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INTRODUCCION -

Desde hace tiempo, sé CONOCE el riesgo aque, para |2 salud humana' vy 12
sanidad ambiental, involucran las descargas antrépicas de elementos metalicos al
ambiente. Por tratarse, en su mavyoriz, de elementos de densidad superior en 506
veces la del agua {Davies, 1981), se les ha llamado metales pesados, que ha
pasado a constituir un nombre impaciante para uno de los procesos contaminantes
de mayor riesgo ambiental, aungue No involucra a todos los elementos posibles de
presentarse en estas descargas, como cinc y molibdeno.

También, se ha usado el
(érmino elemento traza, que agrupa los . s T -1
elemenios presentes en la coreza _ﬂ___c.‘uau:o'l. Contenidos natwrales (29 k9 '}
terrestre  en  contenidos <0,1% g Iezenenws fn_‘sueios Y e
{Cuadro 1), los que pueden verse (Adriano, 1992; Bricges, 199,1‘; o
iacilmente incrementados por apories y Buridge, 1977; Davies, 1981, 1984)
anurépicos e inducir efectos negatives ...

en quienes habitan y/o se nutren del Elevent T tesiathn
ambiente afectado. Otro 1érmino usado Llenefto et o
: : i sueles rocas
es el de micronutriente, gue reune los e e .
elermentos esenciales y excluye los no oo 1 . i
3 ; Pt Arsénico 0,1 - 40
esenciales, justamente I0S Mas 10XiCOS; — 20 - 100
en 10do caso, la creciente exquisitez de cadulo 0’01 = 1 0.2
. . r ¥ i - s
las técnicas analiticas, esté permitiendo tine 10'0 - 00 70
detectar la esenciaiidad de elementos C;ba.l*o 1r0 - 40 H
cuyos roles fisiolégicos no habian Cobre_ 7'0 - 100 :E,
odido ser experimentalmente ! 2
zomproba b o Crono 5,0 -1000 100
; ’ Estaio 1,0 - 10 2
- i e fsironcio 50,0 -1000 ‘
No existe un término ideal, que Flﬁor e 32’0 - 300 3
represente todos los posibies elemenios 5 ' e i
. Bierro 1:10° - 2-10 6+10
contaminantes. Sélo & modo de ]
; 2 | Litio 5,0 - 200
ejemplo, considérese lo gificil de .
o 2 Hercurio <,00 - 0,5 0,08
clasificar al hierro o al manganeso. §
Yanganeso 100,0 -4000 950
metales pesados Yy macroelementos de "olibdano 02 - 5 | s
la corteza terresire pero micronutrientes sk ’ & ik
- Y : - Hiquel 5,0 - 500 75
para -plantas y animales. C bien, &l e 0.05
alumninio, metal no pesado que es 2 ia = 4
: g g . Plata 0,00 - 5 0,07
vez, macroelemento de la corieza Sloto 2’0 - 200 13
terrestre y no esencial, ademas ge muy = ! & -
5 g ; iy Selenio 01 - Z
oxico en ambientes 4CiGOS. o eeeoeemmmesmmenmoommeenes

; g ! Bridges, Bridges. Swanséa Cellegz,
Lz riqueza geoquimica del = Pk, SEn 1

i i g.%. Conunicacion personal
norte del pais, susienta una minera de =

slto nivel, lo que se traduce en una slta

dios que condujeron & 2 lipificacion de las enfermedades de

' Recuérdese los episo
mio y mercurio, respectivamente

Itai-ltai y Minamata, por intoxicacién de cad

N
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MIL TON FINO
ZDi

CINC 18.5800 TON

MOIIBDENO 16.500 TON
15 2 MANCANESO10.800 TON - .
PI.OMO 800 TON

Mo &
10~ [
A 3 Mo
Mo
5 []
I 1 v v Vi
REGIONES

FIGURA 2. PRODUCCION REGIONAL DE OTROS METALES (INE, 1987)

- el poder modificador del paisaje, reflejado por la produccion de relaves, que al ano

iqurvale_a mas de 30 veces el cerro-Santa Lucia, en Santiago. La expansion que
a experimentado la mineria del cobre, durante los ultimos quince anos, senala que

el pais est4 obligado a disponer -en forma mas segura e inocua- volumenes .

crecientes de relaves que, por lo demés, no son las Unicas materias residuales
voluminosas.

En forma sucinta, el impacto ambiental de los relaves tiene relacién con, al

menos, las siguientes cuatro dreas de impacto ambiental: v e

- profunda transformacion fisica y funcional del escenario ambiental, al ser apilados

"

en Io.s Ilgmados F(anques de relaves, y donde necesariamente lerminan alterando
el paisaje y modificando la dindmica hidrica,

alto riesgo de avalanchas, por derrumbe de iranques durante sismos de alta
rnagr_mud; aungue, luego de abandonado el tranque, la superficie de los relaves
term:qa secandose, internamente preserva suficiente humedad como mantener la
capacidad de amplificar las ondas sismicas, -
potencial contaminante de aguas dulces, mediante las descargas de aguas claras -
normalmente, con alta carga residual quimica y de elementos disueltos- o por
percolacion hacia napas profundas, y - .

vt gt ) e 2 LA BT

ermpeld A ey s 8 WAL, s o LS Sk e 3

P - TR (PR i
bt 1 L o el e T el e

-r--a-vl.J,l - S

- potencial fuente de material
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particulado 2 la atmosfera, desde tranques

abandonados, si se emplazan en sitios venlosoes.

OTRAS 3%
Vv REQION 9%

FUENTE: MINISTERIO DE MINERIA

111 REGION 17%

FUNDICIONES 90%

OTRAS <1%
vl REGION 32%

TOSTACION

TERMOELECTRICAS 9%
Il REGION 39%

SEGUN ORIGEN

SEGUN REGIOCN

FIGURA 3. EMISION DE AZUFRE A LA ATMOSFERA,
s DEL TOTAL EMITIDO (1.043 MIL TON EN 1959)

£n Chile, las fundiciones de cobre han generado imporianies procesos de
contaminacion atmosférica, gracias a emisiones fumigenas no controiadas hasta
1922, ano de dictacion del D.S. 182, del Ministerio de Mineriz. El principal
componente de eslas descargas, es el anhidrido sulfuroso {S0O,). gas irritante Y
caustico que, bajo cierias condiciones atmosféricas, genera un aerosol dcido y causa
|z lluviz &cida. Sin el desarrolio de pais industrializado, pero aracias a las emisiones
desde las fundiciones, Chile es un productor imporianie de SO, (Figura 3).

considerado de estas descargas, es la masa de
o a los gases y que es rico en metales. Un
cia en estas particulas, es el arsénico,

Un componente pPoOcCo
material particulado, que se emite asociad
slemento, que se presenta con frecuen

cancerigeno pulmonar, al ser inhalado, 0 g
componente de las descargas fumigenas tiende a sef mal evaluado, guizas debido @

que no induce evidencias inmediatas de dafo. Sin embargo, debida a la larga
residenciz de los metales en los suelos, la contaminacién metélica es un proceso de

un pronunciado impacto ambiental de largo plazo.

GEOQUIMICA REGIONAL

Z| conocimienic de la riqueza natural de metales pesados en Chiie, es

astrico, al ser ingerido (Figura 4). Este-

66€000
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contaminacion se define como un proceso con memoria.

) Entre 1981 y 1990, INIA efectué una caracterizacion preliminar del
contenido en la capa superficial de suelos (0-20 cm), de algunos metales pesados,
sobre los que existian antecedentes de constituir contaminanies ambientales en Chiie
{Gon_zélez' y Bergqvist, 1989). Es evidente que los resultados de esia prospecéibn
son _lnsuhciemes para establecer lineas de base y ranges de variacion, por
ecosisterna.

Cobre. Ls Figura

11" muetra el COMTENEDO mg'Kg

perfil de cobre 1o0tal B maAximo

en suelos (mg kg’ MED!

‘). Es posible ob- ey
— - $%enie o]

servar que los pro-
medios por eco-
sisitema, muesiran -

108 —
un rango de fluc- ’
tuacién amplio,
donde el wvalor o
maximo (valie del i
Cachapoal, VI
Regién) equivale a
32 veces el valor
minimo (Xl Re-
gién). Los prome-
dios mas altos se
ubican entre las
regiones V y VI,
con exe_:iusién de la R.M., en lo que corresponde al valle del Maipo. Por su parte, los
contgn.ldos menores se alcanzan en lz zona sur, todo lo cual es concordante con las
condiciones ambientales dominanies.

SOVELIFFTLFLS T TR

FIGURA 11. PERFIL DE COBRE TOTAL EN SUELOS DE
CHILE: ESTRATA SUPERFICIAL (0-20 cm)

) Es indudable que esta distribucion espacizl del cobre no es producto del
azar._ sino que, por el contrario, se asocia bésicamente a la riqueza regional de cobre
reflejada tanto en los niveles regionales de produccién como en la cupricidad de Ios:
rios. E[Io no significa que lz cupricidad de los suelos responda siempre 3
contaminacién por descargas de faenas mineras; por el contrario, en algunos ca2sos
se deberia a procesos naturales de mineralizacion desde yacimientos cordilleranos.
Analizando el perfil de cobre totai, quedan en evidenciz dos situaciones distintas, 2

saber:

- la primera, representada por las unidades de la V Regidn (valle Aconcagua Yy
Puchuncavil y un sector del valle del Maipo, en la que el valor promedio se

' Significado de siglas; HU Huasce; EL Elqui; LI Limari; AC. Aconcagua; PU
Puchunt_:avi; MP Mapocho; MA Maipo; CA Cachapoal: T Tinguiririca; MT
Mataquito; MU Maule; VI, IX, X y X regiones

ST R TS S RBPTORTIY LY TS R R »uwawhwhmwh}r‘
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mantiene cerca del minimo y, por tanic, distante del maximo, lo que permite
estimar que los suelos cupricos corresponden a inclusiones discretasy puntuaies,

en areas donde dominan los sueios no cupPricos, y

el valle Cachapoal (V! Region), donde el promedic
una mayor representacion espacial de los
2 numerpsas inclusiones discretas en un
(IN1A, 1980).

