t.~, _. 'i * • * ""''\ * :i" > 22·0·- " '•Jb 61 616q . • . ,•r .. •nit ·' ·- - . ( ( ·- "l " 1 . .. .. '-,.. .. .., .. 

. h1er~o, , co.bre. y manga- . ) f( . • -.~ • l.! . «· ... , H. . ., ·~ , . .,..,;.,;_.-.;., il'., .. ..,., ~ ·.L.,,;1,.;:..,r:;
0
.,J '•: {' , . . . . ~ ; ' ---------~~--------------------------•---.ri-- \;,.. 

neSO tienen Un Origen .··~, ., H. · 'nf,1;1.. , d •'. l'~ Mo .. al . " ~ t'"ral·~ '>t 'llL . :,, .,, 6"-1"' 
t .. 1··- - -- ·- ----- ----~ -- - --"'-""·-· o .. 1 onaa a;_____ r es .e , __ ., ·'W1UD1cac1 n; 119 na ura , como ~e e- 2 • .,... .,.·11or 

móstró U'$'árfdor·911 mo-·oser ~-aj¡ y~~-~-~do·. desde Hrep1c e~ al., 1983; · 
d j · • dº"i!' 'v.f r • 01·p_rd . 1.6 f,) J.!y~~;.!1981; G!0:1J16 -~9 l9 zo1bu120 20 J 
e~ e ?s . actoresl e -::>sqeal no::> ,6lhA ne 2obsu1 

ennquec1m1ento. os r.s:i r . i:-~r .r . 

t,~_aJ~!!~.d~.2l<?!P.-:,A!.~g~k?..&...~..;;-'f'S'.~~~~l"~-r-:;:;,· ¡.rnob·~--í~ ··-'sÍ .'tij 'fa"~~~~~~!~· · 
para estos elementos, mayoritariamente _pres~ntes , ~fl .9 1 aern,~?.fnf -~ /f!}•; 

·alrededor ~del 83% de la concentración de cobre, del 55% e~a concentración dé 
1 hierro Y· dei 31:·, % de la éónceñtrac"ión"cie'z;'' 'añganeso; se 13ncuen~~~ñ-~i< i:t aé'rWáól6 

. .... "" . · • _ , , ....... .., • , .... v '; . , • .... ~~ ••• H._., • .. n .. .:;... 11 ...-.. :_. 1 fl~ t, t:>ÍJ b:l ,~j 1uq 
entre 15 Y. 45 prn, aerosol sin potencial t x1co, , .. ~e ~· "¡ ,.:·,, ;~ .... ··q9-~u ¡ · " · t · . .. . . · ·· · ~o 1 , . .. " ' ... 1 .n O:Jlqu 1 no 

-!' ,,1¡;·r'"_j .,.•-..'•!·1·· r; r :' ., 

- -fas valores, par .. · ploQ1.9 .'l..9!19'!'Jg ~.Q.~.J P.l~~~~~~nt~ j~-~~!tsr:Ji~ Je~.J.r~é~iones de 
..:45 prn y de. ·3 · pm, lo_ .!fu~l-~r,~.l'!~?."'ql~ran;tj~!e N~ci~.Jmm~~ ttt!nU?PJ,9~~J~~¿;0~a¡1a5 
.. ello;s; además,_ se e~idenci~ la_ got~.'!9~1 !C?~i~~d~-~~-~~! ~l~_'J'Sb! n;s. sm:. ~·t,1sinsoi9:) 
• 111mr: s ;;u i.::q ~t : .19-m'.ib ?•J2 '3:}G1Q "1G ~onUim9 :)!'lb"·" 0fTl!'l lr1 v J9~ml 11 "'"' -;i:J!"":!mc-

- c los valores para cadmio se encuentran muy por debajo de la norma establecida en · 
• • • • • • • ~· .. • • ••• • .... 11.. • 1 ; 1 ...,, , s r !..,, 1~·.;, , c.\J: ~u. e: t"t.h .:UOltl 

el extranjero, Y .!{•'::!f.: .. !H'i3~t.i110 ·r ~;qs{HJ tsb!Ji:) GI 

- el plomo está sin duda concentrado en el aerosol < 3 .pm; la ligera discrepancia 
._ , ' '··- • ._I • ; ¡, ,, • ,.;... , , , , • U; •_ ! • 

. entre los valores informados P.ara <S 3 µm. y.par~ -~ 4!? ~'. -~stá denfr_o p~I m
1
arg_en, 

de error que implica trabajar con dos tipos de muestreadores coin.pletamente 
' • • .., • .; • ._ - • - " 1 , .. "' , I • • . ':. • · •"' "' 

diferentes, incluso en sus principios de funcionamiento (filtración:· < 41-5 ¡ím; · 
impactación: < 3 µm). Además, los valores se encuentran muy próximos del valor 
de la norma antes señalada para el aerosol < .45 µm, destacando que los valores 

· · C.-· - .. • . ( I• ..J \,,, c ...- ¡ ......, .. , l ' j \ 

indicados corresponden a promedios anuales. · -~· · 
-:-~. j ·.- .- F.:,•• o • • • ~ ~ •• - ... ~ ·.~ ........ - · ) . ~ -.·: . ~t"' . ; • ... ~ ,: _. : 

Los promedios anuales, constituyen una forma muy gruesa de observar la 
presencia de un elemento en el aire. Es mucho más adecuado hacer un análisis que 
incluya la evolución mensual, semanal y diaria de las concentraciones. Como ejemplo 

, 

t. 
r 
1 

t 
t 
i 

J 

1 
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de la evolución mensual del plomo, 
en la Figura 4 se muestran los - , ··-· - -.. . .. - - . · .H ..... :n'-'-- - ·; :;~J;:.su .. · 
resul~ados obt.enidos . en el 'área \:i Cuadro 5. ~on:ptracion~ pr~·e~~~'~e ~et~!~~ ~~".';~~ 
céntrica de la crudad, entre 1978 y p7sados (ng 1 )_en aerosole~ ahosfér~c~s qe ~·• · 
1980 (Préndez et al .• 1993b). - .... - . d1ferent~- ta1anos, en Sant!ago .H~ .~11~ ..;I n~ 

..; .... 

1,000 

.-. ';_ 500 

·-
·. o'--~~~~~~~~'--~~-'-'-~~~__J 

3 :s 6 7 -. . B 9 10 

- MES . ""'' ,.~ . • J. 

,-. 1 * 1978 + 1979 * 1980 1 .. .... 
. -- l ~ 

Otro aspee- eITRE LOS~ 1978 Y 1980 (PREtollEZ et al., 1993) 
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to importante .de ~ i .• ~ -..... - ·"I.: .·, - . · ~ . 

