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PREFACE AND ACKNOWLEDGMENTS 

This report summarizes the findings of a project conducted in 1996 and 1997 for the U S 
Agency for International Development (USAID) misslon rn Peru The project evaluates the 
envlronmental problems facing Metropolitan Lima, Peru, and develops two rankings of the 
problems 1) in order of their relatrve severity in posing health risks, and 2) in order of the priorrty 
that should be given to addressing each problem The project's priority judgments were developed 
by committees representing the key rnstitutions rnvolved in envlronmental management in Lrma 
The rmproved understanding of Lrma's environmental problems and broad consensus on priorities 
resulting from this project provrde a good foundation for continuing future work in managing the 
most serious problems 

Many people contributed to thrs project It was conducted under the auspices of the Project 
in Development and the Environment (PRIDE) a USAID project operated by Chemonics 
International Inc and ~ t s  associates Stuart Sessions (Environomics, Inc ) was the team leader Anna 
Zucchettl (Oficina de Asesor~a y Consultorla Arnbiental, OACA) was the coordinator of the project 
team m Peru and she with Marcos Alegre (OACA) and Augusto Lanao (OACA) made up the Lrma 
team of environmental consultants Lynette Benson (Environomrcs, Inc ) and Jorge Otero 
(Chemonics International) were additional U S -based team members Milagros Bello (OACA) 
provided admin~strative coordinatron and support for the two project committees, as well as expert 
interpretation and translation Kathryn Steucek (Envrronomics, Inc ) contrrbuted to data collection 
and the final report as a research assrstant Laura Manthey and Cody &ce (Chemonics International) 
admrnistered the overall project effectively, while the staff at OACA supported the activities in 
Lima Daniel Valle (CIPUR) served as technical facilitator for one of the committees 

About 30 individuals from Lima participated as members of the Steering and Technical 
Committees for the project, represent~ng key public and private sector instrtutrons concerned wrth 
Lima's environment They graciously attended and contributed rn many committee and 
subcommittee meetings, reviewed materrals, assisted with data collection and gave their advice 
Raoul Tolmos (Consejo Nacional del Ambrente, CONAM) was particularly helpful 

USAIDIPeru financed the project, with monies from the Environmental Initiatives for the 
Americas program, as part of the SENREM Project conducted by USAIDFeru and Peru's National 
Councrl on the Envrronment (CONAM) Alan Davis (Vice-Director) and Edilberto Alarcon 
(Environmental Officer) of the Office of Rural Development, USAIDFeru directed the project, and 
Mr Alarcon was the Project Officer These two indrv~duals helped the project team extensively in 
overcomrng obstacles and making things happen 

Many other people provlded help, and the team is indebted to them even though we have not 
named them here The views expressed in this report, however, are those of its authors and do not 
necessarily reflect those of USAID, the Governments of Peru or Lima, or others who have assrsted in 
the project 
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EXECUTIVE SUMMARY 

Thls report surnmanzes the fmdmgs of a comparative nsk analysis (CRA) of the environmental 
problems affecting Metropolitan Llrna, Peru CRA is a systematic process that is especially helpful for 
setting priorities for a geographic area that faces many environmental problems but has insufficient 
resources for managing all of them In the CRA process, individuals representing a wide range of 
concemed mstitutions work together first to mvestigate, understand and rank the environmental 
problems and then to declde what to do about the most senous of them The first half of this process has 
been completed in Lima thus far, resulting m a detailed evaluation and priority ranlung of the 
metropolitan area's environmental problems 

The U S Agency for International Development (USAID) mission in Peru contracted for this 
study and directed ~t The project had two objectives 

Study Lima's environmental problems and the health risks they pose and use a systematic 
process to rank them in priority order, and 

# Do this in a participatory manner, mvolving representatives of all the key mstitutions concerned 
with environmental management m Lima, thus encouraging a broad-based consensus on the 
resulting prionties and promoting future inter-institutional collaboration for addressing them 

The project was performed in 1996 and 1997 by a project team of six Peruvian and U S 
env~ronrnental consultants and two committees (a Technical and a Steering Committee) of more than 
30 representatives of Peruvlan institutions concemed with environmental management in Lima The 
committees guided the work of the project team during several meetlngs along the project development 
The project team gathered existing environmental data for Llma and estimated the health risks likely 
to result from different environmental problems Using the project team's draft reports, the Technical 
Committee compared Lima's problems and ranked them by the relatlve magnrtude of the adverse human 
health impacts they cause The Steering Committee considered the technical, economlc and social 
feasibility of addressing each of the environmental problems and developed a different ranlung 
lndlcating whlch of them should receive the most management prlority 

The fo l lomg ranlung developed by the Technical Committee indicates the relatlve degree to 
which the different environmental problems pose health nsks to Lima's population (Table ES-1) The 
ranked problems were also subdivided Into three risk categories high, intermediate and low risk, as 
shown below (Table ES-2) 

ES-I 
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Table ES-1 Relatlve Health a s k s  from Envlronmental Problems In Metropolltan Llma 
(Ilsted ln descending order of rak) 

Table ES-2 Ranlung of Env~ronmental Problems In R~sk  Categor~es 

Limited coverage and erratic service by the water supply system 
Limited coverage of the sewerage system 
Solid wastes 
Contamtnated surface water 
Contamination and overexploitation of groundwater 
Food contamination 
Air pollution (outdoor) 
Contamination of the sea 
Toxtc substances 
Hazardous solid wastes 
Air pollution (indoor) 
Loss of agricultural land and green areas 

H~gh R ~ s k  
Limited coverage and erratic service by the water supply system 
Limited coverage of the sewerage system 
Sol~d wastes 

Intermed~ate R ~ s k  
Contaminated surface water 
Contamination and overexplottation of groundwater 
Food contamination 
Air pollution (outdoor) 
Contamination of the sea 

Low Rzsk 
Hazardous solid wastes 
Toxic substances 
Air pollution (indoor) 
Loss of agricultural land and green areas 

- 

A detailed analyses of the anatomy and nature of each problem indicates that -- currently -- the 
impact on the health of Lima's population resulting from exposure to biological agents IS far more 
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important than exposure to chemical pollutants However, information on chemical contamination of 
different envlronmental media In Llrna IS very limited and often msuficient for conclus~ons about health 
risks 

B Anatomy and health r~sks of L~ma's envlronmental problems 

1 Lrm~ted coverage and erratic servrce by the water supply system Thls IS the major 
env~ronrnental factor contrlbutmg to unsanitary condlt~ons and high rates of infectious diseases in Lima 
Plentiful clean water in the home is critical to good hyg~ene About one quarter of Lima's populatlon 
IS without a direct water supply connection and nearly 40 % of the households served by the publlc 
system share a communal connection w t h  multlple households Service is often intermlttent and 
discont~nuous Individuals with no or limlted water service often must obtain water from sources of 
dubious quality and store it, prov~dmg further opportunity for contamination These individuals use very 
l~ttle water for sanitary purposes and must pay h~gh rates for it Diarrhea Incidence in Lima is estimated 
to be about 2 1 cases per person per year, corresponding to a total annual number of cases of more than 
14 m~lllon At least 30 % of such cases are water-related, for a total of more than 4 million cases per 
year It is estlrnated that extending water connections to all Lima residents would reduce the annual 
number of gastrolntestmal illness cases by about 1 4 million Further reductions would occur if more 
rellable servlces were provided to those already connected, but these could not be estimated 

2 Lim~ted coverage of the sewer system This is also a very important environmental factor 
contributing to unsanitary conditions and high rates of infectious dlseases in Llma Only about 72 % 
of Lima's populatlon is connected to the sewer system Others use latrines or septlc tanks, or have no 
facllitles at all In areas without sewers, human fecal materlal remains where it can be contacted by 
people or spread by animals and vectors, and where it can further contaminate food and water supplies 
Since many infectlous diseases are transmitted by the fecal-to-oral route, conveying human waste away 
from where people are llkely to come m contact with lt will significantly reduce exposure As wlth 
water supply and service, deficiencies in sewerage contribute to a large fractlon of the more than 4 
million cases per year of diarrheal diseases in Llma that are water-related We estimate that extending 
sewer service to the entire population of Lima would avoid about 1 3 million cases per year 

3 Solid wastes Health nsks from solld wastes are concentrated in the poorer areas of the city 
with minimal refuse collection, but the entire population of Lima can be affected About 65% of solid 
waste is collected, but only 33 % of that is disposed of In one of the city's two sanitary landfills, leavlng 
more than 70 % of Lima's solld waste discarded m streets, vacant areas, rlver banks and informal dumps 
Uncollected and improperly disposed solid waste supports vectors (rats, insects, dogs) that are important 
in infectious disease transmission However, transmission of Infective agents by thls pathway is judged 
to be less direct and significant than by other means, such as lack of water and sewers Informal burnlng 
of solid waste contributes about 10% of the particulate matter m Llrna's air At least 10,000 individuals 
~nvolved in collection, informal recovery and recycling of materials from solid waste face addit~onal 
risks 
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4 Contammated surface water The k m a c  river provides 61% of the water supply for the 
SEDAPAL system (the remainder comes from wells), which serves approximately 75% of the 
population At the SEDAPAL treatment intake point, the h m a c  has high bacterial and metal 
contammation fiom upstream communities and mmmg, and water quality approaches that of sewage as 
the river moves further through the clty Treated water shows low and acceptable levels of most 
pollutants and good levels of chlonne residual Assumlng that tap water quality is similar, we estimate 
m~nimal risks to Llma's population from &dung this treated surface water Thus, even though the river 
is highly contaminated, its lughest volume use -- for d r i h g  water -- results in little health nsk A risk 
of 20 8 additional cancer cases per year due to arsenic in the water and 1 75 additional cases related to 
trihalomethanes were calculated Significant nsks fiom contaminated nver water come from other routes 
of exposure using it directly for drinlung, washing, preparing food or cleaning implements, irrigation 
of food crops, recreation, or washing clothes Contaminated river water may also affect ground water 
through percolation and recharge, or it may infiltrate through cracks into pipes carrying treated drinlung 
water No data are available on the extent to which these drect exposures to contaminated surface water 
occur, but the Technical Committee thought them to be important 

5 Contamrnatron and over-exploitahon of ground water Perhaps half of Lima's population 
relies on underground water, either through SEDAPAL (which obtains 38% of its water from 
underground) or through several hundred community and private wells used by most of the population 
not connected to the SEDAPAL system Most of SEDAPAL's wells have acceptable bacteriological 
water quality and are chlorinated, but risks may be associated with non-SEDAPAL wells, about which 
little is known Non-SEDAPAL wells are often poorly constructed and their water is rarely disinfected 
before use, so microbiological contamination is likely common In 1996, total morbidity for water- 
related infections in Metropolitan Lima was estimated at 4,235,059 A quantitative estimate of the 
relative contribution of contaminated underground water to this morbidity total cannot be made, but we 
believe that it probably constitutes only a moderate proportion of the total number of cases Detailed 
information on chemical contamination of underground water is lacking Nitrate levels exceed the 
standard in some SEDAPAL, wells, potentially leading to cyanosis in infants fed with formula made with 
ground water, but this is likely quite rare Of greater concern is the inference that if surface activities 
have caused significant contamination of ground water by nitrates, other surface pollutants that are 
typically not monitored for in ground water (pesticides, heavy metals, hydrocarbons) may also be 
present The Technical Committee was also very concerned about heavy use of ground water exceeding 
natural recharge, resulting in a falling water table, dry wells, increased pumping costs, and salt water 
intrusion in coastal areas In the future, large health risks will result if Lima's growing population 
cannot obtain the quantity of water needed for baslc sanitary practices 

6 Food contamrnatron Food may be contaminated by biological or chemical agents Food 
becomes contaminated by biological agents through unsanitary preparation by street vendors and in the 
home, use of untreated sewage for crop irrigat~on, discharge of untreated sewage into the ocean, 
contaminating seafood, and washing food with contaminated water Most of the population of Lima 
likely faces health risks though eating contaminated food Studies carried out in different countries 
indicate that food contributes to approximately 70% of the total incidence of gastrointestinal infect~ons 
Applying this evidence to Lima, we estimate that food could contribute to nearly 10 million cases per 
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year of diarrhea and other gastrointestinal illnesses annually in the c ~ t y  Despite the many cases of 
infectious disease transmitted through food, the Techn~cal Committee believed that their prevalence 
should be regarded as a general problem of san~tat~on rather than specifically as a problem of food 
contammation Wh~le food may often prov~de the means by whlch an lnd~v~dual contacts the ~nfect~ous 
agent, it is often the lack of water, the lack of sewers, contaminated water, uncollected garbage and 
vectors that create the unsanitary cond~t~ons in the first place Information on chemical contamination 
of foods in Lima is very lim~ted and insufficient for conclusions about health risks Some data suggest 
h~gh  levels of metals m seafood and a need for further mvestigation of pesticide residues in food, whlch 
could exceed levels of concern A hazard ~ndex of 0 85 -- very near the level of concern -- was 
calculated for Aldlcarb, one of the few pesticides which has been measured in some vegetables 
consumed m the typlcal d ~ e t  of the population 

7 Air pollut~on (outdoor) Lima's air pollut~on is ma~nly caused by motor veh~cles and 
mdustry, w ~ t h  important additional elements such as burning sol~d waste Little attention has been given 
to this Issue The available monitoring informat~on m L ~ m a  1s scattered, d~scontinuous, sometimes 
conflicting and thus ~nsuffic~ent to provide a confident picture of the typical ambient concentrations to 
wh~ch the general population is exposed The ambient concentrations of most of the alr pollutants 
monitored in Lima exceed the health-base standards from World Health Organ~zat~on (WHO) and the 
U S It is estimated that the contaminatlon caused by suspended particles is probably responsible for 
330 - 2200 premature deaths and an average loss of 0 9 - 5 6 days of productive act~vity per person per 
year Sulfur dloxide IS probably respons~ble for between 320 - 2300 premature deaths per year and an 
average of 0 3 - 2 0 days of resplratory problems per person per year Lead in the air IS also respons~ble 
for IQ level reductions of 0 6 - 1 6 po~nts on average in children, as well as causing 212 - 588 premature 
deaths per year in L~ma Air pollutant health effects estimates -- which seem to suggest that air pollut~on 
is among the h~ghest risk environmental problems m Lima -- are regarded by the Techn~cal Committee 
as highly uncertain The Technical Cornm~ttee was also uncertain about the extrapolatlon to Lima of 
pollutant dose-response relationships developed elsewhere 

8 Sea pollut~on Nearly all of L~ma's domest~c and industrial wastewaters are discharged 
untreated Into the sea, which results m health risks through contaminated seafood (see food 
contaminat~on) and swrrnming at contammated beaches Peru's bacteriological swlmmmg standards are 
exceeded at 30 - 40 % of Lima's beaches A study of swimmers along Miraflores Bay found increased 
r~sks of gastrointest~nal and resplratory ~llnesses A very rough extrapolat~on of relationships found in 
studies in other countries suggests that contamination at Llma's beaches may cause between 50,000 - 
150,000 cases of gastro~ntestinal and other illnesses each summer 

9 Hazardous solid wastes Hazardous sol~d wastes are produced by hospitals, industry and 
households Virtually no quant~tative information is available on the volume, treatment or dest~ny of 
hazardous wastes In Lima However, it IS est~mated that hospitals produce around 30 tonslday of 
hazardous waste, of wh~ch 15 4 tons is contammated with biolog~cal materials Sol~d waste generated 
m the households of the whole city ~ncludes 37 5 tonslday of b~ocontaminated residues Hazardous 
chemical waste is mainly generated in industrial activities but there are no confident estimates of 
volumes produced or final dest~ny Some hazardous waste is sent to one of the two sanitary landfills, 
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a small fraction of hospital wastes is mcmerated, and the rest meets a fate slrnilar to non-hazardous solid 
waste We expect that hazardous waste prunanly affects individuals who collect, transport, work with 
or recycle solid wastes, as well as those living near dump sites Although hazardous waste may contain 
very toxic or infectious substances, its relatively small quantity and the limited exposure to it probably 
result in modest health risks across the entlre population 

10 TOXIC substances Existing data on toxic substances in Lima are scattered and l~mited In 
most instances where metals or pesticides have been measured, they occur at levels that are not expected 
to cause significant health effects Levels of the following toxic substances appear in concentrations 
potentially of concern metals in seafood, the pesticide Aldicarb in several foods, arsenic and 
dis~nfectlon byproducts in drinking water Lead is a toxic substance of special concern Three small 
blood lead studies in Lima suggest significant health problems (premature mortality among adults and 
impaired mental development among children), but the studies are neither recent nor necessarily 
representative Lead in Lima's ambient air often exceeds WHO and U S standards 

11 Alr pollutron (indoor) Essentially the air indoors is outdoor alr, with add~tional 
contributions from some domestic activities that require fuel burnmg (food preparation, heating, lighting 
where there IS no electricity) and habits such as smolung Indoor alr pollution is not expected to pose 
high health risks in Lima largely because most dwelling units are well ventilated and not fully enclosed 
Several housing characteristics can increase rlsks, though overcrowding, shops and workshops In 
dwellings (approximately 60 thousand), use of kerosene for cooking and lighting, candles used for 
Ilghting, and smolung Some preliminary studies about indoor pollution m Lima , have found that the 
concentration of gases (CO, NO, and SO2) were within recommended levels, but particle concentrations 
often exceeded standards accepted by the international scient~fic community The most serious aliments 
claimed as relating to indoor air quality questions were headaches, insomnia, fatigue, throat irritation 
and respiratory infections These effects may have been due to external cond~tions (such as outdoor 
pollution, noise, vehicle traffic, dustfall, humidity and temperature) rather than specifically to indoor 
sources In Lima, lung cancer incidence is very low (250 cases per year) and smoking is a lesser 
contributor to indoor pollution than it is elsewhere 

12 Loss of green areas and agr~cultural zones Agricultural land within metropolltan Lima 
has disappeared at a rapid rate, declining from 90% of the area in 1940 to 5% in 1992 At the current 
rate of conversion, agricultural land will totally disappear by 2010 Parks and green areas are similarly 
l~mlted Lima has now 1 9 square meters of park land per inhabitant relative to the internationally 
recommended value of 8 square meters per person Despite these deficiencies, loss of green areas and 
agricultural zones has only a small and indirect effect on health Loss of these areas reduce the capacity 
for attenuation of air pollution, and reduces the rate of recharge of ground water (ingation of these areas 
is a major source of ground-water recharge) Their loss also makes the landscape less attractive and 
reduces the opportunities for recreation, thus decreasing the general quality of life in the city On the 
other hand, the reduction in agricultural lands may Improve the health of the population by reducing 
agr~cultural pollution- pesticides, nitrates and pathogens on foods that have been irrigated with sewage 
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C Prrorrty Ranlung of Envrronmental Problems m Lrma 

The Steering Committee developed a pnority rankmg of problems to reflect the relatlve level 
of management attenhon that should be given to each (Table ES-3) The Committee cons~dered not only 
the severity of each problem in terms of the health risks a poses, but also welghed a range of factors 
relating to current abilities to address the problems economic, socio-economic, political and 
institutional, technical and sc~entific 

Table ES-3 Prror~ty Ranlung of Envrronmental Problems 

Llm~ted coverage and erratic servlce by the water supply system 
Contaminated surface water 
L~mited coverage of the sewerage system 
Solid wastes 
Food contamination 
Contamination and overexplo~tation of groundwater 
Contamination of the sea 
Air pollution (outdoor) 
Hazardous solid wastes 
Toxic substances 
Air pollut~on (indoor) 
Loss of agricultural land and green spaces 

Thls pr~ority ranlung IS very close to the health r ~ s k  ranklng of the problems developed by the 
Technical Comm~ttee The top prlonty problems are a set of Interrelated issues concerning water 
supply, water contam~natlon and management of human wastes In addltlon to health risks, these 
problems cause significant diminution of the quallty of l~ fe  in Lima Limited, unreliable and unclean 
water supplies represent not only a sanitat~on problem, but also high cost, inconvenience and worry for 
many famllies The only problem ranked more than one place d~fferently In the health risk and prlority 
rankings was contaminated surface water It was considered to warrant more attention than its health 
risks alone might suggest for two reasons the close ~nterconnect~on between surface water 
contamination and many other problems (~mprovmg surface water quality w ~ l l  help to solve other 
problems), and the mtensive effort needed to coordinate the mult~ple ~nstitut~ons in Lima and upstream 
that affect river water quality 

The Steering Comrn~ttee emphas~zed that the priorlty ranking represents the overall level of 
attention that should be given to each problem now, but does not necessarily reflect how add~tional or 
future environmental management efforts and resources should be allocated A survey should be 
conducted of environmental management inst~tut~ons in Lima to determine the status of current and 
planned activlt~es m each of the problem areas This would Identify 1) problems that, even though they 
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are high priority, are receiving adequate attent~on currently, and 2) problems that m~ght be somewhat 
less pressmg, but which are receiving virtually no attent~on currently Environmental trends wlll also 
be Important The nsk raniung and pnority ranlung reflect the current status of problems in Llrna Over 
tlrne, control efforts will lessen some problems while pressures of population and economic growth will 
worsen others k s k  management activities in Lima should include a component to ident~fy important 
trends and recognize opportunities to alter, adapt to or profit from these trends 

D Ranlung of Aggregate Problems 

The Project team and the two Committees considered that a separate ranking of aggregate 
problems should also de developed After all, environmental problems are strongly inter-related and the 
resulting risks are also tightly interdependent (Figure ES-1) For example, limited coverage and erratic 
water supply services, limited coverage of sewers and sanitation systems, contaminated surface and 
underground water, and food pollution are very tightly inter-related To d~fferent extents, they all 
contribute to the high Incidence of gastro-intestma1 diseases in the population of Lima 

In addition, the relative rank~ng of problems is also influenced by their operational definition 
and categorization Aggregating them according to their nature could change the weight of the overall 
health risk and result in a different ranking The ranking of aggregated problems as developed by the 
project team is shown m Table ES-4 

Table ES-4 Ranlung of Aggregated Environmental Problems 

Limitations in coverage of water and sewerage infrastructure 
Contamination of waters (surface, groundwater, sea) 
Food contamination 
Air pollution (outdoor and mdoor) 
Solid wastes (domestic and hazardous) 
TOXIC substances 
Loss of agricultural land and green areas 

E Recommendations Regarding a s k  Management 

This project intentionally concentrated on assessing Lima's environmental problems in order 
to provlde a firm foundation for future efforts to manage them effectively The project has not included 
a risk management phase, such intensive management planning efforts will likely be the subject of 
future projects funded by a broader range of supporters The Steering Committee recommends that 
remaining project h d s  be used to develop background information useful for a full risk management 
planning effort that would continue the multisectoral, participatory process begun in this project The 
planning effort should consider both narrowly focused initiatives addressing key parts of high priority 
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problems and broader measures to improve the envlronmental culture of the clty that address multiple 
problems simultaneously Some broad initiatives might include improving environmental education, 
improving the efficiency of water use, and lmprovlng the quality and availablllty of environmental 
~nformation 

F Recommendat~ons Regarding Env~ronmental Informahon 

In the course of this project we searched for and assembled existing information on each 
environmental problem m Lima Some significant information gaps became apparent In some cases 
these gaps might be addressed by one-tlme sampling efforts or studies, and in other cases a more 
expenswe, ongoing, long-term monitoring program would be necessary Recommended monitoring 
would include 1) a systematic air qual~ty monitonng network, and 2) an improved and expanded 
summer monitonng program at swunmlng beaches Additional studies might focus on 1) sampllng to 
characterize the levels of lead m the blood of Lima's populat~on, 2) characterue the quallty of indoor 
alr m households of different soclo-economic sectors, 3) investigating the level of toxic substances m 
food and dnnks, 4) collecting information on the sources and quality of household drlnking water for 
those not served by SEDAPAL, 5) studying quality of water at the tap for a wide varlety of households, 
6) developing an inventory of major lndustrlal pollution sources, and 7) better understanding the 
generat~on and disposition of hazardous wastes In the metropolitan area 

In addit~on, it is crit~cal that complete ~nformation on the quality of Lima's environment be 
available to its citlzens Successful environmental management efforts depend on public support wh~ch 
m turn depends on the publ~c's knowledge about envlronmental conditions, problems, rlsks and potential 
solutions Governmental organuations and NGOs should seek to raise public awareness and knowledge 
on environmental issues and increase public involvement in environmental decisions Means should be 
developed to ensure that environmental information is accumulated, maintained, and made available to 
the public 
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Sol~d Waste Pollut~on 



SECTION I 
INTRODUCTION 

This report is the result of a comparative risk analysis (CIJA) project carried out in Metropolitan 
Lima, Peru CRA is a systematic process that can help in setting priorities for a geographic area that 
faces many environmental problems but has insufficient resources for managing all of them In the CRA 
process, individuals representing a wide range of concerned institutions work together first to investigate 
and understand the environmental problems and then to decide what to do about them This report 
surnrnarlzes the conclusions of the first half of the CRA process m Lima, which has resulted in a detailed 
evaluation and priority ranking of the metropolitan area's environmental problems 

A Background 

Lima in many ways is typical of other large capital cities in developing countries Commercial 
and industrial growth has increasingly concentrated m the country's primary city Perceived economic 
opportun~ty in the capital has drawn great numbers of immigrants from poorer rural areas Since 1961, 
the populat~on of Metropolitan Lima has grown at an annual average of 3 9 %, while that of the 
remainder of the country has grown at only 2 6 % annually, about 2/3 as rapidly Lima now 
encompasses 29 % of Peru's population, but more than half of the country's economic activity and 65 - 
70 % of its industry 

The concentration of population growth and economic growth in Lima has produced in the city 
a paradoxical combination of both some environmental problems stemming from poverty and others 
caused by increasing affluence 

Much of Lima's population growth has occurred in numerous informal new settlements (called 
pueblos jovenes, or "young towns") on the barren hills on the city's periphery, where development of 
environmental infrastructure -- p~ped drinking water, sewers, garbage collection and disposal -- has not 
kept pace with needs Overall, 25 % of the city's population is without direct water service and another 
30 % of the population relies on communal connections shared with other households 28 % of the 
population is not connected to the sewer system, and virtually none of the city's sewage is treated before 
discharge to rivers, the sea, or agricultural fields Only about two thirds of the solid waste generated in 
Lima is collected and only about one third of that is disposed in sanitary landfills, leaving about 80% 
of solid waste on streets or in informal dumping areas This lack of basic sanitation services contributes 
to high rates of infectious diseases In 1991 and 1992, for example, roughly 40,000 cases of cholera 
were reported in Lima in the most serious outbreak of this d~sease in several decades 

Uncontrolled pollution from economic growth in Lima causes different sorts of problems 
Lima's growing industrial sector IS virtually unregulated, d~scharging nearly all of its wastes into the air, 
water or land without treatment Vehicle traffic and emissions are increasing sharply, with the vehlcle 
fleet increasing by 23 % during the period 1993 - 1995, while population increased by only about 6 % 
As a result, the levels of suspended particulate matter in Lima's alr are more than double the standards 
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prescribed by the World Health Organization (WHO) Airborne sulfur dioxide, lead and carbon 
monoxide also now exceed WHO standards in many parts of the Metropolitan area 

Population and economic growth together are combin~ng to stra~n Lima's natural resource base 
L~ma has a desert climate, with rainfall averaging only 7 - 10 mm per year Nearly 100 % of the water 
from the three rivers in the metropolitan area is withdrawn and used, leaving the rivers as trlckles when 
they flow into the sea The remamder of the city's rapidly growing water needs are met by ground water 
Pumping of ground water significantly exceeds natural recharge, causing a decline of the underground 
water table by about two to four meters per year and increasing the extent of salt water intrusion into 
formerly fresh water aquifers Rapid urbanization is also consuming Lima's green and agricultural areas 
-- necessary for crop production, recreatton, ground-water recharge and aesthetics -- at an alarming rate 
Over the last fifty years, the percentage of the metropolitan land area devoted to farming has decreased 
from 90 % to 5 % 

Fortunately, it is now widely recognized in Lima that this Increasing environmental degradation 
threatens continued and sustarnable economic development Pollution causes serious health damages 
among the population, reducing their quality of life and economic productivity Pollution and 
mismanagement diminish the resources that are needed by important sources of jobs and incomes 
rndustry, agriculture, tourism and fisheries Pollution degrades the aesthetic quality of life in the city, 
wlth garbage, dirt, odors, reduced recreational opportunities, nolse, and fear of diseases from exposure 
to pathogens and toxic chemicals Recogniz~ng these damages, local, national and international 
organizations are all taking important steps to improve the management of L~ma's environment For 
example 

The municipalities of Lima and Callao within the last few years have established environmental 
management departments In January, 1996, Lima completed a comprehensive three-year plan 
for the environmental recovery of the metropolitan area The city has prepared a major project 
for environmental infrastructure, monitormg and management in the historic center area, and is 
now seeking bank loans to implement it 

The national government of Peru created at the end of 1994 a National Council on the 
Environment (CONAM) charged with formulating, coordinating, directing and evaluating 
national environmental pol~cy With assistance from USAID, CONAM is now developing a 
system of norms and standards for the economic sectors respons~ble for the bulk of pollution m 
Peru Several national agencies (e g , Ministry of the Presidency, Mrnistry of Health, National 
Meteorology and Hydrology Service) have developed special projects focusing on aspects of 
Lima's environment For example, the Minlstry of the Presidency is lmplementlng the 
PROMAR project to eliminate pollution of the coastal waters and beaches along most of Lima's 
shoreline 

International donor and lending agencies are focusing an Increasing portlon of their assistance 
to Peru on urban environmental issues USAID/Peru in its 1995-96 Action Plan adopted for the 
first time explicit objectives involving urban environmental problems USAIDPeru has begun 
implementing a 5-year project for Sustainable Environmental and Natural Resources 
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Management (SENREM) SENREM includes several components that will contribute to better 
environmental management in Lima 1) establishing an improved legal, regulatory and policy 
framework, 2) expanding public awareness on environmental issues and strengthening prlvate 
sector advocacy organizations, and 3) supporting small environmental improvement 
demonstration projects The World Bank and the Inter-American Development Bank conduct 
at least four major urban environmental loan programs In Peru, totaling several hundred million 
dollars The European Union, Japan, Germany and other countries also provide assistance 

Numerous local non-governmental organizations have been established in Lima devoted to 
environmental issues -- commun~ty activist groups, consulting firms, research institutions, 
development groups Their growth is partly because of popular concern for the environment, 
partly due to the need for environmental consultants to contribute to industrial and infrastructure 
development projects, and partly because of a demand for Peruvian environmental experts to 
implement forelgn assistance projects 

In view of the numerous serious environmental problems affecting Lima and the rap~dly growing 
set of inst~tutions that can contribute in addressing them, there are two critical needs in order to organize 
future activities effectively 

1 A rigorous, careful declsion on environmental prior~ties Available resources are very 
far short of what would be needed to solve all of Lima's environmental problems 
Choices must be made Which problems are most serious and deserve the most 
attention? What exactly should be done about them? 

2 Consensus among the institutions involved in environmental management in Lima on 
the priorities and an action plan Given the w~de  dispersal of environmental 
responsibilities among different institutions (no institution has a lead role), it is critical 
that all participants share a common vision of what should be done and who should be 
responsible for implementing the different portions of the plan 

This CRA project is designed to contribute to meeting these two specific needs In so doing, it 
is intentionally somewhat different than other recent environmental planning efforts relevant to Lima 
(e g , the munic~pality's plan for environmental recovery, the Peruvian National Environmental Actlon 
Plan) The CRA aims to make choices about priorities among environmental problems rather than to 
develop a lengthy list of recommended actions for every problem The CRA process involves 
participants from a wide variety of institutions in a democratic, consensual process rather than be~ng 
directed by a single organization 

B Project History 

This CRA of Metropolitan Llma was carr~ed out under contract with USAIDPeru Funding was 
provided by USAID's Environmental Initiatives for the Americas program, intended to contribute to 
environmentally sustainable development throughout the hemisphere The work was directed by 
USAID/PeruYs Office of Rural Development, Alan Davis, Vice Director and Edilberto Alarcon, 



Environmental Officer USAIDPeru developed the project to help in determining cost-effective 
environmental policies and programs in Lima and perhaps more generally in other urban areas in Peru 
for both USAID and Peruvian governments 

Representatives of many Peruvian mstttutions, Including the public and the pnvate sector and 
local, regional and national governments, participated in the study The institutions committed to 
support the study by providing policy officials and technical experts to serve on the study's Steering and 
Technical Committees and by providing whatever relevant data they had available The study is not, 
however, the responsibility or the product of any of the participating Peruvian institutions None of the 
institutions have formally reviewed or approved the study's conclusions, although we expect that the 
institutions would be likely to agree with the conclusions given the participation of key individuals from 
each institution The study thus represents a product contracted for by USAIDPeru that was developed 
with extensive support from the Peruvian government and other groups, but the study does not 
necessarily represent the policies or judgments of any of the groups 

The study began in May, 1996 in Lima A project team of three U S and three Peruvian 
environmental experts worked to define the approach, a work plan, and the 11st of information needed 
for evaluating Lima's environmental problems Two cornrnlttees were established to guide the project, 
consisting of individuals from institutions with responsibilities and expertise on environmental 
management in Lima The Steering Committee was charged with directing the project generally, making 
decisions about its scope and methods, resolving issues, facilitating contributions from the institutions 
that the members represented, and ultimately ensuring that the project would be as useful as possible 
The Technical Committee was charged with identifying data sources, making judgments about issues 
when data was lacking, and producing the eventual ranking of the relative severity of Lima's 
environmental problems Individuals were hired to serve as administrative coordinator and as technical 
facilitator for the committees An environmental non-governmental organization (the Oficina de 
Asesoria y Consultoria Ambiental, or OACA) was retained to provide administrative and logistical 
support for the project 

From June through November of 1996, the committees met approximately monthly and the 
project team collected and analyzed data on the environmental problems The data and analysis were 
reported in a set of 10 papers covering the problems Based on the information in the papers, the 
Technical Committee then developed a ranking of the problems in order of their relative severity and 
the Steering Comm~ttee developed a somewhat different ranking of the priority that should be given in 
addressing each problem The project team drafted thls summary report, presenting a profile of Lima's 
environmental problems and describing the rankings and recommendations of the committees The draft 
report was circulated for comment and suggested revisions to USAID, the committee members, and a 
panel of environmental experts in Lima who had not previously been involved in the project Several 
outreach activities will conclude the project during 1997, including a large public meeting to present and 
discuss the project's conclusions 

The project thus concludes with a thorough and widely shared understanding of Lima's 
environmental problems and a preliminary ranking of the priority that should be given to addressing each 
problem This constitutes essentially the first half of the CRA process The remainder of the process -- 
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deciding what to do about the most senous problems -- remalns to be completed USAID hopes that the 
successful work to date in evaluating the problems and the cooperative relat~onships that have 
characterized this work will provide a persuasive foundation for continuing the CRA process Following 
the public meetlng concludmg this project, USAID will convene the participating institutions and other 
potentially interested donor agencies to determine how to formulate and evaluate specific strategies for 
ameliorating the highest priority environmental problems in Lima 

C Organlzat~on of the Report 

This report consists of two parts In the first part, following this Introduction (Section I) is a 
section which presents the key findings and recommendations of the project This second section ranks 
Lima's environmental problems according to the health risks they pose, presents a priority ranking of 
the problems, and provides recommendations regarding environmental information needs and future 
steps in risk management Section I11 then descr~bes the comparative risk analysis methodology as it 
has been applied in the past and here in Lima 

The second part of the report mcludes 12 papers Two introductory papers provide background 
on the city and on the institutions involved in the city's environmental management Ten papers then 
cover the environmental problems in Lima, providing for each problem a summary of the available 
information and an analysis of the health risks lt poses We have also included an appendix describing 
in more detall the health risk analysis methods from the United States Environmental Protect~on Agency 
(EPA) that were used in t h ~ s  project Bibliographic references for some papers are included in the 
relevant sections and in other cases they are compiled into a summary at the end of the report 



SECTION I1 
FINDINGS AND RECOMMENDATIONS 

In this project, we have compded mfo-on on the current environmental problems m Lnna We 
have then analyzed it wth the am of estrmatmg the health nsks that each problem poses Papers 
s u m m m g  these mvest~gat~ons were presented to two comrmttees of experts (a Tecbcal  and a Steemg 
Comt t ee )  They represented the mst~tubom mvolved m envlronmental pohcy development and 
management m Llma The comrmttees developed two ranlangs from the project 

A nsk ranlung Lnna's enwronmental problems were ranked m order of thelr relabve 
seventy ' h s  was measured by the extent to whch they pose potent~al health nsks 

A pnonty ranlung This radang com~dered both the seventy of the environmental 
problems and the degree to whch each mght successllly be addressed The pnonty 
r e g  mhcates the relave level of management attenbon each problem should receive 

The two rankmgs are presented and hcussed m t h ~ ~  secbon of the report In addibon, we prowde 
several broad recornmendabom for hture envlronmental management m Lima. 

A Ranlung of L~ma's Problems Accord~ng to Health hsks  

For each enwronmental problem m Lima, we acqulred data on the emssions and ambient 
concentrabons of relevant pollutants and on human exposure to them These data for Lima have been 
combined with mformaaon from mternabonal sources on how these pollutants affect human health 
Estimates were developed of the number and type of adverse health impacts likely to result from each 
problem The Techcal Comt tee  then ranked the environmental problems based on the magmtude and 
seventy of these adverse health impacts 

Although grounded m science, comparabve nsk analysis also depends strongly on qualitabve and 
subjechve judgment Avadable mfonrwhon on both levels of pollutants and their potenad effects is h t e d  
and uncertam The Tecbcal  Comrmttee's summary judgment on each environmental problem lnvolved 
combmg mformabon about magmtude and seventy mth an understandmg of the quality and blases of 
the underlying data. 

Table IT-1 sumrnanzes the Comttee 's  rankmg of env~ronrnental problems m Lima based on the 
health risks they pose The ranked problems were also subdiwded Into three nsk categones hgh, 
mtermediate and low as shown below (Table 11-2) 
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Table 11-1. Relabve Health Risks From Envlronmental Problems 
m Metropolitan Llma 

(Listed rn descendrng order of nsk) 

Limted coverage and errahc semce by the water supply system 
Lmted coverage of the sewerage system 

Contarmnated surface water 
Contammahon and over-exploitahon of ground water 
Food contammahon 
h pofluhon (outdoor) 
Contammahon of the sea 
Hazardous solid wastes 
TOXIC substances 
h r  polluhon (mdoor) 

Table 11-2. Ranking of Envlronmental Problems In k s k  Categones 

Hrgh Rlsk 
Lirmted coverage and errattc service by the water supply system 
Lirmted coverage of the sewerage system 
Solid wastes 

Intermediafe Rrsk 
Contammated surface water 
Contarmnahon and over-exploitahon of ground water 
Food contamahon 
h r  polluhon (outdoor) 
Contarmnahon of the sea 

Low Risk 
Hazardous solid wastes 
TOXIC substances 
h polluhon (mdoor) 
Loss of agnculturd land and green areas 

A detsuled analysls of the nature of each problem mdicates that the impact on the health of Lima's 
populahon resulhng f?om exposure to biologcd agents IS far more important than exposure to chermcal 
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pollutants However, mformation on chemcal contammaon of Merent enwonmental media m Lma 
s h t e d  and often mufficient for conclusions about health nsks 

The most mportant factors determmmg the rankmg of each problem are Qscussed below More 
deml is provlded m the papers mcluded m Smons  VI - XV of t h ~ s  report They descnbe each problem 
and how its health nsks were estunated 

B. Health &sks from L~ma's Enwronmental Problems 

L~m~ted coverage and errahc semce by the water supply system. Thls s the mqor 
enwonmental factor contnbutmg to unsarutaq condibons and hgh rates of mfecbous disease m Lima. A 
plentiful supply of clean water m the home is cnbcal to good hygene pracbces Th~s will reduce the 
transms1on of both water-borne hseases (e g , Qarrheal hseases and cholera) and a wde range of other 
mfecbons 

There are several gracWons m the extent to whch households m Lima face limted water semce 

About 25% of the populabon of Luna, ovenvhelmgly m poorer areas, is wthout a direct water 
supply connecbon These mdimduals have to use water fiom public standpipes, tanker trucks, shallow 
wells and neighbors Water fiom these sources IS lypically more expensive and of lower quality than water 
fiom the pubhc system Transporbng water fiom these sources to the home and stomg it is mconvement 
and costly It IS also likely to result m further contarmnat.lon Individuals not served by the pubhc system 
usually use only 5 - 20% as much water per day as mdividuals wth a domesbc water connecbon 

Among the populabon wrth connecbons, 39% share a communal connecbon wth mulbple 
households They also must deliver water to the home and store it 

Most of the population connected to the water system (mcludmg the 61% mth a direct connecbon 
m the home) face low water pressure and mtemttent servlce Stomg water is therefore necessary once 

Stonng water, whether m the home or outside, is llkely to lead to its contamnabon Informal 
storage contamers are often open and not protected agamst dust, msects or ammals In many cases, they 
are not equupped mth taps for smtary extraon of water Pumps mstalled to fill water storage contamers 
can create negabve pressure m the water distnbubon system, suckmg m sewage, waste water and 
contammated surface water 

Quantlfylng the nsks fiom madequate water servlce m Llma a exceedrngly dficult Th~s IS 

because of the many ways m which lack of water or contaminated water can affect health and the mulbple 
factors that can contribute to mfecbous dlsease Diseases whose transrmssion is strongly affected by the 
quant~ty and q d t y  of water supphes Include cbarrheal Illnesses, scabies, trachoma and more We esamate 
the annual number of Qarrheal Illnesses m L m  to be about 2 1 epsodes per person per year, for an annual 
total of more than 14 mllion cases At least 30% of such cases (more than 4 mllion per year) are water- 
related In addrt~on, water-related limtabons m hygene are responsible for at least 23,530 reported cases 
per year of scabies and trachoma Based on esbmates fiom studies around the world, we esbmate that 
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extending water connechons to Luna's entue current populahon would reduce the annual mcidence of 
gastrointestmal Illness by about 1 4 d i o n  cases Further reducbons m disease mcldence would result 
from provldmg more rellable servlce to those wth water connecbons already, but we were unable to 
develop a numerical esbmate of the benefits of such an unprovement 

h t e d  coverage of the sewer system. Approxlmately 72 % of Lima's populabon is connected 
to the sewer system The rest of the populatron uses p ~ t  latrines, sephc tanks or has no facilitres whatever 

In areas wthout sewers, human fecal matenal is deposited where it can come mto contact wth 
people or be spread by ammal and Insect vectors It can thus contarmnate food and water supplies Many 
infectious dlseases are transmtted vla the fecal-oral route Conveying human waste away fiom where 
people are lrkely to come m contact wth lt by usmg tollets and sewers wll s~gdicantly reduce exposure 
to mfect~ous agents Promlon of bdets and sewers has been found to be a mqor contributor to reducbon 
m the mcidence of diseases transnutted by the fecal-oral route However, ~ t s  Impact 1s slightly less than 
providrng m-house water supplies 

It IS not possible to calculate the exact health nsk associated wth madequate sewerage The types 
of diseases resultmg from madequate sewerage are those associated wth poor sa tabon generally It 1s 
difficult to separate effects due to deficiencies m any one aspect of sa tahon Inadequate sewerage 
however, contnbutes to a high proporhon of the more than 4 mll~on cases per year of diarrheal d~seases 
m Lima that are esbmated to be water-related Applylng eshmates from studies around the world of the 
effechveness of sewers m reducmg illness, we have calculated that extendmg sewer service to the enbre 
populahon of Lima would avoid about 1 3 mllion cases of diarrheal dlsease each year 

Sohd waste Health nsks fiom sohd wastes are concentrated m the poorer areas of the city whlch 
have nmmal refuse collecbon The enhre populabon, however, can be affected Approxlmately 65% of 
sohd waste IS collected, but only 33% of th~s is disposed of ln one of the city's two smtary landfills Th~s 
leaves more than 70% &carded m streets, vacant areas, nver banks and lnformal dumps The health nsks 
fiom sohd waste cannot be estmaied quantitatively The o r g a c  porbon of solid waste that is uncollected 
or that IS collected and improperly dumped supports many vectors (rats, msects, dogs) that are important 
m the transmslon of mfecbous dlsease Transmsslon of mfecbve agents vla this pathway, however, has 
been judged to be less s~gn~ficant than pathways mvolvmg lack of water and sewers Informal burmng of 
sohd waste IS responsible for about 10% of the suspended parhcles m Llma's atmosphere, contnbutmg to 
premature m o d t y  and respratory illnesses associated wth a r  pollubon The prachce of usmg untreated 
garbage as food for rmmg pigs contnbutes further health nsks through the consurnphon of pork products 
Other nsks are concentrated among the 10,000 or more mdlvlduals mvolved m collecbon and mformal 
recovery and recyclmg of matenals from solid waste 

Contammated surface water Of the three nvers m the metropolltan area, the hmac  is by far 
the largest and most unportant It provides 61 % of the water supply for the SEDAPAL water system (the 
remamder comes Erom wells), whlch serves 75% of the populatron At the Intake pornt for SEDAPAL's 
Atqea water treatment plant, the Ibmac n heavlly contarmnated wth mcro-orgasms and heavy metals 
from upstream cornmutubes and rmnes As ~t passes through Lima, the nver's quality approaches that of 
sewage 
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The Atqea plant treats water through coagulabon, sedunentahon, filtrahon and &smfecbon to 
produce hgh q d t y  dmkmg water SEDAPAL's momtonng data on the quahty of the treated water 
shows acceptable levels of m W c ,  non-meWc and orgmc substances More than 99 % of the samples 
taken from the &stnbubon system show good levels of chlonne residual Assurmng that the quality of 
water at the tap IS s d a r  to h s  data, we estunate muumal nsks to Luna's populabon from dnnlang treated 
surface water It is possible that there may be about 20 8 cases of cancer per annum due to arsemc and 
1 75 related to tnhalomethanes In effect, even though the nver water is hghly contarmnated, its use as 
the source of d h g  water for more than half of the popdahon results m little health nsk 

The Techcal Comnuttee, however, had two addhonal concerns The first relates to the 
concentrahon of heavy metals, such as lead, at the consumer's tap It is known that the hmac is heavily 
contarmnated by metals contamed m kulmgs and sludges &charged by mmng acbvlbes These 
concentrabons vary mth seasonal factors (especially ramfall) and m e  produrnon levels SEDAPAL 
provldes data on pollutant levels m d d a n g  water immediately follomg treatment at the water plant, but 
mformabon on the chemcal q h t y  of the water the consumers ulbmately receive is not avatlable 

A more unportant concern of the Techcal Comt tee  was that m many Instances people are 
exposed to contammated nver water du:ectly Although these other uses occur m a localized manner, they 
may produce sipficant nsks for exposed popuiabons The uses mclude 

Use of the nver water for dmkmg, washg, preparing food or clearung implements Many poorer 
commwhes along the banks of the nvers are known to do b s ,  

Img&on of food crops wlth contammated nver water, 

D ~ e c t  contact dunng recreabonal use or whle washmg clothes, 

Contammated nver water may affect well water used for d&g through percolahon and 
recharge, or it may Infiltrate through cracks mto pipes canymg treated dnnkmg water 

No data are avdable on the extent to whch these direct exposures to contammated surface water 
occur, but the Techcal Comnuttee thought them important 

Contammabon and over-expio~tabon of ground water Ground water is the source for 38% 
of the dmkmg water provided by SEDAPAL (whch serves 75% of the populabon) Most of the 25% of 
the populabon not served by SEDAPAL also relies on ground water Groundwater abstractions have 
mcreased by a factor of nearly 20 smce 1955 With the absence of precipitabon m Luna, recharge occurs 
only from the three nvers and through percolabon of water used for imgabon and leakage Abstracbon 
now sigmficantly exceeds recharge rates and the water table is fallmg by 2 - 4 meters per year This results 
m dry wells, mcreased pumpmg costs, and salt water mtrusion m coastal areas 

There are approximately 1,000 wells m Ltma Most of SEDAPAL's 360 wells have acceptable 
water qual~ty, 1 e ,95% of samples meet bactenologcal standards In 1995 however, 17% of wells had 
nttrate levels exceedmg the standard of 45 mg/L By our calcula~ons, 1,000 - 1,500 mfants fed mth 
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formula made wth ground water may be at nsk of cyanosis from such mtrate levels l h s  disease, 
however, is extremely rare wth no reported cases m L m a  

Although the health nsks from mtrates m ground water are small, conkmunabon of ground water 
by mtrates from surface sources suggests a connecbon between surface acbvlbes and ground water If 
surface act1~1b.e~ have caused s~gmficant con-on of ground water by mtrates, other surface pollutants 
that are typicaliy not monitored for m ground water may also be present These mclude pesbcides, heavy 
metals and hydrocarbons 

'The Techtcal Comt tee  was concerned about the nsks associated wth the 640 non-SEDAPAL 
wells, as httle IS known about them Many are used for mgabon or mdustnal purposes, but they are also 
used for small commulllty dom-c water supplies and as sources of water for delivery tankers The wells 
are often badly constructed (e g , too shallow or wthout adequate casmg and seals, thus allowmg easy 
Infiltration of contarmnants from the surface) The water from them is rarely disinfected before use 
Microbiologcal contarmnabon wdl be common and probably contnbutes to the total amount of water- 
related gastromtestrnal illnesses (4,235,0001yr) 

The Committee was also concerned about the use of nearly all of Lima's surface water and the 
overexploitabon of groundwater Sipficant health nsks vvlll result if Lima's growmg population cannot 
be provlded wth the quanbbes of water needed to support basic smtary prachces The measures bemg 
considered for mcreasmg Lma's water supphes -- transbasm &versions and mcreased water use efficiency 
-- however, are complex and costly 

Food contammatmn Food may be contammated by biolog~cal (viruses, bacteria, helmths, 
protozoa) or chermcal (pnmmly pesbcides and metals) agents Prachcally the enhre populahon of Lima 
IS exposed bough consuming food wth si@cant levels of these contarmnants Blologcal contamants 
are of greatest concern. Chemcal pollutants have not been studled m sufficient detal to l l l y  quantifjr thelr 
importance 

Many means exlst by wh~ch foods m Lima become contammated by biolog~cal agents These are 

Preparahon of food for public consumphon by establishments not meetmg hygemc cntena, 
especially street vendors 

Irngaon of agricultural zones wth untreated sewage or contarmnated water Currently, virtually 
none of Lima's domesbc sewage receives treatment but nearly 20% of sewage is used for crop 
mgabon 

D~charge of untreated sewage mto the sea contarmnates seafood 80% of sewage is discharged 
mto the ocean Fish and shellfish are commonly taken from contammated areas 

Washlng foods, pamcularly vegetables, wth contammated water and then eatmg them raw 

Unsmtary condibons for food preparabon m homes 
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Lttle quant&iiwe mformation emsts on the frequency mth whlch foods become contammated by 
each of these means Stu&es show that foods from markets and food stands m Lma are commonly 
contammated mcrobiologcally A 1995 analysis of market vegetables found that 37% of samples were 
contamuted wtfi protozoa and 12% wth helrmntfis SampZlng from 300 processed food vendors revealed 
55% to have unhyg~eruc con&bons, as judged by unacceptable concentrabons of fecal coMorm bactena 
4 - 8% of the foods sampled were also contammted wth pathogemc bactena (Salmonella sp , V cholera, 
etc ) 

In Lima there are many cases of mfecbous disease transrmtted through food or water, but  the^ 
number IS m c u l t  to estunate because of mulbple causes and substanbal under-reportmg of these illnesses 
Studies elsewhere have esbmated that food n hkely to be a route of transmssion m 70% of all cases of 
dmrrheal b a s e  Applylng ths to Lma, we estunated that contarmnated food could contrrbute to about 
1 5 diarrheal episodes per person per year, totahg approximately 10 mllion cases annually Although 
such figures mght seem to make food con-on one of the most serious enwonmental problems, the 
Techmcal Cornnuttee believed that the hgh rate of these demous  diseases should be regarded more as 
a general problem of sam-on than as problem specifically of food contarmnabon W e  food may often 
prowde the means by h c h  an m&udual contacts the mfdous  agent, it is often the lack of water, the lack 
of sewers, contammated water, uncollected garbage and vectors that create the unsmtary condibons m the 
first place 

Informabon on chemcal contarmnabon of food m Lima is limted and msufficient to perrmt 
conclusions as to the degree of nsk posed Data are avalable for a few heavy metals and one pesbcide m 
foodstuffs but they cover only a small pomon of the typical diet m Lima. What has been mvesbgated, 
however, IS sufficient to cause concern. Dady doses of several of these chemcals begm to approach levels 
of concern for possible health impacts For example, a hazard mdex of 0 85 (close to an mdex figure of 
1, at h c h  health nsks may begm to exlst) was calculated for the peshcide Aldlcarb m some vegetables 
We suspect that, if mformabon were avalable on chemcals m the enbre d~et, the d d y  dose of several 
chermcals could be found to exceed the levels of concern and adverse health effects could be possible The 
limited mformabon suggests hgh levels of heavy metals m seafood and there 1s a need for further 
mvmgatton of pdcide  residues m food Even Ifthe levels of chemcal contarmnants m Lima's food were 
known with certamty though, scienbfic understandmg is qwte hmted regardmg the health impacts of 
regularly consurmng low levels of most of these pollutants 

Air pollubon (outdoor). Au pollmon m Lima is caused mostly by motor vehcles, wrth mdustry 
as the second most important source There is an addibonal important contrrbubon from the burmng of 
sohd waste The ambient concentratton of most of the m pollutants monitored m Lima exceeds the health- 
based standards of the World Health Orgmzabon (WHO) and the U S 

Dose-response relaonhps developed m studies elsewhere were applied to the concentrabons of 
alr pollutants m Lima m order to esbmate the number of health effects likely to result among Lima's 
populabon We found 

Particulate matter (TSP) m Llma may cause 330 - 2200 premature deaths and 0 9 - 5 6 days of 
restncted actrmty per person per year 
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• Sulfur dioxide IS thought to cause between 320 and 2,300 premature deaths each year It IS also 
considered to cause an average of 0 3 to 2 days per year of respiratory problems among the 
popdabon 

H~gh lead levels may cause 212 - 588 premature deaths per year and the loss of an average of 0 6 - 
1 6 IQ pomts for each chlld 

Carbon monoxlde levels vary wdely but often exceed the WHO standard The expected health 
effects Include fabgue, headaches and reduced vlsual percepbon Ttus w11 occur on many days 
for the several hundred thousand hghly exposed mdiv~duals m Llma. Senslhve md~viduals wth 
caslac problems may also more readlly expenence a n p a  pam 

• Other sur pollutants for whlch data are avalable (mtrogen oxldes and metals) generally occur at 
levels m Llma not expected to result m slgn~ficant numbers of adverse health effects 

The Techcal  C o m t t e e  regarded these esbmates of health effects from a r  pollubon as bemg 
highly u n c e m  They would seem to suggest that a r  pollubon IS among the most senous environmental 
problems AK pollubon has received relabvely llttle sclenbfic or enwonmental management attenbon m 
Peru The avalable momtonng mformabon IS scattered, dlscontmuous and somebmes confl~cbng The 
data IS not sufliclent to prowde a confident plcture of the typical amb~ent concentrabons to whch most of 
the populabon is exposed 

The Techcal C o m t t e e  was also uncertau~ about the extrapolabon to Llma of a r  pollut~on dose- 
response relabonshps that have been developed elsewhere Two issues were Important 

Wlth a few excepbons (e g , Sanbago, Sao Paulo and Chma), the relabonshps were denved from 
studies In developed countries where the a r  was s~gn~ficantly cleaner than m Llma and the 
populabon spends much more bme mdoors, and 

Some of the relahonshps predicted "premature mortality," whch typically occurs among elderly 
~ndrvlduals who are already m a vulnerable medical condlhon Cases of premature mortallty are 
not drrectly comparable wth estunates of deaths caused by other enwronmental problems, as these 
often stnke younger and healher mdwduals and result m slpficant losses m expected r e m m g  
years of llfe 

In our vlew, au- pollaon m Lma needs more mvesbgaon Our estunates suggest that a r  pollubon 
may be one of L~ma's most senous environmental problems, but thls assessment IS very uncertam The 
Techcal Comrmttee's ranlung of a r  pollubon m the rmddle of the other nsks represents a compromse 

Contam~nabon of the sea Nearly all of Llma's domesbc and mdustr~al waste waters are 
&charged untreated Into the sea. This results m health nsks when contammated seafood IS eaten (covered 
m the Food Contammabon secbon) or d m g  recreabonal use at contammated beaches 

Bacter~ologcal contammabon exceeds Peruvlan standards for swmrmng at 30 - 40% of the 
beaches along Luna's coast An epidemologcal study of swunmers at beaches along the Bay of Mlraflores 
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m 1995 found mcreased nsks of gastromtestmal and respiratory dlnesses m companson to the general 
populatton An approxunate extrapohon of r ehodups  found m studies m other countries suggests that 
contammabon at Luna's beaches may cause 50,000 - 150,000 cases of gastromtestmal and other Illnesses 
each summer 

Hazardous sol~d wastes Hazardous sohd wastes are produced by mdustry, hospitals and 
households VutuaUy no quanbtatwe mformalion IS avdable on the volume, treatment or destmy of 
hazardous wastes m L m  It is estunated, however, that hospitals produce approxlmately 30 tons/day of 
hazardous waste, of whch 15 4 tons is contammated wth biologcal matenals Domestic solid waste 
mcludes 37 5 tonslday of blocontammated residues A sigdicant fraction of hospital and mdustr~al 
hazardous waste is sent to L m ' s  two samtary landfills A very small fraction of the hospital waste is 
mcinerated The remamder of the sohd hazardous wastes are mxed wth household refuse Most is 
collected, but much of that is dumped dormally rather than transported to landfills 

Hazardous waste therefore mady affects mdivlduals who collect, transport, work wth, or recycle 
solid wastes and those hvlng near dump sites Although hazardous wastes may contam very toxlc or 
mfkct10u.s substances, ~ t s  s d  quanttty and the lirmted exposure to it 1s thought to result m modest health 
nsks across the whole populaf~on. At least 10,000 people directly handle solid waste m formal or dormal 
ways They may face sipficant health nsks fiom contact wth hazardous substances m the sohd waste 

Toxlc substances There has been no systemabc momtoring of toxlc substances m ar, water, food, 
or other media m Lima, nor has there been any extensive samplmg conducted m human tissues For thls 
reason, m g  data on toxlc substances are h t e d  To prov~de an overview of toxlc substances m Lima, 
we brought together all the znforrrx&on p e m g  to speclfic substances (heavy metals and pesbcides) that 
we had obtamed when mvesogatmg the 11 other environmental problems %s overvlew shows 

In most mstances where metals or prncides have been measured m Lima, they occur at levels that 
are not expected to cause sipficant health effects Excepbons mclude 

Heavy metals appear m seafood m concentrabons hgh enough to cause concern There 
IS ~nsufficient mformabon on levels of metals m most of the remamder of the typical diet 
to allow a judgment as to whether total consumpbon of metals through foods is sufEcient 
to pose a threat to health 

The pdcide  AldIcarb has been measwed m several foods at a level that suggests that total 
dietary mtake may exceed the threshold of concern 

Arsenic and hsmfection byproducts m dnnkmg water may cause about 1 75 and 20 8 
excess cancer cases per year 

Lead is of special concern Extensive recent research on lead has revealed important 
health effects at ever lower levels of exposure Three stud~es have measured the level of 
lead m the blood of mdv~duals m Lima These studies suggest levels of lead hlgh enough 
to cause health problems m the general population and very hgh levels m hghly exposed 
groups The studies had small sample slzes and were not designed to be stabstically 
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representatwe of the entre city The momtored levels of lead m Luna's ax often exceed 
WHO and U S standards We calculate the slmcant health effects fiom exposure to lead 
m medlum as 212 - 588 premature deaths per year and the loss of an average of 0 6 - 
1 6 IQ pomts for each chlld Further research IS necessary on exposure to lead m Llrna and 
its sources, parbcularly for those worlang on the street and m trailic 

h r  pollubon (mdoor) In Luna, mdoor ax is essenbally the same as outdoor au, with ad&bonal 
pollution fiom fuels burned mdoors for domesbc acbwbes such as coolung, heatmg and Iighbng and from 
other mdoor acbwhes Indoor au pollubon is not expected to pose hlgh health nsks m Lima largely 
because most dwelling untts are well ventdated and not l l l y  enclosed Some factors, however, can cause 
problems overcrowdmg and close contact can mcrease the concentr&on of mfechous agents m the ar ,  
and the use of houses for produchve acbwbes mcreases contact wth pollutants (Lima has approximately 
60,000 houses used as workshops for small scale producbon ) 

Some prelrrmnary stuhes on mdoor au pollubon m Lima have found that gas concentrabons (CO, 
NO, Sq) were wthm the recommended levels but p d c l e  concentrabons were above the standards 
accepted by the mterrx&onal saentdic commuty The most senous alrnents were headaches, msoma, 
fatgue, k o a t  ~mtabon and respuatory m f i o n s  These effects may have been due to external condibons 
however, rather than specifically to mdoor sources i e noise, vehlcle traffic, dustfall, hmdi ty  and 
temperature 

Tobacco smohg  IS often an ~mportant source of mdoor a r  polluhon m parts of the world where 
smolung is common and bwlhgs  have little ventdabon In Lima, though, a smaller percentage of the 
populabon smokes than m nearly any other Latm Amencan city The rate of lung cancer m the city as a 
whole is low, at about 250 cases per year 

