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EXPOS~l'CZ()IV OCl.tPAC.Z-OIVAL 

Según la activid(l<:J: 

• Miner'Ío y furidkiór1 
• Industria: rnc.·tc~rk1 p··imo ~ · -:; .. 1bp1'\"dur;to·.~ . Alfc..lt'e.rh(·v1dr1ado), Hnredm;, 

element·os de pr•o·l'i.~cc i r.Sn (t'l l"' 'I rG rr.Kfa1ci<1nes, h.1bed.:\s de plomo, impr1:!titos , 

califont, municione ~ , caflerÍ<J.S. 

D Mayor f"iesgo co1·1 PL:J¡'1¡\0 ü o)tü::: temper<Xi ,J1'1JS , h.imo.:.; y v(:; pc11· r:~s 

Fundame.ntc.ilm~t1h~ dt<.~ 1)ri9et1 üntr•<.)pog&.nico. 

• Act ividr.lde.:; ifldus·~r;tl l<?:'.\': , rnin~;/'('iS >' 1:ornb1,1-;·hó n dP. t(wi·nre.~; d~:: 911:~oli 0·10. ~~dtt 

con1'ienen adit ivo~; de piorno. 

11 A tt'ovés de todo·;; !os •.: ornpon1zn1·~~~ 1Jrnbien1'0.!e5. C:.U"e.. ogda. ::.1 •• el1:1 )' de 

diversas fuente.s. 

Formas de expusicióh: 

a) Por vecindcd a fueti'l'es 

A ' 1 .( ~ . ' J • 1 1 • ' ' . • reas vecinos o 1o:i . Ul:-:'""1" i~··' mirH.:.•'-: .. ~ o r\(iu~ 1·,·10 ·e~~; ce.;m.w r;i .~u:; t".m1s . .,;in.e:>. 
• El radío de t·iesgo d~~. pr,.;nde de fo.ctor· (~S c lirnútko~; 'i '·;e pu·::.da~, influíe e.n lü 

dispersión. 

b) Por contactc1 cm·: ·tr•._ü:1•:i.j o.d1..r·~~~ ~.<¡.iu¡¿.o,s·ro s 

Transport<:: en ki r'OPG de !T1::.bo.jo, vivif~nda::l Y~.~ - ¡1(.\ ~j vi ~ i 'i'i) de tf'tlbO,JO. 

·alfareros. 
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e) Por irüwku.:ión J e, a:r\?, cof-1 ! mr.J N.ldo 

En pobiaciones ur bnr1n;; cid; 1 :vo de picir1.0 er k1 gc~o hnf:i . 
Vfas conge.stionadú\ !t1 i ~~rsci.: c io rm~1 \' i1.l !es. 

000 304 

d) Por ingestiórr de a li rn1.·~l'i t·os C<11·1 t c1mir~ tirfo~: 

El conteni&'J de; plomo de:.pc rck de h po de c.limer.1'o, 'i('1 .. Y;olos¡íc1 de 1;;f1k1.tndo, 
tipo de r1ici pien1·e u.(j1.,di:i y lo 1,1.rntc.•nirw~ ión nmbientcil. 

e) Pór ingestiót1 d e. (lg u1l potoble c0r: í·ouúflo.dc1 
Dependí~rndó de In col'tmnit:(.\Ci óri ernbier.to !, in~-;•::.1 lali ei1·i1~.:: de. d i si·ribLK icin y 
cañerfos ploma.ckJs (<:igua b!1wda 'Y 1..kidn). 

t) Ir1ges-t i6ri dr:! polvc o r1i!'.)'~OS de pintut o r,1 base de plomo. 

g) Por ambient t'- de Uli''(kter· vcdpc1cional fomil iar 
Talleres de recuper.:.1.ción y r'ct.:ii.::laj e de Pkmw. 

• Ocupacíorn1I : lt1hc~lc~tot' i~1 

• General : Dige.sti V(\ 

fYJBL4Cl.'(.}.Nl?S' DE Al ro R.tE:..~G{J 

I 

Grupo que por .StJ ~ C.ft ro.der ,.l s ' i 1,;~t ::· 1 i~! 1t: wrc nit..1)'<..l1 ' ¡;r'OÜ<!,bil idud d~: ,fo.sc1r' r'o!k1r 
unL'l enfermedad o a l9ut·;¡.1 1:ondk ;{.}n <Ui<Jt 'tnnl. 

a)Mo.yor i;.:.xposí cidn: oc1.ipoó o"1'll(fo.mil10 de los trtib,1jodo¡~ (: :S): ~::1::r1,.<.m i'u o 
fue11tes miner~1s , ir.dust1'ial<::s , pr:wque, vehk •J!a r-. 

b )Mtiyor vu!nerc1 bi Lcfod · l · ~d b; ~ ,, :; , f ( ~11 1.:lt i ~l.''. ío r 1cdf:' ~ii . ·~ n f ei n . ~~dud f'.'.:·: 

subyacentes. 

•Embarazadas . niños . 
. • Er1ferrnedcde.:,; 1.1 l·:i ·~u n:p "I 

• Alcoh<~li cos , fumL1dor·,c..s . 
.'.11"t' e·• ¡,, ' "11". 'f" • ¡, íc1· 1' ( <1" ; J,,,.f ¡ . .,,._1 ¡.- ; ,-, ' •' r' 11' •·1· c. ;,> ...... ¡,.,.:.. 
' . .. 1 JI I ' f .. ~ 4 ' • . • .. .. ~ 'l. J .. . . .,, - 1 .. ... • ' ~. 1 1 ' 1 ""' t¡,,..., . 
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IMPOnT ANClf• OEL PLOMO ATMOSrERICO EH LA cmn ,.,..MINAClON GLOBAL 

DEL AMBlt= NTE Y fN El. J\T>OíffE DE PLOMO AL ORGAHISMC llUMAtlO . 
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\flAS DE ·"esonC!ON, rnsmrmJCtON V EUMlNAC!ON DEL PLOMO EN EL ORGANISMO HUMANO 
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EFEcros DEL PLOMO SOBRE LA SALUD 

~ El PLOMÓ '~$ 1ril-.ib1rfor· . k '"il!'lH:: r t s1b en1 im<.1:.> . e fc1~ ·:·e ..:. i ~ ! t~ rn'"" o. 

• Cuadro c: lfrií co d -:: c11 f . .,.il -:;! i.:lgn&'l' ic:;: :>ír.t ·~t¡· J; r , ~¡ r1v.:> ; , ,e.~p..:·~.'íic.:o~: y 
rnat, i fes·tacíoni:~'.i de i1·s~<ti -'...iC ;ér lcnh:1. G!.:<.\ r:.' c\tfo ,·~¡ u1;1<'.! c:edcnt{::. de 

exposición. 