la segunda, representada por
equidista de-los extiremos, senalando
suelos cupricos,. que carresponden

fondo no cuprica, como efectivamente ocurre

Cada situacién refleja un
origen distinto. En la primera, la N .. g ,
s . 3% d :
cupricidad de los suelos es de origen Caadro £ Contenido proedio de Cu, Pb y &n
= ; : totales, ea suelos (0-20 ca) (ng kg ss)
antrépico ya que se remite 2 areas d 1a ¥ Reaién .
vecinas a fundiciones de minerzales o e
(Caternu y Puchuncavi), que fueron . ;
cubiertas por una masa de i g !
d obre Plomo C
sedimentos, al colapsar un ranque Onidad SERLOE C BE_ R0, RE
de relaves (Nogales}, como indica el

r, también, el Cuad .
Cuadro 2 (ver, también, &l LUBATO " ,eoueacny  Catenu N 29 59
3}, o vecinos.2 la zona industrial de - Yoqal 135 3 2
Nos, en el Maipo. A excepcion del gales ,3 .
sector de Nogales, ademas de aeate o g L4

General 275 28 65

cobre, los suelos han acumulado en

A | .
superficie otros metales [PIOMO.  prompeyyt carano? 281 115 14

cinc, cadmio, arsenico. molibdeno). . i &
i =  Mejado’ 3§ 40 110 - -
Lz marcada reduccién de los Eonarss 144 75 128 -
contenidos metdlicos, en funcién de * g i A
iz disiancia a las industrias, revels . ] e,
Huestras tomadas a enos de” 0 & Bas de

su origen antropico. 2 PR :
OpanseR ; _* 3ke, aprox., de la z0mE industrial de
= B g t : g. ¥V ¥ Region) -
En ia segunda, ia presencia VenkaRas [?I-o_\. a}pii;ais?, %5Eg ]
de areas cupricas distribuidos en b5

todo el valle del ‘Cachapoal, estaria T ) esshe
apuntando hacia una génesis natural (INIA, 1990), sin descariaf sbsolutamente Iz

coparticipacion de faenas mineras de alto volumen, emplazadas en Iz pare alta de
la hoya del rio Cachapoal {Sudzuki, "1964). Esta hipotesis se refuerza por. 1a
mantencién del cardcter cuprico en profundidad, de scuerdo a determinaciones
efectuadas por el autor, en algunos suelos de este valle. Un sector del valie de!
Mapocho.{Gonzalez, 1992), adosada al cordon de cerros Lo Prado, corresponde &
otra drea discreta de suelos cupricos de origen naiural; se trata de una zona con
yacimientos de cobre, que ha permitide el emplazamiento de faenas mineras..

Independiente del origen del cobre, algunas gxperiencias desarrolladas por

el autor', ademas de ouros antecedentes nacionales, prove

~Upper critical level in some highiy Cu-
dditions”, expuesto en la "Segunda
imica de Metales Trazas™ (Taipei,

' Incluidas parciaimente en el articulo
potluted soils and the influence of compost 3
Conferencia Internacional sobre la Biogeoqu

:
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de empresas asociadas a cultivos industriales, como remolacha azucarera', tabaco
t_HodrIguez y Sudrez, 1987) y maravilla, y de antecedentes encontrados en la
literatura (MISR-SAC, 1985; Pendias y Kabata-Pendias, 1985). permiten
establecer que el contenido de cobre, en algunos sitios, cae en el nivel téxico para
algunos cultivos. ’ 1

Plomo. El perfil de
plomo en suelos
(Figura 12) permi- . B MAXTMO

te deducir que el A O rrOMEDIO
rango de oscilacion 2 | umn-ulj

de los promedios

de plomo por eco- ‘ 158 —
sistema, es bajo, ’
presentando el
promedio maximo
un valor de 1,8
veces el minimo. Si 544

109 —

bien hay una re-

duccién de los . e T . :

promedios hacia el _zg-‘yo,s»,tb‘,s‘p-g-o@ @_‘&s“r "'4."‘
&

sur, este descensc
es mds bien difuso
y de baja magni-
twud. No se detectd
una relacion entre
riqueza en plomo de los suelos y exisiencia de yacimientos plumbicos; si éste fuera
el caso, los mayores contenides deberfan provenir de los suelos de la X1 Regién. Los
valores méximos, por unidad, se alejan fuertemente de los respectivos promedios
exceplo en los valles Maipo-Mapocho, Tinguiririca y VIII Region. '

FIGURA 12. PERFIL DE PLOMO TOTAL EN SUELOS DE
CHILE: ESTRATA SUPERFICIAL (0-20 cm)

) En cuanto al origen, es indudable que los centenidos totales de plomo son
debidos mayoritariamente @ causas naturales, con excepcion del sector de
Puchuncavi y Nos, donde los altos contenidos de plomo se asocian a3 altos
cnntem:dos de cobre, siendo ambos de origen industrial. En el valle del Maipo, los
co_men:dos méaximos alcanzados en el drea vecina z las industrias de Nos, sorla de
origen antrépico pero, por su escasa representacion geogréfica, no alcanzan a influir
significativamente sobre el promedio del valle.

Cinc. El periil de cinc total en los suelos (Figura 13) indica que la curva de los
valores promedios presenta una situacién menos variable que la del cobre, aungue
algo rn.és‘que la del plomo, a lo largo del transecto reconocido; la amplitud del rango
de variacion de los promedios fue de 3,5 veces. Sin embargo, no es evidente que

Taiv'vé!'l, 1993). Ademds, experiencias en desarrollo del Proyecto “Determinacidn
de limites de tolerancias al cobre en suelos del pais”, financiado por el BID

' Juan Arentsen, |IANSA-Curico. Cr_)rnunicacfén personal (1987) )

¢
i

)

[P —

T

anrne ot n

26

haya asociacion
entre esios Tres
perfiles.

CONTENIDO mg/Kg

Elﬂxlw

g

Se eslimz Opwo-eoio

que la presencia de
cinc de la esiraia
superficial de ios o
suelos es de origen

natural, resultando P
de los apories de

los materiales =
parentzles de los
sueios, por una
parte, y la intensi-

dad de los factores

de tormacion de
suelos, especial-
mente la pluviosi-
dad, por lg otra. La
influencia de las lluvias
promedios s& ubiguen hacia el sur del pais.

Bluinno

i

T Y YT TLE
FIGURA 13. PERFIL DE CINC TOTAL EN SUELOS DE
CHILE: ESTRATA SUPERFICIAL (0-20 cm)

queda en evidencia por la tendencia 2 que los menores

£l valle del Huasce {I1l Regién) y el sector de Puchuncavi (V Region) son
excepciones, ya gue poseen valores similares & los del sur. En estas unidades,
puesio que el factor climético no favorece el lavado de bases, los contenidos de cinc
en suelos estan reflejando la pobreza en cinc de los materiaies parentales. En cuanto
3 Puchuncavi, se detecto un incremento del cinc, en paralelo al cobre, piomo, cadmio
v arsénico (Gonzalez e Ite, 1992), lo que identifica un origen industrial coman.

el contenido total de cadmio cay6 bajo el limite de deteccion
1 mg kg, para espectrofotometria de

De elio, se exceptugn un sector del

Cadmio. En general,
de Ia técnica analitica empleada (alrededor de

absorcion atémica, con atomizacion de llamal.
valle Catemu y otro de Puchuncavi, vecinos a fundiciones de cobre en la V Region

(Cuadro 3}; es indudable que el enriquecimiento cuprico de esios suelos ha sido
acompafnado por notzbles aumentos del contenido total de cadmio. Este aumenio
involucra un alto riesgo para la salud humana, por su fuerie caracter 1oxico y por |8
facilidad en que entra a ser transterido dentro de las cacenas tréficas, @ pesar de
algunos antecedentes que apuntan hacia su esencialidad para plantas [Regius-

Mocsenyi et al., 1985).

entes de arsénico en los suelos del pais. Es una
situacién que deberia superarse, Y3 Que Se trata de un elemento con fuerte impaclo
sobre |z salud humana, no por su poder fitotéxico sino qUE Por su capacidad de ser
lioremente absorbide por las planias Yy asi. transierido en las cadenas wroficas. S
cuenta con alguna informacién sobre 2
Azaps y Lluta (I Reqion) (por estudios desarrollados por académicos de |
Universidad de Tarapacal, la que parece deberse al riego prolongado con aguas
arseniczles, y en la estrata superficial de suelos aledanos 2 lz zona industrial d

Arsénico. Existen escasos anteced

=

LS

lt0s contenidos en sueios de los valles de0
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INTRODUCCION

En la actuali
S s ézzl:if‘ija,ggncabe la meno_r'dud.a de que el cuidado del ambiente no
R e e £ gy preservacion de especies sobre el planeta, sino la
e adhere:{gosésgres vivos que lo habitan. A nivel nacional, Iz
bt i Ml ST p}dameple y_los cientificos debemos responder a
i orma organizada, efectiva y eficiente. ) :

El problema i :
S e Dronjtcuudclrante dela c?mammacic‘m de algunas dreas en el pais, debe
riesgos potenciales a med'iapnec:(J Tdemas ss.dsberesliear agoianes Quecnnsideren o2

y largo plazo I
al cabo de pocos afios. plazo, de modo que seimpida.una vuslts atrés

Los metales .
P namrap;esadns, la mayoria t_:ie los cuales son adicionados al ambiente
Crahilntes e o es, Duede.n constituirse en contaminanies que generen graves
CUIAA G OSEAAIES cuazﬁ::;}iz;idomedsano dy largo plazo. Por lo tanto, deben ser
. s y estudiad i
ingresados al ambiente. Os en su comportamiento una vez que han

Las dreas (
PO . Imwnt.vr_blanas, en.tant'o que centros con altas cifras de poblacién, estan
e It(:;a contaminacion de sus suelos, aguas vy aire, derivada ta‘n:o de
st ural de los seres humanos, como de las actividades industrial

que complementan la vida urbana. P

En es i 5
Ty elt:i;;rgt:jajo. el foco de atencién se centra en los mertales pesados
ellos a través del ai Etec‘ados. en otros medios, pero sin dudz transportados hasta
de Santiage fundaa‘::e'zmn IGSDGCFaé. ;e aniisgardn fesuiindos GhTanines a0 GlLuad

é ¥ almente debido 2 | : 4 5
otras ciudades del pais. a escasez de informacion exisiente para

ANTECEDENTES GENERALES

Par i
A en‘iezldzfmsrl:e:ie ios elementos iraza, en especial metaies pesados, es
el cual se encuemra‘:\ dichame:“e - g con?eprOS S0 SORVE BLEULSIEID AN
e disting P s ?js e gmentos en el afre. En lineas generzles, en el aire se
ratiealiss Tibvite m:: én‘ es 1ipos dg contaminantes: los gases, cualquiera sea su
e amitgiie i -é;mmc'a [ morgan_nca) Y gl material particulado suspendido,
s raflare especmcamcemesca:'esseatL:?‘c;sfé.rnco;o 51mDIer[19nte, particulas. Este trabajo
Ia presencia en el aire de los mtftalesoptelsgd?:nes.Comammame& Tk i ERORERE

Relaci f i
cién tamano del aerosol-impacto sobre la salud

Los &ri
G ot a:r.os.g!es a'trrTOSfencos se presentan en una amplia gama de tamanos
becink atr?\o?fcz _n quimica. Con respecto al tamano y para nuestros efectos los'
ricos presentan didmetros qu it '
c e se situan en |

g e . q tre los 45 y los 0,0
i puedeneestabiemmlemo de las normas, esto es, de las concemracione: méxin'wa;

star presentes en el aire, sin causar dafo a la salud humana, interesan

.

