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Abstract

Lead is an omnipresent toxic metd. In indudtridized countries the adverse hedth effects
of lead exposure are conddered among the most important environmentad hedth problems.
Armenia has severd locations contaminated with lead. These are mogly the places with lead
rdeasng indudtries. However, no study has been conducted on the source of contamination,
media, and factors influencing exposure and susceptibility to lead toxicity. One of the lead
contaminated places is Alaverdi, the location of a copper mining and metalurgical complex.
Moreover, Alaverdi is located in a vdley where temperature inverson may tragp ar pollutants
near the surface of the earth, which may increase exposure. Therefore, the Alaverdi population is
a risk of high lead exposure. This necesstates preventive measures to safeguard the population,
especidly children, from lead exposure.

The am of this sudy is to investigate the association between lead concentraions in the
environment and blood lead levels in Alaverdi children. The study population will congst of 351
children between the ages of 3 — 10 living in Alaverdi. Environmentd lead levds will be
measured in the houses, yards, and gardens where the children participating in the study live and
goend their leisure time, as wdl as in the kindergartens they attend. Mothers of these children
will be interviewed to determine risk factors of exposure. The study will be conducted usng a
cross-sectiond design. The andyss of the association between the children's blood lead leve
and environmenta lead concentration will be done usng a multiple regresson modd controlling
for factors potentidly effecting this associaion. Dose-response reationship will be andysed by
Chi-sguare test of trend.

The proposed study will show if a problem of lead exposure exists in Alaverdi children
related to environmenta lead contamination. The invedtigation of dte-gpecific factors enhancing
susceptibility to lead dosng will be hdpful in daboration and disseminaion of lead exposure
prevention measures.

The program will be implemented by the Center for Hedth Services Research and the
Environmenta Conservation and Research Center of the American University of Armenia. Key
personnd of the program are presented by Project Director, Research Assistant, and Accountant.
In addition, Nurses, Sample CollectordInterviewers, Data Entry/Andyst, and Consultants are
involved into the sudy.

The requested amount of money is 29,872 USD. For the andyses of blood, soil, and dust
lead levels the equipment of Environmenta Consarvation and Research Center of American
Universty of Armeniawill be used. Thetotal cost of the equipment is 44,000 USD.



Specific Aims

The am of this sudy is to investigate the association between the concentration of lead in
the environment and blood lead level in Alaverdi children. Children aged 3 — 10 and ther
mothers will paticipate in the sudy. Children of this age group were born during the period
when the Alaverdi smelter was working at low capacity. During this period, the blood lead leve
in mothers of these children was assumed to be lower than during the period when the plant was
functioning a full capecity. Therefore, the contribution of maternd blood lead to children’s
blood, as a result of trangplacental hemotransfusion or through breast milk, was low. Thus, soil
and dust lead concentrations contribute predominantly to blood lead levels in children born
during these years.

The hypothess to be tested by this research is a pogtive relationship exists between
environmenta lead levelsin soil and dust and children’s blood leed levels.

The study will be conducted using a cross-sectiona design. The proposed study has the
following objectives:

Determine the concentration of lead in soil and dust as an indicaior of environmenta

lead contamination.

Measure the children’s blood lead levels.

Interview mothers to ascertain risk factors for lead exposure in children.

Assess the relationship between the children’s blood lead level and the concentration of

lead in the environment congidering the variables assumed to influence this association.

Consdering the fact that in severd areas of Armenia the concentration of lead in soil and

dugt notably exceeds [1,2] the naturd terrestriad background levels of 10 — 20 mg/kg [3], the
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findings of this study could show if there is a problem of lead dosage in children. Moreover, the
assessment of behaviord and hygienic patterns and how these factors dfect blood lead level may
reved dte-specific gdtuaions that enhance susceptibility to lead dosng. Awareness of these

factors may be hepful in elaboration and dissemination of lead exposure prevention measures.

Background and Significance

Armenia has severd locations that are contaminated by lead, modtly the places where
lead releasing industries are located. The study conducted by the Inditute of Generd Hygiene
and Occupationd Diseases in Yerevan, Byureghavan, and Gagarinavan have focused on lead
concentrations in dust, soil, and ar, as well as on blood lead levels in resdent populations. High
levels of lead have been found in dudt, soil, and ar & these locations, as well as incressed blood
leed levelsin children living in Byureghavan and Gagarinavan [1].

A sudy conducted by the Environmental Conservation and Research Center of the
American Universty of Armenia and Johns Hopkins University found incressed levels of lead in
garden and yard soil and in loose and interior dust in Alaverdi, as well as in some parts of
Yerevan city. Lead levels in soil and dust in these areas were twenty- to forty-fold higher than
the established background leve of 10 mg/kg.

In Alaverdi, the mean concentration of lead in the soil of gardens was 308.12 mg/kg,
492,52 mg/kg in the soil of yards, and 770.6 mg/kg in loose dust. Indoor dust levels were 141.54
nyft? in building entrances, 53.14 nyft? in hdlways, 49.81 ngft® in living rooms, and 52.61
nyft> on kitchen windowslls [2]. The main source of environmenta lead contamination in

Alaverdi is the Alaverdi copper mining and metalurgical complex. During the period from 1991
3



to 2000, the Alaverdi smdter was functioning at low capacity. In 2000, it started operating at full
capacity again. Currently, the Alaverdi copper plant is among the man environmenta polluters
in Armenia[4, 5.

In Yerevan, elevated lead levels were detected near a battery plant located in the
southwest part of the city and in 20% of gpartment yards surveyed. The increased concentrations
of lead in the gpartment yards were mainly due to the improper disposa of batteries, the burning
of gabage, and fluids from car mantenance. In summary, the average concentration of lead in
Y erevan soil was 236 mg/kg [2)].

While information exigs on Alaverdi and Yerevan environmental lead contamination,
how this relates to the body lead burden of people resding in these areas is unknown as no
population based survey measuring biological markers of exposure has been conducted. Based
on research conducted in other countries showing the corrdation between environmenta lead
concentrations and blood lead leve [6, 7] it can be assumed that increased blood lead levels may
be observed among the residents of the above mentioned Sites. However, some specific Ife-syle

factors such as behavioral and hygienic practices may influence lead dosing.