destacar dentro de FIGURA 5. CONCENTRACIONES DE Pb, Zn, Mn, Cu .. Y NI, 
la ciudad, se refie- .. .. ~ .. EN AERO&lLES ATWSFEi:llCOS a: SANTl,ópO 

~~~~~~~~~~~~~~~~~---'-~~~~~ 

re a la diferencia 
en las concentra-

. ciones de ciertos 
elementos, -·· en 
distintas zonas de 
Santiago. El Cua
dro 6 muestra de 
forma . · integrada 
por áreas, los re
sultados corres'
pondientes a valo-

,; "'. J - . ":. .OllTIZ tt a, 1912 .; · 
; 

.• o:H::ElfTRACION ng/m3 
10. 000 ..---------------, 

100 

~~- 10 

r l · .. 

CH 
~., ·.· .... 

• •• ':I• -

.,.,_P . T . 

~ Fl ~~~ :_2.~ ¡ ) :'.¡ 

-6-:J neJr. ~~.; a~! ·1.; )~i12 :+!"Pb i i.r :: ~ 
1?ñc;~flb ~t7eon; e ! atr. :r+-'in -"'"l r. 1;J 

., 0 . 1 
res determinados ·: .. ... 'l-,.,'<>t¡,.~ 'l}'-tJ' '<>~ ... ,,, ... ., r¡,~ <t"<:tti'"""'-~~tf<I'~ :1::io.:J....s-i.cq M id 
e~. · los mism~s ,.; : l ~~·~ r. ~) ;~ ~ LEL DIA ~3~ . tfü"H~ t~~!iO V 
s1t1os de la Red de .. ,." ~ " .1! ;, * t' ·" 
Vigilancia del Ser- ··1 A L.D (Ala). QEL OIA (P .T ... polvo .to.t1:1l! . en uglm3J: ,· --s11~, · s·"' 

• • . . , . _ . ([l! .~f. ·(.' 111.1v ~ '" " "' •• u oJ -"", _-,!..,. 

VICIO .de -Sah~d , ,,.,, ' "' .- eo .Gi b feb GQ161 oh:i <:OflQPS1JflO:.l 
Metropolitano del ·• r¡ ,_ tt ·1

¡) rl: ..... . . ~/· - . . _, ... _ ---- ... ·-- --- _.: s1z~.a GuJ.Jvs...auoJlv1:>::;cr;~clm-ai10 
Ambi~~te, _pero d-~ -~anera ind~pe_~d~~nte y con instr,y~-~~~1- ~[<~P~º::tf~J.~.~~lP..:~~Y!9~ 
ef~~~~-~~ .~f{1i9~~~ 1 ~~~}~~:~~~rr~~~ª .. ~? q~1 ~.?~~.!~'°'~J~~!):t:ilU\?pi. :~.j; .omem 

..... " :.:. · •• - •• • 4 « •. - ., ·· .. : ,~ :..:. ~,·· ·• .... ~r <!'"Snn19'i1b s1sq eono•:)Gnsv ze1fo 

las d1ferenc1as están hga-: · ·-----------------• ·• "• · ~ - • '°~~",.. · • ro: ~$°'<(' . •I • • • ~ - - __ .... , - 1 - ....., . ·- ..., • '-i ...,_ ...., ,, ..._., • . 

das a las emisiones · de . luen~es ~ S.r1~~ .. .7n~,.,~~,,-fflm1l"f')""'~~~~-n~1':1 
especlficas .. · ~a)it~~~ión: .. e~ ~~~i;;:r-~'Cuadro 6. ~~~.cen~r~,9~~~ l!~~eajg 9~~~~-~ 61 
cularmente clara para el plonio,-d.:: •·•etales pesad~sh ()íg ~r,., ), .. ~ ,,~~~~.º~~~~.-n~~~' '! 

~ · --· • · - · ' 1 · · · ... wr. colectados en diferentes I11nares·cíe1 Xlea ri.:i,, elemento para el cual se pos1ula , " ,.., .,, 9 tJ 01;;í1$t:!:J·1q 6? 01101o&ia·1 i su~ 
usualmente a nivel urbano un ori- ::: .;;He~ropolitana_ , " '· ·w-:'.l fll1t'1 ~: • e11 nl ;y•r'"'~.l 

... ~" - , • - • T . . ... '"'"T' ·;,p ... . _ - ., u,1,.~111:JF ~. s ~· rs u ns ~~,nsm;}IG 
gen VehiCUfar; 0Spedficaménte; fa - ' -.t::---•••••••••••• ·•n V ;..,,blJi~ SI 9b 

d l. 1 d El Centro SUr quema e gaso ma poma a. . - .. , ,..,._, ,OéSte ~ :) 

Cuadro 6 muestra las concentra- _ .:. :~Ele~~~__l!o!_te .· ~ív~~?,J'\Wf!e ·;d ,,, ... ,rl; 
ciones más a~ta~ en el centr.o ~M- -=<-;·~."7::-_:·-:-:·--:-:-:rr"'.·--::~ ; n:. ..i .) ·11u0 .~s::> ií·1~b· 
coy otras menores asoci~~~s aJa_ '.:_,_~ ·' 1 :.:.~'·.'...'~º:" ....:.:..· : ~;:¡ .). ··e'Y' .. -.., i:u . - " b 
avenida Independencia, estación Pb 384 744 . 1245 .0 ;1843 .. :!JJl'2 . ,. ~ 
norte y estación suroeste, asociada ·-. Cd - · ". 8 17 .. 1 11 ,, ,., 10 .-··.: ,16 _,,·. 
a la avenida Cerr-illos: Las . éiia-cio~ ... -· Zn -- · 128 - 295 ' 596 ~ zt·~665 .. ·- ~:-~6 -~ 
nes del área sur y oeste, que están lfi 16 23 33 1 ~-

1 
25 . ",

1

~ _21 . : 
más alejadas del tráfico vehicular, CU 44 ·· 91 63 _ 45 . · _.· 35 '.· 
tienen concentraciones menores. Fe 1224 3074 1468 , · 1295 .. ·2437 · ·;. 

Mn 52 '.132 90 .·. :·· 82 ? 108 ·<"; 

En el caso del cinc, asocia
11~. ~,.,; ' I ·\..q \ .... !. I J ~ 

do a procesos de incineración o , ,, . , , . ·-. 
industriales específicos, las mayores concentraciones están coherenteir1ente ubicadas 
en las áreas céntrica e industrial de la ciudad, a la época del muestreo. La presencia 
de altas concentraciones de hierro en el área norte, puede resultar a· primera vista 
extraña. Sin embargo, la explicación surge cuando se postula que el hierro presente 
en las partículas de tierra existente sobre las calzadas o en las bermas de tierra 
descubierta de vegetación, muy frecuentes .en _esta ár~a. es molido y resuspendido 



·. 
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al aire, por efecto del tráfico vehicular. Esta situación es también aplicable a la_ ~ona 
oeste, la segunda en importancia en este sentido, en la cual adicionalmente' existía 
a la época un elevado número de calles "sin pavimentar~ además de canchaºs de fútbol 
de tierra. · _.,_r.., ..:·;i: ~9 <J · .. ;¡:' .. ,, 

.. - .. , (;:. ·: 

En el área norte, se han efectuado también determinaciones de metales 
pesadós a .. alturas de 2 a 3 m 'de" la superficie dei süeio"y 'a uh'ó~r-3oó m sobre la 
superficie. En el último caso, el monitor de partrculas·'s"e útifoó sobre··ia tapa l rmite 
·atmosférica (CLA). ~'. ·. ~, '' :;· ·· ;' "· · · ·· ~ , · __ , 

· . · 1i'J•· u2 '. li1U ¡:: L •;:: ·:. : 1; r-:G :;'.r· i:: .. ;;~ .;1 : '9 n~· ;.>:;g:..¡?.11:'!-0qrno it 001Rr~~mnsm19q 

',.'<q·- ·-,~ El C~~dro 7\ Tiuestra los ré- .;..., .CUaclro 7.-:_COncentra~iones .,. pro1edio1 cde 
sultados para tres metales pesados Jetales pesados (~ I ;. ):en aero~oles ~ -3 
(Apablaza, 1991 ). Se observa que, UJ, colectados a diferentes altitudes en 
para los elementos ·antrópogénicos .. u<>'1.el área .-.norte .,.de -:i ~tiago :. fv~lores 
gener~do.s desdé. 'sU. f úente con' diá~ ·' 3 \ calculados d_e Apablaia, · :1991) s iJnaono::> 
metrospequeñosoenaltura (plomo .y ., ., ,.!5 . ·· &, ~:_1 
cinc), las concentraciones son sensi- : , . ·:::"'..·----~-:-·7c7:::¡·-;::7".'¡----
blem.énte 'igüáles sobre y 6~Jo la capa .. :1A'.)0'JCf1q é!CGJn ii3~~0 é?OlSObreJ 

... -:-" : ·· . . •·· ,.,, ~ B.le1 •·'~~.:r~ .. ~·~superflc1e ;. ..t~CLA u 
. de inversión térmica. En cambio, para • . 

2 0t· . , ... _ ""',... •. ' ~ ' ,..,.. >"\, f 1"'" '"" .., .... !"" .... - ~ ,.., •• • •• ·• • 1""'1 iOC . --- - - ·· •• · - · ··-··--- - -
flierrO, elemento 11atural proveniente · , 1"' ·::· .... ~·1~',';f.'ti;' '.~~f;:·.fo"'l~~~-'arrnr ·~.~!ns 

·{Sri del suélo...,.lasco°iltentraClonés 'dismi·- '3 ,cJ"oc f bs!~::mro Cbri 6n ~11;; iap 2ev61l 6 

. jnu~eri 'co·~ rifaifurá'af~er'iñicíairñenté"'!7 , Pb ..: n~·1 Jets :>up355 ·JU1ZO aoec.1J U _n 
.; . oénerado ·e:c,r. ' 'mayores !'etiámet'ros · v ü~;-_n1.1 .. ; .~'.11 ¡f.:'!, Q..?17 1:.rrporl~J. .~~)~"?¡3~.r 
.:·"posterforri\e'nt' "e re"cíclad·o-p"'a1·Fc' ia1iñ"e·n··-te 'Jn.~~n r <-9•sz g\c,>a630 Js81!I'bi~ io1~1.Ll'1 . . .... . . . .. . ~..:: · .. ,. :r _. ~ 1 ! .l~X· fr. í~';íJ ;¡Q f S U O'T!!!'l~~::;1 

al ai~e con diámetros "1enores, por . - . ¡ ... ·. -,1 .- ¡ -1 • . 
. 'a·cción'añt rÓpifüí.n9vs ..:: 'l" 1191~1· .J i ~ :: .,mre _1J .!( ¡ ,óza::2860 .. n q lo n3 1829 

.~''Jic ,am !lD Sl'!')r. 1to1 snu rnq : 1:1.; !e ~n : l i1 Í ií:9 a r:h:; -:-<;>o ?.sh119rn 9b .onGmurl o llsdso 
, .1 ... : ~)....ffl.r.- l.fi..1-..-·~~: ~~ t,t{·i..,·r::;.,;f,.'.~!., 11;.;·' .. . "' ------------------

! v . .. r.~::_i:;_ La asignación definitiva de la "" , -- : -·- ·. :...•, w-"~ v ,. <v i ... . ,.... ... , ...... u, . ... _ 

_ ,;: fúente de 'o'rigen· del plomo'"en-'el a·ire: dé Sa~tiago:-se ~fiizo''inédiante °Eif';~"studio 
,:; =de· t·a· lla·d-- o~ 'i d-e .. "l i-la· e ' ;» ·-: i r. .: \J!".'lf'l : ; ::: :;::. i.". , ,1.. : 'o!ri ~ ;qo;:i ,qmq10 .,ot lsdo~ - r·· . t . .. , ... ,, ('; ,..,. ~"')". ri '"" ·(C':> "· · f .J ..... Ít.! 
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1
- ••6 " ·-- .. . -· - -:ni 1r ');-_ ~t;: né1-.; r.c ~:.) 1!o!·:s'J .t.f c9~) h :: !5v;bi~f.o:i aá c;iour~o 

reac1 n entre con- ""· -.. . .,,. .'"",,. , . -- ··cr · .. _ .. <',-:-• 1 J:-.. 1~., ·: , ;,• 
... P " .. · -•·· ~ · ~ •' r: '" ·1 ~ ,,...,..,,.,. •' ,.· .tn" '"·.,C't 1· lS ... j¿•" -q"''·' ,,.:.n 9m"•"'0 11b 
,C centración y tama- . ;.)• • • 0 
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ño de ·partrculá . FIGJRA 6 . CO~ENTRACI~ de Pb, EN AEJRCJSOLES oe S4t{T I AGQ, , ,.~. 

