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CHSR Projects

 Rapid risk assessment of affected communities
 6 marzes, 19 communities, 92 soil samples 

 Detailed environmental assessment of the most 
contaminated communities 
 2 marzes, 11 communities, 1930 soil samples

 Measurement of BLL in Alaverdi, Akhtala and 
Yerevan (Erebuni district)

 Akhtala Pilot project
 Community trainings +
 Development of local action plan+



Map of Lead Concentrations in Soil
Akhtala
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Environment, exposure and routes 



Lead (Pb)

 Naturally occurring, widely distributed element

Human Exposure
General population - inhalation/ingestions through air, 

food, drinking water, dust and soil
Occupational exposure – inhalation/ingestion of lead

Exposure to any concentration of lead is 
hazardous for human health



Lowest Observed Effect Level (LOEL) 
for Lead-related Health Effects

Blood lead concentration µg/dL

Effect Children Adults

Encephalopathy 70 – 80 100-120

IQ deficit < 10 -

In-utero effects - 14

Peripheral nephropathy 40 40

Anemia 20-40 ≤50

Nephropathy 40 -

Reproduction - 40



Children (6-84 months)

 Tissues more sensitive to hazardous effects of lead due to 
anatomo-physiological structure

 Blood brain barrier not completely developed to protect brain 
from lead exposure

 Children absorb 41-50% of ingested lead (retain 31.8%) 
(about 5 times higher than absorption in adults)

 Children ingest more lead because of active hand-to-mouth 
activity and poor hygiene



Blood Lead Reference Level

NO SAFE LEVEL of lead for children

 US Center for Disease Control and Prevention (CDC) 
recommends 5 µg/dl reference level of lead in the blood 
of children from 1-5 years old (97.5 percentile of blood 
lead data distribution in 1-5 years old children in the US)

97.5% of children of this age in the US have BLL below 5 
µg/dl.   



Methods – Study and aims

Cross-sectional study – Assessing BLL of children born from 2007-
2009 and living in Alaverdi and Akhtala communities and Erebuni
district in Yerevan. 

Study aims:

1. Measure the BLL in children from Alaverdi, Akhtala and Erebuni
district of Yerevan

2. Assess the potential risk factors for elevated BLL in those 
communities and check for interactions between the risk factors. 



Methods – Study population

 Eligibility:
 Children born in 2007, 2008 and 2009 residing in Alaverdi, 

Akhtala and Yerevan’s Erebuni district
 Main caregiver available for face-to-face interview

 Exclusion criteria:  
 Absent from their residential area longer than 10 days during the 

last month 
 Absent from their residential area longer than 3 months during the 

last year

Selection and recruitment of children conducted through local medical 
registries of the local healthcare facilities.  



Methods – Study population (2)

 Sampling
 All eligible children in Akhtala
 Simple random sampling from the registration lists of 

the primary healthcare facilities in Alaverdi
 Multistage, probability-proportional-to-size cluster 

sampling technique proportionate to the size of the 
population by each polyclinic in Erebuni district in 
Yerevan



Methods 

 Trained pediatric nurse and CHSR researcher
 Capillary blood lead – US CDC recommended finger stick 

method 
 Height and weight measurements 

 Mobile LeadCare II analyzer (ESA Biosciences, Inc., USA) 
 Developed in collaboration with the CDC 
 Classified by FDA as CLIA-waived (Clinical Laboratory 

Improvement Amendments) and approved for use at non-
traditional laboratory settings 

 Detection range of 3.3 – 65.0 µg/dl



Methods

 Questionnaire developed based on international best 
practices and thorough literature review of BLL risk factors 

 Double entry, data cleaning, analysis with SPSS 16.0
 Main outcome variable - continuous variable of child BLL

The Institutional Review Board of the American 
University of Armenia reviewed and approved the 

study protocol before the fieldwork. 
The Prime Minister’s Office of the Republic of Armenia 

approved the study.