Loss of green areas and agncultural zones Agncultural land w t h  metropolitan Lima has 
dsappeared at a rapid rate, declmg fiom 90 % of the total area m 1940 to 5 % m 1992 At the current 
rate, agncultural land wll d~sappear by 2010 Parks and green areas are s~rmlarly limted L~ma now has 
1 9 square meters of park land per Inhabitant The mtemahonally recommended value is 8 square meters 
per person 

Despite these deficiencies, loss of green areas and agncultural zones has only a small and mdirect 
effect on health Loss of these areas reduces the capacity for attenuabon of a r  pollubon, and reduces the 
rate of recharge of ground water (imgabon of these areas is a major source of ground-water recharge) 
Their loss also makes the landscape less attrachve and reduces the oppomhes  for recreabon, thus 
decreasmg the general quality of life m the city 

On the other hand, the reduction m agricultural lands may lmprove the health of the populabon by 
reducmg agncultural pollubon -- pmcides, mtrates, and pathogens on foods that have been imgated wth 
sewage 

n-lo 
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C Interprebng the Ranlungs 

Several polnts should be made m mterpretmg the ranlang of enwonmental problems m Llma 
These stem from choices made when estabhhmg the methodology for h s  project 

Fmt, the ranlang ~s based on human health mks A focus on other nsks -- to ecolo~cal systems, 
econormc losses or damages to quid@ of Me -- would perhaps lead to a different ranlang 

Second, the ranlangs are mtended to reflect the current nsks from enwonmental problems The 
relative magmtude of the nsks may change over bme Enwonmental control programs take tune to 
mplement, and a wdl be Important to re-examme the mks that remm as control programs progress The 
Steenng Committee believes, for example, that the two most senous problems ( h t e d  water and sewer 
services) are bemg addressed as tune passes Other problems - food contarmnahon, ground-water 
deplebon and m pollmon - are bemg addressed to a much lesser degree, and may become relabvely more 
senous Some researchers argue that large clbes m developmg countries wll undergo a trans~bon m the 
environmental nsks they face Tradihonal problems like mcrob~ologcal d~sease mght decrease, but 
rncreased mdustnal and consumer d m t y  wrll rntens@ problems such as au pollubon, toxlc emssions and 
hazardous wastes 

lb rd ,  the rankmgs are based on an esbmate of the health effects caused by the problems 
aggregated across the enwe populaoon of Lma Severe effects of an env~ronmental problem on a small 
sub-popdabon are treated as less Important than moderate effects on a very large populabon A problem 
that a geographcally wdespread and affects many people wll rank hgh under b s  approach A problem 
that n localized and affects few people, even though it may affect them severely, wll rank lower 

Fourth, several enwonmental problems of potenbal importance to the health of Lima's populabon 
have not been covered rn our analysis They mclude - problems that cannot be managed on a metropolitan 
scale (e g , global clunate change), problems that relate more to public or occupabonal health than to 
enwonmental pollaon (e g , malnutnbon, food addlbves, worker safety and exposure to toxlc substances, 
t dEc  accidents), and problems that are much broader soc~al issues (overcrowded housmg, cnme, poverty, 
etc ) 

Fmally, a ranlang of problems according to thelr nsk wtll not necessanly match the pnonty that 
should be gven to control programs Management of enwonmental nsks -- what one chooses to do about 
enwonmental problems - wdl depend on many factors m addbon to the magmtude of the nsks Important 
factors that are not addressed m the nsk r a b g  Include the cost and techrucal feasib~lity of control 
measures, public oplnlon, pol~bcal concerns, legal authonty and msbtubonal issues In setbng pnont~es 
for control efforts, all these factors should be cons~dered One rmght find that there are parhcularly good 
opportumbes to reduce nsks assoc~ated wth a relavely low nsk problem, whle there IS n o b g  that mght 
be done about a hlgher nsk problem. l h s  broader quesoon about the pnonty that should be gwen to each 
environmental problem is the subject of the next secbon of h s  report 
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D. Pnoniy Ranlung of Env~ronmental Problems in L~ma 

The TechmcaI Comrmttee developed a ranlung of L m ' s  problems based on the health nsks they 
cause As dtscussed above, t h ~ ~  wdl not necessarily match the pnonty that should be gven to each The 
senousness of the nsks posed by a problem is only one factor m detemmmg the level of attenbon to gve 
to the problem. In developmg a pnonty m h g ,  the Steenng C o m t t e e  decided that several other factors 
were Important 

Economlc The economc cost of the problem or its solutrons The economc resources avalable for 
solvlng the problem 

SOCIO-econom~c. Whether the problem or the solutions S e c t  social groups that are of special concern 

Poht~cai and mst~tut~onal. Factors relatmg to the msbtuhons and orgamzations responsible for managmg 
the problem, and public opmon regardmg the solubons 

Techn~cal and sc~enbfic Factors relabng to the scienhfic understandmg of the problem and the techcal 
efficacy of solutions 

The Steenng C o m t t e e  weighed these factors and the level of nsks posed by each problem and 
developed the followrng pnonty ranlang of the problems 

Table II-3 Pnonty Ranlung of Env~ronmental Problems 
(Listed m descendmg order of pnonty) 

"lhs ranlang represents the relabve degree of attenhon that should be gven to solvmg each of the 
enwonmental problems m Lima The list is shown wth the hghest pnonty problem first The last four 
problems were all ranked together as generally of low pnonty No distmcbon was made between them 

Limted coverage and errabc service by the water supply system 
Contammated surface water 
Limted coverage of the sewerage system 
Solid wastes 
Food contarmnabon 
Conkmunabon and over-exploitahon of ground water 
Contarmnabon of the sea 
&r polluhon (outdoor) 
Hazardous solid wastes 
TOXIC substances 
An pollubon (mdoor) 
Loss of agricultural land and green spaces 

A 
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The pnonty rankrng ~s slrmlar to the Tecbcal Comrmttee1s risk rankrng The top pnonty problems 
are a set of mterrelated issues concemmg water supply, water contammahon and management of human 
wastes The Steenng Comnuttee beheved that the most severe problems deserved the most attenhon In 
addlbon to health nsks, these problems cause sigruScant b u h o n  of the q&ty of hfe m Lima Lmted, 
unrehble and unclean water supphes represent not only a smtary problem, but htgh cost, mconvemence 
and worry The only problem ranked more than one place Werently m the nsk and pnonty r h g s  was 
contammated surface water The Steenng Comnuttee ranked it second whde the Techcal  C o m t t e e  
ranked it fourth The Steenng C o m t t e e  regarded surface water contammahon as partmlarly important 
for two reasons 

The mterco~mection between surface water contamahon and many other problems C l e m g  the 
waters of the Runac and other nvers would improve the q d t y  of source water for SEDAPAL1s 
dnnlang water, mgmon water, nver water used hrectly for dnnkmg, bathmg or washmg food or 
implements, ground water, and seawater used for recreahon and seafood 

A large effort is needed to coordmate the achvihes of the many mshtuhons affecbng nver water 
quality -- the governments of Metropolitan Lma, upstream cornmumbes, upstream agricultural, 
mmmg and mdustnal mterests, several specialized nver management groups, and the nahonal 
government Many of the other problems mvolve much more straghtforward mshtuhonal changes 
and reqwe correspondmgly less attenhon 

The Steenng Comnuttee offered several general observahons about their pnonty r h g  First, 
the rankmg represents the overall level of attenhon that should be gven to each problem at the moment 
It does not necessarily reflect how mcremental new enwonmental management efforts should be allocated, 
nor how resources should be allocated m the hture For example, the first and thud problems m the 
priority list -- water and sewerage ~as t ruc tu r e  -- are receivmg a good deal of attenhon An effechve 
approach for dealmg wth these two problems is well known and under way SEDAPAL is expandmg 
water and sewerage services to the unserved porbons of the city and dm is expected to be completed wthm 
a decade Other problems further down the pnonty hst are receivmg far less management attenhon -- food 
contaminahon, groundwater deplehon, mefficient water use, and zur polluhon It would be worth 
concentrahng m resources for environmental management on these under- addressed problems The 
Steenng Comt tee  recommended that further risk management should mclude a survey of environmental 
management mshtuhons m Lima Thls would d e t e m e  what achvihes are under way or planned wth 
respect to each of the problem areas Such a survey would idenbe 

1) problems that, even though they are hlgh pnonty, are currently receivmg adequate attenhon, and 

11) problems that mght be somewhat less pressmg, but whlch are receiving virtually no attenhon 

Secondly, the nsk ranlang and the pnonty ranlang reflect the current situabon As &me passes, 
some problems m Lima m11 worsen. As environmental pressures grow and the populabon mcreases, 
mdustnal and vehcular pollubon and ground-water deplebon may mtenslfy Other problems may lessen 
as efforts to mhgate them take effect The env~onmental situahon m Luna wdl probably be different m 
a decade and pnonoes d sh& over Ome The Steemg Comnuttee recommended that nsk management 
achvlhes under thls or other projects should Include a component to project likely future environmental 
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trends E f f d v e  enwonmental management polic~es should be both forcefid m deahg dxectly wth 
current enwonmental problems and visionary m recognmng opportumhes to alter, adapt to or profit from 
hture trends 

E. Rankrng of Aggregate Problems 

The Project team and the two Comrmttees beheved that an adhhonal r&g of aggregated 
problems should also be developed Enwonmental problems are strongly mter-related and the resultmg 
nsks are mterdependent (F~gure 11-1) For example, lmted water suppl~es, msuffic~ent sewers, 
contammated surface waters, uncollected solid waste, and food contammmon are a good example All 
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hese fhctors combme to mcrease human contact wth fecal rnatenal and other mfect~ous agents, to Merent 
extents, they all contribute to the hgh mcidence of gastromteshnal lseases m the populmon of Lima 

In addibon, the relabve rankmg of problems is also lntluenced how we chose to define each 
problem Different schemes for de-g the problems (for example, by source mdustry, vehcles, 
households, etc , or by pollutant metals, m f i ~ o u s  agents, particles, etc ) could yleld dBerent sorts of 
h g s  Aggregatmg the problems mto larger groupmgs of related problems provides a perspechve that 
is less influenced by the specdics of how we have chosen to define mdvidual problems The pnonty 
ranlang of aggregated problems as developed by the project team IS shown m Table 11-4 

Table 11-4 Ranlong of Aggregated Env~ronmental Problems 
(Listed m descendmg pnonty order) 

Lmtahons m water and sewerage mfrastructure 
Contarmnabon of waters (surface, underground and sea) 
Food contarmnaOon 
h r  pollubon (outdoor and mdoor) 
Sohd wastes (domes~c and hazardous) 
TOXIC substances 
Loss of agricultural land and green areas 

F Recommendabons Regarding R~sk Management 

Most of the effort m th~s project has focused on understandmg and rankmg the seventy of the health 
nsks posed by environmental problems tn Lima The Steenng C o m t t e e  has also discussed the pnonty 
that should be gven to managmg each of the problems But we have not begun the achvlhes that are at 
the core of the nsk management phase of the CRA process developmg, analyzrng and selechng mbabves 
to manage the most senous enwonmental problems and combmg the mhahves mto cost-effectwe acbon 
plans for environmental improvement 

The o r g m r s  of thls project Intend that such mtensive efforts to plan the management of Llma's 
env~ronmental problems should be the subject of future projects wth fundmg from a broader range of 
supporters than only USAID lhs project has mtenbonally concentrated on assessmg Lima's environmental 
problems in order to provide a firm foundahon for future efforts to manage them A small quanhty of 
resources remams from th~s project that can support mhal nsk management efforts These wll begm m 
1997, at about the same hme as this report wll be finalized and publ~shed The Steemg C o m t t e e  
developed several recommendahons regardmg nsk management achvihes These Include some achvihes 
to be conducted wth the h t e d  resources under th~s project and some actrvmes to be the subject of future 
projects 

The remarnlng project funds should be used to develop background ~nformabon that will 
be useful for a full nsk management plannlng effort. 
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The background lnfonnatron mght mclude 

An mventory of act~m~es and plans that are already under way regardmg each of the hgh pnonty 
environmental lssues m Luna Each of the mshtuhons mvolved m envlronmental management 
would be Interwewed and the results complled mto a profile of what is bemg done and what wdI 
be accomplished wth respect to enwonmental problems Thls profile could be used to determine 
the key gaps m current management efforts 

A projechon of how enwonmental health nsks m L m  wll change m the future The background 
papers and the Techrucal C o m t t e e  nsk radangs reflect the current nature of enmronmental 
problems As &cussed premously, enwonmental management pohcies should have a longer term 
component -- one that recogmzes trends and attempts to bulld on the positwe ones and rmhgate 
the negatrve ones 

A survey of lenbg, mvesbng and donor agencies to determme what environmental management 
actIv~bes they may be mterested m supporhng Thts would provlde an mdicabon of likely fhdtng 
for enwonmental improvements m addibon to mdigenous sources (e g , mumcipal or nahonal 
government, project beneficiaries, the domeshc pnvate sector) 

If funds remam, the background mformabon could mclude an mhal list of possible strateges or 
mitiatives for dealmg wth each of the hlghest pnonty environmental problems This would be 
developed through one or more "bramstomg" sessions wth mdimduals knowledgeable about 
Lima's problems It also should reflect knowledge about what environmental measures have 
worked m other large cihes m developmg countries 

This background mformahon could provide a foundabon vvlth whlch to begm more demled 
p l m g  on environmental management This should cover what is currently under way regardmg each 
problem, how the problems wll change over bme, what sources of financial support mght exlst for 
addressmg each problem and some possible mbabves 

A future nsk management plannmg effort should conbnue the mulb-sectoral, partic~patory 
process begun in this project 

The collaborabon of mdimduals from the enbre range of mst~tuhons interested m environmental 
management m Lima has been very valuable The project's conclusions benefit from the diversity of 
experhse and perspmve thal has been avdable Its h b g s  have been disseminated to and wll be carned 
forward by numerous relevant mshtuhons Future projects should conbnue the current structure or have 
other slrmlar arrangements In part~cular it should mclude Steemg and Techcal  Comrmttees wth several 
general meebngs open to the public The techcal steps m the nsk management p l m g  process should 
be those outlmed m the general CRA methodology 

1) Develop a list of promsmg mtrabves for the hlghest pnonty enmronmental problems, 
11) Analyze the costs and benefits of the possible mhabves, 
111) Select mbahves m a parhcipatory public process, 
iv) Combme selected mbabves Into coherent acbon plans, and 
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v) Implement the &on plans 

Solut~ons to Luna's enwronmental problems should lnvohre both narrow, focussed mihahves 
for rndlwdual problems and broad efforts to mprove the enwronmental culture of the c ~ t y  

The CRA process IS analflcal and reducbonlst It separates problems and asks whch is most 
senous It then takes each problem apart to d e t e m e  whtch porbons of it cause the greatest nsks Thls 
analysis is for the purpose of makmg choices as to whtch problems and whch pieces of them most need 
solubons The process is helpll m generatmg narrow, targeted, cost-effechve envlronmental mbabves 
addressmg key parts of key problems 

Enwonmental problems, though, are also hj$ly mterrelated A measure addressmg one problem 
may contnbute signdicantly to solvmg others In addibon to sharply focussed strateges, broad strateges 
that address mulbple problems wdl contnbute to unprovlng Lm ' s  enwonment Environmental educabon, 
for example, can have urldespread benefits Cituens who are Informed about and concerned urlth their 
envuonment encourage environmentally responsible behavlor among then hends and neighbors They 
also provide the cnhcal lrnpetus for pohhcal officials to gve envlronmental issues htgher pnonty 

The Comparabve R ~ s k  Analys~s process would also be helpful in semng enwronmental 
pnonbes for other major c~hes m Peru 

Sensible pnonbes for Luna's problems wll probably be different from what is appropnate for 
Arequlpa, Cuzco or other cibes These cibes have other patterns of environmental problems as a funchon 
of their hfferent climates, settmgs, amounts of mdustry and traffic, water and sewer mfr-astructure, etc 
The CRA process has been found to be useful m Lima as a means for bnngmg together the mshtubons 
concerned wth enwonmental management They have been able to orgame exlstmg data and create an 
enwonmental profile of the city wth pnonbes for act~on Follomg a simlar process m other cibes would 
be helpful m o r g w m g  their environmental agendas 

Good enwronmental ~nformabon 1s needed for good enwronmental management 

Over the course of thls project, we gathered and orgazed exlstmg data on each of the 
environmental problems m Lima Data sufficient to provide an understandmg of a problem -- its 
magmtude, causes and consequences - IS a precondihon to bemg able to manage that problem effecbvely 
Although more mformaon IS always welcome, m most Instances we found that sufficient mformation has 
been generated to allow a reasonably coddent understandmg of Lima's environmental problems In some 
cases, though, we encountered sigmiicant gaps that left maJor uncertainties In view of the unusually broad 
and comprehensive scope of the mfoomon collecbon effort for thls project, we thought it would be usefbl 
to provide an overvlew of what we believe to be the most pressmg needs for further mformabon These 
are discussed m de td  m the next part of thls sechon 

G Recommendabons Regarding Enwronmental Informahon 

We searched for exlstmg environmental momtonng and samplmg mformahon for Lima from 
numerous sources government agencies, mversihes, mdustxy, environmental orgmzahons, and 
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m&vlduals We found much mfommon that was usem By highhghtmg the areas where more 
mfornx&on a needed, we do not mean to cnbclze or demean the efforts that have occurred so far In fact, 
our strongest recommendaon 1s not that more mformabon should be generated, but that exlstmg 
enwonmental mfonm&on should be made more accessible it should be orgarwed, mamtained over tune 
and dssemmated to the pubhc 

GI. Environmental Information Should be Disseminated to the Public 

It is vital that mforrn&on on the q d l y  of L w ' s  enwonment be avsulable to its cituens 
Ultrmately, Luna's enwonment wdl only be as clean as its cibzens want it to be The vigor and 
effecbveness of env~onmental management measures depend hdamentally on the extent of public 
demand for enwonmental quality All the enhbes h t  can play a mqor role m improving the envuonment 
rely on publ~c support 

Government agencies that estabhsh and enforce enwonmental requirements are subject to pohbcd 
control They wdl push envlronmental measures as far as there is pohbcd and ultrmately public 
support for dolng so 

Industries that are sources of pollubon fmd it to be m theu economc self-mterest to meet 
enwonmental and other social goals to the extent that the public -- the mdustnes' customers, 
workers and neighbors -- demands it 

Agencies that provide environmental mfrastructure (water, sewer and solid waste management) 
can provide services only to the extent that the pubhc is wllmg to pay for them 

And finally, m&mduals wdl practice enwonmentally responsible behaviors m their daly hves (e g , 
recyclmg, conservmg resources, avoidmg waste, preventmg polluhon) when they recogruze the 
social desirability of domg so 

In all cases, pubhc support a necessary for sigdicant environmental improvement In turn, public 
support for environmental quality depends on knowledge on the part of the public about environmental 
con&bons and pubhc understandmg of enwonmental problems, nsks and potentral solubons An mformed 
citrzenry can be an actwe, effecbve voice for enwonmental progress An d o m e d  public wdl be 
lndlfferent 

We have several recornrnend&ons for improvmg the level of pubhc knowledge and awareness of 
the environment m Lima 

Citmns should have the legal nght to know the con&bon of their enwonment Thls would mean 
that government agencies have the responsibility both to generate envlronmental mformatron and 
to bsemmate it to the pubhc There should not be mtances, such as we encountered m gathemg 
mfornx&on for h s  project, where a government agency has mformabon about an environmental 
problem but w11 not dvulge the mformabon publicly for fear of embarrassment or charges of 
lneffecttve performance 
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An appropnate msbtuhon should be charged wth developmg and hstnbubng a "State of the 
Enwonment Report" or an "Envuonmental Atlas" for Llma Such a document should portray m 
an easlly readable and vlsually attrachve manner the cond~bon of the mqor features of Luna's 
enwonment. The document should also  ISC CUSS what IS be- done or could be done about L m ' s  
enwonmental problems Whlle the Lima CRA gathered a large amount of envlronmental 
mformation on lhe a@, it IS Merent m Important ways from the enwonmental atlas we envision 
The atlas would mclude mformabon on more Issues than are addressed m th~s  largely polluhon- 
related project They would mclude land use, c h a t e ,  the visual enwonment, none, traffic 
wng-on, and recreahonal, hstonc and cultural resources An atlas would also d~scuss trends, 
possibhbes and plans for envuonmental issues The atlas should be formatted to appeal to an 
mterested member of the general pubhc 

Government agenaes should develop morutonng mformabon and dissemmabon systems to d o r m  
the publlc about enwronmental pollubon situabons where the public could take acbon to avoid 
unhealthy exposures This rmght mclude momtonng and nobficabon systems covenng water 
qual~ty at M e s  (wammg s m e r s  about tunes and beaches with htgh bactena levels), mtances 
when dnnlung water treatment systems fa11 or contarmnahon is expected for other reasons 
(advlsones to boil water), and days when mr pollubon levels are parhcuiarly hgh (suggesbons to 
h t  vigorous outdoor acbv~bes) 

More generally, governmental and non-governmental orgamzabons should seek opportunlbes to 
rase publ~c awareness and knowledge on env~ronmental issues and mcrease public mvolvement m 
environmental decis~ons There are many possibili~es for domg so Curricula and course matenals m 
environmental educabon could be developed for use at each level of children's schoolmg Cornmmty 
groups wuld orgarme local envlronmental achon events, such as a campagn to clean up a neighborhood 
park or dump site, a recyclmg dnve, or parhcipabon m an environmental sarnplmg project Government 
agencies could make  the^ enwonmental decisions m a more parhcipatory manner l b s  may be done by 
sponsonng open discussions with Interested parhes before developmg plans or t h g  acbons, establishmg 
pubhc advisory comrmttees from whch to obtam suggesbons on major Issues, and by conductmg public 
heanngs pnor to any formal major regulatory decislon 

A Way Should be Developed to Ensure That Environmental Information IS Accumulated, 
Mantained, and Made Avalable to the Public 

Unfortunately, environmental mformabon m Lima tends to hsappear over bme Studles are 
performed, then pnnted m h t e d  quanbbes and d~stnbuted to md~v~duals associated wth or mterested m 
the study at the bme The mdiwduals m charge of a study typically retam a small number of copies of it 
These are distnbuted to people who hear of the study Sooner or later, the copies of the study are 
hstnbuted and further avalabillty depends on findlng a person wth a copy and persuadmg that person to 
photocopy ~t The q o r  problem m keepmg mformabon m such studies publicly avalable n that they are 
regarded as the personal property of the md~vidual who has them When an mdlv~dual changes jobs, that 
person takes h s  or her library of studies and mformabon wth them When a polibcal admstrahon 
changes, mfoormahon a lost on a wholesale bas~s The semor departrng offic~als from a m s h y  take wth 
them the studies and mformatlon they have The msbtuhon itself is too ofien left wrth no record of the 
mformabon it has generated 
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We see two reasonable solubons to tlus problem The first ~s to establish a public mfo-on 
-on at rmportant enwonmental msbtubons that is disbnct fiom the mdiwduals at the mbtubon The 
public mfo-on urut should be provlded wth copies of all the studies, publicat~ons and data sources 
developed by the mbtubon, and should then be responsible for catalogumg the mformaon (e g , 
publicat~ons hts, mdexed abstracts) and mamtamng it for the pubhc (e g , a hbrary open to the pubhc, 
photocopying semce, summar~es on the Internet) The msbtubons perforrmng stuhes and generahng 
enwonmental data would have to r e c o p e  the pmciple that they have a responsibhty for malung the 
mformabon easily avadable to the pubhc 

The second possible soluoon IS to &M and prowde contmumg fundmg for a central repository 
of enwonmental mformabon The repository would seek to o b t a  all envuonmental mformabon as it IS 

generated and pubhshed It would then orgarme the mformabon and make it avarlable to the public A 
small fee rmght be charged to cover the costs of meetmg any public request for special searches or 
compdabons of mformabon 

62. Environmental Monltonng Needs 

Among b e  enwonmental mformahon gaps that were encountered we would want to disbngwsh 
between those that would reqwe a one-tune samphg effort or study, and those that would requlre a more 
expensive, ongomg, long-term momtomg program In general, a one-bme study is appropnate when the 
aun a to see whether a problem exlsts and to begm to understand its general character A full momtomg 
program IS appropnate when a problem is known to exlst and more dekuled mformahon is needed to help 
m rnanagmg the problem, parttcularly wth regard to how the problem vanes over time and across different 
locabons 

A systematic mr quality monltonng network. Exlsbng a r  quality mformahon for Lima is 
mcomplete, but m&cates that several arr pollutants (suspended partxles, sulfur dioxlde, carbon monoxlde 
and lead) commonly exceed mtemabonally recogmzed standards for the protecbon of human health Our 
assessment of how senous b e  problems are a hampered however, by limtabons m the exlstmg data. Most 
ar pollutants are momtored at only one site (CONACO) or occasionally a second (CAHUIDE or 
CONAGEN), for errabc and disconbnuous penods For sulfur doxlde, for example, the avarlable long 
term momtonng data m L m  shows concentraons varylng by a factor of eight from well below the health- 
based standard to well above it We do not have enough mformabon to d e t e m e  whether this vanabon 
is real and due to bme trends or differences m concentrabons across monltomg sites, or whether it is 
rmsleadmg and perhaps due only to mconsistencies m analflcal methods Sensible pohcies for managmg 
arr pollubon cannot be developed m the face of this degree of uncertamty 

Luna's atr polluQon problems appear senous enough to warrant a greater effort to understand them 
AK pollmon wdl probably worsen as vehlcle numbers m the city mcrease This may overwhelm whatever 
improvement occurs m vehlcle emssion controls An a r  pollubon momtomg network for Lima should 
be modest but carefully designed It mght mclude 3 - 6 sites chosen to charactenze conditions m areas 
where the largest concentrabons of the populahon lives At each site, at least 5 pollutants should be 
momtored suspended fine pdculate matter (PM10 or PM2 5),  sulfur dioxlde, carbon monoxlde, ozone 
and lead The momtonng should take place regularly throughout the year, and should contmue for several 
years m order to establish a confident baselme and begm to assess trends 
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The program for monltorrng mmmmg beaches m the summer should be expanded 
Currently, DIGESA, IMARPE, D m R O N A V  and the muIllc~pal~ty of Miraflores all conduct some 
monltomg of water qualrty at L d s  beaches Our assessment of results fiom thls momtonng (m 
combmabon with mformaon about the hkellhood of s m e r s  suffering illnesses as a h m o n  of 
bactenologjlcal water qh ty )  suggests that many cases of gastromtestmal, resp~ratory, eye, ear, and skm 
alments result from pollubon of s\~lmrmng beaches Improvement of the current momtonng program 
could prevent many of these Illnesses We have three suggesbons 

The momtonng programs by different agencies should be coordmated so as to cover the entue 
length of L d s  beaches with regular momtonng (perhaps once per week) dunng the swmrmng 
season 

Momtonng currently focuses on fecal coliform as an md~cator of water quality In studies 
elsewhere, vanous other easdy measurable parameten (e g , total cohform, fecal streptococa) have 
been found to be better m&cators of the presence of harmful levels of pathogens that cause Illness 
The rel&onshlps between possible mhcator parameters and the true sources of swmmer illnesses 
are site-specdic and vanable, and a study should be undertaken m Lima to deterrmne whch is the 
best mdicator to use 

Monitonng results should be cornmu~llcated to swmrners, so they can choose to swm only at 
beaches wth sa&factory water q d t y  A program of ths sort that has been successful elsewhere 
has several elements Dunng the swmmmg season each beach would be sampled early rn the 
week Beaches found to have unsabsfactory water quality would be re-sampled for confinnabon 
later m the week If the second sample at a beach E uns&sfactory also, a warrung would be posted 
before the weekend suggestmg no swimrmng at the beach The warrung would contmue unbl a 
sabsfactory sample 1s obtamed Swmmers would also be mformed of unsabsfactory condibons 
by a recorded telephone message, updated each week, that md~cates whlch beaches have 
acceptable water quality and whch are unacceptable for the c o m g  weekend The recorded 
message would be avadable by callmg a wdely public~zed telephone number for beach water 
quallty mformabon Some vanabons could be added to this approach 1) Closmg a beach when 
water quality is partdarly bad rather than only postmg warnmgs, and 2) Closrng a beach for an 
extended penod when water quality is consistently bad 

6 3  Suggested Hlgh Pnonty Environmental Stud~es 

Other needs for enwonmental mfonm&on m Luna mvolve one-bme studies that wll be much less 
costly than ongomg momtomg programs In ths secbon we recommend a pnonbzed 11st of studies that 
w11 be usefid m better understandmg of Lima's environmental problems Cons~stent wth our emphasis 
m h s  project on nsk assessment rather than nsk management, we focus here on the mformabon needed 
for assessmg L m ' s  problems We do not now address the rather different set of studies and information 
that would be most ~mportant m managmg the problems 

Enwonmental mform&on can never be truly complete There wll always be addibonal quesbons 
that we would hke to be able to answer Informabon needs must therefore be pnonbzed In our view, the 
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crrcumstances m whch it IS most unportant to acquire addibonal mformaon are charactenzed by three 
cntena 

1) The avdable informatron about an enwonmental problem is mufficient to p e m t  a confident 
judgment as to ~ t s  seriousness 

11) Limted m f o m o n  suggests that the problem may be senous (we would not consider it hlgh 
pnonty rfthe b t e d  avdable mformaon on the problem suggested that it was unllkely to be 
senous) 

lu) The deslred mformabon could be obtmed through a study that would not be very costly nor 
comphcated 

The followmg suggested studies meet these cntena We recommend these studies be carned out 
to provide the mforma6on that 1s most unportant m assessmg and understandmg L~ma's envrronmental 
problems 

A study should be performed to d e t e m e  the typlcal levels of lead m blood In children and 
adults m Lma. Studes m other large cihes hke Llma -- wth heavy automobile t r a c  and use of leaded 
fuel - have found lead to be one of the most senous causes of enwonmental health nsks Informahon on 
the level of lead m blood allows an understandmg of the seventy of the problem For Lima, we have been 
able to find only three h t e d  stwhes of blood lead a 1995 30-person study of a hghly exposed populabon 
hmg around a metal-worlang plant, an earher study of 40 chldren m San Juan de Lungancho, and a small 
sample study of adults throughout the city m 1987/1988 These studies suggest levels of blood lead high 
enough to cause health problems m the general populabon and very hgh levels m hghly exposed groups 
The studies had small sample slzes, were not designed to be stahsbcally representatwe and two are out of 
date We expect that lead levels have mcreased m the past decade as traffic has mcreased and leaded he1 
contmues to be used 

The level of tonc substances m food and dnnks should be ~nvesbgated. We found very little 
mfo&on on the levels of chemcal contammants m food m Lima Three metals have been analyzed in 
a few samples of seafood, vegetables, h t s  and potatoes Only one pesbcide (Aldicarb) was sampled for, 
m potatoes, watermelons and lemons The foods that have been sampled are only a small subset of those 
consumed These types of food represent less than 1/3 of the typical diet The small pornon of the diet 
that has been mveest1gate.4 however, ~s sdlicient to result m dmly doses of some toxlc chemcals that begm 
to approach levels of concern We suspect that if mformabon were avadable on these chemcals m the 
enbre diet, the total da~ly dose of many would exceed levels of concern Adverse health impacts from 
chemcal contarmnants m food may be possible among the general populabon of Lima 

Several more s p d c  queshons are suggested from the llmted data we have obtamed as needlng 
more mvesbgabon 

Aldlcarb is a mdely used but not extremely toxlc or enwonmentally persistent pesbclde If 
samphg of only a few foods finds Aldicarb to pose a potenhal health nsk, mvesbgabon of other 
more dangerous pesbc~des should be a hgh pnonty Many other extensively used peshcides are 
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more toxlc (e g , aldnn, chlordane, & w o n ,  dleldrm, endosulfan, EPN), more enwonmentally 
pers~stent (e g , organochlorines), or able to concentrate by factors of thousands m c e m  foods 
(e g , DDT concentrahg m fatty bssues m anunal meat and fish) 

L~nuted m f o W o n  suggests that heavy metals are not found at nsky concentrahons m so~ls 
m@ mth sewage or m huts, vegetables, corn or potatoes from Irrigated fields If thts can be 
confirmed, concern for the health Impacts of Imgahon usmg sewage mght focus on pathogens, 
and protechve measures addressmg them alone rmght be reasonable 

Deposmon of aubome metals on foods as they are displayed for sale m markets may not be a 
s~gdicant source of exposure to metals The avadable mformahon suggests that the concentrahon 
of lead m foods at markets IS often s d a r  to the concentr&on m the fields where they were grown 
Such iindmgs could k t  the exposure routes that need to be addressed m managmg environmental 
health nsks 

• The few samples of seafood that were analyzed for heavy metals showed very hgh levels By our 
calculations, seafood represents only 9% of the total daly consumpoon of the foods for whch 
metals mformahon was avalable, but provldes over 80% of the esbmated total Intake of metals 
T ~ I S  rases several queshons Are these samples of seafood representatwe and a lt healthy to eat 
seafood? Can other contammmts that were not evaluated m this study also be found at threatenmg 
levels m seafood (e g , peshcldes, PCBs, hydrocarbons, other metals such as mercury)? Does the 
level of chemcal contamnabon m seafood depend significantly on where the seafood 1s obtamed 
from7 

More mformabon would be useful on the quality of dnnlung water obtarned by households 
that are not connected to SEDAPAL's d~stnbubon network. Households not served by SEDAPAL 
are thought to face hgh nsks of smtahon-related Illness for three pnmary reasons 

I) They obtam water from sources that are much more llkely to be contammated (e g , fiom tanker 
trucks, publlc fountam and comrnumty ground-water wells), 

11) They typically have much lesser quanhhes of water avalable to them Thls is because of hmted, 
inconvenient and dlsconhnuous sources of supphes, hlgher water costs, and lower disposable 
mcomes, and 

m) Because water 1s not conhnuously avalable, households need to store water, whch Increases the 
opportmres for contarmnahon 

Desp~te the hlgher nsks that these households face, there n much less mformahon avalable about 
then water supplles than about supplies coming fiom SEDAPAL Better mformabon would be usell  m 
developmg targeted strateges to reduce nsks Important mformahon to gather would mclude 

How many households get water from each of the different sources tanker trucks, cornmumty 
distnbuhon network from wells, publlc standpipes, etc? 
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• Where do each of these sources draw theu water fiom? 

• What IS the quality of the source water? What protechon is the water gven before and as it is 
belng Qstr~buted? Is the water chlonnated? What IS the eventual q h t y  of the water as 
dehveredfconsumed'l 

• What quantihes of w a r  are debvered fiom each of these sources to households, how rehably, and 
at what cost? 

Answers to these quaons  would provlde a better understandmg of h c h  of these non-SEDAPAL 
water sources enml the greatest nsks and whch should be hlghest pnonty for improvement 

A study of tap water quahty could confirm that health nsks are low from dnnhng water 
delivered by SEDAPAL The quality of treated surface water as it leaves the Atagea plant 1s good and 
SEDAPAL momtors its ground water wells to ensure that they are sabsfactory The water fiom both 
sources IS chlonnated Samphg throughout the distnbubon system mdicates that an appropriate chlonne 
residual IS nearly always mamtamed Although h s  mformabon leads us to expect generally good d h g  
water q d t y  at the tap, there are several means by h c h  pollutants can mcrease m the distnbubon system 
d m o n  of sewage or other sources of contarmn&on through leaky distnbution pipes, leachmg of lead 
and copper fiom pipes, mcrease of dismfecbon by-products due to contmmg reacbons between chlonne 
and orgmc rnatenal, etc Samphg and analys~~ of tap water quahly would provide a basis for concludmg 
whether nsks from any of these potential sources of contarmnahon are sigmficant 

A study should be performed to better charactenze Indoor sur pollubon problems ~n Luna, 
Several lnltial studies on mr quality Inside Lma's homes found some reasons for concern mvolvlng 
emssions from c o o h g  stoves and from home workshops However, nsks were slgdicantly mbgated 
by high rates of au exchange between mdoors and the outdoors With little need for home heatrng or 
coohg, houses are typically well ventilated and not fi&y enclosed This is changmg, however As mcomes 
mcrease and housmg quality can be Improved, homes mil become bghter to shut out outdoor noise and 
to allow efficient use of heabng and coohg for occupant comfort ksmg mcomes w111 also mvolve greater 
mdoor use of consumer services and products mvolvmg toxlc substances, for example dry cleanmg? hmr 
sprays, m l  pohsh, p a t s ,  solvents, etc These trends wdl worsen mdoor mr pollution m Lima, perhaps 
to the pomt where, as has now happened m the U S A, mdoor sur po11uhon is a much more senous problem 
than outdoor au polluhon A study now to charactenze the sources and nsks of mdoor mr pollubon m 
Lima rmght be able to find ways to avoid ths projected g r o m g  threat 

An inventory of major lndustnai sources of pollubon would help In rdenbfylng geographic 
areas and populabon groups that are subject to partxularly h~gh nsks Industrial pomt sources of 
air or water polluhon or toxlc wastes can cause s~gmficant nsks to residents and workers m thelr immediate 
wcmty In tius project, we have focussed on ~dent@ng broad nsks to the general populabon of Llma We 
have devoted much less effort to charactenzlng the vanablllty of environmental conditions across the city 
in a way that could iden@ pmcular locat~ons or groups that are exposed to unusually hgh levels of 
pollubon 
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Our choice to concentrate on city-wde enmronmental health nsks results largely fiom a belief that 
broad env~fonmental pnonty settmg should be based lmtrally on total n s b  to the enbre populaon (the 
greatest good for the greatest number) HI& nsks to unusually exposed mdivlduals can then be addressed 
subsequently through fine-tutlmg of mdwdual control programs Furthermore, the environmental data 
currently avadable for Lma are not extensive enough to show the pattern of differing levels of pollubon 
to whlch people are exposed m Merent locat~om throughout the city 

It IS ~mportant as a matter or equity to ensure that no segments of the populabon are subjected to 
excessively h~gh nsks Addressing unusually hgh nsks wdl first requlre identrfjrlng where they occur Th~s 
can be done by developmg an mventory of major po~nt sources of pollubon (these w11 mostly be lndustrral 
failitres, but can also mclude major refuse dump sites, locabons of sewage outfalls, m e s ,  etc ) It wll 
then be possible to momtor ermssiom and ambient concentrabons m the vicmty of the pomt sources to see 
If unacceptably hgh nsks result 



SECTION rn 
METHODOLOGY 

A Introduction to Comparative Rsk Analysls (CRA) 

When a government faces numerous environmental problems and ~nsuficient resources to 
manage them all, priorities must be set Comparative risk analysis (CRA) is a systematic technique 
that helps in setting environmental priorities for a geographic area (which may be a community, city, 
province, or country) The problems assessed can include ambient air and water pollution, indoor air 
pollution, food contamination, drinking water contamination, sanitation, toxic substances, pesticides, 
industrial and municipal solid wastes, and other environmental problems facing the geographic area 

CRA is a participatory process involving representatives of a wide range of institutions 
concerned with environmental management in the area CRA includes two phases a risk assessment 
phase and a rlsk management phase 

b k  Assessment In the risk assessment phase, the envlronrnental problems facing the area 
are identified, evaluated, and compared in order to develop a ranking of problems m order of 
relative severity The ranking of environmental problems is based on (a) quantitative analysis 
to the extent possible of health and other risks caused by the problem, (b) expert judgment 
where data are not available 

R~sk Management In the risk management phase, initiatives or action plans are developed 
to address the highest risk, most serious problems Choices among measures are made based 
on the measures' cost-effectiveness in reducing risk Initiatives focus on the most serious 
problems, concentrating on aspects of the problems responsible for the bulk of risks 

The two phases of the CRA process are intended to answer different questions 1) "What are 
the worst pollution problems that face us?" and 2) "How will we address these problems?" These 
quest~ons are related to each other, but they can and should be answered separately To understand 
and rank the pollution problems facing an area, scientific information and judgements about 
problems are required To evaluate and select alternatives to mitigate the problems requires public 
officials to balance different information about the economic, technical, institutional, legal, and 
polltlcal nature of the alternatives, in additlon to risk information Separating the two processes 
improves the objectivity and technical quality of the risk assessment phase It is important to obtain 
an understanding of the inherent severity of envlronmental problems without being Influenced by the 
degree to wh~ch they are controllable or the political support that exists for solving them 

This project has largely been devoted to the rlsk assessment phase, answering the questlon 
"What are the worst pollution problems that face us?" We believe that an objective assessment of 
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the environmental risks facing Lima is a key precondition to successfully managing risks This 
project has also devoted some resources to risk management, and we expect that further 
environmental plannlng projects will be developed for Lima that build on this work 

Environmental pollution poses several sorts of r~sks to people and natural ecosystems 
Analysts often consider three broad categories of risks human health risks, ecological risks, and 
rlsks to quality of llfe in general 

Human health r~sks ~nclude d~sease and injuries due to exposure to environmental 
pollutants Some of the diseases that can be caused by pollution include cancer, 
gastrointestinal illness, reproductive or developmental abnormalities, and adverse 
effects on organs such as the liver, kidneys, or lungs 

Ecolog~cal risks can include death of individual organisms, disruption of the 
processes governing interactions among species (reproduction and predation), and 
alteration of the factors controlling key actlvitles within the ecosystem (nutrient 
cycling and climate) The severity of damages can be measured by the ultimate 
changes in the baslc structure and function of the entire ecosystem 

R~sks to qual~ty of l ~ f e  from environmental pollution can include a broader set of 
adverse impacts to the well-being of individuals and society Some of these impacts 
are economic in nature and potentially quantifiable, such as the reduction in yield 
fkom a polluted fishery, the cost to treat contaminated water so that it can be usable, 
or the reduction in the productivity of an economy when some of the work force is 111 

Other impacts of pollution on the quality of life may be intangible and non- 
quantifiable, such as offensive odors or the effect of air pollution in reduclng 
visibility 

These different risks or damages from pollution overlap to some degree Illnesses from 
pollution represent both adverse human health effects and reductions in the quality of life causing 
medical treatment costs and loss of economic productivity A pollution problem that damages an 
aquatic ecosystem might also cause economic losses to tourism and fisheries Nevertheless, we 
believe that these three sorts of damages are generally distinct from one another For this project in 
the urbanized of metropolitan Lima, the project organizers decided to focus only on human health 
risks as the primary motivation for improving environmental conditions Ecological issues are less 
important than human health within metropolitan Lima As l~mited project resources would not 
permit full analysis of both health risks and quality of life risks, health risks were judged to be of 
greater concern 

A1 What Is D~st~nct~ve About CRA? 

Other approaches exist to environmental planning CRA is dlstlnctive In that it focuses on 
risk In both the risk analysis and risk management stages, risk is used to judge the severity of the - 
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environmental problems relative to each other, and risk reduction is used to judge the efficacy of 
possible solutions to the problems 

Objectively comparing the disparate environmental problems facing a metropolitan area such 
as Lima is a difficult task Conslder just two of Lima's problems air pollution from motor vehicles 
and discharge of untreated domestic sewage into the sea These problems involve different pollutants 
of concern, which affect different environmental media, and their Impacts are different How is it 
possible to compare these two problems? 

Several approaches might be used 

One might compare the two problems in terms of the degree to which each is 
appropriately managed Using this approach, one could look at the control measures 
for each problem that are available and typically Implemented in other cities wlth 
relatively clean environments and ask how well each problem is managed in Lima 
relative to this standard Thus, we might compare the percent of the clty's domestlc 
sewage flow that IS treated and the level of treatment attained against the extent to 
which controls on vehicle exhaust have been adopted (e g , the percentage of vehicles 
with catalytic converters) 

Alternatively, we mlght compare ambient levels of pollutants assoc~ated with each 
problem with national or International standards Here, we might compare how often 
ambient levels of air pollutants assoc~ated with motor vehicles (carbon monoxide, 
ozone, lead, nltrogen oxides) exceed Peruvian or World Health Organization 
standards against how often beaches exceed recreational water quality standards 

One could also assess the relative severity of envlronmental problems by evaluating the quantities of 
pollutants emltted or assoclated with each problem, the number of people exposed to each problem, 
or other measures 

All of these approaches for judglng problems are unsatisfactory because they focus on 
aspects of the problems that fall short of the ultimate Impact caused by the environmental problems 
Treatment plants for domestic sewage are not bullt merely to reduce discharges of pollution to 
surface water or to improve the quality of receiving water They are built to keep people from 
getting sick from contact with human waste or from drinking contaminated water, and to maintain 
the health of the aquatic ecosystem In contrast to methods that focus on intermediate goals, risk 
analysis addresses the Impacts we ultimately care about risks Are people becoming 1113 Are 
ecosystems endangered? Is quality of life being impaired? A basic premise of CRA is that assessing 
the actual risks to human health, the environment, and quallty of llfe is the best way to judge an 
envlronmental problem Similarly, environmental management initiatives can be evaluated by 
looklng at the degree to whlch they reduce risk 

f i sk  is generally described as a combination of three elements the probability that an effect 
will occur, the magnitude of the effect (extent of the population or ecosystem that is affected), and 
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the severity of the effect All three of these elements should be taken into account when evaluating 
the r ~ s k  associated with an environmental problem Maklng such evaluations will require varying 
combinations of data, analysis, and judgment depending on the environmental problem 

CRA IS particularly appropriate for use in prlor~ty-setting activities because it 

Addresses the impacts we ultimately care about 

Provides a common denominator for comparing disparate environmental problems by 
using measures that are comparable across problems (e g , the number of people 
suffering illness or injury, the amount of monetary damages) rather than non- 
comparable measures (different sources and pollutants) 

Allows sharper, more precise choices to be made between alternatives Other 
envlronmental planning processes tend to generate long l~sts of lnitlatlves that are 
worth pursuing for each environmental problem facing an area CRA, by contrast, 
provides information useful in maklng a narrower choice as to whlch problems to 
address first and which to defer for later 

Generates lnformation on the anatomy of risks caused by a problem, that IS, 
lnformation on whlch among the sources or pollutants or pathways by which damage 
occurs are most important The anatomy lnformation helps to focus r ~ s k  management 
lnltlatlves more narrowly on key portlons of a problem rather than on the problem as 
a whole 

A2 Procedural Benefits of the CRA Approach 

CRA is intended to prov~de substantive results In terms of better envlronmental prlor~ties for 
the geograph~c area of interest The process is also designed to generate procedural benefits The 
process typ~cally involves a wide range of participants representing key institut~ons interested in 
envlronmental management in the study area agencies at several levels of government (local, 
metropolltan, regional, national), universities, the private sector, envlronmental NGOs, consulting 
firms, research organizations, community groups, and the general public The ~ndivlduals 
participating In a CRA do so through an interactive process ~nvolving several committees and 
workgroups and multiple public and prlvate meetings In contrast to relying on a small group of 
experts performing an envlronmental study, the CRA process should be broadly partlclpatory and 
~nclusive The specific process used in Lima is described later in this report 

There are several reasons for conducting a CRA through a broad process involving local 
~nstltutions and experts and reflecting local values and Interests 

To facilitate the development of a consensus regarding environmental prlorlties 
among the key institutions and stakeholders involved in environmental protection, 
economic development, and the provision of urban infrastructure In the area, 
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To ensure that the study IS relevant and useful to environmental decision-malung in 
the area, and 

• To ensure that local knowledge and values provide the basis for the many 
assumptions, value judgements, and decisions that must be made throughout the 
course of the study 

Furthermore, durlng the study process, CRAs often bring together parties that m~ght not 
ordlnarlly work together to address environmental problems Participants are trained in risk 
assessment and develop a heightened cross-media perspective on environmental Issues Participants 
address the full range of environmental problems in the study area rather than the one or two issues 
that they typically focus on m thelr normal professional activities Partlclpants learn from their 
colleagues Thus, the CRA process helps to open up pathways across institutions for future 
cooperation on environmental issues 

A3 H~storlcal Use of CRA 

CRA has been used in the United States for about 10 years and has become accepted as a key 
element m environmental pnorlty settlng It has been used at the federal level, by more than half the 
states, and by more than 10 cities 

Since 1990, CRA has been successfully applied m several large urban areas throughout the 
developing world The first application of the process outside of the Un~ted States was in Bangkok, 
Thailand, in a project co-sponsored by the U S Agency for International Development (USAID) and 
the U S Environmental Protection Agency (USEPA) The use of CRA m setting environmental 
priorities continues to be strongly supported by both USAID and USEPA Other projects have been 
performed in Calro, Quito, two cities m India, Eastern Europe, and the Central American region 
(excluding Mexico) The completed CRAs have had a significant impact on environmental 
management in the areas where they have been conducted 

A4 Analyzing Health Bsks Posed by an Environmental Problem 

The organizers of the Llma CRA decided to focus specifically on health risks rather than 
risks to natural ecosystems or quality of llfe generally Most environmental problems cause adverse 
human health effects through an identical serles of five steps (see Figure IV-1) 

1 A source generates pollutants For example, motor vehlcles generate carbon monoxide, 
nitrogen oxides, hydrocarbons, particulate matter, lead, and other pollutants as fuels are 
burned The amount of pollutants generated depends on the characteristics of the source the 
type of vehicle, the way ~t is driven, and the fuels used 
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Table IV-1 How Environmental Problems Cause Human Health R~sks 
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2 Some of the pollutants are emltted or discharged to the environment Control 
technologies may prevent the generation of pollutants or reduce the fraction of generated 
pollutants that are emitted or discharged Engine tuning, catalytic converters, unleaded 
gasoline, improved traffic flow, and other control measures can reduce emissions from motor 
vehicles 

3 Those pollutants that are emitted or discharged undergo various chemical and physical 
processes in the environment, resulting in amblent concentrations of the pollutants Some 
of the smaller lead particles em~tted by autos uslng leaded gasollne may disperse and remain 
suspended in the air Other larger particles may settle out of the air, perhaps onto foods 
displayed for sale in roadside stalls, or as dust on the surface of playgrounds, agricultural 
fields, and other areas 

4 By breathing, drinking, eatmg, and other activities, humans are exposed to these 
amb~ent pollutants The degree of exposure or dose received by humans depends on how 
people use their environment and where they are located relative to the higher ambient 
concentrations of the pollutants For example, there may be little exposure to the lead dust 
on food at markets if the food is washed before it is eaten, whlle young children in 
playgrounds may have significant exposure to lead by playing in the dirt and mouthing 
objects 

5 Human exposure to a pollutant produces some llkellhood of a resulting adverse 
health effect For many pollutants, clinical, epidemiological, or toxicological studies 
provide an understanding of the adverse health effects that may be caused by exposure to a 
pollutant, as well as an underlying dose-response relationship A dose-response relationship 
is a mathematical relationship specifying the probability of a human suffering an adverse 
health effect as a function of the dose of the pollutant he or she has received 

In assessing environmental problems, we are most interested in obtaining data on the 
ultimate impacts from the problems (Level 5 m Figure IV-1) Data at this fifth level can show how 
many cases of adverse health effects are caused by the problem Unfortunately, accurate direct 
measurements of the number of health effects from environmental causes are rarely available There 
are several reasons for this 

• Available statistical measures are often inaccurate indicators of the underlying 
numbers of health effects Mortality and morbidity figures reported by doctors, 
clinics, and hospitals are subject to large errors from under-reporting (many 
individuals do not seek treatment), misdiagnosis, insufficient specificity, and 
uncertain catchment areas (the rate at which the illness is ocurring may be unclear 
because of uncertainty about the size and location of the population served by the 
health care faclllty provldlng the data) 
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Few diseases are attributable exclusively to env~ronmental factors For most 
diseases, pollution seems to be a relatively minor cause ' Inc~dence of most dlseases 
1s strongly influenced by genetics, d~et,  smokmg, personal hyg~ene, quality of 
medical care, and other factors 

Many diseases related to pollution appear only long after the exposure Current 
disease statistics, even if accurate, may reflect problems of long ago, and the Impacts 
of today's problems may take many years to show up 

Because of the lack of direct information at Level 5, we typically project the likely health 
effects from a pollution problem by estimating the dose of a pollutant to whlch people are exposed 
and then applying a dose-response relat~onsh~p for that pollutant In effect, we collect avallable data 
at the levels on the left in Figure IV-1 and use models and other estimating techn~ques to estimate 
quantities further to the right that have not been measured directly Numerous uncertainties and 
l~kely sources of error are inherent m the two steps of estimating the dose and applying a dose- 
response relationsh~p 

In the first step, uncertainties derive from shortcomings m monitoring data m Lima and 
difficulties in modeling exposures based on these data We dlscuss the most important of these 
uncertainties later in this report in papers on each of the envlronmental problems in L ~ m a  

Uncertainties inherent in applying dose-response relationships are of a different sort Here 
we follow methods and use databases on health effects of chemicals that are approved by the 
USEPA However, there is sc~ent~fic controversy about the cholces EPA has made In its rlsk 
assessment procedures Some of the most difficult issues involve extrapolating the effects of 
chemicals observed m h~gh-dosage animal experiments to situations In whlch humans are exposed to 
low doses Thorough discussions of uncertainties and suggestions regarding alternative health risk 
assessment procedures are avallable elsewhere (NAS, 1996, Flnkel, 1990), and we wlll not go Into 
this Issue further here We have used EPA's methods, and our conclus~ons are thus subject to all of 
the associated uncertainties Appendix A prov~des a more detailed descr~ptlon of EPA's approach 
that we have adopted It Includes an explanation of some of the d~fferent ways in whlch health r~sks 
are measured and expressed 

For a few envlronmental problems, our process is the reverse of the typical left-to-right 
progression In Figure IV-1 Problems involving infectious diseases and san~tation such as 
lnsuffic~ent or unclean water, inadequate domestic sewerage and treatment, and uncollected solid 
waste provide examples For these problems, statistics on health effects such as diarrheal dlseases 
and typhoid may be available, but dose-response functions are not h s k  analysls for these problems 

For example, a small fraction of the Incidence of cancer is attributable to envlronmental pollutants The 
major preventable rish factors for cancer that have been identified thus far are tobacco, dietary unbalances, 
hormones, and chron~c lnfect~ons (Gold, 1993) 
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will involve a right-to-left progression in which dlsease statistics are collected and then adjusted to 
reflect the degree of under- or over-reporting and the contribution of non-environmental causes 

The goal of the risk analysis portion of this project IS to estimate the number of cases of 
disease or injury among Llrna's population due to each environmental problem Often, different risk 
analysis procedures are used to estimate the Impact of different components of the problem For the 
food contamination problem, for example, left-to-right procedures are used to estimate the health 
impacts of each of the chemical contaminants in Lima's food supply for which we have data, while a 
right-to-left process is used to estimate the number of cases of illness due to bacteriological 
contaminants in food The total health rlsks posed by a problem are thus the summed health risks 
posed by the various components of the problem For reasons having to do with data availability and 
ease of analysis, the problems we evaluate may have components related to different pollutants, 
different routes of exposures, or different sources 

In many cases, insufficient data is available to allow us to estimate the number of health 
effects expected in Lima from an environmental problem The missing information may involve the 
ambient concentration or degree of exposure to a specific pollutant in Llma In other cases, 
knowledge is limited on the health effects of a pollutant, with no dose-response relationship yet 
having been developed for the pollutant In these instances where we cannot quantitatively estimate 
the number of cases of disease or illness from a component of a problem expected in Lima, we 
simply do the best we can by speculating on whether health effects are likely or unlikely and whether 
the number of cases is likely to be small or large 

Once a quantitative or qualitative estimate of the number of adverse health effects occurring 

among Lima's population is developed, this information is combined with information on the 
severity of these health effects to arrive at a judgement on the relative seriousness of each 
environmental problem analyzed Finally, the environmental problems are ranked in order of the 
magnitude of the total health risks caused by each 

B Use of the CRA Approach m L~ma 

The slze and complexity of Lima's environmental problems point to the need to develop 
coordinated and concerted strategies and interventions for addressing these problems The 
haphazard intervention of numerous organizations with overlappmg, duplicative and confllctlng 
functions -- as currently characterizes environmental management organizations in Metropolitan 
Lima -- has proven to be ineffectual 

With these considerations in mind, the ECORIESGO Project was developed openly and m a 
partic~patory fashion Its success in contributing to the task of definlng Lima's environmental 
priorities was made possible by the effective participation of organizations and individuals wlth a 
firm commitment to achlevlng environmental progress 
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The following groups and individuals were d~rectly involved 

An international consulting group consisting of three Peruvian experts and three U S 
experts, 

Representatives from the organizations most responsible for environmental 
management in Metropolitan Lima, under the leadership of the National 
Environmental Council (CONAM), and 

• The Office of Environmental Advisory and Consulting Services (OACA), an NGO in 
Lima specializing in environmental issues, which provided coordination and 
administrative support to the project 

B2 Two Committees Roles and Membership 

The primary goal of the participatory strategy was to obtain a consensus among the broadest 
possible range of institutions concerned with environmental management in Lima on priorities It 
was predicated on the creation of two committees a Directive Committee (DC) and a Technical 
Committee (TC), whose members provided continuing directive and advisory services to the 
consulting group during the course of the CRA 

The DC was chaired by CONAM and included 13 representative officers from key 
organizations responsible for environmental management in Lima the Ministry of the Presidency, 
the Ministry of Health, the Municipalities of Lima and Callao, NGOs, the private sector, etc (see 
Annex A for full membership lists for all the project committees) The function of the DC was to 
provide direction to the project by assuming responsibility for the principal project design decisions 
The DC also provided institutional support in the area of project implementation, validated the work 
conducted by the consulting group and the TC, and participated in defining strategies based on the 
results of the project The DC also developed a priority ranking of the environmental problems 
through the application of economic, political, social and inst~tutlonal criteria 

The TC was comprised of 18 specialists w~th  academic training in environmental and 
sanitary engineering, environmental chemistry, epidemiology, toxicology, medicine, microbiology 
and public health (see Annex A) 

The role played by the TC was three-fold 

As advisor in technical matters the TC participated in drawing up definitions of 
problems and in selecting criterla for problem prioritization It also worked to ensure 
the quality and technical consistency of the analysis and report prepared by the team 
of consultants, 

As facilitator of the collection of information required for the study, and 
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0 As promoter of the results of the study 

Thus, the responsiblllty of the TC included conducting a technical review of the work 
performed by the project team and preparing the classification of environmental problems, which 
together culminated in the preparation of a ranked list of problems based exclusively on health risks 

Additionally, in the final stage of the project a panel of nlne experts met to conduct a final 
review of the draft reports, thus enrrching the content and conclusions of the study The meeting of 
the panel made it possible to further expand the number of organlzations participating in the study 
(see Annex A) 

B3 The CRA Process 

The CRA process consisted of the following three stages 

Stage I Establzshment of the project team and issuance of an znvztatton to the 
envzronmental communzty of Lzma 

The Peruvian consultants that would serve as counterparts to the PRIDE consultants were 
selected, an organization to provide logistic and administrative support was identified, and a broad- 
based invitation to participate in the project was extended to public and private organlzatlons 
concerned with environmental management in the metropolitan area 

During this stage, the organizations that would eventually be appointed as members of the 
directive and technical committees were identified 

Stage 11 Identzfzcatzon, selectzon and gatherzng of znformatzon 

The consulting team prepared a preliminary list of the environmental problems to be 
addressed, including problems related to environmental pollution and natural resource management 
The preliminary list was submitted for consideration by both advisory committees, which drew up a 
final version Next, all potential sources of relevant information at local, national and international 
levels were Identified, and the project team proceeded to identify and collect the requisite 
information, with support provlded by the organlzations represented on the TC Several iterations 
were conducted as information was collected and reviewed, gaps were identified, and further efforts 
were made to find important missing information 

Stage III Informatzon analysts Characterzzatzon of rzsks, classtfcatzon andprzorztzzatton 
of problems 

The consulting team prepared detailed technical reports on each of the problems 
lnvestlgated, as well as comparative tables lllustratlng the health r~sks ~nvolved with each problem 
The reports were revlewed by members of the TC, who provided comments and the reports were 
revised accordingly The scientific information contalned in the reports made it possible to conduct 
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a comparative analysis and ranking of the problems based exclusively on health criter~a A 
subcomrn~ttee of the TC developed the procedure that was to be used m the ranking The ranking 
process was then carr~ed out In two full meetings of the TC 

During this stage, the DC also prepared a prioritized list of the environmental problems using 
economic, social, instttutional and political criteria, resulting in a list of problems that was 
subsequently compared against the list prepared by the TC, an evaluation was then conducted of the 
areas of agreement 

I34 Ranlung and Prlorltulng the Problems 

Two different methods were used for ranlung and prior~tizing problems 

The TC used the method of par-wise comparison to prepare a preliminary ranking of 
problems reflecting the relative degree to which they pose health risks to Lima's population This 
method lnvolved the repeated comparison of pairs of problems after a number of repet~t~ons, all of 
the problems had been compared to each other, resulting m a ranked list The TC then met a second 
time to consider adjustments to this tn~tial ranking based on a comparative assessment of all of the 
problems simultaneously 

The 12 ranked environmental problems affecting Metropolitan Lima were discussed 
in order of their initial ranking 

Key summary information from the report about each problem was presented the 
nature of the problem in Lima, the means by which it causes health risks, the number 
of individuals exposed, and number of cases of health effects expected annually 
Thls information was complemented by other data available to members of the TC, 
and discussions were held with regard to problem interrelations Reference 
information on future scenarios was also included 

Once presented, each problem was compared against the previous problem or 
problems, thus quickly generating a new ranked list of environmental problems A 
problem for which it was not possible to obtain consensus on where it should rank 
was put to a vote by the TC members 

To prepare the list of environmental problems ranked m order of their priority for 
management attent~on, the DC used a scoring method Each DC member subm~tted a form on wh~ch 
they had assigned individual scores pursuant to criteria that had been developed at a prevlous 
committee meeting, and the results were totalled, resulting m a total score and an overall 
prioritization (see Table 111-1) 

Finally, both rankings of problems -- the risk ranking and the prtority ranking -- were 
presented and ratlfied in a plenary meet~ng of the TC and the DC In this and a subsequent meeting, 
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the committees developed plans for continuing the project work into nsk management activities and 
for more public involvement However, these further activities are not covered in this report 

B5 Key Project Decisions 

Dumg the course of the project, the DC and CT made several key decisions regarding the 
scope and direction of the project 

Inztzal scopzng Three key decisions were made 

• The project should focus on the risk assessment phase, leaving the risk management 
phase for a second stage of work It was felt that it would be extremely important to 
begln by acquiring a full understanding of Lima's env~ronmental problems, which 
would subsequently provide a solid basis for decision-making with respect to how the 
problems should be resolved A decision was made to leave a small fraction of the 
project resources and time for scoping out possible risk management activities 

• The CRA should cover the entire geographical area of Metropolitan Lima, including 
the two provinces of Lima and Callao, and 

The project should focus on current health risks posed by the problems Although 
both economic and ecological impacts from environmental problems in Lima were 
clearly important, it was thought best to focus the project's limited resources on 
pressing health concerns And, in view of the newness of the CRA methodology and 
the limited data available on environmental conditions m Lima, the committees 
thought it best to concentrate on current, demonstrated problems and risks without 
diluting the effort by pursuing more speculative work on projecting future trends and 
future risks However, some of the follow-on work to be conducted in 1997 will 
address concerns about future environmental trends 

Selectzon of the problems to be analyzed and characterzzed Both committees agreed to 
focus on problems of environmental pollution ("brown" issues) and only two major problems 
involving natural resource management ("green issues") in Lima (loss of green areas and decrease in 
the water table) Although they strongly affect environmental conditions, broader social issues (e g , 
poverty, malnutrition, rural-to-urban migration, overcrowded housing, inadequate medical care) 
were thought to be beyond the scope of the study Within the overall scope of issues to be covered 
by the project, the criteria used to define the specific problems to be analyzed included ease of 
analysis, minimal overlap, consistent level of aggregation, availability of information, and 
addressability, among others 

Defnztzon of rankzng crzterza It was decided that the project should focus on essentially 
health impact issues The TC would prepare a rrsk rankrng using strictly technical criteria, while the 
DC would prepare a prrorrtzzatzon using economic, political, institutional and social criteria 
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Init~ally, the Techn~cal Committee discussed the viability of using a serles of crlteria such as 
number of cases (magnitude of impact), type and severlty of effects on health, impact on vulnerable 
population groups such as children, women, the poor, time trend, uncertainty, etc Ultimately, a 
decision was made to assess the seriousness of the health risks posed by envlronrnental problems by 
using only two key indicators magnitude of impact (number of individuals affected) and seventy 
(type of d~sease, symptoms, etc) 

The priorlt~zation prepared by the DC was based on the ranked llst drawn up by the TC uslng 
health criteria and Involved the application of additional economic, polltical, social and institutional 
criteria, including the following 

Definztzon The economic cost of the problem andlor the cost of the solution The economic 
resources available to solve the problem 

Indzcators What is the economic impact of the problem (on tourism, fishing, productive 
time lost, medical expenses, etc )? 

