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Glossary of Terms
for the

Field Study to Characterize Dust Lead Levels
After Renovation, Repair, and Painting

Baseline Cleaning — This is representative of standard cleaning practices currently used by RRP
contractors. This includes sweeping and vacuuming with a non-HEPA vacuum.

Child-Occupied Facility (COF) — a building, or portion of a building, constructed before 1978
that could be used by children under six years old, such as a daycare center or early year

kindergarten at a school, and could conceivably meet the formal definition of 40 CFR part
745.223.

Experiment — full implementation of a single phase of one job, including all work, cleaning, and
environmental sampling.

Housing Unit — a structure or portion of a structure that is typically occupied by one or more
persons as living quarters.

Job — a specific renovation, repair, or painting activity that is of interest for the risk assessment
and economic cost-benefit analysis, such as installing a new window.

Lead-based paint — paint or other coating with lead content at or above 1.0 mg/cm” or at or
above 0.5% by weight (5,000 pg/g).

Level or Intensity-level — one of three categories of jobs (low, medium, or high), determined by
the amount of dust expected to be generated by the activity.

Phase — one of four iterations of a job specified by the use or non-use of containment and a
particular cleaning method (plastic sheeting with specialized cleaning, plastic sheeting with
baseline cleaning, no plastic sheeting with specialized cleaning, and no plastic sheeting with
baseline cleaning), each implemented under comparable conditions so the effect of each of these
iterations (or scenarios or routines) can be assessed.

Replicate — a repetition of a specific job, including all 4 phases or iterations associated with the
job (e.g., a 2" set of gutting a kitchen).

RRP - an acronym that stands for Renovation, Repair, and Painting.
Sites - housing units or COFs participating in the study by undergoing one or more experiments.

Specialized Cleaning — Cleaning required by the EPA Proposed Rule for Renovation, Repair,
and Painting.



Stage (of Sampling) — the four different points of time within an experiment at which
environmental samples are collected (after completion of the RRP job, after completion of
cleaning, after completion of the last wet cloth in the cleaning verification, and after completion
of the last dry cloth in the cleaning verification).

Study Location — a city or other geographic area participating in the study through identification
and participation of housing units and COFs.

Work Area — the location within the work room or on the exterior perimeter where the actual
RRP work will be performed. Note that the interior work area can cross the boundaries of the

work room, 1.e. if a window is being replaced from the inside, the work area may include
portions of the exterior.

Work Room — the room in the housing unit or COF where the RRP work is to be performed.

11
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1.0 PROJECT MANAGEMENT

1.1 DISTRIBUTION LIST

Individuals who will receive copies of the approved Quality Assurance Project Plan (QAPP) and
any subsequent revisions are listed in Table 1-1. Each individual’s role on the project and the
organization to which he/she belongs are also provided.

Table 1-1. Distribution List for QAPP

Individual Organization Project Responsibility/Role
Sineta Wooten U.S. EPA/ OPPT EPA Project Officer
Barbara Leczynski U.S. EPA/ OPPT EPA/OPPT QA Manager
John Schwemberger U.S. EPA/OPPT Work Assignment Manager (WAM)
Samuel Brown U.S. EPA / OPPT Deputy WAM
Bruce Buxton Battelle Project Manager
Zachary Willenberg Battelle QA Manager
Tim Pivetz Battelle Principal Investigator
Warren Strauss Battelle Technical Advisor
Tan MacGregor Battelle Field Operations Coordinator
Jack Anderson Healthy Housing Solutions | Site Supervisor - VA/MD
Brad Goodwin Battelle Site Supervisor - Columbus
Darrell Joseph Battelle Site Supervisor - Pittsburgh

1.2 PROJECT/TASK ORGANIZATION

Tim Pivetz will have overall responsibility for this study. Mr. Pivetz will be assisted on this
project by Mr. Warren Strauss, who will provide overall technical guidance and specific
guidance on study design and data analysis; Mr. Zachary Willenberg, who will serve as the
Battelle Quality Assurance (QA) Manager; and Dr. Bruce Buxton, who will provide technical
guidance and management oversight. Mr. Ian MacGregor will serve as the overall Field
Operations Coordinator for all field work. Multiple organizations will implement field
operations including qualified renovation and remodeling contractors, who will perform
renovation and clean-up activities; certified lead inspectors and XRF technicians, who will test
housing for presence of lead based paint and lead hazards; specialized cleaning contractors, who
will clean participating housing units prior to, between, and after jobs to remove lead hazards;
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and local officials or Battelle, who will conduct environmental sampling activities. These firms
will either report directly to Battelle or to the appropriate organization coordinating field
operations in that location. Field Supervisors for the individual cities involved include Mr. Jack
Anderson of Healthy Housing Solutions for potential sites in Virginia; Mr. Brad Goodwin of
Battelle for Columbus, Ohio; and Mr. Darrell Joseph of Battelle for Pittsburgh, Pennsylvania.
Matthew D. Asbury of Schneider Laboratories, Inc. will serve as the Laboratory Manager. John
Schwemberger of EPA is the Work Assignment Manager (WAM), and Samuel Brown of EPA is
the Deputy WAM. Sineta Wooten of EPA is the Project Officer. Barbara Leczynski is the EPA
QA Manager. Figure 1-1 displays the organizational relationship between these individuals.

Project Officer Work Assignment Manager Deputy Work EPA QA Manager
Sineta Wooten John Schwemberger Assignment Manager | |Barbara Leczynski
(202) 260-3888 (202) 566-1972 |__| Sam Brown (202) 564-8164
(202) 260-3453 (fax) (202) 566-0469 (fax) (202) 566-0490 (202) 564-7470 (fax)
wooten.sineta schwemberger.john (202) 566-0469 (fax) leczynski.barbara
@epa.gov @epa.gov brown.sam(@epa.gov @epa.gov
EPA/OPPT EPA/OPPT EPA/OPPT EPA/OPPT

Project Manager Principal Investigator QA Manager
Bruce Buxton Tim Pivetz Zachary Willenberg
(614) 424-4547 (614) 424-5365 | _______] (614) 424-5795
(614) 424-4250 (fax) (614) 424-4250 (fax) (614) 424-3638 (fax)
buxtonb@battelle.org pivetzt@battelle.org Willenbergz
Battelle Battelle @battelle.org

Battelle
| 1
Technical Advisor Field Operations Coordinator Laboratory Manager

Warren Strauss Tan MacGregor Matthew D. Asbury

(614) 424-4275 (614) 424-3242 (800) 785-5227

(614) 424-4250 (fax) (614) 424-3638 (fax) (804)359-1475

strauss@battelle.org macgregori@battelle.org masbury(@slabinc.com

Battelle Battelle Schneider Laboratories

Figure 1-1. Organizational Structure

1.3 PROBLEM DEFINITION/BACKGROUND

EPA’s proposed rule for Renovation, Repair, and Painting (RRP) of pre-1978 housing units with
lead based paint was published in the Federal Register on January 10, 2006 (see Appendix B).
The summary of the proposed rule included in the Federal Register stated, “EPA is proposing
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new requirements to reduce exposure to lead hazards created by renovation, repair, and painting
activities that disturb lead-based paint. This action supports the attainment of the Federal
government’s goal of eliminating childhood lead poisoning by 2010. The proposal would
establish requirements for training renovators and dust sampling technicians; certifying
renovators, dust sampling technicians, and renovation firms; accrediting providers of renovation
and dust sampling technician training; and for renovation work practices. These requirements
would apply in “‘target housing,’” defined in section 401 of the Toxic Substances Control Act
(TSCA) as any housing constructed before 1978, except housing for the elderly or persons with
disabilities (unless any child under age 6 resides or is expected to reside in such housing) or any
0-bedroom dwelling. Initially the rule would apply to all renovations for compensation
performed in target housing where a child with an increased blood lead level resides, rental target
housing built before 1960 and owner-occupied target housing built before 1960, unless, with
respect to owner-occupied target housing, the person performing the renovation obtains a
statement signed by the owner-occupant that the renovation will occur in the owner’s residence
and that no child under age 6 resides there. EPA is proposing to phase in the applicability of this
proposal to all rental target housing and owner-occupied target housing built in the years 1960
through 1977 where a child under age 6 resides. This proposal is issued under the authority of
TSCA section 402(c) (3). EPA is also proposing to allow interested States, Territories, and
Indian Tribes the opportunity to apply for and receive authorization to administer and enforce all
of the elements of the new renovation provisions.”