T

T
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sélo las concentra-
ciones totales de los 4
serosoles de tamanos
< 45 pmy < 10 pm.
Estos ultimos se deno-
minan, también, 2
*fraccién inhalable”
del aerosol, © S€&,
aquella capaz de pene-
war en el aparalo

respiratorio. : Z 0
- o 2L T
i =l :

Taz.u=
10¢
-| 500

Es impor-
tante enfatizar Que
dichas normas 5sON
determinagas C€oON-
siderando 1z salud
humana y se deno-
minan normas prima- Fiqua 1. Esquesa del aparato respirztorio, indicando
rias. Cuando se 1ratd cualitativanente la penetracién del aerosol, sequn tasafo ¥
de lz proteccion del porcentaje de respirabilidad para aerosoles ¢ 10 pz
ambiente (suelos,
aguas, planias, etc.),
mucho mas exigentes, Y &

ormas son bastante menores, esto es

los valores de las n
de las normas secundarias.

n Chile no existen; se trata

y debido & la estructurz del
entraciones del
respondientes

Desde el punto de vista de la salud humana
zparalo respiratorio, es mMuy imporiznte e! conocimiento de las conc
aerosol en sus distintos tamanos bajo los 10 pm y Sus coOr
compaosiciones quimicas. Esto resulta del hecho de que es0S zerosoles pueden
penetrar hasta diferentes niveles del aparalo respiratorio, alcanzando mayor
profundidad en 1a medida que presentan menores diametros. L

e la situacion anteriof

a cualitativa ¥ cuantitativament
particulas’ < 45 pym Y

(Préendez et al., 1991), Se aprecia que, estrictamente, las
hasta 10 pm, carecen de interés desde el punto de vista salud. Pero, enia medida
que sus didmetros disminuyen bajo los 10 pm, su penetracion al organismo es cade
vez mayor. El serosol de 10 pm. praclicamente, no Ssé retiene en el aparalo
respiratoric, pues es rapidamente reexpelido hacia afuera de él. Los porcentajes 0e
retencion de las particulas aumentan @ medida que, por sy alin menor 1amano, ellas
son capaces de alcanzar las zonas no ciliadas del aparato respiratorio, esto €s. lcs
puimones v los sivéolos puimonares, situacion que ocufre ya paia particulas de

diametro < 3 pm.

La Figura 1 muest

o respiratorio, 13 remocion de las particulas
de modo que ellas pueden permanecer dentro de los pulmones por
es particularmente importanie cuando se acregs al tamane
4n quimica y con ello, su potencial toxicidad.

A estas grofundidades del aparat

es muy dificil,
largo liempo. Este hecho
de la particula, su composici

Relacién tamano del aerosol-origen y fuentes de emision

¢0v000
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El tamano
del aerosol también
estd relacionado a
su origen y sus
fuentes de emi-
sion. Un método 10. 000 F?

FIGURA 2. FEG PARA Mg, Mn, Ni, Cu, Zn, Cd y Pb
EN AEROSOLES DE DISTINTOS LUGARES DE SANTIAGD

Prendez y Oruz, 1988

que permite . la ¢ L 4 ) 4 * l
separacion  entre whoo} ; 4 4 T
X x " X

io::‘. elementos- de nno‘{ % - X x E® X 7

origen natural y los % % K " g ¥ i

antropogénicos ! & .

estd dado por el 11 x ® = L 3 . T

*

calcuio del llamado 1 ' 3 T
factor i L :

de enrigue- N S O .

K Qb x E

cimiento (FE), que
se obtiene hacien-
do una cierta razon
entre las concen-
traciones de los
elementos en estu-
dio, de forma relativa a un elemento tomado como referencia.

Fuo +wn Xp "cu Xzn *te Am

FEg= focieres Oe errlguacimieno Dromadlc Qeomiirico

ing Dicho \.ralcr.suele situarse en el rango entre 1y 10 aproximadamente, para
encuemr‘::os de ongen natural. Valores superiores indican que los elementos se
enriquecidos en el aire por los respecti
: ' ectivos aport ] ]
S pories desde una fuente de

w— El;lae{lzgurahz ejiemplifica la utilizacién d_e este criterio {Préndez y Ortiz.,

metale.s ,seha re?r‘eseptado el FE _promeduo geométrico (FEg) para diierentes

i pesados cuantificados en el aire, en diferentes sitios de la ciudad de

6 |:go. El manganeso y e! rr.wgnesio {no metal pesado, pero si elemento trazal,
en un factor de enriquecimiento < 10 y por ende son de origen natural.

ol El h;erro ha _sldo eiegido como el_emento de referencia, pues previamente se
stra 0 su origen natural en Santiago {Préndez et al., 1984). Los restantes
elementos t.mqgei, cobre, cinc, plomo y cadmio) presentan FEg > 10 y, en
consecuencia, tienen un origen antrépico. Esta conclusion es vilida para cuai' i
zona de la ciudad de Santiago. i

- Respecto del cobre, es fundamental indicar que, cuando el céiculo de los FE
}Oes ace res_pec_w del cpmemdo de cobre de los suelos chilenos y no en funcion de
prolrnedms internacionales atribuidos & la corteza terrestre, como es la situacion
ggat-:zra.meme empleada en la literatura, I3 asignacién de su origen cambia de
pico a natural. Seré de esta forma qu K¢ i
: . e se le debera considerar normalm
la ciudad de Santiago. s

) La t_:oncluszon anterior es de especial trascendencia cuando se pretende
a_5|gdnar el origen del cobre presente en el zire 0 & traves de él en el suelo, emitido
desde una fuente puntual determinada. Por otra parte, esto entrega mayores

ot A . Saiehd =y "
" G e b abmt e e P AL AN I e i
& . T
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fundamentos a la
posicién de que los FlGURA 3. CONMCENTRACICONES PAOMEDIO DE Wi, Cu, P
problemas ambien- e EN AERDSOLES ATWOSFERICCS DE SANTI1AGD

M, Zn y =,
tales s6lo pueden PRENDEZ Y ORTIZ, 1582

resolverserealmen-
te si se:conocen
adecuadamente el
ambiente y Sus
condiciones natura-

COMCENTRACICH PROMEDIO g/ m3
40,000 |

-y TFe Fw FNi TR TIn E |

les, o sea las lineas 1003
de base.

10

Por otra | 1
parte, las concen- ik
vaciones; @ los ,‘_a_ab‘:gésqam-.-,-:g:q-oeﬂ:.,:’:pé-.
aleOE.O ng‘oﬁr.\'.k‘ﬂ.‘ll,fb"‘,
elementos cambian
ECO um

en una forma que
relaciona sus fuen-
tes de emision Yy
sus diametros, tal
como se ve en la Figura 3
diametro de corie efectivo, Que es uns formsa
particulas, teniendo en consideracion su forma
antropogénicos aumentan sus concentraciones
didmetro. Casos tipicos son plomo y niquel.

24 FUNCION DEL QIAMETRD DE LA PARTIGULA

Préndez y Ortiz, 1982), donde ECD corresponde al
de expresar el digmetro de las
. Se observa que los elementcs
hacis las particulas de menor

En cambio, las conceniraciones oe los elementos naturales aumentan hacia
los didmetros mayores. Aqui los casos lipicos son hierro y manganeso. Cobre y cinc
lienen comportamientos atipicos. El cinc, generaimente emitido en los procesos de
incineracion, se presenta en diametros mas bien grandes ("fly ash™). ‘

De este modo, se cumple también en Santiago, 18 aseveracion comunmente
aceptads de que los aerosoles mas pequenos, de 1 & 2 pm 0 menos, provienen en
generzl de fuentes antropicas o derivadas de |as actividades humanas vinculadas &
procesos que ocurren a elevadas iemperaturas. Lz excepcion es el fly ash. En
cambio, los de mayof tamano, mayores de 2 pm, tienen un origen natural.

NORMAS
cite para podef evaluar el impacio de los

metales pesados contenidos en los aerosoles, es ls falta de normativa que oriente ai
respecto de las concentraciones maximas permitidas, compatibles con l2 salud de les
personas {(normas primarias) y con |2 salvaguarda del ambiente (NOrmas secundarias}.