Methods

 The trained interviewers asked the child’s main 
caregiver to respond to a questionnaire (159 
interviews)
 Family’s socio-demographics characteristics
 Housing conditions
 Caregivers’ knowledge about lead exposure and 

preventive measures 
 Child’s health, hygiene and nutrition



Methods

Following the BLL testing and interview
 Informed the caregivers about their child’s BLL 

results
Counseled on evidence-based preventive 

measures to minimize lead exposure 
Provided with an information brochure



BLL study Results



Results - BLL

Lead Levels In Children’s Blood - 2013

Community 
Number of 

children

Geometric mean
Range
(µg/dL)

Percentage of samples 
above the reference 

level

Akhtala 39
6.8

3.6-15.5
84.6

Alaverdi 69
6.4

3.5-24.0
75.4 

Yerevan 54
5.2

0.1-11.7(52.8)
57.4



Results

 159 eligible children recruited:
 Response rate - 70.4% 

 (80.4% - Akhtala, 73.4% - Alaverdi, 61.6% -Yerevan)

 Main caregivers - 90.6% mothers
 (8.2% grandmothers, 0.6% fathers and 0.6% grandmother’s 

sister) 

 99.4% - women



Final multivariable linear regression models for the total 
sample, for the sample from Yerevan and combined 

Akhtala+Alaverdi sample
Variables Adjusted ratio of expected 

GM of BLL (95 % CI)

p value

Total sample

Combined Akhtala and Alaverdi
compared to Yerevan 1.24 (1.09, 1.42) 0.001*

Caregiver’s lower education compared to
higher 1.23 (1.07, 1.41) 0.004*

Dusting furniture less often than daily
compared to daily 1.29 (0.98, 1.55) 0.075**

Closer housing distance from toxic
source(s) compared to farther 1.22 (1.08,1.38) 0.002*



Final multivariable linear regression models -
continued

Variables Adjusted ratio of expected 
GM of BLL (95 % CI)

p value

Akhtala and Alaverdi combined

Caregiver’s lower education compared to
higher 1.20 (1.01, 1.43) 0.035*

Dusting furniture less often than daily
compared to daily 1.30 (1.04, 1.64) 0.024*

Yerevan

Caregiver’s lower education compared to
higher 1.28 (1.02, 1.59) 0.030*

For housing located farther from toxic
source(s)***
Old windows compared to new ones 2.01 (1.42, 2.86) 0.000*

For housing located closer to the toxic
source(s)
Old windows compared to new ones 1.06 (0.82, 1.37) 0.628
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Thank you!



Questions???



 Child’s nutrition % score - calculated based on the frequency of having lead-
preventive food items, such as milk, yogurt, cheese, beans, meat, dry fruits, dark
chocolate, seeds, and dark green-leave vegetables. The higher the child’s nutrition
% score the more often the child had those foods in his/her diet.

 Caregiver’s knowledge % score - calculated based on the correct answers to the 28
questions measuring caregivers’ knowledge on how to prevent lead exposure in
children. The higher % score is an indicator of caregiver’s higher knowledge.

 Household living standard % score - calculated based on three questions:
employment rate (% of employed adult family members), caregiver’s perceived
standard of living, and family’s average monthly spending. The higher % score
shows that the family had a higher prosperity level.

 Household hygiene % score - calculated based on the cleaning and hygiene
practices in the house, such as dry vacuum or wet cleaning of floor surfaces, dusting
furniture surfaces, cleaning the soles of shoes and taking them off when entering the
house. The higher the household hygiene % score, the more preventive measures
were taken in the house to reduce the level of lead exposure due to outdoor lead
pollution.

 Child’s hygiene % score – based on the frequency with which the child washed
his/her hands after returning home from the yard, before having a meal, as well as
based on whether or not they had a habit of biting their nails.



Descriptive statistics by communities and for the total 
sample - 1

Variables %, mean, 
range, SD

Alaverdi

(SSa=69)

Akhtala

(SS=37)

Yerevan

(SS=53)

Total 

(SS=159)

Children involved in the
study % 43.4 23.3 33.3 100.0

BLL above 5 µg/dl % 72.5 83.8 52.8 68.6
GM of BLL Mean ± SD 6.4 ± 3.1 6.8 ± 3.2 5.1 ± 2.4 6.0 ± 3.0

Range 3.5 –
24.0

3.6 –
15.5

1.6 –
11.7

1.6 –
24.0

Caregivers’ age
Mean ± SD 31.8 ±

8.43
32.14 ±
7.23

33.06 ±
8.17

32.3 ±
8.1

Caregiver’s education:
higher versus lower Higher % 18.8 24.3 35.85 25.8

Caregivers’ marital status:
married versus widowed Married % 97.1 94.6 96.2 96.2

Caregivers’ employment
status Employed % 21.7 10.8 35.6 23.9



Variables %, mean, 
range, SD

Alaverdi

(SSa=69)

Akhtala

(SS=37)