In order to adequately complete a risk assessment and a cost-benefit analysis of the proposed
rule, a characterization of dust lead levels during appropriate stages of RRP activities via a small
scale field study will be conducted. The first stage of the project entails identifying and
screening possible sites — vacant housing at which children could reside and vacant child-
occupied facilities (COFs) — where the study can be conducted. This stage is discussed
separately in the QAPP titled “QAPP for Selecting Sites for Characterization of Dust Lead
Levels After Renovation, Repair, and Painting Activities.” The completion of the field data
collection, laboratory analysis, and data analysis and reporting is covered by this QAPP. The
study will investigate the comparative impact on dust lead levels from (1) using plastic coverings
during RRP work, (2) using a more extensive clean-up routine than what is typically conducted,
and (3) conducting cleaning verification as specified in the rule. After an interior RRP job is
completed by actual renovation and remodeling contractors, field technicians will collect dust-
wipe samples from floor and window sill surfaces. The samples will be collected before and
after cleaning activities, which also will be conducted by the renovation contractors.
Technicians will also collect air samples throughout the study and analyze them for lead content.
Interior jobs will also include post-experiment hallway dust-wipe samples, pre- and post-
experiment exterior soil samples, and an exterior dust-wipe sample following any window
replacement jobs. For exterior jobs, dust-wipe samples will be collected above, underneath, and
outside of plastic sheeting. Pre- and post-experiment soil samples will also be collected.
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Analysis of sample results will assess the impact of the proposed techniques for reducing lead
levels of the dust left behind from RRP activities.

14 PROJECT/TASK DESCRIPTION

This project will be conducted to characterize the dust lead levels after Low, Medium, and High
RRP jobs in housing units and COFs with lead-based paint. Both interior and exterior jobs will
be considered. Interior jobs will be defined as taking place in a primary “work” room in the unit
or building. The targeted room layout is three sequentially adjacent rooms on a single level so
that the room adjacent to the work room may be used for observation and a third, unused room
may be used to help characterize the spread of lead dust to the rest of the unit or COF. In COFs
with a very large room, distances may be used in place of rooms to designate the observation
“rooms.” Exterior jobs will involve work taking place on a single side of the building, and will
require sufficient space in the yard to lay down plastic in accordance with the rule and beyond to
protect areas from the spread of leaded dust.

Although an exact number of units to be enrolled is not decided, for design purposes we assume
that the targeted amount of work of 60 total interior experiments and 15 total exterior
experiments can be completed within a pool of 39 units (36 housing units and 3 COFs). The
study will assign each unit or building a high, medium, or low RRP activity in such a way that
there are four sets of high, medium, and low activities among the 12 housing units and one set of
high, medium, and low for the three COFs. It is possible that a housing unit or building may be
able to serve as both an interior and exterior site, as long as the areas to undergo work will not
lead to cross-contamination. Current plans require field work to begin in August 2006 and be
completed by October 2006 so that a draft full study report can be completed by December 2006.

The study is being designed to compare environmental lead levels at appropriate stages after low,
medium, and high RRP activities on the interior and exterior of residential housing units and
COFs. Of specific interest is the impact of the use of plastic coverings and the proposed rule
cleaning method on lead levels. (Excerpts from the proposed rule regarding the containment and
cleaning procedures are included in Appendix B.) The study design will collect data to evaluate
the following six study objectives.

1. What 1s the effect of low, medium, and high level RRP work on post-work, post-cleaning,
and post-verification dust lead levels (interior and exterior)?

2. Are there significant differences in lead levels at the post-cleaning and/or post-
verification phases from the use of heavy-duty polyethylene plastic sheeting during the
work activity? Is there an interaction between level of RRP work and the use of plastic?

3. Are there significant differences in post-cleaning and/or post-verification lead levels
between surfaces cleaned with the proposed rule cleaning method and surfaces cleaned
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with baseline cleaning methods? Is there an interaction between level of RRP work and
cleaning method used?

4. Are there differences in the amount of lead dust migration from the work room to
adjacent rooms between different levels of RRP work, use and non-use of plastic, and use
and non-use of proposed rule cleaning methods?

5. Does the use of plastic ground coverings during exterior work reduce the amount of dust
lead falling onto the ground?

6. Are there significant differences in the lead levels remaining after the two steps of the
cleaning verification, i.e., the wet cloth step and the dry cloth step?

For each interior work level, the study will evaluate four work area protection/clean-up routines
or phases —combinations of (1) use of plastic coverings/no use of plastic coverings and (2)
baseline cleaning after work completion/cleaning per the proposed rule after work completion.
Thus, the four protection/clean-up (P/CU) phases are:

1) Use of plastic coverings and cleaning per the proposed rule after work completion
2) Use of plastic coverings and baseline cleaning after work completion

3) No plastic coverings and cleaning per the proposed rule after work completion

4) No plastic coverings and baseline cleaning after work completion

In order to adequately evaluate these four interior routines across the three work levels, the study
will collect dust wipe samples from floors and window sills at four points in time during an RRP
activity — following completion of the work, following completion of the cleanup routine, and at
two points in the cleaning verification step. Data collection will occur in the work room, in the
adjacent room, and in a third observation room next to the adjacent room. Air samples will be
collected to add additional information regarding lead levels in the three rooms, and personal air
monitors will be used to evaluate worker exposure. Hallway dust wipe samples will be collected
at the end of the study protocol to assess the amount of lead potentially tracked through a
property. Exterior soil samples will also be collected before and after interior RRP work from
three locations — near the entryway to the building, between the entryway and the street, and near
a window closest to the work area. Data collectors also will gather detailed notes on the type and
location of work conducted.

For exterior work, the study is interested in evaluating the impact of the use of plastic coverings.
To investigate this, plastic coverings will be set up around an exterior job site with dust
collection trays set up on the plastic covering, under the plastic covering, and outside the plastic
covering. Dust wipes of these dust collection trays will be obtained following completion of the
work. Investigators will gather meteorological data during the exterior work activity and also
obtain detailed notes on the exterior work conducted. Soil samples will be obtained prior to the
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job commencing to allow consideration of the baseline lead levels in the soil around the work
area and after the work is completed to identify any property contamination. The background
extertor dust levels will be evaluated by placing dust collection trays near the work area and
collecting samples before the work commences.

Following collection of dust wipe and air samples at a site, technicians will label, record, and
package all samples appropriately before shipping or delivering the samples to the selected
laboratory for chemical analysis. Technicians will utilize data collection forms to record unique
sample identification numbers (Sample IDs) and other appropriate supporting information for
each sample such as sample location, sample surface, room type, and work/sampling phase.
Technicians will complete appropriate chain-of-custody forms to track samples during the
collection and shipment process.

The study will utilize various quality assurance (QA) and quality control (QC) measures to
ensure that high quality data are collected. Field technicians will receive instructions on the
proper protocol for collecting, labeling, storing, and transporting samples. The QA Manager will
conduct field and laboratory audits to ensure that data collection and chemical analysis protocols
are followed correctly. RRP contractors will receive training on the protocol for setting up
containment, post-work cleaning, and cleaning verification. Field technicians will enter blank
samples into the set of samples collected to ensure that there is not contamination from sampling
procedures, transportation, or laboratory preparation. Spiked samples and laboratory duplicates
and replicates will be utilized to monitor the accuracy of the laboratory analysis methods. Once
all field data collection and laboratory analyses are completed and the data are entered into an
electronic database, the study team will ensure their validity by conducting a data audit, which
will involve comparing a subset of electronic data values to data collection forms, reviewing
scatter plots, and checking for outliers.