Is there any economlc alternative for solving this problem? 
Are resources available to solve this problem? 

Defnltton Factors that determine whether the problem has a specific impact on a part~cular 
population group 

Indzcators Does the exposed population 

Have a low level of income? 
Contain a hlgh level of vulnerable individuals (children, pregnant women, the 
elderly)? 
Exhibit a hlgh degree of unemployment7 
Have adequate servlce coverage? 

Polltical-inst~tutional criteria 

Defnztzon Institutional factors ~nvolvlng the organizations responsible for managing the 
problem, the interaction between them, and popular oplnion with regard to alternative solutions 

Indzcators 

Are the current powers Interested m solving the problem7 
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To what extent 1s ~t possible to incorporate the solution to the problem into current 
policy? 
Will the solution to the problem encourage public participation? 
How many organuations must be ~nvolved m solv~ng the problem? 
Have the institut~ons involved signed mutual cooperation agreements or do they have 
a history of collaboration? 
Is there both willingness and ability to comply with current or potential norms? 
Do adequate ~nst~tutional resources (qualified mdiv~duals, trainmg, autonomy) exist 
to solve the problem? 
Is there suffic~ent popular support to solve the problem? 

Defnztzon Factors related to the scientific understanding of the problem and the technical 
effectiveness of the solution 

Is the relative ranlung of the problem based on scientific fact? 
It is possible to adapt solutions that have been effective in similar contexts? 
Is there a solution that offers long-term benefits? 
Is there an adequate scientific understanding of the problem that will make it possible 
to reach an optimal solution? 

Strategy to be adopted zn the rzsk management stage 

The DC determined that the risk management stage should include the following 

Conducting a more deta~led analysis of the highest prior~ty environmental problems, 

Generating a list of currently existing strategies and initiatives for addressing the 
princ~pal env~ronrnental problems, 

Conduct~ng an analysls of future scenarios (prospective plannmg) that would make it 
possible to visualize mechanisms for managing the principal environmental 
problems, 

Generating management strategies and actlon plans for the problems selected, 
including processes that would make lt posslble to generate appropriate soclo- 
cultural skllls and attitudes wlth regard to the problems selected 

An agreement was reached to maintam the structure of the two committees and the 
consulting team for the risk management phase 
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Dzssemznatzon strategy It was felt that it would be necessary to develop and implement a 
project dissemination strategy The committees agreed that such a strategy should focus on the 
follow~ng priority target audience the mayors of Lima and Callao, the National Congress's 
Commission on the Environment and the Amazon, the Council of Ministers and the general public, 
through the mass media 

B6 Summary of Act~vities Performed and T~meline 

Actzvztzes performed by the consultzng group 

a Project initiation and establishment of committees 
a Information gathering 
a Organizing the information, additional efforts to fill gaps, and risk analysis 
a Preparation of preliminary reports 
a Assistance in preparating preliminary rank~ng 
a Preparation of final reports 

Actzvztzes performed by the consultzng group and the commzttees 

Five meetings of the CT 

a Scoping meeting and initial decisions 
Meeting to provide CRA training and further decisions 

a Meeting to analyze preliminary tnformation and discuss ranking criteria and methods 
• Meeting to prepare preliminary risk ranking using the pair-wise comparison method 
a Meet~ng to develop final risk ranking 

One meeting of the Technical Subcommittee to define final criteria 

Three meetings of the DC 

a Scoping meeting and initial decisions 
a Meeting to review issues and progress and define criteria 
a Meeting to develop priority ranking 

One joint meeting of the Directive and Technical Committees covering comparison and 
valtdation of both sets of rankings, review of project accomplishments, development of plans for risk 
management activities 

One meeting of the panel of experts to provide an additional, outside technical review of the 
draft reports 

Presented below is a timeline of the activities conducted 
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Table 111-1 Indlv~dual Form for Pr~or~ty Rank~ng of Problems by the Direct~ve Comm~ttee 

Observations 

INITIAL RISK RANKING BY THE 
TECHNICAL COMMITTEE 

PROBLEM 

1 st 

2nd 

3rd 

4th 

5th 

6th 

7th 

8th 

TOTAL 
SCORE 

CRITERIA AND SCORES 

Food contamination 

Pollution from solid waste 

Llmited coverage of drlnklng water 
system and lntermlttent service 

Pollution of surface water 

Atmospheric pollution 

Llmited coverage of sewer system 

Pollution of the sea and beaches 

Pollution of ground water 

ECONOMIC SOCIO- 
ECONOMIC 

POLITICAL- 
INSTITUTIONAL 

TECHNICAL- 
SCIENTIFIC 



Table 111-2 T~rnellne of Actm~tles, 1996 

Committee meetings Plenary CT CT,CD CT,CD CT,CD Jomt 
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SECTION IV 
GENERAL CHARACTERISTICS OF METROPOLITAN LIMA 

A Geography 

Lima, the capital clty of Peru, is located on the shores of the Pacific Ocean at an average altitude 
of 153 meters above sea level, between average coordinates of 12" 12'08" south latltude and 77O03'00" 
west longitude Its topography IS fairly level and the city IS surrounded by uncultivated hillsides of 
medlum to high altitude, which Increase in height as one moves inland toward the Andean mountain 
range Figure IV-1 shows a map of Peru in the context of South America A map of Metropolltan Lima 
is provlded as Figure IV-2 

Politically, the metropolitan area covers a total of 279,409 has , which as of 1995 consisted of 
50,741 has of developed area and 22,000 has of agricultural lands, with the rest classified as 
uncultivated land It IS estimated that, durlng the perlod between 1920 and 1984, 76% of the total 
agricultural area was lost to urban expansion 

Lima's hydrogeology consists primarily of alluvlal areas There are three watersheds Chlllon 
to the north, k m a c  in the center, and Lurln to the south, the total area of whlch, including the 
uncultivatedpampas of San Bartolo and the pampas of Ventanilla, are shown in Table IV-1 

Table IV-1 Area of the Watersheds and Uncult~vated Pampas of Metropolltan Llma 

Pampas in the area of Ventanilla-Ancon 3,684 has 
Chillon h v e r  Valley 18,000 has 
h m a c  h v e r  Valley 37,330 has 
Lurin River Valley 6,900 has 
Pampas m the area of San Bartolo 8,4 1 5 has 
Uncultivated h~lls~des 206,080 has 
Total 279,409 has 

Source IMP, 1989 

Water resources from the three watersheds and from the trans-Andean branch of 
Marcapomacocha (Mantaro Fbver watershed) provide an average flow of 45 86 m3/sec Underground 
water resources, which are tapped by wells, have usable reserves of 10 m3/sec in the Chillon and &mac 
aquifers and 1 8 m3/sec in the Lurin aquifer 

Marine coastal waters, which represent a valuable resource for fishing, recreation, business and 
defense purposes, extend 84 krn from Ancon in the north to San Bartolo in the south The coastline 
consists of payas, deltas, cliffs, embayed peninsulas, large islands and aquatic medla, which together 
make up a very dynamic and fraglle ecosystem such as the wetlands of Vllla in the district of Chorrillos 

IV- I 
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F~gure IV-1 Map of Peru 

360m Ies 

Figure IV-2 Map of Metropolitan Lima 
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As for climate, the metropolitan area IS extremely dry, characterized by subtropical thermal 
conditions Maximum and minimum temperatures are 28°C durlng the summer (December through 
March) and 12°C during the winter (April through November) Relative humidity ranges from 75 to 
99% Winds range from between 5 and 12 rnlsec , and blow predominantly northeast to southwest and 
east to west 

B Population and Housing 

In 1995, the population of metropolitan ~ i m a '  totaled 6,706,348,2 accounting for approximately 
29% of the total population of the country Llma's growth rate is currently 2 44% per annum as 
compared to a national rate of 2 0% Table IV-2 reveals that population 1s now more than twelve times 
1940 levels This growth IS primarily due to the migrational inflow from the rural areas of the country, 
and represents one of the highest degrees of centralization in the entire world The growth rate should 
continue at about 2 0% through the year 2010, at which point it should decrease gradually through the 
year 2075 

Table IV-2 Growth of Metropolltan L~ma And of the Country as a Whole (1000 mhabitants) 

The distribution of Lima's population is shown in Table IV-3 Population density in the 
urbanized areas ranges from 162 9 inhabitants/ha m the northern subregion to 83 3 inhabltantslha in 
the eastern subregion, with an average of 13 1 7 inhabitants/ha for the entire metropolltan area 

1 The permeter of metropolltan Llma Includes a portion of the provmce of Lma  plus the provmce 
of Callao 

2 Rural and urban population as projected m the 1993 census 

3 Qu111tanllla estimates population stablllzat~on m the year 2075 usmg two scenarios of 12 5 and 
16 5 milhon Inhabitants 
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Table IV-3 Populat~on, Area, and Dens~ty by Sub-Reg~on 

Populatron Arc 1 (Ha) Density (Inhab /Ha ) 

Residential All Urban 
Districts Area 

Rural Urban Total All 
D~strlcts 

Callao I 

South I1 

North I11 

East IV 

City Center 
v 
Total 
- - 

Source M I ,  1995 Adapted by Project Ecoriesgo 

A breakdown of Lima's population by age group reveals a young population, with 52 6% under 
the age of 25 and 4 39% over the age of 65 Table IV-4 shows the breakdown by age group With such 
a young population, the city is likely to continue to grow for the foreseeable future, even without the 
impact of further ~n-migration 

Table IV-4 Breakdown of the Population of Metropolltan Lima by Age Group 

With regard to housing, Lima has 1,069,069 housing units, of which 807,63 1 are individual 
dwell~ngs, 105,83 1 are apartments, 45,032 are in the form of qurn ta~ ,~  36,267 are neighborhood homes 
(casas veclndad), and 74,308 are other types of housing 

Total 
Population 

6,706,348 

Housing characteristics vary considerably According to the 1993 census, 26 2% of all homes 
(38 1,569 units) were not adequate, with 167,502 having Inadequate physical characteristics and 154,75 1 
having no drainage 

4 Several dwellings constructed on a slngle plot of land w~ th  shared Income 

IV-4 

Age Groups 

00 to 04 

6 10,277 

35 to 54 

1,374,801 

05 to 14 

1,488,809 

55 to 64 

395,674 

15 to24 

1,435,158 

65 + 

295,079 

25 to 34 

1,106,547 
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Over the last 20 years there has been tremendous growth through spontaneous urbanization of 
the peripheral areas of Lima The 1993 census recorded 1,662 peripheral settlements (called pueblos 
jovenes, or "young towns"), containing predominantly self-bullt homes and houses constructed in stages 
In these areas, sanitation services (piped water, sewers and trash collection) are generally iimlted or 
nonexistent 

C Economy 

Several important aspects of Lima's current economic situation are 

The leading economic activities m the metropolitan area are the manufacturing industry, 
commerce, and services, which together generate more than 80 % of the GDP for the 
Department of Lima, in contrast to only 52 4% of the GDP at the natlonal level Peru's 
economlc activity, employment opportunities and capital are all heavily concentrated in Lima, 
a phenomenon that will continue to generate regional and urban-rural imbalances m the national 
economy 

The economically active population (EAF') conslsts of 2,945,101 individuals over age 14, of 
whom 74 3% are underemployed, 16 9% are adequately employed and 8 8% (259,160 persons) 
are unemployed Unemployment is higher among women than among men (1 1 8% of the female 
EAP and 7% of the male EAP) 

Fifty-five percent of the EAP are salaried while 44 5% are nonsalaried Average monthly 
income is 539 2 new soles, with a median of 344 new soles It should be mentioned that 
approximately 2,167,500 individuals have monthly incomes of less than 599 new soles, which 
is extremely low in comparison with the cost of a baslc family food basket of S/ 34 45 per day 
or S/ 1,048 50 per month 

The highest salaries in Llma, based on type of employment, are found in the mining industry, 
where the monthly average is 1,578 new soles Mining is followed by personal services, 
construction and industry, at monthly levels of S1714 00, S/ 647 00 and S/ 627 00, respectively 

The economy of the metropolitan area is "tertiating," which involves a shifting of the work force 
from the primary sector (industry) to the tertlary sector (commerce and services) 

5 Source Muustry of Labor and Social Welfare If we consider an exchange rate of US$1 = 2 57 
new soles, average Income is US$209 

6 CUANTO Peru en CI& 1995 
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The informal economic sector is growing rapldly as a consequence of pressure on the job market 
from continuous migration from the countryside 48 4% of the EAP work in the formal sector, 
while 47% work in the informal sector and 4 5% are domestic employees ' 

D Industry 

Metropolltan Lima accounts for 65% to 70% of the country's industrial infrastructure In 1995, 
a total of 33,385 lndustrlal businesses were registered in the metropolltan area, the categories and 
subregional locations of which are shown m Table IV-5 Thls table also shows the percentages of these 
establlshrnents per CIIU in each of the subregions, with the Lima-Clty region accounting for the greatest 
number of industrial facilities 

Generally speaking, although industrial activity IS wldely scattered across Llma, it is possible 
to identify six important industrial centers 

The Callao Subregion, along Av Argentina and Colonial 

The Northern Subregon, between Av Tupac Arnaru and the Northern portion of the Pan- 
American Hlghway 

The Eastern Subreglon, along the Central Highway in the district of Ate 

The Lima-City Subregion, along Av Argentina and Colonial 

The Southern Subreglon, at the intersection of Av Pachacutec and the southern portion of the 
Pan-American Hlghway 

The Southern Subregion in the dlstrict of Villa El Salvador 

7 The term trabajador del hogar IS used here to slgnlfy domest~c employee 
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Table IV-5 Industrial Infrastructure in Metropolitan Lima, by Sub-Regions 

Source Census, 1995 

E Land Use 

Establ~shments by Work Force Sue 

Figure IV-3 shows land use in the metropolitan area Residential areas in 1988 accounted for 
37,865 has , or 1 1% of the total metropolitan area and 70% of the urban occupied area Industrial areas 
take up approximately 3,049 has , while institutional, educational, health and industrial infrastructure 
together account for 13,086 has In addition, it is estimated that agricultural areas cover 17,900 has , 
urbanizable uncultivated areas cover 34,919 has , and nonurbanizable areas (hills and uncultivated 
knolls) cover 172,590 has 

Total 

F Physical and Geograph~c Characteristics of Lima 

Region 
Small (C 5 
employees) 

Number 

1,746 

4,799 

10,392 

3,627 

12,821 

33,385 

Several physical and geographic characteristics of Lima ~mportantly affect the nature of 
environmental problems in the city 

Number 

10,603 

28,606 

YO 

5 2 

14 4 

31 1 

10 9 

384 

100 0 

Atmospheric thermal inversions The vertical distribution of temperatures over Lima varies 
widely as a result of the presence of isothermal zones caused by the continuous anticlinal 
movement of air masses or high pressure areas from the Pacific This causes low clouds 
(between 600 and 1,500 meters above the ground) In winter, clouds may drop to 400 meters, 
creating a significant decrease in air renewal 

Med~um (5-19 empl ) 

YO 

4 8 

14 8 

33 0 

10 3 

37 1 

100 0 

. Lack of rain Precipitation IS only 7 - 10 mm per year There 1s essentially no rainfall to wash 
pollutants out of the air The air is purified only by means of wind and settling of particles 
Settled particles can easily be re-suspended by the wind Without precipitation, ground water 
is recharged only from river valleys and irrigated areas Pollution at the surface in these areas 

Number 

259 

48 1 

806 

487 

1,786 

3,819 

(Large (> 20 empl ) 

YO 

6 8 

12 6 

21 1 

12 8 

46 8 

100 0 

Number 

118 

77 

143 

190 

432 

960 

YO 

12 3 

8 0 

14 9 

19 8 

45 0 

100 0 
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(e g , contaminants in river water, pathogens in waste water used for ingation, agricultural 
chemicals) can contaminate ground water In other areas where there is no recharge, surface 
pollution (e g , spills, pollut~on from solid waste dumps) will not contaminate ground water 
With no rain, agricultural lands must be irrigated, using river water well water or waste water 

Humidity, dust and warm temperatures The high relatlve air humidity throughout the year and 
the dust that blows from uncultivated hills contribute to the high levels of dust in the air Warm 
temperatures further exacerbate respiratory stress 

Erosion The upper and middle reaches of the river valleys have been affected by erosion and 
loss of riverside forests Torrential rains and geodynamic disasters exacerbate water pollution 

Proximity to the ocean Lima benefits from the north-to-south winds generated by the high 
pressure areas in the Pacific that counteract the predominant wlnds from south to north Average 
wind speeds are moderate at 5 to 7 rn/sec 

Physical-spatial characteristics with the potential to influence environmental problems in 
metropolitan Lima include 

A pattern of horizontal, low-density settlement Lima's sprawling nature consumes open space, 
green areas and agricultural zones, increases transportation costs and makes the provision of 
many sorts of Infrastructure much more expenslve Increased transportation needs bring with 
them pollution In addition to driving up urbanization and transportation costs, the extensive 
horizontal pattern produces additional pollution Average dally travel time per worker is 
between 2 and 2 5 hours Studies conducted by the World Bank have estimated that 150 m~llion 
dollars annually is lost in the form of poorly utilized fuel, and 66 5 million dollars is lost in 
unavailable work days 

Monocentric and ramified growth The urbanizat~on process has created imbalances in the 
locations of housing, employment, and commerce while much of the housing is in peripheral 
areas, employment, commerce, markets, etc are in the center The monocentric scheme creates 
serious pollut~on problems by overloading the downtown area and distribution points on the 
periphery, encouraging high concentratlons of gases, chemicals, noise, etc in residential areas 
and school and hospital zones, stressing the waste management infrastructure, and creating 
cultural problems of an environmental nature, such as ecological vandalism, etc 

Lack of parks and landscaped areas Relative to accepted per caplta standards, it is estimated 
that Lima now has a deficit of between 3,560 to 3,800 has of parks and landscaped areas A 
further problem lies in the lack of water to maintain such areas 
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SECTION V 
INSTITUTIONAL FRAMEWORK FOR ENVIRONMENTAL MANAGEMENT IN LIMA 

There are many institutions in Lima either directly or indirectly Involved in urban environmental 
management Their functions and responsibilities are often duplicative and uncoordinated There are 
institutions responsible for the following major functions policy design and planning, monitoring and 
oversight, legislation, delivery of basic services, financing, human resource development and public 
awareness However, in most cases these institutions do not limit their activities to a single strategic 
function but rather carry out a variety of functions simultaneously As a result, they often impede each 
other's effectiveness 

Described below are the primary institutions with responsibilities related to environmental 
management in Lima It should be noted that the great majority of these institutions have participated 
in the consultation and review process for this study, through their participation in meetings of the 
Technical and Management Committees 

A Local Government Provincial Municipalit~es of Lima and Callao and Distrlct 
Municipal~ties 

There are 50 District Municipalities and two Provincial Municipalities within the boundaries of 
Metropolitan Lima 

The basic responsibilities of these local governments or municipalities include planning, 
implementation, and promotion of activities to maintain and improve the lives of their citizens These 
activities are aimed at satisfying the general public's needs for housing, health, education, recreation, 
transportation and communication 

In addition, municipalities are authorized by law to plan and manage the development of thelr 
geographic jurisdictions This involves planning, regulating, monitoring, administering and in some 
cases delivering environmental sanitation, traffic and other public services 

Lima, the capital of the country, and Callao, the capital of the Constitutional Province, are 
governed under a special regime, due to the scale and complexity of the task of urban management in 
Metropolitan Lima 

B Natlonal Council on the Environment (CONAM) 

CONAM was created on December 22, 1994 by Law No 26410 to be the guidtng entlty for 
national environmental policy CONAM reports to the President of the Council of Ministers and has 
functional, economic, financial, administrative and technical autonomy Its responsibilities include 
formulatmg, coordinating, directing and evaluating national environmental policy 
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CONAM seeks to implement a national environmental management system which will 
coordinate activities of the various entities ~nvolved with environmental issues Accordingly, the scope 
of CONAM's activities is cross-cutting in nature, which enables it to support, rather than replace, 
existing operating structures Thus, CONAM was established as an entity to facilitate and coordinate 
the many ~nitiatives that are undertaken by institutions involved in environmental management activities 
in Peru 

C Ministries and Sector Agencies 

C1 Ministry of the Presidency (MIPRE) 

MIPRE is authorized to serve the needs of the public by developing basic infrastructure and 
social support programs It defines government policy in the areas of planning, development, 
monitoring, operation and maintenance of basic infrastructure, including water and sewerage service, 
wastewater treatment and garbage disposal 

Through its decentralized public agencies, it provides services and supervises and evaluates the 
implementation of its policies Chief among these agencies are the National Superintendency of 
Sanitation Services (SUNASS) and the National Water and Sewerage Program (PRONAP) 

Cla Nat~onal Superintendency of Sanitat~on Services (SUNASS) 

SUNASS was created in 1992 by Decree Law No 25965, with the objective of ensuring that 
users receive the highest quality water and sanitation service possible 

At the national level, SUNASS regulates and oversees the provision of three services piped 
water, sanitary and storm drainage, and sewage In addition, it is authorized to propose to MIPRE 
policies and standards related to the provision of water and sanitation services, and to assess the 
performance of the agencies that provide such services, such as the Water and Sewerage Enterprise of 
Lima (SEDAPAL) 

Clb National Water and Sewerage Program (PRONAP) 

PRONAP is a special project of MIPRE which 1s authorized to carry out act~vities in the water 
and sanitation sector PRONAP's personnel management scheme is the same as the one governing 
private activity PRONAP implements three subprojects 1) sectoral strengthening at the central level, 
11) institutional and operational strengthening of the agencies providing water and sewerage services, and 
111) preparation of final preinvestment and deslgn studies for expansion plans In addition, the 
Wastewater Management Project for Metropolitan Lima (PROMAR) also functions within the 
framework of PRONAP 

The purpose of the PROMAR Project is to address pollution of the coastal waters along a 40- 
kilometer stretch of beach between the mouths of the Chillon and Lurin rivers To this end, PROMAR 
directly promotes the appropriate disposal of domestic and industr~al wastewater in Metropolitan Lima 
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C2 M~nlstry of Health (MINSA) 

C2a Directorate General for Environmental Health (DIGESA) 

DIGESA is a line agency of the Ministry of Health, with both technical and normative functions 
It reports to the Vice-Minister It is authorized to formulate, regulate, supervise and disseminate 
standards for environmental protection and basic sanitation DIGESA also regulates, supervises, 
controls, evaluates and coordinates -- with regional and local governments and other components of the 
National Health System, as well as with other sectors -- issues involving environmental protection, basic 
sanitation, food hygiene, monitoring and occupational health 

Through its Directorate of Basic Sanitation, DIGESA regulates and establishes quality criteria 
for drinking water and evaluates drinlung water quality control activities Through its Directorate of 
Ecology and Environment, it regulates, monitors and applies appropriate sanctions aimed at preventing 
pollution caused by biological agents, chemicals and potentially hazardous forms of energy 

C2b Natlonal Institute for the Protection of Health and the Environment (INAPMAS) 

INAPMAS is authorized to formulate and propose MIPRE policies and standards relating to 
public health and the environment It is charged with actively promoting coordination and collaboration 
between the various entities of the health,sector and other institutions with ties to MIPRE 

C3 Minlstry of Industry, Touram, Integration and International Trade Negotlatlons 
(MITINCI) 

MITINCI sets policy in matters of industry, tourism, integration and ~nternational trade 
negotiations It is authorized to propose policies and standards for environmental and natural resource 
protection in sector plans, programs and projects 

The National Directorate of Industry is a normative technical unit that reports to the Vlce- 
Mlnister of Industry This agency includes three line directorates the Directorate of Chemical 
Commodities and Controlled Substances, the Directorate of Industry and Artisanry, and the Directorate 
of Normative Affairs Through the Underdirectorate for Environmental Supervision and Oversrght, it 
seeks to integrate the environmental management activities of the three line directorates reporting to 
MITINCI' s National Directorate of Industry 

This ministry is authorized to formulate, coordinate, evaluate, supervise and monitor national 
policy relating to renewable natural resource preservation and conservation The scope of the 
agtlcultural sector includes, among other thlngs agricultural land, nverbeds, lakes and other sources of 
water for agricultural uses, agricultural infrastructure, and agricultural health and protection Operating 
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within the framework of the Mlnistry of Agriculture are the National Natural Resource Institute 
(INRENA) and the Autonomous Authority for the Chillon, Rimac and Lurin Watersheds 

C4a Nat~onal Natural Resource Institute (INRENA) 

Thls agency coordinates its actlvitles with those of the publlc and private sectors with regard to 
the use and conservation of renewable natural resources It IS authorized to establish water reserves for 
any purpose serving the publlc interest, to modify the preferential order of water use for agriculture, 
energy production, industrial development, mining, etc , and to reorganize use of any given watershed 
or valley in order to improve the use of water resources, when such reorganizat~on affects two or more 
regions 

C4b Autonomous Authority for the Chlllon, Bmac and Lurln Watersheds 

This agency was created as the highest decision-malung authority wlth regard to the use and 
conservation of water and soil resources in the watersheds associated wlth the three rlvers passing 
through Metropolitan Llma the Chillon, h m a c  and Lurln fivers 

C5 Ministry of Transportat~on, Communication, Houslng and Construction 

Thls mlnlstry formulates, evaluates, supervises and implements policies relating to the 
construct~on, improvement and conservation of transportation, communicat~ons, houslng and 
construction Infrastructure at the national level, including urban development and envlronmental 
protection Through its General Directorate for Urban Development, this mlnlstry proposes national 
policy and plans to meet the needs of population centers, and proposes, Issues and oversees approprlate 
regulations 

The General Directorate for the Environment proposes, supervises and monitors environmental 
improvement and monitoring pollcies affecting the sector and, among other things, is responsible for the 
Urban Envlronmental Protection Project, which is responsible for the stabilization ponds at San Juan de 
Miraflores (Lima) 

C6 Peruv~an Oceanograph~c Inst~tute (IMARPE), attached to the Min~stry of Fisher~es 

IMARPE is a decentralized public agency of the M1nlstr-y of Fisheries responsible for conducting 
scientific and technical research on the ocean, continental waters and hydrobiological resources for the 
purpose of ensuring the rational use of such resources It also provides advlsory assistance in the areas 
of marine and freshwater envlronmental concerns, pollution analysis, and taxonomic classification of 
fish and other aquatlc organisms 
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D Natlonal Meteorology and Hydrology Sewlce (SENAMHI) 

SENAMHI is charged with gathering, investigating, recording, processing and systematizing 
meteorological and hydrologic information in Llma and Callao, with a mandate to evaluate and oversee 
atmospheric pollution Since 1990, SENAMHI has been implementing the Project to Determine and 
Monitor Atmospheric Pollution m Llma (VICON Project) 

E l  Water and Sewerage Enterprlse of Lima (SEDAPAL) 

SEDAPAL is a government-owned enterprise that provides water and sewerage services in Lima 
and Callao It was established under national law with technical, admmistrative, economic and financial 
autonomy It is not subject to hierarchical control by either of the two Provincial Municipalities, Llma 
or Callao 

SEDAPAL plans, constructs and operates water and wastewater treatment plants, as well as 
water distribution and wastewater collection networks Supreme Resolution No 023-93-PCM (January 
22, 1993) ratified the need to promote private investment m the field of sanitation, providing for the 
privatization of SEDAPAL through the implementation of partnership, service provision, lease, 
management, concession and other similar contracts The process of privatizing SEDAPAL is currently 
underway, however, no specific time frame has been established for its completion 

E2 Llma Munlc~pal Waste Removal Enterprlse (ESMLL) 

ESMLL was created by Decree Law No 2291 8 in early 1980 as a legally established entlty based 
on domestic public law It has administrative and economic autonomy ESMLLYs purpose is to collect, 
convey, treat and adequately dispose of solid waste in the entire jurisdictional area of the Province of 
Lima Since its creation, ESMLL has limited its actlvitles to the collection of solld waste within the 
central urban perimeter (Lima-Cercado) and to the final disposal of solid waste in the entire city of Lima 
Solid waste collection is the responsibility of each of the fifty districts At present, the service previously 
provided by ESMLL has been assigned to a private consortium, Vega-Upaca, under a concessionary 
contract 

F Nongovernmental development organuat~ons (NGDOs) 

There are currently some 350 nongovernmental development organizations (NGDOs) in Lima 
They work in a variety of areas, including policy, economics and poverty, social organization, food and 
nutrit~on, health, education and the environment 

Described below are the NGDOs whose activities are relevant to this study 
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F1 Peruvian Environmental Network 

This is a network made up of NGDOs that implement programs calling for direct intervention 
in environmental issues 

F2 Habitat Commission 

This is a work group consisting of approximately 12 NGDOs worhng to solve problems relat~ng 
to sustainable urban development 

F3 Ecological Forum 

This forum provides an opportunity for the study and proposal of environmental policies and 
consists primarily of networks made up of NGDOs, research centers and universities 

F4 Consortium of the Journal Medio Ambiente 

This is the pol~cy and editorial group of the journal Medzo Ambzente It consists of a large 
number of NGDOs conducting work on environmental issues Centro de Investigacion, Education y 
Desarrollo (CIED), Pro-Naturaleza (FPCN), Sociedad Peruana de Derecho Arnbiental (SPDA), Institute 
de Desarrollo y Medio Ambiente (IDMA), Centro de Investigaciones y Proyectos Urbanos Regionales 
(CIPUR), Inst~tuto Regional de Ecologia Andina (IRINEA), Red Nacional de Agricultura Ecologica 
(RAE), Asociacion Peruana para la Conservacion de la Naturaleza (APECO), Asociac~on Amazonia 
(AA), Naturaleza, Ciencia y Tecnologia para el Servicio Soclal (NCTL), Asociacion para la 
Investigacion y Desarrollo Rural Integral (AIDER), Red de Accion en Alternativas a 10s Agroquimicos 
(RAAA), Centro Alternativa (ALTERNATIVA), and Oficina de Asesoria y Consultorla Amb~ental 
(OACA) 

The following table presents an outline of the principle areas of activity in urban environmental 
management in Lima, by entity 

Table V-1 Summary of the Primary Areas of Activlty in Urban Environmental Management 
in L~ma, by Ent~ty 

Ent~ty 

Ministries and ministerial agencles 

Local governments 

Service delivery entibes 

NGDOs and associations 

Pr~mary Area of Action 

Sectoral 

Territorial 

Privatelentrepreneurial 

Applied research, activism and 
awareness 
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G Comments 

As can be seen from the preceding description of the functions and responsibilities of each 
inst~tution, units of the national government have environmental responsibilities that are both wide- 
ranging and spread across many entitles The ministries and their corresponding agencies have broad 
authority with regard to environmental concerns (from policy formulation to the authority to oversee and, 
as required, apply sanctions) in order to promote compliance with their sectoral development objectives 
This sectoral approach frequently results in duplicated efforts It also often works in direct opposition 
to the Eunctions and mandates of local governments to promote the integrated development of their own 
geographic territories 

Thus, the creation of CONAM as an agency to promote the harmonization of environmental 
criteria and policies as well as to seek the coordination and strengthening of institutional capacity, is 
quite necessary 



SECTION VI 
WASTE WATER COLLECTION, TREATMENT, AND DISPOSAL 

A Overview of the Problem ~n L~ma 

Llma produces between 15 and 18 m3/s of waste water each day This represents about 85% of 
the total amount of water produced daily by SEDAPAL Waste water is generated by many sources in 
the city households, industry, energy producers, and irrigation 

Waste water is collected by a sewer system consisting of primary, secondary and tertiary 
networks These networks carry it to three destinations the coast, the rivers and sewage treatment 
plants The scarcity of Lima's water resources and the high organic content of the waste water make 
it an important water source for irrigating parks, gardens and the farmlands that still exist in the peri- 
urban areas around the city The waste water used for irrigation purposes is either purified in the 
treatment plants or intercepted from the sewerage network through illegal connections 

Final disposal of waste water is via eight outfalls The Surco outfall, with a recorded flow of 
5 36 m3/s, is the largest It discharges south of Lima at the beach known as "La Chira" in the Chorrillos 
district (PROMAR, 1995, SEDAPAL, 1995) The other outfalls, in descending order of volume, are 
Centenano (Callao district), Costanero (Magdalena district), Comas (Ventanilla district) and Bocanegra 
(Callao) outfalls Sewage Channel 6, as well as the small Condevilla and Zarumilla sewage channels, 
discharge into the h m a c  river (Fig VI-1) 

Approximately 800 l/s, which represents 5 3% of Lima's waste water production, undergoes 
treatment before it is used or discharged In the San Juan de Miraflores district south of the city, a small 
drainage area is served by the San Juan sewage channel, which carries waste water to the San Juan 
treatment plant About 280 11s are treated using oxidation ponds, the effluent from which is used to 
irrigate nearby farmlands and nurseries The waste water from the Lurigancho-Chosica and Chaclacayo 
districts (drainage area No 8) is treated using aerated ponds at the Carapongo treatment plant There 
are other smaller-capacity treatment systems which primar~ly use the oxidation pond system (Tables VI- 
1 and VI-2) 

VI- I 
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Flgure VI-1 Princ~pal Sewage Channels in L~ma 
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Table VI-1 Princ~pal Dralnage Areas 1x1 Llma 

Source SEDAPAL (1 995) and PROMAR (1 996) 

Dralnage 

Comas 

Centenano 

Sewage Ch 
6 

Costanero 

Surco 

San Juan 

Bocanegra 

Chosica 

Total - 

Waste water treatment capacity has remained virtually unchanged over the past 15 years, and 
about 95 % of the waste water is now discharged untreated The percentage that is untreated is, in fact, 
even greater than 95% because many systems are inadequately operated and mamntained The PROMAR 
project is currently studying a number of alternatives for treatment and final sanitary disposal of waste 
water The technical options being examined include (a) discharging all waste water through a single 
outfall on the north side of the city, which would intercept all currently existing sewage channels, (b) 
discharging through two suboceanic outfalls located on the north and south coasts, c) partial discharge 
into the ocean plus construction of recycling plants in different parts of the city This would make it 
poss~ble to reuse water for agricultural purposes and also return it to the three rivers, thus stabilizing 
their erratic flow, d) discharge into the ocean and reuse of treated water in new agricultural areas to the 
north (Ancon) and south (San Bartolo) of the city 

Area - 
hectares 

67,337 

4,993 

6,283 

4,499 

15,911 

1,844 

493 

887 

102,247 

Population 

905,774 

73 1,485 

671,937 

547,416 

1,469,623 

179,768 

66,049 

45,913 

4,6 17,965 

Discharge location 

Into the ocean, 
Oquendo beach 
Into the ocean, 
Acapulco beach 
Into the W a c  
river, Jr Villa kca 
(C 25 Av Peru) 
Into the ocean, 
Av Costanera 
Cdra 24 
Into the ocean, 
La Chlra beach 
Into the San Juan 
treatment plant 
Into the ocean, 
Bocanegra Estate 
Into the Carapongo 
plant 

Est 
house 

hold flow 
m3/s 

2 10 

1 69 

1 56 

1 27 

3 40 

0 42 

0 15 

nd 

10 59 

Industrial 
flow 
m3/s 

0 28 

1 45 

0 42 

0 66 

1 22 

0 06 

0 18 

nd 

4 27 

Used for 
Irrigation 

m3/s 

1 78 

0 59 

- 

- 

nd 

2 37 

Est 
daily 
flow 
m3/s 

1 60 

3 14 

0 39 

1 93 

4 62 

0 48 

0 34 

nd 

12 5 

Recorded 
flow 
m3/s 

2 03 

3 01 

1 49 

2 80 

5 36 

0 30 

0 50 

nd 

15 49 
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Table VI-1 Prlnc~pal Drainage Areas m L~ma 

Source SEDAPAL (1995) and PROMAR (1996) 

Dramage Fl 
Comas 

Centenario 

Sewage Ch 
6 

Costanero 

Surco 

San Juan 

Bocanegra 

Chosica 

Total 

Waste water treatment capacity has remained virtually unchanged over the past 15 years, and 
about 95 % of the waste water is now discharged untreated The percentage that is untreated is, in fact, 
even greater than 95% because many systems are inadequately operated and maintamed The PROMAR 
project is currently studying a number of alternatives for treatment and final sanitary disposal of waste 
water The technical options being examlned include (a) discharging all waste water through a single 
outfall on the north side of the city, which would intercept all currently existing sewage channels, (b) 
discharging through two suboceanic outfalls located on the north and south coasts, c) partlal discharge 
into the ocean plus construction of recycling plants in different parts of the clty This would make it 
posslble to reuse water for agricultural purposes and also return it to the three rivers, thus stabilizing 
their erratlc flow, d) discharge Into the ocean and reuse of treated water in new agricultural areas to the 
north (Ancon) and south (San Bartolo) of the clty 

(hectare 

67,337 

4,993 

6,283 

4,499 

15,9 1 1 

1,844 

493 

887 

102,247 

Discharge location 

Into the ocean, 
Oquendo beach 
Into the ocean, 

Acapulco beach 
Into the Rmac 

river, Jr Villa IClca 
(C 25 Av Peru) 
Into the ocean, 
Av Costanera 

Cdra 24 
Into the ocean, 
La Chlra beach 

Into the San Juan 
treatment plant 
Into the ocean, 

Bocanegra Estate 
Into the Carapongo 

plant 

Populat~on 

905,774 

73 1,485 

671,937 

547,4 16 

1,469,623 

179,768 

66,049 

45,913 

4,6 17,965 

Est 
house 

hold flow 
m'/s 

2 10 

1 69 

1 56 

1 27 

3 40 

0 42 

0 15 

nd 

10 59 

Industrial 
flow 
m3/s 

0 28 

1 45 

0 42 

0 66 

1 22 

0 06 

0 18 

nd 

4 27 

Used for 
wigatlon 

m3/s 

1 78 

0 59 

nd 

2 37 

Est 
daily 
flow 
m3/s 

1 60 

3 14 

0 39 

1 93 

4 62 

0 48 

0 34 

nd 

12 5 

Recorded 
flow 
m3/s 

2 03 

3 01 

1 49 

2 80 

5 36 

0 30 

0 50 

nd 

15 49 
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Table VI-2 Waste Water Treatment Plants for Metropolltan Llma 

Source SEDAPAL (1 995) and PROMAR (1 996) 

Implementing the last two optlons would reap significant sanitary, environmental and socio- 
economic benefits They would reduce the environmental pollution of the rivers and coastal areas 
caused by improper disposal of waste water, increase the availability of farm land and greenflandscaped 
areas and help to recharge the aquifer They could also create new opportunities for developing the 
agricultural sector on the outskirts of Lima If linked to projects to create greenflandscaped areas and 

Location of 
Plant 

Ate - Vltarte 
V M Tnunfo 
Lurln 

S J Mlraflores 

Ventanllla 
Mlraflores 
San Martln 

Vllla El 
Salvador 

Vllla El Salv 
La Mollna 

Puente P~edra 

Ancon 

Treatment 
Technology 

Aerated ponds 
Oxidation ponds 
Oxidation ponds 

Ox~dat~on ponds 

Oxldationponds 
Biofilter 
Irrlg ditch & 
ponds 
Oxidation pond 

Oxidation pond 
Irrig ditch & 
ponds 

Oxidation pond 

Oxidabon pond 

IN OPERATION 

RUN BY SEDAPAL 
1 Carapongo plant 
2 Jose Galvez ponds 
3 Jullo C Tello ponds 

RUN BY OTHER 
ENTITIES 
1 San Juan de 
Mlraflores ponds 
2 Ventanilla ponds 
3 Mlraflores biofilter 
4 UNI station 

5 Huascar oxldat~on 
ponds 

RUN BY PRIVATE 
ENTITIES 
1 Parque 26 ponds 
2 Golf La Planicle 
statlon 

TOTAL 

TO BE RENOVATED 
1 Puente Piedra ponds 

UNDER 
CONSTRUCTION 
1 Piedras Gordas - 
Jerusalen 

2 10 
60 
30 

280 

100 
1 
8 

20 

80 
8 

797 

80 

30 

Population 
Served 

142,3 17 

6,456 

182,434 

28,584 

16,796 

Management 
Entity 

SEDAPAL 
SEDAPAL 
SEDAPAL 

mtcvc 

municipality 
munic~pallty 
UNI 

SERPAR 

farmers 
private club 

SEDAPAL 

SEDAPAL 
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ponds, these areas could be turned into valuable recreational space, which IS essent~al in a city such as 
Lima (see section ent~tled "Loss of Farm Land and Green Areas") 

A1 Waste water qual~ty 

SEDAPAL performs systematic waste water quality monitoring m Lima Thls is mainly to 
evaluate treatment effectiveness A profile of Lima's waste water was developed in 1995 by Parsons 
Engineering, the results for which are reported in Table VI-3 

The data give an idea of the extent of the pollution loads In coastal waters and the Rmac river 
Any conclusions should be tentative, however, as the data denve from very limited sampllng The levels 
of streptococci and coliform bacter~a are of the same order of magn~tude in all sewage channels except 
the Centenario Thls channel has a value ten times higher than all the others for total coliform bacter~a 
The BOD loads range from 149 mg/l to 243 mg/l, falrly typical for sewage largely from domestic 
sources All the outfalls, but especially the Comas and Centenarlo, have toxlc metals (copper, chromium 
and arsenic) and nonmetals present in h~gh  concentrations 

A2 Sewer system coverage 

Lima's sewer system does not serve the entire population The population that has no household 
drinking water connect~ons is also without waste water collection and disposal servlce It IS est~mated 
that about 28% of the population--or about 1,780,000 res~dents--do not receive such servlces (Table VI- 
4) The districts with lack of coverage at substantially higher rates than the city's average Include Puente 
Piedra (85 I%), Lurlgancho (67 5%) and San Juan de Lurigancho (48 4%) in North Lima, Pachacamac 
(89 I%), Lurin (83 3%), Chorrillos (45 2%) and San Juan de M~raflores (42 1 %) in South Lima, Ate 
Vitarte (52 6%) in East Lima, and the unincorporated area (69 4%) 

The population without sanltat~on service uses pit latrines or septic tanks (16 5%), drainage 
ditches (1 O%), or they defecate outdoors (10 9%) Properly bullt and maintained septic tanks and 
latnnes are a safe method of containment and anaerobic oxidation of feces The use of latrines In poor 
sanltary condit~on and the dlsposal of excrement In drainage ditches or outdoors pollutes water and soil 
with potentially pathogenic matter 
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Table VI-3 Character~st~cs of Waste Water from the Pr~nclpal Outfalls (June-July 1995) 

Comas I outfall 
Centen 

4 28x10' 
1 92x107 
5 54x107 

243 
815 
5 1 

50 2 
37 2 
17 

0 016 
0 3 
9 1 

0 096 
0 014 
0 51 
0 12 
0 37 
2 47 
0 066 
0 0008 
0 020 
0 030 
0 22 

257 
322 
257 
126 
0 16 
233 
1129 
255 
874 
457 

Costan 
Outfall 

2 48x107 
1 4Ox1O7 
8 06x107 

149 
655 
44 

38 4 
31 0 

4 
0 19 
1 46 
7 2  

0 018 
0 013 
0 39 
0 05 
0 02 
1 44 

0 032 
0 0007 
0 030 
0 018 
0 22 

220 
309 
220 
81 

0 15 
22 1 
1046 
282 
763 
446 
4 0 
1 0  

No 6 
Outfall 

5 75x107 
2 98x107 
1 ~2x107 

34 1 
98 1 
77 

54 2 
43 2 

12 
0 016 
0 38 
10 6 

0 044 
0 018 
0 43 
0 13 
0 84 
2 11 
0 058 

0 0003 
0 020 
0 033 
0 19 

286 
370 
286 
199 
0 15 
254 
1460 
417 
1043 
558 
8 1 
3 6 
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Table VI-4 Sewer Servlce Coverage by Dlstrlct m Metropolltan Llma, 1993 

Dlstrlct I 
NORTH LIMA 
Carabay 110 
Comas 
Independenc~a 
Los Ol~vos 
Puente Pledra 
Rlrnac 
S M Porras 
Lur~gancho 
S J Lurlgancho 

CENTRAL LIMA 
Breiia 
Jesus Marla 
La Victorla 
Surqulllo 
L~nce 
Mlraflores 
San Borja 
San Is~dro 
Lima 
Magdalena 
Pueblo Libre 
San M~guel 
San Luis 

SOUTH LIMA 
Barranco 
Chorrillos 
Santiago de Surco 
Lurln 
Pachacamac 
S J Mlraflores 
V M Trlunfo 
Vtlla Salvador 

EAST LIMA 
Ate Vltarte 
El Agustlno 
La Mollna 
Santa Anlta 

CALLA0 
Bellavlsta 
Callao 
C de la Legua 
La Perla 

Type of 
District* 

URB 
PRO 
PRO 
PRO 
URB 

CONS 
PRO 
PRO 
URJ3 

CONS 
RES 

CONS 
CONS 
RES 
RES 
RES 
RES 

CONS 
CONS 
CONS 
CONS 
CONS 

RES 
CONS 
RES 
URB 
NI 

PRO 
PRO 
PRO 

PRO 
PRO 
RES 

CONS 

CONS 
PRO 
PRO 

CONS 
La Punta RES 

UNINCORP PRO 

METRO LIMA 

Total Pop 
ulatlon 

2 262 569 
106 496 
403 619 
183 537 
227,768 
99,877 
184,183 
379,979 
98 833 
578 277 

1,361,502 
84 911 
62 629 
224 575 
87,683 
62 430 
87 191 
72,656 
61 721 
333,236 
47 847 
73 292 
114 717 
48 614 

1 300 480 
40,4 10 
208 563 
197 117 
34 117 
19,849 

283 019 
262 919 
254 486 

612 551 
264 854 
151 686 
77 664 
118 347 

534 553 
70 851 

361 989 
38,095 
58 845 
4 773 

771 202 

6 272 295 

Public 
Connec- 
tlon (%) 

60 34 
6031 
75 80 
82 48 
55 52 
14 86 
87 59 
82 54 
32 50 
51 47 

93 89 
96 14 
69 14 
91 37 
95 79 
97 91 
98 51 
96 79 
99 25 
91 66 
97 90 
97 52 
92 22 
96 35 

56 20 
97 21 
54 75 
89 80 
16 72 
10 88 
57 90 
60 91 
61 39 

67 38 
47 44 
63 92 
88 77 
69 37 

93 18 
97 73 
73 50 
97 39 
97 96 
99 30 

30 59 

71 61 

Plt 
Latrlne 

24 33 
22 59 
18 68 
9 07 

31 27 
56 07 
4 29 
10 90 
35 85 
30 22 

1 67 
0 93 
0 40 
5 50 
0 94 
0 73 
0 57 
3 39 
0 21 
1 76 
0 91 
1 05 
4 07 
1 20 

26 89 
0 78 
35 08 
6 41 
58 53 
41 44 
25 02 
25 91 
21 97 

16 52 
24 38 
19 11 
6 16 
16 44 

2 96 
0 85 
12 00 
1 27 
0 70 
0 00 

37 62 

16 53 

Dralnage 
Dltch 

2 03 
0 71 
0 61 
0 19 
1 63 
6 86 
0 18 
0 05 
7 02 
101 

0 24 
0 17 
0 00 
0 39 
0 25 
0 04 
0 03 
0 72 
0 06 
0 65 
0 06 
0 19 
0 57 
0 00 

0 74 
0 12 
0 60 
0 45 
2 21 
1 29 
0 50 
0 34 
0 38 

1 77 
3 18 
1 14 
0 32 
2 45 

1 07 
2 37 
1 06 
0 12 
1 82 
0 00 

2 02 

0 95 

None 
(%I 

13 25 
16 39 
4 91 
8 25 
11 58 
22 21 
7 94 
6 07 
24 63 
17 30 

3 78 
2 77 
0 50 
25 06 
3 02 
1 32 
0 85 
1 15 
0 50 
5 93 
1 13 
1 24 
3 24 
2 45 

16 17 
1 89 
9 57 
3 34 
22 54 
46 39 
16 58 
12 84 
16 19 

14 33 
25 00 
15 84 
4 75 
11 73 

3 61 
139 
13 43 
1 22 
1 32 

Total wlo 
Coverage 

(%I 
39 66 
39 69 
24 20 
17 52 
44 48 
85 14 
12 41 
17 46 
67 50 
48 53 

6 11 
3 86 
30 86 
8 63 
4 21 
2 09 
1 49 
3 21 
0 75 
8 34 
2 10 
2 48 
7 78 
3 65 

43 80 
2 79 
45 25 
10 20 
83 28 
89 12 
42 10 
39 09 
38 61 

32 62 
52 56 
36 08 
11 23 
30 63 

6 82 
2 27 
26 50 
2 61 
2 04 

0 69 

29 77 

10 89 

0 70 

69 41 

28 39 
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NI D~stncts not Included in Metropolitan Llma, w~th a high percentage of rural populat~on unpopulated areas and very Inadequate 
servlces URB Districts undergomg urban development and incorporation Into Llrna, wlth an ongmally rural population now living 
In settlements on the city's outskirts in unsuitable hous~ng wlthout servlces PRO Dlstrlcts in the process of consohdahon Most 
of the res~dents live in AAHH m consohdated independent houses CONS districts consol~dated or in the process They occupy 
the old city and much of the populatlon lives in conditions of overcrowding and urban bllght RES res~dent~al districts w~th  
adequate houslng and servlces 

B Health &sks from Waste Water 

The population of Lima is exposed both directly and indirectly to the pollutants found in waste 
water The direct exposure routes are limited to specific subpopulations These include workers in the 
water and sewer industry and farmers who use untreated waste water for irrigation 

For the remainder of the populatlon, exposure is indirect and includes 

• Ingestion of drinking water from wells or surface sprlngs that are polluted by waste 
water, 

• Ingestion of hnlung water that has been contaminated by waste water infiltrating into 
drinking water supply pipes, 

Contact with surface and sea water during productive (industry, agriculture, fishing) and 
recreational activities, 

• Ingestion of fish and seafood from polluted habitats, and 

rn Ingestion of crops watered with untreated waste water 

An additional route with less risk is respiration of contaminated aerosols and dermal 
exposure during productive and recreational activities 

The magnitude of the risk from these sources is discussed in the sections on water pollution, food 
contamination and ocean pollution 

The main health risks associated with waste water are the ones associated w ~ t h  the lack of 
sewerage coverage and the absence of appropriate systems for safe disposal and removal of feces An 
assessment of the health impact on Lima's population appears in the portion of the water pollution 
section entitled "Health h s k s  Associated with Inadequate Water Supply and San~tation Services " 



SECTION VII 
SOLID WASTES 

A General Definibon of the Problem 

Any large concentration of people in an urban area will require significant amounts of material 
and energy to sustain daily activities The consumption and processing of material and energy in cities 
generate waste and emissions, particularly solld waste 

The volume and nature of the solid waste produced varies from city to city, depending on the 
number of inhabitants, patterns of consumption, levels of wealth and degree of industrial~zation Per- 
capita solld waste generation can range from 0 2 kg/resident/day to 1 4 kg/resident/day in urban areas 
of less-industnalized countries to 3 kg/resident/day m industrialized countries 

For a variety of reasons, cities in Latin America are finding it difficult to establish adequate 
collection and disposal services for municipal solid waste Limited administrative capacity, growing 
per-capita production of solid waste, lack of suitable equipment, lack of separate systems for managing 
different types of waste (household, industrial, hospital, etc ) and poor public awareness are among the 
principal contributing reasons The relationship between poor munic~pal solid waste management and 
public health is difficult to quantify Citizens will, however, demand proper collection of solid waste 
if they recognize the connection between solid waste and disease and because they desire an attractive 
and healthy living environment 

The potential impacts of solid waste on health and on the environment more generally vary at 
each stage in the process of handling the waste For example, generation and storage of solid waste in 
the home can result in the proliferation of pathogenic mlcroorganisms and vectors and unpleasant odors 
Improper storage or disposal of solid waste along public thoroughfares has a major impact on the city's 
appearance It also provides food and breeding grounds for the insects, rodents and dogs that can 
transmit infectious dlsease Transporting solid waste can scatter it throughout the city and can result in 
occupational accidents Uncontrolled disposal of solid waste pollutes the soil, surface and ground water 
and the air This directly compromises the health of solid waste handlers and residents near disposal 
sites The broader public may also be affected by improper disposal of solid waste if animals that are 
used for human consumption are fed wlth solid waste without regard to sanitary considerations Health 
effects may also occur from modem waste management methods The following table demonstrates this 
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Table VII-1 Pred~cted Cadmlum Exposure for Persons Llv~ng near a Munlc~pal Soi~d Waste 
Incinerator 

Source Petts, Judith and Eduljee, Gev 1994 

Exposure Route 

Fruits and vegetables 

Milk and milk products 

Meats 

Eggs 
So11 Ingestion 
Inhalation 
Total 

Cities produce various types of solid waste Depending on the activity that generates it, solid 
waste can be classified as household, industrial, commercial, hospital, etc , with different hazard levels 
for each 

The demand for sol~d waste collection and disposal in Latin America and the Caribbean is 
growing as a direct function of urbanization Between 1975 and 1990, the urban population grew from 
198 million to 323 million This urban development trend is expected to continue until at least the turn 
of the century By that time, it is anticipated that Latin America and the Caribbean will have 57 cities 
with over one million inhabitants, including two of the largest citles m the world, Mexico C ~ t y  and Sao 
Paulo (PAHO, 199 1) Each city of over a million people will require collection truck fleets of 100- 1,500 
vehicles and 500-1 0,000 sweepers The requirements for managing the growing volume of urban solid 
waste efficiently and sustainably is one of the major challenges of the next century 

Dally Ingest~on (ng/day) YO 

3 58 72 6 

B Overv~ew of the Solld Waste Problem ~n L~ma 

0 42 

0 01 

0 74 

0 08 

4 93 

Over the last fifty years the city of Lima has experienced a twelve-fold increase in population 
It currently stands at 6 7 million Growth has also occurred in per-capita generation of solid waste and 
in the fraction of solid waste that does not easily degrade i e , plastic has replaced wood and non- 
returnable bottles have replaced reusable ones As the city has grown, its solid waste management 
problems have increased exponentially The dumps located on the outslurts of the city in the 1950s have 
now been displaced by urban sprawl Each day the city must dispose of its solid waste further away 
Rapid growth, however, encroaches on these areas The attitude and habits of many residents compound 
the problem 

8 7 

0 2 

15 0 

1 6  

100 0 

The number of municipalities responsible for providing solid waste collection and disposal 
servlce has also increased There are now 50 municipalities in Lima and Callao The autonomy of these 
inst~tutions, w~th  no clear prospect of coordination among them, makes it immensely difficult to develop 
or implement any master plan for public sanitation Collection and disposal capacities have not 
increased in proportion to population growth 
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B l  Product~on of Household Sol~d Waste 

Per-capita solid waste production m Llma IS estimated to be between 0 2 and 0 8 kilograms per 
resident per day, with an average of 0 5 lulograms The lower-mcome dlstncts generate waste at the low 
end of thls range, wh~le hlgh-income areas generate much larger amounts 

In Callao, the average per-caplta production of household solid waste IS very slmllar to the 
figures given for Lima (about 0 5 kg/res/day) However, a study conducted for three different socio- 
economic classes m Callao found little difference in the amount by weight of waste generated It ranged 
from 0 45 to 0 47 kg/res/day as shown in Table VII-2 The physlcal composition of waste apparently 
varied among the three socioeconomic classes studied, as higher Income residents generated a greater 
volume of waste 

Table VII-2 Unit Production of Solid Waste in Callao 

Source OACA, 1995 
m* = linear meter 

Total sol~d waste product~on in Callao is 314 8 tons per day La Punta and Callao have the 
lowest and hlghest household solid waste production, with 3 2 and 181 9 tons per day, respectively (see 
Table VII-3) 
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Table VII-3 Total Solld Waste Production for Dlstrlcts In Callao 

Source Based on OACA, 1995 

D~str~ct  

Ventanilla 

La Punta 

Bellavista 

Carmen de la Legua 

Callao 

La Perla 

Total 

Based on this estlmate for Callao and the figure of 0 5 kglcap~talday for Lima, total production 
of household solid waste In Lima is estimated at 3,326 tons per day, w~th  3,011 and 3,015 tonslday for 
Lima and Callao, respectively 

Table VII-4 shows the composition of household sol~d waste In Lima and Callao 

101,056 

6,940 

76,640 

40,797 

Table VII-4 Comparative and Average Composition of Household Solid Waste In Llma and 
Callao m 1990 and 1994, Respectively 

46 5 
3 2 

35 3 

18 8 

Source Alternat~va, et a1 , 1990, and OACA, 1995 

Household solid waste in Callao has an average organlc content of 50 8% This yields 160 tons 
per day of organic solld waste Using a similar calculation for the organic content of L~ma's waste, it 
can be estimated that L ~ m a  produces about 1,300 tons per day of organic waste 

395,435 

63,267 

684,135 

181 9 

29 1 

314 8 
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B2 Sol~d Waste Collection 

In Lima and Callao, each of the 50 munlclpalities handles ~ t s  own solid waste collection No 
definihve statistics are ava~lable on the fract~on of sol~d waste that 1s collected in Lima and Callao, but 
a typical assumption IS that 65% of the total produced in the city is collected If so, of the 3,326 tons per 
day generated, about 1,164 tons per day of household solld waste are apparently not collected The 
districts most affected by this short-commg are on the city's periphery 

The type and age of collection vehicles vary depending on the purchas~ng power or financial 
resources of each dlstrict The predominant vehicles are compactor and baranda trucks wlth 1 5-7 tons 
of carrying capaclty In some districts on the outslurts of the city, small human-powered collection units 
are used These have a capacity of 100-250 kilograms 

Table VII-5 lndlcates that the total amount of solid waste collected in L ~ m a  and Callao came to 
approximately 3,834 tons per day in 1994 An indeterminate majorlty of thls was household solid waste 
It should be noted that these official figures provlded by the municlpalltles may be hlgher than the actual 
amounts due to overestimation of the volume of collection and therefore the extent of service 
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Table VII-5 Trash Collected by Truck, Conta~ners and Publ~c Restrooms (Apr~l, 1984) 