• Poblclción ocup<.!~ H)1'1al · 11 ·r1.:;·,:u1ciór: cg1.idü y crór.i i..:o. 

t Población ge1w1\"ii· •n<Í · ~ f 1·•~1.1Jf'r•te in·~o;.,ic1.K1ón 1;~·ór1ica. 

~ Efecto dt:'!pE'.r.ck.: \.'fa"'·{: 101·r.!;o , 1..:'.·:isi s vry; .~·'· bid~·) ;,u::i:.•:. phbi!idud 1nd1vidun!, 

tipo de exposiciót;. 

Deco.imier11·0,fo·t ·9\ . 

t emblor . 

1 l ' I ) l . , 1 1.,1 .,1 l) I ( .:• ( , 

ll. SIS'TCMA HtMA 1 OF'<Ytt rJ.C(j 

1. Altero ki ~ Ínie . .;; ,,. dt: ! ':/ .. 1.(, H[N,O . . 1»1' ., 1.1,·:1.1' d,:. ~ (. : \"' .,3 )l i i11.11: inh . b1~: !o 

sí rite.sis de globir.ia. 

2. Alteraciór1 niOf t. i )~i u . !,I,: l 1., ~w1,:; : ".1 !'i•' . '';, / d•: k1 n 1~,~1 ~:1 ·:,rh.l t.J\' lo~ 

hematíes. 

Clínica: Ane1r1i" 1 ·1 • ; ·<~11.i1 "' · '1.·1 ' 1 í·' •.• 1) • 1i~r · .... í1 · 
en los niños. 
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III . SISTEMA NERVI<..JSO 

Ence.falopatfo Sa1urt'l4n<." ~º'' ;írt.:>mc1:;. / ~: 1 9 (•c :> vc.>r 1.it::x:e ::rnnbio:; 

psico lógico~ -(~1'r.d u -:~¡~(JI~) :w!J r<J ti "('('1.1(. 1,) r\/? .: 1··1.. i.11·i.;lr.;9 i C..\::, g1 .. ve::. 

Los r1 i ño ~: t ient<.1" 1
J r. J')~>' ·.; .q; 1;1-·1: Jc. .. i, fi ,;."~':rd ~·1·« , ,. L¡Jic:Jc...n :'.Jr 

secut!; las de dí vi! i-so (l'I C\Slni tu<.J . 

º1.IDCll : irt•itob il id11d, V15.di·~·Jf· , r'i:•ft.1:~~,) :., "¡-.; \;)\ 11ul:0 l1J :k•., 11~:',\u! .J f ', u 1U:.tr!(\( 1r..> l'\e .S, 

pérdida de merr•,)r<iri / ;i;; •. q:t·'.l<:idad :k c1,1 1·1c~: r .. ~,..J, ,Jr. i)cltn :)5 , manío.s, 

convtdsione!'.: , parálisis, corno. 
Det E::rioro ~~n e- ! :.1r: .. .. ,·:~ 'lo ~~: .. ui v

1 .'.J1 "e~, .h,1.':So ,,.. {·
1 ::nt1·1 ,~e -...sf ítr~ er y 

coordina.ción ps;cmno'!"r·11.· 

Par,ilisis S.ati.1t• t11i1't1:!: d.::. f .. i lidcd de lo:i :'f1>.í:: ·uk·::. <:;:d°!.!1 :io:· .:·:j ~or · dí.Üfo r::, 11 lo$ 
nervios motores. 

~lir.!if~: f al'ra drt r \Je; zi:· i•n 10~ •1 ~. r c.·:. 
mu:scu lares, ca lo.m l:we .. ~: 

I V. Sl:S'f EMA VfUNARlO 

' 
I ;11 j :. (~ •.'', .'>' j ,'), (J /') 1

1
0 ""l.' - . ,) . ' ,-,., 

~ . 

Ne.fropatío .$o, 1 .• r1·1i!l<.' r 1L.1.\~·l1': 11, 1 ~.r:::1 ;1 ..... d, ~ti r '·' f1(1 9kHn 1.';rulclr', le.s!¿n 
t ubula1··, deg~· r:f.11.•i: ó1·1 !1iGlir1'.l } · .. Üef .~·l."..:.<.l e l' ·5 1 kn~. d( k .· yQ ;,,¡:; , (1.J··· 1e;;\ 1 1~0. k1 

actividad de k1 R~::. r ur,a plasrr'ú t 1C<L 

~línic:~r Ll1 mnr · fr·: ta , ·<~ ' •-: · ~: , b ! <.! rif t 1 o d~, , t.'.ur_ r. .:•Jr1 -: 1 ~Jt i·~I UH. :~ R1,!m1! de. 
Grado VCl'iable .. 
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l>I\ tSl(>~ f)}:; '· 

llI. SIS1"EMA. CAR{)XOVASC:Ut.AR 

Hiper11ensil.in A1· ~~it~ \ · to: ~ : v.;(¡ ( f .'1.'.. i -1o._,n l.1·..- •·.: 

riñones. 

IV. SIST'EMA R(~Pf..tObucrOR 

V. 

Muj~r : obor·h H ' )/\1)1 ' I . ¡' d Í'l ,o'~ ' ¡J(I:' ! ~ r)i'<.:' 1110.hwo 

Hombre; ,\ !, ·te r.<'1>. $}·1.:. '(11 itJ , !~ ; ¡:,..:; .:·.sper ·m;a. 

OTROS EFECTO.S 

1. Artralgias 
2. Re·tard0 <'.:n 1;; I • .. 1 · 1~1..in1i,~rdr1 >' i111;'l'l<J' .-!~1<~1'\.ir(l 

3. Posibles efe<. to~; t<if'(l,'tt1g'2~ii!~Q:'il. 

4 . De1.,er ioro dt:! le• fo rKi5n .J1 ~ k1 cdc.\n(:uk ·~·¡ , .,'..:\fo '.;I 
.J 

Yocla. 
5. Alteració11 de. lo r· ,mor:•n (k l:.1 ... St1pr;:1.: r !i! nr.:i.les. 

6 .. Alteración del ¡·n·e1·ob·:> !i :J·mi:; de ta. Vit1. t11 i no (). 

' ... ~ : .J) ) '. 

000309 

I 

7 G . ' 1 e·¡· . ,. ' 1 ' " • r 1 . · <.1Stromtc.~~ 1· 1~)(.\ e~:· ,r, 1co ,,c1·rur·1w1'1. ~· 1 1Jlcv:r•dc t:1~~ t ~I r ~1 •. 1 ·1 1<~ 1 1 l v. ).~1,or 

. t ¡ , d . 1 , '+ 1n enso a1.> ornrna ,, vorrn, O$. 