bajo los 3 pm. Para 
· · ello se consideran : ·' ·' '· 

las concentrado- .. . ;.-. . 
nas en 6 fraccfo-
nes cori ·diámetros 
crecientemente 
mas pequeños. Los 
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resultados se grafi
can en la Figura 6 
(Préndez et ·al. , 
1993 b). 
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Las curvas 
muestran que en 
cualquier época del 
año, las concen-
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DIAAETFr::l DE PARTICULA un 

1 -A-arcifb + INV IERl'O *PRIMAVERA + veRAt«l 
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traciones aumentan en la medida que disminuye el diámetro de la partícula que lo 
_contiene; sieñdo particularmente elevadas bajo 1_ µm y en el período ·de otoño e 

: invierno. la curva correspondiente al material particulado eliminado desde el tubo de 
· - escape de los automóviles que utilizan gasolina plomada, ·tiene exactamente la misma 

forma, pero con concentraciones que son 150 veces mayores. · - ' · 

-.. -"' .. ~ · ~1~t-· : ·. :n -:.¡: :- ·,: l: • ·~:. ~·!·: .í1 : 2 ·;. - ·j •. -·· ~:. 
. .. Al tratarse de material muy fino, se dispersa rápidamente en Ja atmósfera en 
los .-primeros _metros después de érriitido, dism-inuyen.éfo .. a0·. 'esta ' forma su 

. concf:!ñtráció"!Jocal:~Per_o, ' por. la QiJ.~ma ··razón, se . dispers~ ~E>poµénear!le~!e y 
permanece largo tiempo suspendido en la atmósfera antes de adquirir suficiente peso 
como para ser redepositado por efecto de la gravedad. Dicho comportamiento puede 
explicar los resultados del c .uadro 7 • . . , · coo~~'..H1- ~~l;;e·m· 2~~; ·~;~Q · ~o~l'u?. 

.:. ~ . • ·.: .. w ~~0 ::.:~..i=.:-~ ._., \.,·¡,_ ·:.· . ·: ~' .:.·· r) ,' .. '>~:.-· :_; .~ .i t ::.:. ~ . i.; or; ,)h:J -;.- .. \: 
.:,-: 1 ~ ;·; También se· ha informado la presencia de arsénico en el aire de. Santiago, con 
concentracióñes de 5,3 ng m-3·en 1976 Y.~-~, 2h~ eJ] .. t~?SuiH_~ ... efj~'.-.t~~Q~;~~ 

.,, . n;« ; ··· • y ~rno lq) s1u1!s nJ o aoibupsq r:mrsm 
•· ••··• --·· ·;--":-·:.,-··- - ·----- · ----···-----· . : ~ ... :,..; ·:i '1::i ' ,,q110i ,., ;:ntn ·""nl")~ =>!>I f"-nio 

EFE~,TOS O~SERVADOS PROVO_~ADO~Y~9~ h9~ -~~~J~L~~,J~~.s .. ~~9.§. '1 
" i ~ .. , 91-,: ·0.::mq11.:i ii!i : . 3 · ;.. >-· • b 

· · -:.-·~-. • • -- , ~i:, :i .. :rdmG'.) n . a:;;1m~·11 rtL'121evnr e 
., ___ --~:~la contaminación ·producida por m~~~~~~.Y.E'..~~1dq~. 9J!1,'~i~.?.~"Y; :tJ~n~e~.i:t.~~os 
a través del aire h.é! sido detectada ~obre ~~r~s.., "Je~[?.~;; ~l'J~':'rujnJ~r~~gg~~~¡_,hay 
numerosos estudios -que afectan a los sere~ h.'!.m~_n.o.~ ;;Y;~ p.~f~~~e!-e~ Yi' .. \1.9~.'7~};•,ivel 
naci?nal, la información es más escasa, au!!~~~ !~..9t~ra~~fa .. s~ñ.a.1,a Jt!<?.;n1e!1os 
estudios efectuados· sobre seres humanos, ~0~~~ 1.~~~!e~,~ó~.9.~~~ .9j~r,W.~J.~ip~,mos ~ 

, .... '. '..... · " :· . · . _ · ·1 -· , 1c\: • ;!3 l 'lr'Jm 20,1!?rr:8 ib nc::l ~,¡,. Is 
:. ·-, En el primer caso, los traba1os se refieren a la eventual absorción. en el 

cabello humano, de metales pesados emitidos al aire por uña refinerrá' 'éie ·~atales . 
.. . la cuañtificaé'ilm:'"" realizada 'medianta~·espectrofotometrra· de abso~ci~n atómica y 
,, anáHsis .Pºf . • ~ct~v~ción neut~~!l.ica! in,clu.v~ ·1_ós}l~.Üieij~é~-.~ele~·~~tO:~; 8~sér:i!co, 

cobalto, cromo, cobre, hierro, mercurio, plomo, antimonio, s~len.~~ y c!~~d~~~ el 
estudio se consideraron tres poblaciones diferentes de la región, ·una de las cuales 

- - -1 '-· , . ,, 1--: • 
directamente expuesta al aerosol emitido desde la refinería de. Ventanas (Cassorla 

-•• t~, ( I J h .. ~ t. 1 . ;;:J....,, 

et al., 1983; Aveggio et al., 1984) . .. ... _ · r:.;1t~1r · - · ... -; , ·
1 

·,~ - · ·,;··-··- ·;:. 
·- ·.:i!•º ·: ~ .. . .. · ··.o.l 'l ·"'A l , J ; 'K..,~l Got. ::lr - 'l uO 0 . 1 

.. _ ... --_-:-: ~.:-:. ; ~.-: .. . - ... -- - · --- - - - ·-- t;·1 ~;·"J . i t1 ·\ ,... "!,('1 ~i ,~·-1 

tos resultados mostraron que solamente arsénico y bromo alcanzaban 
concentraciones significativamente mayores· en el cabello de lo's habitantes-de la 
población expuesta, tai como se observa eñ' el Cuadro 8 . Arsénico y brórño nó 'son 
metales pesados en el sentido estricto; sin embargo, el arsénico S'é suéle incluir en 
los estudios de este tipo por su efecto tóxico potencial. .. '. ;, ;:·· ~ : -. ~ :.' ~ ; 

Una importante contaminación de suelÓs-y vegetales- provqcá·d~ . por el 
molibdeno emitido desde la industria refinadora de metales Molirriet {ai súr dé Santia
go), fue informada hace algunos años (Morales y Schalscha, 1984). El impacto 
estaba directamente relacionado con- la distancia a la fuente emisora y· resultaba 
particularmente peligroso para el ganado del áréa. · 

En el caso de los alimentc>°s, dos grupos independientes de investigadores 
(Guerrero, 1981; Diaz et al . , 1983) han utilizado la lechuga como indicador de 
contaminación. Este es un cultivo de alto consumo entre la población chilena, cuyas 
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. -
hojas quedan ery contacto directo 

~ ~ .. ·. ~ ,, .. 

con el aerosol atmosférico. . ·. ·; • _ 
. .. ·- .. , ·. ::'" ··Cuadro 8. Concentración pro1ed10 y rangos de . , 

.... - Las muestras, tomadas en -· As Y Br (l<J kg-l_), para l~estras de ~~lo ·-· 
distintas zonas cercanas a la ruta . hUJano de poblaciones próxi1as a la fund1c16n > 
5-Norte del Área Metropolitana, en . de cobre de Ventanas (Cassorla et al, 1983) 
lascomunasdeRenca·vauilicura,' 1 ;c:",;; •·:::ri )1

) . ··:uH ; :::i: f_ .M . P. :: .\ J f~ ,; \ g~ 
1 . .... • :. . ~ • . - ••• - ------------------------------------- · , ... ':) mostraron un alto ·contenido de · . -::.. · . · - ,. ·· ~ -- ··• :: · ·-" • - · ·~, · 

plomo, variando ·entre 2,5 y 6 ·· :1>17.,. ~¡~ · '"'."'~'."'":"'.·~--- ,POBLACION ~~,.;;:-:. · ~ _,:-.-: ...... 0-: .. 
ppm, lo que supera notablemente . ~ei. _ .,Exp_u_e.~~a . Rll!ª_l . ,. u:b~~- ~- -, 'º 'establecido '' J>or 1'1 " regla.inéñt'o · v :2--~---------~-:~--~-~~--.-:~~~=-~ 1 A 

. 't . " ' 'd.·· ·r» ; h . ' ·1· .:¡ . ' 1: ,, . " ' ·1 . · 1.-,1·¡ •;fl!['1Cj'flU 1 ·f; !' er.z JO:l:lf)"C·(:- •)rn O:) .. '""' "'-". l!l!!f4."' l.1a1d~ .... 1:i.. sam ano e os a 1mentos e cua ,. · "- · · · · .. ! ~ _ · , .. v'-:. · ·: 1-'ífA"' ..... J-"~ 

indica urdiaÚ>th1'á·ximo d¿ ' 2 ppm ·:-~ ;i-~iAs ~;J~ , .i·,46 _:;:;v .i .;0,28 ~ ~-... 0;36 .J.r;f.¡ YX,; 
de plomo" t.a ~OMS recomienda ' l· i'~<) ·/. (29- 5,48) (0,037-1,3) (0,065-1,19) . 
s'ól o 4 ... , · i \l l\..; i '/I . .; ( V ~'i l v' " "' J vr.;AJ .V ;('.;;\ Lü8 .:i ;0 i()i:}3VA .1 ;.V ,AJROZ8A:) 
·-_.?.,~. tivB·~~jp ;m1-'j9J1t.,:r&.ct.~:) · rt<i p ~:Br -'tv :>:r 6, 7·. ~ ~!,..2;15 . :~1 1-.ab 11~r2Lr0as.taO-) 
e~ .:-•1jg~u&..:g- f.¡ ·,o~el~1'.) crn:¡j_,_Jm .O. ·p¡p,; ~v'b·ii(0,24-44,3) : (.0,086-5,3r; ~0-~1~3-25~ 7:)1 .ab J 

CÓNCLÚSl-Ót'ES""'l Z / : O~-ae : JA2-tl omoT .sns1a2 

·.,~.¡ 1 ! ~~º~ !T~~i~rtr6 '~J~ inl~íffiá~fó~ -~riife'1~~ -~fii m :p;~~riié ifa·1>aid.11rs~fi1rib1Pai~1 ·i 
cdricí~slÓnes' al~~nt~das1~Ón:' " J ~!->.A -~·~~! t't'i.-i <J \~!; t, d~~···ª',;~'1\>,;,~j;H ... (1~01 :@edl U?l~'Jt:i".¡i 

. . =u,·:· ~ 1 ..;<-:o4- :.m .s r1ri.) 9b . vF1U •. m l6-=i v .rn1uO .?J .os-=l ,001m1uO 

- ,,~_n/, ~~ .i.~~o,i_~n11"1~~t~~P.<W~ªPª· i J!?i . ~~~~~P sµ~~i~~!~~J~º!:,'P.é!~!~9iI~~P~~~~ !'~~ , 1.ll'i " 
presencia en E!t~irtt de elementos pesados de gran 1mportanc1a por su ·eventual ' · 

. foxicidad:
1

tales .'fomÓ. vanádio 
1 "ars1éni~o'1 antimc)nio·y .'fueré'u"'rio". WYl&-:V-:C:Olfi$JW!'3; . 

• ~. t..1 1 .-~ .. ~~1r aM:i ".c,.;:;1~i ;:J ;;1 i..,'.v1...,#l~~.i9 !'.1'..P~ . .iJ l<tCi ll ....... :lt•J . • ons¡¡1'1J eJn&1dmA oibeM 

-... e~i~t~ i~s~fi_C,i~m~, !!"f~~'!!aci~n ~~~~~-?J?I':~~ la pr~~-~~~iai.~e m~~ale~,p~sados_~~.el~ 
.aire de otras ciudades µet país, que no sea Santiago, º 1 

. . ) --:. - 0:....~-t • J-¡¡ .~b-J J_ :'b u · 