Provlnce & D ~ s t r ~ c t  Trash Collected Collect~on Contamers Publtc 
Restrooms 
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Illast L~rna (subtotal) 

Ate 

C~eneguilla 

Chaclacayo 

El Agust~no 

La Molina 

Lungancho (Chosica) 

San Juan de Lur~gancho 

San Lu1s 

Santa An~ta 

Callao (subtotal) 

Bellav~sta 

Callao 

Carmen de la Legua 

La Perla 

La Punta 

Ventanilla 

Source INEI 1994 

The collection frequency varies from daily m districts w~th  high socio-economlc levels to every 
two weeks or monthly in outlylng urban areas There IS practically no d~fferentiation of collection by 
type of waste The large majorlty of household, hospital, mdustrial, commercial and other waste is 
collected and moved together in the same trucks 

B3 Final d~sposal 

There are two principal sanitary landfills in Lima Zapallal to the north, which recelves about 
812 tons per day, and Portillo Grande to the south, with 300 tons per day La Cucaracha in Callao 1s 
estimated to receive 160 tons per day, but currently ~t is not operating properly and is not counted as a 
san~tary landfill Therefore, at present only 1,112 tons per day are disposed at the c~ty's sanitary landfills 
The remaining 2,214 tons per day of household waste is disposed of inadequately -- e~ther not collected, 
or collected but dumped somewhere other than in a sanltary landfill Figure VII-1 shows the locat~ons 
of L~ma's solid waste dumps 

Use of the sanitary landfills has rncreased sl~ghtly slnce 1994 In that year, it was reported that 
a total of 1,050 tons per day reached the sanitary landfills (see Table VII-6) The remalnlng 2,060 
tonslday were (and continue to be) thrown into the ocean and rivers, burned, recycled, used as pig feed, 
or left in the streets and other public areas 
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F~gure VII-1 SoIld Waste Dumps m Metropolltan Lima 
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Table VII-6 Origins of Solid Waste Received at Sanitary Landfills in Lima in 1994 

Provlnce & D~strict Of Or~gln 

Total 
L~ma (District) 

Ancon 

Ate-Vitarte 

Barranco 

Breiia 

Carabayllo 

Chaclacayo 

Chomllos 

Cieneguilla 

Ma dalena del Mar 

Mlraflores 17 749 

Pachacamac 1345 

Comas 

El Agustino 

Independencla 

Jesus Marla 

La Molina 

La Victorla 27309 74 8 

23,825 

5 

7439 

597 1 

4182 

Pucusana 

Pueblo Libre 

Puente P~edra 

Punta Hermosa 

Punta Negra 

hmac  

San Bartolo 

San Borja 
San Isidro 
San Juan de Lurigancho 
San Juan de Mraflores 

65 3 

0 

20 4 

16 4 

11 5 

San Mart~n de Porres 

San Miguel 

Santa Anlta 

Santa Marla del Mar 

0 0 

0 0 

7406 20 3 

0 

6228 

0 

5 

21 274 
108 

6174 

18 102 

269 

0 

0 

0 

17 1 

0 

0 

58 3 

0 3 

16 9 

49 6 

0 7  

0 

0 
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Source INEI 1994 

Santa Rosa 
Santlago de Surco 

Surquillo 
Vllla El Salvador 
Villa Marla del Trlunfo 

The informal sector uses some of the uncollected solid waste and some of that which does not 
reach the sanitary landfills, even after it has been collected by municipal trucks Perhaps 5,000 persons 
are engaged in activities connected with the informal use of solid waste They are directly at risk from 
accidents and illnesses associated w~th  its improper handling 

Wounds and falls or blows are the principal accidents involving mformal-sector waste handlers 
They constitute 57% and 18%, respectively, of the accidents Among the chief illnesses suffered by 
street recyclers are kidney problems (49%) and stomach ailments (14%) (IPES, 1995) 

6 

55 779 

1940 

977 

16 869 

Many of the Improper practices in handling and disposal of household solid waste in Lima 
contribute to environmental pollution in the clty and increase the residents' risk of contracting an 
infectious or other disease The principal causes are 

Other 
Businesses 

Trunh lines 
Markets 

0 

152 8 

5 3 

2 7 

46 2 

• Open-air burning of solid waste, which pollutes the air with particles, toxic substances and 
infectious agents, 

• Accumulation of solid waste in public areas where it is available for direct contact and to 
support disease vectors, 

76 186 

2005 

28 292 

42 956 

• Informal recycling of commercially useful solid waste, involving extensive contact by handlers 
with the waste materials, 

208 7 

5 5 

77 5 

1177 

• Use of untreated solid waste for feeding p ~ g s  that are then eaten by people, and 

• Dumping solld waste in surface waters and the ocean, which can contaminate water supplies 
used for drinking or recreation 
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C Health Impacts 

The portion of Llma's population that does not receive solid waste collection (perhaps 35%) is 
very likely to be at a greater nsk of contracting an infectious disease than those who do The incidence 
of infectlous diseases can Increase as a result of pollution of water or food, by direct contact, or through 
vectors In areas without collection service, the burning of solid waste and its storage in the home or 
along public thoroughfares have been observed to be common practlce and a public nuisance 

Although the emissions and exposures from burning solid waste in Lima have not been 
established, incomplete combustion of the waste releases into the immediate atmosphere significant 
amounts of a number of by-products noxious to humans These include particles, CO, SO2, PCBs and 
dioxins These are reflected in the figures given in the chapter on air pollution 

The disposal of household solid waste along public thoroughfares is life-sustaining and attractive 
to vectors such as rats, flies and cockroaches They spread disease largely by contaminating food and 
water This s~tuation is especially aggravated dunng the summer because decomposition of the organic 
component of household solid waste (47%) is particularly conducive to the breeding of flies and other 
vectors In addition, dumping wastes in public areas increases the risk of disease through direct contact 
with the skin, eyes and mucous membranes of persons handling lt deliberately or accidentally 

The population of Lima is also at risk of contractrng an illness such as cysticercosis via pork 
from pigs fed with unsanitary organic solid waste The incidence of occupational accidents and illnesses 
suffered by solid waste handlers is not precisely known It is estimated, however, that at least 5,000 
informal waste handlers are at high risk 

Solid waste pollution of the sources of water used for human consumption is difficult to quantify 
Direct river pollution is thought to be more significant than that from ground water polluted by leachates 
This is due to the near absence of precipitation in Lima and the depth of water-bearing rock strata In 
many cases, the ocean serves as a disposal place for solid waste This mainly affects bathers and the 
consumers of marine products 

On balance, we expect the contribution of improperly managed household solid waste to 
infectious disease rates to be less than that for several other envrronmental factors such as the lack of 
water or sewers Most of the infectious diseases that are environmentally related are transmitted via the 
fecal-oral route Vectors are relatively minor contributors to this route Most involve person to person 
contact or where one person touches an object in the home which then contaminates food or water 

The inadequate handling and treatment of solid waste in Lima is mainly thought to affect four 
population groups (I) persons who have no solid waste collection servlce, (11) informal handlers of solid 
waste, (111) consumers of pork from pigs fed wrth untreated organrc waste, and (iv) the general 
population, through vectors and air and water pollution 
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In the first case, 2 35 mlllion people (35% of Lima's population), are thought to be affected by 
inadequate collection coverage In the second group, 5,000 people are presumed to be at high rlsk of 
contracting disease It has not been possible to determine the number of persons at risk of contracting 
ailments such as cysticercosis from consuming contaminated pork 

There 1s adequate informatton on the per-capita production and physical composition of 
household solid waste in Lima The number and location of the people at greatest risk of acquiring an 
infectious disease from contaminated solid waste however, is not precisely known Nor is there 
information on the extent to which sol~d waste contributes to pollution of the ocean, water and food 
We cannot generate any quantitative estimate of the impact of Improper handling of waste on morbidity 
and mortality among the population of Lima 
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SECTION VIII 
WATER POLLUTION 

A Water and Health 

Historical evidence of links between water pollution and health dates back to the Fourth Century 
before Chnst, when Hippocrates discovered a link between the febrile illnesses assailing the population 
and the stagnant waters found in marshes and swamps It is a well-known fact that the construction of 
sanitary facilities in Nineteenth Century France and England was accompanied by a plunge in mortality 
rates It was not until 1855 that Dr John Snow in London was finally able to establish a direct 
correlation between water and cholera We now have an abundance of research data establishing the 
relationships between water and health 

Both the quant~ty and quality of water have effects on human health Water is the reservoir for 
a number of biological and chemical contaminants and the habitat for organisms and vectors transmitting 
pathogenic organisms Water scarcity can interfere with good personal and household hygiene practices, 
causing "water-washed drseases such as typhus 

There are direct and indirect pathways of exposure to contaminated water Direct pathways 
include the ingestion of polluted drinking water (in which case the pollution may be present originally 
in the water source, or it may be introduced subsequently during water treatment, d~stribution or 
storage), and contact with polluted water in the pursuit of productive, household and recreational 
activities Indirect pathways ~nclude the consumption of crops irrigated with waste water, the ingestion 
of foods prepared with polluted water, and the consumption of fish and shell fish contaminated by 
pathogens or with bioaccumulated contaminants present m their natural habitat The inhalation of 
contaminated aerosol products is a less common direct pathway of exposure but is known to cause 
diseases such as Legionellosis 

Water is thus an important link in the "epidemiological chain " It plays a major role in the 
transmission of infectious diseases as well as modem-day disorders associated with exposure to organic 
and inorganic chemical agents 

There is a mass of evidence attesting to the direct correlation between water and health and we 
note that 21 of the 37 leading diseases in developing nations are associated with inadequacies in water 
supply services This situation is no different in Lima, Peru 

B Lima's Water Resources 

From its source in the Andes mountains at 4,830 meters above sea level, to rts mouth in the 
district of Callao, the h m a c  river flows for a distance of 132 lulometers It flows through a narrow 
valley within which the area's leading productive activities occur These range from ore mining and 
processing in the upper, Andean reaches to crop farming along the river's narrow alluvlal plain In its 
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last 50-kilometer stretch before emptying into the Pacific, the kmac  flows through a densely populated 
area that also includes most of the city's industry 

The Rimac IS dependent on precipitation levels in the central hrghlands, and as such it shows 
large fluctuat~ons in its annual flows (Table VIII-I) The river serves as Lima's maln source of water 
The city has meager water resources and is categorized as a "desert" city In addition to the Rimac, 
water needs are also satisfied by tapping groundwater resources and by the surface waters of two other 
smaller rlvers, the Chrllon and the Lurin The water is used for many activities human consumption, 
domestic uses, power productron, farming, minrng, industrial manufacturing and business, residential 
and social activltles 

Together, the three rlver basins have been classified as a critical environmental area (ONERN, 
1985) This is as a result of high levels of pollution and damage to their ecosystems and the urban 
environment 

Table Vm-1 Annual Flow in Lima Area bvers 

Total flow in 1992 Total flow ~n 1993 
(milhon m3) (mill~on m3) 

source CUANTO, 1996 

Lima's groundwater resources come from a w~de variety of alluvial and colluvial depos~ts They 
are composed marnly of sand and gravel, with small clay strata, found mainly rn coastal valleys 
According to geophysical surveys, the largest such strata is up to 400 meters thick In general, these 
sedimentary deposits are highly permeable, forming a large water-bearing stratum or aquifer which is 
recharged mainly from the Rimac and Chillon rrver valleys, both of whlch have their source in the 
central Andes This water-bear~ng stratum is also recharged through the irrigation system assocrated 
w~th  these same rlvers, as well as by a number of man-made bodies of water such as recreational lakes 
in the La Molina Drstr~ct and waste water treatment ponds However, as irrigation and these surface 
water bod~es recharge ground water, they can also operate as pollutant sources (Geake et a1 , 1986) 

In general, the water table is low (20 to 80 meters below the surface) and its level IS falllng at 
the rate of 2 to 4 meters annually Water shortages throughout the Lima area have created a growing 
dependency on groundwater resources, and ground water is now belng depleted faster than it is 
replenrshed This causes the rate at whlch the water table drops to Increase 1995 estimates place the 
number of wells In the city of Lima at over 1,000, of which approximately 360 are managed directly by 
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SEDAPAL (Servicios de Agua Potable de Lima) These are used for drink~ng water as well as for 
irrigation and industrial manufacturing 

B1 Surface Water Qual~ty 

Despite their role as the c~ty's primary water sources, all three rlvers serve as receiving waters 
for liquid and solid waste generated by activities in and around the urban area 

Existing records show a total of 175 waste water discharges into the h m a c  from mining, 
industnal and household activities (CEPIS, 1991) Most releases of pollutants m the upper reaches of 
the Rmac are fiom mining operations Tailings, acid~fied water and drainage water load the water with 
solid wastes, as well as metals, nonmetallic elements and other toxic substances The main sources of 
pollut~on In the middle and lower reaches of the river are farming, industrial and urban activities 
(residential waste water) The Chillon and Lurin rivers have much smaller pollutant loads Although 
there are no industrial-scale mining operations In either of these nver basins, farmlng and urban sprawl, 
particularly in the lower reaches of the rlvers, degrade their water quality 

Household act~vities also contribute to surface water pollution in Lima Many of the most 
unstable and vulnerable lands along the banks of the rivers house poor communities w ~ t h  h~ghly 
inadequate public services For example, according to residents of 11 settlements located along the 
banks and mouths of Lima's three rivers (interv~ewed as part of the PROMAR project), service coverage 
for water supply, sanitation and street cleaning is below the average for the capital area as a whole 
Many community residents use the rivers to dump trash and human excreta 

A nationw~de study of sewage discharge into National Drinking Water Program rivers 
(PRONAP, 1995) identified 10 urban communities discharging sewage d~rectly into the h m a c  at a rate 
of approximately 100,000 cubic meterslday Another 2 urban communities discharged sewage directly 
into the Ch~llon and Lurin rivers (Table VIII-2) 

Table VIII-2 Dlrect Discharges of Sewage into Lima Area l v e r s  

Source PRONAP, sector study 
Data compiled by the ECORIESGO project 

Chillon 

There are no mon~toring programs at the present time for the Ch~llon and Lurin rivers 
SEDAPAL and several mining companies located in the upper reaches of the Rimac, however, have 

Population Connected to the 
Sewerage System 

374,977 
17,896 
2,099 

Volume D~scharged 
(m3/day) 

93,744 
4,474 
525 
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been performing regular water quality sampling to help achleve targets set under env~ronmental 
management and upgrading programs (PAMA) 

The dominant metals In the h m a c  include iron, zinc, lead, cadmium and copper, as well as 
manganese, arsenlc and chromium The concentrations of some metals (iron, lead, copper and 
chromium) are h~gher from May to August, when the rlver is at its lowest level Otherwise, 
concentrations of metals fluctuate throughout the year without any clear pattern, depending on receiving 

water flows, the rate of mining activity, and any accidental releases of tailings and acldic drainage water 

Table VIII-3 shows the levels of metals m the R~mac at three d~fferent locations at upstream 
mining outfalls, In the maln rlver m the vlclnlty of the mlning operations, and at the intake works for 
the La Atarjea water treatment plant at kilometer 15 wlthin Metropolitan Lima The persistently high 
concentration of metals at all three points is an indication that the desired dilution effects are not belng 
achleved over the length of the rlver downstream of the mines, or that pollutant sources other than 
mlning operations are releasing additional metal compounds into the rlver 

Table VIII-3 Concentrat~ons of Metals at Different Po~nts along the Rmac River, 1995 

* Accordlng to data reported by the Mlnlstry of Energy and Mlnes The specific locatlon from whlch the samples were 
drawn IS unknown, ** Nonmetallic element, n a = not available 
Sources SEDAPAL, Mln~stry of Energy and Mlnes Data compiled by the ECORIESGO Project 

La Atarjea 1s Lima's only water treatment plant, and more than 60 % of the city's drinking water 
supply is drawn from the kmac  at the La Atarjea Intake Data furnished by SEDAPAL and presented 
in Table VIII-4 below indicates that the kmac  at this point IS severely polluted with high concentrations 
of sollds, heavy metals and bacteria Average metal and bacteria levels in the rlver water exceed 
maximum allowable concentratlons under the provisions of the General Water Act (Decree-Law 17752- 
69 and Executive Order 007-83 SA) for Class I1 (residential water supplies subject to a combination of 
treatment processes), Class I11 (water used for the irrigation of crops to be consumed in their raw state) 
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and Class IV water (recreational uses) The volume of organic matter present in the river is equivalent 
to that of weak or "low-load" residential waste water There are no available data on hydrocarbons or 
other organic compounds potentially from industrial sources (such as phenol, toluene, benzene, etc ) 
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Table VIII-4 Water Quahty, Bmac l v e r  at La Atarjea Intake Works, 1995 

Parameter 

Phys~cal pollutants 
PH 

Conduct~vity 
Color 
Temperature 
Total sollds 
Dissolved sol~ds 
Suspended sol~ds 

Inorganic chemlcals 
Total alkalinity 
Total hardness 
Calc~um hardness 
Chlorides 
Sulfates 
Nitrates 
Nitr~tes 
Ammonla 
D~ssolved oxygen 
COD 
Phosphates 
S~lica 

Organ~c chemlcals 
Total carbon 
Organic carbon 
Inorgan~c carbon 
Trlhalomethanes 
Chloroform 
Dichlorobromo methane 
Dibromochloro methane 
Bromoform 

Metals 
Iron Fe 3+ 
Manganese Mn 2+ 
Lead Pb 2+ 
Cadm~um Cd 2+ 
Chromium Cr 6+ 
Zinc Zn 2+ 
Copper Cu 2+ 
Aluminum A1 3+ 
Sodlum Na I+ 
Potasslum K I+ 

Nonmetals 
Arsen~c As 3+ 
Boron B 1+ 

Maxrmum 

8 560 
659 000 

2 00 
23 00 

1512 00 
504 00 

1170 00 

133 000 
3 15 000 
281 000 
24 800 

225 000 
5 412 
0 97 
0 210 
9 4 

65 660 
0 378 
18 940 

31 550 
7 130 

28 290 
3 180 
2 910 
1 180 
0 170 
1 100 

13 910 
1 465 
0 806 
0 223 
0 008 
3 690 
0 223 
3 647 
24 85 
6 112 

0 102 
0 077 
0 005 
0 470 

8 99 
280,000 

pH unit 
mhoslcm 
PtICo unlt 
C 

mdl  
mdl  
mdl  

mg/l CaC03 
m d l  CaCO3 
mg/l CaC03 
m d l  C11 
mg/l SO4 2 

'I 

, 
II 

I t  

,I 

mdl  

~ g / l  

pdl  
pg/l 

m d l  
,I 

1, 

, 

8 

Cyanlde CN l+  
Fluor~de F 1+ 

Biological agents 

Fecal collform organisms MPN/100rnl 

M~nlmum 

7 790 
398 000 

1 00 
17 00 

414 00 
342 00 
12 00 

79 000 
191 000 
183 000 
15 600 

123 000 
2 380 

<O 001 
0 007 
6 8 

2 570 
0 014 
12 470 

20 660 
1 250 

18 370 
0 000 
0 000 
0 000 
0 000 
0 000 

0 396 
0 04 
0 028 
0 000 
0 001 
0 152 
0 02 
0 178 
8 630 
2 125 

0 005 
0 002 

1 0  001 
0 190 

2 71 
8 000 

Average 

8 14 
524 000 

1 33 
18 70 

553 00 
444000 
11000 

111 000 
271 000 
240 000 
19 700 

174 000 
3 920 
0 158 
0 093 

7 8 
15 661 
0 152 

16 136 

27 120 
2 65 

24 47 
0 88 
0 460 
0 110 
0 04 
0 280 

2 284 
0 2 

0 162 
0 013 

<O 020 
0 595 
0 062 
0 795 
17 098 
2 903 

0 029 
0 019 

<O 005 
0 261 

Standards 
Water Act 
(Class 11) 

5-9 

10 
-- 
-- 

-- 

-- 

10 

3 
-- 
-- 
-- 

-- 

0 03 
0 01 
0 05 
0 01 
0 05 

5 
1 

0 1 

0 2 
1 5  

5 
4 000 

Standards 
Water Act 
(Class 111) 

5 9 

20 

-- 
-- 

100 

3 
-- 
-- 

-- 

-- 

0 001 
0 05 
0 1 
0 05 

1 
25 
0 5 
-- 

0 2 

0 005 
1 5  

15 
1 000 

Standards 
Water Act 
(Class IV) 

5 9 

30 

-- 
1000 

3 

-- - 
-- 
-- 

-- 

-- 
-- 

5 
-- 
3 
1 

1 

0 005 
2 0 

10 
1 000 
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Measurements of water quality in the Chillon and Lurin rivers were made as part of the 
"National Survey of Current Water Usage" conducted by the National Bureau of Water Resources 
(INRENA) In 1982 The Chillon river flows 126 lulometers fiom its source in the Andes, 4,600 meters 
above sea level to its mouth in the "Northern Cone" of Lima, where it empties into the Pacific Ocean 
Its pollution load is attributable primarily to agricultural and household activities Table VIII-5 shows 
the average concentrations of various substances at two sampling stations These are Llipata, at 1,200 
meters above sea level, which IS a site representative of the middle reaches of the river basin (Point I), 
and Hacienda Ch~chicorral, 300 meters above sea level (Point 2), a site representative of the lower river 
basln In general, the river has low levels of organic matter and metals, with a slightly larger 
downstream load of organic matter There are no significant d~fferences in levels of physical and 
chemical pollutants or metal concentrations at the two sampling stations Levels of manganese, lead 
and cadmlum exceed maximum allowable levels for Class I1 (residential water supply) and Class I11 
(ingation) water 
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Table VIII-5 Water Qual~ty In the Ch~llon Bver, 1982 

* Point 1 Llipata, Polnt 2 Hacienda Chichlcorral 
Source INRENA Data complled by the ECORIESGO Project 

Parameter I 
Physical pollutants 
Electrical conductivity 
Temperature 
Rate of flow 
Color 
Turbidity 
PH 
Suspended sollds 
Total dissolved solids 
Chemical Pollutants 
BOD 
Total hardness 
Calcium hardness 
Dissolved 0 2  
0 2  Saturation 

NO2 
NH4 
PO4 ' 
Metals 
Mn 
Fe 
Co 
N1 
Cu 
Ag 
Zn 
Cd 
A1 
Pb 
As 
F 
Hexavalent Cr 
Cn 

The 1982 survey also provided water quality data for the Lurln I v e r ,  covering the same 
parameters (Table VIII-6) 

Unit 

micromhos/cm 
C 

m3/second 

units 
un~ts 

PPm 
PPm 

PPm o2 
ppm CaCO, 
ppm CaCO, 
PPm 
% sat 
PPm 
PPm 
PPm 

PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 

Average 

Point 1 * 

1062 5 
19 75 
2 4 
0 0 
0 0 
8 1 

206 0 
557 5 

1 7  
349 98 
347 5 
6 35 
74 83 
0 000 
0 06 
0 84 

0 165 
0 0025 

0 01 
0 01 
0 02 
0 013 
0 05 

0 017 
0 02 
0 10 
0 008 
0 52 
0 025 

<O 001 

Concentration 

Paint 2" 

1153 33 
21 33 
1 82 
75 

19 33 
8 1 
10 

758 

1 8  
593 

427 17 
6 03 
69 17 
0 053 
5 025 
1 05 

0 13 
0 003 
0 00 
0 03 
0 02 

0 0025 
0 095 
0 099 
0 00 
0 10 
0 018 
0 65 
0 024 

<O 001 
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Table VIII-6 Water Qual~ty m the Lurln Fbver 

* Pomt 1 Middle reaches, Pomt 2 Lower reaches There is no indication of any specific sampllng sites 
Source INRENA Data compiled by the ECORIESGO Project 

Parameter I 
Physlcal pollutants 
Electrical conductivity 
Temperature 
Rate of flow 
Color 
Turbidity 
pH 
Suspended solids 
Total solids 
Chemlcal pollutants 
BOD 
Total hardness 
Calcium hardness 
Dissolved 0 2  
0 2  Saturation 
co2 
NO2 
NH4 
PO, 
Metals 
Mn 
Fe 
Co 
Ni 
Cu 
Ag 
Zn 
Cd 
A1 
Pb 
As 
F 
Hexavalent Cr 
Cn 

A 1993 OACA survey of pollution sources and concentrations m the Lurin Rlver showed that 
water quality was degraded in the lower reaches of the river basln and that the physical and chem~cal 
qual~ty of the river water was best durlng high-water phases (Table VIII-7) 

un't 

micromhos/cm 
C 

m3/second 
APHA 
units 
-- 

PPm 
PPm 

PPm 0 2  
ppm CaCO, 
ppm CaCO, 
PPm 
% sat 
PPm 
PPm 
PPm 
PPm 

PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 

Average 

Polnt 1 * 

312 5 
17 25 
0 28 
3 75 
1 75 
8 08 
22 

226 24 

5 63 
141 75 
80 88 
5 03 
75 8 
5 75 
4 5 
0 91 
0 53 

0 08 
0 025 
0 005 
0 00 
0 02 
0 003 
0 05 
0 017 
0 01 
0 18 
0 011 
0 23 
0 02 
0 022 

Concentration 

Polnt 2* 

1195 
21 75 
0 54 
6 25 

2 
8 25 

4 
810 13 

21 83 
361 23 
303 25 
5 13 
92 28 
15 75 
3 00 
0 62 
0 45 

0 015 
0 022 
0 025 
0 015 
0 017 
0 1 
0 07 
0 02 
0 00 
0 015 
0 01 
0 24 
0 02 
0 005 
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Table VIII-7 Pollution in the Lower Reaches of the Lurin Bver, 1993 

In 1982, m N A  (the National Bureau of Water Resources) measured levels of the pesticides 
DDT, Lindane, Heptachlor, Methoxychlor and Malathion in the rivers, detecting trace amounts of DDT 
and Lindane in all three rivers They also found trace amounts of Malathion In the Rlmac (Table VIII- 
8) There was no indication of the specific sampllng polnts used in this study 

Concentration 

Table VIII-8 Pesticide Levels in Lima Area Rivers 

pH 
Electrical conductiv~ty 
Turbidity 
Total hardness 
Biochemical oxygen demand (BOD) 
Nitrates 
Phosphates 
Lead 
Cadmlum 
Zlnc 
Fecal coliform organisms 

8 2 
0 5 mmhos/cm 

84 units 
152 mg/l 
80mgA 
4 5 mg/l 
0 0 mgll 
0 03 mgll 

<O 02 mgll 
0 04 mgll 

990 MPN1100 ml 

ND = none detected, (--) = not measured 
Source ONERN 

Pesticide 1 

B2 Groundwater Quality 

8/82 

Concentration in pg/l 

R~mac  h v e r  Chillon R~ve r  Lurin River 
12/82 

In Lima, there are large variations in water quality between wells In low-lying areas of districts 
such as Callao and the Villa de Chornllos, where the water table is high, ground water is commonly 
polluted by septic tanks and infiltration from the city sewerage system (PROMAR, 1996) In some areas 
near the sea where there have been substantial ground-water withdrawals, salt water has ~ntruded into 

Heptachlor 
Methoxychlor 
Malathion 0 0222 ND 
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the underground water-bearing stratum, causing salinlzation of well water In other areas, ground water 
is generally of good quahty though frequently subject to local contamination from surface sources 

In 1995, there were roughly 1,000 wells in the city of Lima, of which approximately 360 were 
managed by Lima's water company, SEDAPAL (see the section on drinking water) SEDAPAL 
regularly monltors all wells under its jurisdiction It measures 17 physical and chemlcal parameters, 
including pH, turbidity, conductiv~ty, alkalinity, total, calcium and manganese hardness and levels of 
manganese, calcium, sulfates, chlorides, nitrates, sodlum, potassium and dissolved solids We have no 
information on the quality of water supplled by the non-SEDAPAL wells m the city No thorough 
attempt has been made to evaluate the quality of area groundwater resources, nor are the non-SEDAPAL 
wells monitored on a regular basls by then managing agencles (most of which are private firms and 
municipal government agencies) In addition, we have no access to data on the water quallty 
measurements made by private firms using well water in their production processes 

The main sources of area groundwater pollution are industriallresidential waste water and 
excreta filtration and the percolat~on of polluted irrigation water Since there is virtually no ralnfall in 
the Lima area and the water table is quite deep, rt is generally accepted that polluted leachate from 
sanltary landfills or garbage dumps poses little threat to water sources In some cases, inadequate well 
construction and operating procedures (well casings with no sanitary engineering devices, pumps and 
pipes in poor condition) can allow pollutants to seep into well water 

The portions of aquifers exposed to the greatest risk of pollution generally 11e near sites where 
there is a sizeable static head (such as areas lying under ponds, ditches, sewerage lines or storage tanks 
for various types of liquids) or where the water table is close to the surface This occurs m certain parts 
of the Chillon and h m a c  rlver valleys and at the international airport (Geake, 1985) 

The parameters or pollutants that are typically most important in determining the suitability of 
ground water for use include 

For aesthetic concerns total dissolved solids, hardness, salrnity (chlorides), iron and manganese, 

For acute health considerations contamination by fecal matter, and 

For chronic toxicity nitrates, hydrocarbons, metals, pesticides 

Wlth the exception of nitrates, most of the parameters measured by SEDAPAL are indicators 
of the natural quallty of ground water rather than of pollution related to human activltlesper se Data 
from its 1995 monitoring program show that 5% of the well water samples analyzed by SEDAPAL were 
contaminated by fecal coliforms ("unsatisfactory" samples) (Table VIII-9) and 15 8% contained 
excessively high levels of salts (electrical conductivity of over 2000 mhoslcm) or nitrates (NO3 > 50 
mgll) (Table VIII-10) With the water supply for 38 1% of the population of Lima furnished by 
groundwater resources and a total output of 254,286,000 cublc meters of well water for the year 1995, 
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we can est~mate that more than 272,000 residents of the Lima metropolitan area are exposed to nitrates 
at levels exceeding the maximum allowable concentration under Peruvian water quality standards ' 

Table VIII-9 Bacter~olog~cal Quality of Well Water In the L~ma Metropolitan Area, by 
District, 1995 

Source SEDAPAL, 1995 Stat~stlcal Yearbook 

1 Accordmg to ITINTEC standard 241-003, the maxlrnum allowable concentration of both N and 
NO3 is 45 mg/l However, SEDAPAL uses a value of 50 mg/l for both N and NO3 to measure water quality m Llma 
area wells The WHO-recommended guidelme for drlnklng water and the U S and European Unlon water quality 
standard for nltrate-N 1s 10 mg/l 
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Table VIII-10 Physical/chem~cal Quality of Well Water in the Ltma Metropolltan Area, 
by District, 1995 

* Water samples with conductivity values at or under 2000 mhos/cm and NO3 concentrations of less than or 
equal to 50 mg/l are considered satisfactory 
Source SEDAPAL, 1995 Stabsbcal Yearbook 

Findings from well water monitonng during the first eight months of 1996 showed that 60 wells 
(1 6 7%) throughout the Lima metropolitan area had nitrate levels exceeding the standard of 45 mgil 
(Table VIII-11) The average nitrate concentration for this group of wells was 73 mgll, wlth individual 
values ranging from a low of 50 mg/l (whlch already exceeds the standard) to a high of 11 1 5 mgll For 
the year 1996, the average concentration of nitrates in all SEDAPAL wells m the Llma area is estimated 
to be 23 mg/l, whlch, while well below the maxlmum allowable level, nevertheless exceeds expected 
natural levels 

According to our calculations, the average production of groundwater with nltrate concentrations 
exceeding the water quality standard over the period from January to August 1996 was 3,684 cubic 
meters per month Based on this, an estimated 579,000 residents are consuming water with nitrate 
concentrat~ons over 45 mg/l on a daily basis 

The nitrates in Lima's groundwater come from a variety of different sources Leaks from sewer 
lines, percolation of irrigation water carrying nitrogenous wastes and perhaps nitrate fertilizers, and 
natural recharge of the water table with polluted surface water from the h m a c  and Chillon rlvers are 
all possible sources The list of possible indlrect sources includes industrial discharges from fertilizer 
and textlle plants and agroprocessing plant effluent These generally have hlgh levels of organic 
nitrogenous wastes whlch are qulckly oxidized to nitrites and nitrates under the right conditions 
Because Lima has no rain, leaching of nitrogenous compounds that deposit out of the atmosphere IS not 
considered a significant pollutant source 
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Given the steady shrinkage in farmland within the metropolitan area, the leading source of 
nitrates in area groundwater resources is most likely to be waste water infiltration In cases where the 
pollutant source is irrigation water, nitrates will be accompanied by chemical residues from agricultural 
products (e g , pesticides) and possibly by pathogens of animal origin Where the source is residential 
sewage water, nitrates will be accompanied by pathogens of human origin 

We have no recent data on levels of metals, hydrocarbons, pesticides or other organic 
compounds in Lima area wells Monitoring operations dating back to 1985 detected in some wells high 
levels of the hydrocarbons benzene, toluene and xylene (likely from leaks of liquid fuels or industrial 
chemicals) along with relatively high concentrations of metals (Geake, 1985, Nakamatsu, 1985) 
SEDAPAL has assured us that all these wells have been shut down and are undergoing repairs 
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Table VIII-11 Contamination of Lima Area Wel 

- 

NORTHERN DISTRICT 
Carabay 110 
Comas 
Independencla 
Los Olivos 
Puente Piedra 
R~mac 
S M Porras 

CENTRAL DISTRICT 
Breiia 
Jesus Maria 
La Victoria 
Lima 
Magdalena 
Pueblo Libre 
San Mlguel 

SOUTHERN DISTRICT 
Lunn 
Pachacamac 
S J Miraflores 
V M Trlunfo 
Villa Salvador 

EASTERN DISTRICT 
Ate Vitarte 
El Agustino 
La Molina 
Lurlgancho 
S J Lurigancho 
San LUIS 
Santa Anita 

WESTERN DISTRICT 
Barranco 
Chorr~llos 
Lince 
Mlraflores 
San Borja 
San Isidro 
Sant~ago de Surco 
Surquillo 

CALLA0 
Bella V~sta 
Callao 
Carmen de la Legua 
La Perla 
La Punta 

NONSERVICED AREA 

#Wells w~th 
NO, > 45 mg/l 

24 
0 
6 
0 
8 
4 
0 
6 

Output of Those 
Wells (1000 m3/mo) 

1319 
0 

334 96 
0 

181 86 
424 07 

0 
378 19 

690 68 
26 78 

0 
0 

217 26 
15 07 
20 58 
410 99 

0 
0 
0 
0 
0 
0 

796 68 
0 
0 

198 65 
188 68 
409 35 

0 
0 

LIMA METRO AREA 11 60 I 3683 72 

* Includes only those wells under the jurisdiction of SEDA 
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Is by N~trates (SEDAPAL, 1996)" 
Avg Nitrate Conc 

(TV03 > 45 mgA) 

60 65 
0 

58 5 
0 

76 75 
50 
0 

57 33 

52 44 
52 
0 
0 

50 75 
53 
53 

53 44 

0 
0 
0 
0 
0 
0 

Pop Exposed to NO3 > 
45 mgll (# Indm~duals) 

207,403 
0 

52 667 
0 

28 594 
66 678 

0 
59 464 

108 597 
4 21 1 

0 
0 

34 160 
2,369 
3 236 
64 62 1 

0 
0 
0 
0 
0 
0 
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C Water Supply In L ~ m a  

There are wide disparities in the level of water service in Lima Most residents of high-income 
districts such as San Isidro, Miraflores, La Molina, San Borja and Surco2 occupy dwellings connected 
to plped water, the sewer system and power grids They also have access to adequate and in some 
cases, first-rate health care services In these distr~cts, the average resident has treated water piped 
d~rectly into the home, has a water supply of over 350 liters of water a day, consumes roughly the same 
quantity on a day-to-day basis and pays a water charge of 1 85 soles/m3 Thus, in these areas the risk 
of contracting a waterborne disease IS relatively low 

However, the situation is quite different in low-income districts of the city such as Los Ollvos, 
San Juan de Miraflores and Villa El Salvador: where health and sanltatlon facllit~es for large segments 
of the population are highly inadequate Residents of many "shanty town" settlements obtain the~r water 
from publlc standpipes or tank trucks The water 1s collected, carried to the home and stored in tanks, 
barrels or other inadequate containers by women and children Res~dents here consume a daily average 
of 20 to 70 liters per person at a monthly household cost of anywhere from 3 50 to 40 soles In many 
cases, the water quallty is suspect and the water must be boiled for periods of from 2 to 10 minutes to 
ensure its safety This adds to the cost of its use Over a period of one calendar year, a child under five 
years of age from a typical household in these districts may experience anywhere from three to nine 
episodes of dlarrhea 
assoc~ated with Inadequacies m water supply and sanitation servlces (PROCAME, 1994) 

These descriptions of typical conditions m high and low-mcome communit~es highlight exlstlng 
d~sparlt~es and lnequ~ties in city water services They also serve as a remlnder of how access to water 
servlce affects usage and consumption patterns Although both these situations may represent extremes, 
they nevertheless prov~de a useful insight Into the reallties of water supply service in the clty of L ~ m a  
and the links between water, hyg~ene practices and human health 

2 There tends to be a large concentration of hlgh or very high mcome groups (7 8% of the total 
populatlon) w~thln these dlstr~cts (PROMAR, 1995) 

3 SEDAPAL water and sewerage charges for 1995 (SEDAPAL Statistical Yearbook, 1995) 

4 The dlstrlcts of Carabayllo, Carmen de la Legua, Clenegullla, Comas, Independencla, Lurigancho, 
Lurln Pachacamac, Puente Pleclra, San Juan de Lungancho, San Martm de Porres and Vllla Marla del Trlunfo also 
have large concentratlons of low-mcome residents (59 2% of all households) The distr~cts of Ancbn, Barranco, 
Bellavlsta, Jesus Mana, La PerIa, La Punta, Lmce, Magdalena, Pueblo Llbre, Pucusana, Punta Hermosa, Punta 
Negra, San Bartolo, San Mlguel, Santa Maria and Surqulllo are classified as mlddle-mcome distr~cts (33% of the 
populatlon) (PROMAR, 1995) 

5 Surveys conducted m January of 1996 m the distr~ct of Pachacamac by the Envronmental 
Advlsory and Consultmg Bureau (OACA) 
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Cl  Sources and Production 

Lima gets nearly all of its drinking water from two sources (Figure VIII-I) 

The b m a c  river with the city's sole water treatment plant (La Atarjea), which accounts for 61% 
of the city's water supply, and 

Ground water, which is tapped through 360 wells that produce 38% of the water consumed by 
the c ~ t y  

The add~tional amount of water produced by infiltration galleries (0 4%) is negligible 

This data refers to the 75% of the population with dlrect house connections to the SEDAPAL 
water supply system There is no data available on the sources of water for the remaining 25% of the 
population without conventional water services It is assumed that these residents rely mainly on 
groundwater for thelr water 

The city's water company, SEDAPAL is responsible for all technical and commercial aspects 
of the operation of the area-wide supply system This includes treatment and distribution of water 

Water is withdrawn from the k m a c  for the La Atarjea treatment plant at kilometer 15, where 
it is subject to a serles of treatment processes These processes include the addition of polymers (to 
improve coagulation efficiency), sand filtration and prechlorination to reduce the microbiological load 
This is followed by the addition of aluminum sulfate and ferric chloride, which operate as coagulants, 
whereupon the water is filtered through a battery of rap~d filters Finally, it is chlorinated with chlorine 
gas and pumped to storage reservoirs or pumping stations for distribution to area customers 
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The La Atarjea water treatment plant has two treatment unlts and a production capaclty of 20 
m3/s Its average output of treated water ranges from 10 to 16 m3/s Water production peaks during the 
summer season (from January to April) However, the water shortage is greatest during the summer 
months due to increased water usage 

In contrast, groundwater from all 360 wells under SEDAPK's jurisdiction is distributed without 
treatment except disinfection It is assumed that water from most of the city's remaining wells, including 
those operated by private individuals, water marketing firms, manufacturing firms and local jurisdictions 
within the L ~ m a  metropolitan area, is not properly chlorinated 

According to SEDAPAL, its production figure for 1995 was 666 8 million cubic meters of water 
This corresponds to a monthly average of 21 14 m3/s (Table VIII-12) Historical data shows a 
proportional increase in water production levels in llne wth  Lima's population growth This increased 
production is sustained mainly by tapplng increasingly large volumes of river water and constructing 
a growlng numbers of wells (Table VIII-13) In contrast, the share of water supplied by filtration 
galleries has steadily declined An overreliance on wells is causing the water table to drop (see the 
section on groundwater) In 1995, for example, groundwater production was increased by more than 
8% over the prevlous year This was to compensate for the drop in river levels that resulted from a 
drought in the central highlands 

Table VIII-12 Drinlung Water Production by SEDAPAL in the Llma Area, 1995 

Water Product~on 11 ~housand m3/year I m3/s YO 

Total production 

Wells 254,286 

Filtration galleries 3,163 0 47 

Source SEDAPAL, 1995 Stat~stical Yearbook 

VIII- 19 



Sectzon VIII Water Pollutzon 

Table VIII-13 Hlstorlcal SEDAPAL, Water Production Data, by Type of Water Source (m3/s) 

1955 - Commlsslonlng of La Atarjea I (5 m3/s), 1968 - Production capaclty expanded by 2 5 m3/s 
197 1 - Callao district comes under the jur~sdlctlon of SEDAPAL, 1976 - Plant production capaclty IS expanded to 
10 m3/s 
1983 - Construction of a second plant at La Atarjea (5 m3/s), 1994 - Plant 2 expanded to 10 m3/s 
Source SEDAPAL, 1995 Statistical Yearbook 

Type of Water 
Source 1 
Plants (Runac 
rlver) 

Filtration galleries 

Wells 

TOTAL product~on 

C2 Dlstributlon System 

Water produced by SEDAPAL is conveyed through a network of water l~nes consisting of large- 
d~ameter pipes (1 6-72" or 450mm to 2 meters) The secondary network, with smaller-diameter pipes, 
distributes water to individual dwelling units on a street-by-street basis The system is divided into six 
dlstr~cts for management purposes The Northern, Central and Callao dlstrlcts are served by the 
Northern Distribution Office, whlle the Southern, Eastern and Western districts are served by the 
Southern D~strlbution Office 

Year 

The main problems with Llma's water distribution system include low water volume and low 
pressure, the dilapidated condltlon of its pipelines (25% of its water lines are more than 32 years old), 
cross connections between the water supply and sewage systems and 1111cit connections These problems 
are responsible for large water losses Water losses are estimated at somewhere between 30 and 50% 
of the total volume produced They are also a contributing factor to lntermlttent water service and water 
rationing and cause clean water to become contaminated in the distribution system 

C3 Supply and Demand 

1955 

2 61 

0 46 

0 50 

3 56 

Studies of water supply and demand employ two basic indicators a service coverage lndlcator 
and a per capita water supply indicator Coverage IS an indicator of access to a direct house connection, 
while supply denotes the availab~lity of water to each inhabitant Access and availability affect water 
consumption and, as such, affect health 

1976 

9 12 

0 39 

5 30 ------- 
14 81 

The water produced by La Atarjea is earmarked primarily for customers in the city center and 
surrounding areas Other districts rely on groundwater or a mixture of both sources Data compiled by 

1968 

6 43 

0 41 

1 20 

8 04 

1983 

11 88 

0 26 

6 30 

18 45 

1971 

7 90 

0 43 

1 78 

10 10 

1994 

11 81 

0 12 

7 47 

1940 

1995 

12 98 

0 10 

8 06 

21 14 
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SEDAPAL puts total water production for 1995 at an average of 21 14 m3/s, corresponding to 362 52 
Ild per customer served 

In contrast, our study shows that each resident has a household water supply6 of between 106 
and 148 liters per day Based on a minimum daily requirement of 250 liters of water per person, this 
produces a shortfall of between 40% and 57% and explains the rationing in many parts of the city The 
average servlce period IS 21 3 hours a day (SEDAPAL, 1994) although, service is strictly ratloned in 
many areas The actual availab~lity of running water ranges from four hours a month to twelve hours 
a day (OACA, 1996) Though production outstrips needs, the volume of water available to area 
customers falls short of the mlnimum daily requirement 

Water Demand, 1995 

Total population 6,759,244 inhabitants 
Average supply 250 Vper capitalday 
Demand 19 56 m3/s 

Source SEDAPAL Data compiled by the ECORIESGO Project 

Water Supply, 1995 

Total production 21 14 m3/s 
Average availability 362 52 l/customer servedday 

270 29 Vtotal poplday 
Consumption Household = 78 5% 

OtheP = 2 1 5% 
Total real supply 10 57- 14 79 m3/s 
Real household supply 8 29-11 61 m3/s 
Real household availability 106- 148 Vcapitalday 

a = Commercial, mdustrial, government and social consumptlon, calculated based on billmg volumes 
b = Product~on net of losses (mmus 30 to 50%) 
Source SEDAPAL Data compiled by the ECORISEGO Project 

According to SEDAPAL, its service coverage rate (direct connections) for 1995 was 74 56% of 
the cap~tal area population, corresponding to over 4 5 million inhabitants Only 61% of the population 
with dlrect service connections actually has running water in their homes The remainder are served by 
shared connections (multidwelling spigots) A quarter of the Lima area population, or 1,720,000 

6 Calculations of demand were based on recent statistical data complled by SEDAPAL on the area 
population and on the average availability of water Calculations of real supply take mto account transmission losses 
estimated at from 30 to 50% of total water production and nonresidential water use m quantities equivalent to 21 5% 
of the aggregate production figure 
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inhabitants, do not have direct house connections and obtain their water from public standpipes, wells 
or trucks or by temporarily tapping into connections to nearby dwell~ngs (Figure VIII-2) 

Table VIII-14 Water Serv~ce Coverage Levels m L~ma, 1995 

Source SEDAPAL, 1995 Stat~stical Yearbook 

Indicator I 

Unserved population 

We calculated water service coverage rates at the district and health subdistrict levels in search 
of useful information for an assessment of corresponding health risks Our calculations are based on 
household coverage rates per dwelling and average household occupancy rates broken down by district 
As such they are not totally consistent with the coverage data furnished by SEDAPAL 

Service coverage levels vary from one part of the city to another (Table VIII-15) In general, 
consolidated districts In the historical central city and high-income residential districts have better 
servlce coverage than areas on the urban fringe These house low-income communit~es still in the 
process of being developed or transformed into consolidated d~stricts 

Number of Persons 

5,039,000 persons 
1,720,000 persons 

Districts w~th  the poorest service coverage include Pachacamac (with 87% of its population still 
without serv~ce), Puente Piedra (72%), Lurin (70%) and districts lying outside the SEDAPAL servlce 
area (65%) These districts are not an integrated part of the cap~tal area In all cases they are 
developing areas with large rural populations or with a large percentage of their population l ~ v ~ n g  in 
shanty-town settlements The h~ghest service coverage levels (> 90%) are found throughout Old Lima 
and Callao, as well as In Barranco, Surco and La Molina 

Percentage (%) 

74 6 % 
25 4% 

The areas of the capital with the largest populations w~thout direct service connections are Lima 
North, Lima South, Lima East, Central Lima and Callao, in that order (Table VIII-14, Figure VIII-2) 
The population served directly by tank trucks includes 431,700 residents of Lima North, 273,000 
res~dents of Llma South, 128,000 residents of Lima East, 38,000 residents of Callao and 27,700 residents 
of Central Lima 

7 The Ventanilla dlstrlct and settlement areas m the Puente Pledra distrlct lay outside the SEDAPAL 
servlce area back m 1993 
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Figure VIII-2 Sources of Water for Populat~on W~thout D~rect Connections 
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Table VIII-15 Water Supply m L~ma, by Dlstrlct and Health Subdlstr~ct, 1993 

Dlstrlct I 
LIMA NORTH 
Carabay 110 
Comas 
Independencta 
Los Ol~vos 
Puente Piedra 
Rimac 
S M Porras 
Lurlgancho 
S J Lurigancho 

CENTRAL LIMA 
Breiia 
Jesus Marla 
La Victorla 
Surquillo 
Ltnce 
M~raflores 
San Borja 
San Istdro 
Lima 
Magdalena 
Pueblo L~bre  
San Miguel 
San Luis 

LIMA SOUTH 
Barranco 
Chorrlllos 
Santlago de Surco 
Lur~n 
Pachacarnac 
S J Mlraflores 
V M Trtunfo 
V~lla Salvador 

LIMA EAST 
Ate Vltarte 
El Agustino 
La Molina 
Santa Anita 

CALLA0 
BellaV~sta 
Callao 
Carmen de la Legua 
La Perla 

Type of 
Dlstrlct 

URB 
PRO 
PRO 
PRO 
URB 

CONSOL 
PRO 
PRO 
URB 

CONSOL 
RES 

CONSOL 
CONSOL 

RES 
RES 
RES 
RES 

CONSOL 
CONSOL 
CONSOL 
CONSOL 
CONSOL 

RES 
CONSOL 

RES 
URB 

NONURB 
PRO 
PRO 
PRO 

PRO 
PRO 
RES 

CONSOL 

CONSOL 
PRO 
PRO 

CONSOL 

Total 
Populat~on 

2 262 569 
106 496 
403 619 
183 537 
227,768 
99 877 

184,183 
379,979 
98 833 

578 277 

1 361 502 
84,911 
62 629 

224 575 
87 683 
62 430 
87 191 
72 656 
61 721 

333 236 
47,847 
73 292 

114 717 
48 614 

1 300 480 
40 410 

208 563 
197 117 
34 117 
19 849 

283 019 
262 919 
254 486 

612 551 
264 854 
151,686 
77 664 

118 347 

534 553 
70,851 

361 989 
38,095 
58 845 

RES 

NONSERVICED AREA PRO 

Publlc 
Connection 

(%) 

64 53 
65 75 
80 13 
84 67 
56 01 
28 01 
88 43 
83 19 
38 46 
56 14 

96 37 
96 40 
98 76 
91 55 
96 01 
97 98 
98 54 
97 22 
99 27 
92 05 
97 94 
97 75 
92 61 
96 73 

61 45 
97 31 
68 83 
91 14 
29 44 
12 74 
60 36 
65 82 
65 92 

69 82 
52 97 
65 03 
90 55 
70 73 

93 49 
97 80 
74 46 
97 73 
98 15 

4 773 

171 202 

6 074 814 

99 30 

3460 

75 70 

Stand- 
plpe (%) 

1080 
709 
439 
8 23 

1607 
25 32 
529 
880 

1482 
7 17 

2 44 
2 34 
0 73 
6 17 
2 71 
1 14 
0 87 
2 75 
0 23 
5 33 
132 
1 65 
5 07 
1 45 

5 36 
1 62 
571 
4 83 
7 85 
203 

1115 
5 43 
426 

928 
1258 
17 15 
3 40 
398 

3 16 
109 

1320 
0 37 
089 

Tank 
Truck 
(%) 

18 59 
2138 
1295 
6 80 

2730 
21 68 
580 
650 

3280 
3209 

1 02 
085 
036 
177 
108 
069 
047 
0 92 
035 
225 
053 
043 
193 
1 58 

25 32 
099 

1995 
292 

35 90 
6678 
2554 
23 82 
2666 

1726 
2815 
16 13 
4 64 

2011 

2 60 
060 

1036 
110 
059  

0 26 

21 44 

718 

Well 
(%) 

608 
577 
253 
029  
061 

2498 
048 
151 

1392 
461 

0 24 
041 
0 15 
0 50 
019 
019 
012 
0 03 
015 
037 
021 
017 
0 39 
025 

7 88 
009 
552 
111 

26 81 
1845 
295 
4 94 
316 

365 
631 
169 
142 
519 

0 75 
051 
199 
080 
037 

0 35 

34 35 

1414 

Total 
w~thout 

Serv~ce (%) 

35 47 
34 25 
19 87 
15 33 
43 99 
71 99 
11 57 
16 81 
61 54 
43 86 

3 63 
3 60 
1 24 
8 45 
3 99 
2 02 
1 46 
2 78 
0 73 
7 95 
2 06 
2 25 
7 39 
3 27 

38 55 
2 69 

31 17 
8 86 

70 56 
87 26 
39 64 
34 18 
34 08 

30 18 
47 03 
34 97 
9 45 

29 27 

6 51 
2 20 

25 54 
2 27 
1 85 

009 

961 

299 

0 70 

65 40 

24 30 
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NONURB Dlstrlcts lylng outslde the Llma metropolltan area wlth a large rural populabon large empty tracts of land and hlghly 
Inadequate services 

URB Developing dlstrlcts In the process of belng ass~m~lated into the Llma metropolitan area, with what was orlglnally a rural 
populatlon llvlng in poor urban-type settlements m makeshift dwellmgs, with madequate servlces 
PRO Dlstrlcts in the process of belng transformed into consolldated districts w~ th  the majorlty of thelr population llvlng In 
settlements m upgraded single-famlly homes 
CONSOL Consolidated d~strlcts or d~str~cts  in the process of be~ng transformed into consolldated d~stricts Iytng m the old 
sectlon of the city w~ th  a large part of thelr populatlon llvlng In slum areas 
RES Resldentlal areas with decent housing and adequate servlces 

Gaps in servlce coverage extend beyond the residential sector, affecting businesses, government 
and community facilities For example, according to a 1993 INEI survey of school facilities, over 33% 
of all pre-primary school facilities for children under 5 or 6 years of age (who run a hlgher risk of 
contracting waterborne diseases) had absolutely no water supply or san~tatlon Moreover, where such 
facilities did exist, they were severely dilapidated 

Cuts in service, low water pressure and gaps in service coverage force residents to store water 
both inside and outside the home This increases the likelihood of contamination The pumping of 
water from the distribution system into elevated storage tanks creates negative pressure m the 
d~stribut~on lmes, resulting in the infiltration of waste water or groundwater Storage tanks constructed 
by residents of poor communit~es often lack the necessary features to ensure the water is stored under 
sanitary conditions (a top or lid to protect the water from dust, insects and animals, pipes and a tap 
through which the water can be withdrawn in a sanitary manner, a built-in cleaning mechanism, etc ) 
In many cases, the storage of water in inadequate containers inside the home can also be dangerous and 
heighten the risk of contamination 

C4 Consumption and Cost 

Existing disparities in service coverage levels and available water supplles are matched by 
corresponding large variations in per capita daily water consumption Water consumption figures range 
from a high of 224 liters per person per day (JICA, 1990) down to a low of 20 liters per person per day 
(OACA, 1993) A 1989 survey of water consumption in Callao found that approximately 170 thousand 
people consumed less than 50 liters of water a day, of whom roughly 70 thousand consumed less than 
26 llters a day In other words, 25% of the population was uslng extremely meager amounts of water 
@el Agua, 1989) It IS widely accepted that each person should have access to 250 liters of water a day 
to satisfy vanous needs An amount below this figure will jeopardize household cleanliness and good 
personal hyglene practices, thereby heightening the risk of contracting a water-related dlsease 

There are also disparities in water costs The cost per unit of volume for a resident without a 
house connection is significantly higher than for a customer with a direct service connection As of 
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1995, water charges in Lima ranged from 0 64 soles/m3 for a dwelling with a direct servlce connection 
to 9 0 soles/m3 for residents purchasing water from tank trucks 

All area residents, including both those with and those without water service, run a risk of 
contracting a water-related disease Erratic or intermittent water service, gaps in service coverage, 
inadequate water consumption and contaminated water supplies are all exposing the populat~on of Lima 
to water-related health risks 

D Drink~ng Water Quality 

SEDAPAL monitors water quality on a daily basis, at the source, in its treatment and distribution 
systems (in waterlines, reservoirs, pumping lines, storage tanks), at individual house connections and 
at public standpipes It monitors for physical, chemical, b~ological and bacteriological pollutants The 
Envrronmental Health Service (DIGESA) and local health units (UTES) attached to the Min~stry of 
Health also routinely monitor water quality, measuring chlorine concentrations and indicators of 
bacterial contamination 

D l  Quality of Area Water Sources 

Rimac rlver water at the intake works for the La Atarjea treatment plant is hlghly polluted It 
contains high levels of organic matter, organic and inorganic chemrcals and microorganisms Table 
VIII-4 presents data h ~ s h e d  in 1995 from SEDAPAL monitoring operations along the river and at the 
sampllng station located at La Atarjea According to this data, levels of iron, manganese, lead, 
cadmlum, BOD5 and coliform bacteria in the river water exceeded the maximum allowable 
concentrations prescribed by the General Water Act (Decree-Law 17752-69 and Executive Order 007-83 
SA) for water used as a source of residential water supplies subject to a combination of treatment 
processes (Class I1 water) 

There are wide variations in groundwater quality from one well to another The most important 
water qual~ty criteria for groundwater resources from the public health standpoint (for which we have 
access to data) are the levels of coliform organisms and nitrates 

A more in-depth discussion of the quality of groundwater resources and Rimac river water can 
be found in sectlons of the report dealing specifically w~th  each of these water sources 

D2 Water Quality in the Dlstr~bution System 

The treatment processes at the La Atarjea plant produce water that meets the legally prescribed 
standards for drinking water quality (Table VIII-16) The treatment sign~ficantly reduces pollution 

8 Surveys conducted by the OACA m January of 1996 

VIII-26 
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Table VIII-16 Qual~ty of Treated Water from SEDAPAL9s La Atarjea Plant, 1995 

Parameter 

Phys~cal pollutants 
PH 
Conductlvlty 
Color 
Temperature 
Total solids 
Dissolved sollds 
Suspended solids 

Inorganic chem~cals 
Total alkahnity 
Total hardness 
Calcium hardness 
Chlorides 
Sulfates 
Nitrates 
Nitrites 
Ammonia 
Dissolved oxygen 
COD 
Phosphates 
Sllica 

Organ~c chem~cals 
Total carbon 
Organic carbon 
Inorganic carbon 
Trihalomethanes 
Chloroform 
Dichlorobromomethane 
Dibromochloromethane 
Bromoform 

Metals 
Iron Fe 3+ 
Manganese Mn 2+ 
Lead Pb 2+ 
Cadmium Cd 2+ 
Chromium Cr 6+ 
Zlnc Zn 2+ 
Copper Cu 2+ 
Aluminum A1 3+ 
Sodium Na 1+ 
Potassium K I +  

Nonmetals 
Arsenic As 3+ 
Boron B 1+ 
Cyan~de CN 1+ 
Fluoride F 1+ 

U n ~ t  

pH unlts 
mmhos/cm 
PtKo unlts 
C 

mg/l 
mg/l 
mdl 

mg/l (CaCO,) 
mg/l (CaCO,) 
mg/l (CaCO,) 
mg/l (C 1 1 -) 
mg/l (SO&!) 
I, 

I, 

I, 

I, 

I, 

I, 

I, 

mgll 
I t  

I ,  

~ g / l  
$1 

" 
" 
II 

mg/l 
I, 

11 

I, 

I 

1 

I, 

I 

mg/l 
1, 

I, 

I, 

Max Conc 

7 940 
678 000 

1 00 
23 00 
544 00 
522 00 
60 00 

126 000 
302 000 
266 000 
29 900 
219 000 
5 000 
0 037 
0 066 
9 1 

46 900 
0 233 
16 950 

27 67 
2 740 
26 68 
71 65 
27 58 
28 00 
21 15 
3 190 

0 126 
0 025 
0 039 
0 004 
0 002 
0 247 
0 023 
0 274 
23 640 
5 850 

0 031 
0 070 
<O 005 
0 445 

Mln Conc 

7 300 
387 000 

1 00 
19 00 

342 00 
331 00 
4 00 

84 000 
196 000 
178 000 
15 400 
123 000 
2 470 

<O 001 
0 001 
6 4  

0 190 
<O 001 
6 000 

20 43 
0 100 
18 69 
7 15 
2 82 
2 98 
0 970 
0 000 

0 005 
0 002 

<O 005 
<O 0005 
<O 005 
0 040 
0 002 
0 024 
7 840 
1 890 

0 001 
0 002 

<O 005 
0 170 

Avg Cone 

7 56 
521 000 

1 00 
20 00 
450 00 
433 00 
16 90 

101 000 
265 000 
233 000 
23 630 
174 000 
3 614 
0 005 
0 008 
7 592 
7 850 
0 032 
14 005 

24 93 
1 42 

23 49 
24 14 
9 24 
9 41 
4 95 
0 55 

0 043 
0 008 
0 001 
0 002 

<O 020 
0 12 
0011 
0 067 
15 721 
2 816 

0 008 
0 017 

<O 005 
0 237 

ITINTEC 
Std 214-003 

6 5-8 5 
n s 
1 00 
n s 
n s 

1000 00 
n s 

n s 
n s 
n s 

600 000 
400 000 
45 000 

n s 
n s 
n s 
n s 
n s 
n s 

n s 
n s 
n s 

100 000 
30 000 

n s 
n s 
n s 

0 300 
0 100 
0 050 
0 005 
0 050 
5 000 
1 000 
0 200 
n s 
n s 

0 050 
n s 

0 100 
1 500 
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levels, efficiently removing suspended solids, nitrites, ammonia, phosphates and chemical oxygen 
demand, reducing metal concentrations and eliminating bacteria Statistical data compiled by 
SEDAPAL attest to the plant's efficient removal of metals as well as nonmetallic substances by factors 
of 10 to 100 

SEPADAL does not measure levels of organlc compounds, such as the hydrocarbons, benzene, 
toluene or xylene According to existing data, concentrations of pesticides in water produced by the 
treatment plant are either nonexistent or undetectable (SEDAPAL, personal communication) 