Following data validation, Battelle will analyze the various information collected using
appropriate methods to address the six study objectives. Battelle will prepare a report
summarizing the design, methodology, and results of the data analysis. This report will include
sections discussing the field data collection work and results of QA/QC activities.

1.5 QUALITY OBJECTIVES AND CRITERIA FOR MEASUREMENT DATA

1.5.1 STUDY QUESTION #1: What is the effect of low, medium, and high level RRP
work on dust lead levels (interior and exterior)? Is there an interaction between
level of RRP work and the use of plastic? Is there an interaction between level of
RRP work and cleaning method used?

The effect of the RRP activity level is determined by comparing environmental lead levels (via
floor dust, window sill dust, and air samples) within the work room obtained from the three
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levels of RRP work activities. Data analysts will run linear regression models for each endpoint
of interest (post-work, post-cleaning, post-verification dust lead loadings, percent reductions of
dust lead loadings, etc.) to investigate significant differences in lead levels based on work
activity level. Dust lead levels from dust wipes will be analyzed for interactions between activity
level and use of plastic and activity level and cleaning method. Relationships will be evaluated
based on model fits and regression coefficients.

Data required for this objective includes paint lead loadings, dust lead levels, air lead
measurements, and work activity levels. The data should meet the following criteria:
e 95 percent or more of the paint chips associated with surfaces worked on should be
successfully collected with no obvious problems,
e 95 percent or more of the dust wipe samples should be successfully collected with no
obvious problems,
® 95 percent or more of the air samples should be successfully collected with no
obvious problems,
¢ 95 percent or more of the soil samples should be successfully collected with no
obvious problems,
e 95 percent or higher of all sample types should be successfully analyzed by the
laboratory with QC samples within limits and having no reported problems, and
e 100 percent of work activities should be accurately assigned to a work activity level
(low, medium, or high).

Jobs will be pre-assigned to an activity level based on anticipated dust lead levels to be given off
by that job. After post-work dust lead levels are analyzed, however, an activity can be assigned
to a different activity level if average dust lead levels across all phases conducted for that activity
were found to be significantly lower or higher than expected. Variability and spread of the dust
levels on each job will be considered in evaluating whether the job was assigned to the proper
intensity level. This would impact analyses comparing differences between work activity levels
or specific jobs.

Using the linear regression models presented in Appendix A, if there are significant differences
in lead levels based upon work activity level, Model 2 should obtain the best fit of the three
models presented. On the other hand, Model 3 assumes that not only are there differences
between work activity levels (low, medium, and high), but that there are differences based upon
the individual jobs conducted within each level as well. For power study purposes, the
assumption that there are work activity level differences but not individual job differences is
used. Thus, Model 2 will have the best fit and there will be significant differences between work
activity level with regression coefficients f,, # B,, # B,;,0r B,, # f,, # B,;, etc. The power

study reports that under Model 2, assuming 2 replicates of 6 jobs spread evenly across the work
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levels, there will be sufficient power to see efficiency differences of approximately 78 percent
for containment and clean-up.

1.5.2 STUDY QUESTION #2 — Are there significant differences in lead levels at the post-
cleaning and/or post-verification phases from the use of heavy-duty polyethylene
plastic sheeting during the work activity?

The proposed rule includes the use of plastic sheeting or another impermeable material as a
covering and an airlock to reduce lead hazards when remodeling target housing containing lead
paint. For the purpose of this study, heavy-duty polyethylene plastic sheeting at least 6 mils
thick will be required for containment. The plastic sheeting is to be placed on the floor, used to
cover openings such as gaps around pipes, and cover furniture and other objects in a room. Also,
an airlock is constructed at the entry to the work area. The airlock consists of two pieces of
plastic sheeting. The first is taped along all four edges (top, two sides, and floor) and slit down
the middle. The second sheet is only secured to the top and acts as a flap covering the slit in the
first piece of heavy-duty plastic. In this study, each job will be conducted both with and without
the use of the plastic sheeting. To evaluate the effectiveness of the interior containment protocol,
the mean level of lead remaining after the post-work cleaning process and after the cleaning
verification process will be compared between experiments using plastic coverings and those not
using plastic covering for each clean-up method and work level, as well as overall.

The following criteria on data quality indicators should be met in order to allow the
determination of differences in the lead levels obtained by the use of heavy-duty polyethylene
plastic sheeting:
e 95 percent or more of the paint chips associated with interior surfaces worked on
should be successfully collected and analyzed with no obvious problems,
e 95 percent of interior dust wipe and air samples should be successfully collected
with no obvious problems, and
e 95 percent or higher of interior dust wipe and air samples should be successfully
analyzed by the laboratory with QC samples within limits and having no reported
problems.

The power study results in Appendix A indicate that, under Model 2 (differences across work
levels), the minimum difference in efficiency able to be detected between use and non-use of
containment with 80 percent power is 78%, considering 12 full experiments.
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1.5.3 STUDY QUESTION #3 — Are there significant differences in post-cleaning and/or
post-verification lead levels between surfaces cleaned with the proposed rule
cleaning method and surfaces cleaned with standard cleaning methods?

The proposed rule includes use of a post-work cleaning process involving HEPA vacuuming and
a two bucket mopping process, among other things. In this study, contractors will perform each
job multiple times with half followed by a baseline cleaning process and the other half followed
by the proposed rule cleaning process. The baseline cleaning process used for comparison
purposes in this study will involve broom sweeping and vacuuming with a standard Shop-Vac
vacuum cleaner. Differences in post-cleaning and post-cleaning verification lead levels will be
evaluated using both the dust wipe samples and the ambient air samples. Note that the collection
of samples following both the initial cleaning step and the cleaning verification step will allow
the proposed rule clean-up to be evaluated both with and without the verification step. To enable
this analysis, the environmental samples collected should achieve the following criteria:

e 95 percent or more of the paint chips associated with interior surfaces worked on should
be successfully collected and analyzed with no obvious problems,

e 95 percent or more of the planned pre-cleaning, post-cleaning, and post-cleaning
verification dust wipe and air samples should be successfully collected with no obvious
problems, and

e 95 percent or higher of all dust wipe and air samples should be successfully analyzed by
the laboratory with QC samples within limits and having no reported problems.

The power study results in Appendix A indicate that, under Model 2 (differences across work
levels), the minimum difference in efficiency able to be detected between use and non-use of
containment with 80 percent power is 78%, considering 12 full experiments. Alternatively,
assuming that the rule cleaning is 70 percent more efficient than the baseline cleaning and
applying Model 1, the power study estimated a power of 0.815 under this design scenario.

1.5.4 STUDY QUESTION #4 — Are there differences in the amount of lead dust
migration from the work room to adjacent rooms between different levels of RRP
work, use and non-use of plastic, and use and non-use of proposed rule cleaning
methods?

EPA is also interested in the migration of dust lead throughout the RRP process, which includes
differences in migration across levels of RRP activity and possible interaction with plastic use
and cleanup methods. When performing interior work, during each phase, dust wipe and air
samples will be taken in the adjacent tool storage room and an observation room (2 rooms away
from the work room). Other physical conditions may impact the level of lead dust spread to
other rooms in the house. The distance between door openings, the width of door openings, and
air flow from opened windows could all be important indicators in the likelihood of other rooms
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of the house being contaminated with lead dust. To control air flow and dust migration within
the interior of a housing unit, all vents will be covered, windows will be closed, and the central
air conditioning system or ceiling fans will be turned off. If necessary for safety purposes, a
window air conditioning unit will be installed and run from a window in a nearby room.

