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This document contains basic information and procedures for Community Childhood Blood Lead studies. It is 

specifically intended to be a field guide for studies seeking to assess child blood lead prevalence and 

environmental exposures to lead. 

The findings and conclusions in this document have not been formally disseminated by the Centers for Disease 

Control and Prevention/the Agency for Toxic Substances and Disease Registry and should not be construed to 

represent any agency determination or policy.  
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Preface 

The Healthy Homes and Lead Poisoning Prevention Program at the Centers for Disease Control 

and Prevention receive multiple requests each year to assist with studies seeking to assess the 

prevalence of elevated child blood lead levels and evaluate environmental exposures that may 

increase risk. Studies of this type are valuable tools for establishing the extent and degree to 

which environmental risks are contributing to blood lead levels as well as establishing a baseline 

prevalence for a specific geographic area. The outcomes of these studies can be used to 

determine geographic distribution of elevated blood lead levels and inequitable exposures. That 

information can then be used to improve targeted screening and primary and secondary 

prevention efforts with the ultimate goal being elimination of lead poisoning in that area. 

This is a technical guide intended to be used during the design and implementation of such 

studies. The purpose of this document is to provide an overview of study basics, outline the main 

aspects of such studies, specifically household interviews and environmental sampling, and to 

provide guidance to field implementers. We provide an overview of lead poisoning, its effects, 

and why it remains a concern for children as well as brief guidance on study objectives and other 

aspects of organizing and implementing a study that will be helpful for those that are designing 

this type of study. We also provide guidelines on how to conduct household interviews as well as 

instruction on how to conduct environmental sampling that will be useful for field staff. It is 

intended that this along with a companion paper providing detailed sampling and analysis 

methods [in progress], and training modules created by WHO/UNEP will provide tools for these 

studies to be carried out where needed by ministries of health and state or local health 

departments independently of CDC. 
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Small Area Surveillance to Estimate 
Prevalence of Childhood Blood and 
Environmental Lead Levels 

Introduction and Background 
Lead is a neurotoxicant with well documented effects on behavior and intellectual functioning, 

particularly for young children.  It continues to be a major environmental health risk in the United 

States where there are approximately 4 million households in which children are exposed to high 

levels of lead (CDC, 2015).  Worldwide each year lead causes intellectual disabilities in an 

estimated 600,000 children, most living in low income countries (WHO, 2015; WHO, 2009).  

Lead in homes comes from various sources including lead paint, contaminated soil, contaminated 

water, occupational exposures being tracked to homes, and industrial emissions (CDC, 2011).  To 

better understand sources of lead exposure in specific communities and how those sources 

contribute to elevated blood lead levels in children, field studies need to be conducted to 

determine prevalence of elevated blood lead levels and evaluate what environmental hazards 

might be influencing those levels. 

This manual is designed to be a guide for field studies to assess the prevalence of elevated 

blood and enviormental lead levels.  It is meant to be used as a training tool and guide for field 

staff to assist with household-level interactions and to provide instructions for carrying out surveys, 

home inspections, and environmental sample collections.  In addition, it provides suggested study 

goals and objectives, suggested team set-up, and example data collection instruments that may 

be useful for study design.  It was derived from training and guidance documents from previous 

population based, cross-sectional studies of blood lead levels and environmental risk factors and 

aims to provide standardization for future studies that follow similar designs. 

Why Are We Concerned About Lead Poisoning? 

In children, lead decreases intelligence, growth and hearing, causes anemia, and can cause 

attention and behavior problems (WHO, 2010). High levels of exposure can cause severe brain 

damage or death (National Academies of Science, 1993). Young children are particularly 

susceptible to lead poisoning for a number of reasons. First, hand to mouth behavior, ingestion of 

non-food items, and crawling increase the amount of environmental lead that children come into 

contact with and ingest (Bellinger, 2004). Second, the proportion of ingested lead that is 

absorbed is much greater in children than in adults (Bellinger, 2004). Finally, exposure, even to 

low levels of lead, can lead to impaired cognitive development and deficits in IQ (Lanphear et 

al., 2005; Canfield et al., 2003). Sources of lead exposure include lead-based paint, industrial 

emissions, cottage industries (e.g. battery recycling), lead soldered cans and water pipes, lead 

glazed ceramics, and traditional medicines. Other sources of exposure, especially important for 

young children due to hand-to-mouth behavior and crawling, include household dust, 

contaminated soil, and contaminated drinking water (CDC, 2011). 
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Children who have been affected by lead may not appear different as symptoms are not always 

apparent. This can cause some lead-poisoning cases to go unnoticed. Some lead poisoning 

symptoms in children include: developmental delay, learning difficulties, irritability, loss of 

appetite, weight loss, sluggishness and fatigue, abdominal pain, vomiting, and constipation (CDC, 

2012b).  Experts now use a reference level of 5 micrograms per deciliter (µg/dL) to identify 

children with elevated blood lead levels. This reference level is based on the U.S. population of 

children ages 1-5 years who are in the highest 2.5% of children when tested for lead in their 

blood (CDC, 2012c). By shifting the focus to primary prevention of lead exposure, we can reduce 

or eliminate dangerous lead sources in children’s environments before they are exposed.  The key 

is preventing children from coming into contact with lead and identifying and treating children 

who have been poisoned by lead (CDC, 2012c). 

What can be done to prevent exposure to lead? 

Health education materials should be developed to address the known sources of lead. These are 

often lead paint and/or former or active industrial sites that process lead or lead contamination 

in drinking water. The list below can be modified to meet local conditions. 