Literature Review

Lead. Overview
Lead is an omnipresent toxic metd. In indudtridized countries the adverse hedth effects
of lead exposure are consdered among the most important environmentad hedth problems.

According to CDC, blood lead levels a or around 10 ng/dL pose a high risk in sengtive

populations. In terms of adverse hedth effects of lead exposure, the sendtive populations are



infants, children, and pregnant women (as surrogates for fetuses) [8]. Adverse hedth effects of
lead exposure are deeth, impairment of immunological, neurologica, reproductive, and other
systems, as well as developmenta disorders, genotoxicicity, and carcinogenicity [9].

Lead is a naturdly occurring dement. In smdl amounts it is found in the eath's crust
modly in the form of aulfide gdena [9]. In addition, a variety of other chemica forms of lead are
present in al drata of the biosphere. Naturdly occurring concentrations of lead in soil and dugt,
which are not the result of anthropogenic releases, represent basdine levels of lead in the
environment. Natural and, predominantly, human activities result in the spreed of lead
throughout the environment. The primary anthropogenic source of lead in the environment used
to be due to leaded gasoline in internd combustion engines [9]. However, after the prohibition of
leaded gasoline this source of environmental lead contamination became less important. Insteed,
0l contamination from indudrid releases by smdters, battery and chemicd plants, and old
congructions coated with lead-based paint conditutes the prevailing pat of totd lead releases
[9].

Natural chemical and physca processes such as weathering, runoff, precipitation, dry
depostion of dudt, and Stream/river flow result in the continuous transfer of lead between air,
water, and soil [9]. On average, lead may reside in the atmosphere for up to 10 days [9]. During
this time, it can be transported long distances, even up to thousands of kilometers. In contradt, in
both water and soil lead is highly persstent and is mosily connected to suspended solids and
sedimentsin aguatic systems and is presented in quite immobile formsin soil [9].

The main sources of lead exposure in the generd populatiion are ambient air, some types
of food, drinking water, soil, and dust [9]. Potentia risk factors for lead exposure are resding in

urban aress, especidly near daionary emisson sources such as iron and ged production
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indudtries, non-ferrous (brass and bronze) smdters, battery and chemica plants, consumption of
food from family gardens renovetion of homes containing lead-based paint or contact with
interior lead paint dudt, pica (the dbnormd edating manifesting of eating soil, paint chips, and
other inedible stuff), occupationa exposure, secondary occupational exposure (which is more
typicd for the families of workers involved in indudries deding with lead), ussge of lead-
containing hedth care products and folk remedies, hobbies such as sculpturing and saining

glass, in which lead may be used, smoking, and wine consumption [9].

Toxicokinetics of lead

In humans, lead is absorbed predominantly through the gestrointestind and respiratory
tracts. Inhaed lead may be deposited in both the upper and lower parts of the respiratory tract
[8]. Lead deposited in the upper part undergoes ciliary clearance, then it is swallowed and
absorbed from the intestine. Smdler lead paticles with diameter less than 1 nmm pass to
pumonary portion of respiratory tract and are absorbed from there [8]. Little is absorbed through
skin, which isamore typica route for occupationa exposure [9].

The extent and rate of gadtrointestind dbsorption are influenced by physiologica datus
of the exposad individud, such as age, fafting, nutritiond cacium and iron datus, pregnancy,
and physcochemicd characterigics of exposure medium [9]. Dietay lead @bsorption is
condderably higher in children than in adults [9]. Studies conducted in infants and children
indicate 40 — 50% lead absorption rate from intestind tract [9], while in adults, the intestind
absorption rate is 20 — 70% in fasted subjects and 3 — 15 % in fed ones [10 — 12]. The influence
of diet on lead absorption is discussed below. Increased lead absorption due to physiologica

changes can be observed during the second hdf of pregnancy. However, other factors dso may
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be responsible for the increase in blood lead leve [14, 15]. Immediately after absorption, lead is
widdy digributed to blood plasma and soft tissues, then it is redistributed and accumulates in
bones [9]. In children, approximately 73% of the totd body lead is concentrated in bone [9]. In
adults, due to age-specific bone turnover rate changes, bone lead concentration congtitutes 94%
of the total body lead burden [9]. Lead that is not retained in the body is mainly excreted by the
kidneys in the form of sdts or through intestines as organometalic conjugates [9]. Overdl, lead
kingtics in the body is moslly determined by mechanisms influencing lead exchange between
blood plasma and bone surfaces, processes of bone growth and resorption, and heteroionic

exchange processes in kidneys and intestines [9]

Blood lead concentration as a biologic marker of exposure

Blood lead is the most common and most useful indicator of lead exposure in acute and
subacute poisoning [10]. Blood lead measurement is dso the most widdy used method of
measuring chronic lead exposure. In generd, blood lead reflects recent exposure (exposure 20 —
30 days before measurement) in young children who were not extremey and chronicdly
exposed to lead during their earliet years. In contrast, blood lead levels of heavily exposed

children and adults integrate recent and older exposures[10].

General population and occupational exposure

The generd population can be exposed to lead mosly through the ingestion of
contaminated food and drinking water and by inhdation of lead particulates in ambient air.
Fruits, vegetables, and grains may contain large concentrations of lead as a result of plant uptake

of lead from soil and depostion of lead onto plant surfaces [9]. Occupational exposure is the
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most common source of lead exposure in adults [9]. The following industries are potentidly
dangerous for occupationd lead exposure leed smdting and refining indudries, battery
manufacturing plants, sted welding or cutting operations, congtruction, rubber products and
plagic industries, printing industries, firing ranges, radiaior repair shops and other indudtries
requiring flame soldering of lead solder, and gas Sations[9].

