Research

Lead exposure from soil in Peruvian mining towns: a national

assessment supported by two contrasting examples
Alexander van Geen,? Carolina Bravo,® Vladimir Gil,© Shaky Sherpa® & Darby Jack®

Objective To estimate the population of Peru living in the vicinity of active or former mining operations that could be exposed to lead
from contaminated soil.

Methods Geographic coordinates were compiled for 113 active mines, 138 ore processing plants and 3 smelters, as well as 7743 former
mining sites. The population living within 5 km of these sites was calculated from census data for 2000. In addition, the lead content of solil
in the historic mining town of Cerro de Pasco and around a recent mine and ore processing plant near the city of Huaral was mapped in
2009 using a hand-held X-ray fluorescence analyser.

Findings Spatial analysis indicated that 1.6 million people in Peru could be living within 5 km of an active or former mining operation. Two
thirds of the population potentially exposed was accounted for by 29 clusters of mining operations, each with a population of over 10000
each. These clusters included 112 active and 3438 former mining operations. Soil lead levels exceeded 1200 mg/kg, a reference standard
for residential soil, in 35 of 74 sites tested in Cerro de Pasco butin only 4 of 47 sites tested around the newer operations near Huaral.
Conclusion Soil contamination with lead is likely to be extensive in Peruvian mining towns but the level of contamination is spatially far
from uniform. Childhood exposure by soil ingestion could be substantially reduced by mapping soil lead levels, making this information
public and encouraging local communities to isolate contaminated areas from children.

Abstracts in G 13, Francais, Pycckuii and Espaiiol at the end of each article.

Introduction

Children and adults are still routinely exposed to very high lev-
els of lead in developing countries, particularly in regions with
along mining history, such as the Andes." This study focuses
on Peru, which ranks among the world’s top five producers of
silver, zinc, lead and copper’ and has along and conflict-ridden
mining history.® Exposure to lead in this country may have
been prolonged, despite some widely publicized and severe
cases,” by the importance of the revenue generated by the
mining industry, weak regulation, a lack of information about
contamination and a perception that the cost of interventions
might be prohibitive. The premise of this study is that many,
perhaps most, egregious cases of mining-related childhood
lead exposure in Peru, and similarly affected countries in
South America and Africa, could be avoided at a relatively
modest cost by systematically mapping hot spots for lead in
soil in mining towns where ore is currently processed or has
been processed in the past. Interventions carried out around
mines, ore processing plants and smelters in other parts of
the world have already been shown to reduce dramatically
childhood exposure to lead.*"

The exploitation of metal-rich deposits in the Andes dates
from pre-colonial times.'” Then, the focus was on silver, as
it was during the Spanish colonial era. The extensive use of
mercury to extract silver through the process of amalgamation
undoubtedly had a substantial, albeit localized, impact on the
health of workers.">'* Potentially just as important, however,
especially when their cumulative effect is considered, could be
the health impact of the mine tailings left over once the most
concentrated ore has been separated. These tailing are enriched

in lead and were generated over centuries of mining silver,
copper, zinc and lead deposits throughout the region. Today
when a new mine enters into operation, the mining company
attempts to minimize the risk of exposure by purchasing
surrounding tracts of land. In the past, however, population
centres typically became established near a mine and dwell-
ings were built on top of mine tailings."” In such places, even
today it is still common for children to ingest large quantities
oflead by playing in contaminated soil or ingesting lead-laden
dust at home.'*'*" Currently, Peru has no standard for the
lead content of soil.

The assumption underlying this study is that lead
contamination of soil is heterogeneously distributed and,
consequently, the level of contamination within a few
kilometres of one mining-related operation can differ
greatly from that close to another. If suitable maps were
made available locally, young children, who are especially
at risk of ingesting soil when playing, could be induced
to avoid the most contaminated areas. Our aim was to
evaluate the potential benefits of such an intervention on
a national scale by carrying out a spatial analysis of min-
ing operations in Peru in relation to population density.
To the best of our knowledge, no similar study has previ-
ously been carried out. In addition, we performed surveys
of the local distribution of lead in soil at two locations to
illustrate low- and high-risk scenarios. The study focused
on lead contamination linked to the exploitation of deposits
of polymetallic ore, including gold-containing ore, and
therefore excluded contamination associated with cement
production and other extractive activities, which could also
have a substantial effect on health.
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Methods

We obtained the geographical coordi-
nates of 7997 sites involved in four types
of activity associated with mining: (i) 113
industrial-scale mines in operation in
2009; (ii) 138 ore processing plants; (iii) 3
smelters; and (iv) 7743 “legacies” of past
mining activities. Since none of the ex-
isting data compilations was exhaustive,
the information was drawn from several
sources (Appendix A, available at: http://
www.ldeo.columbia.edu/~avangeen/
mining). The analysis does not include
undocumented artisanal mines or infor-
mal and unreported mining-related ac-
tivities, which can also be major sources
of lead exposure."