'- .; ; ·: ·.'i.id=:'.' · .:P. ~~ · .9Yi ~ . .,, ~::.'~ ; .. ¿y,~ !·~ Hlf·_;¡ " . · ; :J,r;<: J: '"' '"' _zo 1.:~ ;;;-r.1t;.: ¡:.;!s 5.b atsn~ílfir.L 

1
• 1"' 1 · 1 ' - • n " :i. 

- ta' informa·aa~·Jr~spe'cfo. 'd~'l-c;s,.~fecfü~~ 1producidos aa~ ~m~t'ales ?J~s1:dbs ,e~:el aire' 
_de las áreas urbanas chilenas, es escasa y requiere ser incrementada, debido a su 
'pote~Cial de toxiéidád ·para la s~fucf dé lá 'oÓblaciÓn, ~!e : ,;r"'.' ' 1"'.!-í.~ 1" ' ,Jl , ,;.~';, ! :1:1~H ·: 

• , .~.~'_. ~ ~ ~ ;. • 1 ~1 "·u :l ~ tt &.{_ . ~ 1· ..... J \ • • u~ :~~ !~.;.~ . ..i:.J .: ;,.;.; _1:) i-'°.:.A-11J :·l -'9 1 Cao1~e· · na n.Otat1aq.<oa . ..: 
• , . ... 1 • • .. ~ ;: ,.., -; ..! ., · · -: t .~n- .... :-; r - ..., ! .. .. , ,., ...,. -:J ,.,.... ;~'t. (', 

- es de la mayor importancia establecer normas primarias y secundarias para metales· 
.pesados en el aire, a fin de establecer adecuadamente sus niveles de peligrosidad, 
tanto"para la salud humana como'·pará ila del ambiente;"- -::>: 1 

•• ~; ~, "t, ·, ~ J:-_r::. f;; i:.ü.;¡) 
. . ... ....... . . . ·.~- . • . ~ - : ¡ f · "- . ' - • : . :n ~ .... <.~ V : ) . . ! •. L. i ' \ 1u 10C:·, , ~ l G' ¡.~J.J f.: i,1tflU1'FJO .) ~o 

- . . ~ .. - ' - · · 1nr'" · · J ,. -. 1 r ·..-;: , · dr · ~ · .. .... - -..: • 1 .t l/ ~ 1 ·~ '1 

- en Santiago, el origen del plomo 'se' encuentra en la combustión de la gasolina 
plomada, usada por algunos vehículos motorizados; sus concentraciones en el ~ife 
se encuentran en niveles peligrosos para la salud.de fa población, en espedal a·n· 
el área céntrica, de acuerdo con la normativa exúan)era, y ' ~ :(, < :r;:::;::n h .i..i,;J; _.;, ..;, 

·~. H : ~::: . f:l ~ · .!}• !i 'k:~· 

- la cuantificación de los metales pesados en el aire y la aplicación de adecua~os 
modelos, permite determinar la peligrosidad o inocuidad de las emisiones de sus 
fuentes específicas. Con ello se logra un gran avance en la evaluación cuañtitativa 
del impacto real que pueden tener ciertas fuentes emisoras puntuales (fijas o 
móviles) sobre el ambiente. Como consecuencia, se facilitan los procesos . que 
implican la eliminación de los contaminantes al ambiente. ' ; - · · 
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CHAPTER 16 

THE NEUROTOXICITY OF LEAD 

P...TRODUCTI01' 

Most of the hea\-:v elements ;--.ave neurotoxic effects, ei ther on the ~:iphera! 
nervous system (!'NS), oron tite cen tral nervous system (Q\:51. A brief iist of the 
neurntoxic effectsof tne hea ·.ry eie:nents is giver, in Tabie 16.1. Tne ne~rotoxic; ;;.· 
oí me;c;,iry and c.:-se:-úc is not disputed, anc ::here is no cioubt lh2< ieaé has 
neuroroxic effects cr. both cruiciren and 2ciulrs ·,...·hen t..'ie ciase is high . .A le; of 
efio;-t has been ¡:iut in to invescig2 ring w heU1e:- or not low ievel lead exposure 
impa.irs the neu;opsychological functiorjng of chiid;en (28,65,/9, 100). lñe 
weight of evidence cioes point to sorne effecton inteliigence, cognitive function
ing and benaviour. Ít is necessa ry in such an investigation to ha ve sensi:ive and 
re!iabie measures of oot;, ieac levels a:&d neurops)lchologica l funcrioning, as 
well as statis:ical te-::hniques to has1dle the d ata, and reiiable es::ir..ates of 
con.founding variables. Though lead is notas dangerous as mercury on a mass 
basis. there are ot!-ier re~ns •.-,·hy iead is more dangerous as~ gene;-ai 
popuiation toxiii. Tnese are, its g:earer production. and its wide use i¡¡ a: eas 
where peopie come in to contae< w1th it, especic.liy ieac! soicier, painiee houses 
and le2d additives ii'1 L>errol. A co;-;;variso;-; of sorne oí these feat' .. Hes for :he rou :-. . 
rnos t cornrnon toxic hea\·y e ieme:ots, are lisred in Table 16.2. 

ESTIMA TES OF THE BODY LEAD BURDB< 

Tne bociy lead burderi can be estima ted by measu;-ement ei th e: of the ieac! 
con tent in l7\ateria!s sucn as lead j¡, blood, teeth. ha ir, urine, fa?Ces anci bone, or 
the tiochemical effect of lead, sucr. as its effect on the haemo~eitic syste:n. 

Lead in Blood 

Tne most corru11on me asure of le ad is lead in blood, i t is mai n lv es tirr..a ted iri 
the whole oiood, ;:n.:t also in the plasma or in the red blood cells. B l~od is difficult 
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570 The Neurotoxicity or Lead 

TABLE 16.1 Neurotoxicity of the Heavy Elements 

Element 

Mercury 

Cadmium 
Lec.d 

lndium 
Thallium 
Ar~nic 

Amimony 
Bismuth 
Selenium 
Te!Jwium 

Neurotox:ic effects 

CNS: b'T'ain damage, visual, sensory, auditory and 
coordination dysfunction, PNS: e.g. \tremors 
Nothing reported · 
CNS: encephalitis, behaviour, inattention, JQ deficits 
PNS: reduced nerve cond uction 
PNS: paralysis of limbs, convuisive movements 
CNS: encephalitis, brain tumou:, PNS: polyne'..lTÍtis 
CNS: vertigo, restless, irritabiiicy, hearing loss, 
PNS: motor paralysis, pef.pheral neuriti s 
? 
PNS: peripheral ne'..lTÍtis 
CNS: ciepression, irritabiiity 
PNS: tremors, diminished reflexes, conv1.lisions 

to sample accurateJy and reiiably, and is sarnpled either as venous b lood or 
capiliary b lood." Both methods are subjecr to contamination, but the problem is 
more significant in the capiJJary method as a small volume of blood is taken. 
However, with rigorous rnethodology capillary sampling should be satisfac
tory for small samples {43], and provided high results are checked ·,.vi L'1 venous 
sampling. 

A single PbB measurement is not adequate as a persons blood lead can 
fh.1ctuate over time [36,38], anc it represe!1cs recent exposure [33,75,77,100, 
105,115]. A person could easily be incorrectly ciassified if a high lead exposure 
had occ-..irred a long time befo re the blood was taken. Blood lead resul ts 
typically ha ve a variabiii ty of ::10 to i:i53. 

Le aci in Teeth 

Alter blood, children' s deciduous teeth ha ve beer. the next most oí ten u sed 
tíssue for ~stimating body lead. Tne distinc: advamage of teeth is that they 

..: provide a record of past lead exposure [5,19,29,36A2,77,90,106,109,126], there-

TABLE 16.2 Relative Toxicity and Avaiiability of Mercury, 
Cadmium, Lead and .A..rsenic to Euman Beings 

Eiement 

Lead 
Mercury 
Cadmitun 
Arsenic 

C:-ustal 
con c. 

!!g g-' 
13 
0.08 
0.2 
1.8 

~~-------------- - · 

Producrion ioxicity Jolerabie 
X iOOO t intaJ<e 
(i985) µgd·' 

4100 mod. to highly 430 , 
o ex:remely -4D 
14 hig:tly -60 
50 highly -60? 
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/ -
fore there i~ less of a c~c~,of incorrectly ciassifying peopie in terntS of their 
overaJJ leaa exposure [.:;.:i,80,100,118]. Moderate association has been found 
between P~B and tooth lead (e.g. r = 0.47, p<0.001) (5,118,127], however, as the 
two m_atenal.s reflec t d1ffer~nt temporal lead exposures, it is not necessary that 
they snow ª . dos: corr~l~t1on. We have d1scussed previously the problem of 
too th analys1s ano the d1frere~t matrices and type of teeth in Chapters 4 and 13. 
If ~~eeme~t could be reac~;a on what tooth material and tooth type to sample, 
1t 1s hkely ,hat teeth woula oe the best t1ssue to use in epidemiological srudies 
of the health effec~s of lead. 

Le ad in Hair 

An accessib~e tissue for th~ measurement of lead is human scalp hair, which 
has be-en usec. tn the stuay of neuropsyc.hological effects of the metal 
(A".)0""'98 1 ?1) 'sc";c.-,,s~-"',-1 . e· "~h . -. ·~': ·'- .. -:-'. ' -'""" _,,_~ tn r1aprer l.J a1r presents more prob!ems than 
teetn oecause ot tG2 endogenous and exogenous sources of lead in the fibre. !ne 
best hair sampie is ¡nat t.aken ciose to the scalp, reílecting more closelv inremaJ 
lead levels. The best position to sampie is probabiy the nac-e of the n'eck. nair 
roots me.y be even b€tter material to sample. · 

Lead in Other?vfacerials 

Other mate!ia i ~ such as ur.:ie and fceces he.ve not beeri w idelv used as a 
measu;e of the bod,..- lead bu:-C:e.:i [5 1'" ?Q ..:3 40 i 1c no¡ ¡e- '"' retoas·e_, 'rom t 'ne . ' .. ,_ , ... , ... .,,. "' 1·- · -ªY .. .._ GJ ' i 