DRA. SRQ 
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Norma de Calidad Primaria de Plomo en Aire 

000 9 161 

ACTA DE REUNION DE COMITÉ OPERATIVO Y COMITÉ AMPLIADO u ~ 
FECHA REUNION: 10 de Mayo de 1999 
LUGAR : CONAMA -Santiago 
HORARIO :.9:30 - 17:00 hrs. 

ASISTENCIA: 

Silvia Riquelme 
Andrei N. Tchemitchin 
Catterina Ferreccio 
Eduardo Giesen 
Bartolomé Alfaro 
Manuel Cortés 
Carlos Salvo 
Andrea Varas 
Jama! Soto 
M. de la Luz Vásquez 
Jaime Retamal 
M. Angélica Ruiz-Tagle 
Andrea Muñoz 
Rodrigo Lucero 
Maritza Jadrijevic 
Andrea Urrutia 

Tabla: 

Ministerio de Salud 
Colegio Médico de Chile 
Consultora GREDIS 
EN AMI 
CODELCO 
S. Salud Antofagasta 
SON AMI 
CNE 
CNE 
Min. Minería 
MTT ( Subsec. Tranp01te) 
CONAMA Antofagasta 
CON AMA 
CON AMA 
CON AMA 
Memorista Universidad de Chile 

1. Exposición " Plomo y Salud", Dra. Silvia Riquelme, Ministerio de Salud. 

2. Presentación de cronograma de actividades de los grupos de trabajo del Comité Operativo 
y Ampliado, Andrea Muñoz, Depto. Descontaminación, Planes y Normas. 

3. Presentación del 2º informe de avance del estudio "Preparación de Antecedentes Técnico
para la Elaboración de la Norma de Calidad Primaria de Plomo en el Aire", Consultora 
GREDIS. 

Preguntas y discusión . 

1.- Durante la presentación de la Dra. Silvia Riquelme se efectuaron las siguientes preguntas y 
observaciones: 

- ¿Cuál es el tiempo necesario de exposición del plomo en el aire para que este se detecte en la 
sangre?. Se indica que la exposición depende de una serie de factores como cercanía a las calles 
altura respecto al suelo, etc . En general es necesario 1 mes de exposición para que se detecte el 
plomo en la sangre 

- ¿Qué niveles de plomo en sangre hay en Santiago?. La Dra. Riquelme indica que no han 
detectado valores muy altos. 
El Dr. Tchemitchin hace referencia a un estudio que compara los niveles de sangre en niños de 
Santiago y Los Andes. También menciona que la U. de Chile elaboró un programa 
computacional para determinar efectos de Pb en la sangre de niños, para lo cual se estudiaron 
reflejos y su retardo. 



- CODEL~O recalca la necesidad de correlacionar los niveles de plomo en el aire et? {j&[) 3 t 3 
concentrac10nes en la sangre U J 

- ¿ Cuál es la concentración natural de plomo en el aire?. El plomo en el aire es netamente 
antropogénico, y en el aire no contaminado el nivel de plomo debiera ser cero. 

- ¿Se hace especiación de plomo? ¿hay especies mas tóxicas que otras?. El plomo orgánico es 
menos tóxico. En general se mide el plomo total sin distinción de especies. 

- ¿Es la piel vía de exposición? La absorción es mínima y no se considera. 

- ¿Que animales o vegetales concentran el plomo?. Los bivalvos lo concentran, las plantas no 
lo concentran si no que se contaminan con él. Se indica que en Europa hay una norma que 
prohibe plantar vegetales a menos de 200 m de las autopistas o calles. 

2.- Presentación de CONAMA. La Sra. Andrea Muñoz entrega la siguiente información: 

• El proceso de la norma se prorrogó por 189 días. 
• Se presentan los grupos de trabajo con sus objetivos generales y resultados esperados. 
• Se presenta el cronograma de trabajo de cada grupo 
• Se presenta el cronograma del proceso normativo. 

- CODELCO indica que hay traslape entre el trabajo de algunos grupos y que en algunos 
casos el trabajo no debiera ser paralelo. Se responde que los grupos están abiertos y que 
algunos plazos pueden ajustarse. 

El MINMIN solicita participar en el grupo de metodología de medición. 
Se confirma que las reuniones de Comité Operativo serán los días Lunes. 

3.- Presentación de GREDIS, Catterina Ferreccio 

• Fuentes móviles de plomo. 
• Fuentes fijas por región 
• Plomo en Salud 

Preguntas y observaciones: 
- Se indica que los valores de Pb en gasolina fueron dados por el SEC y representan el peor caso 
- Se sugiere a la consultora que solicite información al SERNAGEOMIN sobre el Pb en la 
minería. 
- Respecto a los acopios de plomo en la 1 región, El Dr. Tchemitchin indica que los valores de 
concentraciones de plomo presentados son menores a los que ha medido el Colegio Medico. 
- Se pregunta porqué se ha considerado solo la Minería del Plomo, ya que es posible que otro 
tipo de minería , como el cobre o el oro, también sean emisoras de plomo al aire. 
La consultora responde que no tiene acceso a esa información. CODELCO pregunta por que 
no se les solicita la información ahora. Ventanas indica que a ellos no se les pidió claramente 
esa información y por eso no la entregaron. Los representantes de las empresas mineras 
afirman que entregarán la información de sus emisiones de plomo. 
- CONAMA indica que si bien este estudio tiene sus limitaciones respecto a la información a la 
que puede tener acceso, debería al menos indicar cuales son las fuentes a las que hay que 
solicitar la información. 
- Respecto al plomo en salud el Dr. Tchemitchin señala que actualmente se esta estudiando 
la norma en EEUU y que hay mucha discusión sobre el nivel mínimo en el cual el 
plomo no tendría efectos en la Salud. 



- Se consulta respecto de la importancia relativa del ingreso de plomo al organis~(;}íO 314 
ingesta y vía inhalación, a lo cual se responde que esa información estará en el tercer 
informe. 
- Se solicita fotocopias de la presentación de la Dra. Ferreccio. 

/~y 
AndJea Muñoz 

Depto. Descontaminación, Planes y Normas 
CON AMA 
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.JON SOCIAL DIRECCION conuHA 
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FUENTES FIJAS EnISIO HRS DIAS 

Kg/h. h/dia. dia/año 
==--==--=======--===== =======--=============================================================================================---================= 

. - \ 

ALEE ITS CHILE LTDA. ':r4'5 ~ ';l 6 ¡. l ~ G :CAi!. EL omo SITIO 4 PARO. IND. 
BATERIAS cosiros LTDA. CAll. LMPA LOTE 1 PARCELA 2 
CIA. ELABORADORA DE nETALES S. A. SAN NICOLAS 860 
CIA. IHD. DE TUBOS DE ACERO S.A. (CINTACl CAi!. A MELIPILUl 8920 

~ .( -, , Í<C) · : L' o\uct;__.· c. y·¡ · ;_ '.·o ... : z.~ · \,;O,, (..~¡ 
?í.o.v. re :_, ; u 3 0 ~ ;z oc ! 

