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EXPOSICTON OCUPACTONAL

Segun los protescs industeriales,

x ’

Extraccidn, Fundicidn, Refinacidn, Elaboracion de ariiculos que jo confienen,
Segln la actividad:

m Mineriay fundicidn

m Industria: materic primo v subpreductes. Alfareria(vidriade), Baterias,
elementos de profeccidn cortra radiuciones, tuberias de plome, prentas,
califont, municiones, cafierias,

m Mayor riesgo cor FLOMO «a oltas temperaturos, humos y vepores

EXNFOBICTON GENERAL

Fundamentalmente de arigen antropeginico,
m Actividades industiriales, mineras v combustidn de mwotores e e aahimo fue

contienen aditives de plormo.

i

m A través de todes los componentes ambientales: aire, agua, sueln y d
diversas fuentes.

Formas de exposicidn:

a) Por vecindad a fuentes

B Areas vecinas a las fuentes mingras o indugirigles debido ¢ sus emisiones.
u El radio de riesgo depende de factores climdticos que puedan influir en la

dispersion,

b) Por contacto cor trabejudores expuesios
Transporte en la ropa de trabojo, viviendas vecivas ol sitio de trabajo,
‘alfareros.
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¢) Por inhalacidn de aire contaminado
En poblaciones urbanas adilivo de plome er la gasoling. 00 0 3 04

Vias congestionadas, infersecciones viales,

d) Por ingestidn de alimertos contamirades
El contenido de plomo deperde de tipo de climento, iecnologia de enlatado,
tipo de recipiente usudo y lo contemiracion ambiental,

e) Por ingestidn de agua potable cortominada

Dependiendo de o corfaminacidn ambiental, instalacienes de disteibucidn y
cafierias plomadas (agua blanda y deidal,

) Ingestion de polve o restos de pintura o base de plome.

g) Por ambiente de cardeter ocupacional famitier
Talleres de recuperacion y reciclaje de Plomo.

Vias de exposicién mds importante

m Ocupacional . Tnhalatoria .
u General : Digestiva

POBLACTONES DE ALTO RIESEO

Grupo que por sus caracterigticas tiene une mayor prebebilidad de desorrollar
una enfermedad o algura condicidn aroraal,

a)Mayor exposicidn: ocupecional{famitia de los trabajedores) cercaniu a
fuentes mineras, industrialas, pargue vehicular,

b)Mayor vulnerabilidod: Mdbitas, £ constitucionates, enfermedodes

subyacentes.

m Embarazadas, nifios.
m Enfermedades o lo sangre (araming, neuraldgicos, deficiencicd nutricioral
m Alcohdlicos, fumasiores.
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IMPORTANCIA DEL PLOMO ATMOSFERICO EN LA CONTAMINACION GLOBAL
DEL AMBIENTE ¥ EN EL APORTE DE PLOMG AL ORGAMISMO HUMANO,
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VIAS DE ABSORCION, DISTRIBUCION ¥ ELIMINACION OEL PLOMO EN EL ORGANISEO HUMANDC
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EFECTOS DEL PLOMG SOBRE LA SALUD

TTE S A e ws B s ks T

» EIPLOMO es inkibidor de rumercesas enzimas. efecte Sistémico.

¥ Cuadro clinico de difici! diagndstico: sintomas y signbs inespecificos vy
manifestaciones de irstaiacidn  lenta, asociade  ab  antecedente de
exposicion,

» Poblacion ocuparional: intexicac ior eguda y crénica.