From: http://www.cdc.gov/nceh/lead/tips.htm  

 Talk to your state or local health department or Health Ministry about testing paint and 

dust from your home for lead. 

 Remove your child’s access to peeling paint or chewable surfaces painted with lead-based 

paint. 
 

 Create barriers between living/play areas and lead sources. 
 

 Wash children’s hands and toys regularly. 
 

 Wash childrens’ hands with soap and water before eating to avoid eating contaminated 

soil/dust. 

 Wet-mop floors and wet-wipe window sills and window frames regularly. 
 

 Prevent children from playing in bare soil; if possible, provide them with sandboxes or 

other alternative play areas. 
 

 

 Prevent children and pregnant women from being present in housing built with lead paint 

that is undergoing renovation. 
 

 Do not grow vegetables in or near a contaminated site.. 
 

 Do not allow children to play in sites where lead is or was being processed. 
 

 

 Do not wear outdoor shoes inside your house so you don’t bring contaminated soil inside. 

 If you work where lead is or was processed, keep separate clothes and shoes at the 

worksite to prevent bringing the lead dust/soil home. 
 

 

 

http://www.cdc.gov/nceh/lead/tips.htm
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Study Goals 
The goals of each study will vary based on the target population and the circumstances of the 

invetstigation. However, the primary objectives listed below should be included in all 

investigations: 

 Obtain an unbiased, representative prevalence estimate of blood lead levels (BLLs) 

among children aged 9 to 72 months, or the age range of interest, living in the target 

community, 
 

 Obtain an unbiased, representative geometric mean BLL (and 95th percentile) among 

children aged 9 to 72 months, or the age range of interest, living in the target community, 
 

 Provide case management and/or educational services by trained staff to children 

identified with BLLs ≥ 10µg/dL (or lower if required by local regulations) and health 

education and retesting of children with BLLs ≥5 µg/dL, 
 

 Collaborate with relevant partners (e.g. CDC/ATSDR, EPA, state and local public health 

authorities, Ministries of Health, non-governmental organizations and pediatric healthcare 

providers) as needed to develop future public health outreach efforts in the target 

community (e.g., a community lead poisoning elimination plan and advisory group of key 

stakeholders), 
 

 Identify risk factors and sources of exposure for elevated BLLs among children aged 9 to 

72 months, or the age range or interest, living in the target community, and 
 

 Consult with the local health deparment to identify issues of public health concern to the 

community (nutrition status, immunization status, access to primary care) or unhealthy 

housing conditions including: presence of pests (e.g., cockroaches, mice, or rats), functional 

carbon monoxide / smoke alarms, presence of mold, evidence of water damage (e.g., 

minor plumbing leaks, water seepage via windows, or roof leaks), asthma triggers, 

deteriorating paint, and improperly used emergency generators. 

When To Use This Guide 
This guide is designed to provide assessment of child blood lead levels and environmental risk 

factors that may be contributing to elevated blood lead levels. Situations in which a study of the 

type outlined here are useful include: 

 Data regarding child blood lead levels in a specific area are insufficient to provide an 

estimate of the prevalence of elevated blood lead levels and environmental risk factors 

 A community is concerned over possible exposures to lead from industrial sites in their 

area, contaminated drinking water supplies, or other environmental sources 



Small Area Surveillance to Estimate Prevalence of Childhood Blood and Environmental Lead Levels 

 

 

Page 4 

 

 Existing data indicate that children in a specific area are at higher risk of elevated blood 

lead levels and environmental risk factors need to be evaluated for possible contribution 

Study Basics 
Study Population and Study Area  

Study area is the geographic location where the study will be done. Generally, this area is bound 

by some political designation such as census tracts, neighborhood, town, or city. If the study is 

looking at a specific point source of exposure (e.g. a battery recycling factory or lead smelting 

facility), the study area should be limited in geographic scope. A radius of 2.7km may be used 

based on previous studies that found elevated BLLs at an average radius of 2.7km from the point 

source (Benin, 1999; Garcia-Vargas, 2014; Baker, 1977; Stafilov, 2010; Pilgrim, 1994; Hegde, 

2010; Albalak, 2003; Fritsch, 2010; Paoliello, 2002; Willmore, 2006; Meyer, 1999). However 

the specific radius of the study area should be determined based on the setting and the number 

of potentially eligible people. In situations where there is widespread environmental 

contamination (water, soil, dust, or air) the study area should include the entire area where 

exposure may have occurred. 

When the study area is too large for a simple random sample, it should be divided into smaller 

areas called clusters. A subset of the clusters are then chosen using a sampling method, typically 

probability proportional to size sampling. Households within each of the selected clusters are then 

included in the study area (Bennett, et al. 1991; Frerichs & Shaheen, 2001). Cluster sampling 

requires more complicated statistical analyses and a statistician should be consulted when 

developing the sampling frame and conducting data analysis. For more details on implementing 

cluster sampling methodology see Community Assessment for Public Heatlh Emergency Response 

(CASPER) Toolkit (CDC, 2012a) and Designing Household Survey Samples: Practical Guidelines 

(United Nations Statistics Division, 2005). 

The study population consists of the people meeting the study definition who are enrolled in the 

study. Prior to beginning the study, inclusion criteria will need to be established to determine who 

will be eligible for enrollment. Some inclusion criteria include age, length of time at residence, 

length of time near exposure source, and parental occupation. In general, these studies will only 

include children 9 to 72 months old since the primary concern is elevated BLLs in children. 