J<.i..J... to., .. ?.. :; e a 
~ 

CIA. 11AHUF. DE nETALES LTDA. (CAJIETl 

DANIEL OS"AH OCHOA 
GOODYEAR DE CHILE S. A. I. C. 

4 

FCA. DE nATERIALES DE COBRE LTDA. 
FUNDICIOH AllERICA S.A. 
FUNDICIOH RICARDO LEON 
IHD. HAC. DE PLono IHDEPP LTDA. 

CAi!. A füIPILUl 5489 

CAi!. LMPA PARC.1 LOTE 2 
CAll. A llELIPILUl Kn. 16 

CAll. LA PRIAAVERA SITIO 1 
STA. ELENA 1287 
LUlNO DE LMPA - PARCELA 2 
PADRE TADEO 4871 

IllDS. GRALES. 'f CONPIL'ID!T. DEL GAS S. P.. LOGROOO 3!71 
IHDS. nETAL. SORENA S. A. RODRIGO DE ARflYA % 

NIBSA S.A. 

llEDIDORES UlUTARO S.A.I.C. 

i1mtuF. llETALES OFFERnAHNS FLOOD 
PLOl'IETAL 

SERGIO CACERES "uooz 
SGS CHILE LTDA. 
SOC. HAC. ~TALURGICA L TDA. !SOHAllETl 

OBS: 

comcm HUAL LTDA. 
GEOLAB 

Jll!1H GRIEGO 4429 

HERRERA 1127 

VARAS nENA 865 
GRAL. BRAYER 1774 

RIOUEIJ.E 843 
LAS ESTERAS 2441 
ISABEL RIOUEUIE 560 

BERLIOZ 5760 
LOS EBANISTAS 8521 

LAMPA 
LAnPA 
s.nIGUEL 
nAIPU 

CERRILLOS 

l.Jl.'IPA 
SANTIAGO 
LAnPA 
O.NORAAL 
E.COOP.!lL 
s.nIGUEL 

S.JOAaurn 

SAHTIAGO 

s.nIGUEL 
O.HORllAL 

PUDAHUEL 
QUILICURA 
S.JOAQUIH 

HORNO DE FUHDICIOH DE VOLTEO 503 KGS. (BRONCE> 
HORNO ROTATORIO DE FUHDICIOH 
EQUIPO EnPLOnADO (POR INllERSIOHl 
HORNO ZINC PETROLEO 5 
HORNO GAf.VAHIZADO (QUOIADOR ~4 Y ~ll 
TINA DE GAL VAN IZADO (QUEl!ADOR Hrn 
HORNO DE GALVANIZADO (QUE!1ADOR ~4-1-3) 
HORNO DE GALVANIZADO (QUEl!ADOR NH> 
HORNO DE GAL VAHIZADO muE~ADOR N!4-1-3-2) 
HORNO DE FUHD ICIOH 
HORNO DE FUNDICIOH 
HORNO ROTATORIO 
REACTOR OXIDO DE PLOno (BATERIASl 
HORNO DE FUNDICIOH DE PLO"O DYNACAST Y nARK V 
CRISOL FUNDICIOH REACTOR OXIDO 
HORNO CRISOL H! 1 Y H! 2 - (EX HORNO CRISOL 5091 
HORNO ftOR6AN/GRflHALLADORA 
HORNO ROTATORIO, RECUPERflDOR DE PUlCAS DE PLOl!O 
HORNO CON OLLA DE ACERO 
HORNO DE PLOllADO 
GRANALLADORA ( 16l 
GRAHALUlDORAl43l 
FILTRO DE "ANGAS H!l 
FILTRO DE llAHGAS N!2 
FILTRO DE AAH6AS ~3 
FILTRO DE IWfllAS HH 
HORNO DE IHDUCCIOH CHATARRA H!l (CP-2l (HORNOSl 
HORNO DE IHDUCCIOH ELECTRICOS (CP-7l (HQRNOSl 
HORNO DE IHDUCC. CHATARRA N!füP-10lCAP.CP-11/CP-2 
HORNO DE IHDUCCIOH CHATARRfl N!3 (CP-11l 
LINEA WEO - FUHDICIOH 3 (CP-3l 
HORNO DE IND.UCCION CHATARRA (CP-9l 
HORNO DE IHDUCCIOH BRONCE 
TUHEL COLADA 
HORNO DE FUHDICIOH (UlTONl 
HORNO CRISOL DE FUHDICIOH PLOMO CHICO 
HORNO CRISOL DE FUHDICIOH PLOno GRAHDE 
HORNO PARA GALVAllIZADO 
HORNOS DE COPELACIOH 
HORNO DE IHDUCCIOH H!2 

S. JOAQUIH HO REGISTRA FUEtHES FIJAS 
L.REINA HO REGISTRA FUENTES FIJAS 

0.070 8.0 260 
0.133 24.0 240 
0.153 7.2 230 
0.148 24. 0 365 
0.062 9.0 ,200 
0.007 9.5 260 
0.126 9. 0 208 
0. 048 s. 0 200 
e.103 9. e 200 
0.075 9.5 260 
e. 020 9. s 262 
e. 392 2u 286 
e. e11 2u 280 
0.128 24.0 280 
0.009 24.0 280 
8.027 6.5 262 
1.600 10.0 2 48 
0.043 7.0 229 
0.017 9.0 92 
9.966 19.0 2.27 
e.110 3. e 288 

0.053 3.0 ~4 ·' 8.260 te.e 
8.418 10.0 ? 
0.068 24.0 ~· 

0.230 24.0 365 
8.119 9.0 247 
0.850 9. e 221 
9.011 9.0 247 
0.121 9. 0 247 
8.274 9.0 247 
0.147 9.0 227 
8.148 19.0 231 
e.en 1.s 230 
9.008 0. 0 220 
0.037 4.0 144 
8.020 3.0 96 
0.013 8.0 240 
0.420 13.5 365 
0. 014 8. 0 252 

~--
11N f11A i'f(v< 
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Copper Smelters 000316 
Plume Samplesª 
Smelter Number Oreb 

1 2 3 4 5 Smelter 2 
(ng/m3 ) (ng/m 3

) (ng/m 3
) (ng/m 3

) (ng/m 3
) {µg/g) 