Children are the most susceptible population to lead exposure [8]. Their susceptibility to
lead exposure can be explaned by the following interacting factors fird, they have more
opportunity for contact with lead sources due to their activities. Children crawl on the floor, they
put things in their mouths, they may ingest ingppropriate things such as dirt or paint chips, and
they spend more times outdoors. In addition, being closer to the ground due to their height and
the absence of judgment in avoiding hazards put them a higher risk [8]. Other reasons for
children’s high susceptibility to lead exposure are easer aosorption of lead in a child compared
to an adult and the higher vulnerability of a child to adverse deveopment following lead
exposure [8, 9].

The mgor sources of exposure of young children to lead are soil and dust [16 — 1§]. It
was estimated that an increase in dust lead levels from background levels to 200 nyft® increases
the percentage of children having a blood lead level greater than 10 ng/dL by 23.3% [8]. An
increase in soil lead concentration from background of 10 — 20 mg/kg to 400 mg/kg leads to the
increase in the percentage of children having the same characteristic by 11.6% [8]. An andysis
of 22 cross-sectional sudies in areas with polluted soil reveded an association between lead in
s0il and children’'s blood lead level. According to this anadyss, mean blood lead concentrations
in children exposed to lead levels of 1000 mg/kg was 1.10-1.86 times higher whereas blood lead

concentrations in children exposed to soil lead levels of 2000 mg/kg was 1.13-2.25 times higher
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compared to those exposed to soil lead levels of 100 mg/kg [7]. In addition to the ingestion of
s0il or dugt through norma hand-to-mouth activity, children engaging in pica behavior ae a
greater risk for ingesting large amounts of lead contaminated soil. It has been edimated that an
average child may ingest between 20 to 50 mg of soil per day [19, 20]. A pica child may ingest
5,000 mg or more of soil per day, which is more than 100 times the amount ingested by a child
not engaged in pica behavior [19, 20].

Lead in food and drink are aso sources of children’s lead exposure. Food and drinks can
be contaminated by lead as a result of ther storing or preparation in lead-soldered cans, in
ceramic jars or other pottery covered by lead-based glaze, and crysta decanters and glasses [9].
In addition, lead can be absorbed in food crops in the field or garden from soil or through direct
depogition onto crop surfaces, during transportation, processng, and preparaion in the kitchen
[9. Mining and indudtrid discharges into the aguatic environment result in the increased
concentrations of lead in fish and ghdlfish. Catle grazing in the aess with high lead
contamination of soil have increased lead levels in cow milk and meet [9]. Parentd smoking aso
may influence blood lead level in children because of the presence of lead in tobacco [21].
Concentration of lead in tobacco is gpproximately 2.5 — 12.2 ny/cigarette, of which only 2 — 6%

may actudly be inhaed by smoker [9).

Household members occupation can adso be a source of lead exposure: workers
occupationaly exposed to lead may carry lead home on clothing, bodies, or tools. In households
with occupationdly exposed worker blood lead levels of children are twice those of children
living in the same neighborhood whose parents do not involve in occupations with high lead
exposure [22, 23]. Children may also be exposed to lead because of some hobbies and artistic

activities practiced a home by adults. Hobbies and activities involving the use of lead-containing
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materids are cafing, dained glass, painting, glassblowing, and screenprinting [9]. Children from
families engaged in tile-glazing production had ggnificantly higher blood lead levd with the
median of 6 ng /dL compared to those than those living in homes with no such activity (median

2.1 microgramg/l) [24].

Severd sudies demondrated the pogtive association of children’'s blood lead leve with
age [25, 26], sex [26], race [26], proximity to the smdters [27], floor on which gpartment is
located [25], number of gblings [25], carpet in a child's room [25], consumption of localy
grown vegetables [25], socioeconomic Status [28], education level of parents [29], household

hygiene[21, 25, 30], and season [21].

Adver se health effects of lead exposure

A vaiety of adverse hedth effects caused by lead exposure can be demondrated in
people of different age groups. Centra nervous sysem in children and fetuses, growth in
children, cardiovascular system in older people, heme synthess, and cadcium homeostass ae
main systems and processes targeted by lead [6]. High levels of lead exposure may cause severe
damage of bran and kidneys in both adults and children. High-levdl exposure may result in

miscarriage in pregnant women and can damage organs responsble for sperm production in men

9.

Adver se effects of lead exposure on children’s health
Lead exposure during infancy or childhood is associated with anemia [31], neurological
imparment, rend dterations, and colic [9], and vitamin D metabolism imparment [32, 33]. In

addition, lead exposure in utero, during infancy or childhood results in delays or imparment of
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neurologicd development, neurobehaviord deficits including 1Q deficits, growth retardation,
low birth weight, and low gedtational age [34 — 36]. Neurobehaviord effects resulted from lead
exposure during childhood may persst into adulthood [37]. Increased blood lead levels in
infancy and early childhood may be manifested in older children and adolescents as increased

attention gpan, reading disabilities, and failure to graduate from high school [38].

The above gated information from various studies evidences the dangerous effects of the
toxic metd lead on human body, especidly when the exposure is in childhood. This necesstates
preventive measures to safeguard children from lead exposure in the areas with high lead leves
in the environment. The daboration of preventive measures should be based on red Ste-specific
data on the routes of exposure. Therefore, it is proposed to conduct a study investigating if the
problem of lead exposure exists in Alaverdi children related to environmental lead contamination
with the focus on specdific life-gyle factors such as behaviord and hygienic practices which may

influence lead dosing.

Research Design and Methods

Sudy design and population

The study will be conducted using a cross-sectiond design. Children of Alaverdi, aged 3

— 10 and ther mothers will participate in the study. These children were born during the period

from 1992 to 1999 when Alaverdi smedlter was working at low capacity.
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Inclusion and exclusion criteria

All' children born during the period from 1992 to 1999 registered in Alaverdi polyclinic
and redding in Alaverdi will be included into the sudy. Children regisgered in other hedth
facilities will be excuded. Children regigered in the Alaverdi polyclinic but living out of town
aso will be excluded. In addition, children who will meet the dated incluson criteria but have

been absent from the city during the last 30 days prior to blood lead test will aso be excluded.