All of this drinklng water data reflects the quality of finlshed water as it is produced by the 
treatment plant We obtained no data on the levels of potential pollutants further on In the dlstribut~on 
system or at the customer's tap Absent data from the distribution system, ~t is generally assumed that 
the concentrations of pollutants there are comparable to those in water discharged by the treatment plant 
As discussed in the section on health risks associated with water quality, however, the concentrations 
of three sorts of contaminants may increase in the distr~bution system 

Lead and copper may leach into drinking water from distribution and plumbing pipes and 
fittings, 

Trihalomethane concentrations may increase due to reactions between residual chlorine and 
organic matter in the distribution system, and 

Any contaminants (pathogens are of particular concern) may enter the distribution system 
through cross-connections with sewers or cracks in pipes in areas where pressure is inadequate 

Sufficient chlorine is added to water produced by the treatment plant and wells to glve the 
residual chlorine content necessary for disinfect~on throughout the distribution system Customer tap 
water should have a minimum chlorlne content of from 0 4 to 0 6 mgll to ensure its bacteriological 
qualtty The residual chlorine level should not exceed 1 0 mgll, above which it would give the water 
a bad taste and could raise concentrations of trihalomethanes (formed by the reaction between chlorine 
and organic matter) 

Data from 1995 monitoring in the distribut~on system showed that 0 4% of the water samples 
derlving from La Atarjea had a residual chlorine content below recommended levels, while 4 1 % of the 
samples deriving from wells showed insuficient chlorine (Table VIII-17) The greater frequency of 
inadequate chlorine residual tn samples from wells could be attributable to inconsistencies in the amount 
of disinfectant added to wells The responsibility for them is shared by the large number of SEDAPAL 
technicians It could also be attributable to relatively larger quantities of organic matter in ground water 
that will continue to react wlth the chlorine in the distr~bution system until it reduces the residual 
chlorine content to zero A third cause may be greater infiltration of sewage water In areas relying on 
well water 
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According to 1995 SEDAPAL monitoring program data, the total percentage of water samples 
with an unsatisfactory chlorine content was 2 1% for the Llma metropolitan area as a whole At the 
other end of the scale, chlorlne concentrations in 23 3% of the samples analyzed showed chlorlne levels 
of over 1 0 mg/l (SEDAPAL, 1995) (Table VIII-18) 

Table VIII-17 Chlorination Effic~ency, Lima Metropolltan Area Water Distribution System, 
1995 

Southern Distnct 

Source SEDAPAL, 1995 Statist~cal Yearbook 

Table VIII-18 Chlorination Efficiency m the D~strlbution System, 1995 

11 Chlorine Concentrations 11 Number of Samdes 11 

11 TOTAL 

Source SEDAPAL, 1995 Statistical Yearbook 

Chlorine added in the treatment process (prechlorinatlon and final chlorination) comblnes wlth 
organic materials In the water to ralse the concentrations of trlhalomethanes (chloroform, bromoform, 
dibromochloromethane and dichlorobromomethane) m drlnking water Finlshed water as discharged 
by the treatment plant showed an average trihalomethane level of 24 1 pg/l, ranging from 71 6 pg/l to 
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7 2 pgll There is no data available on the levels of these compounds in the distribution system, but they 
can be expected to rise as the chlorine continues to react with organic matter present in the water supply 

Surveys conducted by the Ministry of Health suggest that residents wlthout direct servlce 
connections are more exposed to microbiolog~cal pollutants in their water supplles than those with direct 
connections According to 1996 data on 37 water pumps supplying 303 tank trucks in the metropolitan 
area's Northern, Southern and Eastern "Cones," nearly 3 1% of all water samples showed evldence of 
fecal coliform (Table VIII-19) A 1995 health surveillance program targeting 139 tank trucks In L~ma 
East found only 55% supplying water fit for human consumptlon In addition, a 1993 lnspectlon 
program for household water storage facilities in Llma South found 43% of water samples contaminated 
by fecal matter (> 1 MPNI 1 00 ml) 

Table VIII-19 Water Qual~ty at Pumps, L~ma Metropolltan Area, 1996 (M~natry of Health) 

Source DIGESA 

The fluoride content of publlc water supplles is also a public health issue It is thought by some 
that public water supplies should have fluoride levels of approximately 0 9 mg/l in order to prevent tooth 
decay There is, however, some debate in developed countries over the mass application of medical 
interventions through the water supply Concentrations exceeding 1 6 mgll have been associated wlth 
fluorosis, while fluoride levels above 4 mgll may cause skeletal deformities and pain in the joints 

- 

# of 
Pumps 

23 

10 

Eastern Cone 4 

Measurements of fluorlde levels In Lima area water supplles found an average concentration of 
0 18 mgll in all Llma and Callao The hlghest concentrations were in groundwater and in the c~ty's 
northern d~strlcts (concentrat~ons as high as 0 36 mgll) (Villena, 1987) SEDAPAL data on fluorlde 
levels In water discharged by the treatment plant show average, maxlmum and minimum concentrations 
of 0 237 mgll, 0 445 mg/l and 0 17 mgll, respectively These findlngs suggest the need for a fluoridat~on 
program for water, salt or food supplles to Increase the dally Intake of this element 

E Conclusions 

# of 
Trucks 

83 

173 

47 

The quantity and quality of drinklng water in the Lima area is adversely affected by the 
following problems 

Samples contalnlng 
fecal col~forms 
(unfit samples) 

22% 

20% 

50% 

Percentage (%) Operated by 

SEDAPAL 

4 35 

20 

25 

Local 
Govts 

1739 

40 

25 

Prlvate 

6522  

40 

25 

N A ' 

1304 

25 
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rn Increasing demand caused by steady population growth (currently estimated at 2 4% a year), 
corresponding to 450 new residents a day, 

rn Large fluctuations in the level of the bmac, the city's main water source It can fall to half its 
high water level during the low water phase This makes it necessary to increase ground-water 
pumping or to cut the public water supply through rationed water services, 

• The steady drop in the level of the ground-water table as a result of the increased pumping and 
reduced recharge (exacerbated by the lack of precipitation and the steady loss of farmland and 
greenbelt areas), 

The multiple uses of water resources, causing water shortages and pollution Agricultural 
activities, industnes, mining operations, power plants and public water supplies are all 
dependent on the same water source, 

The increasingly dilapidated state of the distribution system infrastructure, and 

Inequities in service coverage and service delivery 

Under these circumstances, the entire population runs a risk of contracting a waterborne disease Erratic 
or intermittent water service, gaps in service coverage, inadequate water consumption and contaminated 
water supplies are all exposing the Lima area population to water-related health risks 

El  Health a s k s  Caused by Water Pollution 

The Lima area population is exposed to health risks through a variety of water-related pathways 

• the consumption of drinking water drawn from the &mac river and treated by SEDAPAL, 

the consumption of drinking water from wells managed by SEDAPAL, 

the consumption of ground water from wells outside the jurisdiction of SEDAPAL, 

the use of untreated surface water from the three rivers flowlng through Lima, including human 
ingestion, 

rn the consumption of foods lrngated, washed or prepared with contaminated water or of fish and 
shellfish from polluted waters, 

• contact with polluted r~ver or seawater through bathing or recreational act~vities, and 

limited access to water for those population without direct house connections or with errat~c 
water service 
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The following sections examine the risks associated with each of these pathways in an attempt 
to ~dent~fy the number of persons exposed via each pathway, the magnitude of the r~sks faclng affected 
individuals, and the overall risk posed to the Lima populat~on 

E2 Rlsks Associated with Drlnklng Water Quallty 

The health risks caused by the pollution of Lima's water supplies were assessed by analyzrng 
data on water quallty Water quallty data were collected reflecting surface and ground water sources, 
treated water and the formal (water lmes), Informal (tank trucks) and private (storage tanks) water 
d~str~bution systems There was virtually no quantitative data available portraying water qual~ty In the 
distribution systems, so we descrlbe qualitatively how risks are likely to be affected by conditions m the 
water distribution systems 

SEDAPAL data (1995) on water production and water quality showed the R~mac as the source 
of 61 4% of the city-wide water supply, with area wells furnishing 38 1% and filtration galleries 
accounting for 0 5% Service coverage rates supplled by SEDAPAL showed 74 6% of the population 
connected to the water supply system 

Where sufficient data is available on contaminant concentrations in drinking water, quantitative 
rlsk analysls proceeded in several steps We calculated the daily dose of each drinking water 
contaminant ingested by a typlcal Lima res~dent by multiplying the amount of water ingested each day 
(assumed as 2 2 Iiters/day/capita) by the concentration of each contaminant In the drinking water We 
then expressed this volumetric dose per day on a per unit of body weight basis by dividing by an average 
adult body weight of 62 kg Fmally, we consulted a health effects data base (the USEPA Integrated k s k  
Information System -- IRIS) to determine what health impacts mlght be expected from long-term 
exposure to the contaminant at this dose level 

To evaluate the Ilkellhood that a contaminant in drinking water might cause a non-cancer health 
effect, we calculated a hazard index comparing the est~mated dose through dr~nking water w~th  the 
reference dose for oral exposure to that substance glven in IRIS The reference dose (RfD) is the 
estimated level of daily human exposure to a given substance which, over the course of a Iifetlme, is 
considered to pose no health risks The RfD is established in a conservative manner -- it ~ncludes a 
margin of safety and is ~ntended to be protective of particularly sensitive indiv~duals It is thus likely 
that lifetime exposure to a pollutant at or below the reference dose 1s safe, while exposure at above the 
RfD is not necessarily unsafe 

9 Hazard mdex = actual doselreference dose 

VIII-32 
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Health risks posed by carcinogenic substances were assessed using the dose-response 
relationship established by the USEPA for each specific carcinogen and the estimated daily dose of that 
carcinogen 

Our health risk calculations are summanzed in Tables VIII-20 through VIII-25 for all substances 
for whlch both monitoring data and dose-response relationships from the USEPA are available We 
computed both lifetime risks to a typical individual in Lima and aggregate risks to the total population 
of the Lima area over a one-year period This was based on a total population figure of 6,706,000 
inhabitants for the year 1995 (INEI, 1995) 

Risks associated with microbiological contamination of drinking water supplies were assessed 
based on an examination of the literature on factors affecting the incidence of waterborne diseases in 
the Lima metropolitan area 

E3 Health R~sks Prom Surface Water Pollut~on 

Given its multiple uses, polluted surface water in the Lima area poses a public health risk These 
bodies of water are not only used as sources of drlnking water, but are used in industrial manufacturing 
processes, in the irrigation of food crops and the pursuit of recreational activities All three area rlvers 
empty into the Lima-Callao bay and contribute to its continuing degradation 

There is virtually no consumption of raw water drawn directly f?om rivers, therefore the leading 
direct pathway of exposure is contact by riverside dwellers who use river water to wash their clothing 
and eating utensils Despite high levels of pollution, the bmac,  Chillon and Lurin rivers are used for 
recreational activihes by nearby residents and by some tourists The problems associated with this 
pathway of exposure are mainly microbiological Although there are no figures on the size of the 
population at risk, it is assumed to be a small segment of the population 

There are numerous indirect pathways of exposure to polluted surface water 

The h m a c  is the main source of drinking water for the capital area Its waters are subject to a 
complex series of treatment processes, but the treatment leaves low levels of pollutants in the water 
which are then ingested by the local population Of the 4 5 million residents with direct drinking water 
connections, in 1995 61% (over 2 7 million) were supplied with treated h m a c  river water This 
percentage will vary according to seasonal fluctuations in the level of the river The leading non- 
m~crobiological pollutants are heavy metals and trihalomethanes 

Considering its important role in recharging ground water, river water represents a potentially 
significant source of ground-water pollution This is particularly so in areas where the water table is 
high The leading pollutants in this case tend to be nitrates, metals and pesticides On the whole, 
though, surface water is probably a lesser source of ground-water pollution in the Lima area Ground- 
water pollution results mainly from infiltration of irrigation and waste water (see the section on health 
rlsks caused by groundwater pollution) 
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Water from area rivers 1s intercepted and diverted to agricultural areas at various points The 
irrigation of croplands with polluted surface water poses health risks, both to farm workers and their 
families, and to consumers of products migated with waste water (see the section on the contamination 
of food supplies) In turn, the irrigation water can percolate into the water table, polluting groundwater 

Among these indirect pathways for exposure to polluted surface water, we can begin to quantifL 
risks only for drlnking treated water withdrawn from the h m a c  k s k s  from this pathway do not appear 
to be substantial 

R~sks posed by chem~cals present in dr~nk~ng water drawn from the Rimac rlver 

Despite effective treatment by SEDAPAL, the dr~nking water consumed by Llma area residents 
contalns low levels of organic and inorganic compounds, salts, metals and nonmetals Concentrations 
of all such substances are In keeping with tolerance limits established under Peruvian legislat~on 
(ITINTEC standard 214-004) While these concentrations may be low, Lima residents are nevertheless 
ingesting a certain minimal level of these compounds on a daily basis and health risks may result 

The following paragraphs examine the risks associated wlth each speclfic type of pollutant 

Risks posed by metals 

Data are available on the concentrations of iron, manganese, lead, cadmium, chromium, zinc, 
copper and aluminum in the treated water from La Atarjea as ~t is fed into the d~stribution system With 
the exception of aluminum, the maximum and average concentrations of all these elements are In 
keeping with the water quality criteria established in ITINTEC standard 214-002 and therefore are 
considered safe From time to tlme, maximum aluminum concentrations may exceed the legally 
established 0 2 mg/l standard, but this will not pose a health rlsk 

Although data on the chemical quality of customer tap water 1s lacking, we can assume that 
concentrations of most metals are acceptable Some metals such as lead and copper can leach out of 
distribution and plumbing pipes and fixtures, resulting in higher concentrations at the tap than existed 
immediately subsequent to the water treatment plant Concentrations of some elements can be affected 
by the household handling of drinklng water For example, the practice of boiling drinking water, which 
is recommended to eliminate the risk of contamination by bacteria, precipitates certain salts and metals 
and Induces volatilization of certain organic compounds, thus removing them 

There is no quantitative data available with which to calculate increases or reductions in 
chemical concentrations during the distribution process Our assessment necessarily assumes that the 
quality of water at the tap is comparable to that of the water discharged by the treatment plant Table 
VIII-20 presents data on daily doses and risks for all the aforementioned metals No noncancerous 
health effects are expected, as for each metal the daily dose is well below the corresponding reference 
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dose No carcinogenic effects are expected because there 1s no evidence that any of these metals are 
carcinogenic through ingestion 

Rsks posed by nonmetallic substances 

Of the nonmetals present in Lima water supplies, only arsenic 1s a carcinogen, however, glven 
~ t s  low concentrations, the calculated rlsk is very low (20 8 additional cases of cancer per year among 
the entire population of Lima) The concentrations and daily doses for all other substances are well 
below corresponding reference doses These substances are not expected to have any noncancerous 
effects on human health (Table VIII-21) 

Bsks posed by organic substances (disinfection byproducts) 

Both the source water for the La Atarjea treatment plant and the treated water contain some 
trihalomethanes SEDAPAL routinely measures total tnhalomethanes and the constituent compounds 
chloroform, dichlorobromomethane, dibromochloromethane and bromoform The average concentration 
of each of these compounds following water treatment is below the legally prescribed tolerance llmit 
Chlorine added in the disinfection process however, continues to react throughout the distribution 
system with any organlc matter present in the water The concentrations of trihalomethanes to which 
customers are actually exposed at the tap are probably slightly higher than those represented by 
monitoring data obtained at the treatment plant 

In the absence of data on tr~halomethane concentrat~ons in water lines or tap water, our risk 
assessments assume that the concentrations described by SEDAPAL represent actual human exposure 
levels 

A comparison of reference and actual doses shows that Lima area residents are exposed to low 
concentrations of the trihalomethanes, with a dally intake much lower than the reference dose and thus 
no noncancerous effects expected Three of the trihalomethanes have been found to be carcinogenic m 
animal experiments and may pose aggregate cancer risks totallng less than 2 cases per year among the 
entire population (See Table VIII-22) 

Risks posed by n~trates and nitrites 

Calculations based on the levels of nitrates and nitrites In drinklng water from the Rlmac river 
suggest that the presence of these substances poses no risk (Table VIII-23) 

E4 Health a s k s  Caused by Groundwater Pollut~on 

Ground water IS becomlng an increasingly important source of drinking water In the Llma area 
The leading pathway of exposure 1s ingestion A second, probably less Important pathway for health 
risks is the use of polluted well water for irrigation of food crops 
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The health risks associated with the direct ingestion of groundwater are due primarily to 
pathogens N~trates pose additional risks but at a much lower level This section of the report takes a 
closer look at the risks posed by the presence of nitrates and other related pollutants The health effects 
of microbiological water pollution are discussed at length in the section on health risks assoc~ated with 
drlnking water quality Likewise, public health problems associated with the consumption of crops 
irrigated with polluted irrigation water are examined in the section dealing w ~ t h  the contamination of 
food supplies 

Calculations of health risks caused by nitrates in groundwater are based on average nitrate levels 
found in wells in 1995, as published by SEDAPAL in its Stat~st~cal Yearbook We also used data on 
well water production and nitrate levels for the first eight months of 1996 In light of the heightened 
concerns for infants under SIX months old, we developed separate risk assessments for two segments of 
the Lima area population for adults, based on an average body we~ght of 62 kg and a daily water 
consumption figure of 2 2 liters, and for infants (children from 0 to 6 months of age) weighing up to 4 
kg and consuming an average of one liter of water a day in thelr formula 

We calculated the size of the two populations at risk from nitrates as follows 

Adults We assumed that 38 1% of Lima area residents wlth direct SEDAPAL service 
connections are supplied with drlnking water from area wells, resulting in 1,905,096 residents 
exposed to nitrates in well water 

• Infants The infants at r~sk are those that are bottle-fed with formula made from well water We 
estimate thelr number as follows Among the 1 9 million residents served by SEDAPAL well 
water, about I % are likely to be infants between zero and six months of age 'O Among these 
infants, we assume that 30 - 50 % are likely to be bottle-fed with formula This puts the size of 
the total at-risk chlld population at somewhere between 5,700 and 9,600 infants 

Table VIII-24 shows the results of risk calculations for these populations potentially exposed 
to nitrates In well water At the average concentrations observed across all SEDAPAL wells, adults 
appear to be exposed at levels less than the Reference Dose, while bottle-fed infants are exposed at 
levels nearly 5 times hlgher than the Reference Dose Adults and Infants in areas where wells show 
higher nltrate concentrations (using either 1995 or 1996 SEDAPAL data for the more contammated 
wells) are exposed at levels consistently exceeding the Reference Dose 

10 12 6 % of the populatton of Lima and Callao 1s between zero and 5 years of age A breakdown 
of the Peruvlan chlld population under five years old Into different age groups puts 16% under one year of age 
We are assumlng that 50% of h s  group is under the age of slx months Thus Infants from zero to sur months of 
age mght constitute 126 x 16 x 5 = about 1 % of the total populat~on 
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Although these figures might appear to suggest widespread risks from nitrates in well water, 
further ~nvestlgation into the health effect that the Reference Dose is established to protect against 
suggests that risks are minlmal 

Nitrates may cause a rare disease affecting bottle-fed infants known as methemoglobinemia or 
"well water cyanosis " The role played by nitrates in this disease depends on their reduction to nltrite 
by intestinal microflora Nitrites then oxldize the ferrous ion in hemoglobin to the ferric state, maklng 
it incapable of carrying oxygen through the blood stream Body tlssues then become oxygen-starved 
The conditron is reversible, but if it goes too far, brain injury or death can result Infants under six 
months of age are susceptible to this disorder as a result of, among other factors, their low stomach 
acidity Diarrhea, which is associated with an increase in gastric pH and the increased nitrate reduction 
by natural intestlnal flora, predisposes Infants to methemoglob~nemia Thus, the risk of cyanosis is 
heightened by the presence of microbiological pollution associated with high concentrations of nitrates 
Because this rare condition is only associated with highly contaminated water it is thought that the 
microbiota are in fact the limiting factor 

The practice of boiling water for formula may have two effects on the likelihood of cyanosis 
First, boiling concentrates nitrates in the remaining water In one case of cyanosis in the UK 
approximately 50 years ago, the water used in preparing formula had been boiled repeatedly for long 
periods of time Nitrate concentrations were not surprisingly much higher than in water taken directly 
from the water source (Packham, 1992) On the other hand, boiling water will, of course, normally 
remove the bacteria in the water that might cause diarrhea, thus reducing the risk 

USEPA and WHO water quality standards for nitrates and their corresponding reference doses 
were established to protect the most sensitive group -- infants The prescribed 10 mgll standard 
(determined as nitrogen) for drinking water is Intended to protect infants, with a margin of safety for 
them For adults, the effective result is a very substantial margin of safety Adults can likely be exposed 
to nitrate concentrations far exceeding the water quality standard without any 111 effects ensuing 
According to the USEPA, virtually all cases of methemoglob~nemia are associated with exposure to 
nitrate levels above 20 mg/l Reported cases of this disease at concentrations of between 1 1 and 20 mgll 
are generally associated with exposure to water containing a combination of nitrates and microbiological 
pollutants or to excessively high levels of nitrates from other sources 

Even with exposures to nitrates at far above the 10 mg/l standard, occurrence of 
methemoglobinemia is rare There has never been a single reported case of methemoglobinemia among 
the infant population of Lima 

Monitoring data on SEDAPALYs wells shows an average nitrate concentrat~on of slightly less 
than 30 mg/l We estimate that 5,700 to 9,700 bottle-fed infants are exposed to nltrates at this average 
level Among them are perhaps 900 to 1,500 infants who are exposed to nitrate concentratlons well 
above recommended levels (> 50 mgll) Because methemoglobinemia is so very rare, no dose-response 
relationship has been established, even for high exposures such as among this group There is very little 
likelihood of actually contracting methemoglobinemia We expect that the number of infants 
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contracting this disease will represents only a small fraction of the at-risk population Any potential risk 
is greater among children in low and very low-income households (representing 50-60% of the 
population), who are exposed to water with a comblnat~on of high nitrate concentrations and bacterial 
pollutants 

In the absence of data on water quality in wells managed by individuals, private enterprises or 
local jurisdictions, our calculations for these sources are based exclusively on water quality data 
furnished by SEDAPAL Assuming that the source of the water consumed by most Lima area residents 
without direct service connections (who represent 25 4% of the metropolitan area population) is ground 
water, and extrapolat~ng the water quality data for SEDAPAL-managed wells, this would increase the 
size of the at-risk population by an additional 5,000 to 8,600 infants 

The presence of nitrates in well water is indicates that pollution from human activity on the land 
surface has reached underground aquifers Other pollutants from this activlty are likely to accompany 
the nitrates Where the pollution source is agriculture, we can expect to find pathogens of animal origin 
and pesticides in the ground water along with the nitrates Where the pollution source is residentla1 
sewage water, the nitrates will be accompanied by pathogens of human origin High levels of nitrates 
in well water suggests that high levels of these other pollutants may be present also 

SEDAPAL, however, systematically monitors and chlorinates its wells to protect against 
pathogens In 1995, only 5 % of SEDAPALYs routine samples of well water failed to meet 
bacteriological water quality standards In our opmlon, microbiological pollutants in drinking water 
supplied by SEDAPAL from ground water do not present a major health risk 

We have no information on the quality of water from the other 640 wells in the Lima area 
These are managed by various agencies, firms and individuals Nor do we have any information on the 
uses for these wells or the conditions under whlch they are operated and maintained Given the expected 
poor operation of many of these wells and the absence of effective water quality control and surve~llance 
programs, ~t is assumed that a much higher percentage of these wells is contaminated by fecal matter 
than SEDAPAL-operated wells The number of affected wells is thought to be considerable It should 
be noted, though, that there is a greater likelihood of microbial contamination of drinking water during 
its distribution or its handling in the home The rlsk factors associated with these pathways of exposure 
are much greater (see the section on health risks caused by inadequate water service coverage and 
Intermittent service) 

In light of all these factors, we estimate that with the exception of private wells, the health risks 
associated with ground-water pollution are comparatively moderate 
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Risks posed by chorlne 

The introduction of chlonne into drinlung water supplies arguably has been the most important 
public health measure ever carried out This chemical in water has saved untold millions of lives over 
the last 150 years Chlorine is the major disinfection agent used in Lima's public water supply 

In general, the desirable concentration of chlorine in customer tap water is 0 5-0 7 mg/l 
SEDAPAL must add more chlonne than this at the treatment locations (La Atarjea and wells) in order 
to maintain a sat~sfactory mlnlmum chlorine residual at all points in the distribution system The result 
is higher than desirable residual chlorine concentrations at polnts in the distribution system near the 
treatment locations SEDAPAL's measurements throughout the distribution system show 23% of the 
water samples drawn from area water lines contain chlorine concentrations above 1 mgll 

In light of some public concern over high concentrations of chlorine in the water system, we 
decided to study the noncancerous risks associated wrth the presence of this substance We assumed that 
the same proportion of customer tap water had "high" chlorlne levels (exceeding 1 mgll) as was found 
in SEDAPAL's sampling in the distribution system This assumption will overestimate the problem 
Chlorine is used up in the distribution system and large segments of the population boil, filter or store 
their water, whlch also removes this chemical fiom water 

The findings from our study indicate that there is no risk to the general population (Table VIII- 
25) While the h ~ g h  residual chlorine content of Lima area water supplies may alter the water's 
organoleptic characteristics, it also operates as a sorely needed and very effective barrier aga~nst 
bacterial contamination Health-based concerns over the presence of chlorine in drinlung water supplies 
should be directed at 

The formation of potentially toxic and carcinogenic compounds such as tr~halomethanes or 
chloramines We have found the risks from trihalomethanes in Llma's drinking water to be low 

Adverse health effects from the chlorine itself, which will not begin to occur until residual 
chlor~ne concentrations above about 4 0 mg/l Such levels do not appear to be reached in Lima 

Concerns about the safety of chlorine levels in Lima thus appear to be unfounded The population 
should not be encouraged to worry about the undeniably beneficla1 use of this very effective disinfecting 
agent 



Table VIII-20 Calculation of Health R~sks From Metals In D r ~ n k ~ n g  Water 

* Aluminum and Iron are not of concern from a public health standpomt Htgh concentrations may affect the water's organoleptic characteristics 
* * Accordmg to the IRIS, the RfD for manganese IS 1 4E-0 1 m food products The adjustment factor for &Inking water is 3 0 

Pollutant I 
Aluminum* 

Cadmium 

Copper 

Hexavalent 
chrom~um 
Iron* 

Manganese** 
Lead 

Zinc 

Table MII-21 Calculat~on of Health R~sks From Nonmetals In D r ~ n k ~ n g  Water 

Concentrat~on 
(mdl) 

0 06 

0 002 

0 011 

<O 002 

0 043 

0 008 

0 001 

0 12 

Boron 

Fluor~de 

Dally Consumpt~on 
(1) 

2 2 

2 2 

2 2 

2 2 

2 2 

2 2 

2 2  

2 2 

Ref Dose 
(mdkglday) 

NA 

5E 04 

3 7E 02 

5E-03 

NA 

0 42** 

1 4E 03 

3E 01 

R1sb to 
Populat~on 
(caseslyear) 

20 8 

Concentrat~on 
(mdl) 

0 008 

0 017 

<O 0005 

0 237 
0 170 (Vlllena) 

Daily Intake 
(mglday) 

0 132 

0 0044 

0 0242 

0 0044 

0 0946 

0 0176 

0 0022 

0 264 

Hazard Index 
(HI) 

N A 

0 142 

1 1E 02 

0 0142 

NA 
6 7E 04 

2 6E-02 

0 0143 

Dose 
(mdkgfday 

2 1E-03 

7 1E 05 

3 9E 04 

7 1E-05 

1 5E-03 

2 8E-04 

3 6E 05 

4 3E-03 

Daily 
Consumption (1) 

2 2 

2 2  

2 2 

2 2 

Ref 
Dose 

(mdkdday) 

3E-04 

N A 
2E-02 

6E 02 

Dally 
Intake (mg) 

0 0176 

0 0374 

00011 

0 521 

Hazard Index 
(HI) 

0 933 

NA 

8 9E-04 

0 140 

Dose 
(mglkglday) 

2 8E-04 

6 OE 04 

1 77E 05 

8 4E 03 

Cancer 
Potency 

(mgflcdday '1 
1 5  

Individual 
Rlsk 

4 2E-04 



Table VIII-22 Calculat~on of Health Risks From Trihalomethanes in Drlnking Water 

Table VIII-23 Calculat~on of Health Risks From Nitrates and N~tr~tes  In Drlnk~ng Water 

Pollutant 1 
Total Trlhalomethanes 

Chloroform 
(Tnchloromethane) 

D~chlorobromomethane 

Dlbromochloromethane 

Bromoform 
(Tnbromomethane) 

Pollutant E I  
Nitrates m surface water 

Nltrites m surface water 

Cancer 
Potency 

(mglkgtday ') 

NA 

6 1E 03 

NA 

8 4E-02 

7 9E 03 

Concentratlon 
(mg/l) 

24 14 

9 24 

9 41 

4 95 

0 55 

Hazard 
Index 
(HI) 

0 08 

0 56 

1 77E-03 

1 25E-02 

Indlvldual 
Rlsk 

2E-05 

1 5E-05 

2E-07 

Hazard 
Index 
(HI) 

3 28E 02 

8 8E-03 

9 75E 4 

Dally 
Consumpt~on (I) 

2 2 

2 2 

2 2 

2 2 

2 2  

Dose 
(mglkglday) 

0 857 

0 328 

0 334 

0 176 

0 0195 

Concentration 

(mg/l) 

3 6 14 (average) 

0 005 

Rlsk to 
Populatlon 
(casesly ear) 

1 

0 74 

0 01 

Dally 
Intake 
(mg) 

53 11 

20 33 

20 70 

10 89 

121 

Ref 
Dose 

(mgtkglday) 

NA ------ 
10 

NA 

20 

20 

Dose 
(mgkglday) 

0 128 

090  

1 77E-04 

1 25E-02 

Ref Dose 
(mg~kglday) 

1 6  

1 6  

1 E-0 1 

1 E-0 1 

Populat~on at 
k s k  

3,070,155 
(61 4%) 

9,300-15,498 

3,070,155 
(61 4%) 

9,300- 15,498 

Daily 
Consumption 

(Vday) 

2 2 
(adult) 

1 (chlld) 

2 2 (adult) 

1 0 (child) 

Intake 
(mglday) 

7 95 

3614aver 

0 011 

0 005 



Table VIII-24 Health Risks Associated wlth Ground-Water Pollut~on by Nitrates, SEDAPAL Data 

1 
Nitrates m 
well water (average for Llma area wells) 1"'" 

II (average for polluted wells, 
1995) 

11 72 99 (average for wells > 50 

1 905 096 (38 I%)* 
5 770-9 61 7 Infants 

579 200 Inhabitants 
1 754-2.924 infants 

Dally Consumption Intake 
(Itday (mglday) 

2 2 (adult) 
I 0 (chlld) 

2 2 (adult) 1 110 
(I (child) 1 50 
2 2 (adult) 160 58 
1 0 (child) 72 99 

Dose 
(mg/kg/day) 

1 06 
7 5 

1 77 

12 5 

2 59 
18 25 

* 74 6 % of the population is assumed served by SEDAPAL, with 38 1% of that group being supplied with ground water 
** In the absence of data firnished by SEDAPAL on the average concentration of NO3 in wells with levels of this substance exceeding 50 mg/l for the year 1995, 
our calculations were based on an average level of 50 mgll 

Table VIII-25 Calculation of Health Rlsks Caused by Polluted Drlnklng Water (Chlorine) 

Pollutant Concentration 

> 1 0mg/l 

Population at 
Rlsk 

60% 

23 3% 

Daily 
Consumption 

(Vday) 

2 2 liters 

2 2 liters 

Intake 
(mglday) 

1 98 

> 2 2  

Dose 
(mgkglday) 

3 2E-02 

0 0355 

Ref Dose 
(mgkglday) 

1 E-01 

1E-0 1 

Hazard 
Index 
(HI) 

0 32 

0 355 
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E5 Health h s k s  Assoc~ated w~th Inadequate Water Supply and San~tat~on Serv~ces 

Inadequate or unreliable water supply and sanitation services have a major impact on public 
health They can strongly affect the degree to which personal and household hygiene is maintained 
They cause fecal matter to be left in and around dwellings, fostering microbiological contamination of 
food and water and creating an  deal habitat for the breeding of mosquitos, flies and other vectors They 
facil~tate the spread of diseases commonly transmitted through the fecal to oral route These diseases 
include gastroenteritis, cholera, typhoid fever, viral hepatitis and many more They also affect 
transmission of diseases assoc~ated with poor hygiene, such as trachoma and scabies All these disorders 
are referred to as water-related, water-washed or waterborne diseases 

Analys~s of nsks caused by microbiological agents employs different methods fiom those used 
m evaluating risks posed by chemical pollution For chemical pollutants, we typically estimate risks by 
combining information on the concentration of the pollutant to which people are exposed with a dose- 
response function for that pollutant This approach is not practical for microb~al agents, however First, 
glven the wide fluctuations in levels of microbiological pollution over time and across samples, ~t is 
prohibitively costly to sample sufficiently often to accurately characterize the dose of microbial agents 
to which an ~ndividual IS exposed Secondly, m most cases, generally applicable predictive dose- 
response formulas link~ng likelihood of illness to exposure have not been developed Lastly, the 
incidence of common waterborne diseases may also be l~nked to other environmental or social factors 
which must be taken into account in the study process According to certain studies, contam~nated foods 
are responsible for 70% of all cases of waterborne diseases reported in developing countries 

Available quantities of water, access to excreta disposal systems, the practice of good hygiene 
at the individual and community levels, household cleanlmess, the contamination of food supplies and 
polluted recreational facilities are all examples of other environmental factors directly affecting the 
transmission of microbiological d~sease Other non-environmental, social factors are also extremely 
important, though, such as the quality of medical care, the level of immunity or susceptibility in the 
population (reflecting the general health status of the community, ~ncludlng nutrition, vaccinations, etc ), 
and the quality of housing Typhoid and gastroenteritis, for example, are both water-related diseases 
which can also be transmitted through other pathways or routes of exposure, such as poor hygiene or the 
consumption of contam~nated foods The ult~mate incidence of any such diseases is a function of a vast 
number of interrelating env~ronmental and social variables 

A 1990 study of the transmission factors for diarrheal diseases in a community on the outsk~rts 
of Lima found a close correlation between the incidence of diarrheal diseases and water storage 
methods, the nature of the facilities used for defecation, and the ingest~on of soil or fecal matter by 
children (Yeager et a1 , 1991) A survey conducted in a Llma area shanty town in 1990 found sanltary 
conditions to be highly inadequate as measured by the daily quantity of soap and water used by 
community residents It concluded that the availability of water, rather than the community's awareness 
of the importance of good hygiene, was most important in creating these conditions Other studies found 
correlat~ons between hand washing and the incidence of diarrheal diseases (Huttly et a1 , 1994) and 
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between Helzcobacteupylorz, an endemic bacteria in the Llma area (whose route of transmission has yet 
to be identified), the water source and the type of water storage system (Klein et a1 , 1991) 

In 1995 the Ministry of Health reported a total of 282,014 cases of what were essentially 
waterborne diseases In the Lima metropolitan area A breakdown of the reported data by health 
subdistrict shows incidence rates for the year 1995 ranging from 3 1 7 per 1000 population in Central 
Llma to 76 1 per 1000 populat~on ~n Lima East The reported incidence of waterborne dlseases for the 
Llma metropolitan area as a whole was 42 1 per 1000 population (Ministry of Health, 1995) The Llma- 
East and Lima-South subdistricts, representing the areas with the lowest water supply and sanitation 
service coverage levels, had the highest incidence rates The following table summarizes the morbidity 
statistics, which are broken down by health subdistrict 

Table VIII-26 Reported Inc~dence of Waterborne D~seases In the L ~ m a  Metropolitan Area, 
by Health Subd~strlct, 1995 

Source Local health unit for each subdistrict Data compiled by the ECORIESGO project 

Llma East 

The actual incidence of these diseases IS much higher than the reported stat~stics An lncldence 
rate of 42 1 per 1,000 people per year implies that one person in 25 in Lima becomes sick with a 
waterborne Illness each year This is far short of what residents of Llma would say is thew typical 
experience Most people would say that they suffer at least one (and probably more) episode of what 
is probably a diarrheal food or water-related illness per year Under-reporting of these diseases is 
common because large numbers of cases go untreated or are treated in ways that do not result in belng 
counted in the official statistics, which cover essentially only public clinics and hospitals (e g , the 
reported statistics would not count individuals treated through private clinics or physicians or those 
treated at home with drugs purchased through a pharmacy, etc ) A 1991 -1 992 survey in Metropolitan 
Lima by INEI of treatment for children less than five years old wlth diarrhea found that only 38 % were 
taken to or seen by a formal health care provlder (hospital, clmic, dispensary, pharmacy, physic~an) 
Another INEI survey of the Department of Llma in 1995 found that only 39 % of young children with 
dlarrhea received attention at Mlnlstry of Health facilities 

Subdlstr~ct 
Populat~on 

1,400,957 
2,324,470 
804,786 

1,492,000 
684,135 

6,706,348 

Total Cases of D~sease 

76,778 
65,653 
61,258 
47,33 1 

3 1,994 

282,014 

Inc~dence (per 1000 

POP 

54 8 
27 8 

76 1 

31 7 

46 8 

42 1 
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Other sources that do not rely on reporting from formal, public health facilities provide a better 
indicat~on of the actual incidence of water-related or diarrheal diseases These Include stud~es that 
directly observe and record family health over some penod of time, or statistical surveys of individuals 
asking about their health status during a recent sample period Such sources have found that 

Children under 1 year of age were found to average 9 8 diarrheal episodes per year in Huascar, 
a poor peri-urban area on the outslurts of Lrma (Black, et a1 , 1989) The frequency did not differ 
significantly by month of age 

Children under 3 years of age were found to average 8 0 diarrheal episodes per year in Canto 
Grande, another poor pen-urban community in Lima (Yeager, et a1 , 1991) The frequency 
changed by year from 8 7 for infants under 1, 10 2 for 1-year olds, and 6 3 for 2-year olds 

A survey covering metropolitan Lima found that 10 9 % of cluldren under 5 years of age had 
had diarrhea w t h n  the prevlous two weeks (INEI, 199 1 - 1992) 

Another survey of the Department of Lma found that the followng percentages of chldren 
had suffered water and food-related illnesses (diarrhea, cholera, colitis, gastroenteritis, 
gastritis, hepatitis) wtlun the prewous 15 days age 0-4,6 7 %, age 5-9,l 7 %, age 10-14, 
2 1 % (INEI, 1995) 

Any of these illness rates, if extrapolated to Lima's entlre population, would result m total 
inc~dence rates far m excess of the reported figures For example, the 199 1 INEI survey found 1 0 9 
% of young chldren m Metropolitan Lima to have had diarrhea m the previous two weeks prior to 
the survey Assurmng that the individuals sampled and the tme penod are generally representative, 
we can estunate an annual rate for diarrhea among h s  age group by multiplying tlus number by 26 
(the number of two-week penods m one year) l k s  gves an estlmate that, on average, a young chld 
in Llma has 2 8 episodes of larrhea per year Th~s  is more than 65 times hgher than the officially 
reported rate for the populahon as a whole 

Although cornpansons across countnes have limted relevance here, it is interesting to note 
that other countnes show simlar patterns of under-reporting of these sorts of illnesses The U S 
EPA estmates that only 4-25 % of the cases of waterborne disease m the U S are reported The U S 
Centers for Disease Control estmates that perhaps only 4 % of the cases of food-borne disease in 
the U S are reported A study in Bangkok, Thsuland estimated that 10-20 % of satation-related 
diseases were reported (USAID, 1990) 

For this study, we have adopted the figure from the World Health Organizatron, which estimated 
in Lima that the reported rate of diarrheal disease represented only 1-2% of the total number of cases 

For r~sk calculations, we have applied an under-reporting rate of 98% With thls, we estimate 
that the actual incidence rate for diarrheal diseases in Metropolitan Llma is approximately 2,100 per year 
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per 1,000 inhabitants in contrast to the reported rate of 42 1 per 1,000 This figure is equivalent to the 
average Lima citizen having 2 1 cases of diarrhea per year, for a total number of cases of more than 14 
mlllion per year 

Other diseases associated with shortages of water include scabies and trachoma 5,200 cases of 
these dlseases were reported in the Central Llma subdistrict in 1995 Data for the other subdistricts are 
unavailable The incidence rate for Central Lima is 3 5 per 1000 population which, extrapolated to the 
population of the remainder of the Lima metropolitan area, gives a total of approximately 23,500 cases 
The incidence rate for Central Lima, with its high service coverage levels, 1s likely to be lower than In 
other subdistricts Rates for the capital area as a whole could be even higher We have no basis for 
estimating the degree to which incidence of these diseases is under-reported but, as for diarrheal 
diseases, we expect that under-reporting is common 

The Ministry of Health reports an average of 549 deaths a year attributable to water-related 
disease for the period from 1988 through 1992 It is unlikely that deaths would be significantly under- 
reported 

In total then, there are probably more than 14 million cases of water-related illnesses in Lima 
each year The great majority of these cases are mild and transient, but the totals include some cases 
of serious disease and more than 500 deaths per year 

It is not possible to say how many of these cases are due to each of the various environmental 
problems we discuss in this section contaminated surface water, contaminated ground water, inadequate 
water service, or Inadequate sewerage In fact, nearly ail of these diseases have multiple routes of 
transmission and multiple causes In addltion to the water-related causes listed, most of these diseases 
are also commonly transmitted by other environmental means food contamination, vectors fostered by 
uncollected solid waste, indoor air pollution, etc And, a vast number of non-environmental factors are 
critical in causing high rates of these diseases poverty, crowded and inadequate housing, poor nutrition, 

low immunity, poor medical care, lack of vaccinations, poor home hygiene, llmited knowledge of good 
sanitary practices, etc A11 of these factors -- water-related, non-water-related, and more broadly social 
-- interact jointly and simultaneously to yield the high rate of these diseases In Lima 

A particular case of cholera, for example, might result when an individual drinks water that is 
contaminated with the pathogen Init~ally, then, this case might seem attributable to contaminated water 
However, the pathogen may be in the water supply because the water supply plpe was old and leaky and 
not under positive pressure, allowing the pathogens in the external environment through which the pipe 
passed to leak into the pipe In this sense, the case might be attributable to an inadequate water supply, 
where low and erratic pressure allows inflow and infiltration Furthermore, though, the pathogen may 
be in the environment around the water supply pipe because human fecal material from cholera-infected 
individuals has pooled there because of the lack of sewers that would otherwise cany it away Now the 
cause seems perhaps to be lack of sewers But other causes may be at work here also The case of 
cholera might have been avoided had the individual been healthier and better nourished, with greater 
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resistance and more able to tolerate the dose of pathogens that he received Or the case could have been 
avoided had the individual been wealthy enough to afford the fuel needed to boil the drinking water 
The conclusion is that multiple factors interact to cause most cases of such diseases, and as a result it 
is very difficult to estlrnate quantitatively what proportion of the cases of dlsease are due to any single 
cause 

It is possible, though, to make some qualitative statements about the importance of different 
factors By reviewing the charactenstics of each disease (e g , typlcal pathways, abllity of the 
responsible agent to survive outside the host, minimum Infective dose), it is possible to judge the llkely 
relat~ve contribut~ons of the varlous environmental and non-environmental factors to transmission and 
persistence of the disease Alternatively, by reviewing the literature on reductions In disease incidence 
after a variety of health-related interventions, one can judge the relative effectiveness of measures 
addressing the different problems that we have been considering Below we summarize two major 
studies prov~ding examples of each approach 

1 Feachem et a1 (1 98 1) studied many infectious and parasitic diseases and assigned them 
to groups having similar modes of transm~ssion He then ranked each of several 
alternat~ve control approaches (e g ,  improve water quality, improve domestic 
cleanliness, better food hygiene) according to ~ t s  effectiveness m interrupting the 
primary mode of transmission for each disease group Feachem's chart summarizmg 
hls conclusions is presented as Table VIII-27 In general, he found that water 
availability and excreta disposal (toilets and sewers) are consistently more important 
than water quality and excreta treatment 

2 Esrey at a1 (1985) rev~ewed 67 studies from 28 countries that analyzed the impact of 
several sorts of interventions on incidence of diarrhea Esrey found the following 
median reductions in diarrheal morbidity from different types of control interventions 

Improvements in water quality 16 % 
Improvements in water availability 25 % 
Improvements m water quality and availability 37 % 
Improvements m excreta disposal 22 % 

In further work, Esrey et a1 (1991) found that non-environmental hyglene interventions 
(e g , health awareness education, hand washing campaigns) reduced morbld~ty by a 
medlan 35 % They also found that all lntervent~ons were l~kely to reduce mortal~ty by 
a greater percentage than morb~dity 



Table VIII-27 Importance of Alternate Control Measures for Environmentally Related Microblologlcal Dlseases 

a) Related somewhat to sol~d waste d~sposal KEY 3 of great Importance In controll~ng dlsease 

Source adapted from Feachem 198 1 

. 

2 of moderate Importance 
1 of mlnor lmportance 

0 of no lmportance 

. 

Diarrheal dtseases and enterlc fevers 
Vlral agents (e g , enterovlruses rotavlrus) 
Bactertal agents (e g , Shlgella, Salmonella) 
Protazoal agents (e g Glardla lambla) 

Pollomyelltls & Hepat~tls A 
Worms w/ no lntermedlate host 

Ascarls 
Trlchurls 
Ancylostoma, Necator (Hookworm) 

---- - -- - - - - - - 
- - - -  - - -  -- - - -  -- -- 

Water Water Excreta Excreta Personal/domest~c Dra~nagelsullage Food 

2 

3 
1 

- 1 

0 
0 
0 

D~seases and Agents - - - -  D~sposal Qual~ty 

3 

3 
3 

-. 

3 - --- 

1 
1 
1 

Beef & pork tapeworms 
Worms w/ lntermedlate aquatlc stages 

Schlstosoma 
Skm, eye, & louse borne lnfectlons -- - -- - 

A v a ~ l a b ~ l ~ t y  Treatment 

0 

1 
3 - 

0 --- 

- 1 
0 

2 
2 
2 - - - 

2 

3 

3 
3 

Cleanl~ness 

3 

3 
0 

Infections spread by water related vectors 
Malarla 
Dengue 
Bancroftlan filarlas~s 
Encephalltls - -- - - - -- -- 

Rables a) 

Tetanus a) - 

Leptosplrosls 
Typhus 

-- 

0 
0 
3 
0 
0 

0 
0 

- - 

0 

1 
1 
1 

-. 

1 

2 

2 
2 

D~sposal 

3 

2 
0 

0 
0 
0 
0 

.- 

0 
0 

Hyg~ene -- 

0 
0 
0 
0 

0 
0 
0 -- - 

0 

3 
3 
3 

ppp - 

0 
0 
0 
0 
0 
-- 

0 

0 
0 
0 

3 -- - 

0 
0 -- - 

0 

1 -- --- 

3 - - 

1 - 
0 -  

2 
3 
2 - -- 

3 

1 

1 
1 -- 

0 
0 

0 
0 - - - -- - 

0 - 

0 

- 
0 

-- 

0 
0 
0 
0 

0 
- -- - - - 

1 

1 

1 
3 
1 - 

0 1 

0 

-- 

1 
1 
0 

1 0 -- - - - 

- - 

2 

2 
1 --- 

0 
0 

-- 

1 
- --- 

0 0 - 
0 - 
0 

-- - - -- 

0 - 
0 
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The conclusions of these and other studies are generally similar Non-environmental causes are 
as or more important than environmental causes for infectious diseases Among environmental factors, 
having a reliable, sufficient supply of water in the home is very important in preventing infectious 
diseases, as are toilets and sewers that convey fecal material away from the immediate home 
environment The quality of the water supplied is less important than having a reliable supply in the first 
place Treating human excreta properly (e g , in sewage treatment plants) is much less important than 
getting it away from large concentrations of people 

To develop some rough estimates of the risk reductions that might result in Lima from 
improvements in water supply and sewers, we applied the numerical results developed by Esrey Our 
calculations here should be viewed as highly uncertain, as Esrey's findings represent the average 
effectiveness of a wide variety of interventions in a wide variety of settings The actual effectiveness 
of a specific program to upgrade water or sewer service in Lima might prove to be substantially different 
from these averages 

We estimated the reduction in disease incidence in Lima that would result from 1) Extending 
piped water service to the entire population of Lima, and 2) Extending sewer service to the entire 
population of Lima The assumptions that we use in developing these estimates include 

71 6% of the Lima metropolitan area population is currently served with both piped water and 
sewers, 2 9% has water service only, and 25 5% has neither piped water nor sewer service 

Providing piped water to a community lacking it will reduce the morbidity rate for diarrheal 
diseases by 25% Providing sewers will reduce the disease rate by 22%, and providing both 
water and sewers will give a 47 % reduction These represent the average effectiveness of water 
and sewer project elsewhere throughout the world, as compiled by Esrey at a1 (1 985) 

Diarrheal diseases constitute the great majority of cases of disease that can be influenced by 
provision of water and sewer services Although the incidence of other sorts of diseases can 
clearly be affected by the availability of water supplies and by fecal sanitation (e g , scabies, 
helminth-related infections), the number of cases of these other diseases is far less than the 
number of cases of diarrheal disease The estimated incidence of diarrheal diseases in Lima is 
now 2,100 per 1,000 people per year, averaging across all the communities m metropolitan Lima 
with their current pattern of full, partial or no water and sewer service 

In the following calculations, we estimate the reduction in disease incidence that would result 
from extending water and sewer service to 100% of Lima's population In essence, we estimate 1) The 
number of people now in each of three groups (full service, water only, no service), and 2) The per 
person reduction in disease incidence that will result from upgrading the second and third groups to full 
service The total reduction in disease incidence is then (1) x (2), summed across the second and third 
groups 
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Reduct~on in D~sease Incidence From Universal Water and Sewer Serv~ce -- Calculat~ons 

1 F is the disease mcidence (m cases per year per 1,000 population) m a community with full service 
W is the mcidence m a commun~ty with piped water only, but not sewers 
N is the mcidence m a community with nelther water nor sewers 
Lma's overall mcidence is 2,100 

2 71 6 % of metropolitan Lnna's population is fully served and has mcidence F 
2 9 % of metropolitan Lma's populat~on has water only and has mcidence W 
25 5 % of metropolitan Lnna's populabon has neither water nor sewers and has mcidence N 

3 0 7 1 6 x F  + 0 0 2 9 x W  + 0 2 5 5 x N  = 2,100 

The mcldence rate m each of the three types of communities m Lma, when weighted by the fiactlon of the 
total population m each of the community types, equals the overall mcidence rate m Lnna 

4 F = (1 - 47)xN and W = (1 - 25)xN 

Usmg Esrey's averages a) Incidence m a communlty wlth no service will be reduced by 47 % ~f full water 
and sewer servlce are provided, and b) Incidence m a community with no servlce w~l l  be reduced by 25 % if 
water service alone is provlded 

5 Substitutmg the relationships m (4) mto equatlon (3), we get 

0716x(053xN)  + 0029x(075xN)  + 0255xN = 2,100 

6 Solving (5) and then substitutmg the value of N mto the equations m (4), we get 

Incidence rate per 1,000 population per year 

For a community with no service (N) 3,200 
For a community with water only (W) 2,400 
For a community with full service (F) 1,696 

7 Thus, provldmg water and sewers for a community with no servlce will reduce mcidence by 1,504 per 1,000 
people (3,200 - 1,696) and providmg sewers for a communlty with water only will reduce mcidence by 704 
(2,400 - 1,696) 

8 Multiplymg by the number of people m Lma  m each type of communlty , we get 

Providmg water and sewers for those with no service now Avoids 2,571,000 caseslyr 
Providmg sewers for those with only water servlce now Avoids 134,000 caseslyr 
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The resulting estlmate is that extending water and sewer service to the ent~re current populat~on 
of metropolitan Llma would avoid approximately the following number of cases of disease each year 

134,000 cases by providing sewers for the small fraction of the population that now has water 
service only, 

2,571,000 cases by providing water and sewers for the much larger fraction of the population 
that now has neither water nor sewer service Of these cases, perhaps about 53 %, or 1,368,000, 
might be prevented because of water service, while 1,203,000 might be avoided because of 
sewers l' 

These figures might perhaps be considered to be conservative estimates, since SEDAPAL's official 
coverage statistics are really overestimates Many poor urban districts have water malns and house 
connections in place, but no actual service The estimated reductions in disease incidence would 
Increase if we postulated not just extend~ng servlce to those currently not served, but also prov~d~ng 
ample, reliable servlce to those who are now served inadequately 

The number of cases of disease that could be avoided w~th  improved water and sewer 
infrastructure IS quite large in comparison to the magnitude of the env~ronrnental health rlsks at stake 
for other environmental problems investigated in this project Providing universal water and sewer 
service would have major publlc health benefits 

11 Accordmg to Esrey's figures, water service alone reduces dlsease mcidence by an average of 25 
%, while sewers alone reduce it by an average of 22% We thus assume that 25/47 of the reduction stemmmg from 
provision of both water and sewers is attributable to the water servlce, while the remainder is ambutable to sewers 



SECTION M 
CONTAMINATION OF FOOD SUPPLIES 

A Definrt~on of the Problem 

This section of the report examines health risks caused by the chemical and biological 
contamination of food products from environmental sources It does not deal with non-environmental 
sources of contamination such as natural toxins in food (e g , aflatoxin in peanuts), chemical additives 
(preservatives, colorants, etc ) or substances produced by or added during the course of the preparation 
of foods (carcinogenic products from partial combustion when foods are grilled or seared, or materials 
drawn from cookware or utensils such as lead-glazed pots) While nutrition is ~ndisputably a major 
contributing factor m the health and well-being of any population group, health nsks relating to nutrition 
exceed the scope of this study and are not dealt with directly in this report 

A1 Source of food contamlnat~on 

Food can be contaminated by physical, chemical and biological agents at any stage of its 
product~on, transportation, storage, distribution, preparation or marketing Hence there are many 
potential vehicles for the spread of dlsease Available data on the contamination of food products at 
each of the these stages is limited The general consensus in developing countries is that the likelihood 
of the contamination of food products is greatest in their production, preparation and marketing phases 
More specifically, the consumption of food at outdoor food stands along public thoroughfares exposes 
customers to a high risk of food-borne disease This problem has become a major concern, not only to 
health offic~als, but to the public-at-large On the other hand, selling food at outdoor stands is both a 
significant source of employment and a valuable service to a large working and student population 
forced to take thelr meals outside the home Thus, food inspection efforts seek to protect human health 
while maintaining the economic value associated with street food 

The main source of chemical contaminants in food is the improper use of pesticides and other 
farm chemicals, which cannot be removed by washing and thorough cooking The use of agricultural 
chemicals to preserve food crops is another potential source of chemlcal contamination In general, the 
food crops showing the highest levels of pesticide residues are tomatoes, grapes, apples, lettuce, oranges, 
potatoes and meat and dairy products 

There are several factors accounting for the presence of heavy metals in food products One is 
their absorption by crops grown in contaminated soil or irrigated with water containing high 
concentrations of metals Another explanation is the application of pesticides and fertilizers with high 
metal contents Alternatively, metallic air pollutants may settle out onto food surfaces, either as the 
crops are grown in the field or when displayed for sale in outdoor markets in industrial or heavily 
trafficked areas Many of these will be easily washed off however 

IX- 1 
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Many metals and pestic~des may be b~oaccumulative, sometimes mult~plying concentrations of 
contaminants by several hundred thousand times through the course of the food chain DDT, for 
example, can build up from an initial level of 0 000003 ppm in sea water to concentrat~ons as high as 
2 ppm in certain large fish such as swordfish (Miller Tyler Jr , 1994) 

The maln sources of biolog.ica1 contaminat~on m food products are the use of untreated waste 
water in farming, the wash~ng and preparation of vegetables, seafood products and meat products with 
contaminated water, the handling and preparation of foodstuffs by persons suffering from contagious 
d~seases or under unsanitary conditions, madequate storage pract~ces, the harvest~ng of seafood from 
contaminated ocean waters, contamination by insects and other vectors, etc The microorganisms most 
commonly found m contaminated food supplies are helminths or parasit~c worms, V~brro cholerae, 
Staphylococcus aureus, Bacrllus cereus, Clostrldrum perfirngens, Salmonella and fecal coliform 
organisms including Escherrchra colr (Almeida, Claudio et a1 , 1996) 

A2 Health Risks 

The chemical contamination of food supplies by heavy metals and pest~cides can cause cancer 
in humans In 1987, the National Academy of Sc~ences in the United States showed that the active 
compounds in 90% of all fungicides, 60% of all weed killers and 30% of all insecticides used in the U S 
were capable of causing cancer in humans In some cases, the specific risk has been quant~fied Women 
wlth high levels of DDE (a byproduct of DDT) in their blood have a four times higher r~sk  of contract~ng 
breast cancer than women w ~ t h  low levels of DDE (Miller Tyler Jr , 1994) 

However, cancer is only one of the poss~ble adverse health effects of consuming food products 
contaminated by metals or pesticides Mercury and lead in foods, for example, have been found to cause 
neurological impa~rments and reproductive d~fficulties There is mounting sc~entific evidence link~ng 
even low levels of prolonged exposure to chemical contamlnants In food to possible genetic mutations, 
birth defects, nervous system d~sorders and damage to the human immune and endocrine systems 

Bacter~olog~cal contamination of foods typ~cally leads to translent gastro~ntest~nal illnesses or 
longer term helmlnth infections 

A3 f i sk  Assessment 

Health risks from the consumption of foods contammated by metals and pest~cides can be 
evaluated using standard risk analys~s techniques To do this, we need to know the different foods and 
the amount of each that comprise the typ~cal daily diet for the geographic area of concern We also need 
to gather data on concentrations of different types of food contamlnants in these foods T h ~ s  data on the 
quantity and types of foods consumed and the concentrations of contaminants in each of the food items 
is then combined to estlmate the dally amount of each contam~nant that the average indiv~dual consumes 
W~th  t h ~ s  ~nformatlon and the dose-response relationsh~p for each contammant, we can then proceed to 
estimate the correspond~ng health r ~ s k  
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Health risks posed by the consumption of foods subject to biological contamination, however, 
typically cannot be assessed on the basis of dose-response relationships This is due, among other 
factors, to wide variations in infective dose for different population groups Furthermore, the infective 
dose for a population group may vary over time, as its members develop or lose immune mechanisms 
Another problem in using standard dose-response relationships for foods subject to biological 
contamination has to do with the large variations in levels of biological contaminants detected in the 
same food at different times and places Thls makes it impossible to establish the exposure dose for any 
given individual We are quite certain, nevertheless, of the type of health effects produced by most 
microbial agents of concern Table IX-1 details the leading symptoms associated with different bacterial 
agents 

Most cases of food-borne diseases are not serious and will generally produce mild symptoms 
disappearing after a few days On rare occasions however, certain food-borne diseases can have serious 
health effects, with serious sequelae or complications Entenc infections, for example, can trlgger a host 
of complications ranging from an impaired food assimilation capacity and chronic malnutrition to 
symptoms of rheumatic disease and septicemia 

Table IX-1 Leading Disorders Associated with Microbiological Food Contaminants 

Source Adapted from Health Educat~on and Welfare 1974 

In view of the dificulty of using standard dose-response relationships as the basis for assessing 
health risks associated with the contamination of food supplies by biological agents, risk analysis for 
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these agents will involve ldentlfying the populations exposed to contam~natlon levels exceeding 
reference values and the most llkely environmental sources of thls contamlnatlon 

B Overv~ew of the Problem m L~ma 

The population of Lima, llke that of other clties m developing countries, can contract a varlety 
of drseases through the consumption of contammated food products Concern among publlc health 
offic~als and the publlc-at-large over the safety of food products and the qual~ty of publlc water suppl~es 
has mounted In the wake of the 1991 cholera ep~demlc m Peru Durlng the epidemic, the sc~entlfic 
community was able to plnpoint the different ways in which food products can be contaminated by 
microbiolog~cal agents The following IS a discussion of the leading causes of the microbiological 
contamination of food products identified at that time 

Food preparation In publ~c eateries, part~cularly at outdoor food stands w ~ t h  unsan~tary 
cond~t~ons 

7 I%, 7 8% and 3 6% of all food samples collected from outdoor stands on Llma's city streets 
tested pos~tive for S aureus B cereus and S perJi.zngens respectively 54 9% of all food samples had 
over 3 fecal coliform organisms per gram or m~ll~llter of food Thls suggests that these foods were 
prepared under unsanitary condltlons (Almeida et a1 , 1996) 

Irr~gat~on of cropland w~th polluted water and untreated waste water 

An estimated 14 2 to 17 2 m3/s of waste water In the L ~ m a  area goes untreated At least 2 37 
m3/s IS bel~eved to be used by farmers for the imgation of food crops The data presented in Table IX-2 
below provrdes an overvlew of the quallty of the water used in selected farming areas of Llma 

Table IX-2 Selected Waste Water Quality Data for the L~ma Area 

Sources PROMAR (study conducted in June and July of 1995) CEPIS (study conducted over the per~od from 1988 to 
1990) CEPIS (study datlng back to 1993) 

As Illustrated by the data presented in Tables IX-2 and IX-3, the levels of fecal col~forms, 
BOD5 and lead in lnlgatlon water m certaln parts of Llma greatly exceed the water quallty standards 
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set by Peruvian leg~slat~on T h ~ s  IS not surprismg, slnce the waste water used for ~rr~gation IS 

completely untreated 

Table 1x3 Selected Water Quality Criteria for Irrigation Water under Peruvian Legislation 