Spatial analysis

Details of the 7997 sites, including their
attributes, were entered into a spread-
sheet (Appendix B, available at: http://
www.ldeo.columbia.edu/~avangeen/
mining) and the data were mapped using
ArcGIS software (esri, Redlands, United
States of America) and the geographical
coordinate system GCS WGS 1984. A
circle with a radius of 5 km, termed a
“buffer”, was created around each site;
if there was an overlap, circles were
merged. The 5-km radius is a compro-
mise. In some cases, the population
exposed to lead may have been overes-
timated because contamination did not
extend as far as 5 km from the mining-
related operation. In others, the popu-
lation may have been underestimated
because sites that are active at present or
were active in the past were not reported.
Data on individual sites and merged
buffers were converted into computer
files with a .kmz extension (Appendix C,
available at: http://www.ldeo.columbia.
edu/~avangeen/mining) so they could
be viewed on Google Earth (Google Inc.,
Menlo Park, USA).

Data on the estimated size of the
population of Peru in 2000 were ob-
tained from the Global Rural-Urban
Mapping Project version 1 (GRUMPv1)
data product, available at a resolution of
30 arc-seconds, or ~1 km at the equator
from CIESIN (Center for International
Earth Science Information Network,
Palisades, USA).”! The data were im-
ported into ArcGIS in a grid format.
In addition, an overlay of GRUMPv1
population data for Peru was created
in a .kmz file format (Appendix C) for
comparison with the location of the
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mining operations in Google Earth. The
size of the population living within each
5-km-radius buffer was estimated using
the zonal overlay method in ArcGIS: by
defining the 5-km buffers as zones, the
population exposed within each buffer
was calculated using the raster grid
population count.

Local soil lead surveys

Two contrasting locations were selected
to document the spatial variability of lead
contamination of surface soil: the historic
mining town of Cerro de Pasco, which
is situated 4400 m above sea level in the
Andes and has a population of 70000,
and the more recent mine and ore pro-
cessing plant near Huaral, situated 150 m
above sea level only a few kilometres from
the Pacific Ocean, with a population of
160000.

Lake sediment records indicate
that heavy metals from the mining
and smelting of silver-bearing ores in
Cerro de Pasco were being released into
the atmosphere as early as 1400 years
ago.'' In the 1800s, deposition of lead
and mercury from smelting increased
dramatically with the growth of the Ciu-
dad Real de Minas, as the town was also
known. Deposition peaked in the 1950s
after the copper and zinc mines were
purchased by the United States Cerro de
Pasco Investment Co. Subsequently, the
mines were nationalized and exploited
by the Centromin conglomerate until,
in 1999, the Peruvian Compania Minera
Volcan bought the main mines in Cerro
de Pasco and the associated Paragsha
ore processing plant. The town of Cerro
de Pasco has been built around an open-
pit mine and on top of mine tailings. In
recent decades, vast quantities of waste
rock and tailings have been accumulating
over an area of approximately 10 km?,
several kilometres to the south-west of
the main pit and further away from the
main population centre.”

The Maria Teresa polymetallic (i.e.
zinc, lead and silver) mine and associ-
ated Minera Colquisiri SA ore processing
plant started operating 7 km west of the
town of Huaral in 1984. Human activ-
ity around the perimeter of the mine is
primarily agricultural, mostly fruit trees
and hog farms. However, a few hamlets
were also built close to the perimeter of
the site. In contrast to Cerro de Pasco,
there is no large population centre close
to the mine and tailings are stored in a
pond located within the plant property.