body in urine and :2ces by chelaC:ng agent.s, such as perticiiiar:-.ine and EDT,; 
m.ay be u$€d to me.:su;e t}:e oody lead burden [14]. .4 • 

As outlined pre•.•iously leac interferes with the biosvnt.hesis of haem ata 
number of ste?s. T1erefore various s~cies and abno:;-;¡aJ 'orvd ucrs.accumula te 
providing possible markers io; the body lead burde:-i [19]. Tne markers mos ; 
fr~uen~y studi~ _ cre, EP, ~he activity of ó-ALAD in biood and Jeveis oi ALA 
a..1a CP in unne. _:ttle use has been made of these methods. 

0.'"ElJROPSYCnOLOGICAL \1ITHODS 

Cognitive 2nd Be!-.aviourTesti.:'!g 

A v·arie:-y of neurops:vcho iogica! mea.sures are availabie wnich aiD to 
measure functions such ·as: IQ \ful ! scale, perforrrurnce and verbal) fine and 
¡::-erceptu.al _moto~ sk..ms, verbal preces.ses. visual perception ?rocesses, gross 
moto; acn\'lty, ben.a;.1our rat1 ngsand ner;e conduction. An area of difficul tv is, 
finding tests sensi ti ·.·e enougn to detect smalJ chc.r.ees in neuroosvchoio<=>.ical 
functioning { 1 9,2~..33,36,40,-i-1.45,i7,82~,86,87,9í :100,104,105:108, 109, }l 1]. 
Tne Wechsler P~e--x.'100! a nd P;-;mary Scale of Inte!ligence, WPPSi. test .,.,,ftich 
measu:-es perceptual motor abiiiry rev~ed signifi¿;,nt cfüferences ber.vee:¡ 
groups wir:.h Pbo leve!s above and below 29-39 µg dJ-l, whereas t..'-1e De!1ver De
veJopme~t ~eenin.~ Test, Do:3T~ test which measures language and fine 
rnot1ve ac.apnve abu1ty ¡eveaieci d1ffere:-ices between groups with Pbi3 leve!s 
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above and below 39-60 mg dl'1 [91}. Therefore it is necessary to considera com- " 
bination of tests, perhaps a mixture of a st:andardized IQ test (e.g. Wechsler 
Intelligence Scale for Children - Revised., WISC-R) and specializ.....<>d neuropsy- -· 

. : chological tests f 108). Me.asures in more than one setti.ng may help distinguish 
· between pervasive and situational effects [109). Testing must be objective and 

blindwith respectto the Jead rneasure [191,and bias may be introduced byusing 
. more than one tester. 

lncreasing the battery of tests does not necessarily improve the results. Ata 
5% leve! of signiñcance one test in 20 will show a significant efiect by chance 
[34,86, 108, 109,111 ]. It is difficul t to obtain objective parent and teacher ra tings 
of child behaviOUí, and care is necessary in producing a questionnaire, and in 
the rnethod of presentation to parents [72, 126]. 

Confounding Variables 

Confounding varia bies (CV' s) are factors w hich associa te wi th the ou tcorne 
of interest, i.e. the neuropsychologica! function, or the !ead exposure or with 
both together [19]. Where appropriate these variables have to be considered, 
anda iistisgivenin Table 16.3. Two rnethods are available to handleCV's,either 

TABLE 16.3 Confounding Variables 

Socioeconomic s;:an.:s (SES) 

Paremal: IQ 
Educacion leve! 
Attitude to chile 
A:titude to schooi 
lnterest 
Restridveness 

Fathe~ head of house 
Fathe~'s occu¡Jation 
Mother' s occ.:ioation 
Famiiy incorn~ 
Care--giving environment 
Nou..-ishrnent 
Social class 
Social disaci,;antage 
Marital ~elationship 
Environmental factors 
Type of resiáence 
Length of time in residence 
Geog;aphic iocation 
Home cleanliness 
Smoking habits 
Alcohol use 

Birth and medica] factors 

Pre-na tal problems 
Birth weight 
Sirth order 
Number of pregnancies 
Mother' s age at birth of child 
Mother' s exposure to toxins 
Mofroer' s mental he.alth 
lnfec::ions 
]ron balance 
Trauma 
Medica! problems 
Pica 
Genetic factors 
Host sensitivity 

Phvsical facrors 

Age 
Sex 
Race 
Nu.11ber of siblings 

í 
J.1 ¡ 1 
·¡·· . ' 
'.' ! 
j 1 

~" ! 
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matching exposed and control groups for the~anabies, which is difficul t to do 
adequately, or controlling for the variables st:atistically [1 9,.33,100,105]. In 
longitudinal studies (i.e. carried 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 [36,37,71,82,84,87,111]. The socio-econornic status 
(SES) of the subjects is relevant, but is difficul t to measure quantitativelv. Social 
class, _or father's occupation, or incorne ha ve been used, but they ar'e rathei 
crude measures. Both, under-estimates and over-estimates of SES, can influ
ence the final assessment of the effect of lead. Man y of the factors listed in Table 
16.3 are inter-<lependent and if too manv of these are used in an analvsis th.is 
could conceal the influence of other fact~rs [1108,1 10]. , 

- Tne biologicaJ variability of people is also a factor, to which little attention 
has been gi ven [24]. Sorne peo ple are sensi bve to a cer::ain leve! of a toxin, while 
others are not. 

Sta tistical Methods 

The lead concentrations and neuropsychologicaJ data obtained ha ve to be 
handled by sta tistical techniques, in particular mu] ti varia te analysis. The abili ty 
to discrimina te between various in ter-active factors depends on the sarnple size 
118,19,40,41,82,100, 109,111). Tne sampie size required is detennined by, the 
level of significance desired, how small a difierence one wishes to de tect, and 
the frequency of the factor in the population [ 19]. To increase the cer::ainty, 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 sorne subjects will be eliminated from a studv This mav 
produce a sarnple bias which needs to be tested. When the sampli~g has bee~ 
selective or stratified, care is necessary over generalizing the resul ts [19]. 

Confounding variables rnay be determined by fo rv .. :ard selection, where the 
experimente: ~kes the choice, or by backward selection, where a CV is 
eliminated statistically because its inclusion or exclusion does not cilange the 
lead exposu¡e regression coefficient. This can mean that a CV m av be reouired 
for one.outcorne measure, but not for another [37]. ' • 

Outliers in the data need to be detennined statisticallv and removed befare 
further processing of the data f37]. In a material, such a~ teeth, beca use of the 
natural variabiiityin the lead leve] an outlier may in fact be a real valueand must 
be included [42]. Sorne statistical pacb.ges ha ve constraints o ver the nurnber of 
covariates that can be handled, and this could be artificially restrictive (37]. The 
statistical limit to the number of outcorne measures (per s1.1bject) that are 
required to dernonstrate group: as distinct from individual, differences is one 
third the sample size [13]. 
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EPIDBYíIOLOGICAL STIJDIES 

The steps in epidemiological studies include, derennination of the sample 
size, sampling, rneasurement of the lead exposure and the outcome factors (i.e. 
neuropsychological functioning), deciding on confounciipg variables and sta
tistical handling of the resul ts. E pidemjological studies can be either retrospec
tive or prospective. In a retrospective study people with a particular outcorne 
Oimited to one) are compared with a control group regarding their lead 
exposure. It is difficult, and may be impossible,.to fuJly 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 [7,1623,24,33,37, 
54,100,105]. Far longitudinal prospective studies, Jead exposure and outcome 
measures are estirna ted over time, and the CY's could well remain relativeJy 
constant and are less of a problem. An ideal srudy would start wi th pregnant 
women and then fo!low their ch.ildren overa number of years. 

Cause and Effect 

It does not automatically follow that if a strong association exists between 
two factors that the relationship is causal (22,37,63, 100,109,1 ??). Nevertheless, 
a strong association cannot be ignored. Requirements to establish a cause and 
eHect relationshio are: a consistent trend over a number of studies, a dose