Thus, for interior sites the following items will be documented in addition to the dust wipe and
air samples discussed in the previous study objectives:

e 95 percent or more of the paint chip, dust wipe, and air samples in each of the three study
rooms should be successfully collected and analyzed with no obvious problems,

e All doorways will be measured and area of opening calculated for the work, tool, and
observation rooms,

e The distance between doors and turns in the hallway will be recorded,

e The open/shut status of all windows in the three study rooms will be recorded (although
the protocol calls for all windows to be closed), and

¢ If windows have to be open during the work activity for safety reasons, qualitative data
on wind speed and direction in the work room will be gathered for at least 95 percent of
work activity days.

Another aspect of dust migration that will be evaluated is the spread of dust to hallways
connecting the work area with entrances to the unit. Technicians will collect hallway floor dust
wipe samples after the renovator has finished and left the site to measure the amount of dust lead
tracked out of the work area. For this study, plastic coverings will not be used in hallways
outside of the work room and decontamination area.

1.5.5 STUDY QUESTION #5 — Does the use of plastic ground coverings during exterior
work reduce dust lead falling onto the ground?

Exterior jobs will be conducted with plastic sheeting placed on the ground around the impact
area of the job. Dust collection trays will be placed above, under and near the plastic to collect
dust during the work and clean up processes. To evaluate the effectiveness of the plastic
coverings, mean levels of lead will be compared between the dust wipe samples collected on top
of the plastic and those collected under the plastic, and between the samples collected near the
plastic coverings and those under the coverings. For the exterior containment analyses,
additional information is required including the direction and strength of wind speed and the size
and height of the work area. Data requirements include:

e 95 percent or more of the paint chips associated with exterior surfaces worked on and
planned dust wipes should be successfully collected with no obvious problems,
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e 95 percent or higher of all sample types should be successfully analyzed by the laboratory
with QC samples within limits and having no reported problems.
e 90 percent or higher of planned soil samples should be successfully collected and
analyzed by the laboratory,
e 95 percent of work area characteristics data will be successfully recorded, such as the
dimensions of the plastic,
e 95 percent of dust collection sampling locations will be successfully recorded, and
e For 95 percent or more of the days that exterior work is occurring, data on average wind
speed and wind direction at the job site during the work period will be successfully
recorded.

1.5.6 STUDY QUESTION #6 — Are there significant differences in the lead levels
remaining after the two steps of the cleaning verification step, i.e., the wet cloth step
and the dry cloth step?

The cleaning verification procedure proposed for inclusion in the study will involve two primary
steps — wiping with a wet disposable cleaning cloth and wiping with a dry disposable cleaning
cloth. If, after two full cleanings and verification checks, the wet cloth does not pass verification
based on a comparison to a photo of a clean cloth, the contractor will need to re-clean the
surface, let it dry and use a dry cloth for verification. The contractor will repeat the verification
with a dry disposable cleaning cloth up to four times for the floor surface and all windowsills.
To evaluate the benefit of conducting both steps, environmental dust wipe samples will be
collected following the wet verification step and the dry verification step, if needed. Dust lead
levels between the two sets of samples will be compared to assess differences. In addition to the
requirements list for the other objectives on sampling locations, paint lead data, and work area
characteristics, data requirements for this objective include

e 95 percent or higher of the dust wipes gathered during or after the cleaning verification
step should be successfully analyzed by the laboratory with QC samples within limits and
having no reported problems.
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1.6  SPECIAL TRAINING/CERTIFICATION

All contractors performing the renovation work on units or buildings containing lead-based paint
will have to follow the appropriate local and state regulations related to conducting renovations
of areas with lead based paint. The OSHA standard covering the type of work performed on this
study is 29 CFR 1926.62 Lead. Appendix C contains detailed guidance on worker protection
from the HUD Guidelines that will be adhered to for this study, as applicable. Both renovation
contractors and field data collectors will need to follow the guidelines below.

» All study personnel must have their blood lead level tested before the study begins
and after they have completed all required study activities.

» The workers must have a respiratory protection program that addresses medical
evaluation/spirometry, fit testing, training, maintenance and emergency procedures,
which are maintained annually.

» The workers must have adequate personal protective equipment. Respiratory
protection must be chosen in conformance with the OSHA requirements (based on
airborne lead level and type of activity, e.g. greater level of protection needed for
abrasive blasting than for scraping). They must not leave the worksite wearing the
same clothes that are required to be worn for job tasks.

» The workers must have undergone training in accordance with the OSHA HAZCOM
standard in regards to lead (methods and observations to detect presence or release,
physical and health hazards, measures to protect from hazards including work
practices and personal protective equipment (PPE), details of the employers
HAZCOM program including labeling and MSDSs) and also with the OSHA Lead-
in-Construction standard.

¢ In addition, at least one member of the contract work crew must have attended the 8
hour HUD/EPA lead-safe program to ensure containment and cleaning processes are
executed correctly.

¢ Use portable washbasins or showers to remove leaded dust, as appropriate.

Site visits will be made by a competent person who holds the appropriate training and
certifications to meet OSHA requirements. The competent person will ensure that the workers
are properly protected and that no OSHA violations are taking place. All environmental safety
and health requirements and protocols are detailed in the study’s Health and Safety Plan (drafted
August 3, 2006). Site-specific health and safety plans will be developed for each site at which
work will occur.

The initial cleaning, the cleaning between experiments, and the cleaning at the end of the study
for each unit will be performed by abatement firms and/or workers with training, certification
and experience in abatement cleaning. The final clearance samples will be collected by certified
inspectors or risk assessors independent of the cleaning firms.
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The laboratory analyzing samples collected in this study is recognized by EPA’s National Lead
Laboratory Accreditation Program (NLLAP) and by the American Industrial Hygiene
Association’s (AIHA) Environmental Lead Laboratory Accreditation Program (ELLAP), which
is recognized by the NLLAP program as an approved laboratory accrediting organization. The
ELLAP program accredits laboratories performing analysis of lead in environmental samples
including paint, soil, dust wipes, and air. The analysis protocols that the laboratories must follow
will be clearly specified. Any choices that must be made in implementing those protocols will
have to be specified by the laboratory. Laboratory QA/QC manuals will be requested to ensure
that quality procedures are followed.

Copies of all relevant qualifications and certifications will be obtained from appropriate
participants and maintained in files by the PI.

1.7 DOCUMENTATION AND RECORDS

Detailed records will be kept of all field data collection activities. Information to be recorded
includes:

o Site wind speed and direction data for each data of external work activity and
each day of internal work activity, if windows are open;

e Precipitation activity during outdoor work;

o Work level, specific type, and duration of specific RRP activities, including
setting up plastic coverings, conducting cleaning, and conducting cleaning
verification;

e Unit ID, room or side of building, and specific location of samples obtained,

Sample design parameters related to use of plastic covering and cleaning method

for each interior dust wipe and air sample;

Surface type and size of dust wipe samples;

Air sampling locations and air flow rates for each sampler;

Distance of sample locations from work activity;

Location of the decontamination area where booties and other protective gear are

removed when exiting the work area;

Size and location of doorways between interior study rooms;

e Paint lead levels on components undergoing work activity;

e Regular sample and QC sample identification information;

e Chain-of-custody records; and

e Signature and initials of sample collectors.
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If data collectors make or discover errors on their data collection forms, they should cross out the
mncorrect information with a single line, insert the correct information, and add their initials and

the date next to the change. Appendix D contains sample data collection forms.

Records describing sample receipt, handling, and storage will be prepared and maintained by the
designated sample custodian or designee. The documentation will record sample receipt,
problems, or anomalies in the samples or shipment conditions, and will provide a record that
custody records were received for each sample. The documentation will also identify missing
documents or incomplete data.