» Poblacidn generol: mds frecuente intoxicacidn erdnica,

» Efecto deperde: Via de ‘rgreso, dosis ebsorbida susceptibilidad individual,
tipo de exposicion,

INTOXICACION CRONICA  “SA TURNISMO"

Es la manifestacidn mds frecuente v de mayor impacto €pidemioligico

I. EFECTOS GENERALES s
Decaimiento fatiga, doloves articulures, tosimpolencic sexual, palider y
temblor.

II. SISTEMA MCMATOPOYETICU

1. Altera la sintesis del gropo HEMD, pracurior de la herogiobing ¢ mhibe la
sintesis de globina.

2. Alteracién morfeldgicu de by precursores v de lu membrana de los
hematies.

Clinica: Anemia Ninccrome, rormoect (g o microciticn Mayor susceptioilidad
en los nifos.
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TII. SISTEMA NERVIOSO

a)  Sistemo Nepvioso Sentral

Encefalopatic Saturning los sintomas y signes van desde cambios
psicoldgicos-corductuales hagta alteruciones neareldgicas graves.
] r

Los rifios tienen lo MY Or SU3CEp Pibs Hodad v Trgcuentemente Liucdufi con
secuelas de diversa magnitud.

Clinica: irritabilidad, vértige, cefaleas, visicn nublada, temblor, alusinaciones,
pérdida de memorin y de copacidod de concentracidn. Delirios, manias,
, convulsiones, pardlisis, coma,
() Deterioro en ¢! desarrallo paicomotor. retroceso en ¢! control de esfinter y
coordinacion psicamatriz

b) Sistema Nerviose Periférice

I i)

Pardlisis Saturning: debilidad de log miscules extensores por dafic en los
nervios motores.

f 4
- " ’ 5 . { Y i N » | I
Clinica: Falta de fuerze en fay mares, nipecestesic onaigesio, doicres

musculares, calombres.

IV, SISTEMA URINARIO

]

Nefropatia Satursine. fibwesis interstical, ofrofic glomervlar, lesicn
tubular, degererccidn hialing y ateroesclerdticns de oo vasos, cumenta
actividad de la Renina plasmdtica,

Clinica: La manifestacidn ez bastante fardia y cursa con Tesuficencia Renal de
Grado variable.
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III. SISTEMA CARDICHWASCULAR

& i Tl ¥ Sy ] . 5
or aocien dicecta solye 1

Hipertensidn Arteriol
rifiones.

¥
b

IV, SISTEMA REPROLUCTOR

Mu,je,r: ahortos, inortiratos,
Hombre: Asternoespecniio, hipeaspermia,

V. OTROS EFECTOS

1. Artralgias
2. RB""UFdU on ‘f.:' ';.l"'l.:,’.(-ii';\:ﬁziﬁli'z 0y meir eata Py (%]
3. Pasibles efectos teratogénives,

oy . i

4. Deterioro de o funcida de la t_?._-r‘(:'\s'!-:.:!,zf=;‘ Yirowdes: disrningye

Yaoda.
B. Alteracidn de la funcidn de lus Suprarrenales,
6. Alteracidn del metobolisme de la Viteming O,

7. Gastrointestinales Calica saturning, precedide de eateeiim

intenso abdominal, vémitos

DRA, SRQ
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Norma de Calidad Primaria de Plomo en Aire -
4 '3
000312

ACTA DE REUNION DE COMITE OPERATIVO Y COMITE AMPLIADO

FECHA REUNION : 10 de Mayo de 1999
LUGAR : CONAMA -Santiago
HORARIO :.9:30 — 17:00 hrs.

ASISTENCIA :

Silvia Riquelme Ministerio de Salud
Andrei N. Tchernitchin Colegio Médico de Chile
Catterina Ferreccio Consultora GREDIS
Eduardo Giesen ENAMI

Bartolomé Alfaro CODELCO

Manuel Cortés S. Salud Antofagasta
Carlos Salvo SONAMI

Andrea Varas CNE

Jamal Soto CNE

M. de la Luz Vasquez Min. Mineria

Jaime Retamal MTT ( Subsec. Tranporte)
M. Angélica Ruiz-Tagle CONAMA Antofagasta
Andrea Mufloz CONAMA

Rodrigo Lucero CONAMA

Maritza Jadrijevic CONAMA

Andrea Urrutia Memorista Universidad de Chile
Tabla :

1. Exposicion “ Plomo y Salud”, Dra. Silvia Riquelme, Ministerio de Salud.

2. Presentacion de cronograma de actividades de los grupos de trabajo del Comité Operativo
y Ampliado, Andrea Muifioz, Depto. Descontaminacion, Planes y Normas.