Un problema grave qQue se SUS

Algunos paises lienen reglamentados los contenidos méaximos de ciertos

metales en el aire, como norma primaria. Sin embargo, no se encueniran nofma

todos los elementos potencialmente 10xicos y ademas Sus valores no esl
6n respirabie.

explicitamente vinculados 2 la fracci

s
.
—
=

e e
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El Cuadro 1 muestra los valores
de la norma para plomo, cadmio y vanadio
en aerosoles < 45 pm, en algunos paises
del hemisferio norte. Una caracteristica de

Cuzdro 1. Mormas primarias pare
algunos metales pesados, en el aire

las normas es que deben explicitar, ade- (pg g
n_'Iés de las concentraciones maximas, los !
tiempos de exposicion, Asi, la reglamenta- Eles. Copes. Cludnd,, Pals
cién para plomo por ejemplo, corresponde :
al valor de 1,5 pg m™, permitido como P L5 Sl & itz
media aritmética para 3 meses. Cazagas; Id
0,7 ex ORSS
En Chile, recién el 18 de abril de
1994, se establecié la norma primaria cd Uk
para arsénico, la cual fue derogada a los W e
pocos dias. Para apreciar la magnitud de
los vaiores establecidos en las normas, se ! 50:3 1000 %
100 2y DRSS

pueden comparar por ejemplo, con la
concentracion de plomo y cadmio encon-
tra_dos en los aerosoles de la Antértica
chilena (Cuadro 2) y que corresponden 2 los de una atmasiera limpia. Se observa
que la norma de plomo, por ejemplo, admite valores 50 & 200 veces superiores al del
aire puro. En el caso de cadmio, el rango es entre 3000 y 5000 veces superior.

CONCENTRACIONES DEMETALES
PESADOS EN AREAS URBANAS

Cuadro 2. Rango de concentraciones de
petales pesados en la peninsula antértica
(ng 2™) (Préndez et al., 1993b)

Es wusual estimar que las
concentraciones de los elementos
traza en el aire, estén vinculadas a l2
accién antropogénica y por lo 1anto,
son mayores en las ciudades que en
las 4reas rurales y mayores también
en las cercanias de fuentes emisoras
puntuales.

Elee. Fraccién aerosol
< 45 yp <3 pE

En el Cuadro 3, se dan los Pb 0,017- 0,030 0,0043- 0,136

valores encontrados para tres ciuda-

des latinoamericanas, haciendo la cd 0,0 =<0, G -0
comparacion en funcion de lg fraccion
del aerosol considerada. Se observa
que las concentraciones de diferentes metales pesados, encontradas en la fraccién
de f’illta respirabiiidad en Santiago y en Sao Paulo son muy similares, pese a3 que las
emisiones en Sao Paulo son del orden de 4 veces mayores a las de Santiago

(Préndez, 1994).

Por su parte, la comparacion 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

AN I A P A R AN EER N ¢ e A RS M R BB Y A
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notables resultan las mayo-
res concentraciones de cinc,

: ; -3
cobre y cromo en Santiago. Cuadro 3. Concentracién de petales pesados (ng & )

en ciudades latinoarericanas

La comparacioncon .

otras ciudades chilenas es z o
dificil, fundamentaimente Elex. Sao Paulo Santlago Caracas Santlage
porque hay muy pocos estu o fl cag chs 2 45 )
a ‘ -10 -
dios para ellas. Hacen excep- 1984 1983 l97f 1080 1976-1983
cién las ciudades de Antofa-
3
gasta y Chillan, donde se zld) 104l 12; = 203 12]1'[1)
han cuantificados algunos 3
- v 340 760
metales pesados en la frac-
cién del aerosol <15 pm' Yy 8g 3 §
i : Hn 129 90 129* 115
las ciudades de Arica (Hre-
: In 1100 596 620 1105
pic et al., 1983) y Ranca- s :
Cu 74 63 60 370
gua (Alvarez, 1981), para . and
i s . fe 2099 1468 1830 4102
las cuales existe informacion & 260 ¢ gt 25
para la fraccion <45 pm. S 3
H1 19 33 < 80 35
Los resultados se presenta =5
Ti 151 276
en el Cuadro 4. o

! orsini_y Boveres, 1980; ? Informacién de la

R—
Liss: sanslenss SHRE autora; ° Sambueza et al., 197% % ganbueza ¥

tuados en Arica, con respec- Lissi, 1980 ‘
10 2 los metales pesados £
presentes en la fraccion
<45 pm, indican Que. de
s. Porotra

eral, las concentraciones no son muy elevada

acuerdo al Cuadro 4, en gen
cinc, plomo y cromo tienen un origen

parte, se ha demostrado que cobre, niquel,
antrépico (Hrepic et al., 1984).

.

A la situacion general, hacen excepcion dos casos puntuales, uno referido

a las concentraciones de plomo en el aire, proveniente de suelo contaminado en i2s
cercanias de una antigua via férrea de transporte de mineral y l2 otra, relativa a Ia
presencia de niquel y plomo y a cinc, emitidos en procesos diferentes por una misma
industria de tosiacion de minerales y arrastrados pof los vientos sobre un sector de

|s ciudad (Hrepic y Quintana, 1990).

Las concentraciones de arsénico en el aire de Rancagua, son varias veces
superiores a las deteciadas en Santiago, como S€ deduce al comparar los velores
dados en el Cuadro 4, con los vzlores citados mas adelante.

CONCENTRACIONES DE METALES PESADOS EN SANTIAGO

Santiago es la ciudad de Chile que presenta las mayores concentraciones

' J.R. Morales. Comunicacién personal

% N

907000
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CHAPTER 7
THE HEAVY ELEMENTS IN THE ATMOSPHERE

inthis chapter we will survev the heavy eiements in the atmosphere, inciud-
ing the propertes of aeresols, and the cnnr'ur"voftne heavy elementsin theair,
in zadition we will review the levels of the elements in the air, and efforts to
geterrine their sources.

THE ATMOSPHERE
Composition

The ezrth’s atmosphnere consists of four prmam.:] zones the Topesphere, the
siratosphere, the mesospnere and the thermosphere. The zones are separzated
by regions of temperature inversion, czlled the tropopause, the sis ratopauszand
the me esopause '=soec1» elv. The relationship between the height of the zones
covethe earthand the temperamure changesare shownin Fig 7.1. The principal
species in each sphere are also listed. We will be concerned in this chapter with
troposphere, the sphere closest to the earth. The composition of which near

n.lqu—

sez level, is given in Table 7.1 [91). Around 50% of the materiz! in the tropo-
spnere occurs up to 5 km and 20% up to 12 km. The majority of the heavy
eiement speciesare inthe parhiculate matier or aerosol. However, because of the
voiatiiity of mercury, and of some heavy element compounds, they may z2lso
occur in the vapour state.

Meteorology of the Troposphere

The movement of the air around the world is dominated by two processes,
air carrents giving vertical mevement and winds giving nord_o*ntal movement.

Veriical movement The stabilitv of the air determines its vertical movement. If
& parcel of air in the atmosphere rises it will expand as the pressure of the
surrounding air drops. If the expansion is adiabatic, i.e. if there is no transfer of
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Fig. 7.1 Structure of the earth's atmoesphere.

TABLE 7.1 The Composition of the Atmoesphere Near Sez level
Component Levei (pom) Component Level (ppm)
Major Trace . )
Diniogen, N. 780,840 Neon, Ne 18.18
Dioxvgen, O, 208,450 Helium, He 224
o ’ Mezhane, CH, 1.4
Krypton, Kr :
Dmvcroren, H, 5
Minor Nitrous oxide, \ @] .25
Argorn, Ar €340 Czroon monoxide, CO O.OSF
Carbon dioxide, CO. 325 Ozone, C, 0.025
Water vapour, H.O variabie Ammoniz, NH, 6 x 10°
. ’ Nitrogen dioxide, N.O éx 10°
Suiphur dioxide, SO, 2x10¢

heat between the parcel of air and its surToundings, the gas termperature will
{all. When the temperature drop, called the adiabatic lapse rate, is greater than &
the temperature chsncre of the surrounding air the parcel of air will begin f0z

decend. Such z situation is called stable. Therefore for a parcel of gas (p), usmb_—,

the ideal gas law,

X

Ra i’ljc‘

.-5..,

¥ ‘\s‘\'m,

§
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and replacing n/V_byv & the density of the air we get,

P.=d RT..

7 F P

Similarly for the surrounding air (a),

Since the two pressures P_and P, wili be the same, we have,

=d:

‘u

Initially the two termperatures will be the same, but as the parcel of air rises and
its temperature falls, T_< T, and therefore d_ > d, and the gas will decend, a
stzble situation. However T _> T thend, <a anc the gas \A,m contnue to rise,
an unstable situation, wnich al]owc ,or'*he ver'lcal dispersion of material
emittec into the atresphere. When the temperature of the surroundine zir
increases with height a particulariv stabie situation results, calied a ternpera-
fure inversion. *

Atm ospi-eric temperature inversion Normallyinthe troposphere the tempera-
ture falls with increase in altfude, but the reverse, a temperature inversion car
2iso occur. A subsidence inversion happens when the hot air, produced around
the equator, rises uniil it reaches the tropopause. As the air rises it will expzand,
cool and lose its moisture in the humid opics. The cooled zir then moves
towards the poles until around latitude 30°N or S when it begins to decend. The
resuiting increase in pressure raises the air temperature anc cooler zir is
Tapped b=>|ov. (Fig. /.2). Seasonal variation causes the subsidence to move
north or south with the zone of greatest heating.

Aradiativeinversioncanoccuronclear coid nights, when the earth’s surface
coolsrapidly, radiating heat into the atmosphere. The air near the ground cools
compared with the air higher up (Fig.7.3a). The following dav the surface air is
warmed giving z limited mixing area above which sits warm air trapping in the
low level material (Fig. 7.3b). During the day as the air warms up the inversion
is likely to disappear (Fig. 7.3c).

Cold air from the ocean, being heavier than warm air on the land, can slip
under the the warm air. Thisair producesa sea breeze, but when the movement
is slow 2 frontal inversion occurs on the land near to the coast (Fig 7.4).

A fourth temperature inversion called an advecdve inversion occurs
when the sides of & valiey cools at night and the adjacent cooled, and more
dense zair, falls into the valley. Warmer air may flow across the top of the
valley trapping the ccld air (Fig. 7.5). '

6@?7000
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Fig. 7.4 Develoomeni of an inversion on iand close to the sea.

Winds Wind, which isthe horizonial movement of air, varies from light to very
strong. It promotes the dilution and dispersal of air poliutants. The horizonta!
movebmen‘ anises from the interpiay of three factors; 2 pressure gradient (the air
moving fromhigh to low pressure), the Coriclis deflection and friction with the
earth’s surface. The coriolis deflection (Fig. 7.6) arises from the influence of the
spin of the earth on the surrounding air. As a parcel of air moves‘nort.h (%n the
northern hemisphere) its velocity is greater than at any point north of it, due to
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rig. 7.6 Defiection of the wing by the Conolis effect (the brokern arrowe

indicate the direction of the wind if the earth did not rotage).