Carbon (total) 
Car bon 

(organ,ic,) 
Car bon 

(elemental) 
N 
F 

¡...) Na 550 ± 80 700 ± 300 230 ± 70 210 ± 50 240 ± 40 17,000 ± 4,000 
\O 
~ Mg 370 ± 260 <800 <90 210 ± 80 <200 7,600 ± 700 

Al 220 ± 290 1,000 ± 800 480 ± 120 350 ± 180 170±100 62,000 ± 2,000 
Si 
p 
s 280,000 ± 32,000 120,000 ± 24,000 54,000 ± 12,000 45,000 ± 7,000 <6,000,000 <so,ooo 
Cl 
K 1,300 ± 240 900 ± 450 720±110 290 ± 90 510 ± 190 47,000 ± 14,000 
Ca 1,600 ± 300 780 ± 500 1,700 ± 110 1,200 ± 210 100 ± 800 11,700 ± 500 
Ti 180 ± 50 700 ± 100 <80 <20 <to 3,600 ± 800 
V 59 ± 8 4.8 ± 1.2 2.4 ± 1.8 3.2 ± 0.6 0.60 ± 0.31 69 ± 2 
Cr 6.5 ± 2.6 35 ± 15 5.9 ± 2.3 77 ± 70 14 ± 5 67 ± 2 
Mn 39 ± 3 28 ± 7 11 ± 6.5 6.8 ± 1.5 3.2 ± 0.9 190 ± 10 
Fe 1,800 ± 100 2,500 ± 500 2,700 ± 100 1,100 ± 100 1,100 ± 100 53,000 ± 1,000 
Ni 
Cu 3,200 ± 300 6,800 ± 1,300 9,500 ± 900 4,200 ± 420 2,000 ± 200 5,500 ± 500 

·---- -·-- - -· 

Zn 340 ± 110 4,500 ± 400 22,000 ± 2,000 7,200 ± 5,100 7,600 ± 600 540 ± 20 
As 2,000 ± 100 2,000 ± 100 1,900 ± 100 1,400 ± 100 4,300 ± 100 5.6 ± 0.4 
Se 920 ± 10 880 ± 20 49 ± 2 170 ± 10 42 ± 10 11 ± 1 
Br 17 ± 4 33 ± 10 10 ± 6 <so < 10 
Rb 
Sr 
Zr 
Cd 6±2 
Sn 
Sb 80 ± 5 140 ± 10 210 ± 10 58 ± 5 370 ± 20 5.9 ± 0.2 
1 6±6 6.8 ± 3.5 47 ± 5 53 ± 6 2±2 8.4 ± 0.2 
Cs 0.45 ± 0.20 1.5 ± 0.2 0.41 ± 0.21 0.28 ± 0.15 0.34 ± 0.20 
Ba 14 ± 8 < 10 50 ± 50 <3 <7 
La 1.9 ± 0.3 1.8 ± 0.4 0.76 ± 0.07 0.27 ± 0.07 o.so ± 0.30 45 ± 1 

N Ce 1 ± 1 0.1 2 ± 0.02 2 ± 1 0.6 ± 0 .5 < 0.3 78 ± 5 
'° VI Eu 1.49 ± 0.04 

Hf 
.~ 

Ta 
Hg 
Pb 5'100 ± 1,000 3,000 ± 600 2,600 ± 500 1,900 ± 400 50 ± 5 
Th 0.34 ± 0.02 0.31 ± 0.20 < 0.2 < O.l < O.l 
u 

ªSmall et al. (198l a). 

bsmall et al. (198lb). 
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Señora 
Patricia Matus C. 
Jefe Depto. Descontaminación, Planes y Normas 
Comisión Nacional del Medio Ambiente 
Obispo Donoso 6 - Providencia 
Santiago 

De mi consideración: 

RECT. U.C.N. Nº 077199 

MAT.: Antecedentes Norma de Calidad 
Primaria para Plomo en Aire. 

REF.: ORO. Nº 991157 de CONAMA. 

ANTOFAGASTA, mayo 17de1999. 

De acuerdo con su requerimiento de antecedentes relacionados con ORO. de 
Referencia, emitido el 08 de marzo de 1999, comunico a usted que nuestra Institución no posee 
información referida a los puntos 4, 5 y 6 de dicho documento. 

Debido a que los estudios sobre Norma de Calidad Primaria de Plomo en el 
Aire han sido encargados, por CONAMA, a otras instituciones; la Universidad Católica del Norte no 
ha realizado aportes publicados sobre los temas citados. 

Sin otro particular, saluda atentamente a usted, 

JUAN ANDRÉ MUSIC TOMICIC 
R CTOR 
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ABSTRACT 

This paper describes systematic approaches to interpreting results from 
surveys of metal contaminated soils. Since contaminating metals are present 
naturally in soil, anthropogenic accumulations are recognised through statistical 
analysis of the data. Distinctive spatial patterns may also be generated and these are 
evaluated using computergraphic techniques. Case studies are described briefly to 
support the general narrative. 

INTRODUCTION 

There are eighty four naturally occurring and detectable elements. Nearly 
all the mass (98%) of silicate rocks and soils is accounted for by only eight of them: 
O, Si, Al, Fe, Ca, Na, K and Mg. The remainder are the "trace elements", sorne of 
which are essential for plant growth and are also called micronutrients. lf present in 
excess concentration both micronutrients and non-essential trace elements have 
undesirable or lethal effects on plant and animal growth. Sorne of these elements are 
now present in excess concentration in sorne soils as a consequence of man' s 
industrial or urban activities. Much research has been carried out on the polluting 
'heavy' metals, especially cadmium, copper, lead, mercury and zinc. The qualifier 
'heavy' is not rigorously defined but most authors use it to describe metallic 
elements having a density greater than 6000 kg m·3 • 

Whenever an element or its compounds are heated, dissolved or 
pulverised they become environmentally labile and may escape from the working 
environment. Having escaped, contaminants follow normal environmental pathways 
until they reach a geochemical sink, such as soil or sediment, and there accumulate. 
When the accumulation of a contaminant reaches a level at which biological injury 
is seen for a particular organism the contaminant becomes a pollutant. Thus, a 
distinction is made between contamination, anthropogenically induced accumulation 
above the local background level and pollution, biological injury resulting from 
contamination. Pollution is species-specific, e.g., excess zinc in soil can injure plant 
lite but is relatively innocuous for animals. 

There is no unequivocal way of recognizmg when a soil has been 
contaminated or polluted by trace elements since all the naturally occurring elements 
are present in all soils, albeit at very low concentrations. The problem of recognizing 
whether contamination by metals has taken place becomes one of deciding whether 
the measured concentration of a particular element is within the range of what could 
occur naturally for that soil or whether the measured concentration is anomalous. lf 
the anomaly is not of natural occurrence but is of anthropic origin it is a neoanomaly 
and the soil is contaminated. This paper is concerned with sorne techniques for 
establishing baseline concentrations in soil and recognizing anomalies and 
neoanomalies. 

