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»The urban poor are at the interface of underdevelopment and 

industrialization and their disease patterns reflect the problems of 

both« 

(Dr. Rossi Espagnet, 1984) 

To Janet, 

and the other children of Central-America 





SUMMARY 

Childhood lead poisoning is a preventable disease with mainh 

nonspecific symptoms and signs and associated with multiple sources 

of exposure. It has been aptly termed the silent epidemic. Severe 

forms of lead poisoning are rarely seen these da}s, but during the last 

decade the public health importance of the disease has been stressed 

when attention was focused on the harmful and irreversible effects of 

subclinical lead poisoning, particularly in preschool children. These 

children are the most vulnerable members of the population, as the) 

ingest and absorb more lead than adults and are more susceptible to 

the effects. 

Undue exposure to lead in the environment proved to be a 

problem that could affect all children, although those children living 

in inner-city slums or around industrial sources remain at highest risk. 

bvidence for the subclinical neurotoxicity of lead at blood lead 

concentrations of 100 - 150 μg/L has been provided by data from 

several epidemiological studies in mam countries. As a result expert 

opinion on the health significance of lead levels commonly found in 

the environment has also changed considerably. 

Recent reports of cases of lead encephalopathy in infants from 

developing countries suggest that environmental lead exposure could 

now be an even greater problem in less developed regions. The 

magnitude of the problem is largely unknown, because facilities for 

early detection are generallv not available. 

Massive urban growth during the last decades in the South has 

been accompanied by an increase in urban poverty. Most people in 
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Third World cities struggle to survive by means of participation in the 

'informal' or 'hidden' economy. Exposure to occupational hazards is 

of very little concern in this unregulated informal sector. In addition, 

traditionally hazardous industries are often set up in developing 

countries, who badly need foreign investments in order to pay off 

their external debt. Regulations in these countries are usually less 

strict or may not even be enforced. Both formal and informal 

industrial activities can lead to considerable exposure to hazardous 

metals and chemicals both for workers themselves and for the 

communities living close to these industries. 

The present study was conducted in Nicaragua during 1987-1988. By 

that time the country was in the midst of a severe crisis. The 

Sandmista Popular Revolution of 1979 had initiated a period of 

transition towards a new society, based on radical changes in 

socio-economic and political relations. The contra-revolution led to a 

triple war (economic, military, and information), the effects of which 

were aggravated by a worldwide economic recession. Massive urban 

migration took place between 1984 and 1987, when the population of 

the capital Managua more than doubled from 400,000 to 979,000. 

In Managua in 1987, there were two battery plants situated in 

low-income urban areas. In addition, there were also several small 

'informal' cottage factories for melting lead, and for the repair and 

charging of car-batteries. These activities expanded considerably after 

1984 as a reaction to the crisis and the increased demand for batteries 

due to the war. 

Despite the situation of war and severe economic crisis, the Ministry 

of Health (MINSA) initiated the present study, which was the first of 

its kind in Nicaragua. It comprised two cross-sectional surveys among 

children 3 months to 6 years old, living in a poor urban community at 

a distance of less than 750 meters from a battery factory and several 

small cottage factories. These children were probably exposed to lead 

since conception, which presumably represents a health risk. The 

purpose of the study was to assess the situation of lead exposure, to 

identify the health hazards for young children in the urban area, and 

to determine the public health need for further monitoring of the lead 

burden in this population. 
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In the first study, which was conducted within a community-based 

health programme in 1987 inmediatcly after one child in the urban 

exposed area had died of lead poisoning, a cross-sectional survey was 

carried out among 1000 children up to 6 years of age living m that 

area. The children were selected at random from a census file. Their 

parents or guardians were invited to participate in an interview about 

demographic, working and living conditions. All children had a short 

physical examination to look for nutritional status and signs of lead 

posioning. As the community participated in the planning and the 

conduction of the survey, the response rate was 100 %. This study 

should be considered explorative, as it was the first time that the 

erythrocyte zinc protoporphyrin (ZPP) level was used as a screening 

test in Nicaragua. Blood of 215 children with a ZPP value of 5.0 

^g/j? Hb or higher was analyzed for the blood lead level (PbB), which 

is the decisive diagnostic test for increased lead exposure and 

indirectly of health risk. The same analyses were also carried out in a 

control population from a non-polluted rural area. 

The second study was carried out in 1988. ZPP and PbB levels 

were measured in three selected groups of children, in order to test 

hypotheses about lead sources and risk factors responsible for the 

variation in blood lead In the urban area two groups of fifty children 

were selected at random. The first group lived at a distance of less 

than 250 meters from the battery factory ('urban most exposed'), the 

other group at a distance of 500-750 meters, an area where no 

cottage-factories were situated ('urban least exposed'). The third group 

consisted of 100 rural children. As in the first phase, parents or 

guardians of all children were interviewed about demographic, 

working and living conditions and all children had a short physical 

examination. The risk factors examined were: distance of child's home 

to industrial source, living conditions, age of the child, pica for soil, 

mouthing behaviour, flaking paint in the child's home, occupational 

lead-exposure of one of the household members, consumption of 

canned food, consumption of vegetables cultivated in the area and use 

of glazed pottery. 

The principal findings were that children living up to 250 meters from 

the battery factory and near the cottage factories had higher PbB and 

ZPP levels than those living in the rural control area 

In the first study the geometric mean of ZPP was 3.54 μg/g Hb 
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(Sn = 0 21) for the urban lead-exposed children and 2.2 μg/g Hb 

(Sr^=0.12) for the rural children. Considering a cut-off level of 2.2 μg 

Z P P /g Hb as the acceptable upper limit, 77 % of the children in the 

urban exposed area -compared to 46 % in the rural area- had cle\ated 

/ P P levels, which could have been caused by lead toxicity and/or 

iron deficiencv. Of the 1000 urban lead-exposed children 215 (22 %) 

had Z P P levels of 5.0 μg/g Hb or more, compared to 7 children (5 

%) in the rural area. Within the urban exposed area, children living at 

a distance > 500 meters from the battery faeton had the lowest ZPP 

values, unless thev lived in the \icinity of the cottage factories (p = 

0.001). 

As the РЫЗ levels of those 215 children with ZPP levels 5= 5.5 

μg/g Hb were determined, 50 (22 %) children presented PbB le\cls э= 

200 μ Κ / ί , 38 (18 %) s* 250 μ 8 / ί , 29 ( Π %) * 300 μ8/ΐ.. Three 

children had le\cls > 500 μg/L. It is notcworth\ that 165 (77 %) of 

the children with ZPP s- 5 0 μg/g Hb, had PbB levels < 200 μg/L. 

The blood-lead level of the children appeared to be strongly related 

to the level of contamination of their environment. The sources of 

contamination in this study were predominantly the batten faeton 

(p-OOOl), the cottage factories (p = 0.001) and flaking paint (рИ) 001). 

The association between PbB level and distance to the industrial 

sources persisted after correction for other risk factors. 

In the second study the geometric mean of Z P P was 3.02 μg/g Hb 

(SL=0 37) for the 'urban most exposed' children, 2.51 μg/g Hb 

(SK = 0 31) for the 'urban least exposed' children and 1.90 μg/g Hb 

(Sh-0.29) for the rural children. The blood lead levels (PbB) in the 

same children had a geometric mean of 114.8 μg/L (SH-3.7 μg/L), 

32.4 μg/L (SEÌ-3.5) and 17.8 μg/L (SE = 3.4). In the urban most 

exposed area nineteen of the fifty children had PbB levels < 100 

μg/L, thirteen children had PbB 's 5= 200 μg/L, seven children 3= 300 

μg/L· and one child Ss 500 μg/L·. All rural children and 49 out of 50 

children of the urban least exposed area were reported to have PbB 

levels < 100 μη/ΐ,. 

The habit of pica for soil (p= 0.005), mouthing behaviour (p= 0.01), 

flaking paint in/on the child's home (p < 0 05) and occupational lead 

exposure of one of the household members (p=0.0002) proved to be 

significant risk factors, co-responsible for the increased lead burden. 

N o significantly higher PbB le\els were found for children from 
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the lower socio economic class. However, in the urban area the 

proportion of 'poor' and 'ver\ poor' families was highest at short 

distance from the source. 

Л weak correlation was found to exist between log ZPP and log 

PBb levels (r = 0.36). The correlation among the urban most exposed 

population was 0 37. In the samples of the urban least exposed and 

rural population the correlation coefficients were e\en lower High 

Z P P levels were found in the majority of urban exposed children and 

in many children of the rural area studied In some cases high ZPP 

levels were lead-associated, but in other cases were unexplained and 

were perhaps consequence of iron dcficienc\. However, no data on 

irondcficienc) were available, the ferritin status could not be 

determined in Managua The ZPP levels suggest that about 50 % of 

the children examined had either iron deficiencv, lead toxicity or both 

As the correlation of ZPP with nutritional status in this studv was 

poor, the hypothesis that the ZPP level depended not onlv on lead 

exposure but also on nutritional status was not supported 

It is argued that selection bias, information bias, confounding factors, 

misclassification and sample size had little, if any, influence on the 

results of the studv. Therefore, it is concluded that the data on blood 

lead and Z P P represent a valid estimate of the real lead bodv burden 

and early biological consequences among children in the study area. Л 

connection with both the Willard batten faeton and the small cottage 

lead-related factories is clearl\ shown and cannot be explained by 

other risk factors for high PbB and Z P P levels 

The findings in this studv indicate a need for Pb surveillance in this 

study population as well as in populations living in similar conditions. 

In a population where the prevalence of children with high PbB 

levels (> 300 μg/L) is low and the prevalence of iron deficiencv high, 

the performance of the ZPP test did not prove to be as good as 

reported in populations with a low prevalence of iron deficiency to 

sen re as a primary screening test for lead exposure. Public health 

philosophy, however, favours primary prevention over modes of 

secondarv prevention; eradication of lead poisoning in these high risk 

areas, in addition to early detection, will require a comprehensive 

programme of environmental intervention and health education. 

Therefore, the most important outcome of this studv may have been 
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that it contributed to increase insights and raise awareness of the 

public in general and policy makers \uth regard to this severe 

environmental health issue. 

Urban health has recenti) emerged as a central global issue in public 

health. Enuronmental health conditions, including those resulting 

from small scale industries ought to be included in the situation 

analysis of urban health at the district level and brought up to the 

political agenda of governments and national and international 

organisations. 
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Chapter I INTRODUCTION 

Childhood lead poisoning is a preventable man-made disease 

associated with multiple sources of exposure. It has been aptly termed 

the silent epidemic (Landngan & Graef, 1987). 

VChen working in 1983 at the health centre 'Silvia Ferrufino' 

located in the low-income industrial zone of Managua, wc started 

mapping the industries and visiting the plants. In many instances wc 

were confronted with obsolete production processes, but especially in 

the battery plants. Still we focused on occupational health and were 

not aware of the health ha7ards of the industries for the surrounding 

communities. 

Massive urban growth of Managua took place during the years 

preceding the study due to the war conditions. New urban 

settlements, 'epidemiological time-bombs' without adequate water 

supply or sanitary provisions arose all over the capital. 

Underemployment and unemployment was high and poverty levels 

increased sharply; the informal sector of the economy became a way 

to survive for an increasing number of people. A network of illegal, 

informal lead related cottage factories expanded in the low-income 

areas of Managua. This important additional source of lead exposure 

made us reali7e the potential community health risks and led to the 

development of a study proposal in 1985. 

It should be emphasi7ed that this study was given priority by the 

Ministry of Health even in this situation of war and severe economic 

crisis. By 1987 the war had slowly strangled the country. The health 

care system, characterized originally by its strong preventive 
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orientation, had been forced to focus on curative health services, 

while prc\ enm e actions were impeded by directed 

counter-revolutionan attacks, moreover many health volunteers had 

been mobilized to the war regions The study was started in 1987 

within a community-based health programme - although there was a 

lack of human and material resources — immediately after a child in a 

lead-exposed area of Managua had died of lead poisoning. 

1.1 Recent development of lead exposure in Nicaragua 

In Nicaragua there arc three batten - plants (total about 120 workers), 

two of these situated in the center of the capital Managua. Moreo\er, 

in the same citv there are also several small illegal cottage factories, 

which s e n e the battcrv plants and the army. 

Explicit attention to occupational health started after the victory of 

the Sandinista Popular Revolution in 1979. In 1980 the 'first' cases of 

lead poisoning in workers in a batten - plant were detected (Barrera, 

1984), but taking into account the obsolete production processes in 

the local battery plants, occupational lead poisoning must already have 

existed before 1979. After the detection of several cases of lead 

poisoning a multidisciplinarv team of the Direction of Public Health 

of the Ministry of Health (MINSA, Ministerio de Salud) started a 

study. 

At first the regional commission 'Atención Integral al Trabajador' 

(Occupational Health) of the M1NSA and the Directorate of Hygiene 

and Security of the Ministry of Labour (M1TRAB, Ministerio de 

Trabajo) emphasized the prevention of occupational lead poisoning by 

improvement of the working conditions in the battery factories 

FANABASA and \X ILLARD, both situated in Managua. Paguaga and 

Barrera (1984) examined 27 workers in the most exposed departments 

of the state-owned FANABASA: 23 of these (85%) had lead in blood 

levels (PbB) higher than 600 μg/L; the average PbB was even 882 

μg/L, while the recommended standard was 400 μg/L (WHO, 1980). 

Moreover, the workers presented classical s\mptoms and signs of lead 

poisoning: osteomuscular pain, anorexia, nausea, abdominal colic, 

headache, lead lines in the gums (sign of Burton) and h\pcrtension. 

In 1984 the Regional (Commission of the M1NSA also started a 

stud\ in the pnvatelv owned WILLARD battery plant (total number 
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of 39 exposed workers), in a random sample of 15 workers 13 (8^%) 

had lead in blood levels exceeding 800 μg/L The excessne exposure 

to lead appeared to be due to malfunctioning thermostats in the 

lead smelting process and absence of personal protcctrve equipment 

(masks), while h\gienic measures such as having a shower after work, 

washing hands before eating and drinking and prohibition of smoking 

at work were not adhered to (\ШчЬ\, 1984) 

\rnold and He\er (1986) described the deficient working 

conditions in the V( ILLARD Batten plant, the\ also considered the 

risk of developing lead intoxication in this plant to be ver\ high, 

mamh because of the Lick of adequate ventilation for those proeesses 

w7hich emitted lead fumes and dust and the lack of personal hvgienic 

measures »there are onl\ two showers and toilets and ver\ few 

workers take a bath and the majontv do not even change clothes 

before going home« 

After having carried out inspections of the workplaces since 1982 

the MITRAB recommended in 1985 closure of the 1 ANABASA plant 

because 18 (90%) of the 20 most exposed workers had 'unacceptabl) 

high' lead in blood levels (levels not published) 

Because of the continuing control bv the MINSA and the MITRAB 

since 1982 the working conditions improved This was not the ease 

for the socalled 'talleres artcsanalcs de batería', cottage factories for 

melting lead, repair and recharging of batteries These small cottage 

factories were situated even in workcrs'homes and slums, distributed 

over the whole cit\ of Managua 

This network of cottage factories considerabh expanded from 1984 

onwards, because of the necessitv of economic survival and the 

ongoing war conditions It was estimated that the total number of 

cottage factories in Managua exceeded alreadv 200 in 1989 (Mende?, 

1989) It became an important additional source of lead exposure to 

the general public of Managua 

In 1985 the Regional Commission on Occupational Health of the 

MINS V carried out a studv of all 133 workers in 42 of these cottage 

workshops, 64 workers had high lead in blood levels (MINS \ 1985, 

levels not published) Moreover, in August-September 1985 the 

Commission detected 16 cases of lead poisoning among children, two 

of these -less than six vear old died of lead poisoning The 

Commission described the cottage factories as follows »The cottage 

factories are ven small places, with an earthen floor, where residuals 
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of lead are piled up and without am periodic cleaning. The melting 

process of lead is realised bv a totalh artesanal method, with poor 

ventilation and without any facilities for personal hygiene. Food and 

water for daily consumption are kept without any protection in the 

working-places, where the\ are also consumed by the workers. In 

some cottage factories the risks are even higher, because they are 

situated in the owner's house or near public food-selling places, 

exposing in an excessive way the members of the own family 

(children, women) and the neighbourhood« (MINSA, 1985). 

In 1985 the workers' union (CST, Central Sandinista de 

Trabajadores) called attention to the fact that 15 children aged 11-14 

^еаг, working in the recollection of old car-battcnes in rubbish-dumps 

in order to recycle useful parts, suffered lead-poisoning (La Prensa, 

1985). 

In 1986 Coz et al. described a case of lead encephalopathy in an 

18-)ear old man, who had been working since his twelfth (!) year in 

lead recycling and battery repair. He had already been admitted to a 

hospital in 1983 and in 1984 because of lead poisoning. In the cottage 

workshop the hygienic conditions were ver\ poor; two of the four 

workers (one of these an eleven year old bo\) had elevated PbB le\els 

and showed symptoms and signs of lead poisoning. 

The working conditions in a batten demolition \ard were described 

as follows: »Four persons (one young woman) broke open the 

batteries in the open air. A part of the battery plates were sorted out, 

the rest was shoveled into a wheelbarrow and dumped in a shed near 

a smelting furnace. This work led to a considerable dispersion of lead 

dust. Hands and other non-covered parts of the bod\ of the workers 

were clearly visible grey from lead dust. Means of protection were not 

used. According to the manager there was much exchange of the 

workers. This may explain the fact that the blood lead levels were not 

extremely high« (Zwcnnis, 1987). 

A four year old child died of lead poisoning in the district or 

'barrio' Domitila Lugo in May 1987. Two other children (7 months 

and 3 year old) of the same family also had to be admitted to a 

hospital because of suspected lead poisoning. They all In ed in a one 

room house, parti) built of old car-battcnes, where their father melted 

lead. 

In a report on a visit paid to this cottage factory, it was described 

as follows: »The work was carried out in a corner of a one-room 
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shelter of approximately 4 x 4 m2,constructed of planks and 

corrugated iron. In the same room there was sleeping accomodation. 

The surroundings were clearly polluted with the remainders of 

batteries. A sample of soil collected from the front yard of a house, 

situated at a distance of 300 meters from a battery plant contained 20 

times the acceptable concentration of lead. Л family had lived there 

until a child died of lead intoxication. Neighbours embraced this 

event to drive off the occupants« (Zwcnnis, 1987). 

In November 1987 34 samples of soil, air and drinking water were 

taken (Barten, 1988) in the area around the Willard factory: the 

barrios Dommla Lugo, Pedro Joaquin Chamorro and Riguero Norte 

as well as in a reference district (Barrio Jose Dolores F.strada), at the 

same distance from the main road 'Carretera Norte', also industrial 

but without any near lead source. Because the number of samples was 

small in view of the large polluted area around the battery factory and 

the sampling sites, these can not be considered representative for the 

whole area. Nevertheless the differences between the soil lead levels 

of the exposed- and control area were striking: the average of 11 

samples was 1055 mg/kg (range 10-7035) in the exposed-area and 

only 17.5 mg/kg (range 6-76) of 9 samples in the control area. 

These data suggest that in Managua not only among the workers, 

but also among the general public -probably particularly among young 

children- a considerable problem of increased lead exposure and risk 

of lead poisoning existed. This increased risk for young children was 

the most important stimulus for starting the present study. 

1.2 The study: justification and relevance for health 

Fîxccssive lead exposure as a result of industrial development under 

poor hygienic conditions constitutes an important health risk. 

Although mortality and morbidity because of lead poisoning has been 

reduced considerably, even in western developed countries excessive 

environmental exposure still may pose an important public health 

problem (Lin-Fu, 1985). In the last two decades this problem attained 

new dimensions by the detection of long term subclinical effects, 

particularly in young children up to six years of age (Bellinger et ai, 

1986 a-b). 

In developing countries the public health impact may become 
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much more serious than in the de\ eloped world due to a wide-based 

population pyramid (domination of young age). Severe cases of lead 

poisoning are still being reported- eg. Shaltout et al (1981) described 

50 cases of lead encephalopathy in infants from Kuwait. 

Although lead exposure itself does not necessarily lead to a high 

mortality rate, it may affect the morbidity rate more than in other 

countries. As discussed in 1 1. lead poisoning has been described in 

Nicaragua since 1980 among workers in battery factories and in 

cottage workshops. Epidemiological studies of young children in order 

to assess exposure to lead, symptoms and/or signs of biological 

response had not been carried out in Nicaragua prior to the present 

study. Because lead poisoning in children tends to lead to some extent 

to other symptoms and signs than in manifest lead poisoning in 

adults, the diagnosis can be easily missed when non-specific 

laboratory studies arc carried out 

During 1985 - 1987 three children younger than 6 years living in 

the vicinity of/or in cottage workshops died of lead poisoning. 

Taking into account the possible irreversible effects on the developing 

central nervous system in children with increased exposure to lead at 

PbB levels which are much lower than in those with manifest lead 

poisoning, even in not evidently excessive lead exposure, health risks 

alrcad\ may exist. 

In Managua 1320 children younger than 6 years lived in 1987 

within a radius of 750 meters around the Willard factory, moreover, 

within this area there were at least two lead-melting cottage 

workshops 

Intense media attention given to the three lethal cases of lead 

poisoning in children and the increasing awareness and concern 

among the population living in the vicinity of the battery factories and 

the cottage workshops, raised the level of priority, despite the 

situation of a longstanding war. 

By supporting this study of lead-toxicity in children in Managua, 

the MINSA responded to a local emergent problem and concern 

among the population. 

The overall purpose of the study was to assess cxplorativcly the 

actual threat to health of the children in the lead polluted districts of 

Managua. 

The present study also introduced a new technique in Nicaragua: 

the determination of zinc protoporphyrin (ZPP) levels in erythrocytes. 
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Z P P is considered a a sensitive, early and to a large extent specific 

indicator of biological response to lead, and indirect!) of exposure to 

lead. The Z P P measurement is easv-to-apply and permits the 

screening of large numbers of subjects with a relatively small input of 

manpower, laboratory equipment and budget in a short period of 

time. Such ZPP screening could lead to the detection of high 

risk-groups of children, who should receive primary attention (i.e. 

treatment) and of high-risk exposure conditions that call for urgent 

improvement. The evaluation of this ZPP-technique as a screening 

instrument in Nicaragua was a secondary aim of the study. 



Chapter II REVIEW OF LITERATURE 

2.1 The evolution of childhood lead poisoning 

The problem of childhood lead poisoning probabh first drew 

attention as congenital lead poisoning in the offspring of lead workers 

following industrialization. Congenital lead poisoning results from 

indirect in utero exposure. 

Lead poisoning among \oung children through direct exposure, 

independent of parental exposure and transmission, was first reported 

in Australia in the 1890's (Gibson et al, 1892). Children with lead 

palsy were admitted at the Brisbane Children's Hospital. Initialh the 

source of lead was unclear, but Gibson's colleague Turner drew the 

conclusion in 189"7 that lead poisoning was a 'toxicity of habitation', 

an important concept that still continues to be valid for mam 

children today (Turner, 1897). The source of lead was discovered to 

be paint used on walls in the homes of the children and the 

importance of house-dust as a source of lead, the role of 

hand-to-mouth activities in the absorption of lead by children, and 

most important the preventable nature of the illness, were recogni/ed 

(Gibson, 1904). 

In 1924 Ruddock made the observation that 'pica', the habitual 

ingestion of non-food items, was an important factor in the uptake of 

this toxic element by the children (Ruddock, 1924). In 1931, a mass 

outbreak of lead poisoning primanh involving children drew attention 

to another source of lead poisoning in several large cities of the 

United States: the burning of discarded battery casings for fuel in the 
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home b\ poor families, again focused attention on the problem of 

lead poisoning in children and its predilection for the poor (Williams 

et a!, 1933). 

During the 1950's it became increasingly clear that lead paint in 

old, dilapidated housing was a common source among children. 

Children at risk were generalh between the ages of 1 and 6 \ears with 

those between 1 and 3 vears at greatest risk (Lin Fu, 1967) 

Although mortahu associated with childhood lead poisoning was 

high, the public health importance of the problem was not recognized 

until the 1960's A follow up stud\ of 425 survmng lead-poisoned 

children found that 39 % had neurologic sequelae This study 

suggested that the number of children with lead related mental 

impairment was greater than appreciated before and that the PbB -

level at which toxicity occurred was lower than had been recognized 

(Perlstein & Attala, 1966) 

However, the real magnitude of the problem of childhood lead 

poisoning appeared in the 19704 through mass screening programs in 

the U S The data revealed the fact that the problem could no longer 

be confined to children in the so-called 'lead belts' or inncr-cit\ 

slums I 'ndue exposure to lead in the emironment was in fact a 

nationwide problem that affected middle class and rural children as 

well, although those in the 'lead belts' were at highest risk 

Lead sources and modes of intake of lead among \ oung children had 

to be reexamined It was discovered that for children in a polluted 

environment even normal hand to-mouth activities can lead to a toxic 

bodv burden of lead (Sayre et a/, 1974) 

During the past 20 to 25 \ears understanding of the range of 

health effects produced b\ lead has expanded greath (see 2 4) As a 

result, the assessment of the health significance of lead levels 

commonly found in the environment also considerably changed (sec 2 5) 

2.2 Sources of lead 

Childhood exposure to lead occurs through inhaled air, ingested food, 

water, leaded paint, dust and soil Of all the sources of lead for 

children, paint remains the single most concentrated common source 

of lead exposure in children (CDC, 1978; Necdlcman, 1991) In 
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addition to lead paint and plaster, airborne lead (particularK lead 

settled in dust and dirt in mam urban areas) has also been recognized 

as an important ha7ardous source of exposure (Lepow, 1974; Sayre, 

1974). 

Household dust, dirt and garden soil around hcavilv traveled 

roadways, lead smelters and other lead industries may ha\e a \er\ 

high lead content (KAS, 1972). bor infants and small children Ining 

around industrial sources significant bod\ burdens can be acquired 

from ingested soil (Landngan el al, 1975-a, Yankcl el al, 1977; 

Popovac et al, 1982, Zielhuis et al, 1979). Also food and food 

supplements contribute a substantial amount of lead to the daiK 

intake, much of which is added to the food during processing. VÍ atcr 

may be a source in areas where the mineral content is low, the water 

acidic and old leaded pipes still in place. 

Other hazardous lead sources among children include lead dust 

brought home bv industrial workers on their clothes, shoes, hair and 

skin (Dolcourt, 1978; Baker el al, 1977-b), lead-gla/ed earthenware 

(Hughes el al, 1976), canned food (Schaffner, 1981) or vegetables 

grown in the \icinity of lead smelters (Valciukas, 1981; Nnagu, 1985), 

lead in cosmetics and traditional medicine (Shaltout el al, 1981), printed 

matter (Bogdcn et al, 1975) and some to\s (Greensher et al, 1974) 

Lead-related cottage factories characterize at this moment the 

informal economy of the South and have caused serious lead exposure 

of entire families, but particularly of young children. Potterv making, 

jewelrv enameling, cutting of steel, reevchng of exhausted automobile 

batteries and other small uncontrolled lead scrap melting operations 

are prime examples of these sources in home industries (Molina et al, 

1983; Ramakrishna, 1982, Dolcourt el al, 1981, Lin Fu, 1980, Matte et 

al, 1989; W H O , 1992-1; WHO, 1992-2). 

'I he relative contribution of each source to the net body burden 

will vary with a child's age, habits and circunstances It is this net 

body burden, that is related to the risk of ad\ersc health effects. 

2.3 Lead absorption and susceptibility in children versus 
adults 

The present studv refers to children up to six years old; however, 

these children may also have had an increased exposure in utero. Τη 
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the infant, as opposed to the older child or adult, prenatal 

accumulation ma\ account for a major portion of the body burden of 

lead. Lead passes urtually unimpeded through the placental membrane 

from mother to fetus. The lead burden of the fetus is determined by 

the lead burden of the mother and b\ factors that result in 

mobilization of stored lead, which increases its bio-availability. 

The fetus is maximally susceptible to neurologic damage from week 

3 to week 6, but remains vulnerable throughout pregnanc\ (Mitchell, 

1987). The neurological impairment produced in the fetus may be 

irrc\ersible (2.4.2). 

In Managua, particularly with respect to the lead-related cottage 

industries, where often occupational as well as environmental 

exposure exists to the famil), young children run a much higher risk 

of exposure to lead than adults, even under similar exposure 

conditions, because of the following factors: 

• In adults the most important route of entry is b\ inhalation; the 

percentage of lead deposited in the respirator) tract, absorbed in 

the lungs and distributed to the blood is 30-37 % of the respiratory 

intake. Children inhale more air relative to body si/e than do 

adults; for example 2 year old children inhale 40 % as much as an 

adult although they weigh only 17 % as much (Barltrop, 1973). 

Because of their higher requirements secondary to the child's 

higher metabolic rate, greater physical activity and growth, young 

children under comparable exposure conditions inhale two to three 

times as much of a pollutant per unit of body weight as do adults 

(National Research Council, 1972). 

• The intake of lead by consumption of food or water per kg body 

weight/day is higher in children than in adults. 