doi:10.2471/BLT.12.106419

In May 2009, the distribution of
lead in surface soil in the town of Cerro
de Pasco and in areas outside the fence
surrounding the Maria Teresa mine
and ore processing plant near Huaral
were mapped using a hand-held X-ray
fluorescence analyser (Innov-X Alpha,
Olympus Corporation, Tokyo, Japan),
as used in other studies."" The precision
of the measurements estimated by the
manufacturer’s software typically ranged
from 17 to 250 mg/kg for soil containing
400 to 11000 mg/kg lead, respectively.
The accuracy of the analyzer was evalu-
ated over a period of 10 days using three
soil standards from the United States Na-
tional Institute of Standards and Technol-
ogy: Standard Reference Material (SRM)
2710 with a mean concentration of lead
in soil of 5532 mg/kg (standard deviation,
SD: 80), SRM 2711 with 1162 mg/kg (SD:
31) and SRM 2709 with 18.9 mg/kg (SD:
0.5). These measurements averaged 96 %
(SD: 4; 11 measurements), 97 % (SD: 7;
7 measurements) and 89% (SD: 10; 4
measurements) of the certified values
for the three soil standards, respectively.
A kmz file was created to enable the soil
lead data to be viewed on Google Earth
(Appendix C).

Results

In the spatial analysis, a total of 312
nonoverlapping buffers were obtained
by combining the 5-km-radius circles
around the 254 active mining opera-
tions (i.e. mines, ore processing plants
and smelters) with those around the
7743 mining legacies. The average size
of these buffers was 170 km?, with the
largest covering an area of 1800 km?. Of
the 312 buffers, 227 did not contain a
single active mine, ore processing plant
or smelter but did include a total of 3030
legacy sites. Another 52 buffers contained
a combination of legacies and active min-
ing operations, whereas the remaining 33
buffers contained only active mines, ore
processing plants or smelters.

In 2000, the population of Peru
was approximately 30 million and was
distributed across 195 coastal, mountain
(Andean) and tropical forest (Amazoni-
an) provinces. Around 90% of sites with
active mining operations or mining lega-
cies were located in mountain provinces,
with the remaining sites divided roughly
equally between coastal and tropical
forest provinces (Fig. 1). The average
population density of Peru was only 21
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Fig. 1. The 312 sites® with active mining operations or mining legacies associated with

lead in soil, Peru, 2009

\
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The white markers indicate the locations of the Cerro de Pasco (Fig. 2) and Huaral (Fig. 3) sites.

The shading in the map represents the population density for the year 2000 based on GRUMPv1 data.’

¢ The outlined sites were obtained by combining the 5-km-radius circles, termed buffers, around 254
active mining operations with those around 7743 mining legacies. The 29 largest buffers that each
contained an estimated population of 10000 or more are numbered 1 to 29 according, in decreasing

order, to the size of the population covered.

people per square kilometre and about
two thirds of the buffers were located
within areas with a population density
below the national average. In total, 1.6
million people resided within 5 km of
an active mine, ore processing plant or
smelter or a mining legacy.

The size of the population residing
in the different buffers ranged widely.
It was less than 1000 in each of the 148
buffers with the smallest populations.
In another 135 buffers, the population
ranged from 1000 to 10000. However,
the remaining 29 buffers (Table 1) ac-
counted for more than two thirds of the
total population living within 5 km of
an active mining operation or mining
legacy: the population in each of these
buffers ranged from 10000 to 129 000.
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The population density averaged 175
people per square kilometre in these 29
buffers and was below the national aver-
age in only 2 of the 29. Eleven of these
buffers contained only mining legacies.
Together, the 29 buffers encompassed a
total of 3438 legacies, 52 active mines,
58 ore processing plants and 2 smelters.

The buffer centred around Cerro
de Pasco ranked second in our national
assessment: it covered the second largest
area, at 1659 km?, and had the second
largest population, at 119178 inhabit-
ants (Table 1). The largest buffer had
a slightly larger population, contained
52 legacies and no active mining op-
erations and included Huancayo, Peru’s
fifth largest city. The Cerro de Pasco
buffer contained 12 active mines, 9 ore
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processing plants and 349 legacies. Our
soil survey centred on the main open-pit
mine, which continues to be exploited
on a massive scale and covers 5 km? of
the buffer. Only 35 of the 74 soil samples
(47%) had alead concentration below the
maximum of 1200 mg/kg recommended
by the United States Environmental Pro-
tection Agency for soil in residential areas
where children do not play.” Soil lead
concentrations above 1200 mg/kg were
measured all around the open pit but no
further than 1 km from its edge (Fig. 2).
The five highest concentrations, which
ranged between 5000 and 12000 mg/kg,
were all observed in samples taken from
within 500 m of the western margin of
the pit. Only 11 of the 74 soil samples
(15%) had lead concentrations below the
threshold of 400 mg/kg recommended by
the Environmental Protection Agency for
soil in residential areas where children
play. Soil lead concentrations below
400 mg/kg were found primarily in the
outer northern and eastern sections of
the town.