Sample Size and Response Rate  

Sample size calculations estimate the number of participants required to find a statistically 

significant association between environmental exposures and BLLs (Gregg, 2008). Sample size 

must be calculated prior to conducting the study to determine how many participants need to be 

enrolled. It is important to ensure that the number of participants enrolled is at least equal to the 

calculated sample size to be sure that there is adequate statistical power to determine if there is 
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an association between the exposure and elevated BLLs. Response rate is the proportion of 

people that participate in the study compared to the total people that were asked to be in the 

study and is calculated at the end of the surveying process. If the response rate is expected to be 

low, it may be necessary to increase the sample size to account for non-response (UN Statistics 

Division, 2005). Response rates are also important to determine the representativeness of the 

study participants (CDC, 2012a). It is good practice to use household tracking forms to collect 

information about non-responders to compare to those that chose to participate and the 

population as a whole. This information will determine if the results are representative of and 

generalizable to the population of interest. 

Field Staf f  and Recruitment  

Recruitment of field staff is an important step in any study. If possible, it is good practice to 

recruit field staff from the community in which the study will be conducted. Including field staff 

who are local to the area will frequently result in improved participation and response from 

community members. Another avenue of recruitment is volunteers from local colleges or 

universities. In particular, nursing, public health, and medical student volunteers can be good field 

staff as they have some training in health sciences and/or epidemiology. Volunteer medical and 

nursing students that have clinical training may also be able to perform the blood sampling. 

Because the focus of these measurements is on a young population, a pediatric phlebotomist 

should also be included where possible. State and local health department staff, and state 

environmental or housing agency staff may also be able to volunteer as field staff. In 

international settings, field staff may also be recruited from local community health workers, 

ministries of health, and field epidemiology training programs. When conducting studies in 

international settings it may also be necessary to consider the cultural norms of the community 

including some gender restrictions. For instance, in some areas it may not be possible for women 

to be interviewed by men to whom they are not related. Age or religious differences may also 

be important to consider. Likewise, language should be considered and field staff must speak the 

local language or dialect of the study population. 

Use and Impor tance of  Sample IDs  

Sample identification numbers need to be used to ensure that questionnaire data, environmental 

samples, and blood samples can be accurately matched with the study participants from whom 

they were obtained. Unique ID numbers need to be used for each household and unique sub-

numbers need to be used for each child within a household and for each sample taken at that 

household. For example, the first household from which samples are obtained may be assigned a 

base ID number 001; the first child in the household is given the ID number 001-01, the second 

001-02, etc. Each questionnaire is labeled with the household base ID number. Environmental 

samples should be numbered in a similar fashion. Each household environmental sample (e.g. 

windowsill dust) should be given a unique ID number specific to that household. For example, the 
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windowsill dust sample for household 001 can be numbered WS-001-01. If there is a second 

sample, it would be WS-001-02 and so on. Blood samples are labeled using the ID number 

assigned to the child from which it was taken, for example, a blood sample from the first child in 

the household should be labeled BS-001-01. 

The minimum number of labels required for each household should be determined prior to 

starting the sampling. It is recommended that pre-printed sample labels are used that can be 

attached to survey forms, chain-of-custody forms and sample containers. Extra labels should be 

created to ensure that field staff have sufficient labels for all forms and samples at each 

household. It may be beneficial to generate all the unique participant and sample IDs prior to 

beginning the study to ensure that there are no issues with repeated numbers once sampling 

begins. 

Working with Community Par tners  

In all cases, all relevant stakeholders should be identified and engaged with in the early phases 

of study preparation. In many cases it may also be beneficial to partner with these stakeholders 

to facilitate the study. Frequently local stakeholders will be able to provide valuable information 

and assistance implementing the study. The stakeholders to consider partnering with will vary by 

study but may include state or local public health authorities, state or local housing authorities, or 

non-profit organizations that engage in lead poisoning prevention work. In addition, local health 

care providers should be informed of the study and their role, if any, in the follow-up of children 

identified with high blood lead levels or other conditions. 

In some countries, religious or ethnic group’s political, tribal or religious leaders will need to be 
contacted prior to conducting the study. The support of these leaders is essential to the study’s 
success. Getting permission from these community leaders may be necessary prior to conducting 
any study surveys and sampling. Local field staff may be able to advise and assist in identifying 
community leaders. 

Reporting Results 

All results must be provided to the parents of children enrolled in the study. Blood lead level 

results should be explained in person including any necessary follow-up. Follow-up is 

recommended for any child with a blood lead level of 5 µg/dl or higher. If a child has a blood 

lead level of 65 µg/dl or greater it is considered an emergency and the parents and a health 

care provider should be notified immediately. Health care providers should also be notified of all 

test results as soon as practical after parents have been notified. It is also important maintain 

confidentiality as all test results are private and should only be disclosed to the child’s parents 

and health care provider. Environmental sample results may take longer to process but should be 

reported to parents as soon as they are available. 
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Sample Collection and Analysis 

One important decision that will need to be made at the outset of the study is whether to take 

capillary or venous blood samples. Each have benefits and drawbacks. Capillary samples are 

comparatively easier to obtain and are seen as less painful for the children. They also do not 

necessarily require trained nurses/phlebotomists to conduct the sampling. However, they are much 

more likely to be contaminated by environmental lead sources. Venous samples require a trained 

medical professional (e.g. physician, nurse, pediatric phlebotomist) to obtain and are considered 

to be more invasive. In some settings, it also may be more difficult to enroll participants if using 

venous sampling. But, venous samples are far less likely to be contaminated. 