IMPORTANCE OF REPRESENTATIVE FIELD SAMPLING AND LABORATORY 
ANAL YTICAL QUALITY CONTROL 
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In the environmentnl sciences research is often conducted by sampling, 
chemical analysis and data evaluation rather than by controlled experimentation in 
the laboratory. A carefully prepared sampling protocol will ensure that samples are 
representative. Known or suspected influences can be recorded and quantified. The 
final data represent the sample analysed, they do not necessarily represent the 
environment sampled. lf the sampling was not representative or if the sample was 
contaminated after collection then the results are worse than worthless since they 
may be completely misleading and lead to quite unjustifiable conclusions or 
remediation policies. 

A sample may be representative but the data derived from it may be 
neither precise nor accurate. In environmental surveys many hundreds of samples 
may be analysed and the work load may therefore preclude replication of every 
sample. lt is essential to replicate (usually duplicate) sorne proportion (e.g. 20%) of 
the samples chosen at random . Every batch should include one or more samples of 
a certified reference material and samples selected far the batch should be drawn at 
random from the sample collection. The classical "garbage in, garbage out" pitfall of 
computer treatment of data can be avoided only by adhering to a strict and well 
prepared sampling protocol and by ensuring the best possible analytical quality 
assurance programme. 

ST ATISTICAL INTERPRET ATION OF TRACE METAL DATA 

Typically, a survey may yield metal concentrations far three to five 
hundred samples. The size of such a database will preclude its publication in full in 
most journals and it is therefore necessary to summarize the data both far evaluation 
and publication. 

Ouantitative approaches to the description and evaluation of trace element 
data for soils are still in their infancy and it is not clear what is the best model to 
describe the variability of soil metal concentrations. Ahrens (1954), has proposed 
that the distribution of elements in igneous rocks approximates to a lag-normal 
distribution. This model does not necessarily apply to soils but the available evidence 
suggests it may. Data from contaminated soils are usually strongly skewed and 
therefare need to be normalised by, e.g., a lag transfarmation. 

The simplest descriptive statistic is the mean and computer packages also 
provide the standard deviation of the mean, i.e., a measure of the spread of values 
around the mean. lt is also helpful to tabulate the mínimum and maximum values. 
But data assessment should not stop at this point since these parameters do not 
fully summarize the data. lt is important that the median value be calculated. Many 
statistical packages will also provide the skewness or third moment statistic. A 
positive value indicates a clustering of samples to the left of the mean. 

Table 1 illustrates soil metal concentrations from a typical survey (Davies 
and Roberts, 1978). The arithmetic data are characterised by a feature which is 
common in this kind of data, namely that the mean is greater or very much greater 
than the median. The most common inference drawn from the value of the mean is 



"typicality", the "average" 
(in its colloquial sense) 
value. But the median is 
also a measure of central 
tendency. The two 
statistics are seen to differ 
in Table 1, e.g., the mean 
Pb concentration is 5.2 
times greater than the 
median. This distribution is 
positively skewed and the 
median is a far better 
representation of central 
tendency than the mean. 

The most 
commonly used statistical 
evaluation techniques 
(analysis of variance, 
regression analysis or 
correlation analysis) are 
'parametric' tests which 
require the test populations 
to be normally distributed, 
i.e., they should not be 
skewed. Populations can 
be normalised by 
transforming the data and 

Table l. Summary data for soils (ug kg-1) in the 
Halkyn Mountain area of North Wales (Davies and 
Roberts, 1978) 

Arithl1etic data: 

Nu!lber of samples 
Mean 
Median 
Standard Deviation 
Minimum 
Maximum 
Kurtosis 
Skewness 

Pb 

288 
870 
167 

3268 
35 

47955 
156 
11.5 

Log10 transforied data: 

Mean 
Standard Deviation 
Kurtosis 
Skewness 

234 
3.99 
0.35 
0.91 

Zn 

288 
685 
111 

4185 
10 

49393 
127 
11.1 

155 
3.19 
4.5 
1.69 

cu 

288 
18 
13 
20.8 
2.3 

252 
60 

6.5 

14 
1.90 
2.61 
0.91 

Cd 

288 
5.63 
1.1 

38 
0.1 

540 
156 
288 

1.3 
2.81 
7.6 
l. 94 

a common transformation is to convert each value to its logarithm (the common 
log 1 O or the natural log). Table 1 shows the result of a log 1 O- transformation. The 
geometric mean (234 µg Pb g-1

)) is now only 1.4 times the median (167 µg Pb g-1
) . 

As a general rule, ali soil trace element data should be log- transformed befare 
statistical analysis. 

The simplest way of identifying contaminated soils is by collecting 
reference or control samples from apparently similar but uncontaminated areas (e.g., 
those remate from urban or industrial influences). After analysis the geometric means 
and deviations are calculated. A threshold value is then calculated being the value 
lying two or more standard deviations above the mean, depending on the probability 
level required. An anomalous value is one which lies above the threshold. The range 
mean + two or three standard deviations can also be reportad as the "probable 
range". This is often more useful than the actual range which may overemphasize 
an extreme outlier value. Where more than one sample is apparently anomalous then 
the differences between the two groups (control and anomalous) can be assessed 
by standard statistical tests such as the familiar t -test. 

lt should not be assumed that anomalous concentrations necessarily 
indicate contamination. Bolviken and l ag ( 1977) have described areas in Norway 
where the absence of vegetation is due to the toxic effects of high concentrations 
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of metals in soils as a result of weathering of sulphide ores clase to the surface. This 
is a natural process having nothing to do with contamination. ldentification of a 
geochemical anomaly should, in the first instance, be considered as only that, an 
anomaly. 

Very often it is not possible a priori to separate contaminated and 
uncontaminated soils at the time of sampling. The best that can be done in this 
situation is to assume the data comprise several overlapping log- normal populations. 
A plot of percentage cumulative frequency versus concentration (either arithmetic 
or log- transformed values) on probability paper produces a straight line for a normal 
or lag-normal population. Overlapping populations plot as intersecting lines. These 
are called broken line plots and they can be partitioned so as to separate out the 
background population and hence estímate its mean and standard deviation 
(Tennant and White, 1959: Sinclair, 1974; Davies, 1983). 

CARTOGRAPHICAL INTERPRET ATION OF DATA 

lsotopic analysis is becoming more widely available and is inherently 
superior for identifying sources but is still beyond the reach of many laboratories. 
Valuable inferences concerning so urce apportionment may be drawn from the spatial 
distribution of soil metal concentrations. 