Parameter Value I 
Fecal coliform organ~srns 1000 MPNt100 rnl 

BOD5 

Cadrn~um 005rn 1 

Lead 

Source General Water Act, Class I11 water 

Dumping of untreated waste water into the sea 

An estimated 12 4 m3/s of waste water is dumped ~nto the sea without undergoing any treatment 
(see section XI) The quallty of this waste water is comparable to that of the irr~gation water analyzed 
in Table F-2 Hence fish and other foods harvested from the sea can be contammated 

Use of contaminated water to wash or prepare fresh vegetables 

There are gaps m the data that preclude any sort of quant~tative assessment of the specific effects 
of these activities on the quality of foods consumed in L ~ m a  The general consensus, however, is that 
washlng foods such as carrots, garl~c and certa~n types of on~ons w~th  contammated water increases the 
risk of contracting ~nfect~ous d~seases among consumers 

Food preparation in the home under unsanitary conditions 

The deficienc~es m basic servlces such as water supply, sewerage and solid waste collection are 
some of the d~ficulties faced by many households m attempting proper food preparation The problem 
IS compounded by fail~ng to follow hygien~c household practices 

Chemical contamination of food 

There is little ev~dence of concern among the general population about chemical contamination 
of food There IS also very little technical information on this issue m Lima Nevertheless, some people 
think that the use of farm chemicals in crop-growlng areas of Lima is a major factor in the chem~cal 
contamination of food supplies Some 548 d~fferent farm chem~cals, registered w ~ t h  the Ministry of 
Agriculture are sold within the Lima area Because they are often used to kill pests and d~seases, 8 7% 
of all agricultural chem~cals are classified as extremely tox~c and another 17 2% are classified as h~ghly 
toxic (RAAA, 1995) The list of pesticides used in Lima area farm~ng operat~ons still includes a few of 
the "dirty dozen," namely Pentachlorophenol, Paraquat, Benzene hexachloride (BHC), Lindane, 
Heptachlor, Chlordane, Ethyl Parathion, Endrin, Dibromochloropropane, Ethylene D~bromide, 2,4,5 - 
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T, DDT, Chlorcamphor and Chlordimeform Use of most of these chemicals is banned in developed 
countries 

We must note that there are also many health benefits from use of agricultural chemicals on food 
crops By reducing pest damage to crops, these chemicals increase food supplies and improve the 
population's diet -- one of the most important factors in improving health 

Use of untreated waste water in farming and the dumping of this waste water into area rivers, 
irrigation ditches and the sea also contribute to the chemlcal contamination of food products consumed 
withln the city of Lima 

Table IX-4 below shows concentrations of three pollutants in soil irrigated with water from 
irrigation ditches and untreated waste water The areas showing higher concentrations of these 
pollutants are San Martin de Porres and Callao, with lower concentrations in the farming areas of 
Cienegullla and San Juan By comparison with typical levels of these pollutants in soils in the U S , 
these levels In Lima are not particularly high Lead concentrations in soil throughout the L ~ m a  area 
appear to be well below the normal range In the U S , while arsenic and mercury concentrations are 
generally within average values for the United States (U S EPA, 1993, Valle, 1986) The absence of 
significantly elevated concentrations of these pollutants in soil irrigated with water from irrigation 
ditches and waste water would seem to indicate that most irrigation water is only mildly contammated 
with toxic chemicals Thus it is more like waste water produced by households than by industry 

Table IX-4 Pollutant Concentrat~ons m Land Irr~gated w ~ t h  Water from Irr~gat~on D~tches 
and Untreated Waste Water, In ugig 

Arsen~c Mercury Lead 

871d 1 6 4 ~ ~  0 21 WW-0 471d 0 1 8 ~ ~  0 281d 

25av 0 021d 0 071d 

25av 0 Olww 0 lOww 

0 181d 0 44ww 0 22ww-0 91d 

0 2 - 4 0  0008-0  117 2 200 
A 

Source Castro de Esparza, Marla et a1 1993 
~d = land lrrlgated wlth water from lrrlgatlon dltches 
ww = land ~rr~gated wlth untreated waste water 
av = average 

As mentioned above, available data on the use and effects of pesticides in food products 
consumed in the Lima area is extremely limited and primarily qualitative in nature The llst of pestic~des 
used in outlying farming areas of L ~ m a  includes Dieldrin, Aldrin, Endrin, Aldicarb and Heptachlor 

The only available study of pesticide contamination of Lima's food involves the ~nsecticide 
Aldicarb (2-methyl-2-(methylthio)-propionaldehyde-O-(methylcarbonyl)oxime) It is sold under the trade 
name "Temik 15G" or "Carbanolate 12 " Aldicarb is used to control various insects, mltes and 
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nematodes on a wide variety of crops likely to be grown in Lima's outlying farming areas, such as 
potatoes, corn and onions The data presented in Table IX-5 below shows concentrations of Aldicarb 
in three widely consumed food items 

Table M-5 Ald~carb Concentrat~ons In Potatoes, Watermelons and Lemons, In pglg 

Source Castillo Zegarra et a1 1995 
Maximum residue level (CODEX/FAO/WHO 1989) 

Watermelons 

Data on the concentrations of metals in Lima's food is similarly limited as is the data for 
pestic~des The following two tables show the levels of lead in several food crops and the levels of 
three metals m marine organisms 

Table IX-6 Lead Concentrat~ons In Selected Food Crops, In pglg 

Average 

0 163 

0 110 

0 183 

Source CEPIS 1993 
na = not available 

M~nimum 

0 120 

0 081 

0 084 

Crop 

Max~mum 

0 201 

0 129 

0 231 

Callao 
Farming area 
Marketplace 

San Martln 
Farmlng area 
Marketplace 

San Juan 
Farmlng area 

Cieneguilla 
Farmlng area 

Lima marketplaces 
Wholesale 
Central 

MRL 

0 500 

0 200 

0 200 

Sp~nach 

0 014 
0 004 

< 0 009 
0 037 

na 

na 

< 0 002 
< 0 003 

< 0 002 
< 0 002 

< 0 003 
0 002 

0 003 

< 0 002 

< 0 002 
< 0 002 

Strawberries 

na 
0 002 

na 
< 0 002 

na 

na 

< 0 002 
< 0 002 

Potatoes 

0 002 
0 002 

na 
0 002 

na 

na 

< 0 002 
< 0 002 

Carrots 

< 0 002 
< 0 002 

na 
< 0 002 

na 

na 

< 0 002 
< 0 002 
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Table M-7 Metals m Mar~ne Organ~sms, In pg/g 

Source The Peruvlan Inst~tute of the Sea (IMARPE) 
1 - sample taken on 4/24/92,2 - sample taken on 4/24/92 3 sample taken on 9/26/96 4 - wet sample 

Different types of fish and shell fish can also have high concentrations of pesticides in addition 
to heavy metals Certain large fish and molluscs, In other parts of the world in the past when DDT was 
more wldely used, had been found to have concentratlons from 70,000 to 660,000 times the level of 
DDT m sea water However, we can find no studies in or near Lima on concentratlons of pesticides In 
fish and shell fish (Myller, 1994 and Valle, 1986) DDT is not commonly used m the Lima area 

Contamination of food by microbial agents 

Two studies that sampled prepared foods sold at outdoor food stands found widespread 
contamlnatlon 55 % and 45 % of the samples in the two studies showed contamination wlth fecal 
coliforms exceeding acceptable levels Another study of produce in markets also showed frequent 
contamlnatlon 

Table IX-8 Percentage of Food Samples Contammated by Helm~nths and Protozoa out of 73 
Samples of Produce from Lima-area Marketplaces 

Protozoa (%) I Helm~nths (% 

Parsle 42 4 

Cor~ander 37 0 

35 6 

Source Sector study 1992 Office of the President PAHOIWHO 

The conditions shown in Table IX-8 likely represent a major human health risk Parsley and lettuce 
samples showed the hlghest rates of contamination by protozoa and helminths, namely 42 4% and 
17 8% respectively The risk of contracting a food-borne disease through the consumption of these 
foodstuffs 1s heightened by the common practice of consuming these items raw 



PRIDE / Lima Comparative Rzsk Assessment 

C Health risks for Lima's population 

One of the first steps m estimating the risks from food contamination is to determine the amount 
of different foods consumed in the typical d ~ e t  

Table IX-9 below presents an approximation of what may be considered to be the typical d ~ e t  
of Lima residents The second column of the table shows the percentage breakdown of daily calories 
from different food items according to data collected over the course of the fourth quarter of 1990 and 
the first quarter of 1991 The third column shows the estimated average daily caloric intake by a Lima 
area adult between the ages of 16 and 19 whose lifestyle includes moderate physical activity (equivalent 
to 2900 calories/day) This is based on a diet with the percentage breakdown shown in the second 
column of the table The right-hand column converts calories to food weight, expressed in grams 

Table IX-9 Daily Caloric Intake and Weights of Selected Typical Food Items Consumed in the 
Lima Area 

Source INEI 1995 
1 Includes caloric requirements (2900 caloneslday) for an adult male between 16 and 19 years of age 
doing moderate physlcal activity Conversions made specifically for purposes of thls study 

We found no study data on the quantity of water consumed by each Lima area resident We used 
an average of 2 2 liters of water per person per day as representative of a city with a temperate climate 

Surveys show significant differences between the foods consumed from outdoor food stands and 
the remainder of the diet The data presented in Table IX-10 below shows the types of foods consumed 
at outdoor food stands along public thoroughfares 
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Table IX-10 Food Preferences among Customers at Outdoor Food Stands In the L~ma Area 

Source Almelda, 1996 
ng = consumed In relatively negllg~ble quant~ties as of the date of the study 

Descr~pt~on 

Meat products 

Fru~ts and vegetables 

Cereals and grams 

Sweets 

By combining information on the level of chemical contaminants in different foods with 
information on the daily amount of each food consumed in the typical diet, we can estimate the typical 
daily intake through food of the chemical contaminants Table IX-1 I combines the information on 
chemical contaminants in foods in Lima from earlier tables 

YO 

33 3 

9 3 

16 7 

ng 

Table IX-11 Average Levels of Selected Chem~cal Contaminants In D~fferent Foods 

Da~ry products 

Natural juices 

Ice cream 

Flsh and shell fish 

Source Based on all study data exam~ned and presented In prevlous tables assumlng the specific foods sampled are representatwe 
of the~r  entlre food groups 

ng 
13 3 

ng 
27 3 

Food Group 71 
F ~ s h  and shell fish 

Fresh produce and vegetables 

Fruits 

Tubers and roots 

Combining t h ~ s  informat~on with the estimated average dietary intake of each of these food 
groups, we can estimate the average daily intake of these contaminants These figures are based on the 
very lim~ted information we could assemble In regard to different food items 

IX- 10 

Ald~carb 
(mg/kg) 

7 

0 183 

0 110 

0 163 

Cadm~um 
(pg /g) 

1 04 

< 0 0003 
7 

< 0 0003 

Copper 
(pg /g) 

2 073 
7 

7 

7 

Lead 
(pg lg) 

0 43 

0 014 

0 002 

0 002 
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Table IX-11 Average Dally Intake of Selected Food Contam~nants by Llma Res~dents 

Food Group Cadmium Copper Lead 

Bread and cereals 

Meats and meat products 

Flsh and shell fish 

Mllk cheeses and eggs 

Fats and edlbie oils 

Fresh produce, vegetables 

Frults 

Pulses and related products 

Tubers and roots 

Sugar 

Miscellaneous 55 7 7 7 7 

Total 1096 52 75 33 28 66 34 15 796 

Source Based on all study data examlned and presented in prevlous tables 
7 = data not available 

Cadmium and lead are present in small quantities in non-seafood products Fish and shellfish 
generally show the highest concentrations of heavy metals as a result of thelr bioaccumulative qual~ties 

As is evident from the table, the available data include only few of the chemicals responsible for 
contamination of food products, and cover only a few of the food groups that people consume Even 
where some data does exist, all of the studies of pestic~de or heavy metal concentrat~ons in Lima address 
individual food items or crops rather than entire food groups Thus, the estimated totals likely 
significantly underestimate the actual levels of chemical contaminants consumed by a Lima area 
resident 

As far as pesticides are concerned, we know, for example, that these food contaminants are 
present not only in fru~ts, vegetables and potatoes, but also in shellfish, meat and dairy products and 
other food items Moreover, Aldicarb is only one of several pesticides commonly used in the Lima area 
Table IX-12 below shows dietary exposure levels in Quito, Ecuador to varlous pest~cides used there, 
where more data is available 
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Table IX-12 Overview of Exposure Levels to Pestlc~des Used on Food Crops In Ecuador* 

Pestlc~de - Pr~mary Analysls I Secondary Analys~s 

Dieldnn 0 069 

DDT 5 69 

Source Arcla, Gustavo et a1 , 1993 
* assumlng a body weight of 50 kg per person 

International data on lead concentrations in food also suggest that the doses calculated for Lima 
in Table IX- 1 1 are significantly underestimated The dally exposure to lead in food In Egypt, Guatemala 
and Cuba, for example, is estimated at 8 5,9 0 and 4 6 pgfkglday respectively (Pnde, 1994), compared 
with 0 225 pg/kg/day for the Llma area (15 8 ugld as shown in the table, divlded by an assumed 62 kg 
average body weight) Is dietary lead exposure in Lima really only one-twent~eth to one-fiftieth as much 
as in these other countr~es? We doubt ~t Note that our limited data shows that the great majorlty of lead 
and other heavy metal consumptlon in Lima derlves from seafood This is in contrast to a finding for 
the average world-w~de diet that 75% of lead consumptlon comes from cereals, tubers, fruit and 
vegetables (UNEP, 1992) Thus, the data presented in Table IX-11 probably reflects only a small 
fraction of the actual levels to which the population of Llma IS belng exposed to through food 

Table IX-13 details the assessment of risks caused by selected chemical contaminants present 
in food consumed in Llma 

None of the chemical contaminants present in these food items has a hazard index (HI) for non- 
cancer effects over 1 0 Thus, based on the few food groups sampled, there is no significant rlsk of non- 
cancer health effects However, two of the hazard indices approach one -- aldlcarb has the hlghest 
hazard Index at 0 85 and cadmium is at 0 54 -- and with full information on contaminant levels in all 
food groups these hazard indices could easily exceed one Furthermore, aldicarb IS both less toxlc and 
less environmentally persistent than several other pesticides commonly used near Lima If the hazard 
Index for aldicarb IS near one, it is possible that the hazard indices for other pesticides would exceed one 

There is no evldence that dietary exposure to any the four contaminants for whlch we have data 
(aldicarb, cadmium, copper or lead) cause cancer We do not therefore have evidence suggesting any 
cancer risks from chemlcal contaminants in Lima's food 

We thus have no evidence of health risks from chemicals In food However, the very limited 
data on both pestic~des and metals, in combination with hazard Indexes for aldlcarb and cadmium that 
begin to approach a level of concern desplte the llmited data, makes this an Issue for which further 
information would be valuable 
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Table IX-13 Assessment of Risks Caused by Chemical Contaminants in the Lima Area 

Parameter 

Source US Environmental Protection Agency IRIS for all doses and potential cancer risks 
Indiv~dual body welght 62 kg 
i e = Insufficient evidence of any potential to cause cancer 

C2 Biological Contamination 

The health effects produced by biological contamination of food items are reflected in the 
incidence of food-borne and waterborne diseases, as Illustrated In Table IX-14 below It has been 
estimated that food IS involved as a route of transmlsslon m 70% of all cases of such dlseases (Esrey and 
Feachem, 1989) These diseases have multlple causes and multlple routes by which infections agents 
can be transmitted from one lndlvldual to another Factors contrlbutlng to the spread of these dlseases 
in Llma include many that Involve food directly -- the lrrlgatlon of agricultural zones wlth untreated 
residual waters, poor food hygiene in homes, markets and food stands, washlng vegetables wlth polluted 
water -- and others that may or may not Involve food -- inadequate or contammated water supplies, 
llm~ted sewerage systems, etc 



Sectron LY Contamrnatron of Food Supplies 

Table IX-14 Inc~dence of Waterborne and Food-borne Diseases In Llma and Callao, 
by Health Subdistrict (1995) 

Overall mcidence m Llrna (per 1000 pop ) 41 5 
Overall mcidence m Callao (per 1000 pop ) 46 8 
Overall mcidence Llma+Callao (per 1000 pop ) 42 1 

Source Health subdistricts of Llma and Callao 

Lima subd~strict North 

Lima East reported the highest Incidence of diseases associated w ~ t h  the consumption of 
contaminated food and water for the year 1995, w~th  76 1 cases per 1000 population, among wh~ch 
~nfectious intestinal dlsorders were the leading cause of illness The incidence rate for these dlseases 
was sllghtly h~gher on average In Callao than in Lima 1 e ,46 8 per 1000 population compared w~th  41 5 
Helminthiasis from contaminated food and water accounts for an important share of the reported cases 
of waterborne and food-borne diseases 

Total population 
Population under 5 years of age 

Disease 

Infectious mtestmal disorders 
Enter~tis/colit~s 
Helmmthiasis 
Cholera 
Typhoid and paratyphoid 
Salmonellosis 
Sh~gellosis 
Amebiasls 
Other mtestmal disorders caused by protozoa 
Intestlnal disorders caused by other organisms 
Vual hepatitis 
Intestmal helmmthiasls (ascanasis, tnchuriasis) 
Other forms of helmmthiasis and lntestmal 
parasitic mfections 
Total cases of disease, by health subdistrict 

Overall lncldence by subd~strict (per 1000 
~ o ~ u l a t ~ o n )  

The data presented in Table IX-14 includes only offic~ally reported cases of these disease in the 
Lima area for the year 1995 These stat~stics sharply under-count the number of cases of these generally 
mild and transient dlseases that actually occur Most cases of these diseases are managed in ways that 
do not result in thelr being counted In the official statistics -- they go untreated, they are treated at home, 
or they are treated through pharmacies, nurses or private clln~cs that are not counted in the publlc 
stat~stics The degree of under-reporting of such diseases 1s discussed in more detail In Sect~on VIII on 

-- 
2324470 
293348 

47910 
8431 
8312 

64653 

27 8 

East City 

IX- 14 

South 

1400957 
176801 

55581 
9050 

12147 

76778 

54 8 

804786 
101564 

45407 
7650 
8601 

61258 

76 1 

Callao 

684135 
86338 

22559 
5569 
3866 

31994 

46 8 

r 

1492000 
188290 

947 
907 
181 
132 
18 

895 
36563 

1447 
218 

6023 

47331 

31 7 
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Water Pollution, in which an estimate is developed to the effect that only 2 % of the cases that occur are 
ultimately counted in the official statistics Applying a factor of 50 to account for t h ~ s  under-report~ng, 
the real inc~dence of these d~seases would be on the order of 2,100 per 1,000 population, or an average 
of 2 1 cases per capita per year If food is involved in 70 % of these cases, then there may be 
approximately 9 8 million cases per year of illnesses involving food contamination among Lima's 
population T h ~ s  estimate is highly uncertain, but the morbidity rate is certainly far higher than 
suggested by the data presented in the table 

The people exposed to the highest risks are those eating foods under the least sanitary conditions 
those without services that can help them keep thelr homes clean (piped water, sewers, solld waste 
collection), those that consume food from street vendors, and those who commonly eat raw, unpeeled 
fruits and vegetables A recent study of 300 food stands along public thoroughfares in Lima (Almeida 
et a1 , 1996) found that they put about 340,000 persons at significant risk of contracting a food-borne 
disease 

According to the data in Table IX-15, each food stand exposes approximately 1 100 persons a 
year to the risk of contracting a food-borne disease 

Table IX-15 Annual Number of Consumers of Food at 300 Outdoor Stands at Rlsk of 
Contracting a Food-borne Dlsease 

Source Almelda et a1 , 1996 

Contaminant 

Clostrzdzum perfimngens 

Salmonella 

Total 

For purposes of this study, a significant rlsk of contracting a food-borne disease was defined to 
exist when the Items sold by a food stand contained contaminants at levels above the threshold values 
indicated in Table IX- 16 below 

Populat~on at R~sk  

182 000 

104 000 

26 000 

31 200 

343 200 

Thls assumes 

• That the foods are prepared and sold at outdoor stands on city streets throughout the year 
under the same conditions as those prevalllng at the time of the study, 

That the food stands preparing and selltng the foods in question are open for business 
five days a week, 52 weeks a year, 
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That the sample analyzed for the purposes of the study is representative of all foods sold 
by the food stand, and 

rn That each customer consumes an average of 300 g or ml of food per day 

Table IX-16 Threshold Values for the Rlsk of Contracting a Food-borne Dlsease 

Source Alme~da et a1 , 1996 

Contam~nant 

V cholerae 

S aureus 

B cereus 

C perfi.mngens 

Salmonella 

E colz 

The study also considered the presence of more than 3 fecal coilform organisms per gram or 
milliliter of food as a reflection of poor food hyglene According to the data, 54 9% of the 300 food 
stands exceeded this threshold value Another study of 100 food samples prepared at outdoor food 
stands along public thoroughfares found 45% of the foods sold In Central Lima to have been prepared 
under condrtions faillng to meet acceptable standards of food hygiene, as reflected by levels of over 100 
fecal coliforms per gram or milliliter of food (DIGESA, 1996) 

I Threshold Value 

D D~scussion of Study Find~ngs 

Chemrcal and blologlcal contamination of food supplies in the Lima area comes from a varlety 
of sources It is rmposs~ble to calculate the share of different polluting activities in undermining food 
quality 

Data on levels of chemical food contamination is scarce The only available figures refer to 
concentrations of four chem~cal agents (Aldicarb, cadmium, copper and lead) in a selected group of food 
rtems Consrdering only the portions of the average dlet for which data are available, none of these 
chemical contaminants are consumed in quantities exceeding established safety limits Among these 
food contaminants, Aldicarb has the highest hazard Index of just under 1 0 (0 85), suggesting that full 
data on all food groups mrght show it to be present In the average diets at levels that may pose health 
risks Other pesticrdes for which no data is available might also pose threats The limited available data 
appear to show consumption of heavy metals to be farther away from exceeding safe levels In sum, 
though, the major gaps m available information preclude any confident assessment of risks from 
chemlcal contaminants in food 

Studies of food safety rightly concentrate on the presence of biological contaminants This is 
due to widespread contamlnatron of foodstuffs and the huge number of illnesses likely transmitted 

IX- 16 
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through contaminated food A 1991 study for example, found 42 5% of all parsley samples 
contaminated by protozoa and 17 8% of all lettuce samples contaminated by helminths (intestinal 
worms) These foods are generally consumed in their raw state and this heightens the nsk of contracting 
a serious food-borne disease 

The effects of biological food contamination are reflected in the significant reported incidence 
of food and waterborne disease This is 46 8 and 41 5 cases per 1,000 population per year in the Callao 
and Lima areas respectively Actual incidence of these dlseases is far higher, at perhaps 2,100 per 1,000 
population per year In general, food is involved in approximately 70% of all cases of diarrheal disease 
(Esrey and Feachem, 1989) 

In the Lima area, the risk of contract~ng a food-borne disease through consumption of foods sold 
at outdoor stands along public thoroughfares is significant Each stand preparing and selling foods on 
Lima streets puts 1,140 area residents per year at risk of contracting a food-borne disease The 
population at risk of contracting a food-borne disease as a result of biological contamination of food 
encompasses the entire Lima area population, with the risk lowest among breast-fed infants 

E L~m~tatlons of the Study 

Unfortunately, all available data falls into one of the following two categories, both of which 
represent extremes It is either (1) overly general, or (11) highly specific General data is that which is 
not based on specific studies conducted in the Lima area and, in nearly all cases, is drawn from studies 
mounted in other countries with no attempt made to adapt it to the specific realities of Lima For 
example, there are a number of studies (or, more accurately, compilations of data) on the health effects 
of pestic~des with no indication whatsoever of corresponding exposure doses or of the at risk population 
in the Lima area 

Isolated data is data which is not collected on a regular or routine basis and thus any 
generalizations made on the basis of this data could be highly inaccurate This is especially true in this 
case 

The limitations include 

The assumption that a typical diet for Lima area residents consists of the items shown 
in Table IX-9, which, In fact, IS a diet representative of youth between the ages of 16 and 
19, 

The assumption that levels of the pesticide Aldicarb in three food products, namely in 
watermelons, lemons and potatoes, reflect its average concentration in h i t s ,  vegetables 
and tubers respectively This may invalidate our assessment of the risk posed by this 
contaminant but may nevertheless be indicative of a general trend, 

IX- 17 



Sectron IX Contaminatron ofFood Supplies 

The assumption that levels of cadmmm, copper and lead ln the only fish tested 
(croakers) and In the shell fish shown In Table IX-7 represent thew average 
concentratlons m all fish and shell fish consumed In the Llma area, 

The assumption that the food subgroup "fish and shell fish" represents the only or the 
leadlng pathway of exposure to cadmlum, copper and lead In foodstuffs, 

The assumption that the reported health statistics for food and water-borne dlseases 
represent only about 2 % of actual mcidence, 

The assumption that thls data corresponds to health subdlstrlcts coverlng an area larger 
than Llma and Callao 

A serles of follow-up studles 1s needed to Improve the bas~c study data More spec~fically, the 
following 1s needed 

Establish the typical diet for the general population of Llma, broken down Into at least 
three broad age groups, namely <5,5-65 and >65, 

Establish the volume and type of pestlcldes applied to crops In outlylng farmlng areas 
of Llma or determine the average concentratlon of pestlcldes m drfferent subgroups of 
food Items (vegetables, fresh produce, dalry products, etc ), 

Establish the average concentration of heavy metals m different subgroups of food Items 
consumed m the Llma area, and 

Determine more accurately the degree of under-reporting of food and water borne 
dlseases, and the contrlbutlon of food contamination to the total 
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SECTION X 
AIR POLLUTION 

A General Definition of the Problem 

Over the past 30 years we have improved our understanding of the relationship between air 
pollution and human health Av pollutants inhaled or absorbed by human beings produce health effects 
ranging fiom eye and respiratory tract irritations to an increased risk of lung or other cancer, as well as 
a wide variety central nervous system problems Although their effects are fiequently more irritating 
than pathogenic, atmospheric toxins can compromise epidermal and mucosal tissues 

Indlrect effects may also be important, as in the case of CO (carbon monoxide), which reduces 
the ability of hemoglobin to carry oxygen, and other allergic effects caused by fine particles that can 
cause sensitization of the immune system, allergic rhinitis, asthma attacks, etc 

The main atmospheric contaminants are COY CO,, SO,, total suspended particulates (TSP), ozone 
(0,), nitrogen oxides (NO, NO, and others), toxic organic compounds (e g , benzene, formaldehyde) 
and heavy metals, m addition to CH,, H,S, NH,, etc 

Due to its particularly significant Impact on human health, atmospheric lead has been analyzed 
in a separate section (Section XV) of this report 

B Overview of the Problem m L ~ m a  

B1 General Aspects 

Data on atmospheric pollution in Lima IS scarce At present, only two entities (DIGESA and 
SENAMHI) conduct systematic air quality monitoring SENAMHI has carried out a monthly program 
to monitor dustfall at 50 stations in all of the municipal districts of Lima For other air pollutants, spot 
monitoring has been conducted episodically by MITINCI, pnvate laboratories or universities and, since 
1993, the Mlnistry of Energy and Mining has monitored alr quality in the vicinity of hydrocarbon 
transformation facilities Table X-1 shows the typical ranges of concentrat~on of the principle pollutants 
that have been monitored at the two DIGESA stations located at Cahuide and Conaco The table 
compares the concentration ranges against both U S standards and WHO allowable levels 

Airborne biological pollutants, although not widely studied, also produce adverse health effects 
Efforts to date have detected more than 40 types of fungi and an indeterminate number of bacteria 
caused by the open-air incineration or decomposition of garbage, wh~ch In addition produces other air 
pollutants such as methane, sulfuric acid, and ammonia 
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Table X-1 Ranges of Alr Pollutant Concentrat~ons in Metropolltan L ~ m a  (pg/m3) 

(1) As of 1989, U S standards were replaced by new standards for small particles only 
(2) Allowable lun~ts m urban areas In rural areas, from 0 001 to 0 005 &$m3 

- 
Pollutant E l  
CO 

NO2 

s o 2  

TSP 

Lead 

Cadrn~um 

Chrom~um 

Manganese 

Zinc 

Copper 

Iron 

B2 Contaminat~on sources 

The principle anthropogenic polluting activities in Lima are transportation, industry (including 
mlnlng and petrochemical activities), littering and open-air incineration of garbage Industry and the 
vehlcle fleet account for approximately 80% of the air pollutants in Lima, including carbon monoxide, 
sulfur dioxide, nltrogen oxides, settleable solids and others The burning of solid waste is estimated to 
account for between 7 and 10% of these pollutants, and other sources contribute the remainder 

B3 Veh~cle fleet 

The vehicle fleet is a significant source of pollutants, lncludlng CO, N%, particulate matter 
(TSP) and lead From 1993 to 1995, the number of vehicles m operation in Lima Increased by 138,000, 
reaching a level of 588,072 in 1995, with a rate of 88 vehlcles per 1,000 inhabitants (CIDAT 1995) 

WHO Max~mum 
Levels 

Concentration 
(madmm), 

10,000 

320 

40-60 

40-90 

05-1 0 

OOlOa 
0 020 (2) 

0 3 

DIGESA 

18,589 
14,3 12 

95 2 
32 36 

204 0 
28 6 

218 
32 94 

1 683 
0 608 

0006 
0 002 

0 032 
0 0043 

0089 
0 012 

1481 
0 146 

0082 
0 037 

3 73 
0 534 

Concentration 
(madmln), 

p 8 h 

p l h  

P a  

P a  

p a  

p a  

P a  

p a 

P a  

p a  

P a  

P a  

p a  

p a  

p a  

P a  

p a  

P a  

U S  Standards 

SENAMHL 

57,250 

442 0 
182 0 

40,000 

100 

80 

75 (1) 

1 5  

p a 

p a  

- 

p 1 h 

P a  

P a  

P a  

P a  
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With regard to public transportation, in March 1992 Lima had a fleet of 9,210 units operat~ng over 268 
routes, of which 130 passed through downtown Lima In 1994, the number of units had increased to 
29,859, while for 1996 the total estimated figure is approximately 47,100 

In 1994, gasoline consumption ranged between 750 and 800 million gallons (CUANTO 1995) 
Of this total, it is estimated that 87 5% IS leaded gasoline and 15% unleaded For the entire nation, 10 7 
% of the gasol~ne sold is 97 octane leaded, 14 6% is 90 octane unleaded, and 74 6% is 90 octane leaded 
(Ministry of Transportation and Communication, 1 995) 

Most vehicles in Lima are not equipped with catalytic converters Studies conducted in 
Sw~tzerland have shown that a vehicle not equipped with a catalyt~c converter can emit an average of 
15 g of CO, 2 g of HC, 4 g of N 9  and 0 002 g of lead for each liter of gasoline burned Annual 
emissions from vehicles in Lima may reach 7,128 tons of CO, 1,900 tons of N%, 950 tons of HC and 
approximately 1 ton of lead 

The age of the vehicle fleet constitutes an additional problem with regard to pollution The 
average age is 8 years for automobiles and light trucks (camzonetas) and 16 years for microbuses 
Studies conducted In Mexico have shown that an automobile wth  an average of 8 years of use produces 
from 10 to 15% more CO than a new car and between 15 and 20% more NO2 This problem is 
exacerbated by increased fuel consumption due to heavy traffic and poor dr~ving habits The average 
traffic speed has been estimated to have declined from 15 kmfhour in 1994 to 12 5 kmlhour in 1996 
(Iturregui, 1996) Other studies have calculated a rate of 9 kmlhour during peak hours in the city (Lona 
1990) 

B4 Industry 

In 1995 there were 33,385 industrial facilities in Metropolitan Lima, accounting for 68% of the 
national total The most heavily industrialized areas are located in the Northern and Northeastern sectors 
of the city, representing 60% of the total These are the districts of Cercado, Ate, San Martin de Porres, 
San Juan de Lungancho and Comas See Table X-2 
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Table X-2 Industrial Infrastructure In Metropolitan Lima, by Sub-Reg~ons 

Establ~shments by Work Force Sue Total 

Medlum (5-19 empl ) (Large (> 20 empl ) 

Source Census, 1995 

B5 Formal and Informal Commerce 

The formal and informal establishments that prepare food are another source of air pollution in 
Llma Kitchens and ovens emit mainly COY CO,, SO,, NO,, TSP and volatile organic compounds 
(VOCs) depending of the type of fuel used (kerosene, gas, wood or coal) 

In 1993,9,080 establishments were registered as restaurants, cafeterias, gnlls, etc (INEI 1995) 
Generally, they are located In zones of high car and pedestrian traffic in Lima The informal 
establishments are located on the street or in houses, nearly always m densely populated zones 

B6 Scattering and burnlng domestic, ~ndustrial and hospital waste 

Burning garbage is very common in Lima Garbage containing large amounts of paper, plastic, 
rubber and assimilated industrial wastes produces particulate matter and toxrc gases such as ammonium 
salts, sulfur compounds, nltrogen oxides, uncombusted HC and methane The burning of one ton of 
garbage generates 8 kg of TSP, 0 5 tons of S%, 3 kg of NO2, 15 kg of uncombusted HC and 40 kg of 
CO To understand the extent of the pollution problem, one needs only consider an estimated average 
of between 400 and 500 tons of garbage incinerated per day, with the resulting load of between 20 and 
30 tons of pollutants Introduced daily into Lima's atmosphere 

C Carbon Monox~de 

Carbon monoxide associates with hemoglobin in the blood, reducing its ability to carry oxygen 
The effects of carbon monoxide (CO) are reversible, 1 e , they do not lead to chronic polsonlng or 
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irritation of the upper respiratory tract But if an individual is exposed to high levels of CO it can lead 
to asphyxiation and death 

C1 Emissions and Environmental Concentrat~on 

The three most important sources of CO pollution are the automobile fleet, industry, and 
indiscriminate incineration of solid waste A significant percentage of emissions are produced by 
gasoline-powered vehicles, particularly because of incomplete combustion of gasoline in poorly tuned, 
older vehicle engines 

Table X-3 shows ambient CO data from various monitoring sites in Lima The most extensive 
data at a single site is from the Conaco site at Ave Abancay, where concentrations have typically ranged 
from 12 5 to 50 ppm of CO The hlghest level observed was 100 ppm at this site during a rush hour in 
1992 (DIGESA 1995, SENAMHI 1993) There is little information on the concentration of CO in 
Industrial zones and no information on air quality near major solid waste dump sites 

C2 Dose-Response Relat~onships and Health Effects 

Indiv~duals exposed to CO for longer than three hours to concentrations of 12 5 ppm may 
accumulate blood concentrations of carboxyhemoglobin (COHb) of as much as 1 5 to 2% Effects 
among healthy individuals at this level are generally quite mild Blood concentrations of COHb of 2 3 - 
7% cause decreased maximal short-term exercise duration in healthy people, resulting in mild fatigue 
Individuals exposed for periods in excess of 8 to 12 hours to concentrations of 20 ppm (perhaps street 
vendors, those living in close proximity to factories, public transportation operators, etc ) may attam an 
average level of COHb of 5%, which affects cardiopulmonary functioning and can affect visual acuity 
and motor and sensori-motor performance (EPA, 1994) 

Cardiac patients and others who suffer angina pectoris are sensitive to short exposures to CO 
when they raise COHb concentrations from about to 3 to 6% (RISCPT, 1984) At these COHb levels, 
cardiac patients suffer increased likelihood of angina pain and decreased time until onset of angina pain 
when exercising 

Other studies on the effects of exposure to CO raise the possibility of more chronic effects and 
alterations in psycho-motor functions (Rylander, 1992) 

In a study reallzed in Lima's center by the Chemistry Faculty of UNMSM in 1995, it was 
determined that bus drivers, street vendors and transit police, typically showed a range of 1 5% to 1 72% 
of COHb Elderly people and smokers revealed concentrations of 4 7% of COHb in their blood 
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Table X-3 Ambient Carbon Monoxide in Metropolitan Lima 
- - - -  

Station I 
Conaco 
(DIGESA) 

Cahuide 
(SENAMHI) 

Other Stud~es 
(3 

Mobile 
Mon~torlng 
(DIGESA) 

Industrial 

(pp 

Average 
Concentrat~on 

m) 

16 20 (1991) 
2000(2618/1991) 
20 00 (8192) 
12 50 (Jan-Jun 93) 
100 (1216192) 
22 00 (15 6 92) 

24 20 (1991) 
24 74 (1992) 
50 00 (1992) 

23 86 (1995) (1) 

22 43 (1995) 

19 57 (1995) 

1 08 (1995) 

5 00 (1995) 

25 00 (1995) 

18 00 (1995) 

23 00 (1995) 

10 00 (1995) 

28 66 (1992) 

20 00 (1992) 

15 00 (1992) 

17 75 (1993) 

1 8 (1995) 

Industrial area of Callao 

La Pampilla (Callao) 

Interval 

monthly 
daily 
monthly 
semi-annually 

daily max 

(2) 

(2) daily max 

dally 

daily 

daily 

dally 

daily 

daily 

daily 

daily 

dally 

bmonthly 

bunonthly 

bimonthly 

daily 

daily 
Areas 

Characteristics of the Area 

Av Abancay, Lma  Heavy pedestrian and 
vehicular traffic, commercial zone, sidewalk 
artisans 

Los Olivos, Northern Lma 

Metropolitan Luna thoroughfares Heavy traffic 
from publ~c transportation 

Downtown Luna Commercial area Sldewalk 
vendors Heavy vehicular and pedestrian traffic 

District of La Vlctoria Commercial area with 
abundant light lndustry Heavy traffic 

Disttlct of Mlraflores Commercial area, heavy 
vehicular traffic, restaurants, shops 

La Mollna Eastern Lma Moderate vehicular 
traffic Abundant landscaped areas Residential 
area 

Av Abancay, Lma Commercial area, heavy 
veh~cular and pedestrian traffic 

See above 

See above 

See above 

Av Universitaria and Av Peru Northern 
subreg~on Heavy traffic, commercial area artisans 

Prmary thoroughfares of Luna - City 

Prmary thoroughfares of Llma - Northern Sector 

Av LarcoICalle Shell Mlraflores Heavy vehicular 
and pedestrian traffic commercial area 

Principle thoroughfares of Lma  Commercial area, 
sidewalk vendors, heavy pedestrian and vehicular 
traffic -- 
Industrial area of Lma-eastern Sector (T;Tafia) 

24-hour 

annual 
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C3 Characterization and Calculation of Fbsk 

Risks from CO in Lima are estimated by relating the ambient concentrations likely to be 
encountered by different segments of the population to resulting COHb levels to resulting health 
impacts Drawing on the available monitoring information for COY we have constructed four exposure 
scenarios for different portions of the population 

The first includes most of the general population of Lima who are not exposed to any unusual 
sources of CO We assume that these individuals are exposed to 8-hour peak concentrations of CO at 
levels represented by the lowest of the longer term monitoring results at the Conaco site (12 5 ppm) 
The Conaco site is significantly more heavily trafficked than most of the remainder of the city, so 
assuming the Conaco concentrations as typical for most of the city likely overestimates the risks faced 
by this population group We estimate that about 4,200,000 inhabitants are represented by this scenario 

The second scenario includes the population living in heavily trafficked areas similar to Av 
Abancay at the Conaco site We assume these individuals are exposed to 8-hour peak concentrations of 
CO at levels represented by the higher of the longer term monitoring results at Conaco (1 6 2 ppm) We 
estimated the population exposed to higher levels of traffic to be all individuals living within 60 meters 
of any of Lima's major streets ' By graphical analysis, we estimated that there are about 1,300,000 such 
inhabitants 

The third category includes people who work in the street (approximately 300,000 individuals, 
including sidewalk vendors, drivers, taxi dnvers, traffic police, etc ) as well as those members of the 
general public that spend at least several hours per day in the street We assume that these individuals 
are exposed for 8 - 12 hours to CO concentrations at levels of 25 - 30 ppm 

The final population group includes those individuals among the three previous groups that are 
also exposed to high levels of CO during a 1- 2 hour commute each day in heavy trafic Based on 
results from mobile monitoring (by DIGESA and others), we assume that individuals while commuting 
might be exposed for up to two hours to concentrations of 30 to 50 ppm Alternately, these individuals 
may be exposed to CO levels as high as 100 ppm for up to one hour We estimate the number of 
commuters to be approximately 2,000,000 by subtracting the numbers of workers unlikely to commute 
during rush hours (e g , informal chefs, non-compensated relatives, etc ) from the aggregate number of 
employed workers (INEI, 1995) 

For each of these four groups, we project the level of COHb that is l~kely to result from their 
hypothesized level and duration of exposure to CO Flgure X-1 shows the relationship as developed by 
the U S Environmental Protection Agency (NAPCA, 1971) 

Table X-4 shows the resulting health risks for each of the four groups of people 

1 CO dlsslpates falrly rapidly as one moves away from major veh~cular sources The 60 meters 
assumption was used m a recent study of envuonmental health m Quito (Arcla et a1 , 1993) 

X-7 
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F~gure X-1 Effects of CO Exposure on Level of COHb 

1 
Expowre, hours 1 
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Table X-4 Est~mated Rsks from Carbon Monox~de 

(a) Based on the ratio between concentration m the air and concentration m the blood, by NAPCA 
(b) Average of the lowest figures recorded by DIGESA (first six months of 1993) 
(c) Population residlng m the mmediate vicmity of heavlly traveled streets smilar to Avenida Abancay 
(d) Populabon travelmg at peak hours wlth exposure to traffic 
(e) Readmg taken fiom a mobile monltormg unit by SENAMHI (PROCCONT Project) m June 1992 
(f) Average of measurements taken at peak hours on the prmclple thoroughfares of Luna Cercado, La Victoria, 
Independenc~a, Mlraflores, Panamericana Sur, etc 

Exposed Populat~on Health Effects 

In Table X-4 we observe health impacts of three types 

rn Decreased maximal short-term exercise durat~on in healthy people who live near major streets 
or are exposed while commuting This may affect the 1 3 million people who live near major 
streets and the 2 million people who commute and spend one or more hours in heavy traffic 
each day 

rn Increased risk of angina pain Th~s  may affect approximately 8,000 persons in Lima who have 
cardiovascular problems and work in the streets This effect is likely only when they are 
participating in demanding physical activities 

4,200,000 

1,300,000 (c) 

2,000,000 (d) 

300,000 

None 

Decreased maxmal 
short-term exercise 
duration 

Headaches, fatigue 
May affect vlsual aculty 
and motor1 sensory 

• L~kelihood of fatigue, headaches and difficulty concentrating for all 300,000 people who work 
in the streets 

12 5 for 8 hrs (b) 

162for 8hrs 

100 for 1 hour (e) 
30 to 50 for 1-2 hrs ( f )  

25 - 30 for 8 - 12 hrs 

General 
population 

Live near 
major streets 

Wh~le 
commutmg 

Work m 
street 

None 

Increased 
Ilkellhood 
and reduced 
t m e  to onset 
of angma 
Pam 

The most common nitrogen oxides are NO and NO2 NO is emitted in the greatest quantity, 
but it is very unstable and degrades rapidly to N% which is stable Nitrogen oxides are oxidizing 

1 5 to 2 5% 

2 5 to 3 5% 

2 5 - 3 5% 
1 25 - 3 0% 

2 5 to 5 5% 



agents In contact with water they form nitrous and nitric acids which are strong Irritants to mucous 
membranes 

D l  Emlss~ons and Envlronmental Concentration 

Nitrogen oxides are produced by high-temperature combustion processes such as those involving 
automobiles, power plants and certain industrial applications and to a lesser degree gas and kerosene 
stoves and solld waste incineration 

Monitoring performed by DIGESA at the Conaco slte m 1995 revealed concentrations of 0 0 1 12 
ppm, 0 027 ppm and 0 064 ppm (months of September, December, and August respectively) (DIGESA, 
1995) Several other measurements are also reported m Table X-5 There has been no systematic long- 
term monitoring of nitrogen oxides in Lima, and it IS quite uncertain whether the measurements reported 
in the table are representative of those prevailing more generally throughout Lima 

Table X-5 Measurements of NO2 In Metropolltan L~ma 

(1) Readlngs taken by DIGESA 
(2) Panduro, Mendoza, Vilchez (masters thesis m Envlronmental Management, FIA-UNI) 
(3) Readlngs taken at the request of MITINCI (an average figure of 24 is assumed) 
(4) Readmgs taken by the School of Petroleum Engmeermg - UNI 

F( 
CONACO 
(1) 

Other 
Stud~es (2) 

Industrial 
Areas 

WHO s guideline for NO2 is 0 170 ppm as an hourly mean, whlle the U S standard IS 0 053 ppm 
as an annual average Levels of NO, in Lima appear to exceed these standards occasionally 

~ v g  Conc (ppm) 

0065 

0 126 

0 01 12 

0 027 

0 05 

0 017 

0 092 

0 077 

0 105(2) 

0 103(3) 

0 026(3) 

0 002(3) 

0 0 1257(4) 

Interval 

month (Aug 95) 

1 hour (Aug 95) 

month (Sep 95) 

month (Dec 95) 

annual max 

annual mm 

24 hr (1993) 

24 hours 

24 hours 

24 hours 

24 hours 

24 hours 

annual 

Characteristics of the Area 

Downtown Llma 
Heavy traffic (50 to 85 veh/mm), wmds 0 5 - 1 5 m/s 60 
to 70% RH 

Llma-C~ty Heavy traffic, highway mterchange sector, 
d~stant dwellmgs 

Luna-City Heavy traffic, far removed from dwellings 

Luna-Eastern Sector High mdustrial density, heavy 
traffic, dwellmgs 300 m away 

Luna-C~ty Heavy traffic, located close to dwellmgs 

Llma-Northern Sector Heavy traffic, dwellmgs at 1 OOm 

Callao Located next to dwellmgs, moderate traffic, 
mdustrial area, heavy traffic 

Callao Moderate traffic, far removed from dwellings 
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Nitrogen oxides are also important as contributors to the formation of photochemical smog and 
ozone Ozone 1s a secondary air pollutant produced by complex atmospheric reactions of nitrogen 
oxides and reactive volatile organic compounds (such as are emitted from gasoline combustion) under 
the influence of sunlight Ozone is a respiratory irritant causing impairment of lung functions and lower 
resplratory symptoms such as cough and chest discomfort Ozone has not been mon~tored systematically 
in Lima Concentrations of ozone are likely to build to harmful levels during periods of thermal 
inversion and stable air (DIGESA, 1991) 

D2 Dose-Response Relatlonshlps and Health Impacts 

Evldence of adverse impacts fiom exposure to NO, is much clearer for short-term exposures to 
high levels of the gas than it is for longer-term exposures to low levels Among asthmatics, some adverse 
but reversible constriction of airways may occur at concentrations between 0 2 and 0 5 ppm, whereas 
such acute impacts are felt by healthy indiv~duals only at levels exceeding I pprn These levels do not 
appear to be reached in Llma 

Chronic exposure to lower levels of NO, may cause a reduction in the capacity to restore lung 
tissue after damage by bacteria or viruses, as well as inhibition of the immune system during an 
infection Studies have produced conflicting evidence on the effect of N Q  on rates of respiratory 
disease One study found that increasing Indoor levels of NO, in bedrooms ~ncreased respiratory disease 
rates among children at 0 01 to 0 07 pprn Other studies found that similar or higher levels outdoors had 
no impact Another study concluded that only at higher concentrations (0 15 to 0 30 ppm) did NO, 
increase the frequency of respiratory diseases in children (Ackermann, 1987) 

D3 Rsk Calculat~on and Characteruat~on 

To estimate risks in Lima from exposure to NO,, we have applied one of the dose-response 
relationships estimated from an epidemiological study conducted elsewhere We repeat that the 
evidence is conflicting across such studies, and we caution therefor that the risk estimates developed 
here should be Interpreted as suggestive only Schwartz and Zeger (1990) developed an association 
between NO, and the probability of increasing respiratory symptoms in adults fiom data in Los Angeles, 
California Their model was further adapted by Ostro (1994) and we use the dose-response function 
from this study for Lima 

A in annual incidence of resplratory symptoms per adult = f3 x A in NO, concentration 

Where 

p = coefficient developed by Ostro (10 2, where the NO2 concentration is measured In ppm) 

To establish upper and lower estimates of risks fiom NO,, we apply this relationship to both an assumed 
maximum NO, concentration to which the population of Lima might be exposed (0 05 ppm, the annual 
maximum concentration observed at Conaco) and an assumed minimum concentration (0 017 ppm, the 
annual minimum level observed at Conaco) 



8 As an upper bound we therefore calculate that NO, may be responsible for 10 2 x 0 05 = 0 5 1 
additional cases per year of respiratory symptoms (cough, phlegm) for each adult in Lima 

As a lower bound we calculate that NO, may be responsible for 10 2 x 0 01 7 = 0 173 additional 
cases per year per adult 

Multiplying these rates of illness by the adult population of Lima (4 6 million over the age of 14 as of 
1995), we estlmate that NO, may be responsible for between 0 8 million and 2 3 million cases per year 
of respiratory symptoms among the entire city population 

D4 Dlscuss~on and Results 

The calculations suggest that ambient NO, in Lima may be responsible for 0 17 - 0 5 1 add~tional 
cases of respiratory symptoms (phlegm production, cough or other symptoms of infection) per year per 
adult The range between the maximum and minimum risk estimates is broad because of uncertainty 
about the levels of NO, prevailing throughout Lima Furthermore, the epidemiological relationship on 
whlch this estimate is based is speculative 

Monitoring by MITINCI of Nq levels near industrial fac~llt~es has, in some cases, found higher 
levels than those on which we based our calculations This monitoring, however, has been short term 
and unsystematic Without additional information we have not attempted to estlmate the potentially 
higher health risks to res~dents living near these industries Ultimately, we decided that health risks due 
to NO, in Lima's atmosphere can be considered moderate 

E Sulfur D~oxide (SO,) 

Sulfur dloxide is a colorless gas that is neither flammable nor explosive At concentrations 
exceeding 0 3 ppm it has a noticeably pungent odor and taste Easily absorbed through the respiratory 
tract, at concentrations in excess of 3 ppm this gas is irritating, with ~ t s  effects becoming more 
pronounced in combination wlth suspended particulate matter (total suspended particulate, or TSP) and 
ambient humidity It is highly soluble In water (forming sulfurous acid) and can be oxidized to sulfur 
trioxide (forming sulfuric acid in water) Sulfur oxides also commonly adsorb onto particles in the air, 
and the resulting suspended sulfates are thought responsible for much of the adverse health impacts from 
chronic exposures when there are low or moderate ambient levels of sulfur dioxide Airborne sulfates 
also cause reductions in visibility, and wet or dry deposition of acidic sulfates can cause ecological harm 
and damage materials such as stone or mortar Sulfur dioxide IS clearly a pollutant causing economlc 
and ecological damages as well as damages to human health 

El Emissions and Environmental Concentration 

SO, emissions come from combustion of fuels containing sulfur by vehicles and industry In 
Lima, the main fuels responsible for sulfur emissions are residual petroleum #5 and #6 used by industry 
and power plants, diesel #I (kerosene) for stoves and ovens, and diesel #2 used in diesel-powered motor 
vehicles The use of coal in ovens and restaurant stoves is also an important source of SO2 emissions 
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in Lima Process emissions from smelting or balung raw materials (e g , ores) containing sulfur can also 
be a source 

The monitoring performed at three stations in L~ma (east cone, Lima-Cercado, Callao) revealed 
SO, concentrations of 0 0 1 1 to 0 0 124 pprn (Holgum, 1994) Using DIGESA' s monitoring data, an 
annual median of 0 0785 pprn can be est~mated for central Lima (commercial zones and intense veh~cle 
traffic) 

MITINCI (ICDEVCO, 1995) monitored SO2 in industrial zones and found levels of 0 09,0 3 19 
and 0 0592 pprn in L~ma city, Callao and East Lima, respectively Finally, the VICON program (1 992) 
measured levels of 0 18 pprn in zones like Cajamarquilla-El Ayllu, east of Lima 

Table X-6 shows SO, concentrations in Metropolitan Lima's atmosphere Levels of SO, 
occurring in Lima appear frequently to exceed the WHO guidelines 

E2 Health effects and dose-response 

SO, may produce both acute and chronic effects 

Acute effects include bronchio-constriction and breathing difficulties The most sens~tive 
individuals are asthmatics, who can suffer constrict~on of airways while pursuing heavy exercise when 
ambient concentrations of SO2 exceed 0 4 pprn over short periods For asthmat~cs at rest and for healthy 
individuals while exercising, no effects are expected at concentrations of SO, less than about 1 pprn 
In some industrial zones of Lima, 24 -hour concentrations have been found at 0 3 19 pprn Short-term 
peak concentrations are undoubtedly higher than this, so it can be assumed that some asthmatics in Lima 
will experience some difficulties in breathing and perhaps asthma attacks as a result of SO, In general, 
though, SO, levels are not sufficient to cause acute effects among the healthy population 
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Table X-6 Measurements of SO2 in Metropolltan L~ma 

to 85 vehlmm), wmds 0 5 to 1 5 m/s, 60 to 

(1) Mon~tormg conducted by DIGESA 
(2) Monltormg conducted by SENAMHI 
(3) Monltorlng conducted at the request of MITINCI 
Guidelines suggested by WHO = 0 01 5 to 0 023 ppm (annual average) 

Longer-term exposures to sulfur dioxide have been linked by ep~dem~ological stud~es to 
increased mortality and hospital admissions from respiratory diseases No exact causative llnks have 
been determined, but positive correlations have been found between SO, concentratlons and rates of 
respiratory lllness, hospital admissions, and death for individuals with pre-existing resplratory illness 
A clear Independent impact of SO, on respiratory d~sease rates appears to exist at 24-hour concentrations 
of SO, exceeding about 0 2 ppm There is equivocal ev~dence for increases In resplratory illnesses in 
chlldren and Increased hospltal adm~ss~ons beginning at about 0 05 ppm on an annual average bas~s 
Table X-7 presents an inventory of the possible effects at different concentrations of S Q  In the 
atmosphere 
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Table X-7 Health Effects Associated with SO2 Exposure 

E3 Risk Calculation and Character~zat~on 

Concentrat~on 

0 0538 to 0 088 ppm 
annual average 

0 1 1 ppm for 24 hours 

0 192 to 0 269 ppm for 24 
hours 

0 25 ppm for 24 hours 

O4toO6ppm 

0 6 to 0 75 ppm 

0 96 ppm 

1 Oto2Oppm 

To estimate the health risks associated with exposure to SO, in Lima, we used a method 
developed by Ostro (1 994) that has been applied in other c ~ t ~ e s  also (e g Jakarta, Sant~ago, and Cairo) 

Because of the great range in ambient concentrations of SO, observed in Lima, we performed 
the calculat~ons assuming both a lower bound and an upper bound for the concentrations to which most 
of the population is exposed As a lower bound we chose 0 01 1 pprn (28 6 ug/m3), the lowest annual 
average SO, concentration that has been monitored As an upper bound we chose 0 0785 pprn (204 
ug/m3), the highest annual average concentration that has been monitored 

Effects 

Mlxed evldence for 
Increase m frequency of respiratory 
illnesses m children 
Increase m admissions of elderly to 
hospitals, due to resplratory disturbances 

Increase m respiratory morbidity rate 
and hospitalizations 

Increase m daily mortality rate and a 
marked elevabon of the morbidity rate 
Respiratory difficulties m asthmatics 

Changes m lung function m asthmatics 
with moderate-mtense physical exercise 

Changes m lung function m asthmatics 
with low-moderate physical exercise 

Nmwmg of aways m healthy people 

Changes m lung function for asthmatics 
at rest 

Table X-8 shows the results of the risk calculation uslng Ostro's methodology to estimate the 
annual number of three different health impacts caused by SO, 1) premature deaths, 2) cough and 
respiratory symptoms in children, and 3) upper respiratory irritation In adults 

Reference 

Ackerman (1 987) 

Walk & Wagner (1 996) 

AQG (1987), EHC, 8 1972 
Envlronrnental Health Criteria N# 8 

NAPCA Au Quallty for Sulfur 
Dioxide, AP 50 Washmgton DC (1970) 

Toxics from A to Z Harte y Col 
University of California Press (1988) 

Toxics from A to Z 

EPA (1989) 

Toxlcs from A to Z 

Premature mortal~ty This represents the number of persons who die prematurely because of 
exposure to SO, These lndivlduals are typically vulnerable because of pre-existing health problems, 
and SO, exposure hastens their death To calculate premature mortality r~sk, we applied Ostro's dose- 
response function that gives the percentage change in death rates for each 1 uglm3 change in the average 
SO, concentration 
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% change zn annual mortalzty = p x  A zn SO2 concentratzon (zn ug/m3) 

Where 

mortality is based on a current annual rate of about 35110,000 inhabitants in Lima, or about 
23,448 deathslyr among the population of 6 71 milllon 

p = coefficient developed by Ostro Ostro gives three values for P to establish a range 0 020 
for a lower bound value, 0 048 for a central estimate, and 0 121 for an upper bound 

concentrat~on of SO2 is based on our assumed range for Lima of 28 6 pg/m3 to 204 pg/rn3 

Cough and resplratory symptoms In chlldren We applled the dose-response funct~on for 
these effects in children uslng the max-min SO2 concentrations and Ostro's lower, central, and upper 
coefficient estimates (p) of 0 01 0 ,0  01 8 1 and 0 0262, respectively The formula IS 

A zn # of respzratory symptoms per 1,000 chzldrenbear = p x  A zn SO, concentratzon (zn ug/m3) 

Upper resplratory lrrltat~on In adults We applied the dose-response function for these effects 
in adults over the age of 40 uslng the max-mm SO2 concentrations and Ostro's lower, central, and upper 
coefficient estimates (p) of 0 005,O 010 and 0 015, respectively The formula is 

A zn # of upper respzratory symptomsper adultbear = p x  A zn SO2 concentratzon (zn ug/m3) 

Table X-9 Calculation of k s k s  from Exposure to Sulfur Dlox~de In Metropolltan Llma 

Premature Mortality 

Range of 
Coefficient 

EStunates ( 

0 00 12 1 high 

0 00048 medium 

0 00020 low 

0 00121 high 

0 00048 medium 

0 00020 low 

Affected Populat~on k s k  Estlmate 
A Deaths = /3 * A SO, (m pg/m3) * Deaths 

5,788 deaths from SO, 

2,296 

956 

81 1 

321 

134 

SO2 Concentration 

# People 

6,706,348 

6,706,348 

pg/m3 

204 

28 6 

#Deathslyr 

23,448 

23,448 

Interval 

annual avg 

annual avg 



PRIDE / Lzma Comparatzve Risk Assessment 

Lspiratory Symptoms in Children 

Affected Populaflon I SO, Concentration I Range of k s k  Esmate 1 
Children Under 14 

annual avg 

annual avg 

Irritations of the Uqper Resp~ratory Tract in Adults 

E4 Discussion of Results 

yg/m3> ~ g / m ~  

0262 high 

0 18 1 medium 

010 low 

0262 high 

0 18 1 medium 

010 low 

I Affected Population 

Adults Age 40 + 

1,69 1,000 

1,69 1,000 

Uncertainties in both the levels of SO, prevailing throughout Lima and in the dose-response 
relat~onsh~ps between ambient concentrations and health effects result in very broad estimated ranges 
for the resulting health risks among Lima's population We have chosen to use Ostro's central or 
medlurn estimates for coefficients in combination with the maximum and minimum SO2 concentrations, 
and thus estimate that SO, in Lima is responsible for 

Coefficient 
Estimates (p) I Interval 

10,422 caseslyear 

7,160 caseslyear 

3,977 caseslyear 

1,46 1 caseslyear 

1,004 casesly ear 

558 caseslyear 

SO, Concentration I Range of I k s k  Estlmate 

32 1 to 2,296 cases of premature death per year, 

A Symptoms/yr/1,000 persons = P * A SO, (m 

1,004 to 7,160 cases involving respiratory symptoms in children per year, and 

yglm3 

204 

28 6 

29 to 2 04 cases per year of upper respiratory tract irritation for each adult over 40 (or 484,000 
to 3 45 million cases per year across the entire population) 

Coeffic~ent 
EStmates (P) 

015 hlgh 

010 medium 

005 low 

0 15 high 

010 medium 

005 low 

Interval 

annual avg 

annual avg 

These estimates are quite uncertain We should note that some of the higher SO2 concentrations 
observed in Lima were found in industrial areas Industrial zones generally correspond to areas of 
greater population density and lower income, so it may be the case that the higher risks from SQ affect 
large numbers of poorer people who can least afford to prevent or treat the potential health impacts 
In addifion to the uncertainties discussed previously, researchers often find it difficult to attribute health 

A Lrr~tationslyrlperson = P * A SO, (in yg/m3) 

3 06 trmeslyrladult (5 17 mlllion total caseslyr) 

2 04 tlmeslyrladult (3 45 million total caseslyr) 

1 02 tlmeslyrladult (1 72 mllhon total caseslyr) 

0 429 tlmeslyrladult (725,000 total caseslyr) 

0 286 tlmeslyrladult (484,000 total caseslyr) 

0 143 tlmeslyrladult (242,000 total caseslyr) 
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Impacts separately for SO2 and for particulate matter High humidity, SO2 and particulate matter act 
synergistically to increase health risks 

F Total Suspended Particulates (TSP) 