Sudy instruments

Two types of questionnaires were designed for the study (Attachments 1 and 2). One type
of quesionnaire is for mothers and the other is for of day care center personnel. The
guestionnaire for mothers conssts of 50 questions. They are grouped into the following sets of
questions: introductory questions, questions related to family members activity, questions
rdated to family hygiene and quedions reaed to children's hygiene and behavior. The
questionnaire for of day care center personnd has 16 questions grouped into sets related to

hygiene in day care center and to children’s hygiene and behavior at the day care center.

Sample Sze
Sample sze was cdculated usng Stata Statistical Software package. The command for

sample size for continuous data (one sample) is:
sanpsi my Y, sd(s) onesanple al pha(a) power(power)

where my — population mean



Y — sample mean
S - population standard deviation
a =005

power = 0.8

Population parameters — mean and standard deviation — are derived from literature [16]
and equa 7.7 and 5.1 respectively. The expected sample mean is estimated as 10. This number
represents the mean blood lead levd in children of Byureghavan study [1]. Thus putting the
numbers into command, estimated sample Sze of 39 is cdculated. However, to make the sample
size more robust for the planned andyds this figure should be multiplied by 8 The
multiplication incresses the sample sze to 312. Vaiables to be included into the multiple
regresson modd ae soil lead levels, dust lead levels, gender, occupaion of parents, and
hygienic factors. Soil and dust lead levels are continuous variables. Gender, occupation of
parents, and hygienic factors are dichotomous. The rationde of choosng the above <ated
vaiablesisthe following:

Boys are more involved in outdoor activities and play with soil more than girls,

Parents working in smelter plant can bring home leaded stuff or enter home in working

clothes, which may be an additional source of exposure besides soil and dust lead.

Practicing some hygienic activiies may serve as protecting factor, decreasng lead

dosing.

The study sample will be sdected by systematic sampling. The total number of children
aged 3 — 10 is 1563, which is the sampling frame; 1563 divided by 312 is 5. Therefore each fifth

child from the list will be chosen. If in some cases the fifth child is not avallable or does not auit
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for the study the next or previous one will be chosen. The ligt of children will be obtained from

Alaverdi Polydinic.

Confidentiality/Human subjects

The proposed sudy presents minima risk for the study population. The proposed
procedure of drawing blood is consgtent with the procedure of taking blood for regular check-
ups and diagnostic purposes accepted in Armenian hedth care system.

Informed consent (Attachment 3) reflecting the purpose of the study and brief the
description of blood, dust, and soil sampling procedures will be presented to Lori Marz hedth
officids, to Alaverdi Polyclinic, as wdl as to the parents of dl study paticipants. Severa seps
will be taken to guarantee the confidentidity of information. The name of respondents will be
replaced with a code. Study participants, including sample collectors, interviewers, and the
hedth personnd of Alaverdi polydinic involved in the study, will be indructed to not share any
obtained persona information.

All supplies for blood tegting will be for sngle use only. This will ensure derile
conditions of testing and minimize the risk of geting infections tranderring through blood.
Mothers of children will be alowed to be present during blood sampling to be sure that al
procedures are performed according to informed consent.

The study was gpproved by the Depatmentd Inditutiond Review Board of American
Universty of Armenia for further development of grant proposd. In the event the grant is funded
by an organization, the consent form and protocol would have to be resubmitted to the committee

for further review.
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Preparation

The duration of proposed study is 7 months (Attachment 4). Prior to the initiation of the
study, approva will be obtained from both the Ministry of Nature Protection and the Minigtry of
Hedth. The study protocol, informed consent, and the questionnaires will be submitted for
goproval to the Ministry of Nature Protection and the Nationd Ingtitute of Hedth. Afterwards,
the study protocol and informed consent, as well as the letter dtating the study purpose and
objectives, will be presented to Lori Maz hedth officds and Alaverdi Polyclinic. Both
informed consent and questionnaires will be tested prior to their field application.

Sample Collectors/Interviewers will be trained on how to sample dust and soil and to use
trace metal andyser (Attachment 5) and how to conduct the interviews. A Research Assgtant
will be trained to use the trace metal andyzer and blood lead analyzer (Attachment 5). Later, the
Research Assgant will tran two nurses from Alaverdi Polyclinic on blood sampling technique

using the LeadCare Andyzer Kit. Training of nurseswill be done in Alaverdi.

Data collection

The tota number of children participating in the study is planned to be 312. During the
data collection period, the Research Assstant and Sample CollectorgInterviewers will stay in
Alaverdi. Blood sampling will be done by two traned nurses in Alaverdi Polydinic.
Immediately after the blood is teken, the Research Assdant will andyze it usng LeadCare
blood lead andyzer. Idedly, blood lead testing can be completed in 16 days (the duration of each
blood sampling is 0.08 hour, during 8-hour working day 100 children may be sampled and 312
children will be tested in gpproximately 4 days). However, conddering the fact that children will

arive a polydinic a different times and optima scheduling will not be achieved, the duraion of
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blood lead testing will be longer than caculated for ided conditions. In order to avoid long
periods of waiting and make the testing procedure more effective and organized, a preiminary
schedule will be compiled and appointments may be made with each child. Children will be
invited according to the didricts of the town. As a result of this approach the blood testing period
may last from 10 to 15 days.

Ten environmentd Sample CollectorgInterviewers will vist houses of blood-tested
children to sample indoor dust and resdentid soil and conduct interviews with mothers. The
Research Assgant will monitor the interviews in order to minimize interviewer bias. Prior to the
interviews and sample collections informed consent will be presented.