Contaminating sources are generally classed as point or line. A smelter 
stack is a typical point source and highways are typical line sources due to the 
movement of motor vehicles and their exhaust emissions along them. A cluster of 
point sources forms an area source. But whatever the geometry of the source, as 
contaminants are carried away they become diluted. Fallout from a stack tends to 
decline exponentially away from the source. Similarly, overbank inundation in 
polluted river systems leads to greatest contamination nearest to the river channel. 
Distinctive depositional patterns are thereby created and much can be inferred about 
the presence and nature of contamination by studying these patterns. Cartographical 
interpretation of data is an essential component of many contamination projects. 

Many ways are possible for representing the spatial distribution of trace 
metal data ranging from sized or coloured symbols based on the relative 
concentration at the sample locality to complex statistical surfaces such as trend 
surface plots. Whatever style of representation is chosen an essential step in the 
data reduction is the manner in which the concentration values are classified to 
produce a relatively few groupings of the data from the mínimum to the maximum. 
This can be done empirically by allocating class limits from previous experience but 
this approach involves too high a degree of subjectivity. 

A more systematic approach derives from the frequency distribution of 
the data. The log-transformed values are classified (a class width of 0 .1 is often 
suitable) and the percentage frequency in each class is calculated. These are then 
summed to 100%. A plot of concentration versus cumulative percent frequency is 
drawn and a smooth, sigmoid curve is interpolated between the points. This curve 
is then used to estímate the concentrations corresponding to selected percentiles. 



Modern computer 
spreadsheets allow 
the same task to be 
perfarmed w ithout the 
need far drawing 
graphs. Far 
contamination studies 
it is often convenient 
to use the 50, 70, 80, 
90, 95 and 99th 
percentiles. This was 
done far the Halkyn 
Mountain data and the 
results are given in 
Table 2. The 50th 

OO(h~ 2 4 

Table 2. Percentiles of the Halkyn Hountain data 
summarised in Table 1 

Percentile 50 70 80 90 95 99 

-1 . - - - - - - - µg g dry SOll - - - - - - - -

Le ad 
Zinc 
Copper 
Cad111ium 

167 
111 
12.5 
1.1 

386 
190 
16.5 
1.8 

775 
341 
19.2 
2.4 

2015 
697 
29.4 
4.6 

3689 
1274 

53.4 
9.9 

12321 
16496 

101 
146 

percentile is, of course, the median . 

Pb 
3-0 

2·8 

2-0 

2·4 

N B 

2-0 

1•8 

1·e 

1•4 

1-2 

1-0 

en 
o-e 

0-4 
0-01 0-1 o-5 1 2 5 10 20 JO 40 so ro 10 eo 90 95 98 99 99-9 99-99 

% CUMULATIVE FREQUENCY 

Figure 1 Frequency distribution far soil lead on probability paper 

Broadly, there are two kinds of map. Where it cannot be assumed that 
there is any progress ive change across a given area far the value of the parameter 
under investigation choropleth maps are constructed . Areas of equal value are 
separated by boundaries from adjacent areas of different values. Familiar examples 
are soil or geology maps. But w here progressive change occurs isoline maps may be 
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used. Examples are topographical maps where contours connect points of equal 
elevation or weather maps where isobars connect points of equal atmospheric 
pressure. The familiarity of topographical maps comparad with other isoline maps 
has often led to all isoline maps being loosely described as 'contour'. Monmonier 
( 1982) has provided a comprehensiva account of the fundamentals of computer
aided cartography although much better software is now available than when he was 
writing. 

lt is arguable whether geochemical data are satisfactorily representable 
by isoline maps. Since chemical composition depends on rock type and rock type can 
be depicted properly only by choropleth maps, isoline maps are not perhaps strictly 
suitable for depicting geochemical data. However, although soil composition is 
strongly influenced by parent material composition other processes are also 
significant, such as wind or water transportation of particles and compounds. 
Transportation over distance entails progressive change in deposition and therefore 
progressive change in soil composition. lt has already been observad that the 
contamination effect is subject to suck a diminution away from the line or point 
source. lt is reasonable to conclude that isoline maps often are suitable for the study 
of metal contamination. 

A number of computer program packages are available for constructing 
isoline maps. Davies and Roberts ( 1978) and Davies and Wixson ( 1985) used 
the older SYMAP system where isoline maps were printed on a line printer and the 
plots were redrawn for publication. Major mainframe computer packages now 
produce very high quality monochrome or colour plots with inkjet or thermal printers. 
Powerful packages are also available for desktop computers and the plots in this 
paper were produced using a PC microcomputer and the SURFER FOR WINDOWS 
system of Golden Software, lnc., Golden, Colorado. SURFER also produces block 
diagrams and these three dimensional perspectiva figures are most helpful in 
visualizing geographic patterns. 

Whichever system is used there is an important first stage. The data are 
importad into the program as X, Y and Z values (two geographic coordinates and the 
metal concentration) and from these a uniform grid of values is created. This entails 
extrapolation between neighbouring values to calculate the concentration at the grid 
intersection. The most common involves searching overa defined radius around each 
sample point and averaging using a weighing factor e.g., one dependent on the 
inverse square of the distance between points. Another method depends on a 
moving average system called kriging. Since production of a regular grid is an 
essential preliminary then the more the distribution of the original data departs from 
regularity the more possibility there is of distortion of the eventual geographic 
pattern and the higher the likelihood of misinterpreting the pattern. Where the terrain 
permits it is much better to sample on an orthogonal grid basis rather than rely on 
the chosen computer algorithm to regularise an irregular grid. 

CASE STUDIES 

Example of the extraction of baseline values 
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Figure 2 Distribution pattern 
of Ni in soils around a refiner 
at Clydach, south Wales, 
Great Britain 
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Davies 
(1983) was 
interested in 
trying to 
establish the 
background 
contents of lead 
in soils in 
England and 
Wales. Previous 
studies had 
identified areas 
where 
nineteenth 
century metal 
mining had 
caused 
extensiva 
contamination 
but no 
systematic 
information was 
available f or 
concentrations 
of lead in non-
contaminated 
soils to assess 
the severity of 
soil 
contamination. 
Four of the 
author's own 
data sets were 
investigated 
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Figure 3 Soil metals south west - north east crossing a Ni refiner 

plus data from another author (Archer, 1980). The m1:1thod of Sinclair ( 197 4) was 
followed whereby, after a log 1 O normalization of the data, the percentage cumulative 
frequency distribution was plotted on probability grapli paper. 