The laboratory staff will enter all data for sample preparation and analysis into a project record
book designated for that purpose. Entries will be made promptly and legibly in ink and will be
dated, signed, and initiated by the responsible staff member(s). Any deviations from the QAPP
coverning the paint chip, soil, dust wipe, or air sampler analysis procedures will be documented
by providing copies of the changes/deviations and reason(s) for the deviation to all individuals
identified on the distribution list. All error corrections will be made by drawing a single line
through the error, initialing and dating the error, and adding a short explanation for non-obvious
error corrections.

Laboratory staff members will identify and report sample and data collection problems to the
Principal Investigator (PI). Corrective action reports that describe the problem and record how
the problem was resolved will be prepared. Samples or data that are unusable will be identified
and all associated results will be flagged accordingly. Corrective action reports will be
maintained by the Principal Investigator and included as part of the prospective site report. In
cases where samples or data are lost or compromised, the Principal Investigator will immediately
send a copy of the report to the Project Manager who, in turn, will forward it to EPA.

Laboratory results will be returned from the laboratory on paper forms and/or in electronic
spreadsheet files. If necessary, the results including sample identification number and
measurement will be entered into a database at Battelle. The paper forms will be archived and
used in verifying the results entered in the database or in checking the electronic files received
from the laboratory.

QA records from (1) the field audit, laboratory audit, and data audit; (2) any necessary stop work
orders, and (3) laboratory QC samples will be stored with the QA Manager in a secure location
for a period of seven years after the close of Battelle’s contract with EPA. The study PI will
maintain the final version of the QAPP and have responsibility for implementing any necessary
revisions or amendments to the QAPP. Data collection forms will not be included in the final
report made available to the public in order to maintain the privacy of individual property
OWNETS.
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2.0 MEASUREMENT/DATA ACQUISITION

21 SAMPLING PROCESS DESIGN (EXPERIMENTAL DESIGN)

Following the protocols established in the QAPP focused on site selection, Battelle and EPA will
identify, evaluate, and select sites that meet the requirements of the study. The study will seck to
enroll properties in two or three cities and divide work approximately equally between the cities.
The cities most likely to house sites for this study are Columbus, Ohio; Pittsburgh, Pennsylvania;
and Arlington, Virginia. The housing units and COFs selected for interior work will contain
lead-based paint, be vacant, and have three adjacent rooms with one serving as the work room.
Buildings selected for exterior work must also contain lead-based paint and have enough yard
space to allow for data collection around the work area. If possible, the study will utilize
buildings that are scheduled for demolition to eliminate any risk to potential future inhabitants of
these dwellings.

2.1.1 RRP Work Levels, Specific Jobs, and Contractors

The study will find a sufficient number of units so that environmental lead levels associated with
low, medium, and high levels of interior and exterior RRP activity can be characterized. Internal
EPA discussions have identified various activities for low, medium, and high levels of RRP
work. In addition, high dust-generating work practices prohibited for lead abatement work as per
40 CFR 745.227(e) (6) (refer to http://www.epa.gov/docs/fedrgstr/EPA-TOX/1996/August/Day-
29/pr24181DIR/pr-24181.pdf for more information) will be included in the study as they are not
restricted by the proposed rule. The four prohibited jobs listed in 40 CFR 745.227(e) (6) are as
follows:

(1)  Open-flame burning or torching of lead-based paint is prohibited;

(i) Machine sanding or grinding or abrasive blasting or sandblasting of lead-
based paint is prohibited unless used with High Efficiency Particulate Air
(HEPA) exhaust control which removes particles of 0.3 microns or larger
from the air at 99.97 percent or greater efficiency;

(1) Dry scraping of lead-based paint is permitted only in conjunction with heat
guns or around electrical outlets or when treating defective paint spots
totaling no more than 2 square feet in any one room, hallway or stairwell or
totaling no more than 20 square feet on exterior surfaces;

(iv) Operating a heat gun on lead-based paint is permitted only at temperatures
below 1100 degrees Fahrenheit
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Interior work is summarized in Table 2-1. Table 2-2 identifies the various external job types for
each of the three work activities levels. Each enrolled housing unit will receive at least one of
the three levels of RRP work. All jobs must disrupt at least one component having at least 2
square feet of lead-based paint on the surface area. Jobs identified as prohibited by 40 CFR
745.227(e) (6) will be identified by the number (i)-(iv) of the specific restricted work practice.

Table 2-1. Possible Interior RRP Jobs at Three Levels of RRP Work
Low Level Work Medium Level Work High Level Work

Make three cut-outs, each of a 2 foot
or more section of wall with LBP, to
perform plumbing or electrical or
HVAC work, perform the work inside
the wall, and repair and repaint wall,
disturbing approximately 6 ft* of
lead-based paint.

Replace window from inside unit,
disturbing at least 2 ft* of LBP.

Scrape deteriorating LBP from a flat
interior component, scraping 50-75 ft*
of painted surfaces, and repaint the
surfaces which were scraped. (iii)

Scrape or plane 20-40 ft* of LBP from
an interior door, and repaint the
surface from which paint was
removed. (iii)

Remove paint from 75-100 ft* of
lead-based painted components
by using a heat gun over 1100°
Fahrenheit held at one inch or the
distance specified from paint,
and repaint all components from
which paint was removed (iv)

Gut out a kitchen, disturbing 100
ft* or more of lead-based paint.

Table 2-2. Possible Exterior RRP Jobs at Three Levels of RRP Work

Low Level Work

Medium Level ' Work

High Level Work

Replace an exterior door and
doorway, disturbing 25-50 ft*

Replace siding with lead-based paint
on one exterior side of the structure

Remove paint by power sanding or
grinding on at least 100 ft* of lead-based

of lead-based paint.

Replace fascia boards, soffits,
and other exterior trim on one
side of the structure, disturbing
approximately 50 ft* of lead-
based paint.

with vinyl (complete replacement of
the existing siding, not just nailing
over the existing siding), disturbing
at least 100 ft* of lead-based paint.

Remove lead-based paint from
exterior components by dry
scraping, disturbing approximately
100 ft* of lead-based paint, and

paint on exterior wood components on one
side of the structure, and repaint
components from which paint was
removed. (ii)

Remove lead-based paint by torching or
open-flame burning on least 100 ft* of
lead-based paint from brick, concrete,
stone, metal, or wood on one side of the

structure, and repaint areas from which
paint was removed. (i)

repainting areas from which paint
was removed. (iii)

If possible, work activities and levels will be assigned randomly to enrolled housing units;
however, because it is likely that private properties will be enrolled and those properties will be
in need of certain types of work and not others, random assignment of jobs is not a reasonable
expectation. The types of jobs pursued will be contingent upon what property owners allow the
study to conduct within their units. If housing scheduled to be demolished is identified during
site selection and all enrolled units and buildings are going to be demolished, the study should be
able to randomly assign work levels and specific jobs to all units. If only a subset of enrolled
units and buildings are going to be demolished, the study will assign the high and medium level



Study Design and QAPP for RRP Field Study
Section No. 2
Revision No. 0
August 10, 2006
Page 2-3 0f 38
RRP jobs to those units and buildings, so that the low level RRP jobs which generate less dust
are done in units and buildings that will be utilized again in the future.

For each job to be conducted, the order in which the four study phases are implemented for that
job will be randomly determined. The order will be determined once a job is identified for study.
As housing units are enrolled to receive a particular job, the next phase in the predetermined
order will be assigned to that unit.

In order to capture variation between contractors, if specific jobs are replicated (i.e., a full
experiment is run two or more times for a job), the study will hire different contractors to
conduct each replicate, if possible. Also, if contractors are able to work on more than one job,
the study will seek to have them conduct jobs across different activity levels.