• In \ery young children the intestinal percentual absorption of lead 

ma\ be even 50 % (Alexander et al, 1972), i.e. higher than in adults 

(usually less than 10 %) . In addition to lead in food and water, 

leadfallout from atmospheric lead contributes to other important 

sources of lead for children, particularly soil and dust. The 

estimated percentual absorption rate from these sources is 30% 

(Lepow et al, 1974). 

• On the other hand, the very young children, the toddlers, are 

so-called 'soil-bound': the intake is primarily by the intestinal tract 
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eg. eating soil and through frequent hand-mouth contact. Pica 

occurs among many young children and is an age-associated 

behaviour. When materials such as paint or urban street dust are 

ingested, extremely high lead intakes may result (Annest & 

Mahaffey, 1984). In the Netherlands, the daily intake of soildust by 

1 to 5 year old children, who were camping, varied from 30 to 200 

mg/day. Dry weather increased the daily intake (Van Wijnen, 

1990). It is to be expected that in Managua the daily intake of 

(contaminated) soildust will have been considerably higher. 

In a survey of British children aged 12-72 months 78 % had 

mouthed objects and 35 % had ingested these. The prevalence 

decreased with age until -at 4-5 years- 33 % of the children 

mouthed objects while only 6 % were reported to practice pica 

(Barltrop, 1966). It has been reported that predisposition to pica is 

brought about by malnutrition (Snowdon, 1977). Some researchers 

think that pica may be associated with iron deficiency (Crosby, 

1976; Dr. A Tomkins, personal communication, 1990); in Nicaragua 

mothers even go to the health centre to ask for iron, »because their 

child is eating soil« (personal experience). 

• Although in young children the urinary excretion may be relatively 

higher than in adults (Ziegler et al, 1978), lead is relatively much 

less deposited in the bone compacta and much more in the 

developing bone structures, the trabcculae. Therefore, the biological 

availability is relatively greater. 

• The perccntual intestinal absorption of lead is inversely related to 

the intake of calcium and phosphorus; the same is true for iron 

and zinc (Waldron & Stofen, 1974). Between the first and second 

year of life children are particularly susceptible to malnutrition 

(DcMayer, 1976) and to iron-deficiency (Dallmann et al, 1980). At 

this age the so-called physiological iron-lack of the young child 

appears (Betke, 1970). Many authors (Watson et al, 1958; Chisolm et 

al, 1974; Mahaffey, 1974; \ΧΉΟ, 1977) supported the hypothesis 

that iron deficiency may potentiate the metabolic response to lead, 

and enhance its toxicity, particularly in young children. 

• The susceptibility of particularly the nervous system and the haem 

synthesis to lead is highest in the fetus and the newborn, and 

gradually decreases with increasing age until adulthood; however, 

adult women are more susceptible than adult men with respect to 

the haem synthesis: in women and children the increase in 
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protoprophyrin starts at lower blood lead concentrations than in 

men and the rate of increase thereafter is more rapid (Stuik, 1974; 

Rods et al, 1976; Wibowo et αϊ, 1977). 

The effects of relatively typical environmental lead exposures on 

children's behaviour and intellectual development become particularly 

manifest among the lower social and economic status groups. These 

have a higher prevalence of risk factors, e.g. nutritional deficiency and 

living in the so-called 'lead-belts' of the city (Lin-Fu, 1973; Roberts et 

al, 1985). 

2.4 Adverse heal th effects 

2.4.1 'Subclinical' and clinical effects 

Lead toxicity is seldom acute in the sense in which the term is used 

for other clinical disorders. The adverse effects of lead reflect the 

progressive accumulation of excessive amounts of lead in the body. 

Toxic effects of excess absorption and retention of lead have been 

described on the biosynthesis of haem (resulting in microcytic anemia 

and increased zinc protoporphyrin levels), the central nervous system 

and the kidney. 

The anemia of lead poisoning is seldom severe and of a normocytic 

type in adults. In children, however, when lead poisoning is associated 

with iron deficiency a more severe microcytic hypochromic anemia 

may occur. Studies of the relationship between blood lead and 

hemoglobin have shown that the curves differ between adults and 

children with an apparent threshold of a PbB of 600-700 μg/L in 

adults, and a much lower threshold of around 250-300 μg/L in 

children (Whitehead, 1980). 

'Low level lead exposure' refers to long term exposure to doses 

that might be quite tolerable for a shorter term. The National 

Research Council USA (1980) reported that the upper range of typical 

'normal' levels of lead exposure (from air, water and food) seem to 

produce subtle, though adverse effects on children's health. The 

margin of safety between typical 'normal' levels of lead exposure and 

those producing clinical toxicity in children might be unacceptably low. 

Piomelli et al (1982) e.g. drew attention to the fact that the haem 

biosynthetic pathway is affected by Pb at a level of exposure of 150 -
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PbBJjLg/L) 

> 1000 

900 

ι 

Young children (<6\r) 

I 

800 

700 

600 

500 

400 

Ш 

200 

100 

l < 100 

(cord blood) 

death, encephalopathy 

Adults 

encephalopathv, possibh 

death 

infcrtilm (men) 

anaemia 

- i 

. possibly enccphalopath\ 

1 decreased mental 

performance, I Q. 

decreased l ib 

- anaemia, effect on Vit D 

, metabolism 

increase ZPP / PEP 

impaired spermatogenesis 

decreased conduction 

j \elociU peripheral nerves 

increased T h P / Z P P (men) 

increased ΓΡ'Ρ/ΖΙ ,P (women) 

J decreased Mental _ 

— Development Index* — 

— I decreased ALA D ' — 

— | growth, IQ?* 

increased blood pressure'1* 

'(threshold not identified) 

Τigine 2 1 Noclb-(No Pffcct lc\cls) according to age, sex and effect Critical 

limits 

180 μg/L, commonly observed in urban children, which is well below 

the limit presently accepted as normal (see also 2.5.2). Schwarz et al 

(1986) reported for children up to age 7 an inverse correlation 

between the PbB level (range 40-350 μg/L) and weight, 

chestcircunference and height. 

The ΗΡΑ (1986) considered these findings 'highly credible'. N o 

definite threshold level (LOEL < 100 μ ^ ) was found (ATSDR & 

F PA, 1990). 

Critical limits according to age, sex and effect are shown in Figure 

2.1. It illustrates the difference in susceptibility between adults and 

children and the greater susceptibility of children compared with 

adults to the effects of lead. 
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The clinical effects such as anemia, changes in the function of the 

central nervous system, abdominal colics, fatigue and irritability are 

not specific for lead. Their relation with increased lead absorption will 

have to be proven by an increased PbB level and an increased 

concentration of ZPP (see 2.5). 

In children exposed to inorganic lead the central nervous system is 

considered a major critical organ, whereas this may not be so for 

adults. Among adults the neurological effects of lead are principally 

on the peripheral nervous system. PbB levels above 1200 μg/I. in 

adults and of 800 - 1000 μg/L in children have been associated with 

acute toxicity of the central nervous system (encephalopathy). 

However, most reported lead effects on the central nervous system 

arc related to delay in mental development, which is an age-associated 

process. 

2.4.2 Lead exposure related impaired mental development in young 

children 

Data from epidemiological studies in many countries, and from 

experimental studies of animals given lead, demonstrate psychological 

impairment at blood lead concentrations of 100 - 150 μg/L. 

As the symptoms of milder lead intoxication are not dramatic and 

not specific, and therefore difficult to identify, many efforts to 

determine whether these lower levels of lead are associated with 

undetected neuropsychologic impairment have been made (Landrigan, 

1975-b; Needleman, 1979). 

The study of Needleman et al is generally considered the best 

designed retrospective clinical study prior to 1980. The findings were 

highly provocative. The lead exposure was indirectly based upon the 

lead content of shed deciduous teeth. A comparison was made 

between the performance of 58 children with high and 100 with low 

dentine lead levels. The average intelligence quotient, as measured by 

the Wexler Intelligence Scale for Children, was four points lower in 

the high dentine lead group. This deficit remained evident when 

results where adjusted for parental education and socioeconomic 

status. Although a mean I.Q. deficit of 2 to 5 points may appear 

insignificant, Needleman et al (1982) demonstrated that a downward 

shift of this magnitude is associated with a threefold increase in the 
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number of children with TQ scores below 80 and a threefold 

reduction in the number with IQ scores abo\e 12S 

This finding highlights the significance - from a public health 

perspective of such a scemingh small decrease in a\erage I Q Λ 

recent reanahsis of these data b\ the LS bn\ironmental Protection 

Agenc\ has corraborated these findings (Nieedlcman, 1985) 

Supporrne eudencc for the subclinical neurotoxicit\ of lead was also 

pro\idcd bv Smith et al (1983) 

The tragcd\ of subclinical lead poisoning is that its neurologic 

consequences ma\ be permanent and irre\ersiblc Vigorous chelation 

therap\ ma\ reduce morbidm and mortalitt, but no therap\ can 

replace dead neurons (Piomclli et al, 1984) 

Several follow-up studies ha\e reported that exposure to lead in 

childhood is associated with persistent deficits in central n e n o u s 

s\stem functioning (Benetou et al, 1988, Mushak et al, 1989) 

Needlcman reexamined in 1988 132 of 270 \oung adults who had 

initialK been studied as priman school children in 197S through 1978, 

in order to assess if the effects of low le\el lead exposure would 

persist and concluded that exposure to lead in childhood is associated 

with deficits in central nervous s\stcm functioning that persist into 

\oung adulthood (Needleman tt al, 1990 a) 

Since the publication of the Needlcman studv in 19"79 there has been 

an increasing controversv regarding the neurotoxicitv of lead in 

children who have PbB levels below those associated with obvious 

svmptoms An increasing number of studies have revealed that a PbB 

level < 300 μg/L, previouslv considered to be 'safe' can be related to 

impaired performance of children on intelligence tests, to 

hvperactivit\ and other behavioural disorders (Needlcman 1983) 

However, other studies report to the contran (brnhart et al, 1986, 

Marecck et al, 1983) There is also conflicting evidence of dosc-effect 

relationships, particularlv at lower levels of exposure, resulting in PbB 

levels of less than 350 μg/L 

VirtualK all the studies in children, however, contain some defects In 

his anahsis of research prior to 1980 Rutter (1980) drew attention to 

deficiencies in research design and differences in mcthodologv 

between studies presenting conflicting results Deficiencies are 
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inadequate assessment of dose, inadequate identification and control 

of other confounding variables that affect exposure and mental 

development (e.g. genetic, perinatal, nutritional, socioeconomic 

variables), bias in the selection of subjects and problems in the 

assessment of intelligence and behaviour. 

Rutter concluded in 1980 (!) that »although research findings are 

somewhat contradictory«, the evidence suggested that persistently 

raised blood lead levels in the range of 400-600 μg/L may cause 

slight cognitive impairment and with less certainty may increase the 

risk of behavioural difficulties. More, definite evidence was needed to 

decide upon the psychological risks of PbB levels below 400 μg/L. A 

recent quantitative, integrated review or meta-analysis of 24 

non-prospective studies of childhood exposure to lead in relation to 

IQ published after 1972, was recently performed by Necdleman and 

Gatsonis (1990-b). A negative correlation between PbB levels and IQ 

was found in 11 of the 12 included studies (12 studies were excluded 

on the basis of several criteria). N o definite threshold level was 

observed. The Agency for Toxic Substances and Disease Registry 

(ATSDR) U.S. Public Health Service concluded in a separate review 

of the same studies that the IQ in children is impaired at PbB levels 

of 250 μg/L and even lower (1988). 

2.4.3 Prenatal lead exposure 

A most difficult problem in regard to the reproductive toxicity of lead 

is raised by the recently reported finding that lead causes neurological 

damage to the fetus at cord-blood lead concentrations as low as 

150-200 μg/L· - levels substantially below current workplace exposure 

standards. 

This finding has been noted separately in several longitudinal 

epidemiological studies conducted in Boston and Cincinatti (US) and 

Port Pirie (South Australia). These are the first studies to examine 

the relationship between low-level prenatal lead exposure and various 

developmental outcomes in a prospective manner. Fetal exposure 

levels, as reflected in umbilical cord-blood at delivery, typically 

average around 100 μg/L or less in these studies (Davis & 

Svcndsgaard, 1987). 

The first prospective study to report effects of prenatal lead 

exposure on later postnatal development was conducted in Boston by 

Bellinger et al. (1984). In order to avoid the normal array of 
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confounding factors, a longitudinal anahsis of prenatal and postnatal 

exposure and earl\ cognitnc development was performed in 249 

children In general, the children were the hcalfh\ outcomes of 

unremarkable pregnancies, with few of the characteristics of infants at 

increased risk of developmental handicap, and born to middle- and 

upper-middle class parents. On the basis of lead levels in umbilical 

cord blood, the children were divided into three groups· 85 with low 

PbB (mean = 1 8 μg/Ь), 88 with medium PbB (mean - 65 μg/L) and 

76 with high PbB (mean = 146 μg/Ь) levels, no infant had a level 

higher than 300 μg/L Development was assessed scmiannualh, 

beginning at the age of 6 months, apphing the Ba\lc\ Scales test of 

Infant Development, which \icldcd two scores, the mental 

development index (MDI) and the ps\chomotor development index 

(PDI) (Bellinger eta/, 1985, 1986, 1987) Multivariate rcgiession 

analvses were used to evaluate the association between infant's lead 

levels and their development scores after adjustment for potential 

confounders At all ages, (6,12,18 and 24 months) infants in the 

high-prenatal-exposure group scored lower than infants in the other 

two groups Scores were not related to infant's postnatal blood lead 

levels This indicates that impaired development alreadv started at the 

embnonal/fetal stadium 

As these findings arc consistent throughout development and 

because cord PbB levels were relativeh low (mean 66 μg/Ь, SD — 

52), the\ arc particularh important It should be emphasized that the 

population studied belonged to middle to upper class (i e relativeh 

high) categon, which mav have underestimated the risk for the lower 

class caregor) 

Dietrich f/<7/(1986, 1988) earned out a prospective studv among 185 

children of the lower class categon in Cincinnati Pb levels were 

determined in prenatal and 10 da\ neonatal blood as indices of 

prenatal exposure, and in maximum first-\ear blood and cumulative 

12-month blood lead as indices of postnatal exposure Behavioural 

development was assessed with the MDI, the PDI and at 12 months 

also with the Infant Behaviour Record (IBR) of the Ba\le\ Scales of 

Infant Development (Bavlev, 1969) Several potential confounders and 

covanates were selected a prion for consideration, including race, 

SLS, home environment, maternal consumption of tobacco and 

alcohol, total iron-binding capacitv and obstetrical postnatal 
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complications \ n anahtical sirattg\ inxohing regression techniques 

and structural equation modelling indicated that prenatal lead 

exposure had both direct and indirect etfects on the Ba\lc\ MDI and 

PDI scores Farh postnatal PbB lc\els were not found to be imcrseh 

associated u-ith 12-month infant mental, motor or bchauoural 

development Higher prenatal PbB lc\els were associated with lower 

birth weight, e\en after adjustment for tobacco and alcohol use Male 

infants appeared to be more scnsitne than female infants 

As in the btud\ b\ Bellinger i/ a/ (1986), ad\ersc effects were 

obsened at relatnch low lc\els of exposure (mean PbB = 83 μg/L, 

SD = 38), prenatal rather than postnatal exposure had the 

predominant influence on the Ba\le\ MDI performance at both 6 and 

12 months A drawback of this btud\ ma\ be the selection of the 

sample, wrhieh consisted of disad\antaged urban children The MDI 

deficit was considerabh greater in the infants of low class categor) 

than in the offspring of the higher social catcgon 

The findings of a direct relationship between fetal lead exposure and 

IBR actnitv le\el and social emotional tone factors ma\ ha\e 

important implications for later intellectual status, as infant behaviour 

ma\ affect the le\cl and qualm of care and stimulation recen ed from 

the priman care gners (Sameroff & Chandler 1975) 

From these findings it mav be concluded that infant's \ ulnerabihtv 

to lead's developmental toxicin appears to be greatest during the fetal 

period, that the effects of prenatal lead exposure are detectable up to 

at least one \ear after birth As parameter estimates from regression 

anahses onh reflect 'a\crage' effects, it ma\ be difficult to e\aluate 

the long-term health significance per individual child IIowe\er, the 

results of the earh neurobehavioural efteets of foetal lead exposure 

should be taken into account b\ public health officials when setting 

standards for human exposure 

Another prospecm e stud\ is currcnth under wa\ in the lead smelter 

town Port Pine and several surrounding rural communities in South 

Australia Prchminan results ot the follow-up of 529 children from 

14 20 weeks until aged 3 \ears, ha\e been described b\ Vimpani e/ al 

(1989) In addition to maternal and cord PbB indicators of prenatal 

exposure, postnatal PbB lc\els were determined at the age of 6, 15 

and 24 months and annualh thereafter After adjustment for sev eral 
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biological and sociodemographic variables was undertaken in multiple 

regression anahsis, Pb exposure appeared significanti) related to 

reduced Bavlcy MDT scores. Unlike the preceding studies, postnatal 

rather than prenatal PbB levels were more clearly responsible for the 

effect on MDI scores in Port Pine children. Davis and Svendsgaard 

(1987) consider that earlier testing on the Ba\ley Scales - the strongest 

independent association was between 6-month PbB and Ba\ley MDI -

would possibly have revealed a stronger effect of prenatal lead 

exposure than could be detected later. 

The studies discussed above are consistent in idcntifwng a link 

between lead exposure during early development, particularly fetal 

development, and deficits in later neurobchavioural performance 

(Da\is & Svendsgaard, 1987). Л11 studies indicate that ultimately basic 

academic skills will be sevcreh and irreversibly impaired. These skills 

include attention span, concentration, abstract thinking, reading and 

math skills 

Children in Managua living in the vicinity of a batten-factory or one 

of the 200 'talleres artesanales de batería' may thus suffer long term 

effects of that lead exposure. Asymptomatic children with elevated 

lead burdens, corresponding to PbB levels of 250 to 450 μg/L, may 

suffer an irreversible loss of on average 4.5 verbal IQ points Л 

downward shift of this magnitude in the population of lead-exposed 

children in Managua, is associated with a threefold increase in the 

number of children with IQ scores below 80 (rate of severe deficit) 

and a threefold reduction in the number with IQ scores above 125 

(superior function). 

Using a low energy x-ray generator, which is a non-invasive, 

quantitative and safe technique to measure the body burden of lead 

by low-x-ray fluorescence, Rosen et al (1989), recently reported that 76 

% of lead-toxic children (6 years of age or less) with only mildly 

elevated PbB levels (mean PbB = 350 μg/L) had already achieved 

bone lead values or body burdens of lead charactensticallv measured 

in non-exposed adults and adults working in lead industries. During a 

later pregnancy of lead-toxic individuals, bone lead stores could 

impact unfavourably on the neurological maturation of the fetus and 

infant via physiological demmcrahzation of maternal bone beginning 
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at 12 weeks of pregnancy or later during lactation (Rosen et αϊ, 1991) 

Lead toxicity in female children could now be considered an 

intergenerational disease, because once such children progress to 

become women of child-bearing age, elevated maternal lead stores in 

their skeleton may have detrimental effects on the developing fetus 

and infant Lead exposure could therefore even have effects on future 

generations. 

Studies of prenatal exposure to lead so far have not been of the 

standard of work on children, nor have the implications of these 

findings for the health of female workers in the lead industry }et been 

satisfactorily resohed. However, it has been shown in the last 

paragraph, that exposure to lead even at blood lead levels as low as 

100-150 μg/L and possibly lower, are linked with adverse 

developmental outcomes in human fetus and children. These effects 

include impaired neurobehavioural development, reduced gestational 

age, lowered birth weight, and other possible effects on early 

development and growth. These findings also indicate that limits 

should be set for the fetus and the infant rather than for the older 

child. 

2.5 Significance of PbB and ZPP as indicators of exposure 
and health risks 

The PbB level is considered world-wide as the most significant 

indicator of the amount of 'biologically active' lead in the organism 

and indirectly of average external lead exposure during the last 2 to Ъ 

months. The relevance to health depends on several factors such as 

conditions of exposure (constant/intermittent; duration), individual 

PbB levels, age, sex, and on the distribution of the PbB levels within 

groups. 

The adult public generally is exposed to relatively stable ambient 

lead concentrations measured over a period of weeks or months. The 

PbB level as such cannot be regarded as a biological response, but as 

an indicator of internal exposure which may induce a biological 

response (Zielhuis, 1975). The PbB level is an indicator of risk and 

not of the state of individual health. Therefore, in order to assess the 

state of health, medical examination, clinico-chemical and 

21 



T'.nvironmtntal ìj:ad hxposiire of Сhiltìren in Managua, \ісагацііа. . 1я I rban Health Problem 

hematological analysis of the biological responses will have to be 

carried out. 

When the group average PbB increases, then the percentage of 

children with a lead induced effect, and also the severity of such 

effects increases. The PbB thresholds differ according to age, sex and 

type of effect (Figure 2.1). Particularly with respect to the effect on 

mental development, a lowest threshold could not be identified. 

2.5.1 Critical limits for the level of lead in blood 

Several institutes have recommended critical PbB limits for the 

general population. Zielhuis (1974) recommended the following set of 

limits as a Biological Quality Guide for the distribution of lead in 

blood levels in representative groups of specified populations: If in a 

specified group of the population the lead in blood levels do not 

exceed 400 μg/L and 98% of the PbB levels are below 350 μg/L, 

90% below 300 μ 8 / ί and 50% below 200 μ 8 / ί , then one may 

conclude that an important health risk because of lead exposure does 

not exist. This proposal was accepted in 1977 by the Commission of 

the European Economic Community and applied as criterion in the 

Directive on the Protection of the general population against 

inorganic Lead (Council Directive НЕС, 1977). 

However, as studies performed since that date suggested that lead 

already caused adverse health effects in children up to six year old 

with lower PbB levels, the above-mentioned set of criteria did not 

guarantee sufficient protection of young children. Therefore, the 

Dutch Ministry of Health decided in 1978 to reduce the 98- and 90 

percentiles by 50 μg/E. 

In the United States of America, the maximum acceptable blood 

lead level for young children has been lowered several times since 

1971 (Figure 2.2). The Centers for Disease Control (CDC) of the US 

Public Health Service set the level of medical intervention for 

children at 600 jig/L in 1971 (Public Health Sen-ice, 1971). 

In 1972, a paper in the New England Journal of Medicine 

separated the 'toxic level' from the level observed in the general 

population and suggested that the upper limit for children should not 

be higher than 400 μg/L calling attention to the possible 'subclinical' 

toxic effects of lead which could have been overlooked in the past 

(Lin Fu, 1972). The critical level was lowered to 300 μg/L in 1975, as 
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PbB (μ/g L) 

1988 1991 

*" PbB critical limits 
Public health Service (1971); CDC (1975, 
1985); Am. Acad, of Pediatrics (1987); 
WHO(1987);E.P.A.(1986);A.T.S.D.n.(19e8) 

I'ignre 2.2 К volution of PbB critical limits during 1971-1991 

recommended by the Centers for Disease Control (CDC, 1975). In 

1985 the CDC identified a PbB level of 250 μg/L along with an 

elevated erythrocyte protoporphyrin level (EP) as evidence of evident 

toxicity. Childhood lead poisoning is now defined by the American 

Academy of Pediatrics as a whole blood lead concentration of 250 

μg/L or higher, together with an erythrocyte protoporphyrinlevel of 

35 μg/dL· or above. This definition does not require the presence of 

symptoms (1987). 

For a number of practical reasons, this level was selected by CDC as 

a cutoff point for medical referral from screening programs, but it did 

not mean to imply that PbB levels below 250 μg/L· are without risk. 

In 1987, the World Health Organization in its report on air quality 

guidelines stated that PbB levels should not exceed 200 μg/L (Vi'HO, 

1987). In recent policy statements the US Environmental Protection 

Agency has set the defined threshold for neuropsychological 

impairment in infants and children at 100-150 μg/L (EPA, 1986). The 

federal definition of lead toxicity is now a PbB of 100 μg/L 

(Needleman, 1991). It is even being questioned whether there may 

exist a 'safe' level of PbB. Anyhow, these various levels represent the 
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c\ohing concept of lovv-le\el lead to\icit\ T.ach reduction of the 

critical limit b\ a countr\ reflects at the same time the need for and 

the capacin of that countn to dimmish the extent of lead exposure 

of its population at least down to that lc\el 

Recenth, the PbB in cord blood was shown to be a \alid index of an 

adverse impact on the developing central n c n o u s svstem (2 4 3) The 

PbB in cord blood should not exceed 100 to ISO μg/L (Wibowo et al, 

1989) Also, the CDC concluded that the current standard of 250 

μg/L should not be applied for fetuses It is still questionable 

whether this limit should also appk to infants and \oung children 

with postnatal exposure Nevertheless, it should at least be considered 

as a warning signal for postnatal exposure in the first year of life 

These new findings also reflect the critical limits for women of 

reproductive age Because the PbB in cord blood is on the average 

about 80 % of the PbB in maternal blood a term, then the maternal 

PbB should not exceed 150 - 200 μg/L, which is lower than the 

present CDC directiv e and also lower than the health based 

occupational exposure limit of 300 μg/L for female workers as 

recommended b\ the VC H O (1980) (Sec also \Xibowo el a!, 1989) In 

Managua, one mav expect that manv pregnant women mav have a 

PbB of 150 - 250 μΗ/ΐ. or even higher. 

2.5.2 Identification of increased lead exposure by monitoring erythrocyte 

^inc protoporphyrin (ZPP)-levels 

The process of iron incorporation in the porphvrm molecule in order 

to constitute haem is ver} sensitive to inhibition by inorganic lead 

This inhibition provokes in the ervthroevtes an accumulation of 

protoporphvrm IX, that combines with zinc Therefore, an increased 

level of enthroc\te /ine protoporphvrm (ZPP), is an carlv indicator 

of the effect of lead on haem synthesis in lead exposure, at least 

when the exposure lasts for more than one month, because it mav 

take a couple of weeks before ZPP starts to increase Moreover, when 

the ZPP level is not increased in exposed subjects, then an adverse 

effect does not exist, except in the case of short intensive exposure 

\Xhen the Z P P level exceeds about 50 % of the upper limit before 

exposure, other adverse effects mav start to occur The ZPP level 

increases exponentialh with increasing PbB 

Dagg et al (1966) demonstrated that protoporphvrm is also 
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increased in the iron deficiency state. Thus, ZPP formation is not 

specific for lead and will represent the combined effect of lead 

absorption and iron deficiencv during the previous 3-4 months, ι c. 

the time period when the erythrocytes undergo maturation (Blumbcrg 

et al, 1977). Howe\er, in iron deficiency states ZPP values are rarely 

as high as those seen following lead-exposure (Braithwaite, 1988). In 

individuals with moderately increased ZPP levels a differential 

diagnosis of iron deficiency anemia vs. lead poisoning can be set by 

measuring the blood lead concentration (Piomelh, 1977). In 

erythropoietic protoporphyria - a rare hereditary disease - the 

erythrocue protoporphyrin remains mainly unchelated, while lead 

absorption and iron deficiency cause an accumulation of ZPP which 

has a fluorescence different from that of unchelated protoporph\rin. 

The relation between the PbB and the ZPP level is sex- and age 

dependent (2 4). The ZPP response appears to be the stronger the 

younger the child. Whereas the PbB level is dependent on the 

intensity of external exposure during the last few days, weeks or 3 -4 

months, the protoporphyrin level reflects an increased lead absorption 

during the last 2 - 3 months (Zielhuis & Wibowo, 1978). The ZPP 

level starts to increase a few weeks after the PbB level has increased, 

whereas after exposure ceases the lead in blood level decreases 

quicker than the ZPP-lcvel, as illustrated by Alessio et al (1976). 

Summariying, in long term exposure the PbB level increases and 

decreases more rapidly in children than in adults, although not always 

down to the level in those never exposed, whereas the ZPP level 

increases and decreases much more slowly than the PbB level. 

A study performed among Dutch workers of seven battery factories 

by Zwennis et αϊ (1980) showed that individual ZPP levels arc not 

very useful to assess the mdrwdual levels of PbB, although the 

average Z P P in groups and the percentile distribution of ZPP appears 

to be a good indicator of the extent of lead exposure of the group. 

The Coronel Laborator}', University of Amsterdam and the 

Medico-Biological Laboratory of T N O recommended as a critical ZPP 

limit for a not occupationally exposed population a level of 2.5 μg/g 

Hb; in occupationally exposed workers individual ZPP levels higher 
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than 3.0 \У-^f, Hb indicate an increased probabilm of raised PbB 

lc\els (Zwenms et at, 1980, Ziclhuis & W'ibowo, 1978). However, the 

acceptable upper limit according to the LSA National Health and 

Nutrition Kxamination Surve\ ( N H A N h S 11) data for infants, children 

and women, would be 2.2 μ£ Z P P / g Hb (National Center for Health 

Statistics, 1982). 