3. Presentacion del 2° informe de avance del estudio “ Preparacion de Antecedentes Técnico-
para la Elaboracion de la Norma de Calidad Primaria de Plomo en el Aire”, Consultora
GREDIS.

Preguntas y discusion .

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

- (Cudl es el tiempo necesario de exposicidon del plomo en el aire para que este se detecte en la
sangre?. Se indica que la exposicion depende de una serie de factores como cercania a las calles
altura respecto al suelo, etc. En general es necesario 1 mes de exposicion 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. Tchernitchin hace referencia a un estudio que compara los niveles de sangre en nifios de
Santiago y Los Andes. También menciona que la U. de Chile elaboré un programa
computacional para determinar efectos de Pb en la sangre de nifios, para lo cual se estudiaron
reflejos y su retardo.



- CODELCO recalca la necesidad de correlacionar los niveles de plomo en el aire c@ @s@ 3 g 3
concentraciones en la sangre

- ¢, Cudl es la concentracion 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 especiacion de plomo? ; hay especies mas toxicas que otras?. El plomo organico es
menos toxico. En general se mide el plomo total sin distincion de especies.

- (Es lapiel via de exposiciéon? La absorcion es minima 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.- Presentacion de CONAMA. La Sra. Andrea Mufioz entrega la siguiente informacion:

El proceso de la norma se prorrogd por 189 dias.

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 estan abiertos y que
algunos plazos pueden ajustarse.

- El MINMIN solicita participar en el grupo de metodologia de medicion.

- Se confirma que las reuniones de Comité Operativo seran los dias Lunes.

3.- Presentacion de GREDIS, Catterina Ferreccio

e Fuentes moviles de plomo.
Fuentes fijas por region
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 informacién al SERNAGEOMIN sobre el Pb en la
mineria.

- Respecto a los acopios de plomo en la I region, El Dr. Tchernitchin 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 Mineria del Plomo, ya que es posible que otro
tipo de mineria , como el cobre o el oro, también sean emisoras de plomo al aire.

La consultora responde que no tiene acceso a esa informacion. CODELCO pregunta por que
no se les solicita la informacion ahora. Ventanas indica que a ellos no se les pidi6 claramente
esa informacidén y por eso no la entregaron. Los representantes de las empresas mineras
afirman que entregaran la informacion de sus emisiones de plomo.

- CONAMA indica que si bien este estudio tiene sus limitaciones respecto a la informacion a la
que puede tener acceso, deberia al menos indicar cuales son las fuentes a las que hay que
solicitar la informacion.

- Respecto al plomo en salud el Dr. Tchernitchin sefiala que actualmente se esta estudiando
la norma en EEUU y que hay mucha discusion sobre el nivel minimo en el cual el

plomo no tendria efectos en la Salud.



- Se consulta respecto de la importancia relativa del ingreso de plomo al organisr@)@'i@ 3 :QL ZE
ingesta y via inhalacidn, a lo cual se responde que esa informacidn estard en el tercer

informe.
- Se solicita fotocopias de la presentacion de la Dra. Ferreccio.