- thefact thal 2 point on the eguator has a greater velociny than any other poings
or: the earth’s surface. Therefore to an obse: ver the pa:ca Of air appears to pe
adeflecied to the eas! (in the northemn nom_s:)nere, The result is that the wing
moves along rather than across the isobars (lines of constant pressure) with
some deviaton because of the effect of frictior. Wind strength is influenced by
terrain, such as buildings in cibes, and air turbulence-ic due to eddies ja
packets of air moving randomiy, but with & circular moton.

I"1

sion behavior Anemission plume benaves in 2 varietv of w avsdepeng-
on tne vertical temperature gradient, anc the presence or absence of temzo-
ture inversions. Some D-bhavr\"s re 111Lstrar°o In Figs. 7.72-f. The Gashéo
nesrepreseni the adiabaticlapserateand the full lines the vertical tampﬂ;a
eradient of the air. Fastest dispersal of the emission occurs tm‘ouvn looping (“‘
c) foliowed by coning (Fig.7.7b). In the iast four examples (~1c~ 7.7¢-f) tn
ermussion is enrapped in inversions, the worst being fumigaton (—m 7.7¢e).

J

(14
C

fD

The climate in cities The climate within cities can be different to surroundin ey

rurel aresas, ang is *"fu@ﬂcoo by the terrain, i.e. puiidings, high energy corn-
sumption and subsecuent loss to theatmosphere, ang refiecting surfaces. Some
of tn°a1Frerencesare n-vhnghrea inTable7.2{60). The reduced wind spee:a,loss
of heat to the atmosphere at night from surfaces, which are g00ac heat conduc-
tors, provide the conditions that trap poliutants. In addigon cities become heat
1siands and zir circulaies within them which helps to keep the material within
the city. The buiid vp of material within a city can be estimated using & box
model. In 2 steady state, with g00c mixing, the concentration of matenai ine
city’s atmesphere is given by;

Emission rate(E)(mass/time)

Clmass/vol.) = - -
' Alr flow rate (vol./time)

The air flow rate into a box of width | and mixing height b and a wind spead
v isvlk, hence;

C=—=_, .

vl

t11




206 The Heavy Elements in the Atmosphere
AN A
Temp Locowg Temc Cpning

|
A
iemc Fonming Lofung
T
VA . oy —
{5 I’ S T |
R r Ly i -
Temo Fumigatior Semo Trapoing
Fig. 7.7 Behaviour of emissions from smoke stacks in relation to air tempera-
ture (the full iine is the temperature c--ac,em, and the broken line the adi-

&batc lapse rate).

TABLE 7.2 Climate Differences Between Urban
anc Rurzl Areas

Comparison with
rarzl areas

Ziement

o O

.5-1.0°C higher
e

lower
£ 10 rimes more
""Ioucmess >10% more
Radiation 13-20% less
Wind speec 20-30% iower
Calm 3-20% more
Precipitation >10% mere

Source of ga:zz; Lancsberg, 1962 {60).

The build up of an emission in z box will increzse when © and k are low. For 2
=30km,h =200mand v =8000m h? and E = 50 x 10° mg h™! of

aty with |
particulate matter.
C- x1F (mgh™)

8x10(mh Hx3x10° (M) x2x10° (m)
C=1.0mgm=.

If the wind speed is halved the concentration would double, demonsirating the
importance of wind.

¥

-
>z

-

[£S)
[
~1

The Heavy Elements in the Atmosphere

Atmospheric Particulate Material (Aerosols)

Particle size The size of atmospheric particles range from molecular species to
material that settles out rapidly, i.e. from 10° to 0% m (0.001 to 100 pm) in
qm-neter (85]. The particies, whose size varies with the source, are eatner
disper. sed into the air, or formed from condensation of speqies alreacu present
n the atmosphere. The diameter of armospner:c particles has been defined in
diiferent ways, and it is not always clear what definition is used in some
oublications. The aeroo\ma'ruc d,amete., 1sthe diameter of 2 EDr'e*lca] Damc1=
th unit density, but with the same properties of the real particle. It is similar
to the Stokes’ diameter, which is the diameter of & sphnere with the same falling
relocity and densitv as the real particie. The mass size factor describes the
varation in mass with the size of the particles, and the mass medizan diameter,
MMPD (or mass median equivaient diameter, MMED) is the diameter beiow
which 50% of the total mass of the particles, or the total mass of an element

<

occurs {77).
The shape of aerosols range from spherical to quite ir
parucle s1zes for various aerosols are listad in Fig. 7.8 16,16,85,94,102], the
zjority of particies lie within 0.01-100 pm. ”aruuem with diameters in the
r\gﬂ 0.38-0.76 um have comparable dimensions o the wa velength of visible
radiation, and will therefore affect its ransmission Drocuc*n; haze.
The distributicn of the sizes of zaerosols is | log-normal [2€, /0] skewed at the
tugher end o the size range. Within this diszibution most of the mass of
zerosols is in the 0.01-10 um range [106] with 2 mean around 1} pm [20).
—However, the plot of mass di strlbanm versus size, for a chermica] element, is of

the form;
\g) /slogd, versusdp, _.
{ 1s often bimocal with peaks at <1 and >5 pm; where AC is the girborne mass
concentration of metal M, C, is total airborne mass conceniration, dp,_ is the
parucle size and Alogd, is tne difference dp__ - ap,_ ,21]. Other s.da;es have
iound that the :a:-tlcln size distribution has two or mreo muces. around ~0.02
um, ~0.4 um and ~10 1m in mass or size distributions [89). T e Altken nucle
range mode is characteristic of the freshly formed aerosol, the accumnuiztion
range mode ischaracteristic of the degree of aging and the coarse partcle mode
is characteristic of the amount of windblown dust, sea Spray or mechanically

produced cust such as fly ash [105).

Coagulation and sedimentation The small sized particules{i.e. <0.1um)inthe
:rmospneve can combine into larger particles by coagulation, the movement
and contact being controlled mainly by Brownian motion. if each contact
produces coag ]anon the reduction in the number of particles is given by;

ne

ns————,
1+ knot

19000
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Fig. 7.8 The sizes of atrnospheric particies. Source of Gata; Paulnamus, 1672(83). -
where n = fina! concenfraion, n_= initial conceniranon, t = time and k is
constant 107%to 10 an®s™. For par ficles < 0.01 Lim the decrease is 50% in 2 hour,
and for < 0.05 um the decrease is 50% in & day [29]. &

The larger particles in the atmosphere fallout rapidly, and in still air the -
settiing or sedimentation velocity is given by Stoke’s law;
7{0 pn)ard

2
where v, = velodity, p-p = density difference between the air and particle, T;

-us;os.h* of the air, g = gravitational acceleration constant, and G = m.:nele"..
8

i

of the particie [106). The velocity will range from ¢ x 10 tc 1.3 x 10 cm 57 for
particles of diameter 0.1 to 20 um. '

The Heavy Elements in the Atnosphere 200

PARTICULATEMATTER AND THE HEAVY ELEMENTS
The Size of Heavy Element Particles

Particles <2 um generally come from anthropogenic sources, whereas when
thev are above 2 um the main source is wind blown and re-entrained dusi [78].
For 2 number of cities, where anthropogenic sourcesdominate, the aeresol sizes
mainivspan C.12-0.7 um, of whicn 20-253% lies at the lower end of the range [78].
For example the elements St, As, Pp, coming from man made sources, are
mestlv associated with the smaller sized fracnon of the aerosol, 1.e. <1.7 um
[80,83). Particies containing cadmium have beenidentified in the size range 0.6-

10 wm with & mean diameter o:’ 22um [77.83) A range of MMD's 0.28-3.5 um
nave also been reporied for cacmuum CONtzls InINg ; carticles{21). A goac propor-
gon of these pa*a:"es are respirable | 77). Around 50-90% of the cadmium in fiv

25h 22rosol i <3 um size 593

Lead The size of lead particies have beE'l exte-xsive'l\' studied, because of
concern over automobile ieac emissions. pa_rl::c]e types are errutied by
cars, the pnimary exhaust particies (O.G.-—G.1 _.r, chain aggregates, mostly

- diesel smoke (C.3-1 um), and large matenial (>1:um) [14]. The MMD's of lead

containing particiesare reportec to beapproximateiy 0.23-0.3 um[15,16,65], but
for aerosol near to motorways, the MM“ is around 0.02-0.05 um [14,65,85]. &
plot of lead concengation againsi particie size displays rwo concentration
minima, around the 1.1-2.0, and 2.0-3.3 um sizes, and the concentration of lead
ic higher in the smaller particles, i.e. <1.1 um [98].

The size of partocies from motor venicles o‘efrea':es with distance from the
roaC, up fto 105 of the particles are coarse within 3.7 m from the roag, anc
around 50% of the par ticles are greater than 6.5 um, 600 maway []6 78}. Lead
coman‘unr DE"']LFES are D)gEE' a]'l \JTDBJ'I a&reas co'nparec with rural areas or
alongmotorwayvs, [15,63). For example around 30% of the parficles in the urban
situation are <0 um, wherezs along @ motorway the prDDortion is 67%
[15,65,65]. The lead contzining particles are pr oaaD]\ larger in urban areas
because of ihe assogation between the aeroso) and general urban aerosol [£3}.

Residence Times

The lifedme of aerpsols in the air, which contain heavy elements, is &
function of the pzmicie size. The smaliest particles, 0.001-0.08 um, have &
lifefime of <1 hour, because of coagulation into bigger particles, whereasin the
accurmulation range, 0.08-1.0 um, the life me is 440 days, and the large
particles >1.0 pm have z life time of minutes to days [6,39,77,78,102,103).