In 1975 a hacmatofluoromctcr was developed at Bells Laboratories in 

New Ycrscy, which permitted a quick measurement of the ZPP lc\ el 

in one drop of whole and untreated blood and gave results similar to 

determinations b\ other methods (Blumbcrg et al, 1977). 

Various tvpes of hacmatofluorometers may consistently differ up to 

20% in ZPP level (Herber ¿к \X ibowo, 1980); therefore, one should 

alwa\s use the same instrument, which has to be calibrated, when 

comparing indniduals or groups. The ZPP level measured with the 

instrument used in the present study showed that in 87 children in 

Managua the ZPP lc\cl was higher than 5.0 μg/g Hb, and at the 

same time the PbB level was alwa\s higher then 300 μg Pb/L 

(Zwenms, 1987). (See Annex III, Figure 1). 

2.6 Prevent ive and contro l m e a s u r e s 

2.6.1 Changing approaches to prevention 

The goal of am childhood lead poisoning intervention effort is 

pre\ ention of undue lead absorption. During the last 50 years, two 

fundamental approaches of prevention ha\e been employed with 

\ a n i n g emphasis (Farfel, 1985). The first, priman prevention, consists 

of reduction of exposure to lead. The second approach, secondary 

prevention, consists of identifying children with lead poisoning b\ 

case finding and screening and then providing medical care and 

environmental follow-up to prevent progression to clinical toxicitv. 

Public health philosoph} favours priman prevention o\er modes of 

secondary prevention. In both approaches, evaluation of actual 

internal and external exposure is essential in order to verify the 

effectiveness of specific preventive strategies. 

B\ the 1930s, acute toxicity in children due to ingestion of paint and 

due to burning of battery casings for sto\e fuel was recogni/ed as a 
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public health problem In the absence of measures to reduce 

household paint hazards, acute to\icit\ \*as likeh to recur after 

medical thcrap\ bor about thirt\ \ears, between 1931 and 1962, 

Baltimore was the onK American cit\ that developed an extensive 

public health program on childhood lead poisoning (Fee, 1990) As 

earh as 1932 Baltimore C m began priman prevention efforts bv 

ensuring that discarded batten casings could not anv longer be used 

for stove fuel As the limits ot health education became evident, the 

citv expanded its programs to include housing inspections, paint 

labeling laws, and lead abatement in 1951 the cit\ prohibited the use 

ot lead paint on interior surfaces of dwellings The example of 

Baltimore, the relative sucess of its Health Department is the more 

remarkable in that it was willing, to challenge these powerful 

economic interests in order to protect the health of the poorest 

children ot the inner cit\ 

brom the mid 196()s to the earh 1970s, secondan preventive 

measures dominated again (Farfcl, 1985) Focal screening programs 

were initiated in a small number of cities to identih asvmptomatic 

children with undue lead absorption in order to provide treatment and 

prevent further exposure Lead paint hazards in the homes of affected 

children, who had been identified b\ screening continued to be 

abated However, screening of homes for the purpose of identification 

and correction of lead paint ha7ards was nev er wideh practised 

Public health education, while no doubt useful in alerting parents 

to the hazards of the home, hardh proved to be an adequate response 

to the problem of lead poisoning 

Since the 1970s the perception of the problem of lead toxicity and 

consequenth its control has changed »T he most promising approach 

for achieving communitv wide reductions in children's blood lead 

levels is reduction of the amount of lead in the proximate 

environment« (Bellinger, 1986) The lead content of wideh used 

commodities has been reduced (canned foods and gasoline) or 

virtualh eliminated (paint) In 1977 the lTS-Consumer Safetv 

Organi7ation set a standard against the objections of the paint and 

lead industries, which virtualh eliminated lead in paint for interior 

use, tovs and furniture In 1975 unleaded gasoline became generallv 

available Between 19'77 and 1980 the mean ambient air lead 
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concentrations in urban arcas actually dropped (ЬРЛ, 1982). 

Compared to the control of new inputs, the control of existing 

sources of lead in and around housing is a more intractable problem. 

Lead in dust and soil has become incrcasingh suspect as a source of 

lead exposure for young children, especially that within three feet 

from the house foundation, inside the house, along heavily traveled 

roadwa\s, or on vacant lots where housing has been removed. Those 

reservoirs of concentrated lead that remain in urban areas in soil, due 

to dust and housepaint will continue to be hazardous to children for 

decades to come. 

2.6.2 Screening and treatment 

The primary emphasis in treatment should remain cessation of lead 

ingestion. In IQ^S, the CDC recognized as ultimate preventive goal 

the identification and removal of lead in the environment before it 

entered the child. However, until this occurred »screening, diagnosis, 

treatment and environmental measurement would continue to be 

necessary public health activities«. 

A child with suggestive symptoms of lead toxicity should not be 

put through the screening process; it should be brought directly under 

medical attention. On the other hand screening is considered of no 

value without prompt, thorough, and ongoing medical and 

environmental follow-up of those children found to have undue lead 

absorption or even already lead poisoning. 

Lead exposure, the incidence of pica, and hand-to-mouth behaviour 

diminish after the fifth year of life (Necdlcman et al, 1990-a). The 

target population for screening is the group of children from one year 

of age until their sixth birthdav who live in or frequenti} visit housing 

units constructed prior to 1960 or who are exposed to other 

hazardous lead sources (residence near lead smelters and processing 

plants or roadways with heavy motor vehicle traffic). Priority should 

be given to children 12-36 months of age, who have a history of pica, 

and those who have siblings with undue lead absorption or lead 

poisoning. As the children included in the target group are at risk 

throughout the whole year, they should be screened at least once per 

year. Tt should be noted that negative screening tests in children do 

not rule out subsequent exposure. Children known to be at risk, 

should therefore be rescreened at regular intervals until they reach the 

age of 6 years or until their hazardous exposure is known to have 
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been terminated (CDC, 1978, Лтепсап Academy of Pediatrics, 1987) 

The chroniciu of lead poisoning and the undue lead absorption as 

a medical problem for the indmdual child should be emphasized 

Children who с g require chelation therap\ will need long-term 

medical surveillance and care and should not be released from the 

hospital until lead hazards m thai homes and elsewhere in their 

environment are controlled or suitable alternative housing is arranged. 

2.6.3 teasibihty of interventions 

The application of these guidelines as established bv CDC, has not 

been without difficulties even in a rich developed country as the U S , 

where despite the important role of secondary prevention and 

evidence for the cost-effectiveness of screening in urban areas, mam 

screening programs suffer from lack of political support B\ 

themselves, screening programmes and accompanying education about 

lead hazards in dust, soil, paint and food are not sufficient to 

eliminate lead exposure (barfel, 1985) 

In spite of man\ \ears of concern m the U.S., deteriorated housing 

with accessible leaded paint still poses a significant risk to large 

numbers of inncr-cit\ children Municipal legislation allowing for 

inspection and correction for paint ha7ards in dwellings before 

children are affected has been enacted as recenth as 1982 (New York 

City, 1982). And despite considerable efforts at education, many 

people arc still unaware of the dangers of exposure to leaded paint 

(Friedman, 1990) 

Recent and current efforts to reduce exposure to lead b\ virtual 

elimination of lead in gasoline and food packaging show that the most 

effective means of reducing excessiv e exposures arc through control 

of the environmental sources (Lippmann, 1990) The best example of 

a successful priman and passive preventive measure is the availability 

of lead-free gasoline in the U S since 1974, and elsewhere, which 

largely accounts for decreases of nationwide ambient air lead 

concentrations nationwide and the recent shift to lower values in the 

distribution curve of children's blood lead levels. 

The described situation of prevention of childhood lead exposure 

in the U S. and also the recent ecological problems in the rich 

developed countries demonstrate that the solution of environmental 

contamination docs not (only) depend on technical knowledge and 

skills One of the most important elements of the primary health 
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Іл\ ing conditions 

\ Industrial lead 
exposure 

Non-industrial lead 
exposure 

Demographic and 
social factors 

PbB ZPP 

Nutritional status 

1 ip/ire 2 3 Determinants of lead parameters a simplified model 

strateg\ outlined b\ the W H O in 1978, was 'political will' to make 

health care available to the poor majority. This 'political will' is 

probablj one of the few elements that never varied during those 

cle\en years of Sandinista Resolution (Garfield & Williams, 1989). 

2.7 Analytic model 

Considering all these aspects described in literature, the following 

simplified model was constructed upon which the present study will 

be based (see Figure 2.3). 

It shows the relationships between the different variables taken 

account of in the study. Whereas the PbB level depends on industry, 

cottage factory and non industn related emission, it will also be 

influenced by demographic and social factors. On the other hand the 

effect of industry related emission on PbB will be modified by the 

living conditions of the child. The Z P P level depends on the PbB 

level and the nutritional status, which is influenced by demographic 

and social factors 
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Chapter III T H E STUDY HYPOTHESES 

The literature as summarized in Chapter II suggests that the major 

sources of lead are soil, air, food and drink and that at high exposures 

a single source of lead may dominate other sources, eg. industrial 

processes or ingestion of paint or dirt highly contaminated with lead. 

In developing countries, cottage factories located right in the living 

quarters arc common. In such cases, the entire family, particularly 

children, are dangerously exposed. Massive urban growth of Managua 

took place during the years preceding the study due to the war 

conditions. Underemployment and unemployment was high and 

poverty levels increased sharply: the informal sector of the economy 

was an outlet. In Managua the network of illegal, informal lead related 

cottage factories considerably expanded (sec Chapter 1.1). 

This became an important additional source of lead exposure also 

to the general public of Managua. The high lead content of the soil 

samples taken in the study area, that surrounds the battery factory and 

where also some cottage factories were operating in 1987, compared 

to those taken in a control area, was striking and confirms the 

existence of a serious lead-problem in Managua (see Chapter 1.1). The 

present study is designed to verify this. 

Susceptibility to lead toxicity is greatest among the young and the 

very \oung children (see Chapter 2.3). Urban children, who are 

exposed to high concentrations of lead in dust from vehicular 

emission, and often from Pb containing paint in old deteriorating 

housing, tend to have the highest PbB among non-industnally 
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exposed populations. 

The urban poor are at greatest risk of both lead exposure and iron 

deficieny and other nutritional problems, which enhance lead 

absorption. Among children, even low levels of lead exposure have 

been associated with deficits in intelligence and altered perception on 

psychobchavioural tests. Todate there is little doubt, that exposure to 

lead even at blood lead levels as low as 100-150 μg/L and possibly 

lower, are linked with adverse developmental outcomes in human 

fetus and children (sec Chapter 2.4). 

The primary group screening test for increased lead absorption is the 

zinc protoporphyrin (ZPP) test. The ZPP level measured with the 

instrument used in the present study showed, that when the ZPP level 

is higher than 5.0 μg/g Hb, the PbB level in 87 children was always 

higher then 300 μg/L (see Chapter 2.5). Iron deficiency anemia also 

causes an accumulation of the ZPP level. (Consequently ZPP le\Tels in 

children may also be elevated due to the prevalence of iron 

deficiency. However, it is expected that a considerable increase in 

ZPP will occur due to lead exposure. 

In order to verify this, the following five hypotheses were formulated: 

1. The PbB and ZPP levels in children up to six years of age living in 

a lead-polluted area (index-groups) arc higher than levels in 

children of similar age living in a non-lead polluted area 

(control-group). 

2. The PbB and ZPP levels of the index-groups are negatively 

associated with the distance of living from the industrial sources of 

lead emission, when adjusted for other lead sources (paint, 

occupationally lead exposed household members, consumption of 

canned food, use of pottery). 

3. Tvxposure to lead not only depends on the distance from the 

industrial sources but also on demographic and social factors. 

4. The ZPP levels permit to identify subjects with a lead in blood level 

of 300 μg/L· or more. 

S.The ZPP levels not only depend on exposure to lead but also on 

the nutritional status. 
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Chapter IV POPULATION AND METHODS 

4.1 General study design 

4.1.1 Study I 

The project comprised two cross-sectional studies. In the first phase 

carried out in 1987, the study was merely descriptive and explorative 

and designed to identify the possible risk-indicators. The second 

phase was meant to verify and test the hypotheses that came up in 

the first phase (Table 4.1). In study I the ZPP level was measured in 

a group of 1000 children up to six years old, h u n g in the Managua 

Stud} 1 ljune 15th - Juh 2nd 1987 

August i l t h - November 
2()th 1987 

Study II August 1988 

August 1988 

Table 4 1 Time periods ot the studies 

Screening of ZPP, hematocrit 
height/weight, interview 
mother/guardian in urban and rural 
areas 

PbB level of 215 children with a 
le\el of / P P exceeding 5 0 ^ g / g 
Hb house to house visit and 
systematical observation of housing 
conditions 

Measurement of PbB, ZPP, bod\ 
length/weight, interview of 
mother/guardian in 100 children of 
the rural non-lead polluted area 

Measurement of PbB, ZPP, body 
length/weight, interview of 
mother/guardian visit to house and 
observation of housing conditions 
of 100 children of the urban lead 
polluted area 
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barrios Domitila Lugo, Riguero Norte and Pedro Joaquin ( hamorro, 

and in a group of 116 children of similar age Ining in the 

non-polluted \illage Los Cedros, situated at approximatch 35 km 

outside Managua In Managua the barrios la\ in the \icmit\ of a 

batten faeton, some cottage workshops were also present in these 

districts (see 1 1 and Annex II, Fig 1, Map of index-area) Los Cedros 

is a rural area, considered as proper reference 

Parents or guardians of all children were intemewed about 

demographic, working and living conditions All children had a short 

ph\sical examination to look for nutritional status and signs of lead 

poisoning In the urban area, the ZPP screening was followed b\ 

determination of the blood lead levels of all children with a ZPP level 

of 5 0 μg/g I lb or more 

4 1 2 Stud) Π 

In the second phase carried out in 1988, PbB and ZPP levels were 

measured in three groups of children In the urban area two groups 

of fifty children were selected The first group lived at a distance of 

less than 250 meters from the batterv faeton WILLARD, the other 

group at a distance of 500-750 meters from the batterv faeton, in 

that segment no cottage workshops were located 

The third group comprised 100 rural children living in Los Cedros, 

who had also participated in the first phase \gain blood sampling for 

PbB, / P P and hematocrit analysis took place and -as in the first 

phase-, parents or guardians of all children were interviewed about 

demographic, working and living conditions and all children had a 

short phvsical examination 

4.2 Population 

4 2.1 Location (Annex II, Fig 1, Map of the index-area) 

'7'one 9' is the industrial area of the capital Managua, situated 

between the 'Carretera Norte ' (the Northern Highway, with much 

motonchicular traffic) and the banks of the Lake of Managua The 

industrial zone covers about 60% of all industries of Nicaragua, that 

is approximatelv 160 large and small plants It is at the same time the 

residential area for the ma]oritv of the inhabitants of the capital The 

ncarbv situated Lake of Managua is considered heavilv polluted 
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Hvgienic sanitary conditions are deficient. Poverty is high m this area. 

In the barrio Domitila Lugo of this /one 9, a batter} factory and 4 

cottage-factories are located. The battery faeton, which has been 

operating since 1962, has a chimney of approximateh 8.5 meters high; 

it melted in 1987 a promedíate of 13.500 kg lead /mon th (range 6.000 

- 25.000) at a temperature of 700° Fahrenheit. 

4.2.2 Subjects 

The studv population comprised children of 3 months - 6 years old 

who lived in the area within a circle with a radius of 750 meters 

around the battery factory WILLARD; this included the barrios 

'Domitila Lugo', 'Riguero Norte ' and 'Pedro Joaquin Chamorro' 

covered by the health center 'Sylvia Ferrufino' (index group). As 

control population, children of similar age were chosen who lived in a 

small non-lead polluted rural village, Los Cedros (control-group). 

In principle all children living in these areas, of both sexes and 

aged three months up to five years inclusive at June 1 - 1987, were 

eligible for participation in this study. 

In 1986 a population registry of all children living in the barrios of 

the urban area started within a community-based health programme 

with massive participation of communit\ health workers or 

'bngadistas de salud' (sec 9.4) The population registry was completed 

in June 1987 by voluntary support of bngadistas de salud from 

another quarter 'La Primavera'. The intention was to examine the 

whole registered population of 1320 children in the urban area, but 

because of material constraints it was only possible to take a 75% 

sample for the first phase study. This sample was drawn at random 

from the population register. A similar sample (75%) was drawn from 

the rural area; this resulted in 116 children. The parents were invited 

to participate in the study via house to house visits by bngadistas de 

salud, members of the local health committees, 'loudspeaker carrying 

cars' and repeated announcements in the media. 

The same methods were employed in the second study in 1988. Λ 

random sample was drawn from the children living in the three 

selected areas (two urban and one rural). As the sample was drawn 

from the same children, who had already participated in the first 

phase in 1987, the age of children varied from 1 - 6 years of age 

inclusive. 

The great participation of many volunteers and members of health 
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committees in the different barrios, often themseKes parents of 

children in the 'at risk' groups, made it possible to reali/e a stud\ 

population of 1000 urban and 116 rural children participating in the 

first stud\, of which 21S children also pro\ided information about 

PbB levels and 200 children in the second stud\, with both PbB and 

Z P P measurements on all children. It should be noted that the 

Communiu Health Council (CPS, Consejo Popular de Salud) 

participated from the beginning in the planning and conduction of the 

s u n e ) . 

4.3 Laboratory and d i a g n o s t i c m e t h o d s 

4.3.1 hrytbrocyte ^шс protopo φ by rin level 

The level of Z P P was measured at the local health post ('casa base') 

in one drop of capillarv blood with the Bell AVIV hematofluorimctcr. 

The results uere expressed as μg Z P P / g Hb The a\crage \alue of 

two subsequent readings was used tor the statistical anahsis The 

T N O Medical Biological Laboraron in the Netherlands (MBL) also 

determined the levels of ZPP of all children whose blood lead 

concentration had been measured, also using an (ZnP model 4000, 

ESA) hematofluorimctcr calibrated in μg Z P P / g Hb. 'I he ZPP lc\els 

measured in Managua did not differ from the results obtained b\ the 

T N O Medical Biological Laboraron. 

4.3.2 Η ematomi 

At the same time a trained laboraron nurse measured the hematocrit 

(Hct) by centnfugation of 0 1 ml of whole blood in a hcparini7ed 

capillan tube for three minutes according to standard techniques. The 

Hct value was not used as a biological effect parameter, but for the 

correction of the ZPP level. 

4.3.3 Blood lead level 

All samples were taken by a trained member of the laboraton' of the 

Pediatric Hospital in Managua. B\ venous puncture 5 ml blood was 

collected with the vacutaincr method using previoush heparini7ed 

tubes, free of lead contamination and supplied by the MBL. The 

samples were stored at 4" С and sent to the MBL for anahsis. PbB 

was measured b\ atomic absorption spectrometn (Pcrkin blmcr 
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spectrophotometer, model 4000). The M13L participates in a 

quality-assurance program with over 100 liuropean laboratories. On 

the average the results of the M.BL differed 7.7 % (range 0-22.6 %) 

from the results of all participants (Zwennis et al, 1990). The samples 

were analyzed in duplicate, using the mean level for statistical analysis. 

4.3.4 Other risk factors 

The data on other risk factors were collected by means of a 

structured interview of the mother or guardian of the child. The 

interview was held in the local health post by a social worker and two 

health educators, all Niicaraguan women and working at the health 

center 'Sylvia Ferrufino' in Zone 9. Λ questionnaire with 

predominantly closed questions was used (Annex I). After the 

interview body height and weight were measured by two Nicaraguan 

dieticians of the MINSA Regional III, while the child was lightly 

dressed, using a pediatric and an adult balance and standard 

measuring tape fixed to the wall. 

For children who were selected for PbB sampling (taken at the 

child's home), the interview information on type of housing and 

sanitary situation was checked by observation carried out by the 

author using a check-list. 
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4.4 Class i f icat ion of variables 

The stud\, and also the anahsis of the data, is based on the following 

simplified model (Figure 4 1) It describes the relationships between 

the \ ambles taken account ot in the stud\. The numbers refer to the 

stud\ h\pothescs described in Chapter III From this model it can be 

seen that PbB is a dependent variable in one t\pc of analysis 

(h)pothcses 1,2,3) and an independent \amble in other t\pc of 

anahsis (hypotheses 4,5) Stuch hypothesis 3 refers to the potential 

modification of the impact of lead exposure on PbB by total Ining 

conditions 

Therefore this hypothesis is analysed in terms of confounding and 

interaction Λ complicating factor is that PbB ley els were only 

available for a selected part of the total group in the first phase For 

this reason study hypotheses nr 1, 2 and 3 are also imcstigated vuth 

respect to ZPP Ie\els, ayailable to all children, as correlates of internal 

Pb exposure (Later, however, it would appear that correlation 

between PbB and ZPP in this study was rather poor See Chapter VII) 

The groups of variables as depicted in l igure 4 1 are classified as 

follows 

a) Industry related environmental exposure to lead 

• urban versus rural 

• distance of house to industrial source weigthed to the size of the 

industrial plant (Annex TI, Fig 1) 

The distance between the child's home and the battery factory 

^CILLARD, and to other lead sources (eg cottage workshops) is 

regarded to reflect the individual exposure to environmental lead and 

is therefore the determinant of most interest 

l h a t variable is an index based on two types of information, ι e 

1) the distance between home and the battery factory Willard as 

measured in meters and categorized in three categories less than 250 

meters, 250-500 meters and more than 500 meters (Annex TT, Fig 1) 

2) the vicinity of cottage-workshops is regarded positive, if the 

home belongs to one of the following housing blocks- 13, 15,^17, 27, 

28, 29, 30, 31, 33 of the district Domitila Lugo (Annex II, Fig 1) 

Both types of information were combined to a single variable 

'F.xposurc' according to the scores presented in Figure 4 2 
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Exposure Level 
1: Distance > 500 mts (quadrant I, III, IV) 
2: Distance 250 - 500 mts 
3: Distance > 500 mts (quadrant 11)* 
4: Distance < 250 mts 

i (^Presence of cottage-factories) 

Figure 4.2 estimated 'exposure levels' in dependence of distance to industry 
and cottage factories. 

It was considered that 'wind-direction' might also have an impact 

on lead exposure. The prevalent wind-direction is North-west-south in 

the first quadrant. It appeared however, that the soil-exposure 

measurements West of the faeton' were not higher than those F.ast of 

the factory at the same distance. It is therefore concluded that 
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wind-directions did not have a meaningful influence; the wind 

direction did not enter the statistical analysis. 

b ) P b B 

u lead level as measured in blood (4.3.3.) 

c ) Z P P 

α zinc protoporphyrin level in blood (4.3.1.) 

d) N o n industry related lead exposure 

• quality of the paint of the house 

Hach house was classified according to the paint condition: layers 

of paint in poor (flaking) or in moderate condition, never painted. 

о consumption of canned food 

• consumption of vegetables cultivated in the area 

• use of glazed pottery and earthenware 

The consumption of canned food increased considerably after the 

Sandinista Revolution, because of the huge amount of donated food 

in tinned cans. Previous studies in Nicaragua by the 'Dirección 

Nacional de Hygiene' of MINSA, had found high concentrations of 

lead in tinned food from other countries (Dr. Л Saballos, personal 

communication 1988). The interviewer notified consumption of tinned 

food and use of glazed pottery as kitchen ware. The interviewer also 

asked whether any member of the family, who shared the same house, 

was occupationally exposed to lead. In the case of a positive answer, 

details were recorded on the type of work and on the place of 

exposure (direct exposure to lead, administrative or any other). 

Consumption of milk or local vegetables cultivated in the area around 

the battery factory WILLARD was recorded in the interview. 

c) Living conditions 

Information on the children's pica and mouthing behaviour were 

obtained by interview and classified as: almost never, sometimes and 

often. 

Pica, or the habitual ingestion of non-food substances, was defined 

as the habit of the child to eat dirt; mouthing behaviour as the habit 

of the child to mouth hands and/or various objects. 

Classification of the socio-economic status (SES) was used to studv 

the phenomenon of social inequality and its effects on for instance 
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health. 

In the present study the SES is considered as a proxy variable for a 

complex of factors such as educational le\ el of the mother, access to 

food and housing conditions, that may contribute to lead exposure 

and consequently to health risks in young children. An index was 

constructed which was considered to represent the social incqualiu in 

Nicaragua best. As a basis for this index the following items were 

recorded: 

• Educational level of the mother/guardian (illiterate, semi-literate 

or literate, educated at primary school or beyond). 

• Income of the parents/guardian (This item appeared to be very 

unreliable due to the high inflation rate and the growth of the 

black market). 

• The presence of electrical equipment with the exception of 

lighting in the house. (It appeared that almost everv family 

possessed a radio, the most important news medium). 

• Housing conditions. Some types of houses facilitate penetration 

of lead from outdoor air/dust to the interior of the home, 

whereas the t \pe of floor will affect ingestion particularly by 

young children. The following aspects were recorded: 

- Type of floor (earthen, tiled, other) 

- T\pe of roof (cardboard or tin, zinc or asbestos, other) 

- Type of walls (cardboard or un, blocks and wood, other) 

- Sewerage (on the surface or open, sewer pipes, other) 

- Sanitary supply (open air, latrine, lavatory) 

- Crowding per small house (more than 10, 6- 0, less than 6 

persons) 

Based on these items the SES of the families was charactcri7ed as 

the sum of the scores of these items, considering that such a 

combined index would provide the best approximate of the SES in 

this study. Because of the above-mentioned reasons the income-level, 

could not be included nor was the possession of electrical equipment. 

See Annex I for the different scores attributed per item. 

For reasons of simplicity the index (range 7 - 21), was classified in 

three categories each of them representing sufficient families. These 

categories are called 'very poor' (7 - 14), 'poor' (15 - 17) and 

'moderate' (18 - 21) socio-economic situation. 
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f) Demographic factors 

The following age-groups were distinguished: 3 - 1 1 months, 1 - 2 

vcars, 3 - 4 \ears, 5 - 6 years (Study I). In the second study the 

age-groups were: 1 - 2 years, 3 - 4 vears, 5 - 6 years 11 months and 

29 da\s 

g) Nutritional status 

The state of nutrition for children less than 2 years old was defined 

according to the N.C.H.S. Table (Nat. Center for Health Statistics, 

Рб), based on body weight/age according to sex, and for children 

of 2 - 6 vears old according to the standards by Navarro and McNab 

(1980), based upon the quotient of body weight and bod\ heigth. The 

N.C.H.S. Table has been adapted to the conditions of Nicaragua; it 

indicates whether a child should be considered 'malnourished', 'at 

risk', 'normal' or 'obese'. The graphics of Navarro and McNab arc 

usualK applied in (-entrai America and differentiate between a good 

state of nutrition, some malnutrition or health risk and acute 

malnutrition. 

4.5 Statistical methods 

Differences in distribution of PbB and ZPP levels were tested by 

Student t-tests. The association between PbB and / P P was studied b\ 

Spearman correlation and linear regression analvsis. VC here necessary 

because of skewed distributions log transformation was applied. 

Relations between socio-demographic factors, living conditions and 

other risk factors on the one hand and PbB or ZPP levels on the 

other hand were studied by means of analysis of variance. 

Associations between risk factors on a categorical level were studied 

by contingenc) analysis using Chi-square tests. Those factors that 

showed a significant association with both log PbB and log ZPP on 

the univariate level were incorporated into a multiple regression model 

with log PbB and log ZPP respectively as dependent variable. 

Interaction terms were also included in these models to study the 

effect-modification of living conditions on the intake of lead. The 

results arc summarized as much as possible by the original p-values. If 

decisions had to be made (i e which factors to include in the model 

and which not) p-value information was used in the context of the 
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theoretical desiderata: a p-value below 5 and 10% was considered to 

represent a meaningful relation when there was enough theoretical 

support for that particular association. ЛИ analyses were performed by 

using version 3.3 of SAS (1988) and version 3.0 of SPSS/PC (1988). 
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5.1 Screening in an Urban and a Rural Area 

The first study, carried out in 1987 within a community-based health 

programme, was designed to identify children at increased risk. In this 

stud) the Z P P level was measured in a group of 1000 children up to 

6 \ears old, living in the urban exposed area of Managua, and in a 

group of 116 children from a rural not extra lead-exposed area. The 

screening of 1000 children took onl\ 4 da\s as it was carried out with 

the help of many brigadistas de salud. During that week also much 

attention was paid to the problem of illegal lead melting in cottage 

factories and to the screening programme by newspapers as Barricada 

and \ u e \ o Diario, whereas the radio covered the event of the 

screening in various programmes (a 4 \ear old child had died of lead 

poisoning in the previous month in the urban exposed area; sec 1.1). 