In private houses, soil samples will be collected from gardens (one sample per garden)
and dust will be sampled from the yard and the closest street (one sample from each). In case of
child resding in an apartment, soil and dust from yard and the closest street will be sampled (one
sample of soil and one sample of dust per yard and one sample of dust from the street). Inside,
dugt samples will be taken from the area close to house/gpartment entrance, from halway, living
room, kitchen windowsll, and child's bedroom and playroom. If there is no playroom in the
house, a dust sample will be taken from the place where the child spends the most time during
the day. Thus overdl 6 samples will be collected ingde the house. Overdl, approximately 9
samples will be collected during each vist. After andyds of samples, dl data will be regisered
in a specid form specifying al mentioned places of dust and soil sampling, as wdl as the
digance of house from smdter. Approximate time spent per vist is 45 minutes. During 8-hour
working day each Sample Collector/Interviewer will vist from 8 to 10 households. Combined
they will vist from 40 to 50 households per day. Assuming that in each household there is only

one child participeting in the study, the maxima duration of data collection phase will be from
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10 to 15 days. Day care centers of Alaverdi aso will be visited to collect dust and soil samples as
well as to conduct interviews with the personnd of centers. Measurements in schools will not be
done, because the study is planned to conduct in July and August and children will be on summer
holydays a least 30 days prior to the initiation of blood lead andyss. In day care center dso 9
s0il and dust samples will be collected. Overdl, the duraion of data collection will be fom 20 to
30 days.

Children’'s names and addresses will be regigered only in regidration log. This
information is necessary for home vidts. The information in log will be confidentid and during
the fied trips will be kept with Research Assstant who will be responsible for the log. A code
will correspond to the name of each child. This code will be on the front page of questionnaires,
on containers with blood, dust, and soil samples, and on regidration form for recording the
results of dust and soil lead analyses (Attachments 6 and 7). These forms will contain aso the
information about the distance of house/gpartment or day care center from the smelter.

The daff of the Center for Hedth Services Research and Development and the
Environmentd Consarvation and Research Center will be involved in a study as consultants.

Data collection will be done by MPH students of the American University of Armenia

Limitations

In some cases, mothers may not remember some information, which will result in recal
bias. In other cases they may knowingly give incorrect information. This may happen
paticulaly with quedions rlated to family hygiene and food preparation and doring activities

when mothers being aware of hygiene violaions may try to hide their behavior.
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Interviewers may encourage respondents to give “postive’ responses by ther tone,
gmiles or frowns, which may result in interviewer bias [39]. Proper training of interviewers and
monitoring of interviewing process will minimize interviewer bias and correct it as ealy as
possible.

Limitations of PAROS sysem of vulnerability assessment may contribute to sudy
limitations. However, being regisered in PAROS sysgem or not are the only officid criteria of
Socioeconomic status assessment.

Lack of andyss of digtary intake of some nutrients, as well as not measuring of food lead
contamination does not alow to observe the influence of diet and food contamination on blood

lead levd in this study.

Analysis

The andyss of findings will gat from egimations of the prevdence of high blood lead
level and the age- specific prevaence of high blood lead levd.

In order to determine the association between independent (dust and soil lead
concentrations) and dependent (blood lead level) variables, as well as to dudy the effect of
additiond independent variables, univariate regresson and multiple regresson modes ae
proposed [40]. Additional independent variables that are assumed to influence the association
between lead concentrations in dust and soil and children's blood lead levd are the following:
age, gender, digance from amdter, type of place of resdence, namely house or gpartment, floor,
socioeconomic status of household, parenta education, occupation and hobbies of household
members, smokers in household, persond, family, and public hygienic patterns, and behaviord

features. Prdiminarily, the above-mentioned variables will be andyzed by univariate regresson
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mode. Those vaiable, which will have p<0.05 will be sudied usng multiple regresson modd.
When conddering parenta, housing, and household related factors, namely disance from
amdter, type of place of resdence, floor, socioeconomic satus of household, parental education,
occupaion and hobbies of household members, smokers in household, and family hygiene, the
mean blood leve of children in household will be taken.

In order to edtimate the dose — response reationship the following approach will be
undertaken. As both exposure and outcome are continuous data, they need to be dratified into
caegories. The dratification will be done based on findings. After dratification a number of
odds ratios will be caculated. Chi-square test of trend indicating whether there is a sgnificant

trend in the odds of outcome with increasing levels of exposure [39].

Management

The program will be implemented by the Center for Hedth Services Research and the
Environmenta Consarvation and Research Center of the American Univerdty of Armenia Key
personnel of the program are presented by Project Director, Research Assstant, and Accountant.
They will represent the permanent daff. The Project Director will be responsble for the overdl
coordingtion of the program, including negotiations with the Minidry and locd officids,
development of program documentetion, hiring of personne, assgnment of their responghilities
and duties, and supervison of their work. The Research Assstant will be responsble mostly for
daff training, fiddwork and data andyss. In addition, he/she will directly supervise the work of

Nurses, Sample CollectorgInterviewers and Data Entry/Andyst. The Accountant will perform
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budgeting and financid reporting. Two Nurses, ten Sample CollectordInterviewers, one Data

Entry/Andyst, and Consultants will be hired on temporary basis.

Budget

The requested amount of money is 30,322 USD. Budget line items are grouped into the

following categories:

Sdary 15,298 USD
Materids and Supplies 469 USD
Services 1,050 USD
Operationa Costs 4,680 USD
Trave 1,682 USD
Renta Costs 5,700 USD

For the andyses of blood, soil, and dust lead levels the equipment of Environmenta
Consarvation and Ressarch Center of American University of Armenia will be used. The totd

cost of the equipment is 44,000 USD.
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ATTACHMENTS



Attachment 1

CONCENTRATION OF LEAD IN SOIL AND DUST
AND

BLOOD LEAD LEVELSIN ALAVERDI CHILDREN
Survey Questionnaire

(for mothers)

ID Number: DDDD

Date:

MMDDYY

Sart Time__ 1

End Time @

Interviewer' s Name:

DataEntry # 1.

DataEntry # 2:




I ntroductory questions

1

8. On what floor doyou live?

What isyour child’sdate of birth?

Z|
=
ol
ol
<|
<|

Gender
1. Mde
2. Femde

What isthelevel of education of mother?
Incompl ete secondary (8 years)
Complete secondary (10 years)
Professond technical education
Student/Incomplete university education
Universty education

hat isthe level of education of father?
Incompl ete secondary (8 years)
Complete secondary (10 years)
Professond technical education
Student/Incomplete university education
Universty education

Have you a medical background (graduated from medical university or medical
college)?

1. Yes

2. No

Doesanyonein your immediate family have a medical background (graduated from
medical university or medical college)?