The second location selected for
our soil lead survey was in a buffer that
ranked fifteenth by population in our as-
sessment and contained only one mine,
one ore processing plant and four legacies
(Fig. 3). However, the buffer was 90 km?
in area and extended to the outskirts
of the town of Huaral. Consequently, it
encompassed a sizeable population of
21705 (Table 1). The soil measurements
obtained from this site contrasted mark-
edly with those from Cerro de Pasco.
Only 4 of the 47 samples (8.5%) had
a lead concentration above 1200 mg/
kg and the maximum was 2300 mg/kg.
The high lead concentrations were all
observed along a road and in cultivated
fields within 200 m of the perimeter of
the plant. The lead concentration in soil at
most other locations within that distance
was less than 400 mg/kg.

Discussion

A study conducted in 2007 by the United
States Centers for Disease Control and
Prevention in collaboration with the
Peruvian authorities showed that the
lead content of blood drawn from 52%
of 163 children living in Cerro de Pasco
exceeded the intervention threshold of
10 pg/dL.* In the Ayapoto area, west
of the mine pit where soil was highly
contaminated (Fig. 2), the blood lead
content exceeded 10 pug/dL in 88% of

Bull World Health Organ 2012;90:878-886 | doi:10.2471/BLT.12.106419



Research

Exposure to lead in soil in Peruvian mining towns

Alexander van Geen et al.

‘suopelado bujujw ised Jo sapeba ,

“uanIb S| saluedwod Bbuluiw Jo 15

ned e AuQ o

13nq

31buls e 01Ul PBIAW UM SIIID BYL ‘SIS IO JO OM] U3IM1S] dB[IIAO UR Sem 2I3Y3 J| 1105 Ul Pes| Yl pajedosse A2eHa) Buluiul e 1o uoliesado Buiuiu 9A13D Ue YLM 31IS YIRS PUNOIR UMIP SeM  J9JNa], B PaLLLIS] ‘WY G JO SNIPeI B YIM 3PID Y o

OUR||ENH ‘Bsin rueS ‘uoielodiod

££01L £0001 VA%S S 0 / gee Kenday ‘Isaubojog S A DD ‘Inbedeydey ‘eyduedeides 6
0DSed ‘UoLIe) BUD0DRLY ‘BINIUSARUSNG 106100
€01 19001 44! S 0 S 41 S3PPIY [PIUed ‘UPAD ‘Oquielefe) 3P UQIJBH ‘SUGUIND SBT ‘S3jenuan() $O7) 87
€6 92 0L ¥ 4 0 4 0 BIETzp) 3|qe1SIPUO) /T
Vel SOLLL € 0 0 0 ¢ ued|nf Aluo sapeba 574
0S¢ 98071 29 4 0 0 09 edsewlefe] ‘03zniQ ‘NUUIY) uein oj|ndeAes ‘pepiutl] 4
€Sl Ocecl € 0 0 9 0 edxzZeN €1SN[ ‘eUODIBIA ‘ISN( BUIN 174
[eLISNpU| 0Jaul Ofsjdwo)) ‘01saulg
[ A3 Y0Pl 0¢ € 0 0 /1 edzeN Ol|N( eZJe|er) alleT '9S0[ $39|q0yY deluey 4
€9 wo/l 1z 0 0 0 e seue) ‘siypued Ajuo sepeba 44
08 8/1LL | 0 0 0 l IyauedidsinD Ajuo saeba e
6/ 198/1 L L 0 0 0 3laue) RISUIN UOIDRIDODBIN 0z
0l GG/81 € 0 0 0 € o[l A|uo sepeba 61
18 3749 4 0 0 0 [4 ofeouenyy Ajuo saoeba 8l
¥8¢ /L6l ¥/6 ¢ 0 14 696 J0Aebjeny SE|ODIN UeS ‘lwninbjod) ‘euoiod) /1
0ze §890¢ Sl | 0 L €l zeleny ‘Aebuni BIUIOJI[eD) BASNN 9l
06 S0 L¢ 9 L 0 L ¥ |eJeny 1isinbjod Sl
18 60L1¢C 4 | | 0 0 IneA niad uny s0Q vl
6/ £6£97 | 0 0 0 l pbuPWENH Ajuo saeba ¢l
€3 oLl 6¢ € L L 0 | ewl e||Inbiewefe) ap DUl ap elsuyay 7l
€9 (V660 €S1 | 0 0 4 01130 Zaydueg [elauso) ‘edinbaiy S9DIN0SAY Jap|nog Il
S6v LYS €€ 191 | 0 | 651 edljanedueny zado7 oliwey ol
Jedweny ‘zeanq euasny ‘pepiaieN
‘SeujwesIua)) ‘euolo) ‘edjedese)) Uegniad
0081 /88¢€ 99¢ vl 0 Ll 1€ JIyo0enH ‘1jnex 'UBD|OA ‘BUNLIOH ‘OBUROJ|IN ‘HIY0IeNH 6
0Ny e2[1Y2INDSIAl Y1Ieg ‘UOWIS
0621 1L66¢ Vags v 0 9 L£€ 3p 0DeIUES ‘UOLLIED) Z3DUES ‘03ZNI0 ueg JaA|IS UedLaWy Ued ‘esoy elueS 8
L8 9801 L 0 0 0 l ound Ajuo saeban /
09/ 98865 L) 0 0 0 L] oguly ‘odonueny Ajuo sepeba 9
18 66% 29 4 0 0 0 [4 05N Ajuo saoeba S
6501 1/v88 867 v 0 | €67 elly ‘zenyie) ‘zerenp ‘Aenday eUINH ‘ed|IYRINbSIA YDlieg 4
€re 750201 33 0 0 0 3 ofeoueni ‘efesede| Ajuo sapeba €
6591 8/16L1 0L€ 6 0 4 6v€ oquly ‘UoLIeD) SaPIDJY [S1ue( ‘03Sed 005ed 9P 0113 ‘ULD|OA 14
08¢ 90€671 149 0 0 0 49 oAedueny ‘efedefe| Ajuo saeba l
(cuny) laynq yrea sa)s syuejd buissaroad  s19)pWs  sauIw AR ,sapehs|
ealy uiuonejndod  jo-ou[ejo] 910 J0 "ON Jo°oN Jo°oN Jo°oN uIn0ld adfy ays pue ;fuedwod buruy yuey