The screening was conducted in the local health post of the district 

Domitila Lugo, a former community centre recently donated by the 

inhabitants to the Ministry of Health. In order to a\oid waiting the 

mothers/ guardians had been called according to the number of their 

houseblock by the auxiliary workers who went from house to house 

in the e\cnings. Those mothers who did not appear with their 

child(ren) were visited again and given another opportunity at one of 

the following da\s. A team of three health educators completed the 

questionnaire (Annex I); afterwards the child was g n e n a short 

physical exam by one of two general practitioners and subsequently 

seen by a nutritionist, finally a blood sample was taken and ZPP was 

measured on the spot. Children with a ZPP level > 5.0 μg/g Hb 
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were transported with their mothers to the Central Laboratory of 

Hygiene and epidemiology in Managua where venous blood samples 

were taken for determination of the blood lead level. The same 

procedure was followed in the village of Los Cedros, where 116 

children were screened on the fifth day of the same week. Preliminary 

results were discussed in various meetings with the inhabitants of the 

urban lead exposed districts. 

5.2 R e s u l t s in an urban l e a d - e x p o s e d area and a rural area 
w i t h o u t extra l ead-exposure 

Table 5.1 summarises the distribution of several non-lead variables as 

age, sex, nutritional status, SES, pica and presence of peeling paint. 

Variable 

%Female 
% Positive Pica History 

SES: 

% Moderate 

% Poor 

% Very Poor 

Urb 

(n= 

48 

16 

46 

37 

17 

an 
=1000) 

Rural 

(n=116) 

51 
12 

1 

60 

39 

ρ valu 

0.63 

0.53 

0.001 

% Flaking Paint in House 27 10 0.001 

Age: 

3 - 11 m (%) 

12-35 m (%) 

36-59 m (%) 

60-71 m (%) 

Nutritional Status: 

% Normal 

% At risk 

% Malnutrition 

15 

29 

31 

25 

58 

28 

14 

15 

35 

28 

22 

72 

18 

10 

0.65 

0.01 

*2 tailed 

Tab/e 5.1 Comparison of personal variables in urban lead-exposed children and 

rural children without extra lead-exposure. Managua 1987 
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The urban and rural children did not differ significanth with respect 

to age, se\ and history of pica However, significant differences were 

found with respect to their S HS, the presence of flaking paint in the 

home and their nutritional status Л socio-economic situation 

classified as S e n poor' or 'poor' was reported in ncarh all (99 %) 

rural children compared to 54 % of the urban children On the other 

hand the majority (72 %) of the children of the rural area were 

reported as having a normal nutritional status, while this was the case 

in onh 58 % of the urban exposed children. Although povem 

appeared to be worse in the rural area, access to basic food products 

might have been better as most families grew food crops on their 

own small plots of land for their own consumption. 

With respect to the condition of the paint layers in the home, 27 

% of the children from the urban lead exposed area reported flaking 

paint in the home compared to onh 10 % in the rural area (most 

houses in the rural area were not painted at all) In the urban area 28 

(2.8 %) children had house-members working in the lead industry, in 

the rural area no occupational lead-exposure of house-members was 

reported As the distribution of the ZPP levels was skewed to the 

right, a log transformation of the mean values was carried out 

Τ able 5.2 presents the geometric means (range and standard 

deviations) of ZPP concentrations for the urban and the rural 

stud\ -population. (Children from the urban exposed area had 

significanth higher mean ZPP (p = 0 001) values than the rural 

children 

Of the 1000 urban lead-exposed children 215 (22 %) had ZPP levels 

5= 5.0 μg/g Hb, compared to 7 children (5 %) in the rural area, 13 % 

Population Urban Rural ρ value 
(n=1000) (n=116) 

ZPP μ ε / ε Hb 
Geometric Mean 3 54 2 2 0 001 

(Range) (1 1 28 3) (0 9 8 1) 
Standard Error 0 21 0 12 

I able 5 2 Comparison of the ZPP le\els of 1000 preschool children of a 

lead-exposed urban population and 116 from a rural area without extra lead 
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Percentage of children 

100, 

8 0 -

Urban Rural 

Prev. rates of ZPP levels (pg/g Hb) 

• > 5.0 Й2.2 - 5.0 Π < 2.2 

screening In urban and rural children 
ρ = 0.001 

Figure 5.1 Distribution of ZPP levels. Children of two populations, Managua 

1987 

of the urban-exposed children had Z P P levels < 2.2 μg/g Hb 

compared to 54 % in the rural area (Figure 5.1). A ZPP level of 2.2 

μg/g Hb was selected as a cut-off level, as this level was recognized 

as the upper acceptable limit, according to the National Center of 

Health Statistics (sec 2.5). 

5.2.1 Sex, age and ZPP levels 

Variation in ZPP concentrations by age exists as shown in Table 5.3. 

Age (months) 3 -
% 

11 12 - 3 5 

% 

36 - 59 

% 

60 - 71 

% 

Z P P μ 8 / ε H b 

< 2.2 

2.2 - 5.0 

& 5.0 

Ν 

ρ value = 0.001 

1 
74 
25 

148 

6 

58 

36 

293 

18 

69 

13 

312 

23 

66 

11 

247 

Table 5.ì ZPP levels by age in 1000 urban children. Managua 1987 
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Z P P le\els 3= 5.0 μg/g Hb were found to occur more frequenth in 

children aged 1-2 \ears than in children aged 3-4 \ears and in those 

aged 5-6 \cars. X o significant differences were found between bo\s 

and girls (p = 0.87). 

5.2.2 hxposure and ZPP levels 

As ZPP-levcls for boys and girls were similar, the data for the two 

sexes were combined in Table 5.4, which shows the relation between 

the mean Z P P concentration and the indicator of exposure: the 

ZPP-le\el increases when the distance to the source becomes smaller, 

which is as expected. Children Ining at a distance > 500 meters had 

the lowest Z P P values unless the\ lived in the \icinitv of the 

cottage-factories (exposure le\el 3). The differences observed were 

highh significant (p = 0.001). 

5.2.3 Pita, mouthing behaviour and nulnhonal status 

Of the 157 children with a positive historv of pica 35 % had ZPP 

Exposure Level η Range 

(description) 

Geometric 

Mean 

4.47 

3 86 

3.39 
3.27 

St.Dev 

0 29 

0.22 

0 20 

019 

4 ( < 250 m to mam source) 65 1 6-20 3 

3 ( > 500 m to mam source; 195 1 3-22.5 

near small sources) 

2 (250-500 m to main source) 477 1.1-28.3 

1 ( > 500 m to mam source) 263 1 5-18.5 

ρ value = 0.001 

labk 5 4 Mean ZPP Levels In exposure level in 1000 children Managua 1987 

Pica Never Seldom Often 

% % % 
ZPP μ ε / 8 H b 

< 2.2 

2.2 - 5.0 

S* 5.0 

15 

67 

18 

8 

61 

31 

7 

51 

42 

Ν 843 90 

ρ value = 0 001 

¡able ).) ZPP levels b\ pica in 1000 children Managua 1987 
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Mouthing Habit Never Seldom Often 
% % % 

ZPP μ 8 / ε 

< 2.2 

2.2 - 5.0 

^ 5.0 

N 

H b 

18 

68 

14 

264 

14 

66 

20 

192 

11 

64 

24 

544 

ρ value = 0 005 

Tabh 5 6 /PP levels In mouthing habit in 1000 children Managua 1987 

levels s* 5.0 μg/g Hb, compared to 18 % of the other children (p = 

0.001). See Table 5.5. 

Λ similar association was found for thumbsucking and mouthing of 

non-food items. Of the 736 children with a positive mouthing history 

23 % had ZPP levels 3= 5.0 μg/g l ib, whereas this was onl> 14 % 

for the other children (p = 0.005). Sec Table 5.6. 

Children participating in this study could not be screened for iron 

deficiency Therefore, it is not possible to determine the extent to 

which iron deficiency ma\ have contributed to the elevation of Z P P 

levels seen in children with pica and related behaviour Crosby (1976) 

suggested an association between iron deficiency and pica (see 2.3). 

Contrarv to expectation, only marginal associations were found 

between ZPP and nutritional status (p = 0.05) and between Z P P and 

SES (ρ = 0.10). 

5.3 PbB in high risk children 

Blood lead levels were determined in 215 children who had ZPP 

levels 3= 5.0 μg/g Hb (high risk). The range of individual lead levels 

was 10 - 619 μg/L, with a median of 74 μg/L·. The overall arithmetic 

mean PbB was 131 μg/Ь; the geometric mean PbB 77 μg/L. The 

distribution of PbB's in these 215 children exceeded the НЕС 

Biological Quality Guide (see 2.5.1, Figure 5.2). 

Eiftv children (23 %) had PbB levels 3= 200 μ 8 / Ε , 38 (18 %) э= 

250 μg/L and 29 (13 %) 5* 300 μg/L. Among the latter occupational 

lead-exposure of a house-member was an (additional ?) suspected 
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ligure 5.2 Comparison between PbB levels of 215 lead exposed children and 

biological quality guide (L.b.C. BQC) 

source of exposure in 7 cases. Three children had levels even higher 

than 500 μg/L; of these, two lived in houseblock 4 and one in 

houseblock 1, directly in front of the battery-factory. It is noteworthy 

that 165 (77 %) of the children with ZPP 3= 5.0 μg/g l ib had PbB 

levels < 200 μg/L (sec Chapter VII). 

Figure 5.3 shows the geographic distribution of children with lead 

in blood levels of 200 μg/L or more. VCith decreasing distance from 

the source the prevalence of high PbB levels increases. 

In the further analysis of the data the PbB level of 200 μg/L, was 

selected as a cut-off level, although recognizing the fact that the 

concept of low level lead toxicity is an evolving one and that a 'safe' 

PbB level may not exist. The PbB level of 200 μg/L· was identified in 

1987 by the W H O as the then-current upper acceptable limit (see 2.5). 

5.3.1 Exposure and PbB levels 

Table 5.7 shows marked differences in geometric means of PbB 

concentrations, in relation to the level of exposure. For children 
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bigftn 53 Mapping of children with PbB levels & 200 mg/L. Managua 1987 

Exposure Level η Range Geometric St.Dev 

(description) Mean 

4 ( < 250 m to main source) 31 17-619 158.0 0.33 

3 ( > 500 m to main source; 53 1-471 109.6 0.47 

near small sources) 

2 (250-500 m to main source) 80 8-598 63.1 0.49 

1 ( > 500 m to main source) 51 10-425 45.7 0.39 

Table 5.7 Blood lead levels of 215 high risk children by level of exposure. 

Managua 1987 
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living at a distance < 250 meters of the battery factory, the mean PbB 

was much higher, compared to children living in the areas further 

away from the main source. Children living in the vicinity of cottage 

factories (exposure level 3) formed an exception with a geometric 

mean PbB of 110 μg/L. Except for the differences between exposure 

levels 3 and 4 all differences were statistically significant. 

5.5.2 Sex, age and PbB levels 

Table 5.8 presents data indicating higher mean PbB levels in children 

aged 36 - 59 months compared to younger children and children aged 

60 - 71 months (p = 0.03). Studies showing the variation of blood 

lead level with age usually show a peak value at 2 to 3 years 

(Xfahaffey, 1979; Dep. Environment, 1978) and Duggan (1983) 

attributes this to the ingestion of urban contaminated dust via dirty 

hands. In the present study peak exposure occurred in children aged 3 

- 4 years old and not in younger children. 

As expected at these ages, no significant differences were found 

between the PbB's for boys and girls (p = 0.69). 

Age (months) 

3-11 

12-35 

36-59 

60-71 

η 

37 

109 

42 

27 

N o . of children 

with PbB 3=200 

3 (8%) 

25 (23%) 

16 (38%) 

6 (22%) 

I 

μ-g/L 

Mean PbB ρ va 

80.8 0.03 

135.0 

169.4 

125.0 

Table 5.8 Blood lead levels by age in 215 high risk children. Managua 1987 

SES Moderate Poor Very Poor Total 
% % % % 

PbB μ g / L 

< 200 

> 200 

N 

86 

13 

90 

77 

23 

78 

60 

40 

45 

67 

23 

213* 

ρ value = 0.004 * Missing values = 2 

Table 5.9 Blood lead levels by socio-economic status in 215 high risk children. 

Managua 1987 
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5.3.3 SUS and PbB levels 

T a b l e 5.9 shows the relation between SHS (characterized as ' v e n ' 

p o o r ' , ' p o o r ' a n d ' m o d e r a t e ' ) and increased b lood lead c o n c e n t r a t i o n s 

(200 μ g / Ь or m o r e ) . O f the chi ldren with a 'very p o o r ' 

s o c i o - e c o n o m i c situation a significantly higher p r o p o r t i o n had P b B 

levels 3= 200 μ g / L , c o m p a r e d t o chi ldren with a ' p o o r ' or ' m o d e r a t e ' 

SHS (p = 0.004). 

5.3.4 Paint flakes and PbB 

T a b l e 5.10 present s the P b B levels accord ing t o the presence of 

flaking pa int in the h o u s e . A m o n g the chi ldren w h o s e h o m e had been 

descr ibed as having peel ing paint s o m e w h e r e in t h e h o u s e , 

significantly m o r e chi ldren had P b B levels > 200 μg/T^, c o m p a r e d t o 

chi ldren w h o s e h o m e had recently b e e n pa inted or h a d never been 

pa inted (p = 0.001). A similar significant associat ion was found 

b e t w e e n P b B and flaking paint out s ide t h e h o m e (p = 0.001) as is 

s h o w n in Table 5.11. Y o u n g chi ldren are exposed to lead of different 

Condition of N o Paint New Flaking Total 

Paint in Home % % % % 

PbB μ 8 / ΐ . 

< 200 74 96 63 77 

Ξ* 200 26 4 37 23 

Ν 97 55 63 215 

p value = 0.001 

Table 5.10 Blood lead levels In condition of paint in house in 215 high пьк 

children. Managua 1987 

Condition of N o Paint N e w Flaking Total 

Paint outside % % % % 

the H o m e 

PbB pg/L· 

< 200 75 95 63 77 

5= 200 25 5 37 23 

N 96 57 62 215 

ρ value = 0.001 

Tab/e 5.11 Blood lead levels b\ condition of paint outside the house in 215 

high risk children. Managua 1988 
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sources (e g industrial processes, paint, gasoline, lead-soldered cans) 

\ia different routes of transmission (eg air, dust, food and water) 

Lead based paint remains one of the most significant sources of lead 

exposure for children (see 2 2) 

The rele\ance of pica and mouthing bcha\iour for the PbB level was 

also examined The data obtained b\ questionnaire showed no 

consistent association, between the prevalence of pica and /or 

mouthing behaviour and the mean blood lead concentration (p > 0 5) 

Pica is common in vcr\ \oung children and it has been suggested as 

an explanation of the higher PbB levels in \oung children compared 

to adults In areas with high emironmental concentrations of lead 

pica might lead to an important increase in the lead intake b\ voung 

children (see 2 3) С linical case studies of indnidual children uirh lead 

poisoning often described the ingestion of soil, dust, or lead-based 

paint (Chislom & Harrison, 1956) On the other hand, several 

epidemiological studies of groups of children have suggested that pica 

is common in \oung children, but no consistent relationship could be 

shown with PbB level (VCinneke et al, 1983, Nccdleman et al, 1979) 

No significant associations were found between PbB and the use of 

glazed pot ten (ρ = 0 09), nor with the consumption of vegetables 

grown in the area (p = 0 3) or ol tinned food (p = 0 3) 

5.4 Relation between ZPP / PbB and its determinants 

Simple correlation coefficients were calculated for the relationship 

between Z P P and several independent variables The results are 

shown in Table 5 12 Significant but weak correlations were found 

between Z P P and age of the child, a high level of exposure, a positive 

historv of pica / mouthing behaviour, a low height and weight of the 

child and a poor or moderate SbS 

Contrarj to expectation, only a small correlation was found 

between ZPP and nutritional status when expressed as expected 

weight for height by age (r = 0 05, ρ = 0 09) 

Because man) of these predictor variables will be interrelated, 

interpretation of these simple correlations is difficult Therefore, 

multiple regression analvses were carried out to studv the separate and 

interaction effects of the variables exposure level, age, ShS, pica / 
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Variable 

Age 
Exposure 
Pica/Mouthing 
Height 
Weight 
Nutritional Status 
SES 
PbB * 

Pearson Correi; 

-0 34 
0 η 
0 19 

-0 24 
-0 23 
0 05 
0 06 
0 29 

ation Ρ Vah 

0 001 
0 001 
0 001 
0 001 
0 001 
0 09 
0 04 
0 001 

* In 215 children with a Z P P level ^ 5 0 μg/g Hb 

líib/e 5 12 Pearson correlations relating ZPP indices with age, exposure, 
pica/mouthing, height, weight, nutritional status, SLS and PbB in 1000 
children Managua 1987 

mouthing behaviour, PbB on the variation in ZPP le\els. 

Significant contributions (p < 0.10) onh came from PbB, SLS and 

the combination of age and pica. The final model thus is (S.F-. of 

each regression coefficient between brackets)· 

Log ZPP -

0.72(+0 06) + 0.08(+0 02)logPbB + 0 01(+0 03)pica + 

0.01(+0.()1)SP,S - 0 02(+0 01)age + 0 03(+0.04)(age X pica). 

This model explains only 11 % of the variation in ZPP (see Annex 

IV). 

5.5 Preliminary conclusions 

In order to estimate the health impact of industrial pollution in an 

urban, poor area of Managua, a surve\ was carried out among 1000 

preschool children living in that area. The blood lead lev el was also 

determined in 215 children with ZPP levels 3= 5.0 μg/g Hb. The 

same analyses were carried out in 116 children from a rural 

non-polluted area. 

(Considering a cut-off level of 2 2 μg Z P P / g Hb, 77 % of the 

children in the urban exposed area -compared to 46 % of the rural 

area- had elevated ZPP levels, which could be caused by lead to\icit\ 

and /or iron dcficiencv. As the PbB levels of 215 children with ZPP 
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ІелеК * 5 0 μg/g Hb were determined, ' o n h ' SO (22 %) children 

presented PbB le\els 3= 200 μ^/ΐ- This was less than expected, 

considering the high / P P levels in the urban area, if compared to the 

/ P P levels in the rural area 

Contrary to expectations, pov ertv appeared to be worse in the rural 

area than in the urban area, nevertheless, the nutritional status of the 

rural children appeared to be better than of the urban children, 

probabh because mam rural families managed during those years to 

guarantee food for their own consumption which was undoubtedlv 

much more difficult at that time in the city \n\how, the nutritional 

status as measured in this studv docs not seem to be a good indicator 

of iron deficiencv, as onh a marginal association was found between 

ZPP and nutritional status 

The blood lead lev cl of the children appeared to be stronglv related to 

the level of contamination of their environment The sources of 

contamination in this studv w7erc prcdominanth the battery faeton, 

the cottage factories and /or flaking paint 

Neither pica and related behaviour, nor consumption of vegetables 

grown in the area, use of glazed potten or consumption of tinned 

food, appeared to be significant risk-factors for lead toxicitv The 

contribution from these other sources to lead intake was probabh 

small in view of the contribution from the main sources 
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The second study was carried out in 1988. Taking account of the 

findings in the exploratory Study I, the design of study II was 

improved and the Ζ Ρ Ρ levels and PbB le\els of three groups of 

children were measured. The sample consisted of 200 children of 1 -

6 years inclusive, who already had participated in the first phase 

screening one year before. In the urban area two groups of fifty 

children were selected at random in two selected areas. The first 

group lived at a distance of less than 250 meters from the 

battery-factory, the other group at a distance of 500-750 meters; in 

this segment no cottage-workshops were situated. Those living within 

250 mts from the batterv plant were considered most exposed and 

those living at 500-750 mts least exposed. The third group comprised 

100 rural children, living in the non-lead polluted village Los Cedros. 

6.1 Sociodemographic characteristics 

Table 6.1 presents the sociodemographic characteristics of the three 

study populations. The groups located at different distances from the 

battery factory and the rural controls did not differ significantly with 

respect to age and sex. However, significant differences were found 

with respect to their socio-economic situation. 

In view of the housing conditions in the urban area, the SHS of its 

inhabitants did not appear to be much better than that of the people 

living in Los Cedros. However, the SHS classified as 'very poor' was 

reported in only 12 % of the urban most exposed children against 38 
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Population 

Demographic 

characteristics 

Age (years) 
1 - 2 

3 - 4 
5 - 6 

Sex 
Female 

Male 

S.E.S. 

Very poor 

Poor 

Moderate 

Urban most 
Exp. 
% 

42 
32 
26 

52 
48 

12 
54 
34 

<n= = 50) 

Urban least 

Exp. 
% 

44 
28 

28 

40 

60 

-
34 
6 

(n= =50) 

Rural 

(n= 
% 

36 
34 
30 

51 

49 

38 
61 
61 

= 100) 
Statistics 

ρ = 0.88 

ρ = 0.38 

ρ < 0.001 

'I'cibk 6.1 Characteristics of the urban and rural study-populations. Managua 1988 

% of the rural children. The majority (66 %) of the urban least 

exposed children were reported to have a 'moderate' SES, while the 

remainder (34 %) were reported as being 'poor'. 

6.2 Pica and mouthing behaviour 

The highest percentage of children with mouthing behaviour or pica 

was in the most exposed group. Pica was reported as 'often' in 22 % 

of the urban exposed children compared to 4 % of the rural children 

(Table 6.2). 

6.3 Paint flaking 

Table 6.3 presents the condition of the paint layers in and outside the 

home in the different study populations. Flaking paint in the home 

was reported in 23 % of the urban most exposed group, compared to 

14 % of the urban least exposed and only 8 % of the rural group. 

However, while almost 90 % of the houses in the rural area were 
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Population 

Mouthing 

behaviour 
Pica 

Never 

Seldom 

Often 

Mouthing 
Never 

Seldom 

Often 

Urban most 
Exp. 
% 

38 
40 
22 

4 

14 
82 

<n = = 50) 

Urban 
Exp. 
% 

38 
44 
18 

22 

20 
S8 

ι least 
(n= = 50) 

Rural 

% 

89 
7 

4 

30 

2 
68 

= 100) 
Statistics 

ρ < 0 001 

ρ < 0001 

Table 6 2 Distribution of pica and mouthing habit in urban and rural 

stud\ populations Managua 1988 

Population 

Condition of 
Paint 
Paint in home 

Never painted 
New 

Flaking 

Urban 
Exp. 
% 

46 
8 

46 

> most 

<n = = 50) 

Urban least 
Exp. 
% 

34 
38 
28 

(n= =50) 
Rural 
(n=100) 
% 

85 
7 

8 

Statistics 

ρ < 0001 

Painted outside 
Never painted 42 

New 8 

Flaking 50 

38 
36 
26 

82 

10 

ρ < 0.001 

Table 6 i ( ondition of paint la\ers in houses of urban and rural 

study-populations Managua 1988 

reported as 'never painted', this was only the case in 40 % of the 

urban most exposed area. Moreover, in the urban most exposed area 

5 children had parents working m the lead-industrv, and in the urban 

least exposed area only 2. None of the children from the rural area 

was reported to be indircctlv exposed to lead in this way. 
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6.4 D i s t r ibut ion of Z P P and P b B levels in the three 

g r o u p s o f ch i ldren 

Tables 6 4 a-b and Hgures 6 1 a b clearh show the differences in the 

distribution of ZPP and PbB levels between the three different stud\ 

populations. 

The distribution of ZPP and PbB in all three groups uas markedh 

skewed toward higher values, logarithmic transformation of data was 

Population 

ZPP μ g / g H b 

Mean 

(Range) 

Standard Dev 

Median 

Urban most 

Exposed 

4 08 

(0 2 Π 12) 

3 23 

3 16 

Geometric Mean 3 02 

Standard Error 37 

Urban least 

Exposed 

3 55 

(0 -іг-ъъ 4) 

S 09 

2 36 

2 51 

31 

Rural 

2 29 

(32-7 4) 

1 34 

2 00 

1 90 

29 

Tabh 6 4a Zinc c m h r o c u e protoporph\rin levels of 100 preschool children ol 

t u o lead exposed populations and 100 children from a rural area without extra 

lead exposure Managua 1988 

Population 

PbB μ/gL 

Mean 

(Range) 

Standard Dev 

Median 

Urban most 

Exposed 

155 9 

(83-536 1) 

122 5 

1149 

Geometric Mean 114 8 

Standard Error 3 7 

Urban least 

Exposed 

44 0 

(41 240 1) 

38 6 

34 1 

32 4 

3 5 

Rural 

23 5 

(13-97 3) 

18 5 

19 7 

17 8 

3 4 

¡able 6 4b Blood lead levels of 100 preschool children of tuo lead exposed 

populations and 100 children from a rural area without extra lead exposure 

Manasrua 1988 
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Percentage of children 

60 ι 

50 h 

ΓΠ 

Urban Most Exp. Urban Least Exp. Rural 

Prev. rates of ZPP levels (pg/g Hb) 

• > 5.0 ^ 2 . 2 - 5.0 • < 2.2 
sludy of lead-toxicity in children 
ρ = 0.0000 

IIGURI: 6. hi Distribution of ZPP Іе еіь. Children of 3 'Barrios', Managua 1988 

% of children 

120 

100 

80 

60 

40 

20 

• > 250 

- Й 2 0 0 - 250 

D l 0 0 - 200 

S < 100 

J i 

І 

1 
Urban Most Exp. Urban Least Exp. Rural 

Prev. Rates of lead levels (pg/L) 

Study of lead toxicity in children 
ρ < 0 001 

IlCVRh 6.1b Distribution of PbB levels. Children of 3 'Barrios', Managua 1988 
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performed in order to get a more Cìaussian distribution. 

Computations of mean and standard deuation were performed after 

logarithmic transformation 

As expected the highest (geometric) mean ZPP (3 02 μg/g Hb) and 

PbB (114 8 μg/L) was found in the children of the urban most 

exposed area, followed b\ the urban least exposed area (geometric 

mean ZPP = 2 51 μg/g Hb)(geometric mean PbB = 32.4 μg/Ь) and 

the rural area. In the non exposed rural area 57 % of the children 

presented 7 P P levels < 2 2 μg/g Hb, in the urban least exposed area 

this percentage was 46 % and in the urban most exposed area onh 40 

%. 

VCirh respect to the PbB levels, all children in the rural area and 98 % 

of the children in the urban least exposed area were reported to have 

PbB levels < 100 μg/L. In the urban most exposed area onlv 38 % 

of the children had PbB levels as low, whereas 28 % had ZPP levels 

s? 5 0 μg/g Hb, compared to 6 % of the rural and 16 % of the urban 

least exposed children. 

Lrban most exposed children had significanti} higher mean PbB 

and ZPP values than the rural and least exposed urban children 

'Ihe urban most exposed group comprised 13 of 50 children with 

increased lead absorption (3= 200 μg/Ь) against onlv one ot 50 in the 

urban least exposed area and none in the rural area Sev en children of 

the urban most exposed area had PbB levels higher than 300 μ g / Ь 

and one child even had a level higher than 500 μg/L 

6.5 Relation between PbB and determinants 

Figures 6 2 a-b present the percentages ot children in the Z P P and 

PbB classes according to age-groups in the total population of the 

200 studied children. 

Children in the age-group 1 2 ν ears had significanth higher ZPP 

values than children of older age groups. \X ith respect to the PbB 

levels no significant difference according to age was observed. 