2.1.2 Protection/Clean-up Routines Evaluated

Interior Jobs

For each interior work level, the study will evaluate four work area protection/clean-up routines
or phases— all combinations of (1) use of plastic coverings/no use of plastic coverings and (2)
baseline cleaning after work completion/cleaning per the proposed rule after work completion.
Thus, the four protection/clean-up (P/CU) phases are:

1) Use of plastic coverings and cleaning per the proposed rule after work completion
2) Use of plastic coverings and baseline cleaning after work completion
3) No plastic coverings and cleaning per the proposed rule after work completion

4) No plastic coverings and baseline cleaning after work completion

Within each enrolled housing unit, the study will seek to measure the specified work activity
under each of the four P/CU phases. The preferred method for achieving this will be to split the
work activity planned for a room into four phases of equal activity — the 4-Phase/1-room
Approach — and conduct the experiment independently four times so that each experiment
corresponds to one of the four P/CU phases. If the job is unable to be replicated four times in the
same room, the next alternative is to conduct the work across two rooms — applying two of the
four P/CU phases in one room and the other two phases in another room. These two rooms
could be in the same housing unit or in separate units, however, they will have to contain similar
characteristics in terms of paint lead levels in the components undergoing work and room
layouts. The preference for the 4-Phase/2-room approach is to use two rooms in the same unit, if
possible. As a last resort, for jobs with phases that cannot be replicated in one or two rooms, the
study will use a 4-Phase/4-room approach where each P/CU phase is conducted in a different
room. As with the 4-Phase/2-room approach, these rooms could be in the same unit or different
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units but they must present a similar set of components with similar paint-lead levels. The

4- Phase/4-room approach is not optimal due to the increased number of units needing to be
enrolled in the study. The approaches requiring multiple rooms or units to complete a full job
will produce data for which comparability depends on the degree to which similar room layouts
with lead-based paint on the same components can be found. Table 2-3 lists all the possible jobs
with the potential approach for completing that job.

If multiple phases are conducted in the same room as will be the case in the 4-Phase/1-room or
4-Phase/2-room approaches, the three study rooms will undergo a thorough cleaning between
phases and clearance samples will be taken to show that all areas are free of lead hazards. The
4-Phase/1-room approach will require unit cleaning and testing five separate times — prior to
work beginning, between the 1% and 2", 2" and 3™, and 3™ and 4™ phases, and again once all
study activities are completed. This approach will lead to considerable “down-time” and extend
the amount of time required to conduct the full protocol at each housing unit or facility.

Exterior Jobs
For exterior jobs, the primary protection technique under evaluation is the use of a plastic ground

covering. To investigate this, plastic coverings will be set up under an exterior job as required
by the proposed rule with dust collection trays both under and on top of the plastic coverings.
After completion of a job, dust wipe samples will be obtained from the trays on top of and under
the plastic, as well as areas outside the plastic. Thus, the exterior work and associated sampling
will be performed in one phase.

Table 2-3. Possible Interior Jobs and Associated Possible Approaches for
Conducting Experiment

Activity Job Possible
Level ' Approach
Cut out 2 foot+ section of wall, complete plumbing work, and repair and
repaint wall section cut open. Repeat for electrical and HVAC work, for a 4-Phase/4-room
Low | total of three separate cut-outs and repair/repaints.

Replace window from inside house 4-Phase/2 room

Scrape deteriorating lead-based paint from a flat interior component, scraping

50-75 ft* of painted surfaces, and repaint the surfaces which were scraped. 4-Phase/1-room

Medium > — -
Scrape or plane 20-40 ft” of LBP from an interior door, and repaint the A-Phase/2-room

surface from which paint was removed.
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Activity Job Possible
Level _ Approach
Remove paint from 75-100 ft* of lead-based painted components in a room by
using a heat gun at or over 1100 degrees Fahrenheit held at one inch or the 4-Phase/4
distance specified in the instructions from paint, and repaint all components rooms

High from which paint was removed

4-Phase/4
rooms

Gut out a kitchen, disturbing 100 ft* or more of lead-based paint.

Table 2-4 contains a possible distribution of jobs by the various approaches for conducting the
study. The table also provides an estimate of the number of sites that will need to be enrolled.
Under this sample distribution of jobs to approaches, we estimate a need for 30 housing units to
obtain a complete set of experiments for 12 interior jobs. We also estimate the need for 3 COFs
and 6 housing units for exterior work. If we assume that no overlap between the properties used
for exterior and interior work and that the 3 COFs provide sufficient surfaces for both the interior
and exterior work, our estimate for total number of properties needed to complete the protocol is
39 (36 housing units and 3 COFs).

Table 2-4. Estimated Distribution of Work Assignment Approaches and the
Associated Number of Sites Required for the Study

Work Level .. Approach # of Jobs # of Sites
Low 4 Phase/4 rooms (2 per unit) 2 4
(Interior) 4 Phase/2 rooms (same unit) 2 2
Medium 4 Phase/2 rooms (diff. units) 2 4
(Interior) 4 Phase/4 rooms (1 per unit) 2 8
High 4 Phase/4 rooms (2 per unit) 2 4
(Interior) 4 Phase/4 rooms (1 per unit) 2 8
Exterior Work — Housing Units (no overlap w/ interior) 12 6
Sub-Total for Housing Units 24 36
COFs — Interior and Exterior (assume we find 3 sites w/ 6 3
enough rooms to conduct all work)
Grand Total — Estimated Properties 30 39
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The study-impacted areas of participating housing units or COFs is defined as a set of three
rooms — one undergoing the RRP activities, an adjacent room for tool storage, and an
observation room adjacent to the tool storage room. Figure 2-1 depicts a potential layout for an

interior study area.

Work room Tool storage
room

@ :@

Figure 2-1. Proposed layout of study rooms within a prospective housing unit or COF.
The horizontal lines represent doorways or openings connecting the rooms
and the shaded boxes represent windows.

Paint samples will be collected from prospective rooms and exterior sides of prospective units
for laboratory analysis. When paint lead levels are required for the interior of a prospective
housing unit, the protocol will involve collecting one paint chip sample on each of the possible
lead-based paint components in the room, with a duplicate sample on large components such as
walls, ceilings, baseboards, and any other large component that spans the room. For example,
one sample will be taken at 1/3 distance from the start of the component, while the second
sample will be taken at 2/3 distance from the start of the component. Determining exterior paint
lead levels will involve collecting one paint sample on each lead-based paint component on each
side of the house that is a candidate for exterior work, with a second sample collected from large
components. These samples are required to get an accurate measurement of the lead content of
the paint for the data analysis and modeling. To avoid contamination from paint chip sampling,
plastic will be laid down below the area to be sampled, such that it would catch all resulting dust

and debris.

Soil samples will be collected before both interior and exterior work commences to measure the
potential track-in contamination during work (interior) and background lead contamination of the
property (exterior), as well as after the exterior work has been completed. For exterior work,
dust collection trays will also be set up and samples collected prior to commencing work to

determine the background dust lead levels in the ambient air.
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specified by site- and job-specific sampling plans which will specify the numbers and locations
of samples for each job and site. Within the adjacent rooms, the sampling locations will also be
given in the site- and job-specific sampling plan. The window sill samples from within the work
room should be taken from the window closest to the work area, as long as the window sill is
available for sampling throughout the course of the work, i.e. it is not undergoing work itself. If
two windows are available for sampling, they can both be used for sampling purposes, if
necessary, to accommodate the number of samples required with the size of the window sill,
considering that the same location may not be sampled more than once during a specific job. If
window sills are badly damaged or missing, a dust collection tray may be placed near the
window for an alternate sample.

Air samples will also be collected as part of this study. For interior work, indoor air samples will
be taken. Air samplers will be placed on a tripod approximately five feet off the ground so as to
approximate levels of dust lead available to be inhaled. For both interior and exterior work,
personal air monitoring will be used in order to assure compliance with OSHA requirements; the
results will not be analyzed as part of the study, however.