/ f EpB

Andrea Muiioz
Depto. Descontaminacion, Planes y Normas
CONAMA
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28/11/9
ALON SOCIAL DIRECCION CONUNA  FUENTES FIJAS ENISIO KRS DIAS
' Ko/h. h/dia  dia/afo
ALEE TTS CHILE LTOA, 34532 4™ C/E CaN, EL OVORD SITI0 4 PARD. TND.  LAKPA HORNO DE FURDICION DE VOLTED 588 KGS. (BRONCE) ~ 0.878 8.8 268
BATERIAS COSHOS LTDA. CAM. LAMPA LOTE 1 PARCELA 2 LAKPA HORNO ROTATORIO DE FUNDICION 8133 24.8 249
CIA. ELABORADORA DE METALES S.A. SAN NICOLAS 860 S.MIGUEL  EQUIPO EMPLOMADD (POR INMERSION) 8153 7.2 238
CIA. IND. DE TUBOS DE ACERO S.A. (CINTAC) CAM. A MELIPILLA 8929 HATPU HORNO ZINC PETROLED B.148 240 363
AQnm>iu&uin‘”‘5nﬁhumU: HORNO GALUANIZADO (QUEMADOR NO4 Y Noi) 8.862 9.8 268
Woabe ; wefas abfno0 TINA DE GALVANIZADO (QUEMADOR Ne3) 0.007 %5 260
ey 2.co HORNO DE GALVANIZADO (GUEMADOR NO4-1-3) 8126 9.6 208
e HORNO DE GALUANIZADO (GUEMADOR Ne4) 0.048 5.0 200
HORNO DE GALVANIZADO (QUEMADOR Ne4-1-3-2) 8103 9.6 288
CIA. MANUF. DE METALES LTDA. (CAMET)  CAM. A MELIPILLA 5489 CERRILLOS  HORNO DE FUNDICION 8.075 9.5 260
L HORHO DE FUNDICION B.028 9.5 262
DANTEL OSMAN OCHOA CAM. LANPA PARC.1 LOTE 2 LANPA HORNO ROTATORIO B35 240 286
GOODYEAR DE CHILE 5.A.L.C. CAM. A MELIPILLA KM, 16 MAIPY REACTOR OXIDO DE PLONO (BATERIAS) 8.017 2486 288
HORNO DE FUNDICION DE PLONO DYNACAST Y MARK V 8128 24.0 200
CRISOL FUNDICION REACTOR OXIDO 8089 24.6 208
FCA. DE MATERIALES DE COBRE LTDA. CAN. LA PRINAVERA SITIO 1 LAPA HORND CRISOL WO 1 Y N 2 - (EX HORNO CRISOL 560 .87 6.5 262
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Copper Smelters 0 0 0 3 1 8

Plume Samples®

Smelter Number Ore®
1 2 3 4 ) Smelter 2
(ng/m*) (ng/m?) (ng/m?) (ng/m?) (ng/m*) (ug/g)
Carbon (total)
Carbon
(organic)
Carbon
(elemental)

N .

F : _

g Na 550 %80 700 =300 23070 21050 240 40 17,000 £ 4,000
& 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 <50,000

Cl 5

K 1,300 £ 240 900 * 450 720110 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 <10 3,600 = 800

v 5938 48*1.2 24+18 3.2%£0.6 0.60 £0.31 692

Cr 6.5+2.6 35%15 59%£23 7770 14%5 67%2

Mn 393 287 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 5604
Se 920+ 10 880 + 20 49 +2 170+ 10 42+ 10 1121
Br 174 33%10 10+6 <50 <10
Rb
Sr
Zr
cd 62
Sn
Sb 80%5 140 = 10 210*10 58%5 - 370%20 59%0.2

1 6+6 6.8%+3.5 47 5 536 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 <17

La 1.9+0.3 1.8+04 0.76 £ 0.07 0.27 £0.07 0.50 +£0.30 45+ 1
3 Ce 1%} 0.12 £0.02 2%1 0.6 £0.5 <0.3 78 5
wn Eu 1.49 * 0.04

Hf 5

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 <0.1 <0.1

U

aSmall et al. (1981a).
bSmall et al. (1981D).
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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:
0, Si, Al, Fe, Ca, Na, K and Mg. The remainder are the "trace elements”, some of
which are essential for plant growth and are also called micronutrients. If present in
excess concentration both micronutrients and non-essential trace elements have
undesirable or lethal effects on plant and animal growth. Some of these elements are
now present in excess concentration in some 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™.

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
life but is relatively innocuous for animals.

There is no unequivocal way of recognizing 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. If
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 some techniques for
establishing baseline concentrations in soil and recognizing anomalies and
neoanomalies.