Yerevan

(SS=53)

Total 

SS=159

Children’s sex Female % 46.4 48.6 48.1 47.5
Child’s age in years

Mean ± SD 5.2 ±
0.76

5.51 ±
0.83

5.35 ±
0.99 5.3 ± 0.9

Child nutrition % score
Mean ± SD 50.96 ±

15.64
49.22 ±
13.75

49.53 ±
15.56

50.0 ±
15.1

Stunting in children Yes % 9.4 19.4 10.6 12.2
Child plays with soil in
yards, play grounds or
gardens in warm seasons

Yes % 79.1 75.7 69.2 75.0

Hours spent in yards,
playgrounds or gardens
daily in warm season

Mean ± SD 3.3 ± 2.8 4.1 ± 2.9 2.6 ± 2.8 3.3 ± 2.8

Frequency of child washing
hands after coming home:
always versus not always Always % 89.9 66.7 90.4 84.7

Descriptive statistics by communities and for the total 
sample - 2



Variables %, mean, range,
SD

Alaverdi

(SSa=69)

Akhtala

(SS=37)

Yerevan

(SS=53)

Total

(SS=159)
Hours spent in yards, playgrounds
or gardens daily in warm season Mean ± SD 3.3 ± 2.8 4.1 ± 2.9 2.6 ± 2.8 3.3 ± 2.8

Frequency of child washing hands
after coming home: always
versus not always

Always % 89.9 66.7 90.4 84.7

Frequency of child washing hands
before eating: always versus not
always

Always % 67.6 56.8 63.5 63.7

Child’s behavior of biting nails Yes % 17.4 21.6 13.5 17.1
Child’s hygiene score Mean ± SD 1.74 ± 0.68 1.44 ± 0.84 1.67 ± 0.59 1.7 ± 0.7
Household living standard % score Mean ± SD 35.9 ± 13.3 30.4 40.7 ± 14.3 36.3 ± 14.3
Household size Mean ± SD 4.97 ± 1.14 5.03 ± 1.46 5.51 ± 1.40 5.2 ± 1.3
Housing typeb: flat or house Flat % 89.9 70.3 45.3 70.4
Housing floorb: first versus higher
floor

First floor % 34.8 56.8 58.5 47.8

Type of windows: new versus old New % 13.0 18.9 41.5 23.9
Daily mean duration of opening
the windows in summer -in hours Mean ± SD 14.80 ±

6.11
17.76 ±
7.35

19.12 ±
7.50 16.9 ± 7.1

Having carpet on the floor Always % 56.5 54.1 50.9 54.1

Seasonal % 34.8 29.7 34 33.3

Never % 8.7 16.2 15.1 12.6



Variables %, mean, range,
SD

Alaverdi

(SSa=69)

Akhtala

(SS=37)

Yerevan

(SS=53)

Total

(SS=159)
Never % 8.7 16.2 15.1 12.6

Duration of occupying the current
flat/house in years Mean ± SD 8.7 ± 8.6 7.9 ± 7.4 9.5 ± 8.5 8.8 ± 8.3

Number of current smokers in the
family Mean ± SD 1.1 ± 0.6 0.9 ± 0.6 1.3 ± 0.8 1.1 ± 0.7

Smoking in presence of the child Yes % 55.9 85.7 76.1 69.2
Family member working in a
processing facility, mine or smelter
compared to not having any

Yes % 29.0 58.3 0 25.9

Number of family members
working in a processing facility,
mine or smelter

Mean ± SD 0.4 ± 0.6 0.6 ± 0.6 0 ± 0 0.3 ± 0.5

Caregiver’s knowledge % score Mean ± SD 53.6 ± 17.7 58.8 ± 19.1 42.2 ± 18.1 52.3 ± 18.6
Frequency of parents changing
clothes/shoes before coming from
processing facility, mine or smelter

Always % 85.0 71.4 100 78.0

Not always % 15.0 28.6 0 22.0

Household hygiene % score Mean ± SD 67.4 ± 13.1 68.4 ± 13.7 74.6 ± 12.9 70.4 ± 13.5
Frequency of furniture dustingc:
daily versus less than daily Daily % 92.6 83.8 98.1 92.4

Housing distance from the toxic
source(s)

Closer % 59.4 56.8 64.2 60.4
Farther % 40.6 43.2 35.8 39.6

Midpoint distance from the toxic Closer 640 846 3 516

(meters) Farther 1 318d 849d 5 493
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