Beczuse of the volatility of mercury it is recycled through the environment,
including the 2tmosphere, which increases its residence time over land from 7
to 315 days. The oceanic residence time is about 14 days, because in this case,

there is less recvcling of the element [71).
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Transportof Aerosols
Because of the long residence times, transport of particulate material in

the Arctic and Antarctic, pre-1940 lead levels are £0.08 ng kg™!, whereas
found for 1965 are 0.15-0.42 ng kg #,2 2 to 5 foid increase, atributed to transy

of lead from industrial areas [106] The relationship between the aeroso] leveﬁﬁi
of ace elements and their concentration in snow is expressed by; X

C,=kC,

where C_ is the concentration in the air, k is a transfer cons:ant, and C is
concentrabion in the snow. Another expression is; )

C,=ken/L,

where e, is the mass fraction of aerosoi used in condensation nucleation, 7 ,_e,a.,
factor iinked to evaporation below the cJoud, and L is the liquid water content
of the doud. Taxmc'hc]os-e toiand0.1<e <£1,1€L£35gm? tnﬂesnmateq.
value of kis 1.0 to 6 0 g m* which is close to expnnmental \,c]ues [Z);

A model for the crc.nshor\ of mercury which inciudes 2 number of recycij_m'g-"-

pathways is [71];

Conrtinenszl

— Continenzl 21 ST
shelf air "o

/‘\

Inpu: tatmospheric)

\

-~ en:

Land near sources \  Landi ; i :

\ =

\ \ qu_‘;

\ =

Inpu: zcuatic;, —»  Steams —  Lakes — Deep sediment g

(sink)

To = lesser extent the same processes will occur for selenium and arsemc
Cadruum has been observed in air, which has not originated from local sources”

[40].

HEAVY ELEMENT EMISSIONS AND FLUXES
Hezvy element emissions into the atmosphere, globally or locally, are exther
naturai or anthropogenic. Heavy element amosphenc fluxes are expressed as’
emissions or fluxes into the atmosphere or as fiuxes from the atmosphere to the
earth. The flux depends on the amount of aerosol and the concentration of the.z
element in the aerosol. Natural fluxes of total particulate matter are es‘nmated“:“
to be around 1000 Tg y* or 7.1 x 10" g m™ 5. The sources are desert matenadl_f_’gg

grassiands, forests, oceans and point sources such as volcanoes, and forestﬁrﬁ;_g
=
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Tne urban flux is estimated to be 100 Tg v or 7.1 x 10" g m2s%. Op the basis of
these | fluxes the concentrations of total particulate matter are; troposphere 1- 10
pg m™, over deserts 1-1000 pug m*, over steppes and assianas 10-100 g m*
over forests 10-500 pg m=, over ‘TLE.J'Sh]a.ﬂG.S 10-100 ug m=, over oceans 1-30 u_cv
m*, and urban 1-1000 1g m?[39]. A sepaj ate esimate suggests higher levelsi.e.
the narura] flux of Darbculates In the air as 773-2200 Tg viand 185415 Te v+
jor man made aerosol [70). .
Some estimates of naturai erissions of the heavy elements into the air are
iisted in Table 7.3 [53, 61, 84] in units of ng kg (or pg g) of dust emitted. The
rughest concentrations occur in the voicanic emissions, however, compared
with the amount of windbiown materizl the total contribution of volczanic
ormissions is Jess. Around 60-85% of the toral naturai emissions of iead (]5 6 x
10¢kgy ' (78] or29.5x 10°kg v~ [88]) come from the windblown materizal, 5-10%
Fom emissions from veg tabon and the rest from sea- spray, vo]c:mc: ;r‘uq—
sions, forest fires and meteoritic material [78, 88]. The naturz] emissions of
cadmmium to the atimesphere are estimatec ¢ be (in 10¢} kg v'"); windblown dus:
(.1, forest fires 0.012, voicanic emissions 0.52, vecm:anon emissions 0.2 and sea
spray 0.4, a total of 1.232 x 10¢ kg v [88). For mercury the natural degassing of
the element is estimated to be 0. 07—0 03 :-a*ﬁ “h', whereas around rmnerahzea
areas the emissions are as high asl.7 pem?ht ioa] Global natural em_csxons of
e[-c:;; vapour are esiimated as 6 x ]O* kg v and anthropogenic as 2 x 10¢ kg
VLD
~ GClobel estimates of anthropogenic emissions from a variety of sources and
emissions from coal and oil combustion are lisied in Table 7.4, in 10° g v
[4,62,69,71,82 83 ,88,101,107). The data suggests that oilisa saCmncan.tourLeof
mercury, and coal is a significant source of seienium.
The emissions of lead to the atmosphere, from s-ﬂelt}ng ancd refining
processes, have degeased from 5% in Roman times to 0.5% today. However
over the last 50-60 vears the use of tetr aalkvllead in petroi has incr eav..:;i’
m-wsmns.a to 4 foid. More than 1/2 of the lead produced today getsinto the air
in some form or other, around 60-68% from tetr aalkvilead and 289 % from metzl
oroducton [28,95]. Emissions vary considerably with location, for example in

\eu Zeajand they are estimated to be 1.33 x 10°Lg v, over US cities it is 1.2-

TABLZ 7.5 Natural Inputs of Heavy Elements into the Atmosphere
(ng kg of dust)

Element Voicanic Windblown  Fores: fires  Vegetarion  Sez sprav
As 300-800 0.5-2.0 0.5-.¢ 35 0.10.5

Cd 30-800 0.002-1.7 0.03-2 2.7-38 0.001-0.003
P 100-9600 0.4-70 1.1-78 21-280 0.001-0.0¢
S 10-1700 0.6 -
Sb 30

Sources of data; references 53,61,78,84.

cIv000
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£ 7.4 Global emissions of Heavy Elements and
the Contribution from the Combustion of
Coal and Oii (10° g 37"

Elemen: Toza! Copl % of Oi % of ! B
70 : ¢ O‘ o 2
tosa’ total 3

Az Z5e C.7 3.0 0.00z 0.008 3

Se i 0.42 38z 0.03 33

Cd 7.3 - - 0.00z C.03

f—ig 24 0.0C:7 0.67 i€ 6t.7

Po 44c 3.z 0.8 0.C= 0.01

B: - G.7s - - -

Sources of dazz; references £,52,69,71,62,83,858,101,

2.0 x 1¢* ng em™ v, remote rural 2.5 x 10® ng cm y, remote mountain 4 x 1(?
ng am?y~, and over the oceans the fiux is 7 x 107 to JO ng cm™ y [95). Atasite

tarcaoca the leaa concentration in the snow is ~4 Dg g™ and the deposition

in Antar
in snow is ~3 gom™ \'* which gives z flux of 12 pg cm™ \" for both drv and wet
GEPOSJDOI-. _x'::a:;a.anor. to the wnole of the Antarciic, with 2 snow accumu-
laton of 17 g H,O cmv* ' the total iead flux is ~70 pg cm~™ v™, approximately ¢
tons v, In the South Pacific easteriv the jead fiuxis ~2 ngcm?yv*, hence the flux
ratio Antarctica/Sth Pacific ~1/3C. Similar ratios occur for ot'ne' land masses
and ocean environments, for Greenland/Ntn Paanc -1/22 and Greenland/
Nth Atlantc -1/3< [8). i

The prindpal source of anthropogenic iead emissions is the combuston of
tst—aalmrhenc butasmore countries reduce theamouni of lead used this source
will decrease. The quantity of lead consumed by & car engine is 2 function of the
concenraton of lead in the pewrol, rate of peirol consumption, the size,
efficiency and running speed of the engine, and the engine load. The proporion
of lead exhausted depends on the age, temperature and physical stzte of
exhaust system, and the manner in which car is operated. The amounts
exhausted canrange from 20-300% withan average ar o”nd 75%(15). Therefore,
for 1000 cars h”, a pewrol lead concentration of 0.4% 1", fuel consumption of (.24
I km*, and for 2 75% emission of lead, the source srrength 15 10 ug s~ m [14).
in Los Angeles, for a lead in petrol concentration of 0.56 g1 *,and a 75% emission
factor, the total emissions added up to 17.2 t ¢, {C.3 from evaporation, 16.7 as
aerosol and 0.9 as organic vapour). The material dispersed by the wind was 5.6
td” (5.3 aerosol, 0.3 organic vapour), whereas 11 “'deposited on the ground,
(9.5 nearby and 2.0 hrtn auav) [54).

Other aeros—o) lead sources are, workroom exhausts, e.g. where soldering is
carmed out, natural weathering and burning of paint,"incineration of piastics
and the recycling of lead batteries [16].

The Heavy Elements in the Atmosphere

4TMOSPHERIC LEVELS OF THE HEAVY ELEMENTS

The levels of the heavy elements in the aonospnere are diverse over the
arth's surface, depanding on the parficular environment and prevailing con-
ditions. There are difficultes in comparing results from different studies.
pecause of the factors that can influence the actual level measured. Detailsof the
sampling time, the period over which the mean leve! was determined, and the
vear when the work was done are necessary for mzking any comparisons. Tns
gatz given in Table 7.5, are for air lead levels for 2 numoer of e—nn‘—o—\.—nepps
where some of the above detzils are available, and comparisons can be mad

m

Levels of Heavy Elements in Urban Aerosol
. Much urban ae'D:O' is generated from polluang sources within the urbar
alth of datz on airlead levels, and tvpical urban air lead }e\'ezs

arez. Thereisa weal
ug m*‘ put approach 10 ng m*in heavy affic areas (Tabie

jiein therange 0.5

7.3 16, I/,a/,oS,._,/b,SC ,88,03,85]. 1ne:t=»elsdos.en relate to the combustion
of petrol lead, tnis being the main leac source \—% %) in urban areas. ror
Atn free davs Lne alr leac levels in urban areas were

exampie in Be]riu-'r. on traffic
around 0.6 ng m* fomsare" with the usu pe m=. Otner environments where

alkvliead sources are cleariv 1np‘1cat°a 'r tunnels with air lead concenira-
oons in the range 25100 ve m?, close to Faffic, (840 pe mF) and close to

i [ =)
mcm«ev:(:--'?f“_gr“ H 78,72,80]. A

"ll")

AN a2ppr oximzte order of air leagd levelsin

different urban settings are: centr al businessarez > hs avy Q"I‘..Sl"\ residental >

snopamrco*l:n rcaali>hn eavy industrial >ce'1:raJ .Jarx areas> medium Qens:r}
residential > nf—?n Te

ffic residential > opan fieids. Air lead levels also relate to
population densiges 2s
” .‘

O miliion D‘E{)"‘IE, i
people, >3 ug m

Other aeroso! hea\—_\- metal Jevels have not been as well studied as for leac,

the next most investigated. Some dziz for arsenic, cadmium,

shown by the fo!:ow\nr mean datz for USA cines [78];
Jugm ,'] -2 million people, ~2.0 g m™; 2nd >3 million

cadmium being
mercury,indium, angmony and salﬂmumarﬂl':mu inTable7.6. The concantra-
tons are generally, 2 to 3 orders of magnitude, less than for lezc

Levels of Heavy Elements in Rural Aeroso!