response re!ation:ship, the effect is biologically plausible, that other traumata 
can be exduded or shown to not rule out the cause under consideration, the 
association is strong and specific, t..'tat 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 evkience is a vailable su ch as a study of acciden
tal exposure (19,108]. A s::rict adherence to ali these requirements could well 
rule out any caus.: and effect relationship being discovered. Eventually it is the 
trend in the available evidence, and the quality of the epiderrliological study 
that are imoortant in the decision. 

Sorne e~cience obtained does not ciistinguish cleariy between eithe!" lead 
being the cause of the outcome or the outcome preciisposing people to high iead 
exposure [37,109]. In such cases other infor.r,ation is required about the situ
ation in arder for one conclusion to be favoured 0•1er another [37']. 

Two mode!s of cause and effect have be€n proposcd (19); .(_a) multiple 
índependent causal factors, 
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and (b) cumula ti ve and so;netimes independent causal factors 

Al + A2 + A3 + A4 -+ B-+ Outcome 
... 

causal factors effect 

Tne second model is often u.sed in analysis of results, but a more comolex 
situation may well ex:ist, i.e. a mixture of models (a) and (b), • 

A~ 
~ AS ... 

causal 
fac:ors 

Al + 

A3 

A6 

A2 

0 s _____.,,,.. 
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NEUROPSYCH.OLOGICAL STUDIES 

ouccome 

Tne various neuropsychological studies on lead can be classified in difjerent 
ways, such as t.he degree of lead exposure, or in tern1S of the subject, either an 
adult or child, or the type of epidemiological study, i.e. prospective or retro
spective, c-oss s¿ct)onal or longitudinal. A method of dassification used by 
Rutter (108-111] wilJ be followed here. Tne dassifica tion is: (1) studies of 
chilcire!1 . .....nth mental retardation or beha•ioural deviance; (2) studies on the 
effect of reducing the body !ead burcie!1 bychelabon; (3) studiesqf people livir1g 
dos¿ to smelte:-s; (4) studjes of small groups of people in a clinicál environment 
and (5) studies of !arge populations selected in a random manner. Ciearly the 
grnups merge in to each other, especially g:oups 3, 4 and 5. 

Yfental Retardation Studies 

Studies of mental retardation in relation to Jead are retrosoective, i..1 t.hat an 
outcome has been determined and people with or without. the outcome are 
compared as regards their lead exposure. The principal lirrJtation, is Ll-ie 
restriction in the number of neuropsychologicaJ outcomes. The sample is 
normally stratified and is generally small in size. · 

Outcomes that have been selected are; mental retardation [9,32,74,/6], 
learningdisability (97,98] and autism (16,Jí). Sturues in Glasgow (9,76] demon
strate good cor.elations between mental retardaban, blood lead levels and 
water lead leve!s. Tne quaJity of the matching of the mentally retarded and 
control children, and the handling of CV's may be oiticized, but even so for 
water lead leve!s >800 mg 1·1 the chance of mental retardation increases bv a 
factor of 1.7. In a Welsh study (32], no relationship between water lead Iev'e!s 
and mental ability was observed, but in this case, the wa ter lead levels we:-e 
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<300 mg J·1• Autistic chiláren v.ith 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 [1 6). 

In other stucües, children cüagnosed wi th mental retardation and/ or hyper
activity [20,21,23,24,129) ha ve beengrouped according to; those with a probable 
c.ause, those with a possible cause and those with an unknown cause. The 
groups were then compared according to their le ad exposure, and in sorne cases 
[21,24], the blood lead Jevels were higher in the chiláren with no known cause 
of their illness. Sorne criticisms directed at this work include; possible sample 
bias, little orno consideration 

0
2iven to oica and SES, poo; matchine> of 2TOups . ~ o o ' 

small samples, over diagnosing probable cause and unknov.:n cause, and no 
ciear sou rce of lead (15,45,82,109]. E ven so, a distinct difference in the PbB leve!s 
'between the groups with probable and unknov.rn aetiologies existeá. Whether 
or nota causal relationship occurs is Jess certain. 

Chelation Studies 

In principie the investigation of the neuropsychology of chiiáren with a high 
lead burden befare and after chelation is a pawerful method to demonstrate a 
causal relationship [109] . Hyperactive dúld~en, of no-known orminimal cause, 
or with a lústory of Jead poisoning were treated with either penicillamine, 
which removes Jead from the svstern, or with methvlohenidate, which helos in 
hyperactivity, or with a plac~bo. lrnprovernent in · teaching ratings, parent 
•atmgs and global imoressions occurred fo¡ children on both dru(7s but no 

• • 0 I 

change was apparent for those who received the placebos, however, more 
dropouts occurred from the study for the placebo CT;o~p. The children receivine> ... , . o o 
peruollar.une also had their blood lead levels reduced (25). Though the quality 
of the sample has been ques~ioned the results do point to a possible ca usal 
relationship, especially because of the use of contrasting interventions [108). 

Smelter Stuciies 

. Stud ies of ¡::;eopie living near or working in -ieed based industries, ha ve one 
aa vantage, namely, the source of lead is clea;iv definabie. A number of studies 
nave been canied out on children and adults,[2,4,7,28,44,46,47,48,52,58,59,60-
&4,~9,70,73,95,i04,114,115,li6,123,130]. Most nave us¿d blood lead as the 
_::1easure of lead .exposure, and frequently oniy one measu rement was made. 
l wo PbB measurements at different times pro vides the basis for a better 
dassification of the high and Jow lead ~oups. A.n A ustralian s tudv addressed 
this problem, anda number of blood lead measurements have ~n taken at 
different times during the study [4,28]. 

~ P.r~blem fo r srnelter studies is obtaining a big enough sample, and 
1'.'.a1~tammg 1t throughout the study. Another problem is determining the 'best 
!lr:'e. to carry out the neuropsycho logical testi ng of outcome rneasures in 
re1at1on to the lead measure. Fináing rnatched pairs, increases difficulties and 
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often the ~a.rnple size can be ~astically reduced ~ause of this. Often age, sex 
and race nave been matchea., and estimates of SES have varied from not 
considered to the use of the father's occupation and income. ' 

In a large (592 children at 2 years olá) prospective epidemiologica.J studv at 
Port Pirie, Australia [ 4,28], the chiláren' s lead exposure was tracked from, the 
16th. week of pregnancy. The increase in blood Jead levels in the sample 
(espec1ally for post-natal blood) was associated with a si!rrlificantlv reduced o . 
Bayley Mental Development Index (MDI) score. Tne MDI score árops -2 units 
for every 10 µg dl·1 Jead in the biood. It is pianned to ca..·1v the stud~· on to a(7e . . .. " o 
7 years, and prelirninary results at age 4, using the McCarthy scale of children's 
ability, also shows a significant negati ve association to olood lead. lt was also 
noticed that preterm births are more Jikely when the biood lead leve! of the 
rnother was elevated [~28). A similar result has been found in Glasgow [28]. 

A- summary of sorne of the srudies on children is given in Table 16.4. 
Summaries~ave disadvantages as rnuch of the data has to be ornitted, anc it 
gives the impression that the studies are all of equal qualirv. A numbe; oí the 
investigations find a lead effect [4,57,59,60,130), wher~as others find no effect 
[52,70, 104]. The weight o.f evidence is suggestive tha t eievated blood lead leve!s 
are associated with som'e impairment of IQ and neuroiogic functioning. It is 