TSP are generated mostly by the combustion of hydrocarbon fuels, such as from diesel powered 
veh~cles, industries consuming residual fuel 011 #5 and #6 (cement, food, etc ), and cooking of foods in 
homes, restaurants or food stands Industrial process emissions can also be important sources, such as 
from metal working plants, smelters, glass plants, etc Incineration of solld waste is particularly 
important in Ltma Finally, construction activities and natural sources (wind erosion, weathering of 
rocks) can contribute large amounts of particulates 

TSP may themselves cause irritation and damage to the respiratory system when inhaled, and 
additional toxic effects can appear because numerous toxlc substances (heavy metals, hydrocarbons, 
acids, sulfates, fibers) can be contained w~thin the particles or adsorb to them 

Particulates come in different sues and cause different types of health effects Larger partlcles 
of diameter greater than 10 mlcrons are retained in the nasal or pharyngeal mucosa Particles of between 
3 and 10 microns are deposited in the pulmonary trachea Finally, the part~cles of less than 3 mlcrons 
are transported to the pulmonary alveoli and lodge there, aggravating existing respiratory and 
cardlovascular dlsease and prompting other adverse biological responses 

In addltlon to posing greater health risks, smaller particles can remain suspended In the 
atmosphere indefinitely and can travel great distances from the~r source Large partlcles tend to fall out 
of the atmosphere quickly 

F1 Em~ssions and Environmental Concentration 

Relative to other large cities, some factors in Lima tend to cause hlgh ambient concentratlons 
of particulate matter and others tend to reduce the concentrations Factors contributing to significant 
part~culate concentrations include 

• Lack of rain As it rains Infrequently in Lima, particulate matter 1s not washed out of the 
atmosphere and may remain suspended for long periods of time 

• Exposed rock and so11 Winds pick up dust and soil from the extensive barren areas in Lima 

Burning of solid waste This practice contributes several tonslday of particulate load to the 
atmosphere 

Factors reducing the concentration of particulates Include 

Lack of Industry Metropolitan Lima includes much less highly polluting industry (e g , 
smelters, steel mills, cement plants) than many other cities 
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Lack of fossil-fuel power plants Most of Lima's electricity comes from hydroelectric plants 
Coal or oil-fired power plants in other cities are among the very largest sources of particulate 
emissions 

Little need for home heating In many cities, d~spersed combustion of coal or heating oil in 
residential boilers is also a major source of particulate emissions 

TSP concentrations found in Lima through longer term monitoring have varied from 32 94 
pg/m3 (DIGESA station) up to 218 pg/m3 (CONACO station) The levels measured for shorter periods 
in industrial zones ranged from 200 to 476 80 pg/m3 Levels up to 799 80 pglm3 have been measured 
Table X-9 presents the most significant results found in Lima The levels of TSP found in Lima fairly 
consistently exceed the WHO guidelines of 60 - 90 pglm3 
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Table X-9 Measurements of TSP in Metropolitan Llma (pg/m3) 

(1) Mon~tormg conducted by DIGESA 
(2) School of Petroleum Engmeermg (UNI) 
(3) Panduro, Mendoza, Vllchez (masters thesis m Envronmental Management, FIA-UNI) 
(4) Monitormg conducted at the request of MITINCI (an average level of 24 rs assumed) 
WHO Gu~del~ne = 60 to 90 pg/m3 annual average 

Statlon I( 

DIGESA 

Industr~al 
Areas 

AVP 
Conc 

165 73 

248 01 

142 89 

237 97 

23 1 23 
284 21 

218 00 
278 98 

3 14 66 

342 82 

309 63 

156 30 
161 10 

126 80 

148 28 

64 05 

20 45 

14 34 

32 94 

128 5(2) 

350 OO(3) 

49 8(3) 

250 09(4) 

799 8(4) 

476 3 

Interval 

month (Apr 95) 

month (May 95) 

month (Aug 95) 

month (Sep 95) 

month (Oct 95) 

month (Dec 95) 

annual (95) 

month (Jan 96) 

month (Feb 96) 

month (Mar 96) 

month (Apr 96) 

monthly 

monthly 

monthly 

annual avg 

month (Mar 95) 

month (Apr 95) 

month (May 95) 

annual (95) 

annual 

24 hours 

24 hours 

ND 

ND 

ND 

Characterlstlcs of the Area 

Lma-City (downtown), heavy traffic (50 to 85 veh/mm) 
W"~S 0 5 to 1 5 Ids, 60 to 70% RH 

Luna-City, D~strict of Jesus Maria, heavy traffic (50 to 85 
veNmm) 

Lma C~ty, Disctr~ct of Lmce, moderate traffic (6 - 10 
veh/mm) 

Callao, from 69 to 85% RH , wlnd 3 05 rnlsec, heavy traffic, 
located a distance from dwellmgs 

Luna-Eastern Sector, high mdustrial density, heavy traffic, 
dwellmgs at 100 m 

Callao Moderate traffic (15 to 20 veNmm), far away from 
dwellmgs 

Callao, location not spectfied 

Llrna-Eastern Sector, location not spec~fied 

Callao, location not specified 
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F2 Health effects and dose-response 

TSP may produce both acute and chronic health effects 

Exposure to TSP over short periods of time will cause irritation of the mucosa of the 
respiratory tract, nose and eyes At a concentration of 180 pg/m3 TSP may reduce lung functions In 
sensitive individuals this may exacerbate asthma, bronchitis or common colds (SAPALDIA, 1993, 
IFESAGE, IGE-EPFL, 1994) In sensitive non-smokers, a concentration of 200 p g l d  may bring on 
initial symptoms of bronchitis or asthma, while in smokers a concentration of 100 pg/m3 may be 
sufficient It is possible that concentrations of 300 pglm3 in patients with chronic bronchitis may 
lead to an acute intensification of symptoms (Air Quality for Particulate Matter, 1969) 

Research into the chronic health effects of exposure to particulate matter has consisted 
mostly of epidemiological studies that investigate the statistical relationships between concentrat~ons 
of ambient particulate matter and various adverse health outcomes, including mortality, admissions 
or visits to hospitals, "restncted activity days" for adults, lower respiratory illness for children, 
asthma attacks, and other measures of chronic disease Among these studies, statistically significant 
relationships have been found using several alternative measures of particulate matter, including 
TSP, particles of less than 10 microns diameter (PMlO), particles of less than 2 5 microns diameter 
(fine particles), British Smoke, coefficient of haze, and sulfates (Ostro, 1994) The studies have 
been conducted in several different cities and seasons, thereby incorporating a wide range of 
climates, chemical compositions of particulate matter, and populations Conclusions about the 
mathematical relationships between particulate matter concentrations and the frequency of a wide 
range of respiratory health outcomes have been reasonably consistent across these studies The 
studies have been conducted in Beijing, Sao Paulo, Santiago (Chile) as well as numerous locat~ons in 
developed countries (Ostro, 1995) We are reasonably confident in extrapolating the results of these 
studies to Lima 

These epidemiological studies, however, demonstrate only correlation and not necessarily 
causation The biological mechanisms that might underlie the correlation are not well understood, 
but plausible explanations involve both effects resulting from the physical nature of inhaled particles 
(e g , irritant effects, altered mucous secretion and flow leading to increased susceptibility to acute 
infections) and effects related to the particular chemicals comprising the particles (perhaps even 
including toxicity involving non-respiratory system organs and functions) 

Chlldren may be at highest risk from TSP exposure They tend to inhale particles more 
deeply in their respiratory system and have a higher breathing rate than do adults 

F3 Characteruation and Calculation of Risk 

To calculate a range of risks associated with TSP in Lima's air, we assumed that Lima's 
population is exposed to an annual average TSP concentration of between 32 94 and 21 8 uglm3 We 
calculated the chronic health risks that would result from exposure to these levels of TSP by using 
dose-response relationships described in Ostro (1994) 



Ostro's equations project health rlsks as a function of part~culate matter concentrat~ons with 
particulate matter measured as PMl 0 As there is no monitoring data on PM 10 for Llma, we 
assumed that PMlO in Lrma would bear the same relationship to TSP as prevails In other clties 
Stud~es in other cities have found that 30 to 65% of TSP is of a diameter than smaller than 10 
microns Table X-10 shows for several citles the percentage of TSP that consists of PMl 0 We 
assume that an average of 45% of Lima's TSP consists of PM 10 

Table X-10 Percentage of Total Particulate Matter Consisting of PMlO In Several Cities 

C~ty  % PMlO of Total TSP 

Los Anneles 61% 

Mexico, DF 40 to 65% 

Denver 30 to 45% 

Ostro provides dose-response funct~ons relating ambient PMlO concentrations to three sorts 
of health effects premature mortallty, "restricted act~vlty days'" for adults, and bronchitis in 
children Ostro's formulas Include lower bound, central and upper bound estimates for the 
coefficients, and we apply them to the assumed mlnlmum and maxlmum ambient PMI 0 
concentratlons m Lima (45 % of 32 94 and 21 8 ug/m3) 

Premature mortallty This represents the number of persons who die prematurely because 
of exposure to PMlO These individuals are typically vulnerable because of pre-existmg health 
problems, and exposure to particulate matter hastens their death To calculate premature mortality 
risk, we applied Ostro's dose-response function that glves the percentage change in death rates for 
each 1 ug/m3 change in the average PMlO concentratlon 

% change m annual mortalzty = p x  A m PMlO concentratzon (zn ug/m3) 

Where 

mortality is based on a current annual rate of about 35/10,000 inhab~tants In Llma, or about 
23,448 deathslyr among the population of 6 71 mlllion 

p = coefficient developed by Ostro Ostro gives three values for P to establish a range 0 062 
for a lower bound value, 0 096 for a central estimate, and 0 130 for an upper bound 

concentratlon of PMlO is based on our assumed range for Lima of 14 8 to 98 1 ug/m3 

2 Restricted activlty days Include all days on whlch activities are significantly restricted due to 
illness The lndivldual may stay home from work, may observe bed rest, or may work while 111 at less than normal 
capacity 
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concentration of PMlO IS based on our assumed range for Lima of 14 8 to 98 1 ug/m3 

Lower respiratory illness or bronch~tis in children We applied the dose-response 
function for these effects m chlldren uslng the max-mm PMlO concentrations and Ostro's lower, 
central, and upper coefficient estimates (P) of 0 0008,O 00169 and 0 00238, respectively The 
formula IS 

A zn # of lower respzratory zllnesses per chzldyear = px A zn PMlO concentratzon (zn ug/m3) 

Restricted Activity Days We applied the dose-response funct~on for these effects in adults 
using the max-min PMlO concentrat~ons and Ostro's lower, central, and upper coefficient estimates 
(p) of 0 0404'0 0575 and 0 0903, respect~vely The formula is 

A zn # of restrzcted activzty days per adult/year = p x  A zn PMlO concentratzon (zn ug/my 

There are other simllar equations used in Canada and the U S that estimate the relationships 
between TSP and asthma attacks or hospital admissions or emergency room admissions due to 
respiratory illnesses (Ostro, 1994) However, these dose-response relationships are particularly 
sensitive to culture-speclfic asthma rates or patterns of medical treatment, and so we will not 
extrapolate them to Lima 

Rlsk estimates for exposure to particulate matter are summarlzed In Table X-1 1 
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Table X-11 R~sk Estimates for Exposure to TSP In Metropolltan Llma 

'remature Mortality 

Affected Populatlon 

# People 1 #Deathslyr 

PMlO Conc I Range of I Rsk Estunate 
Coefficient A Deaths = P * A PMlO (m pg/m3) * 

Mm3 1 Interval I Estmates (p) I Deaths 

Lower Resp~ratory Illness/Bronch~t~s m Chlldren 
,1 

annual avg 

annual avg 

0 00 130 high 

0 00096 medium 

0 00062 low 

0 00130 high 
0 00096 medium 

0 00062 low 

Affected Population 

Children Under 15 

)I 1 951,547 (1) 1 14 82 1 annual avg 1 00238 hlgh 1 0 035 cases/yr/ch~ld (0 07 million total caseslyr) 11 

2,990 llves saved 

2,208 

1,426 

452 

334 

215 

1,951,547 (1) 

11 I I 1 00169 medium 1 0 025 cases/yr/ch~ld (0 05 million total caseslyr) )I 

PMlO Conc 

pg/m3 I Interval 

II I 00080 low I 0 012 cases/yriehrld (0 02 million total caseslyr) I 

- 

98 10 

Range of 
Coefficient 

Estunates 10, 

(I)  population ages 0 - 14 m metropolitan Llma 

Rsk  Estlmate 
A Cases/yr/chlld = P * A PMlO (m pg/m3) 

annual avg 

Restricted Actlvlty Days 

F4 D~scussion of Results 

As in the case of SO2, applying Ostro's range of coefficients to the minimum and maximum 
possible levels of TSP in Lima results in a very broad estimated range of health effects resulting from 

00238 high 

00 169 medium 

00080 low 

Affected Population 

Adults Age 25 + 

2,965,000 

2 965,000 

0 23 caseslyr/child (0 46 million total caseslyr) 

0 17 cases/yr/child (0 32 mlllion total caseslyr) 

0 08 cases/yr/child (0 15 million total caseslyr) 

Range of 
Coefficient 

Estimates 

0903 high 

0575 medium 

0404 low 

0903 hlgh 

0575 medium 

0404 low 

k s k  Estmate 
A RADslyrlperson = P * A PMlO (m pg/m3) 

8 86 tunes/yr/adult (26 3 milllon total caseslyr) 

5 64 tunes/yr/adult (16 7 mllllon total caseslyr) 

3 96 tunes/yrladult (1 1 8 millron total cases/yr) 

1 34 tlmes/yr/adult (4 0 million total caseslyr) 

0 85 tunes/yr/adult (2 5 mlllion total caseslyr) 

0 60 tmes/yr/adult (1 8 millron total caseslyr) 

PMl 0 Conc 

pglm3 

98 10 

14 82 

Interval 

annual avg 

annual avg 
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exposure to particulate matter We have chosen to use Ostro's central or medium estimates for 
coefficients in combination with the full range of TSP concentrations, and thus estimate that TSP in 
Lima is responsible for 

334 to 2,208 cases of premature death per year, 

50,000 to 320,000 cases per year of lower respiratory illness among children, and 

0 85 to 5 64 days per year of restricted activity per adult (or 2 5 - 16 7 million cases per year 
across the entire population) 

These estimates are quite uncertain They appear to be of the same general order of magnitude as the 
risks from SO, and sign~ficantly higher than the risks from the other air pollutants 

Though dustfall (particulate matter that settles out of the atmosphere) does not have direct 
effects on health, it provides a general indicator of air pollution and it is the parameter relating to air 
pollution that has been monitored most extensively in Lima Through Project VICON, SENAMHI 
has systematically mon~tored dustfall in nearly every district in Lima since 1989 The accumulated 
data show the spatial d~stribution of dustfall in Metropolltan Lima, reflecting the interaction between 
the locations where dust is generated and how it is transported in the atmosphere as a function of 
local meteorological conditions While other air pollutants may show a different geographic pattern 
of sources than does dust, many of the factors affect~ng transport will be similar for other pollutants 
as for dust We thus believe we may be able to learn something useful about the dispersion of other 
pollutants from information on the spatial distribution of dustfall 

As an example at one point in time, Figure X-2 shows the concentration isolines of dustfall 
in March, 1992 The level of dustfall in 8 districts alone (Carabayllo, Rimac, Comas, San Juan de 
Lurigancho, La Perla, Los Olivos, Villa Maria del Triunfo) equals the amount of dustfall in the other 
41 districts In the Rimac district, dustfall was 26 tons/km2/30 days, exceeding WHO'S suggested 
guidelines fivefold We speculate that the significant variability in dustfall across the metropolitan 
area suggests that a similar wide spatial variation in ambient concentrations prevails for other air 
pollutants also If so, the broad ranges between the minimum and maximum concentrations that we 
assumed for r ~ s k  calculations for other pollutants seem appropriate 

Across the entire metropolitan area, dustfall averaged 11 4 ton/km2/30 days in 1992 and 10 5 
ton/krn2/30 days in 1993, both well above the WHO guideline 
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F~gure X-2 Dustfall m Metropolltan L~ma (March 1992) 
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No significant relationship has been shown between dustfall and health effects In studies 
elsewhere, dustfall has generally been found to correlate only modestly with TSP and has not 
correlated well at all with health impacts On the other hand, it is evident that allergic persons can 
be sensitive to dust carried by the wind or by mechanical actlon (e g fans) Exposure routes through 
ingestion and cutaneous absorption are possible Heavy metals and other toxic substances may 
adsorb to airborne dust and indirectly cause health effects through deposition on food or water 

H Other TOXIC Air Pollutants 

Numerous other toxic alr pollutants such as lead, benzene, formaldehyde, asbestos, cadmium 
and benzo-a-pyrene that may also cause adverse health effects can likely be found in Lima's ambient 
air Sources of these pollutants are wdespread m Lima motor vehicles, industry, use of solvents and 
paints, evaporation and incomplete combustion of liquid fuels, etc No systematic monitoring has 
been performed for these pollutants m Lima, nor are they routinely monitored elsewhere in the 
world These pollutants can produce carcinogenic and other effects at very low levels 

The only data available on these toxic air pollutants in Lima are for metals The remainder 
of this section addresses metals, with the exception of lead which, because of its very significant 
health Impacts, is highlighted in a separate section of this report Many metals can cause adverse 
health effects when they are inhaled, for example cadmium, arsenic, manganese, mercury, 
chromium and vanadium Others -- for example copper and iron -- cause adverse impacts only when 
they are Ingested Inhaled metals affect humans In distlnct ways and, m most cases, with irreversible 
results Table X-12 shows some of the characteristics of these pollutants and the scientific bases for 
their health effects (IFESAGE-IGE-EPFL, 1994) 

Table X-12 Character~st~cs of Certain Metals and Thew Effects on Health 

Alummum Alummum salts Irritate the respiratory tract mucosae Accumulat~on of alummum m bram tissue a 
suspected to contribute to Alzhemer's disease Long-term exposure can lead to weakenmg of the bones 
Arsenlc Carcmogen Cancer of the skm, lungs and llver Category A (WHO) Arsenic 1s stored m the liver, 
kldneys, heart and lungs Teratogenic effects have been shown m anmals 
Cadrn~um Probable carcmogen3 (lungs, prostate) Teratogenic, can lead to decreased fertility High short-term 
doses can produce pneumonia, while long-term exposure to 50 pg/m3 causes renal dysfunction A smgle short- 
duration dose of 20 to 50 pg/m3 leads to dlmmished pulmonary functionmg, particularly m smokers 
Co~per  Of concern prmmly through mgestion 
Chromium High degree of tox~c~ty Chromlum VI is carcmogenic 
Iron Of concern pr~marily through Ingestion - 
Manganese A cross-sectional study (EHC 17 1991) shows that long-term exposure to doses of 0 4 - 0 7 pg/m3 
can cause pneurnonla Bronchitis lmtatlon dlmlnlshed pulmonary capaclty may occur at higher exposures 

3 Michaels 1988, WHO 1992 

4 Rylander 1992 



H1 Emissions and Env~ronmental Concentrat~ons 

Metals, though llttle studied in L~ma, contribute significantly to air pollution Primary sources 
include the metal working industry, galvanoplast~cs, leather tanning, manufacture of electrical 
components, paints, glasses and pestic~de components, etc Monitoring data collected by DIGESA and 
in industrial areas by MITINCI are shown in Table X-13 

Table X-13 Measurements of Metals in Metropolitan L~ma's Air pg/m3) 

August 11 0 0675 1 3 2747 ( 14993 1 0 1521 I 0 0066 1 0 0031 11 

ZONACO Stat~on, L~ma-city (heavy traffic, 50 to 85 vehfmin) 

October 

0 1184 

0 0953 

0 1160 

0 0763 

April I( 00810 1 28200 1 04640 1 0 0570 0 0040 11 

Ann avg, 1995 11 0 0370 1 2 7653 1 0 4295 1 0 0583 I 0 0323 ( 0 0023 11 

Iron 

4 3414 

3 7615 

4 8840 

2 8422 

Manganese 

0 1170 

0 0861 

0 1060 

0 0658 

Z ~ n c  

17152 

1 4847 

2 5790 

1 9469 

DIGESA Stat~on, L~ma-C~ty (Irght traffic, 6 to 10 vehlm~n) 

(1) In the subsequent risk calculations, maxunum and mlnlrnum levels from th~s  table have been used 
(2) Levels of 0 24 pg/m3 of alummum and 3 4 pg/m3 of arsenic have also been found 

March 1995 

April 

May 
Ann avg , 1995 

Industr~al Zones (2) 

Chromium 

0 0200 

0 0117 

0 0150 

0 0127 

Maxlrnum Level 

Mmunum Level 

Cadm~um 

0 0137 

0 006 1 

0 0100 

0 0030 

0 0930 

0 0190 

0 0180 

0 0433 

2 3900 

0 4000 

0 2670 

0 1240 

0 0470 

0 1460 

1 3580 

0 2190 

0 0270 

0 5347 

4 4000 

2 6600 

0 0080 

0 0020 

0 0270 

0 0123 

0 0292 

0 0202 

0 0030 

0 0020 

0 0080 

0 0043 

0 0000 

0 0010 

0 0050 

0 0020 

0 0200 0 0400 

0 0200 
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Health-based guidelines have been established by the WHO for only two of the six metal air 
pollutants for which monitoring data in Lima is available Cadmium levels in Lima appear frequently 
to exceed WHO guidelines (0 002 pg/m3), while manganese concentrations in Lima seem to be below 
the guideline level (0 3 pg/m3) 

6 2  Characteruat~on and Calculat~on of h s k  

I s k  estimates for these airborne metals in Lima appear in Table X-14, in which USEPA risk 
inforrnat~on from IRIS (Integrated b s k  Information System) was applied to the monitored 
concentrations in Table X-13 As can be seen in the table, the annual number of cancer cases potentially 
caused by the two carcinogens -- cadmium and chromium VI -- is modest at a maximum of about 34 
caseslyear across the entire population 

Non-cancer health effects are unlikely from any of the metals w t h  the exception of chromium, 
since their non-cancer Hazard Indices (HI) are generally significantly less than one The HI for the 
maximum concentration of manganese in residential areas is 1 78, however, the HI for the minimum 
concentration is well below one at 0 24 Similarly, both the maxmum and mlnimum HIS for manganese 
in industrial areas are below one For chromium the hazard index is either 2 15 (minimum) or 16 15 
(maximum), ind~cating some (probably modest) risk of adverse non-cancer health effects 

In general, exposures at Hazard Indices exceeding one are not necessarily safe, but neither are 
they unsafe Because of safety factors incorporated when establishing a reference concentration (RE) 
for non-cancer effects from a pollutant, health risks can typically be expected to begin to appear only 
when exposures exceed the RfC by two or more orders of magnitude We judge that it is unlikely that 
there is any significant risk related to exposure to chromium or manganese at Hazard Indices of 16 15 
or 1 78, respectively 

For other metals for which we have monitoring data (copper, iron, arsenic and alummum) there 
is no evidence that rnhalation can cause cancer and no reference concentration (RfC) for non-cancer 
effects by inhalation has yet been determined 

5 Only the chromium VI portion of total chromium is carcinogenic To estmate cancer risks from 
chromium VI, therefore, we had to estmate the fi-action of the total chromium monitored m Luna's atmosphere that 
was hexavalent We developed a lower and an upper bound by maklng two assumptions the USEPA's estmate that 
5% of total chromium is hexavalent, and a second estlmate by Mancuso (1975) that a maxmum of 63 % of total 
chromium is hexavalent 



Table X-15 Calculation of R~sks from Metals m L~ma's Air 

Concentratlon 

residential area 

residential area 

(a) Avg Life expectancy = 63 years 
(b) Population = 6,706,000 people 
(c) Hexavalent Cr 1s 5 - 63% of total Cr Appl~ed 63% to total Cr max and 5% to the total Cr mm to get maxlmm estimates of hexavalent Cr 
(d) See above Assumed 63% of maximum total Cr was hexavalent 
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H Conclus~ons and Recommendations 

1 As previously mdicated, there are no standardized practices for air qual~ty monitoring in Lima 
Many of the reported results do not specify the sampling period, the exact locat~on, or the analytical 
method The very limited amount of monitoring information together with this common lack of 
precision as to the specific meaning of the information that does exist combine to create a great deal of 
uncertainty regarding the maximum and minimum levels of air pollution to wh~ch citizens of Lima are 
typically exposed 

2 The risks we have calculated have an even greater margin of uncertainty Although the dose- 
response functions and analytical methods applied enjoy worldwide recognition, they are subject to 
inherent uncertainties that are compounded by extrapolating them to Lima When this uncertainty in 
dose-response relationships is added to uncertainty regarding the ambient concentrations of the 
pollutants in Lima, our estimates of risk become suggestive only 

3 Biolog~cal air pollution is an area not addressed by this report, since no information was 
available in this regard It is assumed, however, that ARIs and other diseases such as tuberculosis and 
pneumonia result primarily from poor hygiene, medical care, nutrition and housing If so, ~t is probably 
not fruitful to think of addressing biological air pollutants in the same way as one typically addresses 
other sorts of air pollutants -- by reducing their emissions 

4 The growth in the size of the automobile fleet due to policies governing the importation of used 
vehicles, the increase in investments in the industrial and commercial sectors, and the trend toward 
centralization in Lima all contribute to Increasing concentrations of atmospheric pollutants, w ~ t h  a 
corresponding increase in health risks 

Carbon Monoxide 

5 The CO risk calculation has a high degree of uncertainty It is questionable whether the 
DIGESA data (from the hlgh traffic CONACO statlon and mobile monitor~ng in high traffic zones) 
should be assumed to be representative for most of the population of the Metropolitan area Thus far, 
CO has tended to be monitored in locations where it is expected to be found in unusually h~gh  
concentrations 

6 Very modest health rlsks from CO are likely to occur among the general population that lives 
near busy streets or commutes in congested areas Indlv~duals in the streets for long periods (e g street 
vendors) are likely exposed to levels near the threshold at which they wlll show symptoms of fatigue and 
headache More than 8,000 individuals with cardlac disease may develop signs of angina pectoris, if 
they are exposed to ~ntense traffic m some of Llma's major streets 

7 Since CO Qssipates rapidly over time and space, infrequent mobile monitoring during periods 
of high traffic is not a reliable indicator of the concentrations to which most of the population is exposed 
More monitoring intended to characterize typical exposures is recommended 
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8 The area assumed to be affected by traffic on major streets (60m on both sldes), can vary 
according to the height of the buildings, the roads and green area density 

9 The relationship between COHb in the blood and the level and duration of exposure to CO 
(developed by NAPCA) applies for average individuals Others may show lesser or greater 
responsiveness to CO 

Nitrogen dioxide 

10 The risks estimated for NO, exposure appear modest (0 173 to 0 51 cases of respiratory 
symptoms per year per adult) We feel there IS significant uncertainty about thls The avallable ambient 
NO, measurements have not been sufficient to characterize the variation in concentrations across 
seasons Concentrations and risks might increase substantially in the summer due to unfavorable thermal 
Inversions Also, studies have indicated that NO2 risks are more prominent indoors than outdoors The 
Indoor studies have concentrated on risks to young children, among whom NO, can cause increased 
incidence of ARIs, especially cases of acute bronchitis and pneumonia However, we have not included 
impacts on children in our outdoor risk assessment due to the lack of accepted dose-response 
relat~onships for these impacts 

Sulfur Dioxide 

11 The estimated premature mortality attributable to SO, of 321 to 2,296 individuals per year is 
significant The risks est~mated for symptoms such as "cough in children" and upper respiratory 
irritations In adults appear to be consistent with the high rate of ARIs in Lima 

12 There has been controversy among researchers as to whether these sorts of health impacts can 
be attributed to SO, specifically, or whether they are due to a combination of S q ,  particulate matter and 
humidlty We are therefore more confident in the summed risk estimates for SO2 and TSP than In the 
risk estimates for either pollutant individually There is clear evidence, however, that SO, by itself can 
exacerbate health risks for allergic or asthmatic individuals, by aggravating rhinltis, pneumonia and 
bronchitis in children and elderly persons 

13 The scattered avallable monitoring data show levels of SO2 in Lima that vary over a wide range 
(by a factor 7 to 8 from low to high), maklng it difficult to characterize the level to which most of the 
population is exposed Systematic and representative monitor~ng is necessary, especially In the 
residentla1 areas of industr~al zones 

Particulate matter (TSP) 

14 The estimated risks in terms of premature mortality and increase in respiratory symptoms are 
of the same general magnitude as those from SO2, making these two pollutants the most Important In 
terms of the health risks they pose As for SO2, the range of estimated health risks is broad due both to 
uncertainty m dose -response relationships and uncertainty In the levels at which most of the population 
is exposed 
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15 Using DIGESA's data, with the exception of chromium (and lead, discussed elsewhere), airborne 
metals do not present important risks to Lima's populat~on However, areas of the city affected by major 
industnal sources may expenence higher risks, as limited MITINCI monitoring data near industrial sites 
show higher concentrations 

Air Pollution in General 

The general public's lack of awareness about the air pollution problem (those in technical circles 
are aware) has meant little support for air pollution monitoring in Lima and for investigation of the 
health consequences of air quality in Lima We recommend development of an information campaign 
focused on this problem 

The rapid growth in the size of the vehicle fleet suggests that air quality is likely to worsen in 
the future in Lima 

To date, air pollution monitoring has been quite limited in Lima Existing monitoring is 
insufficient to characterize the spatial and temporal variability in air quality Future monitoring efforts 
should choose sampling locations systematically Appropriate analytical methods should be used 
Averaging times should be noted carefully (e g , annual average vs daily peaks vs hourly peaks, etc ) 
Monitoring should include several parameters that we suspect may cause significant health impacts in 
Lima that have not heretofore been monitored PM10, fine particles, ozone 

There is evidence that high risk population groups (e g , the poor, large numbers of children) are 
located in critical zones (industrial areas or urban centers) We recommend that priority be given to 
monitoring suspected areas that have high concentrations of both people and air pollution 

We think it useful to focus an epidemiological study on individuals, especially children, that 
spend substantial time in the streets with high pollutant concentrations This study could associate 
ambient air levels, lead and COHb concentrations in blood, and medical, clinical, socio-economic and 
cultural data 



SECTION XI 
OCEAN POLLUTION 

A The Problem in Lima 

The coastal valley in which Lima lies is suitable for relatively limited agr~cultural activity and 
spans only 90,000 hectares With the exception of the Runac, Chillon and Lurln nver valleys, Lima has 
a desert ecosystem It is flanked on the east by the Andes mountain range, and on the west by the Pacific 
Ocean Lima's coast has two principal bays, Callao Bay and Miraflores Bay 

The coastal locatlon was a strategic factor m the foundlng of the clty The ocean cont~nues to 
strongly affect the economic and soc~al dynamics of the capital and the coastal waters are a valuable 
resource for the city Aside from transportation and commerce, coastal waters provide a major food 
resource In addition, over the past twenty years, they have become the principal recreation area for 
most of L~ma's population, especially dur~ng the summer As many as 10 d~fferent uses for the coastal 
waters have been c~ted (Punto Focal Peruano, 1994), some of them mutually conflicting 

The ocean is regarded as a key attr~bute of the city, however, the effects of urban activity are not 
always favorable Because of Lima's population growth and the Increase in human activity, the coastal 
waters have become the principal receptacle of its liquid and solid waste Projections of economic and 
population growth for the next few years indicate that the pollution load w ~ l l  increase if this situation 
is not remedied 

Calculating the combined flow from all outfalls into the ocean (domestic and industrial sewers 
and polluted rivers), we can estimate that the Lima's coastal area receives 52 7 m3/s of highly polluted 
water during the highest nver flow periods The organic load is approximately 95,000 tons per year of 
BOD Estimates indicate that households contribute a substantially greater proportion of organic and 
solids loads than industrial activities (Table XI-1) 

Callao Bay -- which has been categorized as "highly" polluted -- receives water from the h m a c  
It also receives waste from the fish~ng industry, which has high organic content, from manufacturing 
industnes, which discharge various effluents, accidental spills of oil and hydrocarbons that occur dunng 
port operations, and from household effluents, which have high organic and bacterial loads (CUANTO, 
1996) 

XI- 1 
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Table XI-1 Pollution Load along the Coast of Lima, 1986 

Source Loayza and Sanchez 1989 

Parameter, unit 

Total volume, m3/yr 
BODS, tonslyr 
COD, tonslyr 
TSS, tonslyr 
Dissolved sol~ds, tonslyr 
ST, tonslyr 
Grease & oils, tonslyr 
Alkal~, tonslyr 
Ammonia, tonslyr 
Sulfide, tonslyr 
Nitrate, tonslyr 
Phosphates, tonslyr 
Other, tons/yr 

The quality of the ocean waters and sediments, as well as the presence of metals in marine 
organisms, are indicators of pollution problems The Ministry of Health, the Peruvian Ocean Institute 
[Instituto del Mar del Peru] (IMARPE), the Office of Hydrography and Navigation (DIHIDRONAV) 
and the Municipality of Miraflores all periodically monitor the water quality along the beach, especially 
during the summer Due to the effects of a complex series of meteorological, cllmatlc and 
hydrogeologic factors (m addition to the volume and characteristics of the polluting effluents), the 
quality of the water, and therefore its suitability for swimming, is highly variable 

Numerous samples have detected indicators of fecal contamination well above the maximum 
recommended for bathing (5000 MPN1100 ml) A study conducted on the Costa Verde in 1987 found 
fecal coliform bacteria present on all beaches in the region, and 41% of the samples exceeded the 
recreat~onal water quality standards (Vergara, 1987) Studies conducted by PROMAR on the spread of 
sea pollution indicate the following high-pollution areas (fecal coliform bacteria >5000 MPNI100 ml) 

Household 

278,327 
85,448 
192,084 
105,612 
208,050 

18,810 
2,280 

From La Pampilla to La Punto in Northern Lima, 

South of the Costanero outfall for approximately 2 5 km, and 

% 

90 07 
90 14 
96 19 
91 13 
64 17 

- 
100 
100 

Around the Surco outfall for approximately 3 km 

The pollution levels on the remaining beaches vary, but their water generally does not exceed allowable 
limits 

Industrial 

30,69 1 
9,348 
7,599 
9,269 

116,181 
2,862 
14,974 
2,006 

16 
5,298 

4,800 

Some beaches have been declared unfit for recreation, on both the north and south coast During 
the summer of 1996 (Week 1 O), DIGESA closed the San Judas Tadeo and Mar Brava beaches in Callao, 

YO 

9 93 
9 86 
3 81 
8 07 
35 83 
100 
100 
100 
100 
100 

100 

Total 

309,O 18 
94 796 
199,683 
114,881 
324,23 1 
2,862 
14,974 
2,006 

16 
5,298 
18,810 
2,280 
4,800 
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Marbella (Costa Verde), La Chlra and Club Cultural Lima (Chornllos) It declared as unfit the beaches 
at Ancon and Playa Hermosa (Ancon), Carpayo 1 and 2 (Callao), Agua Dulce, Pescadores, Club Regatas 
1 and 2 (Costa Verde) and Mamacona, Caballeros Sur, San Bartolo, Pucusana and Bujama Norte (Playas 
del Sur) 

Samples of water quallty, sediments and marine organisms taken in 1992 in the two principal 
bays show the impact of the concentrated industrial actlvity in the northern part of the city (Punto Focal, 
1994) In Callao Bay, the concentrations of BOD and organic matter in sediments are substantially 
hlgher than in Mlraflores Bay Moreover, traces of hydrocarbons and heavy metals were found m the 
water, sediments and marine organisms (Table XI-2) 

Table XI-2 Concentration of Pollutants m Callao and Miraflores Bays 

Parameter 

In water 
BOD5 (mg/l) 
Sulfides (pg S-SH211) 
TSS 
Hydrocarbons 

In sediment 
Sulfides (pg S-SH211) 
Organic matter (%) 
Hydrocarbons (aromatic content) pg/g 
Mercury (~g /g )  [slcl 
copper (vdg) 
Cadmium (pglg) 

In l ~ v ~ n g  organisms 
Petroleum hvdrocarbons (ngl_/g;l 

A purpuratus (scallop) 
Frssurella lutrmargznata (lmpet) 
Semele corrugata (clam) 
Thazs chocolata (snail) 

Mercurv (nglg) 
Semrmytrlus algosus 
Argopecten purpuratus 
Garr solrda 

CoDner ( ~ d g )  
Semrmytrlus olgosus 
Garz solrda 

c a ~ ~ l u m  (Y 
Semrmytrlus olgosus 

; Garr solzda 

Callao Bay 

0 51-5 8 
0 23-0 69 
103-496 

0 21-5 73 

0 26-4 12 
1 46-28 28 
1 18-50 27 

0 4-0 7 
<20 m@g 

0 1-6 0 

0 45 
0 18 
0 20 
0 16 

10-140 
5-25 

15-100 

Miraflores Bay 

0 80-3 64 
- 

102-335 
- 

- 
1 36-8 81 

- 
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Readings taken in the coastal waters by IMARPE and CORDECALLAO (1994) detected species 
of Vzbno on different northern beaches This did not, however, indicate the presence of toxigenic Vzbrzo 
cholerae It is presumed that the species of vibrio found are part of the microflora characteristic of the 
marine waters of the mixlng zone (IMARPE, 1994a, 1994b) 

B Health &sks from Pollut~on of the Ocean 

The direct pathways by which marine pollution may cause adverse health effects include direct 
contact (e g , whlle swimming), ~ngestion of water, and respiration of aerosols Other, lnd~rect pathways 
involve fish and seafood used for human consumption or processed for animal feed (fish meal) In 
addition, toxins are produced by cyanobacteria that proliferate as a result of the polluting organic load 
It has also been shown that sediments on beaches can be a major source of bacteria in recreational areas 
The movement of the waves or the activity of bathers help to resuspend the organisms deposited as 
sediment (Seyfried, unpublished) People most commonly put themselves at risk of exposure to marine 
pollution through any of these pathways by 1) Swimmlng or otherwise recreating at marine beaches, 
and 2) Eatlng seafood We discuss risks associated with contaminated seafood in the section on food 
contamination In the remainder of this section, we develop a rough estimate of the number of cases of 
illness stemming from recreation at L~ma's beaches 

Establishing a precise correlation between the level of contarninatlon in sea water and the 
likelihood of contracting an illness from swimming in it is extremely difficult This IS due to the many 
confounding factors involved In the 1950s, epidemiological studies conducted by Stevenson showed 
that the incidence of respiratory and gastrointestinal illnesses among swimmers in relatively polluted 
waters was higher than the Incidence among swimmers in clean waters (Stevenson, 1953) 
Subsequently, it was found that although the risk of contracting a wide variety of respiratory, eye, ear, 
nose, throat and skin ailments seemed to increase with swimming in contaminated water, the swlrnming- 
related illness that correlated most directly with water pollution was gastroenteritis (Cabelli, 1977) It 
was also shown that morbidity among swimmers is related to the counts of staphylococcus, fecal 
coliforrn bacteria and, to a lesser extent, fecal streptococci (Seyfried et a1 , 1985) 

The correlations between water quality and cutaneous and ophthalmolog~c diseases are not yet 
clear While some studies report that there is no relationship between levels of fecal coliforrn bacteria, 
enterococci and Pseudomonas aerugznosa and the incidence of otltls externa, others indicate that the 
total count of fecal streptococcus, coliform bacterla and staphylococcus in fresh surface water can be 
correlated with morbidity (Seyfried et a1 , 1985) 

An epidemiological study of risk in a population exposed to the waters of polluted beaches, 
conducted In Miraflores Bay in 1995, found that bacteriological pollution caused a stat~stically 
significant increase in the rates of digestive and respiratory illnesses, although at marglnal levels 
Op<O 05) The authors conclude that there is a morbidity effect of very little magnitude (no significant 
clinical repercussions) from exposure to polluted waters on the beaches of Miraflores Bay It was 
further concluded that the beach-morbidity risk ratio is higher for respiratory than for digestive 
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conditions, and that the general risk of morbidity is at least twice as high in children under 10 
(Gastaiiaga et a1 , 1995) 

In summary, these and many more existing studies on the relationship between pollution of 
recreational waters and disease show some consistent conclusions and some contradictions While 
almost all research on the topic has demonstrated that swimmers are much more likely than non- 
swimmers to contract gastrointestinal illnesses and probably also respiratory, eye, ear and skin 
infections, the statistical correlation between the risk of illness and the density of indicator bacteria in 
recreational waters varles between studies Many of the studies are limited to correlating illness rates 
with swimming-related activities, and do not attempt to correlate illness rates and organism densities 
In studies that do attempt to develop a dose-response relationship between the risk of illness and the 
level of water pollution, the numerical data vary between study sites, and no single microb~ological 
indicator has been identified by a majority of the researchers as the best for indicating disease nsk The 
source of these differences is uncertain, it is unclear whether they arise from inherent differences 
between the study sites or study populations, or from differences between the approach researchers have 
taken in evaluating the relationship between water-related illnesses and water quality (Environomics, 
1995) 

In estimating the number of cases of swimmmg-related illnesses that occur in Lima from 
pollution of the beaches there, we have chosen to reflect this uncertainty about dose-response 
relationships by using two different relationships to provide a range of estimates 

The first dose-response relationship we use was developed by Cabelli and Dufour (1983) through 
studles at several sites in the U S They have worked out relationships that correlate the frequency with 
whlch "highly credible gastrointestinal illnesses (HCGI)" occur among swimmers and the concentrations 
of enterococci and E colz in the water m which the swimming occurred 

# of HCGI symptoms / 1000 swlmmers = 5 88 + 6 3 log (mean E colz concentration/lOO ml) 

The second relationship was developed by Cheung et a1 (1990) from studies at beaches in Hong 
Kong It relates the frequency of gastrointestinal (GI) and skin infections to the concentration of E coli 
in the bathing water 

(# of GI + skzn znfectzons) / 1000 swzmmers = -14 99+10 85 log (mean E colz concentratlon/100 ml) 

To estimate the number of illnesses among Lima's population that result from swimming in 
contaminated sea water, we comblne these two dose response functions with additional lnformat~on from 
the international ep~demiological literature (Environom~cs, 1995) and information specifically from 
L~ma on the frequency with which people swim and the bacteriological quality of water at the beaches 

8 Based on the literature, we assume that there will be approximately 2 5 cases of other illnesses 
per GI case, or 1 4 cases of other illnesses per (GI + skin) case 
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Also based on the literature, we assume that there will be 30 % as many secondary infections 
among non-swimmers as there are primary infections occurring among swimmers Przmary 
infectzons are illnesses from contact with or accidental Ingestion of polluted sea water 
Individuals who contract these infections may then transmitted them to other indiv~duals who 
had no contact with the contaminated medium, resulting in secondary znfectzons 

The number of people swimming each year at Lima's beaches is estimated by assuming that 
1) summer in Lima lasts 14 weeks, 
11) an average of 200,000 persons come to Lima's beaches each Sunday (the most 
crowded day) durlng the summer (newspaper sources), 
111) Half as many people (1 00,000 persons) come on Saturdays, 
IV) 10% as many (1 0,000 persons) come on weekdays, and 
v) only half the people on Llma's beaches go into the water 

With this information, it can be calculated that there are 3,500,000 visitors to the beach during 
a summer season, of whom half (1,750,000) are at rlsk 

• Based on the available monitor~ng information, we have assumed 20% of this population use 
beaches that are highly contammated with fecal organisms (>lo00 MPN1100 ml) w ~ t h  an 
average exposure of 1000 MPNIIOO ml, 20% v~sit beaches with a medlum pollution level (500- 
1,000 MPN1100 ml) and an average exposure concentration of 750 MPN1100 ml, 20% visit 
beaches with low contamination (0-500 MPNI100 ml) and an average exposure concentration 
of 250 MPNIIOO ml, and 40% use unpolluted beaches 

Applying the two dose-response ratios for E coEi (assuming that concentrations of fecal col~form 
bacteria are equal to those for E coli), it can be calculated that swimming at Lima's beaches causes 
between 50,000 and 150,000 cases of gastrointestinal and other illnesses each summer Given the 
uncertainties In the underlying dose-response functions and the numerous assumptions made in applying 
these relationships to Lima, this estimate is hlghly uncertain 



SECTION XI1 
HAZARDOUS SOLID WASTE 

A Ident~ficatron of the Problem 

This report discusses hazardous solid waste from three sources (HSW) hospitals and clinics, 
industry, and households The primary types of hazardous waste fiom clinics and hospitals are 
biocontaminated materials and chemicals such as pharmaceuticals and disinfectants Industry produces 
a very broad range of hazardous wastes including toxic metal and organic compounds, acids, ignitable 
materials and many others Household hazardous wastes Include cleaning products, pesticides, paints 
and some biocontaminated material HSW can cause illnesses through a wide variety of pathways it 
can contammate water, air, or food, and can cause illness via direct contact and transport by vectors 
The health problems caused by HSW range from acute effects to chronic illnesses fiom longer term 
exposure, such as cancer, kidney and liver malfunctions and disorders of the nervous system 

B The Problem of Hazardous Solrd Waste In Metropolltan L~ma 

Of the waste produced each day in Metropolitan Lima, about 300 MT (8 5%) is toxic hospital 
or ~ndustrial waste The volume of domest~c HSW produced is unknown, but we estimate that there is 
probably more domestic HSW produced than there is hospital waste, and much less than the amount of 
Industrial HSW Slnce for the most part HSW is not regulated or managed distinctly from other varieties 
of wastes in Lima, there is very quantitative information about its generation and disposition Of the 
three sources (hospitals, Industry, homes), information about hospital waste is the most detailed and 
reliable 

Llma has no special collection procedures for HSW In general, households, hospitals and some 
industries make no effort to separate their hazardous wastes from non-hazardous wastes, and the 
combined mixed wastes are collected together Different wastes are mixed in the same collection 
vehicle Nearly 5,500 municipal workers collect 60% of the solid waste Lima generates Some waste 
is collected informally Informal workers use trucks or tricycles to collect household hazardous and 
nonhazardous waste and then separate valuable recyclable components out of the mixture under 
unprotected conditions Details available on the collection of HSW are insufficient for our purposes 

Most HSW IS thus managed in the same manner as solid waste generally (see the section on 
Solid Waste) Only about 65 % of solid waste is collected, with the remainder being left in the streets, 
dumped in nearby vacant areas, or burned Of the amount collected, about one third is transported to 
one of two sanitary landfills These are "El Zapallal" in the Carabayllo district, in northern Lima, and 
"Portillo Grande," 55 km south of Lima, in the Lurin district At both sanitary landfills, there are special 
cells for HSW Generally these cells receive wastes fiom hospitals, consisting of mixed hazardous and 
non-hazardous materials "El Zapallal" receives approximately 812 tons of wastelday This is 24% of 
the household solid waste generated in Lima "Port1110 Grande" receives 300 tonslday The remaining 

xn- 1 
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two thirds of wastes that are collected is dumped elsewhere, perhaps in one of 17 identified ~nformal 
dumps, or perhaps simply in a convenient open area 

There are two exceptions to the general practice of mixlng hazardous wastes with non-hazardous 
wastes and co-disposal of the two First, some hospitals mix their hazardous and non-hazardous wastes, 
but then have the combined waste transported to and disposed at the HSW cells at the two sanitary 
landfills Second, many industnes, because of their large volume of waste generated, manage their HSW 
on-site through recycling or disposal in piles or impoundments rather than have the waste transported 
elsewhere 

Of the two sanitary landfills, only Zapallal permits recycling About 400 people participate in 
this activity at Zapallal About 2,000 recyclers work at other dumps Another 2,600 people collect 
recyclable materials in their homes, businesses, offices, streets, open areas, and along the shores of the 
k m a c  and Chillon rivers These 5,000 people, along with 5,500 municipal workers and an unknown 
number of trzclcleros and others who provide services informally, are at high risk from the toxic, caustic 
or infectious constituents in hazardous solid waste 

B l  Hospltal Hazardous Solld Waste 

Hospitals and clinlcs are major sources of biocontaminated waste Of the 3,535 MT of solid 
waste generated daily in Lima (IPES, 1996), 491 health facilities generate about 30 MTIday Over half 
of this is contammated (1 5 4 MT) or hazardous (1 MT) However, minimal separation of these wastes 
from ordinary wastes occurs in these facilities, and the resulting mlxed waste should be considered as 
hazardous The resulting hospital wastes are typically collected rather than disposed on-site, but 
ultimate disposal can then occur at sites ranging from the special cells at the sanitary landfills to 
Informal roadside dumps Thus, it is unlikely that most of the waste is treated properly either inslde or 
outside the facility 

The General Directorate of Environmental Health (DIGESA) has advocated a system for 
classifying medical waste (DIGESA, 1995) Biocontaminated waste includes waste from patient care, 
biological material, human blood or substances derived from blood, surgical and anatomical waste, 
puncturing and cutting instruments, and contaminated animals Special waste has three components 
hazardous chemicals, pharmaceuticals, and radioactive waste Ordinary waste includes other waste 
materials such as paper, cardboard, glass, plastics, etc Another hospltal waste classification system, the 
Integrated System for Hospital Waste Management (SIRES), has also been proposed, but it has not been 
implemented 

Special waste (chemical, pharmaceutical and radioactive) from hospitals poses a relatively 
insignificant threat to human health There is only a small quantity of this type of waste generated and 
it IS generally not disposed of in populated areas, reducing the risk of exposure The only citlzens at risk 
would be the 10,500 who work in refuse collection and recycling Of those, only a few would have 
significant exposure levels 
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B2 Industrial Hazardous Solid Waste 

Industry is the principal source of hazardous waste chemicals, perhaps about 270 MTfday The 
industrial sectors producing this waste are metal products (68 7%), metals (1 I%), pr~nters (10 6%), oil 
refiner~es (6%), and text~les and tanneries (2%) Ate V~tarte -- where 4% of the population of 
Metropolitan Lima l~ves -- produces the most chemical sol~d waste The Ate Vitarte district has the 
highest number of metal product, textile and tanning factories in Lima It also has the second largest 
number of printing and paper plants Table XII-1 summarizes available data on the location and nature 
of hazardous solid wastes generated by the most important industries Table XII-2 ind~cates how these 
industries manage their hazardous wastes A majority of metal industry wastes are recycled, with 
significant proportions dumped on-site Organic hazardous wastes from other industries are frequently 
burned for energy recovery 

We estimate that over 30% of the population of Lima lives in districts with more than 20 metal 
product factories That industry generates nearly 70% of the non-blocontammated hazardous solid waste 
from industrial sources 

Sol~d waste of industrial orign can cause adverse health impacts through direct contact as well 
as by contaminating alr and water The analys~s of air and water contam~nation and the resulting health 
effects are discussed in the air and water sections of this report 

B3 Hazardous Household Sol~d Waste 

Stud~es on the product~on and composition of solid waste m Lima have not analyzed the 
character~stics and volume of domestic HSW In add~tion, there are no studies on routes and 
mechanisms used to dispose of this waste However, we have assumed that domestic HSW receives the 
same treatment as normal solid waste The public cleaning service m Lima does not provide a way for 
the population to separate HSW fiom other waste for collection Household HSW is put into the same 
containers as other refuse 

Because of the common lack of flush toilets and/or consistent water availability, in many 
residences toilet paper IS not disposed of in toilets, but in garbage cans If it is assumed that each person 
produces an average of 5 grams of biocontaminated material per day (including toilet paper, san~tary 
napkins and syringes or other material contaminated with blood or feces), then 37 5 MT of 
biocontaminated waste is produced daily in Lima This is more than double the amount of 
biocontaminated waste fiom the city's hosp~tals and clinlcs Most of t h ~ s  is disposed of in illegal or 
Informal dumps In addition to waste handlers, there are several subgroups of the population who are 
more likely to come into direct contact with this informally handled biocontaminated waste Chlldren 
who play in or near informal dumps risk exposure There 1s also an unknown number of people who live 
on the dumps Finally, lnformal recyclers who scavenge the dumps for recyclable materials are also at 
r ~ s k  All of these people will have a high risk of d~rect contact w ~ t h  b~ocontam~nated waste The 
likelihood that they or vectors will come into contact with biocontaminated mater~al IS h~gher m the 
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informal dumps This is because the waste at the informal dumps is not covered over as is usually done 
at controlled landfills 

It is more dificult to estimate the amount of hazardous chemical waste produced in the home 
Since it is rare for a product to be thrown away before it is used up, most of the hazardous solid waste 
from homes consists of residues in containers The greatest danger comes from interactions between 
the residues from an original product and an introduced substance when the container is reused Desp~te 
this, because of its small quantity (in comparison wlth biocontaminated waste), hazardous chemical 
waste from household sources poses a fairly low risk 

C Health Effects Caused by Hazardous Solid Waste 

For the above reasons, and in comparison with the other environmental problems currently being 
experienced in Metropolitan Lima, we do not believe that hazardous chemical waste from household 
or hospital sources has a serlous impact on the health of the average citizen Generally speaking, the 
volume of hazardous chemlcal waste produced or stored m homes, clinics and hospitals is not sufficient 
to cause considerable harm 

The population most exposed to chemically contaminated HSW is factory workers Waste 
handlers and publlc cleaning personnel are much more likely to be exposed to biocontaminated HSW 

Biocontaminated solld waste presents a high risk to health This is because of the volume 
produced and number of sources that produce it (each house is a potential source of pathogenic residue 
when tollet paper is not disposed of in the toilet) It is considered that direct contact with contaminated 
substances is the main risk to health Vectors may also spread biocontaminants to food or water Due 
to Llma's scarce preclpltation, ~t is improbable that pathogenic organisms from HSW will reach surface 
or underground water supplies 

Contact with biocontaminated waste via the fecal-to-oral pathway can cause diarrhea and other 
illnesses such as cholera and parasitic ~nfections The effects vary from mild illness of a few hours 
duration to occasionally severe incapacity and death It is not possible to quantify illness from this 
source, however, health statistics show that infectious diseases, especially diarrheal diseases, are one 
of Lima's most serlous health problems 

Biocontaminated household solid waste represents the major threat to health from HSW This 
is because of tts volume and the lack of proper mechanisms for its disposal The population dlrectly 
exposed to HSW IS a minimum of 10,500 This includes workers from the public and informal cleaning 
sectors and people exposed due to inadequacies In collection, treatment and dlsposal services 
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There is more uncertainty about health effects associated with hospital waste Although 
collection and disposal plans and regulations seem to be adequate, the extent to which they are complied 
with is uncertain 

The lack of data on toxic industrial solid wastes precludes making any estimates of associated 
health effects We expect that rather limited populations are exposed to these wastes 

E L~m~tat lons  of the Analysls 

The limited information on production, storage, transport routes and disposal of HSW does not 
perm~t any estimates of illness and risk in Lima 

It would be beneficial to develop a comprehensive plan on the handling and treatment of 
different types of HSW in Lima Special attention could be given to the following 

- The study of HSW generation and management for each industrial sector 
- An integrated collection, disposal and treatment service for HSW 
- The use of dedicated, secure cells for HSW in sanitary landfills 
- Improved collection and disposal of domestic HSW, involving public participation 
- Revision of the institutional and legal framework for the handling and treatment of HSW 
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Table XII-1 Summary of Hazardous Industrlal Sol~d Waste Generat~on 

1 ICDEVCO Desarrollo Industrial y Uso Sostenible del Ambiente [Industrial Development and Sustamable 
Use of the Envronrnent] MITINCI Lima, June 1995 

2 Oroza, Jorge and Zucchettl, Anna Mlcroempresa y Medio Ambiente [Mlcroenterprise and the 
Env~ronment] PAMIS-COPEME Lma  1994 
3 ATSDR Declaraciones de Salud Publlca de Sustanclas Peligrosas [Declarations on Public Health and 
Hazardous Substances] Atlanta 1995 
4 IPES La Basura en Lma, problemas y soluciones [Garbage m Llrna, Problems and Solutions] Llma 
1996 

% of Districts W/ Factories w/ 
20+ Workers 

Ate 
San Martm de Porres 
Lma Dlstrlct 
La Victorla 
San Luls 
San Juan de Lurlgancho 
Chorrillos 

Ate 

Lma  Distrlct 
Ate 

Ate 
La Vlctoria 
San Martln de Porres 
San Juan de Lungancho 
Chorrlllos 

Ate 
Luna Distr~ct 
Chomllos 
Los Ol~vos 
San Martm de Porres 
San Juan de Lurlgancho 

Metal 
products 

Common 
metals 

Prmtrng and 
Paper 

Oil reflnlng 

Textiles and 
tannmg 

Chemicals, 
rubber & 
plastic 

Important Constituents m Hazardous 
solid ~ a s t e ~ , ~ , ~  

metal waste (slag) & metal dust 
morganlc sludges w/ heavy metals 
halogens 
emulsified 011 
organic 
polychlorobenzenes 
explosive waste 

sludge from scrubbmg, w/ heavy metals 

sludges wtheavy metals 
acid sludge 
phenols 
NDMA 
xylene 
pentachlorophenol 

alkalmes and acids 
morganic solids 
011y clays 
phenols 
xylene 
nitrobenzene 

hardened sludge 
NDMA 
xylene 
naphthalene 

sludges w/ heavy metals 
phenols 
NDMA 
xylene 
pentachlorophenol 
hexachlorobenzene 
msectlclde residues 

~ o t a l l  

69% 

11% 

1 1% 

6% 

2% 

2% 
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Table XII-2 Industrial Hazardous Waste Management 

REFERENCES 

IPES La Basura en Lima, Problema y soluciones [Garbage in Lima, Problem and Solutions] Lima 
1996 

DIGESA Diagnostico Situacional del Mane10 de 10s Residuos Solidos de Hospitales Administrados 
por MINSA [Situational Study of Solid Waste Handling in Hospitals Administered by MINSA) 
Loan 741lOCPE Lima 1995 

Integrated Coastal Development Company Peru S A (ICDEVCO) Provecto Desarrollo Industrial v 
Uso Sostenible del Ambiente [Project for Industrial Development and Sustainable Use of the 
Environment] MITINCI Lima, June 1995 

Aranda Study of the United Nations Center for Human Settlements 1990 



SECTION XIII 
RESIDENTIAL INDOOR AIR POLLUTION 

Indoor air pollution in enclosed spaces can be a considerable public health problem It is 
estimated that an average citizen spends 16 hours in residences, offices, workshops, stores, schools or 
other enclosed spaces, breathing contaminants from indoor sources and from outdoors that have 
migrated indoors 

The sub-populations at greatest risk from indoor air pollution include children, the elderly, and 
hyper-sensitive individuals (e g asthmatics) In comparison with the levels found in occupational 
settings, residential Indoor air pollutants are generally found in lower concentrations Nevertheless, the 
exposure periods are much longer, as people often spend fiom 12 to 16 hours per day at home 

Indoor air pollution varies from one setting to another Its effects depend on outdoor a v  quality, 
house construction and layout, and the occupants' activities and sensitivities Most contaminants are 
classified as either chemical or biological Biocontaminants include fungi, microbials, mites, bacteria 
and allergens Chemical contaminants include VOCs, COY NO,, SO,, particulate matter, breathable 
fibers, pesticides and radon, among others 

Generally, these contaminants are inhaled and first affect the respiratory system (local action) 
Some are absorbed and distributed where they can affect other organs (systemic action) Health effects 
caused by indoor air pollutants include hypersensitivity illnesses (pneumonia, asthma, allergic rhinitis), 
infectious diseases (colds, bronchitis, german measles), intoxication syndromes (carboxyhemoglobin 
in blood, pesticide poisoning), and a wide variety of other impacts (e g , cancer, toxic effects from lead) 
The relationship between an indoor air pollutant and an illness is rarely direct and obvious In most 
cases there are many possible causes of any particular illness, with indoor air pollution usually being 
only one of several possible contributors to the illness (Bernard 1993) 

B Major Sources of Indoor Air Pollut~on in L~ma 

Information specifically relating indoor air quality to health problems in Lima does not exist, 
and information on the levels of indoor air pollution in Lima is very limited Because of this lack of 
data, we begin our discussion with a review of the major sources that will determine the quality of indoor 
air in Lima This is a complex issue to summarize, due in part to the significant variation between 
population subgroups in Lima w~th regard to socio-economic level, housing characteristics, consumption 
(e g , of fuel, food, water), hygiene conditions, activities, etc 

XIII-I 
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B1 Indoor combustion of kerosene, wood and other mater~als 

Kerosene, wood, and other fuels burned for cookmg, lightmg, heating, and also burning of wastes 
in the home all produce gases and particulate matter (organic and non organic emissions) High 
temperature combustion of these fuels can also produce nitrogenated species (Traynor, 1983) The most 
common combustion gases are NO,, CO and SO, Particulate matter (TSP) and volatile organic 
compounds (VOCs) can be found in high concentrations m non-ventdated areas, especially in workshops 
with~n the homes These workshops may use furnaces, welding equipment, forges, and other equipment 
that emlts pollutants which compromise indoor air quality 

These pollutants from combustion are often produced m enclosed spaces wlth little opportunity 
for d~ssipation People, especially women, children and the elderly, may spend long periods of time In 
the spaces where the pollutants are generated, for example around a stove in the kitchen 

In L ~ m a  it is estimated that approximately 2,400,000 people cook with kerosene, 3 628,000 use 
propane gas, and 15,200 people use wood For lighting, 82,900 people use burners or small kerosene 
lamps and 64,000 inhabitants use wax candles or other material Table XIII- 1 and Table XIII-2 present 
data on the types of fuel used for cooking and lighting, respectively 

Table XIII-1 Sources of Energy for Coolung 

Source INEI, 1995 
(1) Percentage of all residences m Llma 1,069,069 
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Table XIII-2 Sources of Energy for Lightlng 