Thelevels of the hezvy elements are significantly less in rural areas, because
of the dilution of the urban materials as they are transported away. The heavy
element concentrztions in rural air in Belgium, given in Table 7.7, were
measured at times of low polluton. The background ievels were estimated by
comparing the measured values with those of sulphur, using the equation,

[El=alS)+¢,

where [E] and [S) are the concentrations of the metal and sulphur respectively,

at low pollution irnes, 2 is the E/S ratio from tne correlation coef ficient calc-
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TABLE 7.5 Some Selected Levels of Lead in the Atmosphere

Ciry Location Years Sampiing  Level Comments

interval Lg m~
Osaka Main streets 1935-3¢ 30 min 0.2 °
Los Angeles Freeway 1963-04 8.2-18.3 Mean daiiv range
Warwick City centre 1963—oc wesekiy 2.804.46 Monthiv means
Paio Alto Freeway 196¢ 1-18 Range during dav
Los Angeies Downtown 1566-72 in 3128 Ann. mean 1571 & 7%
San Diego  Mission Vai. 196% el 2136467 Quartely means
New York  45th. St 1965 o €3 Two hourly means
London, UK Fiee: sireet  1572-7C 4 n 33 Dailv means
London, UK Fiee: sizeet  1672-73 iave 6.0 Davtime only.
Melbourne  City centre  1674-73 1.2-3.8 Means 2-7
Birmingham Varous 1673 we2iiv £.5-1.40 Not exposed to cars
Brisbane Freeway 1975 24n 517 Mezan
Londorn, UK M4 1878 i & 2 m from perm
London, UK #40 1978 3. 2 m from berm
Svdney Urban 1979 z Daviime mean
Los Angeles Lennox 1575 ] : Monthiy means
Christchurch Urban 1881 3.3 Daily mezan
Source of datz; Simmonds et

dlevel. inthe rural areas the levels are

ulation, and & is the esurnated backgroun
ting some pollution material was

high compared with remote ::1.:{:5_, indicztng so
present [86].

Or 2 mass basic the concentra articles in cides is around 1-
10%, which drops i0 0.1-1% in rural arezs, and still further, to < 0.1%, in remote
areas. Thefzall is due todiluuon of the zerosol with other dusts [78). The air lead
levels in nerthern hemisphere rural areas lie in the range 0.05-0.2 pg m?,
wherezs in the southern herm’sphe*e the levels are around 0.0 Zug m*[79). The
difierence reflects the greater anthro j\ogemc inputs in the nort

Levels of aercsol cadmium inrural arezs are ccwera]]\ <1 ng m*[30,38,77]
and the air levels of mercury are reporied as; continental air, 20 ng m°,
continentai shelf zir 2.9 ng m* and oceznic air 0.7 ng m™ [71]. Similar levels of
atmosphericarsenic, anfimony and seieniumare reported inrural areas, i.e. 1.4-
and 1.1-2.6 ng m respectively [38).

tionofiezd in o

2 oy 53
3.8ngm?® 24 ng m

Levels of the Heavy Elements in Remote Areas

Ruraland remote areas merge into ezch other, and the aercsol levelsof some

of the heavy elements are given in Table 7.8

conszderaoiv but depend on the closeness of the area to urban, industrial or r“

high emission natural sources.

The concentration ranges vary .

~
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TABLE7.6 Levels of Arsenic, Cadmium, Mercury, Indium, Antimony
and Selenium in Urban Aerosol

Element Location Concentration Year Reference
ng m* Reportec
As Washingion DC 32 1988 38
Portiand Cr. 5.0 1985 38
UK cities 5.4 1675 88
Swansez i 167¢ 88
Toronto 2-20, mean 13 187¢ 8C
Toronto fresway 2-43, mean 10 1976 2]
Ca Hobar: 1-S mean 3 1577 13
jrban 2-15,3-5C 1980 77
UK dities 2.8 197¢ 88
Uroan 2-370 1972 30
Bronx, NY &2 1674 30
Cincinnat: & 1974 30
Chicago i¢ 1874 3C
Polish towns 2-51 1974 30
Ann Arbor 100-300 1871 &9
Washington DC 2.5 1988 38
Hg Long Is USA 21¢ 1585 a3
New Zzziland 3.1Z mean 1983 cs
Toronto 1é 1876 80
Toronto expressway 19 1976 80
Urban 2-30 1982 62
Large cities =30 1674,73 62
in Swansea <0.7 1874 8&
So UK cties 7: 1979 8%
Swansez 2. 1974 88
Toronto 0. 1976 80
Toronio expressway 1. 1676 80
‘v\asnmsz:og DC 24 1985 38
_.-os‘or\ 0.55 1976 53
Bi L. Michigan <0.05-3, mean 6 1971 41
Se Swansa.= 2.7 1674 8%
Boston 0.18-2.1,0-38,1.23 1976 23
Washington DC 2.4 1985 38
Portland Or. 3.0 1985 38
Crner reference 13. B

Lead Lead levels decrease with heightinto the troposphere, but are reporied te
increase again in the stratosphereE/SJ Remote connnnnmianc ocezrnicievelsin
the northermn hemisphere are reported as 0.5-1.3 ng m* and 0.2-5. 0 ng m*
respec *wely in the southern nbm:sohere the levels are 0.5-5.0 ng m nd <10
ng m” respectively, the latter ms;ults are from limited data [79]. Leaa levels in
the Arctic region have been observed to vary with the season, and over different
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TABLE 7.7 Levels of the Heavy Elements in Rural Belgium
Element Average  Range Estimared
ng m¥ ng m* sackgrounc ng m~ 1
As 23 0.38-3.7 c.7
Se 0.62 C.181.21 017
Cd 0.78 0.28-1.9 C.37
Sb 1.7 0.42-3.0 105
Hg 1.2 0.07-4.1
Py 135 5¢-23( g3
Source of Gatz; Priest e: al., 1987 [85].

TABLE 7.8 Levels of Hezvy Elements in Remote Areas (pg m™)

Mezal Remote UK Lzke jungfev  Ansarmice Enewetok Green-
(range) District  Sum. Wint. Dy Wet lanc

As 8.4-2300 1990 138 17 8.4 42

Cc 25-720 0 332 <200 4% L 2.5 15

Hg 600-3400 20

In 0.054-78 7 038 0.034

Pb 456-57,000 2988 130 86 490

5p 0.45-930 135 2.1 C.43 5.2 24

Se £.3-1400 28 es 63 130 110

sites the range is 1.7-3.84 ng m*, with higher Jevels occurring in the winter
months 3.49-6.38 ng m~ [3,50].

At Znew etok in the North Pacific{11°N, 162°E) attnespheric Jead levels are
8G-260 pg m™. Tne Jead rich particles are smaller in size than the silicate dust
particles, and there is no temporal associztion berween the two particles. This
suggests that the iead derives from & source different from the silicate dust, and
isprobably a continental source [93]). Tne lead and other heavy elements display
z seasonal change (Table 7.8) whichisrelated to the amount of precipitation, the
concentrations being less in the wet season {26]

At Te Paki (N** tip of New Zealand) the 1 anmll contained 17 pg g™ of lead
and was associated with the air flow from the Indian Ocean. In the mid Tasman

Sea, however, a leve] of 420 pg g was associated with the air flow from™

Australiz, which fell to 41 pg g when the flow swung further south [95]. In
remote areas of Tasmania levels of 1-160 ng m** have been reported [6). Air lead
concentrations in the Himalavasof 110- 100 ng m* are enriched 20 fold, and may

arise from open fires [23).

Other elements Overthe South Polarregions the concentrations of the elements -
As,Se, Sb, Cd and In are in the <1 to few pg m “*range [67). The levels of cadmium ~

The Heavy Elements in the Atmospher

in remote areas are around 3620 pg m*, but in areas of high natural sources,
suchas Mt. 2 Zma, leveis in the volcanic plume of 92 ng m*, and above a hot vent
of 30,000 ng m* have been recorded [77]. Around natural mercury deposits,
concentrations o the element in the air are around 3(-1600 ng m*, and at
geothermal areas concantrations of 10-40,000 ng m™ are reported [€3]. In
Norway background ievels of some heavy elements (measurec at two sites
during 1574) were as foliows: Hg 20-30,15-31 ng m~, Cd 20-31, 3-22 ng m** and
Pb23-31: 3-29 ng m*. Most of the mercury comes from natural sources, whereas
someof tnelead and cacmium isanthropogenic. There wasa direct relationship
between the concentranon of Cd and Pb and ths wind direction, with the
concentanons increasing wnen the fiow was from poliution sources [98]. In
remote areas the range of mean concentrations of mercury in aerosols is 0.015
0.4 ng m*. The total a-mosp'neric levels of mercury fall rapidiy with height,
suggesting the flux comes from the soil [£9)]

Industial Levels of the Heavy Elements

Concentrabons of the heavy elements around industrial areas, such as
smelters, can reach very high valuesand, unlike other areas it is not possible to
give tvpical ]"VEIC C‘aunumleveiso; around 50C, 200, and 160- 320ngm * have
been reported around japanese smelters at distances 100, 400 and 500m awayv
respeciivaly. Around Sw Daasn smelters weeklv means of cadmium aerosol
jevels were 600, 300 ng m*, at distances 100, 500 m awayv. A maximum value of
52,000 ng m* has also been recorded [30).

I eveic of mercury around chlor-alkali cell masta ponds were, 1§, 64 anc 90
ngm* at temperatures ar ound 6°C, and 247 ng m=at 20°C. Approximately 2
kmaway the level had dropped te 3-9 ng m™. A similar fzll off in concentrations
was observed &t different distances from a coal fired power station as shown by
the date in Table 7.¢ [é3).