Tables 6 5 a-d present the percentages of children in two PbB classes 

in the total group of 200 children according to determinants as pica, 

mouthing habit, condition of paint in the home and occupational lead 
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Percentages ol Children 

100 

1 -2 3 - 4 5 - 6 

Age specific pattern of ZPP levels 

Age (years) 
ρ < 0.001 

FI(,lTRh 6.2a ZPP levels according to age. Children of Ъ 'Barrios', Managua 1988 

Percentages ot Children 

100 

80 

60 

40 

20 

1 - 2 3 - 4 5 - 6 

Age specific pattern of PbB levels 

• > 200 Й100 - 200 Ώ< 100 
Age (years); PbB (μ/g L) 
ρ = 0.2 

nCl'Rh 6.2b PbB levels according to age. Children of 3 'Barrios', Managua 1988 
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PICA Never Seldom Often Total 

η % η % η % Ν % 

РЬВ ( μ 8 Λ , ) 

< 200 124 (98) 41 (84) 21 (87) 186 (93) 

2= 200 3 (2) 8 (16) Ъ (IT) 14 (7) 

Ν 127 49 24 200 

ρ = 0 OOS 

¡able 6 5a РЬВ Іс\с1ь in 200 children according to pica Managua 1988 

Mouthing habit Never Seldom Often Total 

η % η % η % Ν % 

РЬВ teg/L) 

< 200 43 (100) 18 (95) 125 (91) 186 (93) 

ΞΪ 200 1 (5) 13 (9) 14 (7) 

Ν 43 19 . 138 200 

ρ = О О П 

Fable 6 5b РЬВ levels m 200 children according to mouthing habit Managua 

1988 

Condition N o Paint N e w Flaking Total 

paint in home η % η % η % Ν % 

РЬВ ^ g / L ) 

< 200 119 (95) 29 (97) 38 (84) 186 (93) 

> 200 6 (5) 1 (3) 7 (16) 14 (7) 

Ν 125 30 45 200 

ρ = 0 037 

Fable 6 5i РЬВ le\cls in 200 children according t o the condi t ion of paint in the 

h o m e Managua 1988 

e x p o s u r e of o n e of the parents o r h o u s e h o l d - m e m b e r s . Significantly 

increased % of chi ldren with P b B 3= 200 μ g / L were observed in 

chi ldren with pica, m o u t h i n g habit, flaking paint in the h o m e and 

with p a r e n t s / h o u s e h o l d m e m b e r s exposed to lead. Significantly 

higher lead a b s o r p t i o n was also found for chi ldren with flaking paint 

out s ide the h o m e (p = 0.042). 
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Occupational Yes N o Total 
exposure of parents/ η % η % η % 

household-members 

РЬВ ^ g / L ) 

< 200 4 (57) 182 (94) 186 (93) 

2*200 3 (43) 11 (6) 14 (7) 

Ν 7 193 200 

ρ = 0 0002 

¡able 6 5d РЬВ lc\cls in 200 children according to occupational lead exposure 

of one of the parents/household members Managua 1988 

SES Very Poor Poor Moderate Total 

η % η % η % η % 

РЬВ ( μ 8 / £ ) 

< 200 43 (100) 98 (93) 44 (86) 185 (93) 

3= 200 7 (7) 7 (14) 14 (7) 

Ν 43 105 51 199 

ρ = 0 034 

I able 6 5е РЬВ lc\cls in 200 children according to SI S Managua 1988 

SES Very Poor & Poor Moderate Total 

РЬВ teg/L) 
< 200 
2* 200 

N 

η 

43 

8 

51 

% 

(84) 

(16) 

η 

43 

6 

49 

% η 

(88) 86 

(12) 14 

100 

% 

(86) 

(14) 

ρ = 0 620 

Tabli 6 5f РЬВ lc\cls m 100 children of the urban lead polluted population 

according to SI S Managua 1988 

Significant relative differences in P b B levels were also found 

according to t h e socio e c o n o m i c status (Table 6 5c) T h e highest lead 

in b lood le\els were found m o r e often in those chi ldren w h o s e S b S 

was classified as ' m o d e r a t e ' and ' p o o r ' H o w e v e r , n o significant 

associat ion b e t w e e n S F S and P b B levels was found for t h e u r b a n 

lead-exposed chi ldren (Table 6 St) 
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Although the three stud\ populations significanth differ with respect 

to SLS, pica, mouthing behaviour and condition of paint in and 

outside the home, when assessing the association between the 

determinants examined and the PbB le\el, always the highest PbB 

levels were observed among the children in the most exposed urban 

area, followed by those in the least exposed urban area, and finally b\ 

those in the rural area. 

Multiple regression analvsis after adjusting area or 'exposure' for 

SbS, pica and condition of paint in the home, showed that PbB was 

significanti} correlated with area (p <0.001). 

6.6 Relation of ZPP with PbB and other determinants 

The impact of determinants as pica, mouthing habit, SbS and 

nutritional status on the / P P Іелеі was studied (data not shown). 

Significant variations were found in ZPP according to pica (X 2=7.56, 

df=4; ρ < 0.05) and SbS (X 2=12.6; df=4; ρ < 0.05). NX ith respect to 

SbS, significanti} higher ZPP levels were observed in children whose 

socio-economic situation had been classified as 'moderate'. 

N o association was found for nutritional status (X 2 = 3.38; df.=4; 

n.s.) nor for mouthing habit (X2 = 7 56, df= 4, n.s.). 

Multiple regression analysis was performed in order to examine the 

relationship between log ZPP and log PbB allowing for the 

confounding effect of nutritional status (Figure 4 1) The analysis of 

variance as presented in Annex V, Table I, shows that the ZPP level 

after adjustment for nutritional status was significantly correlated with 

PbB level (p = 0 001). It also shows clearly that only a 'small' part of 

the variance is explained by the nutritional status 

Considering that other factors as ShS, age and pica, might be a 

better approximate of the level of iron deficiency than the 'nutritional 

status' as measured in this study, multiple regression analysis was 

repeated to examine the relationship between ZPP and PbB allowing 

for the confounding effects of 'exposure' , SES and those other 

factors. Area or 'exposure' was adjusted for age, SF.S and pica, and 

the effect of blood lead level was adjusted for all of these factors. 

The analysis of variance as presented in Annex TV, Table 11 shows 

that the Z P P le\el allowing for the effect of confounding variables as 
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pica, age, SES was still significantly correlated with log PbB level (p = 

0.001). VChcn taking account of the confounding effects of the factors 

described above, the partial correlation coefficient between log ZPP 

and log PbB was found to be reduced to 0.22. 
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Chapter VII T H E VALIDITY OF T H E ZPP 
SCREENING M E T H O D 

A screening test should identify persons who actually have a 

characteristic and those who do not. Validity refers to the extent to 

which a situation as observed reflects the 'true' situation, or the 

situation as evaluated by other criteria that are thought to reflect the 

true situation more accurately (MacMahon & Pugh, 1970). Two 

indices arc still commonly used to evaluate the validity of a screening 

test - the sensitivity and the specificity (sec Annex VI, Table 1). 

»In practice, the ability to predict the presence or absence of 

disease from test results will also depend on the prevalence of disease 

in the population studied, as well as on sensitivity and specificity. The 

higher the prevalence, the more likely it is that a positive test is 

predicthTc of the disease. This is referred to as the predictive value of 

a screening test or the proportion of true positives (diseased) among 

all those who have positive test results« (Mausner, 1985). However, in 

the evaluation of a screening test for disease detection in populations, 

it appears preferable to consider validity in terms of sensitivity and 

specificity than of predictive value (ЛІасЛІаЬоп & Pugh, 1970). 

Sensitivity and speci ficitv are not absolute values as the results of 

many screening tests arc not sharply categorized but form a 

continuous spectrum (Lilienfcld & Lilicnfeld, 1980). Dependent on 

the selected Z P P level as a cut-off point for lead toxicity different 

percentages of true lead poisoned children and of true non lead 

poisoned children will be identified. Thus, in order to calculate the 

validity we considered different cut-offs both for the indicator of 

internal load (PbB) and for the indicator of effect (ZPP) (Alessio et 

al, 1976). 
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The Central Laboraton of Ihgiene and Fpidemiolog\ of the MINSA 

considered the blood lead lc\tl (PbB) until 1987 as the priman 

indicator of excessive exposure to lead This test requires a blood 

sample obtained b\ venipuncture, lead-free equipment, cxpensne 

instrumentation, and rigorous laboratory procedures Measurement of 

PbB levels mav encounter mam pitfalls How much experience the 

Central Laboraton had and how reliable the determination of PbB 

levels was at that time, is difficult to ascertain. Am how Zwennis, who 

revised the anahsis of blood lead with со workers at the Central 

Laboraton in Managua in 198 7, considered »that the lack of means 

and apparatus which arc indispensable according to our standards 

made the determination of lead in blood ν erj laborious« (Zwennis, 

Diagnostic possibilities for the detection of early pathophvsiologic 

changes related to undue lead absorption have been expanded during 

recent vears The possibility to measure enthrocytc 7ine 

protoporphvnn (/PP) by means of the hematofluorometer has 

considerably facilitated the screening of high risk populations and has 

added to the common diagnostic methods the possibihtv of a rapid, 

in field demonstration of a lead-related biologic etfcct which indirecth 

yields a first impression of the PbB level in group screening (see 

2 5 2) 

Also, from the public health point of view it appears inconsistent 

to use the manifestation of risk (PbB) as a means of evaluating the 

effectiveness of env ironmental control measures, moreover, since 

interference with various en/vmatic and metabolic s\ stems may occur 

at PbB levels hitherto regarded as safe (Zielhuis, 1975) In 1978, the 

clinical E P assav was established as the priman screening test for lead 

poisoning (CDC, 19"78). Since 1978 the hematofluorometer has 

replaced the microextraction methods for the measurement of EP in 

many laboratories (CDC, 1981) 

In the first months of 1987 SIMAVI, a Dutch organization 

supporting projects in developing countries, provided the Central 

Laboraton of Hvgiene and bpidemiologv of the MINS \ with a 

hematofluorometer This apparatus, designed for the determination of 

/ P P in blood samples, arrived in Managua the same week when the 

first child died of lead poisoning in the study area 
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In public health practice, a screening test is intended to identify a 

disease while it still is asymptomatic or in its earliest phase, in order 

to provide a better result through early intervention. Desirable 

features of a screening test include low cost, technical simplicity, and 

acceptability to the population screened (Frankenburg, 1975). Once a 

test has been chosen, it is necessary to identify an appropriate cut-off 

value, so that most individuals with the condition (increased PbB) are 

detected (high sensitivity), whereas most individuals who are free of 

this condition are excluded (high specificity). When the estimated Z P P 

docs not exceed that predetermined cut-off level, determination of 

PbB may be omitted, which does strongly promote cost-effectiveness. 

Positive cases, i.e. considered those with a ZPP value of 2.2 μg/g H b 

or more (National Center for Health Statistics, 1982), identified and 

confirmed by a repeat Z P P assay, plus determination of Pb in a 

venous blood specimen (PbB). The ZPP level measured with the 

instrument used in the present study showed, that when in 87 

children the Z P P level was 5.0 μg/g Hb or more (n=87), then the 

PbB level was always higher then 300 μg Pb/L (Zwcnnis, 1987). (See 

Annex III, Figure 1). 

Scatterdiagram including regresslonline 
showing the relationship between logPbB 

and logZPP in 200 children, Study II 

LogZPP 

i.s*-

•o.s ! 

0,5 1 1,5 2 2,5 3 

LogPbB 

(г = 0.3Б, 0 23 - 0.47) 

Scatterdiagram showing the relationship 
between logZPP and PbB in 200 children, 

Study II 

LogZPP 

Α:» Γ;: - . 

¿¿:'-:—. 

-0,5-

- 1 -
0 100 200 300 400 500 600 

PbB 

(r = 0 36; 0,23 - 0.4T) 

tlGl'IUi 7.1 Scatterdiagram showing the relationship between PbB and ZPP, 
in 200 children. Left frame logarithmic scale; right frame log ZPP vs. PbB 
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Scatterdlagram Including regressionline 
in urban most exposed population (n=50) 

LogZPP 

Scatter diagrams presenting the relationship between ZPP and PbB in 

Study Π arc shown in Figure 7.1 and 7.2; the correlation was 

evaluated to study the degree of connection between these 

parameters. (The regression curves which provided the best estimate 

of the data are plotted in Fig 7.1 _ _ 

and 7.2). Z P P was again 

considered the dependent 

variable (y) and the indicator of 

exposure (PbB) the independent 

variable (x). 

The scatter may arise partly 

from individual responses to 

lead. More important is however 

that blood lead levels reflect 

current (recent) lead absorption 

and are therefore expected to 

show variability, whereas ZPP 

levels reflect the biological effect 

of lead at the site of 

erythropoiesis, averaged over 

0,5 

1,5 2 

LogPbB 

2,5 

(r = 0 37 о 10 0 5β) 

Scallerdiagram including regressionline 
in urban least exposed children (n=50) 

LogZPP 

•0,5 

0,5 

(r = 0 23, -0 05 - 0 47) 

1 1,5 2 

LogPbB 

Scatterdiagram including regression line 
of rural population (n=100) 

LogZPP 

0,5 

0,5 

(г в 0 22, 0 02 0 40) 

1 1,5 2 

LogPbB 

2,5 

J 
FIGURI·. 7.2 Scattcrdiagrams showing the relationship between log PbB and 
log ZPP in three populations with different lead-exposure. 
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PbB ( μ Β / Ε ) 

ZPP ( μ ε / 8 Hb) 

< 2.2 

2.2-5.0 

э» 5.0 

< 100 

η 

88 

69 

11 

% 

(52) 

(41) 

(?) 

100-200 

η 

8 

6 

4 

% 

(45) 

(33) 

(22) 

s* 200 

η % 

1 (7) 
3 (21) 

10 (72) 

Total 

Ν % 

97 (49) 

78 (39) 

25 (12) 

Ν 168 18 14 200 

ρ < 0 001 

lable 7 1 PbB дпсі / P P relationships in 200 children Managua 1988 

approximateh 3 months, the life span of an er^throevtc Iron 

deficienc\ also increases the ZPP, lack of resources made it 

impossible in this case to determine the extent to which the elc\ated 

ZPP \alues were associated with low Fe/TIBC le\cls 

The Pearson correlation coefficient 'r' between log PbB and log 

ZPP in the whole population was 0 36, and that among the urban 

most exposed population 0 37 In the samples of urban least exposed 

and rural population the correlation coefficients were less apparent 

It should be noted that in this stud\ the iron status could not be 

assessed because of lack of resources. Howe\er, iron deficiencv is an 

important confounder in the relationship between PbB and ZPP, as 

was also re\ealed b\ the second NIIANLS stud\ which showed that 

25 % of children with lead to\icit\ also had a transferrin saturation 

less than 12 % (Yip, 1986). 

Table 7 . 1 presents the relationship between the concentrations of 

Z P P and lead in blood in 200 children (Stud\ II). Of the fourteen 

children with PbB concentrations of 200 μg/L or more, thirteen (93 

%) had ZPP le%els s« 2.2 ^g/g Hb For those with PbB le\els 

between 100 - 200 μg/L 55 % had high ZPP \alues 

Table 7.2 presents the percentages of children with and those 

without lead toxicity identified as such for varung levels of ZPP 

\ersus PbB in the total population of 200 children. Table 7 2 

illustrates the effects of setting different upper limits on Z P P krvels. 

If the Z P P limit is set low (2 2 μg/g Hb), then the ZPP test 

becomes a ven scnsime test, ι e. all children with PbB le\els & 250 

μg/L· ha\e positne (S5 2.2) Z P P tests; this is at the expense of 
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ZPP 

M'g/g H b 

2.2 

2.5 

5.0 

PbB 
μ δ / ί 

^ 
^ 
5* 

5= 

За 

^ 

5= 

=s 
3= 

> 

» 
^ 
3s 

Э= 

^ 

200 
250 
λ00 
350 
400 

200 
250 
300 
350 
400 

200 
250 
300 
350 
400 

Sensitivity 

(%) 

93 
100 
100 
100 
100 

93 
100 
100 
100 
100 

71 
70 
70 
71 
100 

Specificity 
(%) 

53 
53 
52 
52 
51 

57 
56 
5 
55 
54 

92 
90 
90 
90 
88 

Predictive 

Value (%) 

13 
10 
7 
7 
2 

14 
11 
58 
8 
2 

40 
28 
20 
20 
4 

¡able 7 2 '1 he \,ilidit} and prcdictuc value of / P P for PbB in 200 children 
Managua 1988 

erroneously identifying mam normal children as at extra risk. If the 

ZPP limit is set high, then the test becomes a highly specific test for 

lead poisoning IIowe\er, mam children at extra risk will be missed 

and identified as normal 

As shown in Table 7 2, the highest sensimity and specificitv was 

obtained at a cutoff for the ZPP le\el of S 0 μg/g Hb (sensitivm = 

100 %, specificitv = 88 %) for PbB levels 3= 400 μg/L· It should be 

noted that this refers to onh one true positive case (a = 1). A 

moderate sensitivitv (70 %) and specificity (90 %) is reported, when 

the Z P P limit is set at 5.0 μg/g Hb for the PbB levels > 250 μg/L 

(a = 7), 5= 300 μg/L (a = 5), and of 350 μg/L or more (a = 5). 
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Chapter VIH GENERAL DISCUSSION AND 
CONCLUSIONS 

8.1 The study — its results 

The purpose of this stud^ — carried out in 1987-1988 —, was to 

estimate the health impact of industrial lead pollution in preschool 

children living in a poor urban area of Managua 'Ihe presence of 

batten industries in denseh populated poor urban areas, the rapid 

spread of lead-related cottage factories in the capital and the detection 

of cases of lead poisoning among children, suggested the presence of 

a serious and until that moment neglected environmental health 

problem. 

Other objectnes were to establish 'baseline' ZPP levels in 

preschool children and to determine if there is a public health need 

for monitoring the lead burden in this group 

This stud\ was the first of its kind in Nicaragua In the first phase 

a sune\ was carried out among 1000 children up to 6 \ears of age 

Ining in the urban lead exposed area, which should be considered as 

explorative, being the first time that the ZPP level was used as a 

screening test in Nicaragua Blood of 215 children with a ZPP value 

of 5 0 μg/g Hb or higher was anah/ed for PbB, being the decisive 

diagnostic test for increased lead exposure and indirecth of health 

risk The same analvses were also carried out in a control population 

from a non-polluted rural area In phase two, ZPP and PbB levels 

were measured in selected groups of children to test hvpotheses about 

lead sources and risk factors responsible for the variation in blood lead 

The studv clearh showed that children living up to 250 meters from 

7 4 

file:///ears


Cbaphr I /// CL.\LA IL PISCI УГОЛ . I \ Л CO\CLL MOS S 

the battery factory and near the cottage factories had higher PbB and 

ZPP levels than those living at a larger distance and those living in 

the rural control area. The habit of pica for soil, flaking paint in the 

child's home and occupational lead-exposure of one of the household 

members proved to be significant risk factors, co-responsible for the 

increased lead burden. 

A weak correlation was found to exist between log ZPP levels and 

log PbB levels. High ZPP levels were found in the majority of urban 

exposed children and in many children of the studied rural area. In 

some cases high ZPP levels were lead-associated, but in other cases 

were unexplained and maybe a consequence of iron deficiency, 

however, this association could not be confirmed (see 8.2.3). The 

correlation of ZPP with nutritional status as measured in this study 

was poor; consequently, the hypothesis that ZPP levels did not onh 

depend on lead exposure but also on nutritional status was not 

supported b\ this study. 

8.2 M e t h o d s and material: l im i ta t ions of the data 

The possibility of error in the study should be considered and several 

limitations of the data used in this investigation deserve comment. 

8.2.1 Selection bzar 

The use of population-based samples both in Study I and Study II 

reduced the possibility of differential selection. The studies were 

considered of particular interest to the population. As one child of 

the urban exposed districts recently had died of lead poisoning, 

several community groups were involved in cleaning-up campaigns of 

the lake-shore - a common play area of their children where 

batten-plates were used to be dumped -, so all children selected as 

the target group were available and participated in the study. Flexible 

schedules allowed the mothers or guardians to bring their child(ren) 

before or even after returning from work. 

8.2.2 Information bias 

Most information required was obtained by interviewing the mother 

or guardian. A variety of factors may influence the validin of the 

information obtained, awareness of lead exposure undoubtedK was 
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high in the districts near the batten·-factory because of the recent 

death of a child due to lead poisoning, so this may have influenced 

the answers of the respondent. ±\Ioreo\er, the interviewers were aware 

of this situation and this a priori knowledge may have influenced the 

structure of the questions and the interviewer's attitude, what in turn 

may influence the response. The interviewer might for example have 

insisted on the prevalence of certain risk factors, eg. the habit of the 

child of pica for soil. The measurement of pica particularly is 

considered to be difficult (DHSS, 1980). Questionnaire methods of 

measurement, as performed in this srud\, have not always shown a 

relationship with blood lead levels (Gallacher et αϊ, 1984). Although 

information bias thus may be considered a possible source of error in 

this study, it is not likely that this explains the strong correlation 

between the factors under consideration. 

8.2.3 Confounding factors 

The children participating in this study could not be screened for iron 

deficiency due to lack of resources to measure ferritin in blood. The 

iron status, howe\ er, may have acted as a confounding factor in the 

relation between PbB and ZPP. 

The term socio-economic status (SKS) is being expressed in a great 

variation of terms: for example social class, socio-economic milieu or 

situation. Human values, income and formal education are used m 

analytic characteristics in western sociological literature. Some authors 

have suggested to replace 'socio-economic status' by its analytic 

characteristics and to explore the correlations with social phenomena 

(Tax, 1987). We did not follow these suggestions, because none of the 

separate analytic characteristics would have been sufficient in 

Nicaragua anno 1987 to represent and differentiate social inequality 

just by itself. 

Due to the economic crisis and the following super-inflation, the 

formal income level, for example, had become a very incertain 

indicator of SKS by 1987 in Nicaragua. By expanding the 

schoolsysiem and providing free education new possibilities had been 

created since 1979 for many of the poorest to recene some formal 

education (see also Chapter IX). Summarizing, neither the income 

level nor the education level by itself, could be considered reliable 

indicators of SKS. 
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Therefore, the index used to characterize the socioeconomic 

situation in this stud\ uas constructed based upon different items, 

such as education level of mother/guardian and housing conditions 

For reasons of simplicity the index was classified into 3 categories 

each of them representing sufficient families Although this index was 

considered to represent the inequity in Nicaragua 1987-1988 best, a 

s\stcmatic error might have been introduced following this method 

I he a\ailabilit\ of basic food products, a characteristic which ma\ 

ha\e ditfered between the rural and urban area eg was not included 

as an item 

8 2.4 Misclassification 

The Ζ Ρ Ρ le\ els in Stud\ I were measured in Nicaragua, if the 

hematofluorometer had been incorrecth calibrated, errors in the 

measurement might have resulted, but since a sample of ZPP 

determinations was validated against an anahsis at the MBL-TNO in 

the Netherlands, this source of bias can be excluded 

Verschoor et al (1987) reported that the absolute precision of the 

ZPP measurements is not constant for the Л І hematofluonmctcr 

and that the sequence of measurements affects the ZPP value When 

measuring subsequentlv increasing levels, the ZPP levels were shghth 

lower than when measuring in a random order Therefore, when using 

the hematofluonmctcr for longer than 20 minutes, the time between 

two succeeding measurements must be prolonged from the proposed 

time of 30 seconds to 40-60 seconds, if not too low \alues will be 

measured The relative precision will decrease with increasing ZPP 

lex els 

The PbB levels were measured in the Netherlands, and the 

possibilitv of error might be considered minimal (the MBL 

participates in a quali tv-assurance program with several buropean 

laboratories) Transport was in tubes free of lead contamination and 

stored at 4° С The blood lead levels reflect the total biologiealh 

available bodv lead content As in most studies of children the 

protoporphvrin-lcvels correlate with the blood lead levels, we relied 

primari!} on the single lead lev el 

Rabinowit7 et al (1984), however, cautioned investigators not to rch 

on a single determination of PbB to categoric children (the voungcr 

the child, the greater the bio availabihtv, and therefore relativcH more 

vanabihtv of the PbB-level) In a group of approximateh 200 
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children, followed from birth to 2 \r ot age, the алerage PbB did not 

markedh change with age Howe\er, within this population, the 

intra-indnidual \ariation in PbB among \oung children was tairh 

large Older children with more elevated PbB levels have been 

reported to displav greater stabilm of the PbB lev el than these 

vounger studied children The average change in a child's PbB per 6 

months was reported to be 40 μg/L, which was several fold in excess 

of the anahtical reproducibihtv 

Measurements of PbB are a frequentlv used index to identify recent 

lead exposure particuLirh in children wath a relativ eh large 

bioavailablc bodv burden In transient increased lead exposure, 

however, adverse biological responses associated with increased PbB 

mav persist longer than the PbB elevations itselves. Therefore, 

frequent blood sampling would be useful, although not feasible in the 

present studv 

As noted before, questionnaire information is liable to 

misclassification error in this studv It should be noted that random 

misclassification has a diluting effect on the estimated associations. 

8.2.5 Sample si^e 

Lpidemiological studies generallv require observations of a large 

number of persons, in studv II additional tests were carried out in 

200 children in order to test hvpotheses about variation in blood lead. 

It relers to 50 children hv ing at a distance < 250 meters from the 

batten faeton, 50 children living at a distance > 500 meters, and 100 

children from a rural control population These small numbers mav 

have generated some additional random error in the observations 

made, which mav hamper quantitative interpretation 

8.3 Discussion of results 

8.3.1 Hypothesis I 

»Ibi PbB and ZPP levels in preschool children living in a lead polluted aiea 

(mde\ gì о ups) are higher than levels m children of sinnlai age hung in a 

non lead-polluted area (contiolgroup)« 

( hildren hv ing in the urban exposed area appeared to have higher 

PbB levels than children of similar age living in the non lead polluted 
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rural area. If compared with data on PbB levels in preschool children 

living around lead-smelters in the United States, it is evident that the 

increase in PbB in this study indicates a relatively 'moderate' exposure 

(Baker et al, 1977; Landrigan et al, 1975-a). 

The PbB levels in the urban exposed area ranged from 41 μg/L to 

536 μg/L. (In the rural area all children had PbB levels < 100 μg/T.). 

Cumulative percentage 

100 

0 100 200 300 400 500 600 

PbB (ng/L) 

~ Urban most exposed "^ E.E.C. BQG 

J 
Hffire 8.1 Comparison between PbB levels of 50 lead exposed children and 

biological quality guide (E.E.C. BQG) 

79 



/ miionmtntal I tad I \ftuiiin о) СluUnii ¡η Managua, \иаіш!^іііі Iff f rban Ileallb Pioblim 

Geometric mean PhB le\els for the urban exposed area ranged from 

32 μg/L to 115 μ g / Ь In the LS-Siher Valley Lead Studv (Yankel et 

αϊ, 197V) for example geometric mean \cnous PbB levels ranged from 

180 μg/L to the extreme of 770 μg/L, depending on age and 

exposure categon The batten faeton in Managua was relatively small 

compared to the lead ore smelters in the former studies. However, 

poor housing conditions in Alanagua probabh facilitated penetration 

of lead dust. Moreover, predisposing factors as iron deficienc\ mav 

have contributed to increased Pb absorption Ihpothes is I was 

confirmed. 

The second National Health and Nutrition Examination Sur\c\ 

( N H A N b S IT) in the U.S. reported a mean lead level in blood of 230 

μg/L for black children from low-income families living in urban 

areas (Mahaffcv el al, 1982). 

The health risk for children living in the so called 'urban most 

exposed area' of Managua however, appears to be considerable, if 

compared to the distribution of the PbB values according to the 

Biological Qualm Guide (BQG) for inorganic lead as recommended 

for children (sec Chapter 2 5.1) Then a situation of unacceptable 

exposure exists for those Managua children: 86 % < 300 μg/L·, 80 % 

< 250 μg/L, 74 % < 200 μg/L (see Figure 8.1). This unacceptable 

exposure according to the B Q G is mainly due to the percentage (14 

%) of children in the high PbB category (s= 300 μg/L), although the 

overall exposure appears to be relativclv low according to the BQC 

standard of 1974 (74 % < 200 μg/L). 

During the past decade, it has become increasinglv evident that 

exposure to far lower quantities of lead ma\ produce impaired 

psychological, behavioural and intellectual functioning among children. 

Based on the recommendations of the VC H O (1987), in the present 

studv PbB = 200 μg/L· uas selected as the upper aceptable limit 

However, the threshold defined for neuropsvchological impairment 

was lowered since then. Rccenth in 1991 the LS federal government 

defined that lead toxicity already ma\ occur at the level of 100 μg/L 

(see Chapter 2.5.1). There is general agreement that blood lead 

concentrations above 300 μg/L are harmful to children and requires 

clinical and social intenxntion to tr\ to locate and remove the sources 

of exposure. 
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Until recently, whole blood lead levels as high as 300 μg/L were 

considered acceptable. However, it is now documented that lead levels 

as low as 150 to 200 μg/L interfere with both haem synthethasc 

activity and the synthesis of CNS neurotransmitters (see Chapter 2.4). 

The Z P P levels were also higher for children in the urban exposed 

area than for children in the rural area. In the case of lead exposure 

increased ZPP levels indicate that the haem-synthesis (in the bone 

marrow) is impaired, even though Hb is not yet decreased. Haem 

synthesis also occurs in other tissues eg. liver, kidney and nervous 

system; increased ZPP levels measured in erythrocytes may be 

accompanied by an impaired synthesis in other organs. Impaired 

synthesis in the nervous system might be regarded as potentially more 

serious than in bone marrow (Piomelli, 1977). 

8.3.2 Hypothesis II 

»The PbB and ZPP levels of the index-groups are negatively associated with 

the distance of living from the industrial sources of lead emission, when 

adjusted for other lead sources (paint, occupationally lead exposed household 

members, consumption of canned food, use of pottery)«. 

The PbB levels appeared to be negatively associated with the distance 

of living from the industrial sources of lead emission or the exposure 

level, when adjusted for the condition of paint in the home, SKS and 

pica. Hypothesis IT was confirmed. 

Recycling exhausted automobile storage batteries in the home can 

pose a hazard from the time of original manufacture through 

recycling and ultimate disposal. Attention was already called to this 

problem by Dolcourt et al (1981), who described excessive lead 

exposure in two families of rural North Carolina, that resulted from 

recycling lead-acid car batteries or burning the discarded battery 

casings for home heating; one child developed lead encephalopathy. 

Like the owners of the cottage-factories in Managua, both families 

eiter did not recognize the hazard due to these lead recycling products 

or even denied this; they were financially motivated to carry out this 

work ('income supplementaüon'). Soil contamination from fallout in 

the proximity of the house poses a hazard to young children at play. 

Little attention has been paid to the discarded battery casings. 