IMPORTANCE OF REPRESENTATIVE FIELD SAMPLING AND LABORATORY
ANALYTICAL QUALITY CONTROL
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In the environmental 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. If 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. It is essential to replicate (usually duplicate) some 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 for 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.

STATISTICAL INTERPRETATION OF TRACE METAL DATA

Typically, a survey may yield metal concentrations for 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 for evaluation
and publication.

Quantitative 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 log-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
therefore need to be normalised by, e.g., a log transformation.

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. It is also helpful to tabulate the minimum and maximum values.
But data assessment should not stop at this point since these parameters do not
fully summarize the data. It 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 1illustrates 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
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"typicality"”, the "average! e e e
(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

Table 1. Summary data for soils (mg kg™l) in the
Halkyn Hountain area of North Wales (Davies and
Roberts, 1978)

Pb In Cu cd

Arithmetic data:

Number of samples 288 288 288 288

representation of central Hean 870 685 18 5.63
tendency than the mean. :?g;g:rd . 3;2'; 4%{% éga 3;.1
The most Hininum 35 10 2,3 0.1
commonly used statistical g:iiﬁ:?s 4751’22 4923? 22(2) fgg
evaluation techniques s aE ks s g

(analysis of variance,
regression analysis or
correlation analysis) are
‘parametric’ tests which

Logy, transformed data:

. ; Mean 234 155 14 1.3

require the test populations T
to be normally distributed, StandaFd Deviation 3.99  3.19  1.90 2.81
i.e., they should not be Kurtosis 0.35 4.5 2.61 7.6
Skewness 0.91 1.69 0.91 1.94

skewed. Populations can
be nOrma"SGd bv e e e e e e s ]
transforming the data and

a common transformation is to convert each value to its logarithm (the common
log10 or the natural log). Table 1 shows the result of a log10- transformation. The
geometric mean (234 ug Pb g)) is now only 1.4 times the median (167 ug Pb g™').
As a general rule, all soil trace element data should be log- transformed before
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 remote 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 reported 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.

It should not be assumed that anomalous concentrations necessarily
indicate contamination. Bolviken and Lag (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 close to the surface. This
is a natural process having nothing to do with contamination. Identification 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 log-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 estimate its mean and standard deviation
(Tennant and White, 1959: Sinclair, 1974; Davies, 1983).

CARTOGRAPHICAL INTERPRETATION OF DATA

Isotopic 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 source 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 minimum 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 estimate the concentrations corresponding to selected percentiles.
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Modern computer

spreadsheets all . .

tr?e :ame tt::katc? ‘ge Table 2. Percentiles of the Halkyn HMountain data

performed without the sunparised in Table 1

need for drawin .
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Figure 1 Frequency distribution for soil lead on probability paper

Broadly, there are two kinds of map. Where it cannot be assumed that
there is any progressive change across a given area for 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 where 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 compared with other isoline maps
has often led to all isoline maps being loosely described as ‘contour’. Monmonier
(1982) has provided a comprehensive account of the fundamentals of computer-
aided cartography although much better software is now available than when he was
writing.

It 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. It has already been observed that the
contamination effect is subject to suck a diminution away from the line or point
source. It 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, Inc., Golden, Colorado. SURFER also produces block
diagrams and these three dimensional perspective figures are most helpful in
visualizing geographic patterns.

Whichever system is used there is an important first stage. The data are
imported 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 over a 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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Davies
(1983) was
interested in
trying to
establish the
background o
contents of lead Nickel
in soils in 150 -
England and
Wales. Previous
studies had
identified areas 50
where

nineteenth 0 -4 =1 ! ] !

century metal 0 2 4 6 8 10 12 14
mining had
caused
extenSI\:’e ) 600 -
contamination Lead
but no
systematic
information was
available for
concentrations
of lead in non-
contaminated L e T T T T T T

soils to assess 0o 2 4 6 8 10 12 14
the severity of Km along valley

soil
contamination.
Four of the
author’s own
data sets were
investigated
plus data from another author (Archer, 1980). The method of Sinclair (1974) was
followed whereby, after alog10 normalization of the data, the percentage cumulative
frequency distribution was plotted on probability graph paper.