1. Yes

2. No

In what type of house do you live?
1. Private resdence

2. Apatment

3. Other

AONRS OTAONPE

9. Hasyour child attended day care center during at least the last 1 month?

1. Yes
2. No

10. What day care center hasyour child attended (specify the number or address)?

11. Isyour family registered in the PAROS system of social vulnerability assessment?

1. Yes
2. No



Questions related to family members' activity

12. Does anybody in your immediate family work in the smelter plant?
1. Yes
2. No » SKIPTOTHE QUESTION # 18

13. How many of your family memberswork in smelter?

14. Does anyone of them come homein working clothes?
1. Yes
2. No »p SKIPTOTHE QUESTION # 16

15. How frequently does/do he/she/they come homein working clothes?
1. Always
2. Usadly
3. Sometimes
4. Rare

16. Does anyone of them bring home some obj ects from higher/their working place?
3. Yes
4. No p SKIPTOTHE QUESTION # 18

17. How frequently does/do he/she/they bring home some objects from his/her /their
working place?
1. Always
2. Usudly
3. Sometimes
4. Rare

18. Does anybody in your immediate family practices the following hobbies or activities
involving use of the lead-containing materials at least during the last 4 months?
(CHECK ALL THAT APPLY)

1. Stained glass yes no
2. Pottery yes no
3. Panting yes no
4. Glasshlowing yes no
5. Screenprinting yes no
19. Arethereany smokersin your household?
5 Yes
6. No » SKIPTOTHE QUESTION # 22

20. How many smokersaretherein your household?

21. On average, how many cigarettes per day are smoked in your home?
1-4

5-14

15-24

25-49

50 +

9. DK

Qo whNpE



Questions related to family hygiene

22.

23.

24,

25.

26.

27.

28.

29.

30.

How frequently do you clean your house or apartment (mop the floor, dust, etc)?
1. Everyday

2. 6-—5timesper week

3. 4 -—3timesper week

4. 2—once per week

5. Rarethan once per week

Do you practice wet mopping when cleaning your house or apartment?
11. Yes
21. No p» SKIPTO THE QUESTION # 23

How frequently do you practice wet mopping?
Every day

6 — 5 times per week

4 — 3 times per week

2 — once per week

Rare than once per week
0 you practice damp sponging of wallswhen cleaning your house or apartment?
Yes
No » SKIPTOTHE QUESTION # 27
ow frequently do you practice damp sponging of walls?
Every day

6 — 5 times per week

4 — 3 times per week

2 — once per week

Rare than once per week

0 you practice vacuuming when cleaning your house or apartment?
Yes
No » SKIPTO THE QUESTION # 29

ow frequently do you practice vacuuming?
Every day
6 — 5 times per week
4 — 3 times per week
2 — once per week
Rare than once per week

0 you have carpets at home?

Yes

No » SKIPTO THE QUESTION # 31
ow frequently do you shake out the car pets?

Every day

6 — 5 times per week

4 — 3 times per week

2 — once per week

Rare than once per week

GrwOWNPETIT DMFRDO O WNET MR OWONERET NFRDQ OowDdDE



31. Do all of your family members (including children) take off shoes when entering
home?
1. Yes > SKIPTO THE QUESTION # 33
2. No

32. If theanswer for the question 31is*no”, how frequently do your family members
(including children) enter home without taking off shoes?
1. Always
2. Uaadly
3. Sometimes
4. Rare

Questions related to your child’'s hygiene and behavior

33. Doesyour child play with soil?
1. Yes
2. No
99. DK

34. Doesyour child have the habit of putting higher handsinto hisher mouth?
1. Yes
2. No
99. DIK

35. Doesyour child have the habit of putting thingsinto hisher mouth?
1. Yes
2. No
99. D/K

36. Does your child havethe habit of eating inedible or inappropriate things such asdirt
or paint chips?
1. Yes
2. No
99. D/K

37. Doesyour child eat food with his/her fingers?
1. Yes
2. No
99. D/IK

38. How often does your child eat food with higher fingers?
Always

Usudly

Sometimes

Rare

Never

aghrowbdpE



39. Wheredoesyour child usually eat his’her mealswhen at home?
1. Attable
2. Sitting on smdl chair or couch
3. Siting on the floor
4. Other

40. Where does your child usually eat his’/her snacks?
1. Attable
2. Sitting on smal chair or couch
3. Sitting on the floor
4. Other

41. How frequently doesyour child eat food sitting on the floor ?
Always

Usudly

Sometimes

Rare

Never

agrODNE

42. Doesyour child ever eat food after it hasdropped on the floor?
1. Yes
2. No
99. D/K

43. Do you have pet(s) in the home?
1. Yes
2. No » SKIPTOTHE QUESTION # 46

44. Doesyour child play with it/them before meals?
1. Yes
2. No
99. D/K

45. Doesyour child play with it/them during meals?
1. Yes
2. No
99. D/IK

46. Approximately how many times does your child wash higher hands each day?

47. When does your child wash higher hands? (CHECK ALL THAT APPLY)
before meds

after medls

before snacks

after snacks

after going to the toilet

before going to bed

after coming home from outside

other

NG~ WNE




48.

49.

50.

How often does your child take bath?
Every day

6 — 5 times per week

4 — 3 times per week

2 — once per week

Rare than once per week

ow often doesyour child change his clothes?
Every day
Once per every 2 days
Once per every 3 days
Once per week
Rare than once per week
When clothes become dirty

SCUhRWNET OwWNE

How much time does your child usually spend outdoor s?
1. Lessthan 1 hour per day
2. 1-3hours per day
3. 4 -6 hours per day
4. More than 6 hours per day
99. D/K
Thank you for your participation!