With either type of blood sampling method there are several options for analysis. Portable 

analyzers are available (LeadCare and LeadCare II) as well as laboratory based methods. The 

advantages of the LeadCare analyzers are their portability and the relative ease and speed at 

which samples can be processed and the lower cost for analyzing samples. The portability also 

allows analysis to be conducted on site. However, they are less sensitive than laboratory based 

methods and have a higher lower limit of detection (LOD) and smaller overall range. In settings 

where low BLLs are expected or where population estimates are needed the instrument can be 

modified by the manufacturer to report BLLs less than the LOD of 3.3 µg/dL (Brown, 2014).  In 

such cases, individual results below the LOD should be reported as ‘below the limit of detection’. 

The numeric values below the LOD should only be used for statistical analyses such as calculating 

the geometric mean BLL for the study population. 

Laboratory based methods such as graphite furnace atomic absorption spectrometry (GFAAS) or 

inductively coupled plasma mass spectrometry (ICP-MS) require that samples be transported to a 

laboratory, are more time consuming and require highly skilled operators. However, these 

methods have lower limits of detection and wider ranges of blood lead that can be reliably 

measured (WHO, 2011). Both capillary and venous blood samples can be analyzed using the 

LeadCare analyzers or laboratory methods. 

Additional Considerations  

Participant Compensation 

Determining whether to provide incentives or compensation to study participants can be a difficult 

decision. It involves ethical questions regarding the possibility of undue influence to coerce  

participation due to the receipt of financial compensation. However, it is often beneficial to 

provide some form of compensation (e.g. cash gift cards).  
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Data Collection Methods 

Ensuring high quality data is a critical part of any study. Two methods for data collection should 

be considered: paper forms and electronic devices such as smart phones or tablets. Both paper 

and electronic data collection have pros and cons. Paper forms require little training and have 

relatively inexpensive supplies but may result in transcription errors and require data to be 

manually entered into a computer for analysis. Electronic devices have a higher upfront cost and 

require maintence (e.g. keeping batteries charged) but can streamline interviews.  Additionally, 

data can be automatically transferred to a computer, possibly reducing transcription errors. If 

electronic devices are used, it is important to have some paper forms on hand in the event that 

the electronic device malfunctions.  The table below outlines some additional considerations for 

paper forms versus electronic devices. 

 

Paper Forms Electronic Devices 

 No technical training required  Requires technical training. 

 Relatively inexpensive supplies  Hardward and software may be expensive to 

purchase. 

 May be expensive to repair devices that break in 

the field. 

 Requires paper, pens, and clipboards in the field.  Requires data collection devices, batteries, and 

chargers. 

 No maintenance of supplies  Requires maintenance of software and devices. 

 Requires labor-intensive data entry after 

fieldwork. 

 Development of electronic questionnaire can be 

labor-intensitve. 

 May introduce errors in manual data entry process.  Data can be monitored for quality as it is being 

collected. 

 Manual entry is a relatively slow process.  No manual data entry required. 

 No limitation on the number of field teams  Field teams may be limited by availability of 

devices 
Adapted from CASPER Toolkit (CDC, 2012a) 
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In the Field 
The conclusions drawn from the study will only be as good as the data that are collected. As a 
data collector and part of a study team, you are the main link between the study investigators 
and the study population. Data collectors should be easily identifiable, trained in collections 
procedures and familiar with participants’ rights as study subjects.  For a complete list of supplies, 
see Appendix A. A protocol for household visits and revisits can be found in Appendix B.  

Below is information on team member roles and suggestions on how to conduct household visits.  

S t u d y  Te a m  M e m b e r s :  

Study teams are responsible for collecting and safeguarding the study data. The number of study 
teams will vary depending on the number of households to be enrolled, household participation 
and refusal rates, geographic area to be covered among other factors. Each study team will be 
composed of three of or four members with the responsibilities described below. 

-Spokesperson* (1 person) – introducing team and study to community members, consent 
form administration, questionnaire administration, and incentive dispenser 

-Logistics* (1 person)  – visitation tracking, navigation, blood storage, and chain-of-
custody issues 

-Environmental Sampler (1 person) – responsible for conducting the water, soil and 
indoor dust sampling 

-Pediatric Phlebotomist (1 person) – responsible for obtaining the blood sample from the 
child 

* Sometimes, the responsibilities of the spokesperson and logistics are conducted by the same team member.  

DRESS 

Make sure to dress appropriately for the weather in business casual clothing. Please avoid 
wearing clothing with slogans or logos. Consider also using sunscreen and bringing a hat and 
sunglasses along for sun protection. Each fieldworker will be given a badge with identifying 
information.   
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A d m i n i s t e r i n g  T h e  Q u e s t i o n n a i r e  

Supplies:  

 Pens 

 Consent form (2 per household) (Appendix C1) 

 Resident appointment notecards (Appendix C2) 

 Verbal script for consent for eligibility and non-response rate form (Appendix C3) 

 Household questionnaire (Appendix C4) 

 Child questionnaire (Appendix C5) 

 Healthy homes questionnaire (Appendix C6) 

 Daily household tracking form (Appendix C7) 

 Frequently Asked Questions and Answers (Appendix D) 

 Educational Materials (Appendix E) 

 Signature form for compensation if compensation will be provided 

 Study labels 
Examples of all forms and a sample questionnaire as well as frequently asked questions and 
suggested educational materials can be found in Appendices C, D, and E. When working in areas 
where multiple languages are spoken, all of the documents listed above and in the appendices 
should be translated into the local languages. 

Addressing the Homeowner and Obtaining Permission 

Upon arrival, introduce yourself and explain what you are doing and why. Be friendly, positive, 
self-assured, and matter-of-fact.  