For exterior work, there are nine dust wipe sampling locations — three on top of the rule plastic
coverings, three in corresponding positions underneath the rule plastic coverings, and three near
but off of the rule plastic on top of the protection plastic. Data collectors will set up dust
collection trays at the nine locations prior to the work commencing as contractors are setting up
the plastic containment. Dust wipe samples will be taken from each tray following completion
of the work.

21.4 Sample Size

Current plans call for the study to conduct 12 interior jobs at housing units and 3 interior jobs at
COFs and, similarly, and 12 exterior jobs at housing units and 3 exterior jobs at COFs. For
interior work, the protocol requires collection of at least four floor dust wipe samples and one
window sill dust wipe sample from the work room and two floor dust wipe samples and one
window sill dust wipe sample from the other two study rooms at each stage of clean-up. The
work room will have four stages of clean-up — post-work, post-cleaning, post-wet cloth cleaning
verification, and post-dry cloth cleaning verification. The two other study rooms will only have
three sampling stages - post-work, post-cleaning, and post-verification. This set of samples will
be gathered for each P/CU phase within each clean-up stage. Table 2-5 provides a detailed
accounting of the number of interior dust wipe samples that will be collected from the work
room for the 12 housing units. For each work activity level (low, medium, and high), the study
will obtain 64 floor samples and 16 sill samples at each stage of clean-up resulting in 256 floor
samples and 64 sill samples for each work activity level and a total of 768 floor samples and 192
sill samples within the work room. This same dust wipe collection protocol (except for the post-
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samples and 64 sill samples for each work activity level and a total of 768 floor samples and 192
sill samples within the work room. This same dust wipe collection protocol (except for the post-
wet cloth sampling stage) will be followed in each of the three study rooms. In the observation
room and tool room, however, only two floor wipe samples will be taken after each stage.

Table 2-5. Number of Interior Dust Wipe Samples Planned for Collection in Work

Room for Housing Units

Sampling| Use of | Cleaning Low (4) Medium (4) High(4) Total (12)
Stage | Plastic | Method | job1 (2) |Job2 (2) | Jobl (2) |Job2 (2) [ Jobl (2) [Job2 (2) ,
ve, | Bascline |8F,2S |8F,2S|8F,25 |8F,28|8F,25|8F,2S |24 Floor, 12Sill
Post- Rule |8F,2S|8F,2S|8F,2S|8F2S|8F,2S|8F,2S |24Floor, 12 Sill
work N | Baseline |8F,2S | 8F,2S |8F,2S | §F.28 8F,2S|8F,2S |24 Floor, 12 Sill
Rule |8F,2S|8F,2S|8F,2S|8F,2S|8F,2S|8F,2S |24 Floor, 12 Sill
Post-work Sub-total 64 Floor, 16 Sill | 64 Floor, 16 Sill | 64 Floor, 16 Sill |192 Floor,48 Sill
yoo | Bascline |8F,28 | 8F,25|8F, 25 |8F,2S|8F,2S|8F,2$ |24 Floor, 12Sil
Post- Rule |8F,2S|8F,2S|8F,2S|8F,2S|8F,2S|8F, 2§ |24Floor, 12 Sill
cleaning N, | Baseline | 8F,2S |8F,2S | 8F,2S |8F,2S | 8F,25 | 8F.2S | 24 Floor, 12 Sill
Rule (8F,2S|8F,2S|8F,2S|8F,2S|8F,2S|8F,2S |24Floor, 12 Sill
Post-cleaning Sub-total | 64 Floor, 16 Sill | 64 Floor, 16 Sill | 64 Floor, 16 Sill | 192 Floor,48 Sill
o, |Bascline |8F,2S |8F,2S|8F,2S |8F,2S|8F,2S | 8F,2$ | 24 Floor, 12 Sil
P‘;Slg:;et Rule [8F,2S|8F,2S|8F,2S|8F,2S|8F,2S|8F,2S |24 Floor, 12 Sill
verif. N, | Beseline | 8F,28 |8F,2S |8F,2S | 8F,25 | §F,25 | §F.2 |24 Floor, 12 Sill
Rule |8F,2S|8F,2S|8F,2S|8F,2S|8F,2S|8F,2S |24 Floor, 12 Sill
Post-wet cloth verif. Sub-total | 64 Floor, 16 Sill | 64 Floor, 16 Sill | 64 Floor, 16 Sill |192 Floor,48 Sill
e, |Bascline |8F,28 |8F,25|§F,2S |8F,2S|8F,2S | 8F,2§ |24 Floor, [2Sil
PZ?;'&YY Rule [8F,2S|8F,2S|8F,2S|8F,2S|8F,2S|8F,2S |24 Floor, 12 Sill
verif. N | Baseline |8F.2S |8F,2S | §F,2S |8F,2S|8F,25 | 8F. 2§24 Floor, 12 Sill
Rule [8F,2S|8F,2S|8F,2S|8F,2S|8F,2S|8F,2S |24 Floor, 12 Sill

Post-dry cloth verif. Sub-total | 64 Floor, 16 Sill | 64 Floor, 16 Sill | 64 Floor, 16 ill | 102 0043
Total 256 Flioor 256 Fl_oor 256 Flloor 768 Flgor
64 Sill 64 Sill 64 Sill 192 Sill

For purposes of calculating the number of interior air samples to be collected, an assumption is
made that one sample is collected during each of the first two sampling stages and another one
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covering both cleaning verification stages. This protocol will occur in each of the three study
rooms, so that each experiment results in nine air samples (3 rooms x 3 stages) or 36 across the
four phases for a single job. For the purposes of calculating the number of personal exposure
samples for interior jobs, an assumption is made that one sample is collected during each
sampling stage. For exterior work, one personal air sample is collected while work is taking
place. Table 2-6 summarizes the total number of environmental samples that will be collected,
excluding those collected for clearance purposes.

Table 2-6. Total Number of Environmental Samples — Other Than Clearance

Samples
. » ' Hallway or InRelation to Plastic || -7
Building Work | “Tool | Obs: . T e B = e
Type Sample TYPe | Area | Roomi|Room Adj. Exterior | Ontop | Under |-Near: |+ :vTOt_a_lf :
Rooms/Exterior e s
Floordust | 96¢ | 285 | 288 144 . 36 | 36 | 36 | 1,59
wipe
Sill dust wipe | 192 144 | 144 - - - - - 480
Housing | Indoor Air | 144 | 144 | 144 - - - - - a3
Units | Personal Air | 144 - - - 12 - - - 156
(12) Background i ) ) ) 36 ) i ) 36
Dust
Soil Samples - - - 288 72 - - - 360
Paint Chips | 240 - - - 60 - - - 300
Floordust | 155 | 75 | 72 36 i 9 o | 9 | 399
wipe
Sill dust wipe | 48 36 36 - - - - - 120
Indoor Air 36 36 36 - - - - - 108
Cgfs Personal Air | 36 | - | - i 3 - - - 39
Background
Dust ) i i i ? ) ) i ?
Soil Samples - - - 72 18 - - - 90
Paint Chips 60 - - - 15 - - - 75
Total 1,860 | 720 | 720 540 225 45 45 45 4,200

During site preparation and site clean-up activities, additional dust wipe samples will be gathered
following the pre-experiment (initial clearance) and post-experiment (final clearance) cleanings
for interior jobs to ensure (1) that each phase of work is beginning in a clean environment and
(2) that housing units and buildings do not contain any lead hazards when work is completed.
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clearance sampling. For purposes of estimating the number of samples obtained from this
process, we estimate that the sampling protocol following a full cleaning of study impacted areas
will involve collection of five dust wipes (4 floor, 1 sill) in the work room and three dust wipes
(2 floor and 1 sill) in the tool and observation rooms plus three additional samples in hallways or
other areas impacted by the study, for a total of 14 samples. Because more than one experiment
may take place in the same unit, there may be some overlap between (1) and (2). For example,
in the 4-phase/1-room approach, pre-experiment cleaning and sampling is required four times
and post-experiment cleaning and sampling is required only once at the end. Thus, at a
minimum, this may require an additional 70 dust wipe samples per job (14 samples times 5
cleanings) or 840 across a full study with 12 total housing units. Since additional samples will
be required to re-test if any areas fail clearance, it is assumed that 25 re-tests will be required.
For planning purposes, the estimated distribution of approaches in Table 2-4 is used to estimate
the number of cleanings and associated cleaning samples required, which results in an estimate
of 86 pre- and post- experiment cleanings over a total of 30 housing units and a total of 1,204
samples. Considering the assumed number of wipes for re-tests, the total estimated number of
dust wipe samples related to pre- and post-experiment clearance is 1,229.