Attachment 2
CONCENTRATION OF LEAD IN SOIL AND DUST
AND

BLOOD LEAD LEVEL IN ALAVERDI CHILDREN

Survey Questionnaire

(for the personnel of day care center)

ID Number: L[]

MMDDYY

Sart Time__ 1

End Time @

Interviewer’s Name:

DataEntry # 1:

DataEntry # 2:

Day care center # or address




Questions related to hygiene in day care center

1

How frequently do you clean theroomsin the day care center?
Every day

6 — 5 times per week

4 — 3 times per week

2 — once per week

Rare than once per week

0 you practice wet mopping when cleaning roomsin the day care center ?
Yes
No p SKIPTOTHE QUESTION #4

ow frequently do you practice wet mopping?
Every day
6 — 5 times per week
4 — 3 times per week
2 — once per week
Rare than once per week

ghhwNdDETIT DMDFRPQO OMwDdDE

Do you practice damp sponging of walls when cleaning roomsin the day care
center?

1. Yes

2. No p SKIPTOTHE QUESTION #6

How frequently do you practice damp sponging of walls?
Every day

6 — 5 times per week

4 — 3 times per week

2 — once per week

Rare than once per week

0 you practice vacuuming when cleaning roomsin the day care center ?
Yes
No » SKIPTOTHE QUESTION #8

ow frequently do you practice vacuuming?
Every day
6 — 5 times per week
4 — 3 times per week
2 — once per week
Rare than once per week

ghrONMNPETIT DMDFRPQO DR

Do children or visitors alwaystake off their shoeswhen entering day care
center?

1. Yes
2. No

SKIPTO THE QUESTION # 10

>



9. If theanswer for the question 8is*no”, how frequently do children or visitorsenter day
care center without taking off shoes?

1. Always

2. Uadly

3. Sometimes
4., Rae

Questions related to children’s hygiene and behavior at day care center

10. In the day care center, approximately how many times during the day do children wash
their hands?

11. Do they use soap when washing their hands?
1. Yes
2. No
99. DK

12. When does children wash hisher hands? (CHECK ALL THAT APPLY)

before medls

after meds

before snacks

after snacks

after going to the toilet

before going to bed

after coming home from outsde
other

NG~ WwWDNE

13. How much time does children usually spend outdoor s during the time when they arein
the day care center?
1. Lessthan 1 hour per day
2. 1-3hours per day
3.  4-6hoursper day
4. Morethan 6 hours per day
99. DIK

Questions related to day care center personnel behavior

14. Arethere any smokers among the day care center personnel?

1. Yes
2. No > END OF QUESTIONNAIRE
3. DK
15. Do any of them smoke in the presence of children?
1. Yes
2. No END OF QUESTIONNAIRE

3. DIK >



16. On average, how many cigar ettes per day are smoked at day care center in the presence
of children?
1. 1-4
2. 5-14
3. 15-24
4. 25-49
5. 50+
99. DK

Thank you for your participation!



Attachment 3

American University of Armenia

Department of Public Health

Institutional Review Boar d/Committee On Human Resear ch

CONSENT FORM TEMPLATE

Title of Research Project: Concentration of Lead in Soil and Dust and Blood Lead Levels
in Alaverdi Children

The Public Hedth Depatment of the American Universty of Armenia is conducting a
survey of lead exposure in children living in Alaverdi town. The objectives of this study is to
determine the prevaence of eevated blood lead levels in children aged 3 — 7 living in Alaverdi
and to invedigate the association between children’s blood lead level and concentration of lead
in the environmernt.

As an indicator of environmentad lead level the concentration of lead in resdentid soil
and dugt will be messured. As an indicator of exposure blood lead analyss will be conducted.
The measurements of environmenta lead leve will be done in the houses, yards, and gardens
where children participating in the study live and spend their lesure, as wel as in kindergartens
they atend. In private houses, soil samples will be collected from gardens (one sample per
garden) and dust will be sampled from the yard and the closest street (one sample from each). In
case of the child resding in an gpartment, the soil and dust from yard and the closest street will
be sampled (one sample of soil and one sample of dust per yard and one sample of dust from the
dreet). Insgde, dust samples will be taken from the area close to house/apartment entrance, from
hdlway, living room, kitchen windowsll, and child's bedroom and playroom. If there is no
playroom in the house, dust sample will be taken from the place where child spent the most time
during the day.

Mothers of these children will be interviewed to ascertain risk factors for lead exposure in
children.

Blood sampling will be done by hedth professonds. Blood will be taken from the finger.
Only two drops of blood will be taken. The whole procedure will last 3 minutes. All supplies for
blood sampling will be for dngle use only. This will ensure derile conditions for blood andyss.
You will be dlowed to be present during blood lead testing and control the accuracy of dl
procedures.

Soil and dugt samples collection as wdl as interviews will be done by MPH sudents
Interview questions are related to your family hygiene and your everyday activities.

We appreciate your participation in this study. It will be very vaduable to us and to the
children of your community.




RISKS'DISCOMFORTS

Finger stick may be inconvenient for both your child and you. However, this procedure iswidely
practiced in hedth indtitutions for screening and diagnostic purposes. Thus, you are familiar with
the procedure. Use of sngle use supplies highly minimizestherisk.

BENEHTS

Consdering the fact that in severd areas of Armeniathe concentration of lead in soil and dust
exceeds notably the maxima permissible leve, the findings of this study could show if thereisa
problem of toxicity in children. Moreover, the assessment of behaviourd, hygienic and dietary
patterns effects on blood lead level may reved site-specific factors enhancing susceptibility to
lead toxicity. Awareness of these factors may be helpful in €aboration and dissemination of lead
exposure prevention measures.

CONFIDENTIALITY

The study will be conducted anonymoudly. Severd stepswill be undertaken to guarantee the
confidentidity of information. Y our name will be replaced with code. Any identifying you
information will not be used during the research process. Study participants, including sample
collectors, interviewers, and the hedth personnel of Alaverdi polyclinic involved in the study,
will be ingructed to not share any obtained persond informetion.

VOLUNTARINESS

It isyour decison whether to participate in the study or not. Y ou have the right to stop providing
information at any time you wish or skip any question you congder ingppropriate.

WHOM TO CONTACT

Y ou may ask the person in charge any questions about the research. Y ou may ask questionsin
the future if you do not understand anything thet is being done. The researcherswill tell you any
new information they learn which they consider will affect you.