Figure 1 is derived from the Davies ( 1983) paper. The main plot is seen 
to comprise a series of intersecting, approximately linear ~ections, each representing 
an overlapping population of contaminated soils. The lower right hand section with 
a break at the 40th percentile, was identified as the elem~nt of the curve containing 
mostly uncontaminated soils. Curve B represent this SE1Ctiqn after compensation for 
the effects of higher lead concentrations (Sinclair, 1974) . . The 50th percentile 
corresponds to the geometric mean and was 30 µg PIJ "¡"1

; the geometric deviation 
is given by ( 16th percentile - 84th percentile)/2 = 1.53 and the three standard 
deviation upper, threshold limit was therefore 108 µg Pb g-1 soil. This was in good 
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agreement with the threshold derived from the other data sets, namely 106 µg Pb 
g·1 soil. 

Example of the use of multivariate statistics 

Lead mines in Wales 
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Figure 4 Distribution of lead in soils of NE Wales 
General map shows distribution of Welsh lead mines 

Useful information can sometimes be gained concerning majar sources of 
soii trace elements from extensions of correlation anaiysis. This is particularly useful 
far muitielement surveys. Davies and Wixson ( 1987) used factor analysis to 
differentiate pollutants from other trace metals in surface soiis of the mineralised 
area of Madison County, Missouri, USA. The ores around the city of Fredericktown 
MO have been mined since the eighteenth century. Early mining was confined to lead 
but in the nineteenth century interest switched to the deeper ores of copper and 
nickel. The last mine (the Madison mine) closed in 1961 . 

Data were available far 12 elements and 97 samples of surface soil 
sampled on a regular grid 8 x 11 km grid with a 1000 m sampling interval. After a 
lag 1 O transformation of the data highly significant correlations were found between 
sorne pairs of elements (e.g., Cu and Ni, r = 0.903) and significant correlations 
between elements not associated with local ores (e.g., Ba and Be, r = 0.658). These 
and other correlations suggested the possibility of grouping the trace metals in ways 
which were not obvious from a study of the original data without a time consuming 
evaluation and synthesis of all the correlations. The data were therefore examined 
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using common or R-mode factor analysis to attempt to identify rapidly clusters or 
associations within the data set. 

Factor analysis 
is described by 
Krumbein and 
Graybill 
(1965). 
Essentially, it is 
a technique 
whereby a 
complex data 
set is simplified 
by creating one 
or more new 
variables or 
factors each 
representing a 
cluster of 
interrelated 
variables within 
the data set. 
The method 
starts with the 
computation of 
a correlation 

· matrix and the 
validity of the 
subsequent 
transformations 
depends on th<;3 
validity of this 
matrix. In this 
investigation 
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Figure 5 Dlstrlbutlon of lead In surface solls of Wales 

the data were normalised by a log 10 transformation." lt is aSSUmed that the Variation 
in a Jariable is caused partly by a variation unique to itself and partly by the 
influ.énce of underlying f actors. Communality descr¡bes the proportion of the variance 
in the variable which is accounted for by common factors and uniqueness (i.e., 
cornmunality) is therefore the inherent variability in the variable. 

The analysis proceeds by transforming the correlation matrix and 
calcülating eigen values and eigen vectors. Several sequential transformations 
(itefations) are made until the communality of one or more variables exceeds 1.0. 
The number of significant f actors within the data are established by considering only 
those_ with an eigen value > 1.0. The degree of association between each vadable . 
and each factor is given by its 'loading' on that factor . The loadings, which can be 
printed in either tabular or graphical form, then allow the recognition of clusters. 
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Table 2 lists these loadings where Factor 1 accounted far 55.3% of the 
cumulative variance, Factor 2 accounted far a further 32.9% and Factor 3 accounted 
far the remaining 11.8%. The first factor contained elements which had 
contaminated the soil as a consequence of mining processes. The second factor 
contained those elements which had accumulated in local weathering residues. The 
third factor comprised elements which could be related to local rock type. 

Example of patterns around a point source A smelter or refinar is a point 
source of contamination 

Fallout decreases exponentially from the stack and the pattern of 
deposition is normally elongated in the direction of the prevailing winds as modified 
by topography. Ashton ( 1972) has described the pollution problem arising from a 
nickel refiner at Clydach in the Swansea Valley of Wales. Figure 2 shows the 
depositional pattern around this refiner (B.E. Davies, unpublished data) . The isoline 
levels are the 50, 70, 80, 90 and 95th percentiles of the soil nickel concentrations. 
The depositional pattern is seen to focus on the refiner and is elongated along the 
valley which itself is orientated with the prevailing southwesterlies. 

Figure 3 is a transect south west to north east up the valley and crossing 
the refiner. The upper plot is of soil nickel and shows clearly the characteristic nature 
of the distance-decline curve away from any point source. The lower curve is of soil 
lead far which the refiner is not a source and lead-rich petral fumes from traffic 
comprise a multiple source in nearby Clydach together with Swansea to the south 
west and Pontardawe to the north east . The plot of lead is therefore different as is 
the depositional pattern (not shown here). 

Examples of patterns around multiple point sources 

Lead and other ores have been mined in many parts of Wales and have 
given rise to extensive areas of contamination. Davies and Roberts ( 1978) have 
described the Halkyn Mountain area of north east Wales. This is a narrow plateau of 
limestone rising to about 260 m (mountain is a misnomer) which is scarred 
everywhere by small mines, trials and waste heaps. Soil samples were collected on 
a regular 1000 m grid over an area of 260 km2. Contamination was widespread and 
was evident well away from the mines. lsoline class limits are given in Table 3. 

The resulting plot is shown in Figure 4 which also includes a map of the 
distribution of Welsh lead mines each depicted by a circle the diameter of w hich is 
proportional to recordad output of concentrates. The worst contamination occurs in 
the same area as the outcropping limestone and the main mines. The highest value 
(47955 µg Pb g·1 soil) derived from a sample taken near the New North Halkyn Mine 
w hich ceased production in 1958. lsoline plots also allow an assessment of areas 
of land contaminated. 

In the Halkyn area, Davies and Roberts ( 1978) showed that 1 % (3 km2) 
of the study area contained soils w ith > 10,000 µg Pb g·1 and a further 17% (44 
km2

) contained 1000 to 10,000 µg Pb g·1 soil. More recent survey work has 
extended to the w hole of Wales (B.E. Davies, unpublished). Figure 5 is a lead map 
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for the whole country (class limits and isoline 
values = 50. 70. 80, 90, 95, 99th 
percentiles). The locations of the Swansea 
Valley and Halkyn Mountain are shown. lt 
should be compared with the map of lead 
mines in Figure 4. The spread of contamination 
is more extensive however than the distribution 
of old mines and this is provisionally explained 
by washout over the hillier and wetter parts of 
Wales. 
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