likely that a spectrum of effectsoccur [63), and what is observed depends on the 
cut-off point between the high and low lead groups, as well as the sensitvitv of 
the neuropsychological tests. A cut-off point of 35-40 .L!.g dl·1 could be too high, 
so that the two groups diHer littJe in their neuropsychologic effects. Tne 
Australian study indica tes a lead effect where the oiood lead leveis are much 
less, around 11-20 µg ct1·1 [4,28). 

Clinic-Type Studies 

A number of clinic-t;--pe studies ha ve been ca:7ied out, mostly in the Ll.S .A. ·· 
The studies are generally prospective and cross-sec:tional. Frequently the the 
cut-off blood iead leve] is >30 mg d!·1 fo; the lead gToup and <30 mg d l·1 for the 
conrrols, which, as for the sme!terstudies, may be too high. However, at the time 
when many of the studies were carried out, a Pbo leve! of 30 mg dl·1 was not 
considered too high. Teeth and hair have also been used as lead indicators. 

The princioal outcome rneasure used in the stuciies is mental abilitv as 
measured by IQ tests. Eiectroencephalographic (EEG) measu;ements ha ve ~!so 
been used. TheCV's rnostlyconsidered were age, sex, race and SES. Parental IQ 
and/or educat:ion ha ve been considered as important variables. 

A majority of the studies (inc! uding the EEG studies) demonstrate a signifi
cant lead effect, and in sorne 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 ha ve not 
taken in to account CV's must be considered wi th ca ution. A longitudinal study 
[30,31 L with sorne methodological errors, indicated that overa 3-4 year period 
the damage ini tially observed was still obvious. Unfortunately, the blood lead 
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leve.~s of the controls were not measured. The S:C:S factor was carefully consid
erea, making use of parent education, occupation and family income. 

Sorne studies (36,96,128) ha ve aroused a lot of comment, probably beca use 
the authors rever.sed the conclusions of their earlier study. lrútially a positive 
effect was found to exist between alead group with PoB of 40-70 µg dJ·l and 
controls 10-30 µg dJ·1 (96]. A restudy of the same group [36], five years late:-, 
demonstrated only a small positive effect wh.ich was not statisticaJly significa nt. 
The authors' suggested there were methodological problems in the first study. 
In a third prosperu ve study 132 mother / infant pairs were studied usino 
maternal biood at the time of deliverv and cord blood lead levels far est1matin~ , o 
the lead exposure. Significant re la tionshi ps were found between the cord blood 
lead and abnormal reflexes and neurological soft signs, and also between 
maternal blood Jead and muscle tonus [28). 

Tne faur EEG studies [11,13,89,92,93) ali showed an effect w ith increasing 
PbB levels. AJsv an effect was d iscernible at PbB levels <15 Uº dJ·' thouoh no 

• ,j I l;J 

threshold was apparent over the PbB range 7-59 µg dJ·1• The combined use of 
EEG and psychologicaJ measures {13,89] appears to be a more powerful 
predictor 9f PbB vaJues and neuropsychological impairrnent than the two 
separa te measures. 

The results far most of the cl in.ic-type studies are weighted towards a 
neuropsychological effect of lead. Issues, such as the danger level of PbB, and 
satisfactory cut-off leve!s far study, are not resoived. 

Population Studies 

Provided the sample in a population study is representative, the ñnd.ings 
may be·extrapoiated to the general popuiation. Hence there is a lot of interest 
in th.is type of epiderrüological stucy. Over íE~(e!lt years a number of studies 
ha ve been conducted ['.28,40,41,43,.51,66,77,89,91, '. CO, 101, 113, 117,118,126,127) . 

There are difficult areas in general population studies. Loca tino the source 
oflead can be difficul t. T.1e .samole n~ds to be re'::'rese!ltative, bu ti; t.he end the 
ex~rim~nte; is de?e!1de!lt on .the coope:-a tíon ~i the participants . .!.. range of 
coruounamg vanao!es can be exoected, making :t necessarv to take care ove:
establishing and comrolling ior these factors. r i;;-ai ly, it is be;t to find a measure 
oflead which is more t.han one single measurerne'.'1c. A summary of sorne of the 
studi~ is given in Table 16.6. Many of the studies in vol ve a great deal of work 
:nvolvmg a number of d isdplines. 

Stu.d~es in the U~A The investigation that cre.;:ted in terest in popuiation studies 
ano _nas evoked most commer.t and c:;iticism. was published in 1979 by 
Neealeman's group [77]. From a population or 3329 eligible children two 
gro ups, one of 100 chiiéren with dentine lead <6 ug g 1 and one of 58 chiidren 
~t~ dentine lead >24 .ug g-1 were seJected. The ::wo groups were then tested 
W1th a n~mberof neuropsychological tests and the :-esults statistically analysed, 
controllmg íor mothe:-'s age at time of subject's birth, mother's educational 
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leve!, father's SES, numi:>e; dpregnancies and parental IQ. The IQ's found for 
the low and high lead groups were: full scale 106.6, 102.1; verbal 103.9, 993; 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 behveen the 
two lead groups. In ad dition 2146 cruldren were given teacher behaviour 
ratings and the results considered in tenns of six dentine lead groups. The high 
lead grou ps performed less well on nine of the eleven behaviour ratings. 

Numerous criticisms of the study include; the use of dentine lead a; alead 
marker, orn.ission of the source o~ l~d. sample selection, handling of the 
confounding variables, the large number (66) of neuropsychologic ou tcomes 
tested, the testing technique, the statiscica! treatment of the data, and t.'le 
methods of obtaining the teacher ratings [3,8,35,.36,37,45,ó7,70, 100,106,!22]. 
The work has aiso had favourably criticism, such as the plann.ing, good •easons 
for excluding certain people a.nd a sour.d choice of psychological tests 
(3,99, 106, 109). Needlernan and coworkers ha ve resoonded to most of the above 
poin ts (78,80,83-86) and despi te t.he cri ticisms the 'sn.idv does demonstrate an 
effect of lead on neuropsychologicaJ functoni ng of chiÍdre!1. -

Tne data from the study has been analysed in other ways (10), wruch 
indica tes that lead disrupts the c:Uld/maremal IQ reJa tionship. Far the low iead 
group maternal IQ accounted for 24.7% of the child's !Q variance and, the 
addition of lead did not alter the value, whereas for the h.igh lead gTOup, 
maternal IQ accounted for 16.1 % of the variance, wh..ich rose to 27.1 % when lead 
was induded. 

Two furtner studjes [86,89) have replicated the teacher behaviour ratine: 
study on a group of°1273 children. A g:oup of the chiidren studied in the 1979 
report were re-studied 4 years la ter [86] with respect to behaviour in school. 
Sorne of the tests indicated a dose-respons¿ relationship. 

A 4-7 point deficit on the Bayley MDI s.::ale wasobserved for 216 children at 
age 6 months, g;ouped into high, meciium and lo w lead exposures based on 
maternal cord blood iead leve!s. T.1e Jower score ocrnrred fo r the highe: lead 
grnup [28). Tne deficit persisted when tes;ed ata ges 12, 18 and 24 monfr:s. Tne 
primary source of lead was ide!1tified as corr:ing irom the mothe:- éuring 
pregnancy. 

A srudy oí 2:l2 mothers and 280 infams in Cir.cinnati [28] fou nd that t:-ie 
prenatal blood lead (mothers) showed a significant negative relationship with 
MDI and PDI (Eayley PsychologicaJ Motor Development Index), but not with 
the child's post nata! blood lead leve!s. 

A group of 218 c.hildren in Chicago were divided into three lead groups 
based on their blood lead levels (91 ]. A nurnber of olood lead measurer:1e!1ts 
were canied ou t on each child over 3 years. A significant difference was found 
betwee!l the Righ and low lead grnups in verba l productivity, perce?h.lal and 