100 -

Soil Ni (ug g™)

Km along valley

Soil Pb (ug g™
(4]
o
o
1

Figure 3 Soil metals south west - north east crossing a Ni refiner

Figure 1 is derived from the Davies {1983) paper. The main plot is seen
to comprise a series of intersecting, approximately linear sections, each representing
an overlapping population of contaminated soils. The lawer right hand section with
a break at the 40th percentile, was identified as the element of the curve containing
mostly uncontaminated soils. Curve B represent this section after compensation for
the effects of higher lead concentrations (Sinclair, 1974). The 50th percentile
corresponds to the geometric mean and was 30 ug Ph g"; the geometric deviation
is given by (16th percentile - 84th percentile)/2 = 1.53 and the three standard
deviation upper, threshold limit was therefore 108 ug Pb g”' soil. This was in good
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agreement with the threshold derived from the other data sets, namely 106 ug Pb
-1 .
g’ soil.

Example of the use of multivariate statistics

Lead mines in Wales Soil Pb: Halkyn Mountain
400 =
380 |
aso |
ars -
o a0 L . 0F
g 2
=4
5 § st
z =
) L]
o 250 O 0l
ass
200 -
3s0
150 200 250 300 350 10 ;:E :.\zo 325 330
0 S Easlings a3kngs
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 major sources of
soil trace elements from extensions of correlation analysis. This is particularly useful
for multielement surveys. Davies and Wixson (1987) used factor analysis to
differentiate pollutants from other trace metals in surface soils 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 for 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
log10 transformation of the data highly significant correlations were found between
some 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 350 |-
whereby a
complex data
set is simplified
by creating one
or more new
variables or
factors each
representing a
cluster of
interrelated
variables within 200 |-
the data set.
The method | Se
starts with the Swansea Valley|
by
“matrix and the O Easlirgs
validity of the
subsequent
transformations
depends on the
validity of this
matrix. In this
investigation
the data were normalised by a log,, transformation. It is assumed that the variation
in a Variable is caused partly by a variation unique to itself and partly by the
influénce of underlying factors. Communality descrjbes the proportion of the variance
in the variable which is accounted for by common factors and uniqueness (i.e.,
communality) is therefore the inherent variability in the variable.

400 T T . T

(%]

(=]

o
T

O S Northings

250

Figure 5 Distribution of lead In surface soils of Wales

The analysis proceeds by transforming the correlation matrix and
calculating eigen values and eigen vectors. Several sequential transformations
(iterations) are made until the communality of one or more variables exceeds 1.0.
The number of significant factors within the data are established by considering only
those with an eigen value >1.0. The degree of association between each variable.
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 for 55.3% of the
cumulative variance, Factor 2 accounted for a further 32.9% and Factor 3 accounted
for 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 refiner 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). Theisoline
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 for which the refiner is not a source and lead-rich petrol 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. Isoline 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 which is
proportional to recorded output of concentrates. The worst contamination occurs in
the same area as the outcropping limestone and the main mines. The highest value
(47955 ug Pb g™ soil) derived from a sample taken near the New North Halkyn Mine
which ceased production in 1958. Isoline 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 with >10,000 ug Pb g and a further 17% (44
km?) contained 1000 to 10,000 wg Pb g’ soil. More recent survey work has
extended to the whole of Wales (B.E. Davies, unpublished). Figure 5 is a lead map
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for the whole country (class limits and isoline T  ——————————

values = 50. 70. 80, 90, 95, 99th
percentiles). The locations of the Swansea
Valley and Halkyn Mountain are shown. It
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.

Table 3. Grouping of elements
by Factor Analysis (Davies and
Wixson, 1987)

Factors
Variable F1 F2 F3
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