6002 ‘n13d ‘000 0L ueyy 133eaib uonejndod e yym siaynq parepi-butuy | 3|qe]

881

Bull World Health Organ 2012,90:878-886 | doi:10.2471/BLT.12.106419



I Research

Fig. 2. Aerial image of the main open-pit mine and surrounding town of Cerro de Pasco,
Peru, showing locations where the lead concentration in soil* was measured, 2009

The Ayapoto area mentioned in the main text is located immediately to the west of the open pit.
¢ The coloured markers indicate the concentration of lead in soil: green, <400 mg/kg; yellow, >400—
1200 mg/kg; red, > 1200-5000 mg/kg; blue, >5000-10 000 mg/kg; black, > 10000 mg/kg.

Fig. 3. Aerial image of the mine and ore processing plant near Huaral, Peru, showing
locations where the lead concentration in soil* was measured, 2009
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¢ The coloured markers indicate the concentration of lead in soil: green, <400 mg/kg; yellow, >400—

1200 mg/kg; red, > 1200-5000 mg/kg.

local children and concentrations as
high as 62 pg/dL were measured. In
contrast, blood lead levels exceeded
10 pug/dL in only 9.4% of 194 women of
child-bearing age from the same areas
of the town.

The 2007 study also reported 32 soil
lead measurements for Cerro de Pasco in
the 150 to 20000 mg/kg range, with the
highest values again being consistently
observed in Ayapoto.” The geographical
association between the high blood lead
content in children and the high soil lead
content, and the absence of a similar as-
sociation in women of child-bearing age,
suggests that the primary pathway oflead
exposure in children in Cerro de Pasco
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is the ingestion of soil and soil dust. The
association between childhood exposure
and soil contamination observed in Cerro
de Pasco is consistent with that seen in
studies of the effect of lead mining, ore
processing, and smelting carried out
elsewhere, including other parts of Latin
America'10,17,19,25—26

We are not aware of any studies of
the blood lead level in the population
living near the Colquisiri mine in our
second selected location. However, given
the relatively low soil lead levels we ob-
served (Fig. 3), it seems reasonable to
assume that the population residing in
Huaral was much less exposed than that
in Cerro de Pasco.