However, the residual lead coating of the casings presents an 
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important biologic hazard Raw ai et al (1983) drew attention to the 

fact that lead-containing housedust present in the homes where lead 

work is carried out provides a significant source of lead exposure for 

children, in their stud\ in Japan, health examinations for lead 

poisoning were made of 62 family members from 15 families of 

homes, who carried out lead work in their home, such as 

quenchhardening in a molten lead bath and t\pe-printmg Cases with 

an 'unduK high lead absorption' (defined as s= 300 μg/L) were found 

among children, but not among the adult famih members other than 

home-lead workers 

As would be expected for survevs of children living around lead 

works, a considerable number (14 %) had a household member who 

was occupationalh exposed to lead 'Ihose children were reported to 

have sigmficanth higher PbB levels than those presented b\ other 

children Other studies ha\ с described similar results (Baker et al, 

1977, Siham et al, 1989) Dolcourt et al (1978), identified lead 

transmitted into the home via contaminated parental work clothing as 

the probable source of excessne lead exposure among 69 % of 58 

children whose mothers worked in a batten faeton Dust samples 

from the homes of the children with the greatest lead burden 

demonstrated gross contamination of the home environment As in 

Managua no uniforms or garment co\ers were provided bv the 

companv, and work clothing was worn at home 

Lead based paint remains one of the most significant sources of 

lead exposure for voung children (sec Chapter 2 2) Also in Alanagua 

sigmficanth higher lead absorption was found in children whose 

home had been described as ha\ing peeling paint somewhere in or 

outside the house, compared to those children whose home had 

recenth been painted or had never been painted It is well-known that 

intense tropical heat and humiditt - as common in Managua- cause 

the lead paint on houses to powder. 

Lead poisoning mav result too from the preparation of glazed 

pottery or the use of pot ten that is not fired at high enough 

temperatures, from consumption of canned food of ν cgetables grown 

in a lead polluted area (see 2 2) In the present study no significant 

association with blood lead levels was found 
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8.3.3 Hypothesis IH 

»fixposure to lead not only depends on the distance form the industrial sources 

but also on demographic and social factors« 

For evaluation of public health hazards from lead emission it is 

particularly recommended to study young children, as they constitute 

the group actually most at risk (Zielhuis et al, 1979; see Chapter 2.3). 

Clinically, most non-industrial lead toxicity occurs among children 

between the ages of 1 - 6 years, with the highest incidence among 

children 2 - 3 ν ears (Lin-Fu, 1972). In various surveys lead in blood 

levels were reported higher in toddlers (1-3 year) than in older 

children (del Castilho et al, 1977; Landrigan et al, 1976; Yankel et al, 

1977). However, such an effect of age was not always observed 

(Smiths et al, 1976; Taskinen, 1981) nor was this the case in the 

present study. 

The absence of a difference in PbB levels between young girls and 

bo\s is consistent with other observations (Duggan, 1983; Xat. Center 

for Health Statistics, 1984). 

Several studies have identified factors which contribute to high lead 

exposure: abnormal hand-to mouth activity and inadequate care by the 

mother/caretaker with respect to childhood lead toxicity (Lourie et al, 

1963). These findings, however, are limited by the fact that most 

studies were conducted on samples of children with clinical lead 

poisoning or 'moderately' elevated blood lead concentrations (> 300 

μg/L). One should not extrapolate from clinical cases with high lead 

exposure, to relatively more common long-term low level lead 

exposure. Correlations of the lower lead le\els -more representative of 

community exposure- (e.g. between abnormal hand-to-mouth activit\ 

and inadequate care by the mother/guardian) might not be the same 

as the correlates of PbB levels that bring children to medical attention. 

Children who -according to their mothers/guardians - ate soil or 

excessnely mouthed their fingers or toys, had higher blood lead 

values in the present study. Gallacher et al (1984) suggested that 

children's mouthing is associated with elevated blood lead levels only 

when the environmental lead concentrations are high; in suncys of 

children aged 1-3 years in 4 areas with different degree of 

environmental lead, they found no relation between pica habits in the 
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children, as assessed b\ questionnaire, and the blood lead level, 

howe\er, the amount of lead remo\ed from the children's hands with 

'wet wipes' appeared to be an important contributor to blood lead 

concentrations. These data suggest that pica and related behaviour arc 

relevant to blood lead levels in young children - and even »that in 

areas of high environmental lead, a reduction in blood lead 

concentration is likely, both in children and in adults, with improved 

standards of hygiene«. 

Iron deficiencv in some of the children in this present study may 

have contributed to pica and an increased Pb ingestion (see Chapter 

2.3). 

As mentioned before, identification of pica is difficult. House dust 

is probably one of the most important environmental sources of lead 

for children and certainh the most important source relevant to pica 

(Vostal et al, 1974). Bellinger et al (1986) reported that the amount of 

lead in the proximate environment, particularly in home dust, emerged 

as the most important predictor of children's PbB levels that are 

relatively high, but still within the range that was considered 'safe' at 

that point of time (< 250 μg/L). Bornschein et al (1985) documented 

that lead in housedust influenced the blood lead with hand-to-mouth 

activity being a significant route of exposure, the mouthing activity 

most strongly related to blood lead level was thumb/finger sucking. 

It was pointed out by Gallacher et al (1984) that considerable 

attenuation of the level occurs between source and subject: although 

high soil lead values were found in a lead mining area, house dust 

concentrations were only about twice those in a control area remote 

from heavy traffic, industr) and lead mining. Also Barltrop et al 

(1975-a) examined the effect of pica in an area with high soil lead 

levels; he reported for an area with soil lead values over 10.000 

mg/kg a mean PbB level of 290 μg/L in children and an increase in 

PbB concentration of only 9% for children showing pica if compared 

with children not showing pica. 

The children in the present study belong to a very low socioeconomic 

group: particularly the children from the urban 'barrios'· have lived all 

their lives in an area polluted with lead. Their play-areas are the 

slagheaps along the lake-shore, where empty batteries and residuals of 

cottage factories arc dumped. The hot, dry and windy climate during 

half of the year, favours the dispersal of lead-rich dust into homes 

and yards, and the transfer to their mouths via their contaminated 
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hands. Their PbB and/or ZPP levels at the time of the survey are 

probably indicative of their long-term exposure to lead. 

Various surveys have reported increased PbB values in preschool 

children from the lower socio-economic classes around smelter plants 

(Zielhuis et a/, 1979; Landngan ef al, 1976; Yankcl et al, 1977). These 

results indicate that the socio-economic status should be taken into 

account when identifying the group most at risk. In the present study 

no significant negative relation between PbB and SES was found. This 

is probably due to the fact that the differences in SES within the 

study population were small, in fact all classifications of SES ('very 

poor', 'poor' and 'moderate') were variations of the same theme, 

which is poverty. As mentioned in 8.2.3, the index used to 

characteri7c the SES in this study was constructed based upon two 

items: education level of the mother/guardian and housing conditions. 

This opcrationali7ation of the socioeconomic situation ma\ have been 

too limited. Although, the purpose was to select a control group, 

which had a similar socio-economic status, the children of the 

non-polluted rural area appeared in fact even poorer. This caused an 

inverse relation between SES and 'exposure level', and thus may have 

masked the real association between SES and PbB. 

However, it was found that in the urban area with decreasing 

distance from the source, the percentage of children who were 

classified as 'poor' and 'very poor' increased. This illustrates the fact 

that children from a lower socio-economic status are more prone to 

live in deprived areas where lead exposure is higher. 

Some of the factors which influence susceptibility to lead toxicity 

include age, diet and nutritional status with respect to calories, fat, 

vitamin D, calcium, iron and zinc (Mahaffey, 1981). Animal studies 

showed that lead absorption was increased by high fat, low mineral, 

low protein and high protein diets (Barltrop & Khoo, 1975-b). The 

authors concluded that the marked effects of different nutritional 

factors »might in part explain the wide range of blood lead 

concentrations found in community studies«. 

A poor nutritional status thus may increase the chances that 

environmental lead exposure will lead to adverse health effects If 

certain dietan patterns, eg. a low calcium intake, persist in the 

presence of continued lead exposure, then bod\ burdens of lead could 
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increase to a higher extent than would occur if the children were 

ingesting an adequate diet (Mahaffev, 1981). In the urban poor of 

Managua, in 1987-1988, low income greatly increased the probability 

of low nutrient intake; especial!} milk was difficult to obtain and 

expensive (sec also Chapter IX). 

Low dietary intake of iron however occurs more frequently than of 

calcium. Dietary intakes of less than 25 % of the recommended dail) 

intakes of calcium and iron are found in 14 % (for calcium) and 24 % 

(for iron) of children from low economic groups in the U.S. (') 

(Mahaffe\ & Michaelson, 1980). Iron deficiency as well as lead 

toxicit) were prevalent among low-income children and both affect 

hematopoiesis. The degree of anemia however, produced by the 

combination of iron-deficient diet and lead intoxication is greater than 

that resulting from cither alone (Mahaffcy, 1981). Low levels of iron 

appear to increase susceptibility to lead toxicity Summari7ing, the 

children studied in Managua were at risk for multiple reasons. 

Hypothesis III is confirmed. 

8.3.4 Hypothesis IV 

»The ZPP levels permit to identify subjects with a lead in blood level of 300 

\i-g/1' or more«. 

Traditionallv, the diagnosis of lead intoxication has relied upon blood 

lead determination. However, metabolic changes in the biosvnthctic 

pathway of heme as well as damage in other organ systems mav occur 

at blood lead levels hitherto regarded as 'safe' (see 2 4). It is generally 

agreed that the erythroid cells in the bone marrow are the cells 

affected at the lowest blood lead level and that ervthrocyte zinc 

protoporphyrin is the most sensitive and practical marker of that 

effect (NX H O , 1977). 

In the present study the correlation between the ZPP and PbB levels 

was assessed. The skewed distribution of both PbB and ZPP made it 

more appropriate to work in terms of the logarithm of both ZPP and 

PbB levels, which were plotted against each other. 

The observed scatter is not onl) due to individual variations in 

response to lead, but also to the variability in actual exposure to lead. 

Z P P levels reflect the biological effect at the site of erythropoiesis, 
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averaged over approximately 3 - 4 months, the life of span of the 

erythrocyte. PbB levels reflect a more recent lead-absorption and arc, 

therefore, expected to show considerable variability. 

Correlation studies involving children indicated that the FEP levels 

increased with increased lead levels but only in those specimens where 

the lead level was already in the toxic range, usually over 500 μg/L 

(ChisolmJ et al, 1975; Hanna étal, 1976; McLaren et al, 1975). This 

was also confirmed by Sassa et al (1973), who studied F b P levels in 

138 children with PbB levels ranging from 200 - 800 μg/L and 

reported a correlation coefficient between log ZPP and PbB of 0.72; 

in a group of these children (n=26) known to have had constant Pb 

levels for at least three months r was 0.91. One study concluded that 

no significant relationship could be demonstrated between ZPP and 

blood lead concentrations if the PbB is below 390 μg/L (Piomelli et 

al, 1981). 

Τη the present study log ZPP levels were found to correlate weakly 

with log PbB levels; in the urban most exposed area, where more 

children were in the range of lead levels in u hich a correlation could 

be expected (> 300 μg/L), the correlation coefficient was О.З"7. 

Multiple regression analysis adjusted for the confounding effects of 

'exposure', pica, socio-economic situation and age, however, reduced 

the partial correlation coefficient between log PbB and log Z P P to 

0.22. The large residual variation found, may be a consequence of the 

effect of iron deficiency. 

Kaul f/л/(1983) compared the two commonly used primary screening 

methods ( F b P and ZPP) for detecting Pb poisoning in children and 

above-normal values for ZPP and F E P with PbB < 300 μg/L, and 

concluded that »iron deficiency constitutes an equally important 

public-health problem for children in New York City as lead 

exposure«. The correlation reported between Z P P and PbB was 0.372. 

In a study of 293 children (4-6 years of age) in Cape Town, Deveaux 

et al (1986) found no correlation between the ZPP and blood lead 

levels below 200 μg/L. Clark et al (1988) also reported that the Z P P 

level showed only slight statistical dependence in the model in which 

lead was the only causal variable. 

This is in contrast to most other studies in adult workers which 

report a loglinear relationship between PbB and ZPP levels with 
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correlation factors (r) ranging from 0.72 to 0.91 (Elsinger et al, 1978; 

Alessio et al, 1976; Grandjean & Lintrup, 1978; Zwcnnis et al, 1990). 

The primary justification for screening for a condition or a disease is 

the health implication of the condition (disease), the confidence that 

the screening test is accurate, and the knowledge that early 

intervention is possible. 

Since its introduction in 1971 the ZPP measurement has been 

widely used in screening children for lead poisoning because of its 

technical simplicity and reliability. In this study it was found to be a 

test with a great acceptability to the parents of the young children, 

since it requires microsamples of capillar} blood. Training of health 

personnel was not difficult and more than 1000 children were 

screened in a few days with great ease. 

However, the results of the present study, as well as other studies, 

raise questions on the validity. Therefore, it was evaluated to what 

extent ZPP is an indicator of effect caused by a situation (internal 

lead load) which PbB appears to measure with the highest accuracy. 

Validity comprises sensitivity and specificity. 

Since the objective was to verify whether ZPP can be used as a 

screening test, it is e\ ident that a high sensitivity is to be preferred, ic. 

with the minimum possible loss of positive subjects. However, as 

Ziclhuis and Vcrberk (1974) observed, too low a specificity cannot be 

accepted since too mam subjects not manifesting an\ effects due to 

lead would be classified as positive. Alessio el al (1976) reported that 

in workers the predictne value was good in the higher range (PbB = 

400 - 700 μ§/ΐΟ. 

In the present study both sensitivity and specificity were elevated in 

the higher range, taking a cutoff level for Z P P of 5.0 μg/g Hb. 

However, accepting the suggested (NHANES II, 1982) cut-off value 

for children (2.2 μ 8 / 8 Hb), 100 (50 % I) of the children in this study 

(11) would have been identified by screening as needing additionnally 

determination of PbB. These data brought out the fact that ZPP 

measurements, although a sensitive indicator of lead toxicity, lack 

specificity: this may limit the applicability of the test. The high 

sensitivity of ZPP to the lead toxicity and/or the iron deficiency state 

nevertheless offers some advantage when it is used as a screening test 
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or sunxy tool for detection of disordered heme synthesis caused by 

iron deficiency and/or lead poisoning. Although H\pothesis IV 

stneth speaking is confirmed, the performance of the ZPP test as a 

screening instrument for PbB burden is surprisingly poor, at least 

much worse than reported in western countries. 

8.3.5 Hypothesis V 

»The ZPP levels not only depend on exposure to lead but also on the 

nutritional s ta tu w. 

ZPP formation is not specific for lead and ma\ increase in cases of 

iron-deficiency anemia, although the values are rarely as high as those 

seen following lead exposure. (Mahaffey et al (1982) cited that nb % 

of children with a PbB level of 300 μg/L or higher will show ZPP 

readings above 3.5 μg/g Hb). 

Iron deficiency, even in the absence of anemia, appears to be the 

single most important predisposing factor for increased absorption of 

lead (Am. Acad, of Ped., 1987). However, analysis of the serum 

ferritin level - an indicator of the iron bodv burden- could not be 

carried out in Managua; therefore it was not possible to determine the 

extent to which iron deficiency may have contributed to the elevation 

in Z P P level in this studv. Also, the correlation between the Z P P 

level and nutritional status when expressed as expected weight for 

height by age was poor; consequently the hypothesis that Z P P levels 

did not only depend on exposure to lead but also on the nutritional 

status could not be confirmed. 

However, several investigators have emphasized the frequent 

coexistence of iron deficiency and lead poisoning among urban 

children (Lin Fu, 1973; Szold, 1974). Also, lead toxicity and iron 

deficiency have their highest pre\alcnce among children of low 

socio economic status (CDC, 1985). 

Between the first and second \car of life children are particularly 

susceptible to malnutrition and to iron deficiency (see Chapter 2.3). In 

the present study significantly higher Z P P levels were found in the 1 -

2 year age-group. 

As mentioned before iron deficiency may potentiate the metabolic 

response to lead and enhance its toxicity, particular!} in children (see 
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Chapter 2.3). 

In a review of all children admitted to hospital because of lead 

poisoning (n = 51), Clark et ¿7/(1988) studied how ZPP varied as a 

function of iron status in a group of children with elevated lead levels 

(63-190 μg/L·). The ZPP level was clearh elevated in even case, but 

most dramatically in those children with a co-existent iron-deficiency. 

The\ concluded, that iron deficiency is strongh associated with some 

of the observed toxicities of lead. Microcuic anemia, long considered 

an effect of lead poisoning, may in fact result from a coexisting iron 

deficiency. Also, lead poisoning may exist without producing 

microc\tosis or anemia, and Z P P may not e\cn be a sensitive 

indicator of the lead level in the absence of iron deficiencv! Am how, 

the data of the present study reinforce the conclusion that a 

significant excessive lead concentration ma\ exist without extreme 

elevations of ZPP values. 

Among the children studied during the second National Health and 

Nutrition examination Survcv in the U.S., Yip (1984) found an 

interactive effect between low transferrin saturation and blood lead 

levels in the range of approximately 250 μg/Ь. The highest KP 

concentrations were found in infants and children. Lead toxicity 

(defined at that time as PbB э= 300 μg/L) and low scrum iron 

concentration/ total iron binding capacity (Fe/TIBC < 16%) often in 

combination, were associated with elevated E P values in infants and 

preschool children. The relationship between elevated blood lead and 

iron deficienc\ in children described in that study confirms that there 

was a significant association between the two conditions in a 

randomh selected sample of a population. 

This finding is in accord with previous studies in children (Mahaffey, 

1981). A possible basis for the association is the enhanced lead 

absorption with iron deficiency that has been reported in experimental 

animals and in humans (Yip, 1981). The N H A N E S 11 data thus 

suggest that children may be at greater risk of lead poisoning 

because lead exposure has occurred in the presence of iron 

deficiency (Yip, 1984). Yip et al (1983) reported that a significant 

proportion of the children with elev ated PbB levels had E P values 

between 35 and 50 μg/L whole blood, suggesting that mildly elevated 

E P can be related to increased lead absorpion. The presence of iron 
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deficiency by no means rules out lead poisoning and vice versa 

because the two conditions are commonly coexistent and interrelated 

(Yip f/ a/, 1981; Mahaffey, 1981) 

Elevated levels of K P / Z P P by itself can be regarded as evidence of 

inadequate supply of iron for hematopoiesis regardless of the serum 

ferritin status, and individuals with this finding may deserve the 

benefit of iron supplementation. In children a course of oral iron 

therapy, which is followed by a significant rise in Hb level after 1 

month can establish the diagnosis of iron deficienc\, without resorting 

to an other biochemical test. 

Yip (1986) revealed that 25 % of the children with lead toxicity 

also have a transferrin saturation less than 12 %. Shaltout et a/ (1989) 

reported that approximately 20 % of preschool children studied in 

Koeweit had either iron deficiency, lead toxicity or both conditions. 

Nutritional deficiencies of calcium and iron may increase absorption, 

retention, and toxicity of lead (Chisolm, 1979; McCabc, 1979) 

The present study suggests that about 50 % of the children examined 

had either iron deficiency, lead toxicity or both conditions. 

Hence iron deficiency is an important confounder in the 

relationship between lead and ZPP. Nutritional deficiencies of iron or 

calcium, prevalent in poorly fed Nicaraguan children, most probably 

will increase absorption, retention and toxicity of lead in those 

children. 

Summari/ing, since several variables affect the relationship between 

the levels of PbB and of Z P P in an individual, such as the time-lag in 

the ZPP response to Pb exposure, iron deficiency or variability of 

lead exposure over time and precision/ accuracy of the Z P P and PbB 

determinations, attempts to predict Pb values from ZPP 

measurements are not likely to succeed; because iron deficient 

children were identified with 'elevated' ZPP levels associated with 

'normal' PbB levels. 

The ability to predict the PbB level from Z P P results is also 

dependent on the prevalence of lead toxicity in the population 

examined, as w ell as on the sensitivity and specificity of the test. The 

higher the prevalence, the more likely it is that a positive test is 

predictive of lead toxicity (Mausner & Bahn, 1985). The prevalence of 

lead toxicity defined as a PbB 3= 200 μg/L was 14 % in the urban 
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exposed population (Stud\ II) 

However, in order to predict PbB, there is a need for a population 

with a rather stable exposure, selected on the basis of stable lead 

levels in blood (Verschoor et al, 198 7 , Herber, 1980) Because of 

intermittent exposure, children were identified with 'normal' PbB 

levels associated vuth 'elevated' zinc protoporphvnn concentrations, 

thus indicating the difference in the biological significance between 

indicators of lead absorption (blood lead) and of biological effect tests 

(ZPP) This finding ma\ suggest that there had been significant 

exposure to lead in the past and that at the time of the examination, 

the blood lead levels had come down to the normal range, while the 

Z P P remained elevated. 

Since the individual Z P P response to Pb absorption is unpredictable, 

both tests should be carried out routinelv 'Ihis would make it 

possible to determine simultaneouslv the degree of absorption (Pb 

level) and the degree of intoxication (ZPP level) If however, onh the 

Z P P test is used for screening the other test should alvvavs be carried 

out as a confirmaton test when the screening detects an elevated ZPP 

level (Poon et al, 1989) This procedure reduces the costs for 

screening indn iduals or groups of people exposed to lead (Zwrcnnis et 

al, 1990), in this case it reduced the costs b\ 50 % Fischbein et al 

(1980) demonstrated an association between an elevated ZPP level 

and lead-related svmptomatologv, even at blood lead levels within 

acceptable range, and suggested that ZPP measurements might be a 

useful additional diagnostic tool Thev concluded that the utilization 

of both an absorption indicator (PbB) and an indicator of a biological 

effect (ZPP) ma\ be a practical wa\ to obtain a comprehensive 

clinical and laboratorv evaluation of persons at risk of undue exposure 

of lead 

The use of hcmatofluorometers after all is an efficient wa\ to 

screen for Pb poisoning if follow-up testing is performed on all cases 

with Z P P values exceeding 2.2 μg/g Hb. balsc positives are more 

likclv caused bv iron deficiencv anemia (McLaren et al, \9~"Α, Piomelli 

et al, 1977). In am case such children will need further investigation 

and therapv 

Since the major problem with hcmatofluorometers seems to be 

calibration (see 2 5 2), biological calibrators and controls for 

standardizing the instruments should be available. 
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Another problem mentioned b\ several investigators and also 

experienced in this studv, is that several studies on the relationship 

between PbB and porphvrins have been published using different 

units i.e. for ZPP μg/dl whole blood, μg/l()() ml RBC, μg/g IIb or 

μπιοΐ/πιοί Hb and that the risk classification b) CDC Atlanta is 

established on F h P measurements. The first step to standardization is 

to use the same preferabh (S I.) System International units. 

Concluding, the results of this studv unquestionabh confirm the 

presence of childhood lead poisoning in Managua and a high level of 

environmental lead contamination. A situation of unacceptable lead 

exposure existed in 1988 for children living within 7 5 0 metres of the 

batterv factory VC ILLARD in Managua. The association between PbB 

level and distance to the industrial sources persisted after correction 

for other risk factors. 

As could be expected considering the high soil lead levels of the 

urban exposed area reported in 1987, the habit of pica for soil was a 

significant risk factor The same was true for flaking paint in the 

home of the child and occupational lead-exposure of one of the 

household members. It is likcl) that contaminated clothing worn at 

home b\ their working housemembers constituted an additional 

source of lead exposure to these children 

No significanti) higher PbB levels were found for children 

classified among the lower socio-economic class in this stud). 

However, with decreasing distance from the battery faeton, the 

percentage of 'poor' and 4 cry poor ' was found to be increased. 

Recent studies have emphasized the critical and damaging effects of 

pre natal and post-natal lead exposure and found increasing 

impairments in developmental milestones as blood lead values rose 

from 150 to 500 μg/L (sec Chapter 2 4). Ultimatelv, basic academic 

skills, which include concentration, attention span, abstract thinking, 

reading and math skills may become severely and irrcversibh 

impaired Thus, the described environmental health issue, has the 

potential to impair irreversiblv the growth and academic skills of 

children in Nicaragua. 

In this studv Z P P levels were found to be weakly associated with PbB 

levels, at least parth due to coexisting iron deficicncv. Both sensitivitv 

and specificity of the ZPP test were found to be higher, when a high 

91 



I.iiiiinnmentdl Luid l.\posiiir oj Children in Мапсцна, \iiaiagiia . in ('iban lleniti) Pioblem 

cut-off level (s= 5.0 цц Z P P / g Hb) was used. 

The PbB data show that in several cases ZPP levels probably were 

lead-associated but also that irondcficiency may have contributed both 

to the PbB and ZPP level. 

Therefore, in this study of a population where the prevalence of 

children with raised (s* 300 μg/Ь) Pb le\els was low and the 

prevalence of iron deficiency high, the use of ZPP alone as test 

parameter appeared not to be the most appropriate method to serve 

as a primary screening test for lead exposure. 
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Chapter IX P U B L I C H E A L T H C O N T E X T A N D 
F O L L O W - U P 

As concluded in Chapter VIII, the results of this study confirm the 

existence in 1988 of a severe environmental health problem for 

children living in the barrios Domitila bugo, Riguero Norte and Pedro 

Joaquin Chamorro of Managua 

Such a problem can not be considered on its own. Social, 

environmental, economic and political factors affect both patterns of 

disease and approaches to prevention. Specific preventive actions 

against lead exposure and measures undertaken for seemingly 

unrelated reasons such as urban renewal, a literacy campaign or a 

food supplement program can reduce exposure (Parfel, 1985). 

Therefore, and in order to understand the feasibility of 

interventions and the limitations of changing this situation in 1988, 

the background against which this study was carried out should be 

taken into account. This background is described in the following 

paragraphs (9.1-4). The public health follow-up that was actually given 

to this problem after the first results came up and suggested 

recommendations arc described in paragraph 9.5. 

9.1 Recent History of Nicaragua 

»'J'he authors of a revolution may design a course of action, but the prospects for 

change remain bounded by the legacy of the past« (Spalding, 1987). 

Nicaragua, with its population of about three million, is one of the 

poorest countries in Latin America. In 1988 the Gross National 
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Product was averaged at US 300.- per capita, for Haiti, usuallv 

considered the poorest country of Latin America, the G N P averaged 

US 380.- per capita (World Bank, 1990). 

The last two decades certainly constitute one of the most turbulent 

periods in its history. Since 1934 Nicaragua had been virtually the 

private property of the Somoza dynasty, which was g n e n militan' and 

economic support bv the U.S.. In 1979 however, after a long struggle, 

the Nicaraguan people guided by the Sandinistas, succeeded in 

liberating their country from this repressive and corrupt regime. 

Coming to power, however, the Sandinistas inherited a countn 

heavily damaged b\ an earthquake (1972), b\ a large debt and by the 

consequences of the liberation struggle, during which the 

indiscriminate bombardments by the National Guard destroyed 

factories, hospitals, houses, roads and bridges The inherited economy 

was strong!ν tied to the U.S., and largch dependent on the export of 

a few crops such as cotton and coffee; therefore, it was highly 

vulnerable to international economic pressure. 

The commitment of the new Sandinista government was to 

promote economic development, diminish foreign dependence and 

reduce inequality in the distribution of resources. Λ central point in 

their revolutionary program was the importance of increased national 

autonom}. It endorsed the concept of 'pluralism' and of a 'mixed 

economy'. 

One of the first activities was a mass literacy campaign, started a 

few days after the victon. This campaign was succesful in reducing 

the illiteracy rate from 50% (1979) to 13% (1981). It was followed by 

various health campaigns since 1981. People's participation in these 

campaigns was impressive and exemplar}' for the new democratic 

model. 

Pressure from the U.S. administration against Nicaragua however, 

slowly increased and became explicit in 1981, when an economic 

boycot started and various multilateral and private bankloans were 

undercut. In March 1982 counter-revolutionary groups invaded the 

northern departments from Honduras and a national emergency 

situation was declared. This was the beginning of a highh destructive 

low-intensity war which in the following years would cost Nicaragua 

thousands of victims and immense economic costs. 
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9.2 The living conditions in Nicaragua during the study 
period 

The dislocation caused bv the war and the compulsory military service 

led to massive urban migradon -the population of the capital Managua 

more than doubled from 400,000 (1984) to 979,000 (1987)- and to 

acute agricultural shortages (MINSA, 1987). In 1985 the proportion of 

the population living in a setting broadly defined as urban was 

between 55 and 60 percent (MINVAH, 1987). Food shortages, rising 

food prices, inflation and reduced actual wage became prominent 

features of daily life. The government commitments to address the 

basic needs of the population led to programs for food subsidies, 

which improved the food distribution systems, but also led to 

Figure 9.1 Map of Nicaragua: the areas directly affected by the war (Source 

Garfield R. & Williams G. (1989). Health and Revolution: The Nicaraguan 

Experience. Oxfam, Oxford.) 
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speculation and more shortages. Simple sun π al increasingly became 

people's most important preoccupation, the informal sector economy 

being a wa\ to survive. 

Low intensity warfare is »total war at the grassroots level«, 

invohmg »political, economic and psychological warfare, with the 

militan being a distant fourth« (XX aghelstein, 1985). The impact of the 

war on agriculture and the economy as a whole was devastating. 