 Introduce yourself 

o Hello, my name is  _________   . I am working on a Child 

Health Study with the [Name of organization]. 

o Ask to speak with the head of the household. 

o We are here today working on a research study to better 

understand child blood lead levels in your community. Would it 

be OK to ask you a few questions to see if you qualify for the 

study?  

Be sure to give them informational documents on lead and healthy housing and answer any 

questions they have. Verbal permission must be granted before moving on to questions about 

eligibility. 

We anticipate the administration of the Child, Household, and Healthy Homes questionnaire; 
venous blood sampling; provision of the compensation, if any; and environmental sampling to 
take approximately 45 minutes to one hour. 
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Determining Eligibility 

Before administering the questionnaire, the team must determine eligibility by asking the 
following questions: 

1. Is there a child between the ages of 9 to 72 months (under 6 years) [or the age range 
of interest] who lives in this household?  

2. Has this child lived at this residence at least 3 days per week for the past 6 months?  

3. Are you the parent or legal guardian? 

4. Will you allow your child (or children) to join in a study on the blood lead levels among 
children living in [Target Community]?  This project will include taking a sample of your 
child’s blood from a finger or vein and testing it for lead and a questionnaire about your 
household.  In addition the study team will collect dust, soil, and water samples from your 
house. 

The respondent must answer ‘yes’ to all four questions in order to continue with the 
interview. If the parent, legal guardian, or consenting adult who gives permission answers ‘yes’ 
to all four screening questions, an assigned team member will explain the purpose of the study to 
the head of household including the risks and benefits of the study.  

If the parent, legal guardian, or consenting adult agrees to be a part of the study, he/she will 
be given a Childhood Blood Lead Prevalence Research Study Consent Form (Appendix C1) to 
sign. This form will be read out loud and/or given in the local language understood by the 
community if requested. 

If the parent or legal guardian is eligible and does not want to join the study, please ask why 
and write down the reason on the daily household tracking form. 

Obtain Consent 

Review the consent form section by section with the parent or legal guardian.  Obtain completion 
of check boxes and signatures at the end of the form.  Provide a copy of the consent form for 
their records.  Affix a study label on the signed consent form for the study team. 

Conducting the Interview  

IMPORTANT: Practice obtaining consent and asking interview questions with other data collectors ahead of time. 
Speak in a clear, slow, and direct manner. Maintain eye contact and have a firm understanding of the questionnaire 
contents.  

Start by letting the respondent know that all responses and samples gathered are confidential 
and their information will be protected. The responses from the interview will not be discussed 
with anyone not associated with the project. Confidentiality is your personal responsibility as 
interviewer.  
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If possible, find a private place to conduct the interview. This could be a room separate from 
other people in the house or outside. If it is not possible to conduct the interview without other 
people present, do the following to make the interview as private as possible: 

 Speak in a voice that is loud enough for the respondent to hear, but soft enough so that others 
cannot.  

 Try to seat the respondent so that his/her back is to the others present. 
 

Start the interview by arranging the seats in a comfortable fashion so that the respondent is 
facing the interviewer. 
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Administer the Child, Household, and Healthy Homes questionnaires. 

 Ask all questions, exactly as they are written; do not improvise on the way the sentences 
are worded.  

 Be sure the respondent hears the entire question before answering.  If he/she answers 
before you read the whole question, just explain that you must ask the whole question 
because it may change the answer.  

 Probe to avoid “Don’t Know” responses, but keep a neutral attitude; do not express 
surprise, pleasure, or disapproval at any answer or comment.  

Try to keep the respondent on the subject.  People like to talk, but chatter tends to lead away 
from the subject in the questionnaire.  Use gentle but firm persuasion to keep the respondent on 
track. 

Complete Environmental Observations checklist (at end of Household questionnaire). This 
portion is not read to the study participant. 

Examples of items included on the checklist are: 

 House material (e.g. brick, wood, stucco, etc.) 

 Condition of paint on exterior of home 

 Condition of paint on interior of home 

 Condition of exterior windows 

 Distance of home from a major street or highway 
 

What if No One is Home? 

If nobody is home when you arrive onsite: 

 Leave a resident notecard (Appendix C2) 

 Record that follow up is needed and list the location of the home 

 Follow up in the evening (4 hours later) or the next day. 

  



Small Area Surveillance to Estimate Prevalence of Childhood Blood and Environmental Lead Levels 

 

 

Page 14 

 

E n v i r o n m e n t a l  s a m p l i n g  

Samples of water, soil and dust wipe samples are collected concurrently with children’s blood 
from enrolled households. The purpose of collecting environmental samples is to determine the 
amount of lead in the environment (home and yard) among children in enrolled households, and 
to provide feedback to families regarding control or elimination of identified exposures to lead 
as appropriate. Field staff will be trained to properly collect environmental samples and will be 
responsible for collecting environmental samples at each enrolled household. 

Study planners and participants should be aware that environmental sample collection, handling 
and preparation can influence the sample results. For example with respect to soil samples, 
sieving of soils can be conducted to different size fractions, and/or soil samples can be collected 
as a single “grab” or with a five-point composite approach. Dust samples can be collected and 
analyzed for lead loading levels, or lead concentration levels. Study planners should carefully 
consider their study’s specific objectives and adapt their environmental sampling strategy 
appropriately, and communicate directly with the laboratory that will process their samples what 
is desired ahead of time.  