Although Peru phased out leaded
gasoline in 2004, occasional exposure
from leaded paint cannot be excluded.'
In addition, exposure from the local
manufacturing and recycling of batteries
or the use of a lead glaze on tableware,
both of which have been shown to be
substantial in other developing countries,
is also possible.”*

Two long-term studies of lead in
children’s blood carried out in Australia
and the United States, respectively, are
particularly relevant to the situation in
Cerro de Pasco. In the lead mining town
of Broken Hill, Australia, the blood lead
content of all school-aged children was
greater than 40 pg/dL in 1982.” Between
1991 and 2003, as a result of various in-
terventions, the number of children with
a concentration above 10 ug/dL declined
from 85 to 32%. Lead isotope analysis
showed that soil and dust that was con-
taminated to a level of 1000 to 7000 mg/
kg, either by natural erosion of the ore
or mining, was a major source of lead in
children’s blood, although occasionally
leaded gasoline and lead-based paint also
made a substantial contribution."®

Around the lead mine and smelter
at Bunker Hill, Idaho, United States, the
mean blood lead level in children was
70 ug/dL in the early 1970s. At the time
the smelter was operating without any
emission controls, the concentration
in yard soil averaged 7000 mg/kg and
the house dust lead concentration was
12000 mg/kg."* Again as a result of a
series of interventions, exposure declined
dramatically: the proportion of children
with a blood lead level greater than 10 pg/
dL decreased from 45% in 1988 to 3%
in 2001. In addition, the observation
that children were still exposed after the
smelter was closed, via the ingestion of
soil and house dust, prompted the re-
moval and replacement of house yard soil
with a lead concentration greater than
1000 mg/kg. The remarkable reduction
in the level of lead in children’s blood
that was achieved in Bunker Hill sets an
attainable target that can be applied to
mitigation elsewhere, including areas as
badly contaminated as Cerro de Pasco.

The levels of soil lead contamination
around Cerro de Pasco and Huaral cor-
respond to high- and low-risk scenarios
for Peru, respectively, and therefore
probably encompass the range of condi-
tions in the other buffers. The effect of
mining on the local population appears
to be influenced primarily by its scale and
duration. Mining started much earlier in
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Cerro de Pasco than in Huaral'* and led
to the accumulation of a large amount
of tailings on top of which the town was
built. Moreover, the Cerro de Pasco buffer
included 349 legacies compared with 4 in
the Huaral buffer (Table 1). It is possible,
then, that the number of legacies could
provide a useful indication of the severity
oflead contamination in locations where
no soil measurements are available.
Although 14 of the 29 largest buffers by
population included active mining opera-
tions as well as at least one legacy, judging
the severity of contamination on the basis
oflegacies alone could be misleading. For
instance, the buffer that includes the infa-
mous Doe Run smelter in Yauli Province,
where extensive childhood lead exposure
has been documented,” does not include
a single legacy.

The soil lead survey in Cerro de
Pasco shows that contamination is far
from uniform even under a high-risk
scenario. Heterogeneous distributions
of lead contamination, over and above
the reduction associated simply with the
distance from a mine or smelter, have
been reported elsewhere. Consequently,
given the magnitude of the effort and
resources required to mitigate contami-
nation,> it is essential to identify those
areas within a contaminated zone where
soil replacement, or even relocation of the
local population, is most needed."’ Soil
assessments could be used to inform local
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government and families about the rela-
tive safety of various areas. These assess-
ments, combined with information about
the consequences of children ingesting
lead-contaminated soil, could lead to a
decrease in child exposure in the short
term and enable the local community to
participate in risk reduction.”

Unfortunately, currently there is no
viable low-cost equipment that could
reliably replace either X-ray fluorescence
analysers or more laborious laboratory
techniques.” Public investment in risk
mapping is, therefore, urgently needed.
With the exception of one recent example
in Nigeria,'' the use of costly large-scale
soil removal or resettlement of commu-
nities to reduce mining-related lead ex-
posure has been limited to high-income
countries.'®"”

In conclusion, our assessment that
1.6 million people in Peru could be ex-
posed to lead in soil indicates that politi-
cal will and resources are urgently needed
to reduce the effect of exposure on the
cognitive development of future genera-
tions. Our two case studies highlight the
potential of local surveys of lead in soil
to reduce exposure at a cost that is neg-
ligible relative to the revenues generated
by mining, even in highly contaminated
areas such as Cerro de Pasco. The key is
to provide households and local govern-
ment with appropriate information. In
addition, systematic soil surveys could

help identify areas where public health
education and interventions are most
needed. These approaches could also
be beneficial in other countries with a
legacy of mining lead-rich deposits. The
dramatic reduction in emissions achieved
by the owners of the large smelter com-
plex of Ilo in southern Peru in response
to emissions monitoring™ illustrates how
interventions that rely on public data
could be made more effective. H
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Résumé

Exposition au plomb dans le sol des villes miniéres du Pérou: une évaluation nationale soutenue par deux exemples contrastés

Objectif Estimer la population péruvienne vivant a proximité d'une
exploitation miniére, ancienne ou active, qui pourrait étre exposée au
plomb de sols contaminés.