Between 1984 and 1987 the country lost the equivalent of 40 % 

export earnings through destroyed infrastructure and lost agricultural 

and industrial output. The areas directly affected by the war occupied 

in 1988 more than half of the national ternton (sec map Figure 9.1). 

More than 278,000 hectares of agricultural land were abandoned by 

peasants seeking safety from Contra attacks, reducing the production 

of food and export crops (Garfield & Williams, 1989). 

The period of 1987-1988, during which this study was realized, 

could be characteri7ed as one of the most difficult periods of the 

re-solution. At the start of 1988 a state of food emergency was 

declared after a severe drought wiped out 75 % of the bean crop and 

45 % of the sorghum production. The national debt reached US 7 

billion, the highest per capita debt in Latin America. Inflation was 

galoping, and real wages had lost 94 % of their value compared to 

1980 (L'hlig, 1989). In february 1988 the government announced a 

3,000 % devaluation of the 'córdoba'; price controls had to be lifted 

on almost all goods and services, and most subsidies on food were 

abolished. »Prices of rice and beans tripled, meat and fish prices 

doubled, petrol rose twelve-fold, cooking-gas rose ten-fold and 

electricity rose seven-fold« (Garfield & Williams, 1989). The 

déstabilisation of the economy led to a fall in the support enjoyed by 

the Sandinista Front for the Liberation of Nicaragua (FSLN) and of 

the participation in the political and revolutionary process. 

9.3 Development of health care since 1979 

Health has been a high priority in the Sandinista political agenda at 

least since the elaboration of the Historic Programme in 1969. The 

agenda proposed to empower people to identify their health needs, 

organize the people to realize their health goals and invoh e them in 

the institutions developed. 
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The health situation before 1979 was characteri7ed bv high 

mortalit\ rates - the infant mortalit\ rate was 120 per 1,000 births in 

rural areas-, a low life expectanc) and widespread malnutrition For 

comparison, the infant mortality rate in 1979 was 22 per 1,000 in 

Costa Rica, 19 per 1,000 in Cuba (WHO, 1981) and 8 per 1,000 in 

the Netherlands (CBS, 1982) Diseases which are pre\ entable and/or 

relatively simple to treat (eg. measles, whooping cough, tetanus, 

diarrhoeal diseases, malaria, tuberculosis) belonged to the ten most 

important causes of infant mortality by that time (JGN, 1980). 

Coverage by the Nicaraguan health system was far from complete, as 

reflected in the fact that in 1979 more than 50 % of the population 

had never seen a doctor before (USAID, 19 76). It should be noted 

however, that the quality of health statistics was low and the 

undcrregistration inmense 

The health charter of the new government in 19 79 defined health 

as a human right, central to development and to the quality of life, 

and a responsibility of the State and the mass organizations. One of 

the first acts was the establishment of a unified national health system 

under the direction of the Ministn of Health It should combine the 

up to that moment fragmented and disorganised sen ices and plan the 

development of comprehensive services throughout the country 

(MINSA, 1980). Numerous succesful health reforms (eg. training of 

community health workers, mass vaccination campaigns) were 

undertaken in the early ^SO's and the achie\ements in primary health 

care were offically acknowledged by the W H O for the Americas in 

that period. Community participation through volunteering to support 

health programmes and in the Consejos Populares de Salud became 

an important feature of the new health system. Measurable 

improvements in health occurred since 1979 as a result of the 

enthusiastic commitment of government and people. The infant 

mortality rate fell sharply and was reported to be 6 S per 1,000 births 

in 1987. Still most infant deaths were considered to be due to 

preventable discases (MINSA, 1987). 

Further improvements in health were hampered by the deepening 

economic and military crisis and the increasing isolation of the 

country. Health services and community health workers became a 

target of attack by the opposition forces Up to the end of 1987 

nearly a quarter of the 600 health facilities in Nicaragua had been 
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dcstro\ed, damaged or closed down Ы contra activity and more than 

40 'bngadistas de salud' had been killed (Garfield & Williams, 1989). 

9.4 Primary H e a l t h Care in M a n a g u a - a p r o c e s s 

»Primary Health Care is the first lei el of contact of the individual, family and 

community with the national health systu// bringing health care as close a! 

possible where people live and work, . .high priority should be given to the needs 

oj women, children and working populations at high nsk, and necessary activities 

should be maintained reaching out into all homes and working places« (Alma 

Ata Declaration, W H O 1978). 

The histon of the health centre 'Silvia Ferrufmo', one of Managua's 

better-designed health centers, is typical for the process of developing 

priman health care in Nicaragua. The centre, once a brothel owned 

by one of Somoza's colonels, is located in the industrial 7one of the 

capital and provided in 1985 priman' health care to the inhabitants of 

more than 32 barrios. 

These neighbourhoods had actively supported the Sandinistas 

during the liberation struggle; their history was one of widespread 

community involvement and action in primary care. During the last 

months of the war, when Somoza's government not even hesitated to 

bomb these denseh populated barrios and attempted to starve the 

people into submission, a Civil Defense Committee was organi7ed. 

This Committee acted as a provisional local go\ernment, storing and 

distributing food, water and cooking oil, and participating in the 

defence of the area. It also coordinated the health volunteers in order 

to provide basic curative care to the sick and wounded, to organize 

the burial of the dead and the disposal of household waste. VC hen the 

National Health System was inaugurated three weeks after the 

Sandinistas got in power, the people of the barrios occupied the 

brothel, converted it into a health centre and handed this over to the 

new Ministry of Health. 

In a few years the health centre expanded enormously, in 1984 

already another health post with a mental health clinic was 

functioning in the area, and more than 120 health workers (e g. 

ph\sicians, nurses and environmental health workers) were being 

employed. The communities were imolved in planning, 
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implementation, and evaluation by the Consejo Popular de Salud, 

which consisted of representatives of local neighbourhood 

associations known as Sandinista Defence Committees (CDS, Comité 

de Defensa Sandinista), women's organisation (AiMNLAH, Asociación 

de Mujeres Sandinistas Luiza Amanda Espinoza), the workers' union 

CST and the youth movement (JS19J, Juventud Sandinista 19 de 

Julio). These mass organizations were vital in the recruitment of 

volunteers. In 1984 around 600 health volunteers or 'bngadistas' 

could be called upon to participate in the mass campaigns or 'jornadas 

populares de salud'. The topics of the one-day campaigns were 

childhood-vaccination, environmental hvgiene, mass drug 

administration for malaria, and first aid. As they called themselves 

'jornaleros' (casual workers), this activity probablv was more valued as 

community mobili/ation than as real participation (Barten, 1986, 

1989). 

Being one of the poorest areas of Managua with a low health status 

and at the same time one of the best organized health areas, the 

'Silvia berrufino' was selected in 1983 out of 17 health areas in 

Managua as a pilot area for the experimental testing of a new primary 

health care programme, called the Integrated Programme for Activities 

in the Health Area (P.I.A.A.S., Plan Integral de Atención en Areas de 

Salud). P.I.A.A.S. was meant to take chmc-bascd services into the 

community. It was expected to help communities examine the causes 

of illhealth and disease in the social and political context of their 

communities in order to motivate local efforts for change and to 

foster a more continous form of community participation. P.I.A.A.S. 

was supposed to focus on a total of 18 disease- or risk-group specific 

activities to be carried out b) interdisciplinary teams of health 

workers However, interpretation of the programme varied and so did 

its local expressions of it. 

In the industrial zone of Managua, it led to a process of further 

decentralization and dialogue between the community and the health 

sector. During 1984 meetings were organized with the people of the 

32 different barrios in order to discuss their most pressing concerns, 

to emphasize the importance of living conditions as determinants of 

health and to establish a kind of qualitative community diagnosis. 

Situation analyses at district level were carried out by representatives 

of both sides (community and health sector) in order to foster 

community participation (Barten, 1984) 

101 



Гтіюптепіаі Lead hxposim· of Children m Wanaziia, \icaiat¿tta In ί iban Health Problem 

Occupational and environmental health became issues at health 

centre le\el in view of the potential polluting effects of the factories 

situated in several of the barrios. Increasmgl} these issues were 

brought upon the agenda during the weekly meetings of the Consejo 

Popular de Salud by representatives of the neigbourhood associations. 

It was against this background that this study of lead poisoning in 

children supported by the MINSA was carried out in barrios covered 

by the 'Sylvia Ferrufino' health center. 

9.5 Public health follow-up 

Children who were reported in the project to have high PbB levels (s» 

300 μg/L) were referred to the Pediatric hospital 'Manuel de Jesus 

Rivera' for evaluation and treatment, long-term follow-up of these 

children after hospitali7ation was to be given by the health centre 

'Silvia Ferrufino' (see 9.4). It should be noted that in 1987 few 

pediatricians in Nicaragua were experienced in treatment of 

lead-poisoned children. (The first asymptomatic child, who lived near 

to the battery factory and presented a PbB > 550 μg/L, was referred 

to the Hospital inmediately after Study I in 1987, but not hospitalized 

or given emergency treatment). However, in 1989, a unit for 

treatment and follow-up of lead-poisoned children was set up in 

collaboration with MINSA and the Montefiore Medical Center of the 

Albert Einstein Medical College of Medicine in New York. Xorms for 

treatment have been standardi7ed since then. 

Identification of asymptomatic children with increased lead absoption 

should continue in the urban lead-contaminated areas. The findings 

reported in this study on age, district and socio-economic differences 

in 'baseline' ZPP levels indicate a need for surveillance, in order to 

determine if there are groups at risk for low-lev el lead exposure or 

iron deficiency. The economic crisis in Nicaragua and the consequent 

lack of resources, however, may not allow measurement of lead levels 

m a great number of children. Therefore, screening with the ZPP test, 

with back-up PbB and fingerstick ferritin determinations are the 

measures proposed to carry out such surveillance. 

Priorities should be given to children of young age (9 - 36 

months), children living near industrial sources and cottage factories, 
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children with an occupationally lead-exposed housemembcr and 

children who have a sibling with high PbB \alucb (> 300 μg/L). To 

make such a screening possible, the capaciu of the Central 

Laborator}' of Hygiene and Epidemiology of the MINSA was 

strengthened through staff-training, regular visits of external experts 

and a quality control assurance programme with other laboratories. 

The most important outcome perhaps of the present studv was that it 

contributed to raise awareness of the public in general and of 

policy-makers in specific on this severe environmental health issue. 

This is certain!) an important outcome, considering that the 

eradication of lead pollution and the early detection of high risk 

individuals requires a comprehensive programme of emironmental 

intervention and health education. 

The results of both studies brought lead pollution by industries in 

poor urban areas and its effects on children on the political agenda of 

the Лііпшгу of Health. Several meetings of λ1ΙΝ5Λ with the 

community were held and a committee was formed to represent the 

'high risk' barrios in further discussions with the municipal 

authorities and in negotiations with the factory owners. These 

meetings were also attended by community leaders of other urban 

districts u ho faced similar problems of industrial lead pollution. This 

process of persuation of city authorities to enforce more 

systematicalh existing laws for the prevention of lead poisoning and 

to allocate more resources for screening and education should be 

continued using health education techniques as small group meetings, 

community organizing and mass media coverage (Freudenberg & 

Golub, 1987). 

In 1988 a new F.nvironmcntal Legislation was prepared and standards 

were set on lead concentration in air, water and soil (Dr. Rosendo 

Abrahantes, personal communication, 1988). Safety regulations on 

secondary lead smelters and small scale factories ma) be difficult to 

be enforced. Lead melting in cottage factories although considered an 

illegal activity in Nicaragua, increased considerably during the eighties. 

The network of 'talleres de batería' (private battery shops) continued 

to expand due to the increased demand of car batteries for warfare 

and its potential to serve as one of the many survival mechanisms of 

the urban poor. 
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Go\ernment polic\ in Nicaragua favoured integration of the 

informal sector or small scale industries and stimulated the 

cooperarne production (Laenen, 1988). In 1988 the municipal 

authorities of Managua and MINSA organized meetings with the 

owners of the cottage factories to discuss the possibihtv to establish a 

new cooperative plant for production of car batteries outside the 

residential areas of Managua. Black market mechanisms and the costs 

involved in creating this cooperative plant however, prohibited 

realisation. 

In addition educational campaigns for workers in the factories 

focussing on hygiene were organized by MINSA. It was recommended 

that work clothes should not be worn home and that workers should 

shower before leaving work. 

These educational activities targeting on the occupational and general 

environment should focus on at-risk areas and groups. Pregnant 

women for example are of concern because lead is easily transferred 

across the placental barrier to the fetus. Women of child bearing age 

should not be permitted to work m any lead or lead-related industries 

(in 1988 several women worked at the laundry of the battery faeton). 

In addition, occupational and environmental histories should be 

obtained as a standard in the routine practice of general practice or 

pediatrics when dealing with working women of fertile age and 

children. 

Soil around the lead industry is heavily polluted by lead and will 

continue to be a major source of possible contamination of children 

for many decades. Therefore pa\ement of yards, dirt streets and 

public places in the urban exposed area should be carried out. In 

1988 pavement of dirt streets of the area near the batter}7 factory was 

proposed by the community representatives, but no financement 

could be found. 

It is understood that the Willard Battery Factory will build a 

modern facility outside the city borders of Managua. When this 

happens, old buildings should be totally removed to a safe dump site 

and the entire area should then be cleaned and paved subsequently. 

Although the present stud) refers to 1987-1988, recent studies have 

indicated that the problem of childhood lead poisoning, continues to 
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affect Nicaraguan children and that the recommendations 

above-mentioned are still valid. 

In 1989 the Central Laboratory of H\giene and Hpidemiolog\ of 

the MINSA (MINSA, not published) determinated PbB levels in 

children and workers of 4 lead-industries and several cottage factories. 

The most serious cases were reported at the cottage factories, where 

in a random sample of 19 asjmptomatic children 16 (84 %) had high 

PbB levels (mean ± SD = 420 ± 130 μg/L). The mean blood lead 

values at the 'Talleres' were significantly higher than those at 

Fanabasa (250 ± 50 μg/L·) and Willard Battery Faeton (190 ± 90 

μg/L) (p < 0.001). 

Provengano (1980) attempted a cost-anal) sis of low-level lead 

exposure in the U.S .Using CDC figures estimated before the 

N H A N E S II study, which increased the prevalence estimates between 

twofold and threefold, he assumed that the number of children at risk 

was 374.000 and projected that 109.000 children had mental 

retardation or learning disabihtes. Combining these prevalence 

estimates with the best data on costs for remedial education, he 

suggested that the annual cost for low-level lead exposure ranged 

between $429 billion and $103 billion in 1979-dollars. As the cost for 

health care, remedial education, abatement, long term follow-up of 

lead exposed children exceed the cost of preventive modification of 

industrial practices (WHO, 1992-a), a need for policy intervention 

exists. Appropriate strategies for the planning and control of industrial 

activities should be developed in order to minimize potential health 

and environmental problems (Weil et αϊ, 1991). 

Massive urban growth during the last decades in the South has been 

accompanied by an increase in urban poverty (Harpham, 1988; 

U N D P , 1990; United Nations, 1991). Most people in Third World 

cities struggle to survive by means of participation in the 'informal' or 

'hidden' economy (Quijano, 1974, Tokman, 1984; OPS, 1989). 

Exposure to occupational ha7ards is of very little concern in this 

unregulated informal sector (Colombo Statement on Occupational 

Health in Developing Countries, 1986). In addition, traditionally 

ha7ardous industries are often set up in developing countries, who 

badly need foreign investments in order to pay off their external debt 

(WHO, 1992-1). Regulations in these countries are usually less strict 
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or may nor even be enforced (WHO, 1992-2). Both formal and 

informal industrial activities can lead to considerable exposure to 

ha7ardous metals and chemicals both for workers themselves and for 

the communities living close to these industries (WHO, 1991-2). 

The present studv emphasizes that in addition to the workers, 

children may also be seriously exposed in densely populated urban 

settlements in the South as a result of nearby industrial activities. 

Urban health has recently emerged as a central global issue in public 

health (WHO, 1991-1). Environmental health conditions, including 

those resulting from small scale industries ought to be included in the 

situation analysis of urban health at the district level and brought up 

to the political agenda of governments and (international 

organisations. 
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ANNEX I 

QUESTIONNAIREC.I.E.S./ MINSA 

I General Data 

Name 

Surname 

Address 

No.Houscblock 

District: l .Dom. Lugo Π 2.Riguero N ' O S.P.J.Char 

Sex : 1.Гстаіс ЦЦ 2. Male О 

Age : 1. 0 - 11 months Ц 2. 1 - 2 years| | 

3. 3 - 4 \ears | | 4. 5 - 6 years| | 

Date of birth: 

II Duration of Exposure 

2. Question: How long has the child been living in this area ? 

1. Less than 2 years] | 2. 2-6 \cars| | 3.Don't know] | 

128 

file:///ears


APi'hXDIChS 

III Mouthing Behaviour 

3.1. Question: Does your child have the habit of eating earth ? 

l . N e v e i Q 2. Rarely| | 3 . 0 f t e n Q 4. Don't know] | 

3.2 .Question: Does vour child suck his fingers or mouth objects? 

1. N e v e r Q 2. R a r e l y Q 3.0ften Q 4. Don't know] | 

IV Food 

4.1. Question: Does your child consume canned food ? 

1. Yes Q 2. No Q 3. Don't know \~\ 

4.2. Question: Does your child consume milk ? 

1. Yes Q ] 2. No Q j 3. Don't know Q 

4.3. Question: Does your child eat vegetables grown in the area? 

1. Yes Q 2. No Q 3. Don't know Q 

4.4. Question: Do you use glazed earthenware to cook ? 

1. Yes Q 2. No Q 3. Don't know Q ] 

V Occupational lead-exposure of household members 

5.1. Question: Arc there any persons sharing the same home as the child 

who work with lead ? 

1. No Q 2. Yes Q 3. Don't know Q 

5.2. Question: How many people ? (write down number; 9=don ' t know) 

Number 
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τ Ъ Oui\ti(in Where do the\ uork ·* 

1 Battcr\ faeton 2 Cottage Factorv | | 

3 Lead smelter Q J 4 Other j ^ J 5 Don't know | ^ | 

5 4 Question What kind of work do <ù\c\ perform ' 

1 Direct with lead | | 2 Adminístrame | | 

3 benice area (cooking,v\ashmg,clcaning) | | 

4 Other Q 5 Don't know Q 

VI Socio-economic Situation 

6 1 Question Do vou possess an\ electrical equipment other than for 

illumination ' 

1 Y e s Q 2 \ o Q 3 Don't know | | 

6 2 Question What is vour educational le\el ^ 

1 Illiterate Q ] (1) 2 literate LU (2) 

3 Primarv school (3) 4 Higher education (3) 

6 3 Question How manv persons share the same house3 

(assign number, don't know =99) Number 

If number : > 11 (1), 6 10 (2), < 6 (3) 

6 4 Question W hat kind of floor has the house ' 

1 Farthen Q ] (1) 2 Artificial (C emenr/tiles) Q (3) 

3 Other Q (2) 

6 S Question What kind of roof has the home ^ 

1 Zinc/nicaht Q (3) 2 Hardboard/tin-plate Q (1) 

3 Other Q (2) 

6 6 Question From where do vou take water ^ 

1 Lake Q 2 Well Q 3 P i p c Q 4 Other) [ 
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6 7 Question What are the sanitan sen ices of the house ^ 

1 lawtorv Q ( 3 ) 2 Latrine Q (2) 

3 Open air Q (1) 4 Other Q (1) 

6 8 Question· What kind of sewerage is there in \our house ·' 

1 On the earth Q (1) 2 Seucr pipe Ц (3) 

λ Other Q (2) 

VII Type of House 

7 1 Question VX hat kind of street is there near the house ^ 

1 harthen ΓΠ 2 PaMng stone/asphalt ΓΠ 3 Other | | 

7 2 Question What kind of walls has vour house ^ 

1 'iMimskirt' (block of stone/wood) [^] (2) 

2 Hardboard /tin-plate Q (1) 3 Other 

VIII Condition of Paint 

8 1 Question What is the condition of paint on external ualls 3 

1 No paint Q 2 N c w Q ] 3 Flaking | | 

8 2 Question What is the condition of paint on internal walls' 

1 No paint Q 2 N c w Q 3 I lakmg | | 

IX Distance from home to cottage-factories 

9 Question What is approvimateK the distance that separates 

your house from a cottage faeton or lead smelter 

(assign number, don't k n o w - 9 9 ) mts 
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Same of mten'iewer . . 

Date 

Laboratory Results : ZPP f^g/g Hb; Pb В M ĝ/L 

Nutritional Level : Weight _ kg; Height cm 

Xote: (Scores) for index socio-economic status 
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ANNEX II 

Dstncts Domti 'a Lugo RigueroNorte 
Y Pedro Joaquin Chamorro 

Distance 
I 2S0m 

250m 
'ara Ш 250m 

ιππππ г 

bigure 1 Map of the districts 'Domitila Lugo', 'Rigucro Norte' and 'Pedro 
Joaquin Chamorro', in the industrial ^one of Managua, Nicaragua 

N o t e :The socallcd 'urban more exposed area' comprised the first 

circle (radius 250 mts) around the battery factory Willard; the 'urban 

less exposed' population lived at a distance > 500 mts from this 

battery factory. 
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ligure 2 Relation between the Concentration of Lead in Blood and Zinc 

Protoporphuin of 87 children from Managua, Nicaragua 

Source: Zwennis W.C.M. (1987) Report on a visit to the Mumtry oj 

Health and the National Institute of Hygiene and hpidemiology in Managua, 

Nicaragua, TNC) Medical Biological Laboratory (Netherlands 

organisation for applied scientific research), 1987 

Note: Samples with a hemoglobin value < 5.9 mmol/L are marked. 
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ANNEX IV 

Model (215 observations): 

L o g Z P P = a + Ы log РЬВ + Ь2 pica + ЬЗ age + Ь4 SES + Ь5 

(age χ pica). 

Source 

Model 

Error 

Corrected total 

DF 

5 

209 

214 

Sum of Squares F Value Ρ 

0.49 

4.05 

4.54 

5.0" 

R Ssquare = 0.108175 

0.001 

Source 

Log РЬВ 

Pica 

Age 

SES 

(Age χ Pica) 

DF Type 

0.31 

0.001 

0.05 

0.004 

0.008 

III s s F Value 

16.05 

0.07 

2.68 

0.19 

0.44 

Ρ 

0.001 

0.8 

0.1 

0.7 

0.5 

Parameter 

Intercept 

LogPbB 

Pica 

Age 

SES 

(Age χ Pica) 

ESTIMATE 

0.72 

0.08 

0.01 

- 0.02 

0.01 

0.03 

Ρ 

0.001 

0.001 

0.8 

0.1 

0.7 

0.5 

StD Error of Estimât 

0.06 

0.02 

0.03 

0.01 

0.01 

0.05 

Note: interaction term (age χ pica) 

age = l i f l < x < 4 (years); pica = 1 if pica is often/rare. 
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ANNEX V 

Table I 

Model (200 observations): 

Log ZPP = a \ Ы log PbB + b2 nutritional status. 

Source 

Model 

Error 

Corrected total 

DF 

4 

195 

199 

Sum of Squares F Value 

3.04 8.29 

17.88 

20.92 

Ρ 

0.001 

R Square = 0.15 

Source DF 

Log PbB 1 

Nutritional Status 3 

Type III SS 

2.68 

0.35 

F Value Ρ 

29.25 0.001 

1.28 0.3 

Parameter 

Intercept 

Log PbB 

Nutritional Status 0 

1 

2 

3 

Estimate 

-0.11 

0.25 

0.08 

0.10 

0.15 

0.00 

Ρ 

0.2 

0.001 

0.6 

0.1 

0.06 

StD Error of Estimate 

0.10 

0.05 

0.15 

0.06 

0.08 
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Table II 

Model (200 obsenatwns): 

Log ZPP =- a + bl age + Ь2 pica + ЬЗ SKS + Ь4 exposure + Ь5 log РЬВ. 

Source 

Model 

Error 

Corrected total 

DF 

9 

190 

199 

Sum of squares F Value 

5.94 8.36 

14.98 

20.92 

Ρ 

0.001 

R Square = 0.28 

Source 

Age 

Pica 

SES 

Exposure 

Log PbB 

Parameter 

Intercept 

Age 

Pica 

SES 

Expo. 

Log PbB 

2 

3 

4 

1 

2 

3 

1 

2 

3 

1 

2 

4 

D F 

2 

2 

2 

2 

1 

Estimate 

0.08 

0.24 

0.10 

0.00 

0.07 

-0.06 

0.00 

-0.14 

0.05 

0.00 

-0.01 

0.42 

0.00 

0.17 

Type 

1.83 

0.09 

0.36 

0.18 

0.73 

; III SS 

Ρ 

0.6 

0.001 

0.07 

0.3 

0.4 

0.04 

0.3 

0.9 

0.15 

0.003 

F Value Ρ 

11.60 0.001 

0.56 0.6 

2 29 0.1 

1.13 0.3 

0.44 0.5 

StD Error of Estimate 

0.14 

0.05 

0.05 

0.07 

0.07 

0.07 

0.05 

0.06 

0.30 

0.06 
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ANNEX VI 

TABLE 1 Indices to evaluate the validity of a screening test 

sensitiv irv and specificitv 

Screening test 

Positive 

(Indicating disease 

probablv present) 

Disease present Disease Absent 

(true positives) (false posimcs) 

Negative 

(Indicating disease 

probablv absent) 

Total 

(false negatives) (true negatives) 

a + с b + d 

Sensitivity is defined as the abilin of a test to identify correctly those who 

have the disease 

a 

Sensitivity (in percent) — a +- e χ 100 % 

Specificity is defined as the ability of a test to identify correctly those who 

do not have the disease 

d 

Specificity (in percent) — b <- d χ 100 % 

a 

Prcdicme value = a + b \ 100 % 

Source: Mcmbaum, 1985 
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A B B R E V I A T I O N S 

ALAD 

AMNLAE 

CÍES 

CDC 

CDS 

CPS 

CST 

EP 

PEP 

FE/TIBC 

rSLN 

G N P 

JGN 

JS19J 

M1NSA 

MINVAH 

MITRAR 

Pb 

PbB 

PIAAS 

SI MAVÌ 

ZPP 

= D-aminolevulinic acid dehydratase 

= Asociación de jVIujeres Nicaragüenses Luiza Amanda 

Espinosa 

= Ccntro de Im'cstigaciones y Estudios de la Salud 

= Center for Disease Control 

= Comité de Defensa Sandinista 

= Consejo Popular de Salud 

= Central Sandinista de Trabajadores 

= Erythrocyte protoporphryin 

^ g protoporphryin/ dl whole blood) 

= 'Frcc' erythrocyte protoporphyrin 

^ g protoporphyrin/ dl erythrocytes) 

= Serum iron concentration/ total iron binding capacity 

= Frente Sandinista de Liberación Nacional 

= Gross National Product 

— Junta de Gobierno Nacional 

^Juventud Sandinista 19 de Julio 

= Ministerio de Salud 

= Ministerio de Vivienda y Hacienda 

= Ministerio de Trabajo 

= Lead 

= Blood lead ^ g P b / L whole blood) 

= Plan Integral de Atención en Areas de Salud 

= Vcrcniging voor direkte steun aan medische projekten 

in ontwikkelingslanden 

— Erythrocyte zinc protoporphyrin ^ g ZPP / g hcmoglo 
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RESUMEN 

La intoxicación por plomo en los niños es una enfermedad que se 

puede prevenir; en la mayoría de los casos no presenta síntomas o 

signos específicos y su origen se encuentra asociado a la exposición de 

los niños, a diversas fuentes contaminantes. Ha sido llamada 

adecuadamente 'La epidemia silenciosa'. 

Actualmente, se presentan con poca frecuencia formas severas de 

intoxicación por plomo, pero durante la última década ha aumentado 

el interés por esta enfermedad desde el punto de vista de salud 

pública, centrándose la atención en los efectos perjudiciales e 

irreversibles de la intoxicación por plomo en los niños prccscolares. 

Este sector de la población es el grupo más vulnerable debido a que 

los niños ingieren mayor cantidad de plomo y tienen más capacidad 

para absorberlo que los adultos, y en consecuencia son más 

susceptibles a los efectos. 

La exposición excesiva al plomo en el ambiente, parecía ser un 

problema que podía afectar a todos los niños, aún cuando aquellos 

niños que viven en los barrios pobres del centro de la ciudad o 

alrededores de fuentes industriales están expuestos a un mayor riesgo. 

La neurotoxicidad subclínica del plomo a niveles de plomo en sangre 

de 100 - 150 μg/L ha sido comprobada por los datos de varios 

estudios epidemiológicos en muchos países. Como resultado la 

opinión de los expertos ha cambiado considerablemente sobre el 

significado para la salud de los niveles de plomo encontrados 

comunmente en el medio ambiente. 