At the time of the study, agencies may wish to collect additional environmental samples to help 
further evaluate the extent and potential impact of the source(s) of environmental lead 
contamination  For example, study planners may wish to incorporate x-ray flouresence analysis 
(XRF) of paint at the home. Dust, soil, water, and XRF sampling should be done in accordance with 
the U.S. Department of Housing and Urban Development protocol (HUD, 2012), the EPA 
“Residential Sampling for Lead: Protocols for Dust and Soil Sampling” (EPA, 1995) or an 
equivalent method. The procedures below provide an outline of those protocols. 

Initial Procedures 

 Take a geographic positioning system (GPS) reading at the front door (if not at the front 

door, note location) 

 Identify areas to be sampled by discussing children’s play area and sleeping area with 

parent or guardian: wipe areas (near front door, child’s play area, child’s bedroom 

window sill) – water sample (kitchen or bathroom tap) – soil sample (bare soil where child 

plays) 

 Draw schematic of home on Sampling Form (Appendix F) –indicate  sampling locations 

inside and outside the home – write the GPS coordinates for the front door and the soil 

sampling location on the schematic 

 Put sample identification (ID) labels on all sampling containers as well as the 

Sampling Form 

 Write sample ID numbers on the Sample Collection form  
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 Utilize secure, verified documentation of showing transport of samples from one party to 

another (i.e. chain of custody form supplied by the laboratory). 

Tap Water Sampling 

The water sample should be collected first. 

Supplies: 

 Gloves 

 Environmental sampling form (Appendix F) and ID labels 

 250 mL collection container(s) 

 Trash bags 

Procedure: 

 The sample should be taken at the kitchen sink if possible. If that cannot be done, the 
sample should be taken at a bathroom sink.  Indicate on the schematic on the sampling 
form where the sample was taken. 

 Put on gloves. 

 Put the sample container under the faucet, fill and cap. Do not run the water prior to 
sampling. 

 Fill in the sampling form with any additional information (e.g., sample location if not 
kitchen sink). 

 Make sure that the sample ID is on the Sampling Form. 

 Do not dispose of gloves – use them for the wipe sampling. 

 If quality assurance / quality control (QA/QC) samples are needed for this location, the 
appropriate supplies will be provided 

 Samples must be analyzed by a qualified laboratory that meets local jurisdictional 
requirements for certification for analysis of environmental samples using EPA Method 
200.8. or an equivalent analytic method.  

https://www.epa.gov/sites/production/files/2015-08/documents/method_200-8_rev_5-4_1994.pdf
https://www.epa.gov/sites/production/files/2015-08/documents/method_200-8_rev_5-4_1994.pdf
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Wipe Sampling 

A dust wipe measures the total amount of lead dust on a specific surface area. This measurement 
is called lead “loading,” which is a is a good indicator of the amount of lead to which a child is 
exposed. Laboratories will report the amount of lead found in the dust wipe in micrograms (µg) 
per wipe. This amount is then divided by the area sampled to produce a dust lead loading result 
in µg/ft2or m2 .  It is very important that the sampled area is measured and recorded accurately 
since this will affect the dust wipe results.  

Supplies: 
 Gloves (use gloves from the water sampling effort) 

 Environmental sampling form (Appendix F) and ID labels 

 Sample Wipes (three) 

 Templates – (two - 100 cm2) 

 Painter’s tape or masking tape (for window sills) 

 Ruler – reusable 

 Baby wipes to clean ruler between sampling locations 

 Sample containers (three) 

 Trash bags 

Floor Wipe Procedures:  
 Keep gloves on from the water sampling effort. 

 Identify locations where samples will be taken: one sample near the front door (within 3 
feet of the closed door) and one from area where child plays as identified by the parent 
or guardian. 

 Clear large debris from the sampling areas before beginning the sampling. DO NOT 
clean the area prior to sampling. 

 If the front door or play area locations are covered with carpet, choose an alternative 
area with a hard surface (e.g. wood floor, linoleum, cement) and note location on the 
sampling form. 

 Fill in the sampling form.  

 Place a disposable template (100 cm2) on the floor at each sample location. 

 Remove wipe from packet and obtain the sample as indicated in ‘Wipe Schematic’. – use 
one wipe for the sample near the door and one wipe for the sample in the area where the 
child plays, using a new template for each location.  

 Put each wipe into a separate sample container. 

 Make sure that the sample ID is on Sampling Form. 

 If QA/QC samples are needed for this location, the appropriate supplies will be provided 
and the samples should be listed on the Sample Collection Form.  
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 Samples must be analyzed by a qualified laboratory that meets local jurisdictional 
requirements for certification for analysis of environmental samples using EPA Method SW-
6020 or an equivalent analytic method. 

Windowsill Wipe Procedures:  
 Keep gloves on from the floor wipe sampling effort. 

 Identify the child’s bedroom for sampling (if >1 child enrolled in household choose any 
child bedroom) and clear large debris from the sampling area before beginning the 
sampling – DO NOT clean the area prior to sampling. 

 Fill in sampling form. 

 Use painter’s tape to tape off area to be sampled and measure the area with the ruler – 
note the area on the Sampling Form (attempt to obtain a 2 ft x 2 in sample).  Be 
certain to note the units you are using – inches or cm. 

o If a template for a sill is not available, or does not fit, do the following: 
1) Use tape to outline the sample area on a floor when a template is not 

available or does not fit the area.  
2) Place tape perpendicular to the edge of the sill or trough.  

a. The sample area will be calculated after taking the sample to avoid 
contaminating the area.   

3) Make sure the area you are sampling is at least 16 square inches. Try to 
sample at least 8” of sill width. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4 )  Remove wipe from packet and obtain the sample as indicated on ‘Wipe 
Schematic’. 