A studv of the lead levels arou-.a 2 sm }re‘ in E] Paso (dunng 196%-1971

indicated thai a1 the smelier’s bound ary, OO‘NTIVJIH\., the air leac concen-

TABLE 7.9 Leveis of Mercury Associated with 2 Coal Fired Power station

Hg aerosol Total particles Hgensolid Hg/g pemicie

Source Hg vapour
inaw, ngm-3 ngm-3 Hg m-3 Hg et pg/g coal

Coal 0.28 1
Ash 0.0037 0.07
Plume

C.25 km 1700 . 150 3460 43 150

7 km 1000 30 740 40 140

2km - 200 2 25 20 70
Background 12 0.1 17 6 -

Sources of data; Lindberg, 1987 |62) and 1986 [63).
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tration was 15-269 pg m* (annual mean = 92 pg m?) and this had faJIEn"to
background levels 4-5 kmaway. Later,in1%
to 43 ug m* after some changes had been made.
highest in the particies < 1 um, and 42% of the lead at 250 m from the smelter %

was< 2 pm, At the smelter the 10 monthlv mean for the particulate matter Was‘

204 mg m? month™ [59].

VARIATIONS IN ATMOSPHERIC LEVELS OF THE HEAVY ELEMENTS

One of the central probiems in comparing the concentrations of the hezvy
elementsin the air, determined in difierent s\ud;ec is the vanety of factors tnai
influence the levels. Some of the factors can be controlled by the experimenter
e.g. position of the sampier, whereas some are outside the control of the
expenment e.g. the weather.

Factors Influencing Heavy ElementLevels

Some of the factors that have & bearing on the measurec level of a heavy
elementare: height of sampler above ground, distance from the source, distance
from buildin ngs, type of sampler, wind cpeea wind direction, ai te"npefamre
air stability, season, topography, veracal spread of the plume, and in the case
of lead arising from petrol; traffic density, date of sampling, amount of Jead in
the petrol, driving mode, traffic turbuiance, bouvancy of the exhaust gases,
petrol consumption, age and condition of the car 11,1415,66).

Models for estimating atmospneric levels take into consideration some of
the above factors. One model for the ztmospheric concentration of lead is [27);

emission rate
mean wind speed x verical mixing height

Concentration =

Another model, relating to traffic as the source of lead, is [93];

Aerosol lead levels = Ki \"-{5 )D,
\'TSH
where K is a constant, V is traffic volume, E is the lead emitted, T
ternperature, S the wind speed, H the mixing 'neignt, and D the wind direction
factor. It is not possible to produce a satisfactory quantitative mode! that

is the

encompasses all factors.

Seasonal orclimaticeffects Seasonal variationsin heavy metal aercsol concen-
trations cccur, but differ with site, e.g. in New York levels were highest during
the fall and spring, whereas in Los Anoeles (see Table 7.10) and Boston the
highest levels were in the winter. Sezsonal variations maybe due to variations
in source intensity, climatic variations, scavenging efficiency of precipitation,
and temperature inversions (16, 78}. The seasonal pattern of air Jead levels in

Denver during Jan 72-June 75, was peaks in the summer, with a gradual =
decrease in levels over the years. The seasonal pattern was related to the lead *

72-1973, the annual mean had ‘aﬂeﬂ S
The concentration of lead wages

e S
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TABLE 7.10 Atmospheric Lead Levels in Los Angles (g m)

Place Sezson Diurnal
Downtown 3.0 Summer 1.9 lipm-3am 1.0
Outiving 20 Fall 2.8 3am-7am 1.1
Winter ik 7am-iiam 1.2
Spring 2.1 1lam-3pm  C.7
3pm-7pm 0.8
7pm-iiom 1.1

Source of datz; NAS, 1872 |16].
in the petrol, which was at 2 higher concentration in the summer, and the over
zl} decrease to the introduction of catalysts to cars, which could not use Jeaded
petrol. However, at six sites the plot of monthlv mean air leac ievels was at a
maximum in the winter, when the input from petrol sales were zt 2 minimum.
This was due to the mixing heights being lower in the winter (80C-1000 my
compared with the summer (2630 m). The msoe@pﬂ factor, hv, where his the

P

mixing height, and v the speed of the wind, correiated well with the concentra-
non of air lead (p < 0. 001) (271

Wind speed 1s & significant factor in deterrmining the atmospheric levéis of
tre heavy elements, whereas air temperature isrela tively lessimportant. These
{actors, and traffic density, are compared with the jevels of aerosol lead in Fig
7.2. The dramatic effect of increase in wincg velocity on the zir lead concentra-
sonsis clear from thediagram [93]. However, low concentrations because of the
wind, does not mean that the element is not being emitied from the source, but
rather it is more rapidly aaspe-'ced ang diluted [0 1 Cadmium,levels, on the
other hand, 0.0024 pg m™ (urban) and 0.0020 ug m* (rural), are reportec to be
iess influenced bv these factors [72).

Leoc o Levels
agfy
/.

—

vemn-- Der -‘/
g y—*
I /
E - lemﬂPlElU'!
iOr
‘: l WINC sDeec km/ns
i_--/ y
T i i 1 Ba\
= 2BOC 1000 1200 ~1aC0 1600
Time

Fig. 7.9 Variation of lead levels with number of vehicles, wind speed, and
temperature. Source of data; Simmonds et al., 1983 [93].
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Seasonal affects have also been reported for arsenic antimony and cadmi n
with higher levels in the winter. This is probably due to exa emissionsj
associated with combustion for heating and production of power [77,83'1_
However, the reverse seasonal situaton has also been observed, and this ma¥se
reiate to different dispersal modes in the surmmer and winter (77). *

Diurnal variations Diurnal variations correlate with trafiic aensity for leag
(Table 7.1C, Fig 7.9), and concentrations are alsc iow in the weekends [16,78 23],
in urban and rural areas cadmium levels snow diumal and dav o day
variations. Thereasonisdue to the variation in source emissions, wind and joza)
ventijation charactenstics. '

Sampling factors A number of sampiing faciers infiuence the observed leveis
of the heavy elements. Levels of Jeac in sgeets vany with height above the
ground, e.g. 104 e m?at03m, 8.3 ugm* at 1.5 mand 2.1 ugm“at 2.2 m 78],
Tne length of sampling time has 2 marked effect on what is observed. Short
intervals may pick up peak or low emussion omes that would pe missed using
jonger sampling times [6]. Other factors are; the direction of the wind with
respect to the sampler, the distance from the source, the porosity of the filter,
and the relation of the sampier to vertical or inclined surfaces that modify air
movement [78,93].

Theinfluence of the automobile Theconcentraoon of leadinairreiatesto trafiic

iensity and mode of operation. More lead is emitted along nighwayvs than in
aty driving, approximately 20% is emitied in suburban driving, and 200% at
full throttle when accelerating to 60 mph. From an analvsis of exhaust dust i
appears tha! about 21-28% of the petro! lead is retainec in the exhaus! system
[78, @3, 51). Both the physical and chermical characteristics of the particulate
matter is affected by fuel consumption, engine wear, nature of the engine oil, the
exhaust system ang air/fuel ratio [78].

In Wes! Germany petrol lead was reducec 7om 0.6to 04 g 17in 1972 and
then to 0.15in 1976. The reduction in the lead conient by 60% (1675) procuced
areductionin air lead by 35-60% in streets carring heavy traffic. For examplein
Frankifurt the mean air lead was 2.56 ug m™* before reduction in the petrol lead,
anc 1.04 ug mPafter. However, in streets with lower traffic levels the reduction
in air lead was less, around 30%. This mav be because of an addibonal source
of lead, but could also be due to the nature of the exponental fali off in lead
levels with distance from the source. In the Runr area the drop in air lead was
only 20%, whereas in the lead mining area, Stolberg, the reduction of lead in
petrol had no effect on the air lead levels [56].

THE DEPOSITION OF HEAVY ELEMENT AEROSOQOLS ~

Aerosols eventually deposit on the earth, either as z dry deposit or as wet
deposit (in rain or snow). The data in Table 7.11 indicates the magnitude of

oro
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TABLE 7.11 Wet Deposition for Some Heavy Ziements (ug 1)

Ejemen: Mazrine Rural Urban

Ag 5.8 0.005-4 (C 285} 0.0:¢

'C::‘ Q4823 (0.7 0.05-45 (C.5) £.004-0.638 (0.008}
hHg 0.052-3.8 (C.745) £.003-2.2 (0.09) 0.0110.428 (C.07%;
P: 34747 (£4) C.58-64 (12} 0.02-0.41 (.09}

éb = - 0.032

“*\iajues i1n paren:nesis are mean levels. Sources of datz; Buai-Meénarc anc
Droce, 1957 [10], Geliowav el &al,, 1082 |33].

seposidon leveis (in ug I7) in rain found in Giffereni environments.

Deposition Levels

Mostinformation availabieisonlead,and some dataare givenin %DI_E 7.1z,
—e deposition is expressed in mg m V7, or pg I (for wet deposiaon, thougn
- number of other units have been usec. The deposition ievels of Jead range
-*inremote areas, to 23300 mg m * 1 in urban areas, and much

om<53mgm™} . in nareas,
tres, and roads busy with traffic. For depositior,

richer ciose tolead basedindus : tic
o cadmium, the bulk precipitate (wet anc dry) hase mean concentraton of the
metal in the we: material of 0.6-37 ug I, with most concenaons arouna 1-<

N e e nf1% ang 20010
e I, In the case of dustfall (dry deposition), concentrations 0 132nc 200-1020

¢~ have been reported {77). . .
'.Ea number of factorsinfiuence the leve) of depositioninany area, sucnas t:ne
Iocalitvi.e. remote, rural, urban or industrial. Wet precipitation dep=ndson the
em’steﬁee of rain or snow, the amount, its duration and intensity. The conce.n-
cation of leac in precipitztion decreases with increasing intensity of the
rates of depositon of cadmium containing aercsol have

an <

precipi@aton. Tne rate : zerosol have
increased over the vears. This relates to inceasing po_:-u}a tion density, local

. : g _. . —
vanadone and is & funcdon of land use {77].

Deposition Modeis
e been deveiopad. For

for both wet and dry deposition have bee

Different mode
wet deposition the fiux rate is given by,

— b \

Flux = W R_-’—,_(gﬁi-,

J-; } .
where W is the washoui coefficient,