Méthodes Les coordonnées géographiques de 113 mines actives,
138 usines de traitement du minerai et 3 fonderies, ainsi que de
7 743 anciens sites miniers, ont été compilées. La population vivant
a moins de 5km de ces sites a été calculée a partir de données du
recensement de I'an 2000. En outre, la teneur en plomb du sol dans Ia
ville miniere historique de Cerro de Pasco et autour d'une mine etd'une
usine de traitement du minerai récentes, prés de la ville de Huaral, a été
cartographiée en 2009 a I'aide d'un appareil portatif de spectrométrie
de fluorescence X.

Résultats ['analyse spatiale a indiqué que 1,6 million de personnes
au Pérou pourraient vivre a 5 km d'une exploitation miniére active ou
ancienne. Les deux tiers de la population potentiellement exposée

représentaient 29 groupes d'exploitations minieres, avec plus de
10 000 habitants chacun. Ces groupes incluaient 112 exploitations
miniéres actives et 3 438 anciennes. Les niveaux de plomb du sol
dépassaient 1200 mg/kg, une norme de référence pour les sols
résidentiels, dans 35 des 74 sites testés a Cerro de Pasco, mais dans
seulement 4 des 47 sites testés dans les exploitations les plus récentes,
prés de Huaral.

Conclusion La contamination des sols par le plomb est probablement
importante dans les villes minieres du Pérou, mais le niveau de
contamination est loin d'étre uniforme dans l'espace. Lexposition
des enfants par ingestion de sol pourrait étre sensiblement réduite
en cartographiant les niveaux de plomb des sols, en rendant cette
information publique et en encourageant les communautés locales a
tenir les enfants a distance des zones contaminées.

Pesiome

MopaBep»KeHHOCTb BO3LECTBUIO CBUHLA, COAEPKALLErocs B NOYBeE, B rOPHONPOMbILIIEHHDbIX ropoaax Mepy:
HaLMOHaNbHasA OLeHKa, NOATBEPXKAaeMas ABYMA CPABHUTENIbHBIMM NPUMEpPaMm

Uenb OueHnTb UMCNEHHOCTb HaceneHna lepy, NpoxmBatoLero
BONM3W [EeNCTBYIOWWX WM BbIBEAEHHbIX M3 3KCMayaTauum
ropHo00bIBaOWYMX MPEANPUATUIN, BEPOATHO MNOABEPKEHHOTO
BO3AENCTBMIO CBMHLIA, COAEPXKALLEroCA B 3arpA3HEHHON MoyBe.
MeTtoabl bbinv cobpaHbl reorpadmyeckne KOOpAUHATHI
113 pencreyownx ropHofobbiBaloWmx npeanpuatnin, 138
pyfnooboratntensHbIX GabpuKk v 3 MeETanIypryeckix NpeanpuATAi,
a Takxke 7743 BblBeLleHHbIX 13 3KCrlyaTaumm pyaHunkos. OueHKa
HaceneHns, NPOXMBAIOLLErO B 5-KM 30HE OT YKa3aHHbIX Y4aCTKOB,
NPOBOAMMIACk Ha OCHOBE [aHHbIX nepenucu HaceneHmna 2000
r. Kpome Toro, B 2009 r. ¢ NOMOLbIO NOPTAaTUBHOIO PEHTreHo-
bnroopecteHTHOro aHanM3aTopa NPOBOANIOCh KapTorpadrpoBaHme
COAEPMaHNA CBMHLIA B NMOYBE B ICTOPUYECKOM FOPHOMPOMbILLIEHHOM
ropone Ceppo-ae-lacko 1 BOKpyr COBPeMeHHOWM 060raTUTeNbHOM
GabpuIKK, PacronoXeHHOM BONW3K T. Xyaparn.