visual motor functioning, however no con trol of CV's was attempted, exce?t 
that the sample was said to be homogeneous. 
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Tne blood lead levels ob1ained in the USA during the NHA.l\icS D survev 
were studieci in re Ja tion to the hearing threshold of 4519, 4-19 ye ar olds . . Á. 
sign.ificant association was discovered, which showed a higher threshold 
(frequency) existed for the people with higher lead levels. Alsc, using the same 
blood Jead data, significant associations were iound with the age a child first sat 
up, walked and spoke, as well as evidence for hyperactivity (113J. 

Studies in West German.y Two investigations have be-en canied out in West 
Ge.:many (53,124-i27], in which dentine !ead was used as the lead marker. From 
a sample of 1238 chíldren, 904 incisors were analys¿d from 604 children, 
eventually 26 pairs matched far age, sex and fathers' occupation (SES) were 
obtained. Lower IQ's were found far the high lead group, bu t the difíerence 
with the low lead grnup ciid not reach statistical significance. Tne small sample 
rru:y ha ve had sornething to do with this. 

In a second study at Stolberg, !n a rnírJng are2 , [ 124, 1:27] a sample oi 36ó9 
cruldre!1 were used.. Tne dentine Jead of i 15 children were divided in to three 
groups. Sorne biood lead leve Is were also meas u red. Verbal iQ decrea~, 117, 
115, 109 with increasing cienbne lead (p<0. 1), whereas other IQ measures were 
not signiiicant, t.hough t.he trend was in the same direc~on. However, a.fter 
corre-.:ting far the CV's, the verbal IQ's differences i:>ecarne not significaru. 

Stuái!!s in the Ur.itec.' Kingdom Alargest-.Jdycarriedoutonlondonchilciren 
[1 18], was both we!i planr.ed and detaileci. From a total popularion of 6875, 6-
í y; oid chiicire!I. frnm 1ó8 London schools, 4105 childre:i provided teeth of 
wnic.,'i the whoie tooth crowns were aná.iysed. A sub-sarr.ple of 403 cruldren 
were then stuéied in det.ail. Tne groupings within thís sa..rnpie w~:e: low lead 
(<:2.5 µg g·;) 145, ;nedium lead (5.0-5.5µgg i)103, anc high lead (>'8.0 µgg·' )155. 
A n:..:¡-;-¡ber of ne~rologic and psychornetric tests we:-e camed out on the sub
sample. i='or the iead groups, unadjusted for ::o varia tes, the three IQ seores were 
significantly different for the rugh and low lead groups, as was a word reading 
test c.nd one bloc.1< of 'reaction time without dela y' tests. in adcii t:ion the resui ts 
sho-.;.;ed t~e tre:1c far IQ; iow iead < medium jead < h.igh iead. Re-cakuiabon of 

- the data using the Cv's removed the statistical sigrüficance. Tne variance in the 
tooth iead was c.c::ounted io r b;-· farrúly cieaniiness, pica, years the óiid sucked 
thei r t.:'1urr.b, mo¡her's smoking ha bit, prnxim.ity to waste iand, ageof house and 
ch.ild' s play space. If ariything t.he stuciy may ha ve over compensated far L'ie 

coniounding fac:o rs. .. . . ~ .o 
.A m:mber or other stua1es have been :::omolerea 1n the UK. J ne worK 

desci'Oed above [118) has been reeva]uated using the cientine iead as a conrinu.O 
ous variable rat:-.er frian grouped. Again no association was found be~weenO 
tooth lead and crujd's iQ. Parental IQ had the majar influer.ce on the the ch.iidW 
IQ. However, there was a small significant association, after allowing far CV' s,C.O 
be~eeri tooth le2.dand the iQofboys. Tniswasan unexpected result,and needs~ 
to be re?licated (100,i01). 
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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. Tne results this 
time d id not revea! any association, though children of manual workers did 
ha ve a non-significant trend of decreasing IQ and increasing blood lead. One 
reason may ha ve been the small sample of 87 children. Tne difference betw~n 
this result and the eariier stud y, may ha ve been in the SES mix of the samples, 
as more children of midd ledass famiiies were included in the secondstudy (66] . 

Two studies ha ve been canied out on Birmingham children, 187 preschool
ers, and 201 children 55 years old. Tne results of both studies indicated no 
as socia tion wi th blood le ad and IQ thou gh for the olci er group a non-significa n t 
trend was found. In sorne neuropsychological tests significant associations 
were observed (50,51]. 

Studies in the South Pacific Tl-Jee studies ha ve 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). Tne principal finding was 
that proximal hair lead rela ted to beha•-ioural and antisocial problems most 
strongly. Blood lead and behavioural factors were a lso significantly rela ted. 

In Dunedin, New Zealand. as part of a Chile Multidiscipiine Health and 
Development Stud y, 574 eleven year old chiidren were studied using blood 
lead as the lead marker (117]. Whereas IQ was not significantly associated with 
lead, a number of cogrütive functions and attention/behaviourai ratings were 
significantly associated, after controlling for the confounding variables. 

A larger stuciy of children (66-1to888 depenciing on the neuropsychological 
measure) has been carried out in Cnristchurch, New Zealand Tne children were 
aged 8 and 9 years and den ti ne lead was used as the lead measure f 40,41]. The 
lead measure was treated as a continuous variable. a.'ld a llowance was made for 
the in trinsic variability of the sample. As for many other srudi es a trend of 
dec-easing IQ and increasing lead was observed, but after contro!ling for CV's 
the trend was not statistically significan t. Teacher ratings, however, of school 
performance remained significant (40). Ma tema i and teacherratings of inatten
tion and restlessness were found ºto ha ve a smali. but consiste:1t, and significant 
association with the dentine lead variable (41 ]. 

Mechanism 

As yet there is no clear picture of the mechanism by which the leád can 

influence the neurological functioning of children. One possiOility ( 12,81) is tha t 
o-ALA (o-aminolevulinic acid), which is raised in the blood because of the 
inhibition of haem synthesis by lead, is a ne~rotoxin and can cross the blood-
brain barrier. The o-ALA could be a weak a n tagonist to the neuro-transmi tter 
-y-aminobutyric acid (GABA), H0 2C-CJ-1.,-CH,-CH¡-NH;. The chemical struc
tureofGABA ando-ALA, H0

2
C-CH -CH

2
-CO-CH

2
-NH

2
arenotunrelated, and 

the latter may mimic the GABA as a lalse neu ro-transmitter. GASA is believed 

·"':- . 

.; . 
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to be an important neuro-transmitterin the ce~bral cortex and lead may inhibi t 
its metabolism. BothGABA,and maybethe neurotoxiceffectsof ó-ALA,appear 
to be mainly associa ted with a reas su ch as stress, anxiety and hyperactivi ty, and 
if this is so it tends to fit in v.ith the results of the studies discussed above. 

In concl usion it may be said that, overall from the large number of different 
studies the weight of evidence does suggest an associarion between low leve! 
lead exposure and neurological functioning of children. The lead may slightly 
affect the IQ of chiidren, but usually not significar1tiy. This may because IQ is 
no t the best ou tcome to measure in relation to lead . It does seem however, that 
beha~iour, restlessness, and attentiveness are more clearly and significantly 
associated with lead in children. This could be considered a serious situation, 
because such beha viour problems are not cond ucive to children leaming 
irrespective of the JQ. Tne affect of lead on tha~uman race has been wi th us fo r 
cenruries f 9~) ~a use of its wide use in industria lized societies. Whether or not 
the situation is an_v worse today has been debated. but it does appear fTom the 
work described above that that the urban popuiation a t least, is being infl u
enced by the neurotoxkiiy of lead. 
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