Informes recientes de casos de encefalopatía plúmbica en infantes de 

los países 'en desarrollo', sugieren que la exposición al plomo en el 
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ambiente podría constituirse en un problema aún más grave en las 

regiones menos desarrolladas. La magnitud del problema es 

prácticamente desconocida, porque generalmente no existen facilidades 

para la detección temprana. 

El acelerado crecimiento urbano en el Sur durante la última década ha 

sido acompañado con el incremento de la pobreza urbana. La mayoría 

de la población en las ciudades del Tercer Mundo lucha para 

sobrevivir participando en el sector 'informal' o 'escondido' de la 

economía. La exposición a riesgos ocupacionalcs es motivo de poca 

preocupación en este sector de la economía. Λ este hecho se suma 

que las industrias tradicionalmente peligrosas para la salud están 

instaladas muchas veces en países en desarrollo por cuanto necesitan 

urgentemente inversiones extranjeras para poder pagar su deuda 

externa. Las legislación en estos países es generalmente menos estricta 

y en muchos casos no se aplica. Tanto las actividades industriales 

formales como las informales pueden conducir a una exposición 

considerable a metales y sustancias químicas peligrosas para la salud 

tanto de los trabajadores como de las comunidades que viven en los 

alrededores de donde se encuentran localizadas estas industrias. 

El presente estudio fue llevado a cabo en Nicaragua durante los años 

1987-1988. En aquel tiempo el país se encontraba en medio de una 

crisis severa. La Revolución Popular Sandinista de 1979 había iniciado 

un período de transición hacia una nueva sociedad, basada en cambios 

radicales en las relaciones socio-económicas y políticas. La 

contra-revolución condujo al país a una guerra triple (económica, 

militar, y de información), cuyos efectos fueron agravados por la 

recesión económica a nivel mundial. 

Entre 1984 y 1987, se produjo una migración masiva de las áreas 

rurales hacia las ciudades; en este mismo período la población de 

Managua, la capital del país, se duplicó pasando de 400,000 a 979,000 

habitantes. En 1987 se encontraban funcionando en los barrios pobres 

de la ciudad dos fábricas, las cuales producían baterías, y varios 

talleres artesanales pequeños que se ocupaban de fundir plomo, para 

la reparación y recargue de baterías de vehículos. Estas actividades se 

expandieron considerablemente después de 1984 como reacción a la 

crisis y al incremento de la demanda de baterías generada por la 

guerra. 
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A pesar de la situación de guerra \ de crisis económica que vivía el 

país, el Ministerio de Salud (MIXSA) impulsó y apoyó la presente 

investigación, que era la primera en su género en Nicaragua. VA 

objetivo era hacer una valoración de la situación de exposición de la 

población al plomo, identificar los riesgos para la salud de los niños 

pequeños y determinar la necesidad desde el punto de vista de la 

salud pública, de continuar estudiando la carga plúmbica en esta 

población. 

La investigación contemplaba realzar dos estudios transversales entre 

la población infantil de los barrios pobres de Managua, cu\as edades 

estaban comprendidas entre los 3 meses y los 6 años. Las \iviendas 

donde los niños vivían se encontraban locali7adab dentro de un 

perímetro de 750 metros de la fábrica de batería y de los talleres de 

reparación de baterías. Se partió de la premisa de que estos niños 

desde el momento de su concepción habían estado expuestos al 

plomo, lo cual constituía un alto riesgo para su salud. 

En el primer estudio que fue llevado a cabo en 1987 inmediatamente 

después de la muerte de un niño por intoxicación plúmbica en el área 

expuesta, un estudio transversal fue realizado entre 1000 niños 

menores de 6 años que vivían en esta área. I.os niños fueron 

seleccionados de forma aleatoria y sus padres fueron invitados a 

participar en una encuesta con la finalidad de recoger información 

acerca de las condiciones sociales, económicas y laborales del grupo 

familiar. A los niños se les hi7o un examen físico para anali7ar la 

situación nutncional y detectar signos de intoxicación plúmbica. Como 

la comunidad participó en la planificación y ejecución del estudio, 

todos los padres y responsables fueron entrevistados y los 

cuestionarios fueron 100 % respondidos. 

Este primer estudio fue considerado exploratorio, ya que era la 

primera vcv que se utili7aba el nivel de erythrocyte zinc 

protoporphjrm (ZPP) como test de depistajc en Nicaragua. A los 

niños se les tomó muestras de sangre, las cuales fueron anali7adas en 

el laboratorio. En el caso de los 215 niños que presentaron un valor 

ZPP igual o superior a 5.0 μg/g Hb se procedió a anali7ar el nivel de 

plomo en la sangre (PbB), este examen es decisivo para determinar el 

grado de exposición de los niños a las fuentes contaminantes y el 

nesgo que ello significa para la salud. Los mismos análisis se 

realzaron en una población control en un área rural no contaminada 

por plomo. 
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Ы segundo estudio se reali/ó en 1988 \ tenía como objetivo verificar 

las hipótesis sobre la relación existente entre el grado de exposición a 

las fuentes de contaminación de plomo, los factores de nesgo \ la 

variación del nnel de plomo en la sangre. Se definieron como factores 

de nesgo: la distancia de la casa del niño en relación a la fuente 

industrial contaminante, las condiciones de \ida de la familia del niño, 

el hábito de comer tierra (pica) y ponerse los dedos \ / o objetos en la 

boca, presencia de pintura descascarándose en la vivienda del niño, el 

consumo de comida enlatada y /o de verduras cultivadas en área 

expuesta ν el uso de va|illa de barro esmaltado. 

De la población total infantil se extrajo una muestra constituida por 

200 niños escogidos al a/ar. En el área urbana se conformaron dos 

grupos de 50 niños. ГЛ primer grupo vivía a una distancia menor de 

250 metros de la fábrica de baterías ('sector más expuesto'), el otro 

grupo a una distancia de 500-750 metros de la fábrica \ en un sector 

donde no estaba localizado ningún taller de reparación de batería 

('sector menos expuesto'). Ы tercer grupo estaba constituido por 100 

niños, que vivían en el área rural. 

A los niños se les analizó el nivel de ZPP \ de PbB en la sangre, se 

les hizo un examen físico y al igual que en la primera fase, los padres 

y responsables fueron entrevistados para recoger información sobre la 

composición del grupo familiar y las condiciones laborales, sociales ν 

económicas de la familia. 

Los hallazgos principales fueron· primero, los niños que vivían a una 

distancia menor de 250 metros de la fábrica de baterías y cerca de los 

talleres de reparación tenían niveles de PbB y ZPP más elevados que 

aquellos niños que vi\ ían en el arca de control rural. 

Kn el primer estudio el promedio geométrico de ZPP era 3.54 μg/g 

IIb (SK = 0.21) para los niños, que vivían en el área urbana expuesta a 

la contaminación de plomo y de 2.2 μg/g Hb (Sb=0.12) para los 

niños, que vivían en el área rural. Considerando que el nnel limite 

superior aceptable era de 2.2 μg ZPP /g Hb se encontró que el 77 % 

de los niños del área urbana expuesta y el 46 % de los niños del área 

rural tenían niveles elevados de ZPP, lo que podría haber sido 

pro\ocada por la toxicidad causada por la exposición al plomo y /o 

deficiencia de hierro. 

De los 1000 niños del área urbana expuestos a la contaminación con 

plomo, 215 niños, es decir el 22 % de la población estudiada tenia un 

nivel de ZPP igual o superior a 5.0 μg/g Hb, mientras que en el área 
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rural, solo 7 niños, el 5 % de la población estudiada presentaba 

niveles tan altos de ZPP. 

Dentro del área urbana, los niños que presentaron los niveles más 

bajo vivían a una distancia mayor de 500 metros de la fábrica de 

baterías y en las cercanías de sus \iviendas no se encontraba 

localizado ningún taller de reparación de baterías (p = 0.001). 

Л1 determinar el nivel de PbB de los 215 niños con nivel de ZPP 3= 

5.5 μg/g Hb, resultó que 50 niños (22 %) presentaron niveles de PbB 

^ 200 μg/L, 38 niños (18 %) > 250 μ8/ΐ., y 29 niños ( Π %) 3= 300 

μg/L. Tres niños teman niveles > 500 μg/L. Llama la atención que 

165 (77 %) de los niños con ZPP ^ 5.0 μg/g Hb, tenían un nivel de 

PbB < 200 μ8/ΐ.. 

lil nivel de plomo en sangre de los niños pareció estar muy 

relacionado con el nivel de contaminación del medio ambiente donde 

vivían. Las fuentes de contaminación predominantes en este estudio 

fueron la fábrica de baterías (p = ().001), los talleres de reparación de 

baterías (p = 0.0()l) \ la presencia de pintura descascarándose 

(p = 0.001). La relación entre el nivel de PbB ν la distancia de la casa 

del niño en relación a las fuentes industriales de contaminación 

persistió después de la corrección por otros factores de nesgo. 

En el segundo estudio el promedio geométrico de ZPP fue de 3.02 

μg/g Hb (SH = ().37) en el grupo de niños más expuesto, 2.51 μg/g 

Hb (SF, = 0.31) en el grupo de niños menos expuesto y 1.90 μg/gΠb 

(SL=0.29) en los niños del área rural, h n cuanto al nivel de plomo en 

la sangre, el promedio geométrico de PbB en los grupos de niños 

anteriormente mencionados fue sucesivamente: 114.8 μg/L (S[l = 3.7 

μΚ/ΐ.), 32.4 tig/L (SK = 3.5) ) 17.8 jig/L (SE=3.4). 

Del grupo de 50 niños más expuesto, 19 tenían un nivel de PbB < 

100 μg/L, 13 niños presentaron un nivel de PbB & 200 μg/L, 7 

niños s* 300 μg/L y un niño ^ 500 μg/L. Los 100 niños del área 

rural y 49 niños de los 50 niños del grupo menos expuesto 

presentaron un nivel de PbB < 100 μg/L. 

Se pudo comprobar que el habito de pica (p= 0.005), de ponerse los 

dedos y/o objetos en la boca (p= 0.01), la presencia de pintura 

descascarándose en la vivienda del niño (p < 0.05) \ la exposición 

ocupacional al plomo de uno de los miembros de la familia 

(p = 0.0002) son factores de nesgo significativos у co responsables del 

incremento del nivel de plomo en la sangre de los niños. 

No se encontraron diferencias significativas en el nivel de PbB entre 
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los niños de acuerdo al ni\ el socio económico a que pertenecían, sin 

embargo se pudo observar que la mayoría de las familias 'pobres' o 

'mu\ pobres' habitaban en el área más expuesta, es decir a una 

distancia menor de 250 metros de las fuentes de contaminación. 

Se encontró que la correlación entre el nivel de log ZPP \ log РВЬ 

era débil (г = 0.36). F,n el grupo de niños más expuesto la correlación 

fue de 0.37. En el grupo de niños menos expuesto y niños del área 

rural los coeficientes de correlación fueron aun más bajos. 

La mayoría de los niños del grupo urbano expuesto \ muchos de los 

niños del área rural presentaron un nivel ele\ ado de ZPP, en algunos 

casos estaba asociado a la presencia de plomo en la sangre, pero en 

otros casos no pudo ser explicado y tal \ez fue consecuencia de 

deficiencia de hierro. Sin embargo, no fue posible medir la defienda 

de hierro. Los datos sobre el nivel de ZPP sugieren que 

aproximadamente el SO % de los niños examinados tenían deficiencia 

de hierro y /o toxicidad de plomo. 

La hipótesis sobre la relación de dependencia existente entre el nivel 

de ZPP y la situación nutricional de los niños no pudo ser verificada, 

el coeficiente de correlación fue bajo entre estas dos variables. 

Sesgo en la selección de la población \ de información, los factores 

de confusión, la posibilidad de una clasificación incorrecta \ el tamaño 

de la muestra parecieron tener ninguna o poca influencia en los 

resultados del estudio. Por eso, se puede concluir que los datos sobre 

PbB y ZPP son estimados válidos de la carga real de plomo en el 

organismo y de los efectos biológicos tempranos en los niños en el 

área de estudio. La asociación encontrada entre los niveles de PbB y 

ZPP \ la distancia de la vivienda en relación a la fábrica de baterías 

Willard \ los talleres de reparación fue demostrado claramente y no 

pudo ser explicada por otros factores de riesgo. 

Los resultados de este estudio indican claramente la necesidad que 

existe de hacer un seguimiento y control continuo del nivel de PbB de 

la población estudiada así como también de las poblaciones que viven 

en condiciones similares. 

El test ZPP mostró no ser adecuado para ser aplicado como primer 

test de depistajc de la exposición al plomo en una población donde la 

mayoría de los niños presentan un nivel de PbB bajo (< 300 μg/L) y 

deficiencia de hierro elevado. 

Los principios filosóficos de la salud pública sin embargo, privilegia 
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las formas de prevención primaria frente a las formas de prevención 

secundarlas; la eradicación de la intoxicación por plomo en estas 

7onas de alto nesgo, en adición a una detección temprana, requiere 

definir un amplio programa de intervención ambiental y de educación 

en salud. Por eso, el aporte talvez más importante de esta 

investigación ha sido contribuir a ampliar el conocimiento y elevar la 

conciencia de la población y de los políticos-administradores en torno 

a este grave problema de salud pública. 

La salud urbana ha surgido recientemente como uno de los problemas 

centrales de la salud pública a nivel global. Los problemas de salud 

ambiental incluidos aquellos que surgen a partir de la implantación de 

pequeñas industrias en los centros urbanos, deben ser incluidos en el 

análisis de la salud a nivel del distrito urbano y en la agenda de las 

políticas de los gobiernos y organismos (ínter) nacionales. 
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Loodvergiftiging bij kinderen is een te voorkomen ziekte met 

hoofdzakelijk aspecifieke klachten en verschijnselen, en gerelateerd 

aan multipele bronnen van blootstelling. Het is terecht 'de stille 

epidemie' genoemd. Rrnstige vormen van loodvergiftiging worden 

tegenwoordig maar zelden meer gc/ien, maar gedurende het laatste 

decennium is het belang van de ziekte voor de volksgezondheid 

onderstreept toen de aandacht gericht werd op de schadelijke en 

irreversibele effecten van subkhnischc loodvergiftiging, met name bij 

kinderen jonger dan zes jaar. Deze kinderen vormen de meest 

kwetsbare groep van de bevolking, gezien het feit dat zi) relatief meer 

lood binnenkrijgen en absorberen dan volwassenen en extra gevoelig 

zijn voor de effecten. 

Overmatige blootstelling aan lood blijkt een probleem te zijn dat alle 

kinderen kan treffen, hoewel kinderen in de achterbuurten van 

binnensteden en /o f die rondom industriële bronnen wonen het 

grootste nsiko lopen. Bewijs voor de subkhnischc neurotoxiciteit van 

lood bij lood in bloed gehaltes (PbB) van 100 - 150 μg/L is geleverd 

op grond van verschillende epidemiologische studies in verscheiden 

landen. Als gevolg daarvan is ook de mening van deskundigen over 

het gezondheidsrisico van loodwaarden die gebruikelijk in het milieu 

worden aangetroffen aanzienlijk veranderd. In 20 jaar is de kritische 

limiet van het PbB gehalte gedaald van 600 μg/L tot 100-150 μg/L. 

Recente verslagen van gevallen van lood-cncephalopathie bij kinderen 

in ontwikkelingslanden suggereren dat lood in het milieu nu zelfs een 

nog groter probleem zou kunnen worden dan in meer ontwikkelde 

gebieden. De omv ang van het probleem is grotendeels onbekend, 
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omdat voorzieningen voor vroege detectie over het algemeen niet 

beschikbaar zijn. 

Massale stedelijke groei gedurende de laatste decennia in het Zuiden is 

gepaard gegaan met een toename van stedelijke armoede. De 

meerderheid van de bevolking in de Derde Wereld-steden strijdt om 

te overleven via participatie in de informele of 'verborgen' economie. 

Blootstelling aan arbeidsrisico's wordt van weinig belang geacht in 

deze sector. Daarbij komt nog, dat traditioneel gevaarlijke industrieën 

vaak opgezet worden in ontwikkelingslanden, die buitenlandse 

investeringen hard nodig hebben om hun externe schuld af te kunnen 

betalen. De wetgeving is in deze landen meestal minder stringent of 

wordt misschien geheel niet toegepast. Zowel formele als informele 

industriële activiteiten kunnen leiden tot aanzienlijke blootstelling aan 

schadelijke metalen en chemicaliën zowel voor arbeiders zelf alsook 

voor de bevolking die in de nabijheid van deze industrieën woont. 

De huidige studie werd gedurende 1987-1988 in Nicaragua uitgevoerd. 

In die periode maakte het land een ernstige crisissituatie door. De 

Sandinistische Revolutie van 1979 had een overgangsperiode ingezet 

naar een nieuwe maatschappij, gebaseerd op radikale veranderingen in 

sociaal-economische en politieke verhoudingen. De contra-revolutie 

leidde tot een drievoudige oorlog (economisch, militair, en 

informatie), waarvan de gevolgen verergerd werden door een 

wereldwijde recessie. Tussen 1984 en 1987 vond massale stedelijke 

migratie plaats, als gevolg waarvan het aantal inwoners van de 

hoofdstad Managua meer dan verdubbelde van 400,000 tot 979,000. 

In 1987 bevonden zich in Managua twee accu-fabrieken in arme 

wijken van de stad. Daarbij waren er ook verschillende kleine 

'informele' werkplaatsen voor het smelten van lood, en voor de 

reparaüe en het opladen van auto-accu's. Deze activiteiten breidden 

zich na 1984 aanzienlijk uit als reactie op de crisis en de toegenomen 

vraag naar accu's in verband met de oorlog. 

Ondanks de situatie van oorlog en ernstige economische crisis, startte 

het Ministerie van Volksgezondheid (MINSA) de huidige studie: de 

eerste in zijn soort in Nicaragua. De studie omvatte twee 

dwarsdoorsnede-onderzoeken onder kinderen met een leeftijd van 3 

maanden tot 6 jaar, die woonden in een arme stedelijke wijk gelegen 

op een afstand van minder dan 750 meters van een accu-fabriek en 
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verschillende kleine lood-wcrkplaatsen. Deze kinderen waren 

waarschijnlijk al sinds de conceptie aan lood blootgesteld, hetgeen een 

extra gezondheidsrisico veronderstelt. Het doel van het onderzoek was 

de mate en bron van blootstelling aan lood in te schatten, de 

gezondheidsrisico's voor jonge kinderen te bepalen in dat gebied van 

de stad, en de wenselijkheid voor de volksgezondheid vast te leggen 

voor verdere monitoring van de loodbelasting onder deze 

bevolkingsgroep. 

In de eerste studie in 1987 werd, onmiddellijk nadat een kind in het 

stedelijk blootgesteld gebied gestorven was aan loodvergiftiging, een 

dwarsdoorsnede screenings onderzoek uitgevoerd onder 1000 kinderen 

tot 6 jaar oud die in dat gebied woonden. De kinderen werden at 

random gekozen uit een census. Hun ouders of voogden werden 

uitgenodigd voor een interview over demografische, arbeids- en 

levensomstandigheden. Alle kinderen ondergingen een kort 

lichamelijk onderzoek waarin gelet werd op voedingsstatus en tekenen 

van loodvergiftiging. Aangezien de wijkbewoners deelnamen aan de 

planning en uitvoering van het onderzoek, was de respons 100 %. 

Deze studie moet als exploratief beschouwd worden, aangezien het de 

eerste keer was dat screening van het zinkprotoporphyrine (ZPP) 

gehalte in bloed plaats vond in Nicaragua. Het bloed van 215 

kinderen met ZPP waarden van 5.0 n-g/g Hb of hoger werd 

onderzocht op het loodbloed gehalte (PbB), hetgeen de bepalende 

diagnostische test voor toegenomen lood blootstelling en dus van 

gezondheidsrisico is. Dezelfde analyses werden ook uitgevoerd in een 

controle populatie in een niet-verontreinigd gebied op het platteland. 

De tweede studie werd in 1988 uitgevoerd. ZPP en PbB waarden 

werden gemeten in drie geselecteerde groepen kinderen, om vijf 

hypothesen te toetsen over loodbronnen en risicofactoren 

verantwoordelijk voor de variatie in lood in bloedgehalte. In het 

gebied in de stad werden twee groepen van 50 kinderen at random 

gekozen. De eerste groep woonde op een afstand van minder dan 250 

meter van de accu-fabriek ('stedelijk meest blootgesteld'), de andere 

groep op een afstand van 500-750 meter in een gebied waar geen 

kleine lood-wcrkplaatsen waren ('stedelijk minst blootgesteld'). De 

derde groep bestond uit 100 kinderen van het platteland. Zoals in de 

eerste fase, werd aan de ouders of voogden van alle kinderen 

gevraagd naar demografische gegevens, arbeids- en 
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leл'ensomstandlgheden en ondergingen alle kinderen een kort 

lichamelijk onderzoek. De volgende risico-factoren die werden 

onderzocht waren: afstand van de woning van het kind tot de 

industriële bron, leefomstandigheden, leeftijd en geslacht van het kind, 

ingestie van aarde (pica), hand-mond gedrag, afbladderende verf in de 

woning \an het kind, beroepsmatige blootstelling aan lood van een 

van de leden van het huishouden, consumptie van ingeblikt voedsel, 

consumptie van groenten die in het gebied zelf verbouwd worden en 

het gebruik van geglazuurd aardewerk. 

De belangrijkste resultaten waren dat kinderen, die op een afstand van 

minder dan 2SO meter van de accu fabriek en /of in de nabijheid van 

de lood-werkplaatsen woonden hogere PbB en ZPP waarden hadden 

dan kinderen uit het controle gebied op het platteland. 

In de eerste studie was het geometrisch gemiddelde van ZPP 3.54 

μg/g Hb (SF=0.21) voor de stedelijk blootgestelde kinderen en 2.2 

μg/g Hb (SF=0.12) voor de kinderen van het platteland. Wanneer 

een 'cut-off waarde van 2.2 μg ZPP /g Hb als een acceptabele 

bovenste limiet aangenomen werd, dan hadden 77 '/o van de kinderen 

in het stedelijk blootgesteld gebied - vergeleken met 46 % in het 

plattelandsgebied- verhoogde ZPP waarden, hetgeen vrijwel alleen 

maar veroorzaakt kon zijn door lood-toxiciteit en/of ijzerdcfïcientic. 

Van de 1000 aan lood-blootgestclde kinderen in de stad hadden 215 

(22 %) ZPP waarden van 5.0 μg/g Hb of meer, vergeleken met 7 

kinderen (5 %) van het gebied op het platteland. Binnen het 

blootgestelde gebied in de stad hadden de kinderen, die op een 

afstand > 500 meter van de accu fabriek de laagste ZPP waarden, 

tenzij zij woonden in de omgeving van de lood-werkplaatsen (p = 

0.001). 

Toen de PbB waarden van de 215 kinderen met ZPP waarden & 5.5 

μg/g Hb werden bepaald, vertoonden 50 (22 %) kinderen PbB 

waarden s= 200 μ 8 / ί , 38 (18 %) э» 250 μg/L, 29 (13 %) з= 300 

μg/L. Drie kinderen hadden zelfs waarden > 500 μg/L. Opmerkelijk 

is het feit dat 165 (77 %) van de kinderen met ZPP э= 5 0 μg/g Hb, 

PbB waarden < 200 μg/L hadden. 

De lood-bloed waarde van de kinderen bleek sterk gerelateerd te zijn 

aan de mate van verontreiniging van hun omgeving. De bronnen van 

verontreiniging in deze studie bleken voornamelijk de accu-fabriek 

(p = 0.001), de lood-werkplaatsen (p = 0.001) en afbladderende verf te 
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De associatie tussen het PbB gehalte en de afstand tot de industríele 

bronnen bleef bestaan na correctie \ oor andere risico -factoren 

In de tweede studie was het geometrisch gemiddelde van / P P 3 02 

μg/g Hb (ST=().47) voor de 'stedelijk meest blootgestelde' kinderen, 

2 51 μg/g Hb (SF = 0 31) voor de 'stedelijk minst blootgestelde' 

kinderen en 1 90 μg/g Hb (SF = 0 29) voor de kinderen van het 

platteland Lood bloed waarden (PbB) in dezelfde kinderen 

vertoonden een geometrisch gemiddelde van 114 8 μg/L (5Г=3 7 

μg/L), 32 4 μg/L ( S r = 3 5) en 17 8 μ 8 /ΐ . (SF = 3 4) In het meest 

blootgestelde gebied in de stad hadden 19 van de 50 kinderen PbB 

waarden < 100 μg/L·) Π kinderen hadden PbB 's 3= 200 μg/L, 7 

kinderen 3s 300 μg/L en een kind > 500 μg/L (alle kinderen van het 

platteland en 49 van de 50 kinderen van het minst blootgestelde 

gebied in de stad bleken PbB waarden te hebben < 100 μg/L) 

De gewoonte \an pica (p= 0 005), hand-mond gedrag (p= 0 01), 

afbladderende verf in/op de woning (p < 0 05) en beroepsmatige 

blootstelling aan lood ν an een van de leden van het huishouden 

(p = 0 0002) bleken significante nsico-factoren te zijn, 

mcdc-vcrantwoordelijk voor de toegenomen loodbelasting 

Geen significant hogere PbB waarden werden er gevonden voor 

kinderen uit een lager sociaal-economische klasse hchter, in het 

stedelijk gebied was het verschil tussen het PbB van kinderen van de 

'arme' en Veer arme' families het grootste op korte afstand \an de 

bron 

Fen zwakke correlatie bleek te bestaan tussen log Z P P en log PBb (r 

= 0.36). De correlatie binnen de meest blootgestelde populatie in de 

stad was 0 37 In steekproeven uit de minst blootgestelde stedelijke en 

plattelands-populatie was de correlatie zelfs nog lager Hoge ZPP 

waarden werden er gevonden bij dt meeste kinderen in de stad en in 

vele kinderen \an het ondcr7ochte gebied op het platteland In enkele 

gevallen waren hoge ZPP waarden geassocieerd met lood, maar in 

andere gevallen waren 7ij onverklaarbaar en waren wellicht een gevolg 

van ij/erdeficientie. b r waren echter geen gegevens beschikbaar over 

de mate van ijzcrdchcientic, in Managua kon het ferrame gehalte niet 

bepaald worden De gegevens over ZPP waarden wekken de suggestie 

dat ongeveer 50 % van de onderzochte kinderen het/ij ijzcrdeficientic 

hadden hetzij lood toxiciteit of beide 

Aangezien de correlatie tussen Z P P en voedingsstatus in deze studie 
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zwak was, werd de hypothese dat de ZPP waarde niet alleen 

afhankeli)k is van de blootstelling aan lood maar ook van de 

voedingstoestand niet bevestigd. 

Selectie-bias, informatic-bias, confounding factoren, misclassificatie en 

stcekproefomvang bleken geen of weinig invloed te hebben op de 

resultaten лгап het onderzoek. Daarom, lijkt de conclusie geoorloofd 

dat de gegevens over PbB en de ZPP gehaltes een valide schatting 

opleveren van de werkelijke loodbclasting in het lichaam, waardoor 

vroeg optredende biologische effecten onder kinderen in het 

studie-gebied opgespoord kunnen worden. Een verband met /owel de 

Willard accu-fabriek als ook de kleine lood-wcrkplaatsen werd 

duidelijk aangetoond en kan niet verklaard worden door andere risico 

factoren voor hoge PbB en ZPP waarden. 

De resultaten van het ondcr70ck wijzen op de nood/aak tot 

periodieke PbB-scrcening in /owel de beschreven studie-populatie als 

in bevolkingsgroepen met soortgelijke leef/woonomstandigheden. In 

een populatie waar de prevalentie van kinderen met hoge PbB 

waarden (3= 300 μg/Ь) laag is en de prevalentie van ijzerdeficientic 

hoog, blijkt de voorspellende waarde van de ZPP-tcst /wakker te /ijn 

dan verwacht in populaties met een lage prevalentie van 

ijzcrdeficicntie, bij primaire screening op verhoogde PbB-waarden. 

De filosofie van de volksgezondheid geeft echter de voorkeur aan 

primaire preventie boven vormen van secundaire preventie; het 

uitroeien van loodvergiftiging in dc/e hoge risico gebieden, zal 

behalve vroege detectie, een integraal/ 'comprehensive' programma 

vergen met oa. milieu-interventies en gezondheidsvoorlichting. 

Daarom, is wellicht het meest belangrijke resultaat van deze studie het 

feit dat de/e ertoe bijgedragen heeft dat het inzicht in de 

problematiek vergroot werd en het bewustzijn van bevolking in het 

algemeen en politici met betrekking tot dit ernstig milieu- en 

gezondheidsprobleem toenam. 

Stedelijke gezondheidszorg is recent naar voren gekomen als een 

centraal probleem in de volksgezondheid op wereldniveau. Milieu- en 

gezondheidsomstandigheden, daartoe evenzo rekenend die 

samenhangen met kleinschalige industrieën, behoren te worden 

opgenomen in de situatie analyse op district niveau en op de politieke 

agenda van regeringen en (internationale organisaties besproken te 

worden. 
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