5) Put the wipe into a sampling container. 
6) Make sure that the sample ID is on the Sampling Form. 

Source: EPA/HUD Model Lead Dust Sampling Technician 
Training Course found on line 
at:http://www2.epa.gov/sites/production/files/documen

ts/ldst-instructor_manual-2011-10-12.pdf 

 

https://www.epa.gov/sites/production/files/2015-07/documents/epa-6020a.pdf
https://www.epa.gov/sites/production/files/2015-07/documents/epa-6020a.pdf
http://www2.epa.gov/sites/production/files/documents/ldst-instructor_manual-2011-10-12.pdf
http://www2.epa.gov/sites/production/files/documents/ldst-instructor_manual-2011-10-12.pdf
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7) Remove the tape from the window sill and dispose of the tape and the gloves 
in the trash bag. 

8) If QA/QC samples are needed for this location, the appropriate supplies will 
be provided. 

9) Samples must be analyzed by a qualified laboratory that meets local 
jurisdictional requirements for certification for analysis of environmental 
samples using EPA Method SW-6020 or an equivalent method. 

Wipe Schematic: 

 

NOTE:  

 Press the wipe down firmly at an upper corner of the sample area.  

 Make as many “S”-like motions as needed to wipe the entire sample area, moving from 
side to side. Do not cross the outer border of the tape or template.  

 Fold the wipe in half, keeping the dirty side in, and repeat the wiping procedure in the 
original direction in a forward and back motion (see Appendix G). 
http://www2.epa.gov/sites/production/files/documents/ldstguide.pdf 

 Fold the wipe again and repeat the wiping procedure, concentrating on collecting dust 
from the edges and corners of the sample area 

 Fold the wipe again with the sample side folded in, and place the folded wipe into the 

sample tube. The verification code for this document is 504204.  

https://www.epa.gov/sites/production/files/2015-07/documents/epa-6020a.pdf
http://www2.epa.gov/sites/production/files/documents/ldstguide.pdf
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Composite Soil Sampling  

Supplies: 
 Gloves (use new pair for the soil sampling) 

 1-gallon zip-top bag 

 Environmental sampling form (Appendix F) and ID labels 

 Sampling Spoon 

 Trash bag 

Procedure: 

 Ask the parent or guardian to identify an area of the yard where children play.  Try to 
use only areas that are not covered by grass – the area should be bare dirt if possible. 

 Fill in the sample collection form with the location of the sample collected indicated on the 
schematic diagram. 

 Ensure that the GPS location of the soil sample is noted on the Sampling Form. 

 Put on gloves. 

 Take a sample from five different locations as shown in the diagram below - take the 
sample from the top ½ inch of soil using the disposable sampling spoon. 

 Put all five samples in the provided zip-top bag, filling the bag at least a third and 
manipulate it to mix the samples. Transfer mixed sample to sample container with the 
sampling spoon, ensuring that there is sufficient sample taken to fill the sample container. 

 Put the gloves in the trash bag. 

 If QA/QC samples are needed for this location, the appropriate supplies will be 
provided. 

 Samples must be analyzed by a qualified laboratory that meets local jurisdictional 

requirements for certification for analysis of environmental samples by EPA Method SW-

6020 or an equivalent analytic method.  

https://www.epa.gov/sites/production/files/2015-07/documents/epa-6020a.pdf
https://www.epa.gov/sites/production/files/2015-07/documents/epa-6020a.pdf
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Air Sampling 

In situations where there is an active industrial process emitting lead or in areas where leaded 
gasoline remains in use, air sampling is recommended to quantify lead exposure from inhalation. 
Due to the complexity of the sampling instruments and requirement that they sample for a longer 
period of time, air samples are not taken at each household but are taken at designated 
locations in the study area. There are different types of air sampling insturments available and 
the procedures and supplies will vary depending on which type is used in the study. 
Manufacturers instructions should be followed. However, the following general list of supplies and 
procedures should be applied. 

Supplies: 

 Air sampling monitors approved for use to measure lead content in air 

 Battery or continuous power source 

 Prepared filters – the type is dependent on the air sampling device 

Procedures: 

 Follow manufacturer’s guide for assembling the instrument. Most manufacturers will 
provide hands on training in the use of the equipment 

 Identify an enviormental laboratory that can prepare the filters.  Filters will need to be 

equilibrated (conditioned) to a specified temperature and pressure and then weighed 

before being sent to the field for sampling 

 Follow manfactuers’ guide for placement of monitors ensuring that the area is secure 

 Record the ID number of the air sampler and filter 

 Take GPS coordinates for each sampling location and record them on air sampling form 

 Remove filters at the prescribed time interval and place in zip lock bag for transport to 

the laboratory 

 Record total air flow 

 Filters must be analyzed by a qualified laboratory using the Federal Reference Method 

described in Appendix G to 40 CFR Part 50 which is based on EPA method 6020A (SW-

846) 

Additional Considerations: 

 Returning battery operated air monitors may be problematic if they will be transported 

across international boundaries. Be sure to check local procedures and regulations.  

https://www.gpo.gov/fdsys/pkg/CFR-2012-title40-vol2/pdf/CFR-2012-title40-vol2-part50-appG.pdf
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Sample Analysis 

When all samples have been collected (tap water, soil, wipe samples), put them into a 1-gallon 

Ziploc bag with the chain of custody forms (one for each laboratory/company that will be 

conducting analysis, i.e. if one laboratory will analyze the soil and dust and a separate 

laboratory will analyze the water you will need two chain of custody forms). 