Source INEI, 1995 
(1) Percentage of all residences m Luna 

Many residences in Llma double as workshops, some kind of economic activity takes place in 
about 180,000 homes in Llma (12 9%) It is estimated that approximately 50,000 ch~ldren and elderly 
persons are directly exposed to indoor air pollution associated with these home-workshops (INEI, 1995) 

Burning of solid waste, whether inside the home or just outside of the home, can radically affect 
indoor air quality In marginal neighborhoods In Lima (inhabited by approximately 1,870,000 people), 
solid waste is est~mated to be burned in 35 - 40% of the homes (Fitzgerald, 1994) 

B2 Tobacco smoke 

Tobacco smoke produces various gases and particulate matter More than 4,500 compounds 
have been identified in tobacco smoke with only 50 of them having been studied for their health 
impacts CO, CO,, benzene, toluene, formaldehyde, and acetone have been studied in their gaseous 
phase Nicotine, phenol, anilme, benzopyrene, cadmium, n~ckel, polonium 21 0, benzoic acid, and lactic 
acid have been studled in the fine particle phase 

In Lima 34% of men and the 7 3% of women are smokers (Boffeta, La Vecchia et a1 , 1993) 
Some studies in poor neighborhoods have established an average smoking rate of 11 to 16 
cigarettes/week/smoker (Fitzgerald 1994) The highest average smoking rate occurs in the middle class 

B3 Volatile organlc compounds O C s )  

The USEPA has identified more than 500 VOCs that can be found m indoor air They come 
from a wide variety of sources and activities, such as 

Construction and decorating materials, such as parquet, glue, paint, varnish and lacquer, etc 
(formaldehyde, benzene, toluene, ethylbenzene, etc ) 
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Furniture made with mixed wood, contact glues, dissolving agents, etc (formaldehyde, methyl- 
chloroform, etc ) 

Products for domestic use cosmetics, deodorizers, lotions, cleaners, solvents, pestic~des 
(methylchloroform, styrene, trichloroethylene, benzene) 

w Products of incomplete combustion, from burning of wood, kerosene, foods, trash 
(formaldehyde, nitronaphthalene, dioxins) 

B4 Types and construction of housing 

The degradation of construction materlals and the use of low quality materlals can contribute 
to physlcal pollutants and toxic chemicals in indoor air Such pollutants include dust, asbestos fibers, 
synthetic mineral fibers like those from textiles (curtains, carpets, wall paper), and temporary 
construction materials, such as straw and wood planks, etc Paint containing lead or formaldehyde may 
release these pollutants into the indoor environment The dlrt floor stores biological and chemical agents 
that are transmitted via dermal contact or ingestion, children are particularly at risk here 

In Lima, 167,502 (12 2%) families live in Inadequate housing (excessive hum~dity, poor 
ventilation and sun exposure, poor construction) Table XIII-3 shows the predominant construction 
materials in Lima's houses 19 3% have dirt floors, 12 4% have wooden and straw walls and 13 8% 
have straw and cane roofs In marglnal neighborhoods, more than 100,000 children under 5 years old 
live in houses wlth straw walls and roofs Around 100,000 young chlldren also live in homes wlth 
excess humldity 

Table XIII-3 Leading Construct~on Mater~als in Houses 
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Room location (especially for the kitchen and toilets) and ventilation capacity also Influence 
health risks 12 8% of Lima's houses do not have a separate cooking area, while 5% share the kitchen 
with another domestic function 10 2% of the houses do not have toilets and 70% of the houses in shanty 
towns are only "half constructed", (a house must have at least one completed story of livlng space to 
count as "constructed") 

B5 B~olog~cal air pollutants 

People with lnfectlous diseases and the presence of domestic animals generate microorganisms 
that contaminate indoor air (bacteria, viruses and fungi) Excrement from insects and mites can be 
inhaled by those in the house and may cause an allegic reaction The fungic endotoxins In poorly 
ventilated and humid environments can potentially Increase allergies The custom of sprinkling the floor 
(cement or dlrt) with water can accelerate the growth of fungi and other microorganisms 

Overcrowding worsens the blocontarnination of indoor air (Fitzgerald 1994) 165,000 homes 
in Llma (inhabited by approximately 800,000 persons) are estimated to be overcrowded Nearly 10% 
of the dwelling units are occupied by two or more famllies Table XI114 shows the extent of 
overcrowding (INEI, 1995) 

Table XIII-4 Overcrowding in Metropolltan Lima's Houses 

Source INEI Stabstic Compendium 1994- 1995 
(1) INEI has calculated that 11 9% homes m Llma and Callao are overcrowded (approx 170,000 homes) 

mrn-1 
Unlt 

C Levels of Indoor Air Pollutants and Health Effects 

C l  N~trogen Dloxlde (NO,) 

1 

2 

3 

4 or more 

ND 

TOTAL 

A study performed in 10 houses that used kerosene for cooking in the shanty town of Bayovar, 
in San Juan de Lurigancho, northeast of Lima (Languasco and Maldonado, 1993) found average values 
lower than 0 1 ppm for NO, in indoor air Health studies have found only very equivocal evidence of 
an increase in rates of respiratory infections among children exposed to NO2 concentrations of less than 
0 1 ppm However, another study performed in the shanty town Huascar (Canto Grande) did not rule 

9 1 

6 5 

1 2 

0 8 

0 5 

100 

# personslunit 

# rooms/unit 

# persons/room 

#persons/bedroom 

5 1 

3 23 

1 57 

2 29 

Exclus~ve space to cook 

Shared space to cook 

No space to cook 

ND 

TOTAL 

80 2 

5 2 

12 8 

1 8  

100 
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out the possibility that NO, produced by kerosene stoves could increase risk of respiratory symptoms 
in chlldren under 30 months of age (Fitzgerald 1994) 

C2 Carbon Monox~de (CO) 

A study in Guatemala looked at CO levels in lutchens where wood was the primary cooking fuel 
source (Veras et a1 1989) They found an average of 4 5% COHb (5 4mgldl) in mothers that cooked 
using wood as a fuel source Such levels would be sufficient to produce symptoms of headaches, fatigue 
and poor visual perception This was an average of 1 2% more COHb in blood than for those who 
cooked with propane gas 

Monitoring by Languasco and Maldonado in the shanty town of Bayovar in northeastern Lima 
found very low concentrations of CO, wlth averages of 0 5 pprn at a distance of one meter away from 
the gas ring For enclosed spaces, WHO has set a 5-minute limit of 87 3 pprn EPA has set a 1 -hour 
standard of 35 pprn and an 8-hour standard of 9 pprn The concentrations of CO m indoor air in Bayovar 
houses were quite low due to high rates of ventilation CO quickly dissipates to the outside because 
residences in the shanty town are usually made of straw or are unfinished, and generally do not have 
glass in windows 

C3 Sulfur D~ox~de  (SO,) 

SO, is produced by combustion of hels  containing sulfur Houses w ~ t h  small, informal or formal 
workshops often show concentrations of SO, hlgher than other residences, and kerosene and charcoal 
stoves may also yield SO, emissions Monitoring in the shanty town of Bayovar revealed levels of 
between 0 and 0 1 pprn SO, at one meter from kerosene and charcoal stoves (this distance is considered 
to represent a typ~cal exposure for a person working at the stove) Such levels of SO, are not high 
enough to cause any acute health effects There is weak evidence that long-term exposure at this level 
may increase susceptibility to respiratory infections These values are similar to those found by Leaderer 
et a1 (1984) in the U S between 0 023 and 0 057 pprn SO, in houses that used kerosene heaters and 
<O 00076 pprn in houses that do not use kerosene 

For exposure to SO,, WHO has set a 1 0-minute l~rnit of 0 19 ppm, a one-hour limit of 0 13 ppm, 
and 24-hour limit of 0 04 pprn during warm weather The USEPA has set a 3-hour limit of 0 5 ppm, a 
24-hour l~mit of 0 14 ppm, and annual average of 0 03 pprn 

C4 Carbon D~ox~de  (CO,) 

Sources of CO, in indoor air include gas or kerosene stoves, tobacco smoke and outdoor air 
The typical values in the indoor environment vary from 700 to 800 pprn and in non-ventilated areas can 
exceed 2,000 to 5,000 pprn (Fernandez and Caldas, 1992) The typical concentration for ambient 
outdoor air in an urban area is 400 pprn Languasco and Maldonado did not monitor CO, levels in their 
study in Bayovar 
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C5 Particulate Matter 

When there is tobacco smoke present, indoor air can have particulate matter concentrations of 
up to 1000 ug/m3 (Cost, 1989) The values found in Lima by Languasco and Maldonado (1993) reach 
averages of 304 ug/m3 m houses with kerosene stoves measured at one meter from the gas ring during 
cooking In the houses with briquette stoves an average of 458 ug/m3 was found The values found 
outdoors averaged 332 ug/m3 Any of these levels are sufficient over the long term to increase rates of 
respiratory illness The study concluded that both outdoor a v  and the type of stove were important in 
determ~ning the concentration of particulate matter in indoor air 

C6 Tobacco Smoke 

Tobacco smoke is harmful to the health of both those who smoke and others near those who 
smoke ("second-hand smoke" or "pass~ve smoking") 

Many studies show that levels of CO, particulate matter, NO, cadmium and other harmful 
compounds in smokers' homes are much higher than in those of non-smokers In the shanty town of 
Huascar, 41% of children live with light smokers (1 to 20 cigarettes a day) and 3 2 % with heavy 
smokers (>21 cigarettes per day) (F~tzgerald 1994) Children whose parents smoked showed 
significantly more respiratory symptoms (like coughmg, breathing difficulties, and bronchitis) compared 
to children not exposed (RR=l 94 in children of 12 to 30 months of age) A study in Brazll determined 
that in the 11 9% of children with parents who smoke, there was significantly higher incidence of 
bronchitis than in those whose parents were non-smokers Other studies conclude that tobacco smoke 
can Increase susceptibility to other indoor air pollutants (Holland et a1 1978) 

In Lima, the incidence of lung cancer (likely related to tobacco use) is currently about 4 - 7 cases 
per year per 100,000 inhabitants in the 35 to 64 year old age group This rate appears to have declined 
from about 10 cases per year per 100,000 in 1967 (Boffeta, La Vecchia et a1 , 1993) The incidence in 
men is 3 times higher than in women 

C7 Volatlle Organ~c Compounds (VOCs) 

There is v~rtually no information about levels of VOCs in Indoor alr m Lima Nevertheless, we 
know that products that can result in VOC emissions are widely used, such as paints, solvents, floor 
waxes, glues, disinfectants, cosmetics, and construction materials produced by informal Industry 
Another important source of VOCs is economic actlvtties taking place in workshops in residences 
Here, residents are continuously exposed to VOCs, and sensitive populations like young children, the 
elderly and those who are slck may face major health risks 

In normal houses, Languasco and Maldonado found levels of formaldehyde of between 0 12 and 
0 20 ppm at a distance of 20 cm from the gas ring of kerosene stoves, but dld not detect ~t at the one 
meter distance representing a typlcal respirable zone No hydrocarbons were detected WHO'S 
permissible limit for formaldehyde is 0 1 ppm 
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Biocontamination in Lima's indoor air can be caused by many factors Overcrowded condit~ons 
affecting at least 900,000 people increase the likelihood of their contracting infectious illnesses by 
inhalation 

Kozak et al (1985), assert that outdoor air is the most important source of biocontamination and 
that infectious agents can be transported via the air over long distances However, different studies have 
identified overcrowding and housing condit~ons as the maln causes of biocontamination of res~dential 
indoor air For example, Fitzgerald (1994) finds an Important relationship between overcrowding, 
socioeconomic factors, floor humidity and tobacco smoke, which all result In increased incidence of 
coughing, difficulty breathing, and risk of contracting pneumonia and bronchitis in children under 6 
years of age 

Health risks caused by blocontaminants can also be associated with commercial preparation or 
storage of food in houses 

D Risk Characterlzat~on and Calculat~on 

In this sectton we develop some rough estimates of risks from indoor air pollut~on in Lima, using 
cause-effect relationships developed m other contexts In addition to uncertainties stemming from 
l ~ m ~ t e d  world-wide understanding of the health impacts of indoor air pollution, there is additional 
uncertainty due to several characteristics of housing in Lima 

Housing conditions vary widely across socio-economic strata Luxurious residences fully 
equipped apartments, single-family homes, casas-quinta, half constructed houses, and houses 
with provisional and Inadequate roofs and partitioned walls are all representative of housing in 
Lima 

The temperature variation between summer and winter is less extreme than in more temperate 
climates There is little need for tight housing and mechanical heating and cooling systems Air 
exchange from the inside to the outside is high and in many cases indoor air pollut~on is h~ghly 
related to outdoor air quality 

It should be noted that the activities, habits and physiological charactensttcs of residents of Lima 
may also differ tmportantly from those of the populations where indoor alr pollution studies have taken 
place Such factors as how often individuals use household pesticides and nutr~t~onal level and 
immunologic response, are also important factors in estimating risk 

Despite these cautions, we have developed rough risk estimates for indoor air pollution in Lima 
resulting from the following conditions combustion products from cooking stoves, indoor burning of 
wastes, passive and active smoking, overcrowded and improper ltving conditions, and maintenance of 
workshops in homes 
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D l  Risks from combustion products 

Table XIII-5 R~sk Calculation for Combustion Products in Kltchens 

D2 R~sks from waste lncinerat~on 

Fitzgerald found an increased likelihood of coughing among children in homes where wastes 
were burned indoors relative to those m homes where this practice did not occur (relative risk of 1 257) 
This study was performed in shanty towns in Lima, in which there are 164,000 children under 30 months 
of age Thls practice occurs m roughly 35 % of the homes in these areas, affecting perhaps 59,000 young 
children These children could avoid 2 6 cases per year of cough if waste incineration were no longer 
pract~ced In the~r homes ( 257 x 10 22 cases of cough/ch~ld/yr on average) 

Respiratory mfection 
cases m children kom 
2 to 4 years of age 

Increase of resplratory 
symptoms due to gas 
stoves m children 
from 0 to 4 years of 
age 

COHb lncrease m 
blood of mothers that 
cook with wood This 
mlght be extended to 
people that work m 
restaurants and 

D3 Risks from tobacco smoke 

S c w U k b a s ~ s  

Spelzer Infection rate 
mcreased by 3511000 upon 
proxunity to gas stoves, at 
an average concentration of 
0 9 ppm NO, 

Neas et a1 (USA) Increase 
of 5% to 29% m mcidence 
of respiratory symptoms m 
children (cough or phlegm) 
due to the use of gas stoves 
rather than electnc stoves 

Veras et a1 (Guatemala) 
Concentration of 5 4 mglm3 
of CO resulting m 4 5% 
COHb 

osed sown 
162,900 children m 
Llma m homes with gas 
stoves and no separate 
kitchen Assumed level 
of 0 1 ppm NO, 

325,000 such children m 
Luna m homes with gas 
stoves and no separate 
kitchen About 9,500 
such children from 
shanty towns 

11,937 homes m shanty 
towns use wood for 
cookmg Average 
values of 5 7 mdm3 of 
CO 

The following table estimates risks of three sorts 

Assummg h e a r  relationship, 
about 630 resplratory 
mfecbons per year are due to 
gas stoves 

Assume mcidence of cough m 
shanty towns 1s 10 22 
caseslchildlyear (Fitzgerald, 
1994) Change from gas stoves 
to electric could avoid 4,800 to 
28,000 cases of coughlyr m 
Llma's shanty towns 

11 937 mothers with more than 
4 5% COHb wlll suffer fatigue, 
headaches and difficulty 
concentratmg 

Cancer in male and female smokers, 

Cough in young children in shanty towns with parents who smoke, and 

Acute respiratory infections in children throughout Lima with parents who smoke 
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Table XIII-6 f i s k  Calculation for Tobacco Smoke 

D4 B s k s  from overcrowd~ng 

Cancer r~sk m smoker 
population m Lma 
(22 5% of the adult pop ) 

Increase of mcidence of 
cough of children that 
live with smokers ( s h a n  
towns) 

Increase m the mcidence 
of respiratory infections 
in chlldren 0 to 4 years of 
age of smokmg parents 

In his study, Fitzgerald concluded that 40,000 children under 30 months of age in overcrowded 
houses may develop 2 16 - 3 5 times as many cases of pneumonia per year as they would ~f they lived 
in non-crowded houses 

D5 Rlsks from economlc actlvit~es m houses 

Ex~osed DO~,&&QII 

Smokmg prevalence m 
men is 34% and women 
7 13% 

Among 95,000 children 
less than 30 months old m 
Llma, approxmately 
39,000 are exposed to ETS 

It is estmated that 589,OO 
children live with a 
smokmg relative (average 
of 11 - 80 cigaretteslweek) 

The prevalence of these act~vities is not officially measured in Lima They are conventionally 
referred to as "lrttle mdustrres" Suspended particulate levels exceeding 50 ug/m3 have been measured 
in conventional workshops (Huapaya and Soto 1995), but no comparison was presented in thls study 
between indoor and outdoor levels at this location Outdoor concentrations in Lrma are frequently 
h~gher than t h ~ s  We estimate that 33,000 to 39,000 children of pre-school age and 18,000 to 21,600 
persons of >60 years of age may live in homes with workshops These groups may be exposed to 
pollutants from workshop activit~es for more than 8 hours during the workday 

E D~scussion and Conclusions 

S c l e n t l f i c s  
International Journal of 
Epidemiology 1993 

Fitzgerald RR=l 94 
tmes more mcidence of 
cough m children not 
exposed 10 22 cases of 
coughlchild/year 

Victoria et a1 (Pelotas 
Braz~l) RR=l 70 for 
children of smokers of 
this frequency 

The risk calculations have a considerable margin of uncertainty Indoor alr monitoring data from 
Lima by Languasco are very limited and not necessarily representatwe The dose-response relationsh~ps 
that are used in the U S and other contexts were developed for very drfferent res~dent~al settings and 
condrtions Nevertheless, the extrapolations we have made and Fitzgerald's study In Lima suggest 
important health risks from rndoor alr pollution 

R l s k ~ o n  

268 to 469 cases of lung 
cancer and other organs per 
Year 
Each of the 39,000 exposed 
children would avoid 6 5 
caseslyr of cough if they were 
not exposed 

589,000 chlldren would have 
41% fewer RIs were they not 
exposed In Lma the average 
child has about 4 RIsIyr 
flNF.T\ 

Fitzgerald's work should not be interpreted as making a definitive case for the rrsks posed by 
indoor air pollution, however HIS study typically does not include information sufficient to disentangle 
effects from among a variety of possible causes, including poverty, malnutrition, lrmited access to health 
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care, poor housing, overcrowding and indoor air pollution The air pollution-related correlations he 
develops appear strongest for passive smolung 

There is insufficient information available to determine with precision the relationship between 
indoor pollution and health risks in Lima Based on available information, the pnmary indoor air risks 
facing Lima residents appear to be 

Biocontamination risks due to inadequate housing conditions, domestic animals, and 
overcrowding 

Risks due to stove emissions and waste incineration 

bsks  from both active and passive smoklng (even though the cancer rate from smoking In Peru 
is the lowest in Latin America) 

Risks faced by children, elderly, the ill, and others who spend a significant amount of time in 
homes with workshops or other commercial activities 

XIII- I I 



SECTION XIV 
LOSS OF AGRICULTURAL LAND AND GREEN AREAS 

A Defin~tlon of the Problem 

A full evaluabon of the health impacts from the loss or mismanagement of agricultural land and 
green areas is an extremely difficult task and beyond the scope of this study However, this loss IS a 
sensit~ve issue for all city dwellers and for Lima residents in particular As a result, it is an issue we 
could not overlook 

The care and protection of agricultural land and green areas wlthln city limlts is becoming an 
increasingly important issue in clties with high levels of environmental pollution and desert-like 
environments This issue is particularly relevant in light of the growing worldwide concern with 
protecting our planet Loss of these areas can have a dlrect impact on the day-to-day lives of city 
dwellers Not only do green areas serve an aesthetic function, but they also provide local residents with 
perhaps their only opportunity to experience nature or to engage in outdoor recreational activities 
Likewise, surrounding farmlands serve an aesthetic, as well as practical, function, a peaceful landscape 
helps v~sitors fiom the city and other travelers escape from the stresses of the urban setting Green areas 
and outlying farming areas provide benefits to both city residents and the urban environment 

We have no exact figures on the impact of farm proximity on food prices, but it is readily 
accepted that because transportation costs from nearby farms will be lower than those from more remote 
areas, these pen-urban farms can provide food at a lower cost In addition, these areas can boost the rate 
at which the water table recharges, increasing the amount of available groundwater and potentially 
lowering the cost of public water supplies Agricultural land and other green areas also help reduce air 
pollution by increasing oxygen production and helping to lower carbon dioxide levels Agricultural land 
can also be used to recycle treated waste water and to convert organic solid wastes Into organic fertilizer 
(compost) 

Despite the advantages of maintaining green areas and outlying farming areas, the size of these 
areas has been steadily shrinlung due to the pressures of urban expansion The ratio of the urban to rural 
population has steadlly increased over the course of this century 70% of the population of Latin 
Amerlcan and Caribbean countries currently lives In urban areas 

B Ovew~ew of the Problem m and Around Lima 

The city of Lima IS located in a subtropical desert and receives essentially no rain It occupies 
an area of 59,820 hectares Elevation ranges fiom zero to 500 m above sea level (ONERN, 1986) The 
Chlllon, h m a c  and Lurin river valleys cut through the city 

Experts stress the Importance of proper management of farmlng areas within metropolitan Llma 
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The river valleys cutting through the capital conta~n the country's best farmland The great shortage of 
agricultural land in Peru, with a mere 3% of the country's total area devoted to farming activ~tles, has 
prompted the Investment of US$20,000 per hectare in projects for the recovery and expansion of farming 
areas (Iturregu~, 1996) 

Agricultural activlty within metropolitan Llma involves primarily food cultivation There are 
no data on crop production In these areas, but the prlmary crops are mostly foods, Including lettuce, 
cauliflower, tomatoes, onions, Indian corn, cob corn, avocados, flowers, and fruits, such as apples and 
strawberries In contrast, farmland m the Department of L ~ m a  is devoted primarily to agro-industrial 
crop production 21 7% of its cropped area 1s planted in cotton and 15 8% in yellow corn ( M I ,  1996) 
These differences in cropplng patterns can be explained by the fact that the pen-urban farms are geared 
toward satisfying the demands of the urban market Selling fruits and vegetables in Lima markets gives 
farmers a better economic return on thelr Investment and ultimately lowers prices to the consumer 

Lima has lost vast tracts of outly~ng farmlands to housing for its swelling urban population 
Farmland, as a percent of urban area, has shrunk from 90% to 5% over the last fifty years This trend 
is Illustrated below in Table XIV-1, which shows historical land use patterns m the Rimac valley, the 
largest of the three river valleys in the Lima area 

Table XW-1 H~stor~cal Land Use Patterns In the Rmac River Valley 

Source kos,  1993 

In 1990, an average of 1,000 hectares of farmland per year were belng developed In Lima 
(CIPUR, 1990) At that time the population of Lima had grown to over ten times its slze in 1940, 
leaving the following tracts of farmland (Iturregui, 1996) 

Chillon Valley 5,600 ha 
h m a c  Valley 1,500 ha 
Lurin Valley 4,000 ha 
Total 11,100 ha 

In the Rlmac valley, the 15,000 hectares of farmland reported in 1950 had shrunk to 1,500 
hectares by 1991 Similarly, the 18,000 hectares of farmland in the Chlllon valley were reduced to 
5,600 hectares over the same period If this trend continues unchecked, Lima's outly~ng farming areas 
will virtually d~sappear by the year 2010 These losses of farmland are attributable mainly to the growing 
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value of the land for development and the mobility of the population Development can Increase the 
land's value from four to twenty times 

The effects of the loss and mismanagement of these farming areas on the environment, on human 
health and on the economy of the city are impossible to calculate Each hectare of farmland lost means 
an additional hectare of urban land, with all its envwonmental burdens, and a mountlng demand for basic 
resources (e g food, water and energy) 

While agricultural lands provide Important economic, aesthetic, and environmental benefits, they 
have also been transformed into pollution sources for the urban environment and local residents Heavy 
use of pesticides on farms in Lima is a good example of this problem There is mounting evidence of 
excess use of chlonnated and phosphoric pesticides For example, Tamaron is often applied to tomato 
plants week after week to counter the effects of the "minmg" fly, even though the manufacturer 
recommends that it be applied "at least 30 days prior to the harvest" (Arana, 1996) Not only can 
pesticide overuse eliminate the pest's natural enemies, but it also fosters pesticide resistance Farmers 
are battling the growing pesticide resistance by applying ever larger quantities Pesticides and 
agricultural nutrients (sewage and chemlcal fertilizers applied to crops) are significant causes of ground- 
water pollution and food contamination 

C Loss of Landscaped or Green Areas within Lima 

The loss of landscaped or green areas within the Lima metropolitan area is qulte different than 
the loss of farmland Lima residents are generally well aware of the benefits of maintaining adequate 
amounts of landscaped areas Shortfalls m these open spaces have become increasingly pronounced 
over the past few decades due to inadequate city planning and water management pollcy The situation 
IS aggravated by shortages of water 

The ~rrigation channels from the hmac, which helped maintain landscaped areas wthin the clty 
earlier this century, have more or less vanished In many cases, the use of flood irrigation prevails over 
more efficient methods In others cases, treated drinking water is used to maintaln parks and gardens 
Without underestlmatlng the significance of limitations in the infrastructure for mgation, it can be said 
that certain districts have been unable to maintain larger tracts of landscaped areas simply due to lack 
of foresight 

With regard to the availability of landscaped areas, Lima was already lagglng behind some world 
cit~es by 1980 This is illustrated by the data presented below in Table XIV-2 Llma had only 4 2 square 
meters of landscaped areas for each res~dent, well below an recommended level of 8 square meters per 
person (hos,  1993) 
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Table XIV-2 Per Capita Availability of Landscaped Areas in Selected Cities, in 1980 

Source h o s ,  1993 

C~tv  
Llma 
Pans 
London 
Mexlco C~tv  

Since the 1980s, the per capita availab~lity of landscaped areas in Lima has fallen to 1 9 square 
meters per person Table XIV-3 presents data on the ava~lability of landscaped areas in 32 of the 
distr~cts of the clty, however, t h ~ s  table may understate the problem This is because in many cases 
"available" landscaped areas may be designated as such on local government plans and maps while in 
actuality, many of these areas are nothing more than vacant lots, suffering from neglect and shortages 
of irrlgatlon water 

m2 per Person 
4 2  
7 4  

9 0 

10 0 

Table XIV-3 nevertheless provides some idea of the sever~ty of shortfalls in landscaped areas 
on a d~str~ct-by-distr~ct basis As can be seen, only three districts (Sant~ago de Surco, La Mollna and 
San Borja) exceed the recommended value of 8 square meters per person (RIOS, 1993) 

The Lima districts wlth the most severe shortages of landscaped areas are Carmen de la Legua 
Reynoso, Provincia del Callao, Villa Marla del Triunfo, Breiia and San Martin de Porres Of these 
districts, Carmen de la Legua Reynoso and Breiia are so developed that they have no space available for 
the establ~shment of new landscaped areas 
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Table XIV-3 Per Capita Availability of Landscaped Areas in Selected Districts of Lima 

District 

Carmen de la Legua Reynoso 
Villa Maria del Triunfo 
Breiia 
San Martln de Porres 
San Juan de Mlraflores 
Runac 
Magdalena del Mar 
La Vlctoria 
Ate-Santa Anlta 
La Perla 
Villa El Salvador 
Surqulllo 
San Juan de Lurigancho 
Llma (D~stnct) 
Lmce 
Barranco 

Landscaped 
Area 
(m2) 
0 22 
0 26 
0 43 
0 87 
1 02 
1 03 
1 06 
1 15 
131 
1 49 
1 53 
161 
1 80 
1 83 
2 00 
2 15 

1 District 

Independencia 
San Miguel 
El Agustmo 
Bellavlsta 
Comas 
Callao 
Mlraflores 
Pueblo Libre 
Chomllos 
La Punta 
San Luis 
Jesus Maria 
San Isldro 
San Borja 
La Molma 
Santla~o de Surco 

Landscaped 
Area 
(m2) 
2 20 
2 53 
2 54 
2 60 
3 23 
3 94 
4 10 
4 28 
4 30 
4 81 
5 05 
5 20 
7 95 
8 76 
9 46 

Source Cuanto, 1995 

C Health Effects 

Losses of landscaped green areas and surrounding farmlands may have many indirect effects on 
the health of Lima residents Properly managed landscaped areas wthin the city limits provide the open 
spaces which have been shown to reduce air pollution They also provide opportunities for city residents 
to pursue outdoor recreational activities, particularly in the districts with relatively high ratios of 
landscaped areas (see Table XIV-3) However, as illustrated by the data presented in Table XIV-3, only 
four urban districts in the metropolitan area have adequate landscaped areas The lack of these spaces 
could aggravate city-wide air pollution problems, thus inducing additional air pollution-related health 
risks 

Although surrounding farmlands provide many benefits to the urban community, in some cases, 
mismanagement of outlying farming areas can aggravate city-wide environmental pollution problems 
Crop lands irrigated with untreated waste water and subject to the application of large quantities of 
pesticides are compounding surface and groundwater pollution problems This may also be adding to 
the contamination of food supplies Outlying farming areas are also often used as dumping sites for all 
types of solid wastes This encourages informal pig-raising and the recycling of waste products under 
unhealthy conditions 

It is difficult to quantify the health risks to Lima restdents fiom loss of these areas Nevertheless, 
we know that landscaped areas and outlying farming areas can minimlze the severity of certain adverse 
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environmental effects and help to improve the cltyscape More importantly, we cannot ignore the 
likelihood that surrounding farmlands are contributing to the contamination of local water and food 
supplles 
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SECTION XV 
ATMOSPHERIC LEAD POLLUTION 

A Definit~on of the Problem 

Due to its special physical properties (ductility, resistance to corrosion, etc ), lead is widely used 
for household, industnal, mining, energy and transportation fuel applications It can be found as an anti- 
knock additive to gasoline, in water pipes, pumps and plumbing fittings, in paints, in some pesticides 
and fertilizers, in batteries, and in some glazes commonly used in finishing pottery Smelting of lead- 
contaming ores and manufactunng, using and recycling products containing lead can result in significant 
human exposure to this highly toxic substance In Lima, the majority of lead released into the 
environment is likely to come from combustion of leaded gasoline in motor vehicles 

Exposure to lead occurs through inhalation, ingestion and placental transfer The most important 
exposure pathway in Lima is most likely inhalation Based on a typical ambient concentration of lead 
in Lima at 1 5 ug/m3 and an assumed respiration rate of 14 - 20 m3/day, the average amount of lead 
inhaled per day is calculated at about 20 to 30 ug per day Additional exposure to airborne lead can 
occur when lead settles onto soil m which children play or when it deposits onto foods as they are grown, 
transported to markets, or displayed for sale Children who exhibit "pica" behavior, (1 e , ingesting dirt, 
whether intent~onally or inadvertently as dirty hands are brought to the mouth) are particularly at risk 
(EHC3, 1977), especially in areas of heavy vehicular traffic where there is significant deposition of lead 
onto roadsides Also, mothers with high concentrations of blood lead can affect the health of their 
unborn children through direct placental transfer 

Inhaled or ingested lead enters the bloodstream quickly and accumulates in teeth, bones, and 
tissues In moderate concentrations lead can produce adverse neurological and hematological effects, 
such as high blood pressure, and heart disorders in adult and elderly persons Lead is particularly toxic 
to the central nervous system m children Concentrations higher than 10 ug/dl in the blood can cause 
neurophysiological disorders, reduced learning capacity (decrements in IQ) (Mage 1992) and alteration 
of psychomotor behavior in nursing infants (Michaels 1988) Chronic exposure to higher levels of lead 
can result in anorexia, nausea, vomiting, abdominal pain, paralysis, cerebral diffusion, vision disorders 
and disorders of the reproductive system In addition, some lead compounds are teratogenic and 
potentially mutagenic (EPAB2, Michaels, 198 8) 

B Overvlew of the Problem In L~ma 

In Lima, two-th~rds of atmospheric lead pollut~on is caused by gasoline combustion ' Table XV-1 
provides data from some sites where frequent monitoring has been conducted by DIGESA and CID 
(SENAMHI) and from other sites where various short term investigations were conducted One site that 
was monitored multiple t~mes over several years shows declining concentrations over time, with 
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concentrations m the peak months declining from 3 56 ug/m3 m 1989 to 1 12 ug/m3 in 1995 At many 
sites, concentrations exceed the WHO recommended guldel~ne levels of 0 5 - 1 0 uglm3 Concentrations 
may be much higher than thls in industrial zones, where recent monitoring has shown them as high as 
2 44 ug/m3 and 2 61 ug/m3 

Table XV-1 Levels of Atmospher~c Lead In Metropolltan Llma (ug/m3) 

(1) Measurements performed by DIGESA 
(2) Measurements performed for MITINCI Integrated Coastal Development Company, Peru SA and ICDEVCO Peru 
1995 MITINCI 
WHO perm~ssible lun~ts = 0 5 - 1 00 ug/m3 annual average 

Stat~on 

SENAMHI 

CONACO (1) 

DIGESA (1) 

CONACO (1) 

DIGESA (1) 

Industrial Zones 
(2) 

Period 

max month '9 1 ( Nov) 

mm month '91 (Jun) 

max month '90 (Feb) 

mm month '90 (Mar) 

month '93 (Apr) 

mm month '93 (Aug) 

avg (Feb-Jun '93) 

max month '95 (Apr) 

mm month '95 (Sep) 

max month '95 (Mar) 

mm month '95 (Apr) 

annual avg 

annual avg 

max 24 h 

mm 24 h 

avg 24 h 

Avg 
Conc 

2 290 

1 004 

2 618 

1 453 

2 609 

1118 

2 183 

1118 

0 017 

0 170 

0 030 

1 683 

0 608 

2 080 

0 110 

2 440 

Zone Characteristics 

Llrna Av Salaveny (mtense 
traffic) 
Intense traffic (45-60 vehlmm) 

Lma  (Central) 
Intense traffic (50-80 vehlmm) 
Wmd 05- 1 5 m/s 60-70% HR 

Lma (Lmce Datr~ct) 
L~ght traffic (6- 10 vehlmm) 

Luna 

Callao 
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According to SENAMHI, the highest deposition rate of lead occurs in the northeastern section of 
Lima Th~s  in part due to wind patterns and other meteorological factors (see Figure XV-1) We assume 
that airborne concentrations of lead correlate roughly with deposition rates 

Flgure XV-1 Geograph~c Var~at~on In Lead Depos~tion in L~ma 
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In 1992, WHO/UNEP conducted a comparative analysis of atmospheric lead concentrations in ten 
large cities throughout the world The data from this study Indicate that ambient lead concentrations In 
Lima were within a s ~ m ~ l a r  range as for many of the other cities See Table XV-2 

Table XV-2 Atmospheric Lead Concentrat~on III Selected Clt~es of the World 
(Annual Average in ug/m3) 

CltY Concentrahon C~ty Concentrahon 

0 3 - 4 4  Mexico Clty 0 5 - 3 5  
Sao Paulo 1 1 - 1 1  0  608 - 1 683 

It should be noted that concentrations In Mexico City have fallen over time From an annual 
average concentration of 2 75 ug/m3 in 1988, ambient lead concentratlons fell to 0 4 ug/m3 in 1995 as 
a result of the policy introducing "Magma Sin" (lead-free) gasoline and the "Hoy no Circula" program 
which places all private vehlcles out of circulat~on one day per week These results are similar to 
findings from crties elsewhere a reduction in the amount of lead consumed in gasoline has resulted 
clearly and directly in sim~lar reductions in the amount of lead in the atmosphere and in residents' blood 

Measurements conducted in Lima by DIGESA indicate that ambient lead concentrations appear 
to have declined since 1989, even though the number of automob~les m circulation has increased 
sign~ficantly (e g , by 32% between 1993 and 1995) A portion of t h ~ s  apparent reduction in lead 
emissions is likely attributable to the Increasing fract~on of the vehicle fleet that is imported and runs 
on fuels other than leaded gasoline This effect is likely small, though, as the proportion of vehicles 
uslng unleaded gasoline, diesel fuel, and liquefied petroleum gas (LPG, used by about 800 vehicles) has 
grown to only 15 - 20 % of the total in Lima We speculate that a much more important factor In 
reducing total vehicle lead emissions could be a reduction in the average lead content of the leaded 
gasoline sold in Lima T h ~ s  is speculation only, however, as we have no information over t ~ m e  on the 
average lead content of leaded gasol~ne 

C Impact on Health 

We have obtained no studies from Lima spec~fically or from Peru more generally investigating 
the impact of ambient lead concentrations on the health of the overall population The l~mited scient~fic 
research available from Lima addresses occupational health problems in foundr~es or battery recharging 
operat~ons Thus, we base our assessments of likely health impacts in Lima on extrapolation of research 
results obtained in other countr~es 

Airborne lead affects human health in a two-step process 
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1 Some airborne lead is inhaled directly into the lungs Additional airborne lead may be 
deposited onto soils, food or water and then subsequently ingested A fraction of the 
lead that is ingested or inhaled IS actually absorbed into body tissues The fraction 
absorbed depends on the mode of exposure, the chemical species of lead, the degree of 
previous and recent exposure to lead, the age of the subject, nutr~tional status, diet, and 
numerous other factors Absorbed lead IS transported rapidly through the body in blood, 
and can then accumulate in many other body tissues An individual's total exposure to 
lead can be gauged by sampling any of several biological tissues, including blood, urine, 
semen, hair, teeth, or bone As a matter of convenience m obtaining samples, blood has 
been the tissue most frequently chosen for examination, and the level of lead in blood 
is the most commonly used measure of an individual's exposure to lead 

2 A large body of international research exists relating health impacts from lead to the 
level of lead in individuals' blood These relationships project the likely health risks 
from the total amount of lead (whether derivlng initially from air, water, food or other 
sources) in a person's blood Assessing health impacts specifically from airborne lead 
is complicated, since because it contributes only a portion of one's total exposure to 
lead, it will also contribute only a portion of the total risks expected as a function of the 
level of lead in the blood 

Medical and ep~demiological research has linked human exposure to lead to a wide range of 
serious adverse health effects involving mental development, blood chemistry, the kidneys, and the 
nervous, reproductive and cardiovascular systems Adverse effects have been documented among 
infants, children and adult men and women Researchers have linked these adverse health effects to 
ever-lower levels of lead In both developing and developed countnes, the levels of lead to which large 
fractions of the population are exposed are now believed to result in significant health problems There 
is essentially no margin of safety between the level of lead exposure for the general population in large 
cities of developing countnes, including Lima, and the level at which adverse human health effects are 
observed Adverse impacts from lead have been noted at levels as low as about 10 ugldl of blood lead 
Table XV-3 summarizes some of the research findings 
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Table XV-3 Health Effects a t  Var~ous Levels of Blood Lead 

Limited information available regarding the levels of blood lead in residents of Llma suggest that 
much of the populatlon is exposed at levels puttlng them at rlsk of these adverse health impacts We are 
aware of three studles m Llma evaluating the levels of blood lead 

Reference 0 
EHC 3 77 

EHC 3 77 

Mage 92 

Mage 92 

Flores and Marquez (1995) analyzed the blood of 30 persons living near a metal 
processing plant In east Lima The average blood lead concentrat~on found throughout 
the sample was 46 25 ugldl for adults (range from minimum to maximum of 21 42 to 
70 77 ugldl) and 49 5 ug/dl for chlldren (range from 30 28 to 68 7 ugldl) The main 
source of pollution m the study area is the metallurgical industry and the second largest 
source is the intense vehicular traffic 

• Jacoby, Cueto and Pollet conducted a limited exploratory study of 40 children in the San 
Juan de Lurigancho distrlct (east Lima health sub-region) revealing that with 
atmospheric lead concentratlons between 1 5 and 2 ug/m3, chlldren showed an average 
of 11 7 ugldl of blood lead (standard deviation of 3 7 ugldl) Thls study estimated that 
between 25% and 35% of children in Lima could have blood lead concentratlons hlgher 
than 10 ug/dl 

a A small study by UNEP in 1987 - 1988 as part of a world-wide investigation found that 
blood lead concentrat~ons in adults in Lima averaged 9 6 ugldl This was apparently 
lower than in other major cltles (see Table XV-4), but still left roughly half of the 
population wlth levels exceeding the 10 ugldl level of concern 

Scient~fic 
Bas~s 

Experrmental 

Transversal 

Transversal 
longitudinal 

Transversal 
longitudinal 

Cohort 

Cohort 

Blood Lead 
Levels 

10 - 50 ug/dl 

40 ugldl 

70 ugtdl 

80 ug/m3 

25 ug/m3 

fetus 8 - 14 ug/dl 

Group at 
Rlsk 

Adults 
elderly 

chlldren 

population 

---- 
population 

children 

fetus 

Effect on Health 

Hematological effects (hlgh blood pressure), 
leading to increased likelihood of cardlovascular 
illnesses (e g , heart attack, stroke) 

Subtle damage to nervous system 

Kidney problems 

Encephalitis 

Lowered IQ, motor coordrnation problems 

Reduced gestatron perrod, low birth welght and 
resulting Increased frequency of developmental 
problems and Infant mortality 
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Table XV-4 Average Adult Blood Lead Concentrations for Major Cities (1987-1988) 

Each of these studies has important shortcomings in providing a current picture of blood lead 
levels in Lima -- these studies are either small scale andlor not representative of the city's general 
population andfor sufficiently old so as to miss the impact of Lima's tremendous growth in the last 10 
years The three studies suggest that blood lead levels in Lima today are sufficiently high to cause major 
adverse health impacts, but a more definitive study would be very valuable 

71 
Lima 
Calro 
Mexico City 
Brussels 
Calcutta 
Jerusalem 
Ahmedabad 
Baltmore 
Zagreb 
Bangalore 

D R~sk  Characterlzat~on and Calculat~on 

PbB BII Adults @/dl blood) 

9 6 
29 7 
22 5 
15 0 
10 7 
8 2 
13 8 
7 5 
9 2 
17 9 

To estimate the health risks in Lima resulting from airborne lead, we apply a set of dose-response 
functions developed by Ostro (1994) drawn from his review of the literature Ostro's relationships have 
been applied in risk analyses for other cities, including Cairo, Jakarta and several c~ties in the U S 
Because of numerous uncertainties in the underlying health studies and likely differences between Lima 
and the sites where the studies were conducted, the figures resulting from applying these dose-response 
relationships to Lima should be viewed as rough, order-of-magnitude estimates only Ostro's dose- 
response relationships are as follows 

For each I ug/m3 zncrease zn atmospherzc lead concentratzon 

There wzll be 7 260 addztronal cases of hypertenszon (defined as dzastolzc bloodpressure 
exceedzng 90 mm Hg;) per 100 000 adult males, 

The zncreased blood pressure among adult males wzll result m 34 addztronal cases of 
coronary heart dzsease and 35 addztzonal cases ofpremature mortalztyper year per 100 000 
adult males, 

Each chzld exposed throughout chzldhood on average wzll lose 975 IQpoznts 

These health effects for which dose-response hnctions have been developed represent only those 
health impacts from lead for which quantitative relationships are known with some degree of confidence 
Lead is believed to cause many sorts of health effects in addition to these analyzed by Ostro (e g, 
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hypertension and coronary illnesses among women as well as men, developmental problems in fetuses 
and increased infant mortality) 

Ostro combines several Intermediate steps in developing these dose-response functions A first 
step is to develop a slope factor relating the change in blood lead concentration to changes in the 
concentration of lead in ambient alr Ostro estimates a blood lead to alr lead slope of 2 0 for adults (e g , 
for a 1 ug/m3 increase In the concentration of lead in alr, the concentration of lead in the blood of adults 
breathing that air wtll increase by 2 0 ugldl) and 3 9 for children A second step for adults is to estimate 
the relationship between changes in blood lead and blood pressure Third, for adults, Ostro develops 
a relationship between blood pressure and the likelihood of adverse health outcomes such as coronary 
heart disease and premature mortality For children, Ostro develops a statistical relationship dlrectly 
between blood lead levels and loss of mental capaclty (IQ) 

Because of the limited extent to whlch alrborne lead has been monitored in Llma, there is 
significant uncertainty about the concentrat~ons to which the bulk of the city's population IS typically 
exposed We have chosen to reflect this uncertainty by developing lower and upper estimates based on 
the most recent average lead concentrations observed at the two sltes where DIGESA has conducted 
longer-term monitoring These concentrations are 0 608 ug/m3 and 1 683 ug/m3 This concentration 
range was also chosen by WHO to describe typical lead concentrations in Lima in their study of lead in 
cities throughout the world 

To estimate the health risks from alrborne lead m Lima, we therefore apply Ostro's dose-response 
functions to the assumed mlnlmum and maximum typical concentrations of 0 608 ug/m3 and 1 683 
ug/m3 The risk calculations and results are shown In Table XV-5 

In sum, the resulting estimates of risks m Lima caused by airborne lead include 

44,000 - 122,000 additional cases of high blood pressure among adult males, 

212 - 588 premature deaths per year among adult males, 

206 - 571 cases of coronary disease per year among adult males, and 

0 59 - 1 64 IQ points lost on average for each child 
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Table XV-5 Health a s k s  from Airborne Lead in Metropolitan Lima 

* Analyhcal method developed by Ostro (1994) 
+ 2 scenarios correspond to the annual max and mm figures provided by DIGESA 

Dose-Response Functions* 

in Pb concentration 

7,260 cases of hypertension per 
100,000 adult males 

35 cases of premature deathtyr 
per 100,000 adult males 

34 cases of coronary diseaselyr 
per 100,000 adults 

Reduction of 0 975 IQ pomts 
for each child 

E Conclusions and Discuss~on 

Although these numencal risk estimates are qulte uncertam, it appears that airborne lead causes 
substantial damages to the health of Lima's population The effect of lead on the mental development 
of children is of particular concern The number of premature deaths attributable to airborne lead is of 
a similar order of magnitude as the numbers of premature deaths caused by particulate matter and by 
sulfur dioxide, making lead one of the several most important alr pollutants The number of premature 
deaths and the number of coronary illnesses should not be regarded as separate and distinct health 
impacts It is probably that most of the premature deaths attributable to lead are fiom coronary illnesses, 
while many of the coronary Illnesses result in premature deaths 

Exposed Population 

998,000 (males over 
age 35) 

998,000 

998,000 

2,099,000 (population 
under age 15) 

The estimates of IQ reductions in children attributable to lead are perhaps the most reliable of all 
these estimates, as they are based on a very large amount of research relating lead and retarded mental 
development The negative impact of lead on children's IQ in Lima may be even larger than these 
estimates if one takes into account the levels of malnutrition and anemia present m Lima 

Another important factor in describing the risks associated wth  airborne lead is spatial variation 
According to SENAMHI, the areas of highest lead concentrations are the north and northeast sections 
of Lima and Lima-Cercado In additlon to the adverse meteorologlcal conditions whlch tend to 
concentrate pollutants in these areas, these areas also have the highest population density, the greatest 
number of manufactur~ng plants, Intense vehicular traffic, and an inordinate lack of green space The 
greatest population of children is concentrated in the peripheral shanty towns of these areas North Lima 
alone accounts for 25% of the total school age population of Lima High lead concentrations may in part 
explain why the incidence of heart disease in north and east Lima is so high 

Estimated Risks+ 
' 

Assuming Pb at 
1 683 ug/m3 

121,941 cases 
hypertension 

588 premature 
deathslyr 

571 cases coronary 
diseaselyr 

1 64 IQ pomts lost 
for average child 

Assuming Pb at 
0 608 ug/m3 

44,052 cases 
hypertens~on 

2 12 premature 
deathslyr 

206 cases coronary 
diseaselyr 

0 59 IQ pomts lost 
for average child 
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Among the segments of the population at greatest risk fi-om lead are malnourished (anemic) 
children, individuals with parasitic illnesses, pregnant women, the elderly, and individuals with 
cardiovascular diseases 

Note that these risk estimates cover only the health effects from lead that can be quantified with 
reasonable confidence Lead is believed to affect additional segments of the population beyond those 
that have been analyzed here (e g , older women as well as men), and ~t also causes additional sorts of 
health effects beyond those analyzed here (e g , low birth we~ght and developmental problems for new- 
borns) In this sense, the total health risks posed by alrborne lead in Lima are l~kely to be greater than 
the estimates developed here 

An interesting question that is quite relevant in developing strategies for abating lead problems 
in L~ma involves the relative ~mportance of the different sources contributing to the population's total 
exposure to lead What fraction of blood lead, for example, derives from the air and what fractions 
derive from food, dnnlung water, soils, etc To answer this question fully we would need information 
wh~ch we do not have on the lead content of dnnking water at the tap, on lead in the various foodstuffs 
that make up a typical diet, and on lead in soils With our current data, we can answer this question only 
with regard to the contribution of airborne lead to total lead exposure 

Using Ostro's slope factors relating blood lead concentration to the concentration of lead In the 
air (2 0 for adults and 3 9 for children), we can make the following calculations 

For the members of Lima's population that are exposed to the typical airborne lead concentrations 
of 0 608 - 1 683 ug/m3, we can expect blood lead concentrations due to airborne lead of 1 2 - 3 4 
ugldl for adults, and 2 4 - 6 6 ugldl for children In comparison, average total blood lead levels, 
reflecting contributions from all sources, might be 9 6 ugldl for adults (UNEP, 1988) and perhaps 
1 1 7 ugldl for children (San Juan de Lungancho, from Jacoby, Cueto and Pollet) It appears that 
airborne lead might be responsible for only about 15 - 60 % of total blood lead Other sources of 
lead are clearly important also 

The Flores and Marquez (1995) data afford some perspective on the contribution of airborne lead 
in an industrial area in contrast to throughout the city as a whole Flores and Marquez found an 
average blood lead concentration of 46 25 ugldl in their study zone near a metal processing plant 
If we assume an airborne lead concentration of 2 44 uglm3 in this area (the highest monitored 
airborne lead concentration found in any industrial area in Llma), then only approximately 5 ugldl 
of the 46 25 ugldl total blood lead -- about I I % would be due to lead in the air 

These suggestions that airborne lead is responsible for only a minority of total lead exposure in 
Lima are consistent with typical findings elsewhere, where food or occasionally drinking water are the 
predominant sources of lead Note, though, that this conclusion about the relatlve importance of air 
compared w~th  other exposure pathways to lead refer to the pathways by which individuals are ultimately 
affected by lead, and not necessmly to the means by which lead initially enters the environment Food 
may be a more important exposure pathway, but, as discussed earlier and in the food contamination 
section, there are a variety of ways that lead may get into the food consumed by Lima residents, 

xv- 10 
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including air deposition, pollution of waters from which seafood is harvested, etc Further studies are 
needed to better understand the movement of lead among different environmental media in L ~ m a  Wlth 
the completion of such studies, one can assess whlch sources releasing lead to the environment must be 
addressed m order to reduce the population's exposure to lead 

xv- 1 1 



APPENDIX A 
OVERVIEW OF APPROACH TO RISK ANALYSIS 

In the papers on each environmental problem, we use a variety of different approaches for 
estimating the health effects that each problem causes among the population of Metropolitan Lima Thrs 
short paper describes the risk analysis procedures that we use In general, we use methods that have 
been developed by the U S Environmental Protection Agency @PA), both in terms of overall approach 
and in terms of the specific cause-effect relationships thought to exist for specific environmental 
pollutants 

Dose-Response Assessment 

Dose-response assessment involves estimating quantitatively the connection between the amount 
of exposure to a substance and the likelihood of the health effect of concern occurring Dose-response 
assessment may be performed separately for multiple different health effects that may be caused by a 
single substance One study may examine the potency with which a substance causes cancer, another 
study may examine the different degree to which it may cause toxic effects on the liver There are two 
general approaches to dose-response assessment depending on whether the health effects under 
investigation involve threshold relationships or not 

Threshold Effects 

One major approach to dose-response assessment examines threshold effects This approach 
applies primarily to systemic toxicants and non-carcinogenic health effects Dose-response assessment 
for substances exhibiting threshold responses involves calculating what has traditionally been known 
as an Acceptable Daily Intake (ADI) value The AD1 for a chemical is the daily dose below which 
significant risk of adverse effects is not expected More recently, the Agency has preferred to use a new 
term, the Reference Dose, or RfD, to avoid the connotation of acceptability 

Briefly, EPA's approach for calculating an RfD involves taking an appropriate lifetime-adjusted 
No Observed Effect Level (NOEL), No Observed Adverse Effect Level (NOAEL), Lowest Observed 
Effect Level (LOEL), or Lowest Observed Adverse Effect Level (LOAEL) -- derived from either 
laboratory animal andlor human epidemiology data -- and dividing it by the appropriate uncertainty 
(safety) factors Safety factors are intended to establish an RfD sufficiently far below an experimentally 
devised LOAEL that adverse effects are extremely unl~kely to be observed for a dose at the RfD level 
The more uncertainty there IS m translating the experimental condlt~ons under whlch the LOAEL was 
observed to condlt~ons of human exposure, the greater the safety factors w~l l  be Typlcal safety factors 
used include 

A factor to protect sensltlve individuals from an effect observed among average 
individuals 
A factor to provide for extrapolation from animals to humans 
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One or more factors to reflect uncertainty in the experimental setting, such as low 
sample sizes, short term studies, etc 

Non-Threshold Effects 

For non-threshold effects, an attempt is made to extrapolate response data fiom doses in the 
experimental range to response estimates in the dose ranges typical of most environmental exposures 
Typically, the dosage to which animals have been subjected in experiments are much higher than those 
to which humans are exposed in the environment The greatest number of such dose-response 
extrapolations have been performed in the field of carcinogen risk assessment In general, EPA 
considers the risk of cancer to be linearly related to dose At this time, the Agency does not consider 
any level of exposure to carcinogens as de mmimus, or safe The Agency also provides guidance on 
such issues as choice of extrapolation model, how to consider benign tumors, adjustment of dosage from 
an~mals to humans, etc 

The slope of the carcinogenic dose-response function in the low dose range is estimated for each 
chemical through use of a linearized multi-stage model Using this model, a cancer potency factor 
(symbolized as Q, *) is derived that can be used in quantitative rlsk assessment The product of Q, * and 
the dose of the chemical yields an estimate of the lifet~me cancer risk to an individual receiving that dose 
level for a lifetime Q,* is expressed in terms of risk-per-dose, and thus has units of (mg/kg/day)-1 The 
l~nearized multi-stage model gives a plausible upper-bound estimate to the slope of the dose-response 
curve in the low dose range In essence, this means that risk estimates using EPAYs Q,*s are not llkely 
to be lower than true risks EPA notes that a procedure does not yet exist for making the "most likely" 
or "bestY' estimates of risk within the range of uncertainty defined by the upper and lower limit estimates 

The final step in the rlsk assessment process is risk characterization This step essentially 
involves putting together in a useful way the information developed in the three previous steps For non- 
carcinogens, this step often involves comparing the dose estimates (from the exposure assessment step) 
to the Reference Dose (from the dose-response evaluation step) to estimate the relationship of dose to 
the threshold level If the level is not exceeded, we can generally presume there is little l~kelihood of 
health effects occurring We typically cannot, however, say what the statistical likelihood is that the effect 
will occur, only that the likelihood 1s higher as the Hazard Index (ratio between actual dose and RfD) 
increases beyond one For a few chemicals, an epidemiologically derived dose-response relationship 
may be available that allows quantification of a risk estimate 

For carcinogens, risk can be estimated by multiplying the actual human dose by the risk per unit 
dose projected from the dose-response modeling 

Risk = Dose x Q,* 

Risk may be calculated for both the maximally exposed individual as well as for the aggregate 
population as a whole 
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Variations in I s k  Assessment Approach 

For the contaminants of concern in this project, we attempt to identifl the potential adverse 
health effects that may be associated with chronic exposure to them We rely prmmarily on EPA's 
determinations to estimate the effects of each contaminant We treat carcinogenic and non-carcmnogenic 
compounds differently 

For known and suspected carcinogens, we rely on the EPA's estimates of potency (Q, *) The 
EPA uses a linearized multi-stage model wmth zero as the threshold The Q,* value, which is the 
plausible upper-bound on the low-dose portion of the curve, is used as the slope of the dose-response 
curve for carcinogens For non-carcmogens, we rely on EPA's Reference Dose (RfD) as the threshold 
value The RfD and Q," values have been scientifically peer-reviewed and are widely accepted, 
although other groups concerned with environmental health occasionally have reached different 
conclusions For some chemicals, EPA's health effects information is updated frequently and is 
summarized in the Integrated R ~ s k  Information System (IRIS) 

Consistent wmth EPA's final risk assessment guideline for Chemical Mixtures, we will assume 
additivmty of cancer estimates in cases where exposure occurs simultaneously to multiple contaminants 
Unless data are available, we do not consider synergistmc or antagonistic interactions between 
contaminants 

b s k  estimates are not additive across multiple contaminants for non-carcinogenic health effects, 
however An RfD applles for a single health effect for a single pollutant, theoretically, if exposure to 
two different chemicals resulted in the same health effect at the same rate of exposure, the effects could 
be additive However, for most of the chemicals examined here, the health effects upon whmch the R D s  
were calculated represent a range of effects to a number of different target organs Therefore, if 
exposure occurs to two different chemicals, each at one-half of their respective RfDs, we cannot add the 
exposure to say that total exposure equals the RfD Exposure to a single chemical across multmple 
exposure routes should be added, however 

In several instances in this project, we follow risk assessment procedures different from the 
general approaches we have outlmned for carcinogenic and non-carcinogenic substances These 
varmations mnclude 

For some non-carcinogenic health effects and some substances, epidemiologmcal studies 
have established a relationship between the incidence of an adverse health effect and the 
ambient concentration of the substance (An example IS the relationship between 
airborne particulate matter and various measures of morbidity) In such cases, we use 
the epmdemiological relationship and ambment data in preference to simply comparing the 
amblent data to the RfD 

For some pollutants, we have no data on dose-response relationships and/or no ambient 
data (e g microb~ologmcal contaminants) In these cases, we attempt to obtain data on 
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the actual incidence of the health effect of concern (e g , number of disease cases) and 
speculate about the fraction of such cases are attributable to environmental causes 

Note that the risk assessment methods for exposure to lead employ a methodology that 
dlffers from the approach used for other contaminants For a variety of reasons, lead 
exposure and health effects must be treated independently Three important factors 
account for this special treatment First, lead health effects are based on non-llnear 
dose-response information Secondly, because of the nature of the epidemiological data 
for lead, diseases are disaggregated into those affecting sub-populations of men, women, 
and children Finally, the dose-response information available is based not directly on 
an environmental exposure, but rather on a blood lead level Lead health effects are 
related to a concentration of lead in the bloodstream, expressed as mean blood level or 
PbB This is in contrast to other contaminants, whlch have health effects expressed in 
terms of concentrations in air or amount of contaminant ingested The health 
calculations in this report are based on the elevation In blood lead level that results from 
exposure to lead from various environmental sources 

D~ffering Degrees of Conservat~sm In Health Effects Information 

We use the EPA's dose-response information for pollutants In compiling this information EPA 
has generally attempted to avoid underestimating the health effects of a chemical For chemicals with 
more uncertainty about their health effects, EPA typically adopts a larger margin of safety For 
chemicals whose effects are well understood (e g , from extenslve ep~demiological studles of effects on 
humans), EPA is llkely to provide a relatively small margin of safety EPA's health effects database thus 
does not provide "best guesses" about the potency of each chemical Instead, it provides potency 
estimates that are llkely not lower than the true potencies Different degrees of conservatism are inherent 
in this database, with substantial implications for interpreting our risk calculations Nearly all of our risk 
calculat~ons for this project fall into one of the following four categories 

Cancer rlsk est~mates If we use estimates based on limited animal studies, our 
estimate of cancer incidence resulting from pollutants is likely to substantzally 
overestzmate the true number of resulting cancer cases For example, the number of 
cancers from tr~halomethanes in drinklng water is unlikely to be as high as the number 
we estimate using EPA's cancer potency factors, it is more likely to be perhaps 111 0 or 
111 00 of that amount The same is true, to a lesser extent, of cancer risk estimates for 
pollutants based on evidence from studies of humans 

Estimates of non-cancer effects based on ep~dem~ological stud~es of humans These 
provide best estimates and are not expected to be biased either high or low They are 
derived generally by estimating a relationship between the level of concentration and the 
incidence of a health effect in the human population exposed to the pollutant, with no 
conservatism intentionally bullt into the process The potency estimates for air 
pollutants and lead are of this sort 
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Est~mates of non-cancer effects based on reported health stat~stics Typically, 
reported health statistics should be adjusted by to account for possible under or over 
reporting They may be further adjusted by apportioning the estimated cases of a dlsease 
among environmental and other causes There IS substantial uncertainty in making such 
adjustments, but unless an adjustment is intentionally made in a conservative or non- 
conservative manner, these are best estzmates 

Estimates of the number of indiv~duals exposed to a pollutant at levels exceeding 
the RfD for the pollutant When exposure only modestly exceeds the RfD (perhaps 1 
to 10 times the RfD), the number of people exposed will greatZy exceed the number of 
people likely to suffer the health effect When exposure is much higher than the RfD, 
the number of people suffering the health effect will approach the number of people 
exposed 

In comparing projected health effects for different environmental problems, the numerical bias of each 
method must be kept in mind 
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