Pesynbtatbl [1pOCTPAHCTBEHHbIV aHaNM3 Nokasan, yto 1,6 MIH.
nmofen B [Nepy NPeanonoXnTebHO NPOXMBAIOT B 5-KM 30He OT
LeICTBYIOLLIVIX MMV BbIBEAEHHBIX 113 KCMNyaTaLnv rOPHOA0ObBIBAIOLLIVIX
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npeanpuAtniz. MoTeHUManbHaa NOABEPKEHHOCTL ABYX TpeTew
HaceneHua BO3AENCTBMIO CBMHLIA 0ObACHAETCA HAaxXOXAEHUEM Ha
Tepputopwm Mepy 29 KNacTepoB ropHOL0ObIBAIOLNX NPEANPUATAI,
B 30HE KaX[Oro 13 KOTopbix npoxmsaeT cabiwe 10 000 uenosek.
[aHHble knacTepbl BKMoYatoT 112 aecTaytowx 1 3 438 BbIBEAEHHbIX
13 3KCMAyaTaumm ropHofob6bIBaOWMX NpeaAnpuaTuil. YpoBHU
cofiepaHna CBMHLa B noyse npesbitwanni 1200 mr/kr (MNAK ana
XKTbIX PAiOHOB) Ha 35 113 74 yuacTKoB, nccneaosaHHbIx 8 Ceppo-ae-
[1acKo, 1 TONbKO Ha 4 113 47 y4acCTKOB, UCCNEA0BAHHbIX BOKPY HOBbIX
NPEANPUATUR, PACNONOXEHHbIX PALOM C I. Xyaparl.

BbiBog 3arpA3HeHVe NoYBbl CBUHLOM B FOPHOMPOMbILLIEHHbIX
ropopax [lepy, BepOATHO, ABNAETCA 3HAUMTENbHbIM, OIHAKO YPOBEHb
3arpAsHeHNA pacnpefenieH TeppuTopranbHO HePaBHOMEPHO.
[MofBEPXEHHOCTb fjeTelt BO3AENCTBMIO CBMHLA B pe3yfbraTte
nonagaHvis rMoysbl BHYTPb OpraH13Ma Morna ObiTb CyLeCTBEHHO
COKpallieHa nyTem KapTorpadupoBaHua YpOBHeN 3arpsasHeHns
MOYBbI CBUHLIOM, 06HAPOA0BaHNA NOAOOHbIX AAHHBIX 1 MOOLLPEHNS
MECTHBIX OOLMH K HeloMyLLeHWIo AeTelt B 3arpa3HeHHble 0bnacTy.

Bull World Health Organ 2012;90:878-886 | doi:10.2471/BLT.12.106419
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Resumen

La exposicion al plomo en el suelo en los pueblos mineros peruanos: una evaluacion nacional respaldada por la comparacion

entre dos ejemplos

Objetivo Calcular qué parte de la poblacion peruana residente en las
inmediaciones de explotaciones mineras activas o cerradas podria estar
expuesta a suelos contaminados con plomo.

Métodos Se recopilaron las coordinadas geogréficas de 113 minas
activas, 138 plantas procesadoras de minerales y 3 fundiciones, asf
como de 7743 ubicaciones mineras cerradas. Se calculé la poblacién
residente en un radio de 5 km de dichos lugares a partir de los datos
del censo del afio 2000 y, ademas, en el afio 2009 se trazd, por medio
de un analizador de fluorescencia de rayos X de mano, un mapa del
contenido de plomo del suelo en el histérico pueblo minero de Cerro
de Pasco, asf como de una mina nueva y una planta procesadora de
metales cerca de la ciudad de Huaral.

Resultados Los anilisis espaciales indicaron que 1,6 millones de
personas en Pert podrian estar viviendo en un radio de 5 km de
una explotacién minera activa o cerrada. Dos tercios de la poblacién

expuestos en potencia se correspondieron a 29 grupos de explotaciones
mineras con una poblacion superior a 10 000 habitantes. Dichos grupos
incluyeron 112 explotaciones mineras activas y 3438 cerradas. En 35 de
las 74 ubicaciones sometidas a prueba en Cerro de Pasco, los niveles de
plomo en el suelo excedieron los 1200 mg/kg, el estandar de referencia
para los suelos residenciales. Sin embargo, sélo 4 de las 47 ubicaciones
sometidas a prueba alrededor de las explotaciones mas nuevas cerca
de Huaral superaron dicho estandar.

Conclusion Es probable que la contaminacion del suelo por plomo esté
muy extendida en los pueblos mineros peruanos, sin embargo, el nivel
de contaminacion de las ubicaciones dista de ser uniforme. Se podria
reducir la exposicion infantil por ingesta de tierra trazando un mapa de
los niveles de plomo en el suelo, publicando esa informaciény animando
a las comunidades locales a aislar las dreas contaminadas de los nifios.
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