 Chain Of Custody (COC) forms:  complete the COCs forms as instructed (fill in the 

information regarding what samples were collected and sign the form (on the “Collected 

by” line)). 

 Give the bag of samples to the team leader. 

 

B l o o d  S a m p l e  M a n a g e m e n t   

A capillary or venous blood lead sample will be drawn from the eligible child or children.  If the 
child is not at home, ask the parent or legal gurdian when the child will be home and at what 
time it would be most convenient for the study team to return. Phlebotomists will be handling 
blood draws, but it is the responsibility of the study team to ensure all blood samples are 
handled properly. 

Handling Blood Specimens: 

 Make a record of the whole blood collections using the Blood Sample Shipping form. A 
copy of this log should be sent with the specimen.  

 Place a study label on the sample tube and on the space provided in the log.  

 Place the tube(s) in the venous tube holder inside of the cooler. 

 Deliver samples to the [analysis laboratory/company] at the end of each day. 

 If blood samples are to be shipped to a laboratory, they must be packaged and 
shipped in accordance with US federal regulations, 42 CFR part 72 or the regulations 
that apply where the study is being conducted. 

 Blood samples should be analyzed inductively coupled plasma mass spectrometry (ICP-
MS) following the method established in Caldwell et al. (2009). 

 In some cases, if the equipment necessary for ICP-MS is not available or quicker results 
are required, portable LeadCare II units (Magellan Diagnostics) which utilize anodic 
stripping voltemetry (ASV) can be used (WHO, 2011).  
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Data Analysis Strategies  

A statistician should be consulted before undertaking data analysis. Below are listed some 
standard analytic techniques. 

Study participants can be selected in two ways: simple random sampling or cluster sampling. 

Simple random samples can be used when the population of potential study participants is 

relatively small; generally less than 800 (CDC, 2012a). When the population is larger it is better 

to use a cluster sampling strategy. In cluster sampling, the overall study area is divided into 

smaller geographic areas called clusters. For the first stage of a  two stage cluster, the clusters 

are the primary sampling unit and are selected by simple random sampling or probability-

proportional-to-size-sampling. In the second stage, households are sampled from within the 

clusters selected in the first stage. Each selected household is visited and if a child < 6 resides at 

the household, they may be enrolled in the study. In some cases it may be necessary to sample 

different strata based on the age of housing, distance from a point source of lead, or other 

environmental factors. Areas of interest with known risks for lead poisoning can be oversampled 

to capture more children with elevated BLLs (Bennett et al., 1991; Frerichs & Shaheen, 2001; UN 

Statistics Division, 2005; CDC, 2012a). 

When using a cluster sampling strategy, data analysis is more complex than when using simple 

random samples. To calculate prevalence estimates and make inferences about the entire 

population of children <6 years of age, sampling weights for both households and children are 

needed.  Sampling weights can be calibrated to the census population and adjusted to account 

for any unequal probabilities of selection that occurred due to non-response by potential 

participants.  Such data should be analyzed using complex survey procedures in SAS/SUDAAN 

software or EpiInfo software to account for unequal weighting, clustering and stratification. 

Descriptive statistics should be used to describe household and child demographics and other 

characteristics of the study population.  Linear regression techniques can be used to examine risk 

factors for elevated BLLs that were obtained from the household and child questionnaires.  Risk 

factors that may be assessed include child age and gender, child activities and health conditions, 

whether the child had ever traveled outside of residential area > 2 weeks in his/her entire life, 

previous renovation activity in the household, frequency of painting the residence, presence of 

household pets, all resident smoking status, mother’s education level, lead-related occupation or 

activities, use of household remedies, herbal remedies or folk medicines, receipt of public housing 

or housing vouchers (if applicable), receipt of public assistance, and house ownership status. 

Because BLLs are frequently right skewed, they should be log-transformed prior to analysis. 

Bivariate analyses should be conducted to assess each risk factor’s association with elevated BLLs. 

Risk factors significantly associated with elevated BLLs are then evaluated separately in 
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multivariable analyses that include confounding variables and any interaction terms.  To build a 

multi-variate model including all significant variables, use a selection strategy that adds 1 risk 

factor variable at a time to the most predictive model, including the a priori confounder 

variables, until all risk factors in the model are statistically significant.*  Only statistically 

significant risk factors (at the p < 0.10 level) identified in the initial multivariable analysis should 

be included in the second multivariable analysis.  The final model should only include age and 

risk factors significant at the p < 0.05 level.  Variance inflation factors can be used to assess 

collinearity between variables in the predictive models. 

Limitations 
The prevalence studies outlined here are subject to a few limitations while working in the field. 

First, in many cases it may be difficult to enroll the necessary number of participants to meet the 

sample size. Furthermore, there may be selection bias among those who choose to enroll. If there 

is a particularly low response rate, it is possible that those that did choose to enroll had some 

external reason for doing so that may not be representative of the wider population. It is also 

possible that people will consent to completing the survey and environmental samples but not to 

blood draws from their children. This outcome will require more enrollees overall to ensure that 

enough blood samples can be obtained to meet the pre-determined sample size requirements. 

Conclusion 
Exposure to lead in the environment can negatively impact child development. This document 

outlines how to conduct a study to determine the extent to which children in a specific area are 

exposed and what are the most common sources of exposure. Using the information gained from 

these studies, public health authorities can then focus their efforts on eliminating the environmental 

exposures that pose the biggest risk and providing medical services for those children with 

elevated blood lead levels. 

 

                                                
* This analysis can be done in SAS using the forward select option in PROC REG or PROC GLMSELECT. 
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