If you want to talk to anyone about this research you should cal the person in charge of the
sudy, [Astghik Grigoryan] [phone number: (374 1) 22 57 64 / e-mail:
astghikg@yahoo.com].

The person in charge of the study will answer your questions. If you want to talk to anyone about
the study because you fed you have not been treated fairly or think you have been hurt by
joining the study you should contact the American University of Armeniaat (374 1) 51 25 12.



Concentration of Lead in Soil and Dust and Blood Lead Levelsin Alaverdi Children

Attachment 4

Time-table
. Month
A
ctivity Jun Jul Aug Sep Oct Nov Dec
Preparation *
Data Collection
*
*
Data Entry/Anaysis % *
Final Report Preparation % %




Attachment 5

Source:  http://mww.esainc.com/
http://Mmww.esainc.com/theory/ASV /asvtheory.htm

LeadCare® Childhood Blood Lead Testing

The LeadCare System isfor the determination of lead in whole blood. LeadCareis
easy and safe to use. The hand-held anayzer is portable and requires neither manud
cdibration nor refrigeration. Its unique gold e ectrode sensor contains no mercury or
other toxic materias. The point-of-care LeadCare system was developed by ESA and
Andcare with a grant from the CDC. It's the diagnogtic tool, which makes sense
medicdly and economicdly.

Soecifications:
Test method: Electrochemica with disposable sensors
Blood lead leve range: 1.4 - 65 pg/dl

Blood sample volume: 50 pl
Test time: 3 minutes
Steps of Using LeadCare® Childhood Blood Lead Testing

STEP ONE =
Draw a capillary or venous blood sample usng EDTA or heparin as anticoagulants

STEP TWO



Using the pipette provided with the kit, dispense 50 ul, about two drops of blood, into
the reagent and mix.

STEP THREE
Trandfer it to the sensor grip. Press the button. Just three minutes later, you have your

result

Accuracy of Results

107
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Source: http: //www.nitonuk.com/html/multi-sour ce.html

NITON XL-723 Multi-Element Analyzer

The Niton provides quick sample screening for Pb, U, Th, Hg, As, Cr, Co, Cu, Fe,
Mn, Ni, Rb, Sr, Zr, Znin bulk samples (soil, sediments, water, and food products) and
inthin film samples (ar filters, in Stu paint, indudtrid resdues, leaf deposits).

Detection limits, accuracy, and precison are sufficient for determining whether

samples exceed Maximum Allowable Concentrationsin a variety of metas.



Attachment 6

CONCENTRATION OF LEAD IN SOIL AND DUST
AND
BLOOD LEAD LEVELSIN ALAVERDI CHILDREN

Form For Recording The Results of Dust and
Soil Lead Analyses in the Households

|D Number of household: DDDD

MMDDYY
Sart Time_
End Time_ @

Sample Collector’ s Name:

DataEntry # 1:

Data Entry # 2:

Distance from the smelter

Samples taken outside the home:
Lead concentration in soil sample from garden/apt. yard

Lead concentration in dust sample from street/apt. yard

Samples taken ingde the home:

Lead concentration in dust sample from...
the area close to house/apartment entrance
hallway
living room
kitchen windowsill
child’s bedroom

child’s playroom



Attachment 7

CONCENTRATION OF LEAD IN SOIL AND DUST
AND

BLOOD LEAD LEVELSIN ALAVERDI CHILDREN

Form For Recording The Results of Dust and
Soil Lead Analyses in the Households

Day care center # or address

Date:
MMDDYY

Sart Time__ 1
End Time :

Sample Collector’s Name:

DataEntry # 1:

DataEntry # 2:

Distance from the smelter

Samples taken outside the day care center
L ead concentration in soil sample from playground

L ead concentration in dust sample from playground

Samples taken insde the day care center
L ead concentration in dust sample from...
the area close to entrance
hallway
dining room
kitchen windowsill
bedroom

playroom



Attachment 8

Concentration of Lead in Soil and Dust and Blood Lead Levelsin Alaverdi Children

Budget
[tem Unit | Time | Cost per unit Total
Salary
Project Director 7 mo $ 600.0C $ 4,200.00
Research Assistant 7 mo $ 500.0¢ $ 3,500.00
Accountant 7 mo| $ 450.0¢ $ 3,150.00
Fringe Benefits (25% of salary) $ 271250
Nurses 312* $ 0.2¢ $ 62.40
Sample Collectors/Interviewers 312*% $ 4.00 $ 1,248.00
Data Entry/Analyst 312* $ 0.4¢ $ 124.80
Consultants 3 5 dayg $  100.0C $ 300.00
Subtotal for Salary $ 15,297.70
Materials and Supplies
Questionnaire Forms 4,378 $ 0.02 $ 87.56
Gloves 312 $ 0.1d $ 31.20
Office supplies 7 mo $ 50.0C $ 350.00
Subtotal for Materials and Supplies $ 468.76
Services
Computer Maintenance 7 mo| $ 100.0¢ $ 700.00
Communications 7 mo $ 50.00 $ 350.00
Subtotal for Services $ 1,050.00
Operational Costs

NITON XL-723 Multi-element Analyzer 1

LeadCare Blood Lead Analyzer 1
Soil Lead Analysis 312 $ 1.50 $ 468.00
Dust Lead Analysis 2496* $ 1.5( $ 3,744.00
Blood Lead Analysis 312* $ 1.50 $ 468.00
Subtotal for Operational Costs $ 4,680.00

Travel
Fuel $ 1,082.00
Per Diems 60 days $ 10.00 $ 600.00
Subtotal for Travel $ 1,682.00
Rental Costs

Office Renta 7 $  400.0¢ $ 2,800.00
House Rental (during field trips) 2 $ 100.0G $ 200.00
Car Rental 9 (7+2) $ 300.0¢ $ 2,700.00
Subtotal for Rental Costs $ 5,700.00
Total Costs $ 28,878.46
Contingency (5% of Total Costs) $ 1,443.92
Total Project Cost $ 30,322.38

* Units are the numbers of blood, soil, and dust samples, conducted interviews, and questionnaires