2.1.5 Detailed Sampling Protocol

All samples will be labeled following a standard sample identification protocol. The SamplelD
1s composed of a series of codes representing UnitID-Experiment-Sample room/wall-Stage and
Type-Sample number and will be in the format UUU-EE-RRR-SST-##. UnitID is the
combination of one letter and two digits uniquely assigned to each unit involved in the study.
The letter is either H for housing unit or C for COF. The experiment number is a unique
indicator of the room that the work is being performed in and the phase of containment/cleaning
being used. Sample room/wall is the room/wall from which the sample is obtained. Stage is a
three letter code with the first two letters representing the stage (post-work, post-cleaning, post-
wet cloth cleaning verification, or post-cleaning verification), and the final letter representing the
type of sample (floor dust wipe, sill dust wipe, paint chip, ambient air sample, personal air
sample, soil sample, or one of the three exterior dust wipe locations). Sample number is a 2-digit
number identifying the sample.

2.1.5.1 Interior Jobs
2.1.5.1.1 Pre-Experiment Sampling
Prior to the start of an experiment, paint chip samples will be collected to evaluate the lead

concentrations of each of the components in a unit. The paint chip samples should measure
approximately 2” by 2”, and will be collected from prospective rooms and exterior sides for



Study Design and QAPP for RRP Field Study
Section No. 2
Revision No. 0
August 10, 2006
Page 2-11 of 38
laboratory analysis. The protocol will involve collecting one paint chip sample on each of the
possible lead-based paint components in the room, with a duplicate sample on large components
such as walls, ceilings, baseboards, and any other large component that spans the room. For
example, one sample will be taken at 1/3 distance from the start of the component, while the
second sample will be taken at 2/3 distance from the start of the component. To avoid
contamination from paint chip sampling, plastic will be laid down below the area to be sampled,
such that it would catch all resulting dust and debris.

In addition, three composite soil samples will be collected (see 2.2.5) to estimate potential track-
in of lead from exterior sources and spread of dust to the exterior. The three samples will be
taken from bare soil nearest to (1) the entryway to the building used by the workers, (2) the
walkway from the entryway to the street, and (3) a window closest to the work area.

2.1.5.1.2 Prepare a Housing Unit or COF

When work is able to begin in the interior of a property, study personnel will identify the three or
more rooms that will serve as one of the three study rooms (work and two observation rooms),
any hallways or adjacent rooms that will be passed through in traveling from entrances to the
study rooms, and any other rooms needed for ventilation or other reasons, such as a bathroom.
Technicians will block off all other areas of the unit using plastic coverings. Technicians will
look to cover access points such as doorways and stairways, which can be more easily sealed off.
The plastic will be attached to these access points using duct and masking tape so that a tight seal
is obtained.

Technicians will also seal all air vents in floors, walls, or ceilings in any of the areas impacted by
the study, including any rooms in which work is to be performed. The air vents will be sealed
with plastic tightly attached to the surface with masking tape. Note that hallways connecting the
entrance and the work rooms will not be covered with plastic coverings. The protocols for
exiting the work room call for cleaning off debris and removing booties or protective suits prior
to leaving the work room.

Because the windows in the work room will be closed and air vents will be sealed off, the
interior temperature may become a problem for workers. If the temperature in the house is
above 80 degrees Fahrenheit, study personnel may install a window air conditioning unit in one
of the non-work rooms which will serve as a cool-down room to prevent contractors or study
personnel from overheating. Most likely, worker safety will be insured by instituting a 2-hour
work, 15-minute water-break plan that may be adjusted by the site supervisor based on the
working conditions. The buddy system will also be in place to minimize the risk of heat
exhaustion. All study personnel will receive training on recognizing the signs of heat
exhaustion. If the site supervisor determines that 2-hour work times are insufficient to protect
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worker safety, breaks will be required more frequently. Other types of mobile air cooling
devices will be investigated to determine if there are other feasible options for keeping the unit
cool on high temperature days.

2.1.5.1.3 Clean a Unit to Acceptable Clearance Levels

Prior to beginning work in a property, a thorough cleaning will be conducted by a lead abatement
firm with experience cleaning after lead abatement activities in accordance with Chapter 14 of
the HUD Guidelines, Clearance, included as Appendix G. The study will clean areas impacted
by the study, but not those sealed off from the impacted areas. All surfaces will be cleaned —
floors, walls, window sills, etc. The initial cleaning will include vacuuming all areas with a
HEPA vacuum, followed by wet washing, and a final cleaning with the HEPA vacuum. Chapter
14, Section III details the cleaning methods and procedures. The wet washing step will use
detergent with a high phosphate content [at least 5 percent trisodium phosphate (TSP)]. If local
and state rules do not permit the use of TSP, an all-purpose cleaner or a cleaner specific for lead
will be used.

The licensed clearance technicians hired by the study will follow an approved sampling plan for
conducting clearance testing. If the clearance testing protocol is flexible, the study will request
that five dust wipes (4 floor, 1 sill) be obtained by the person or organization performing the
cleaning from the work room and three dust wipes (2 floor and 1 sill) obtained from the tool and
observation rooms plus three additional samples in hallways or other areas impacted by the
study. Samples collected for clearance purposes will be sent to the laboratory for analysis with
24-hour turnaround time or less. If lead is no more than the reporting limit of the lab, or 25% of
the levels of 40 ug/ft* on floors and 250 pg/ft* on window sills, whichever is higher, declare the
room clean.

2.1.5.1.4 Set up the Experiment (including Work Area Containment)

Once the unit is cleaned, the work area will be set up. In order to protect the public, under
proposed § 745.85(a)(1), work areas will be clearly defined with signs warning occupants — and
other persons not involved in renovation activities — to remain outside of the work area. These
signs will be posted by the site supervisor before beginning the renovation and will remain in
place until the renovation has been completed and the work area has been verified to have been
adequately cleaned. Depending on the predominant languages of the area residents, these signs
may be posted in multiple languages. Neighbors will be provided notices informing them of the
study.

If the interior P/CU phase to be implemented involves containment, plastic coverings will be set
up in the work room according to the proposed rule included in Appendix B so that no visible
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dust or debris leaves the work room while the renovation is being performed. The main parts of
the interior containment protocol are:

e Remove or cover all objects in the work area.

e If windows are being replaced from the inside, tape plastic to the outside of the
window frame so that no debris can fall to the ground outside the window. If
necessary, use a ladder from the outside of the house to tape up the plastic. Lay out
plastic on the ground under the window and set a dust collection tray in the middle.

¢ Close and seal all doors into the work room. Cover all doors within the work area
that must be used while the job is being performed with plastic sheeting in a manner
that allows workers to pass through, while confining dust and debris to the work area.

e Cover the entire floor surface with taped-down plastic sheeting in the work room; if
more than one sheet is required, tape sheets together to prevent dust and debris from
falling underneath plastic.

¢ No plastic sheeting is required to be laid down in the hallways or adjacent rooms
outside the work room.

For the interior phases or routines that call for no use of containment, any furniture and objects in
the work room that might be impacted by dust or are not cleanable will be removed from the
room prior to the work.

Once the interior work room is ready for work to begin, study technicians should set up the air
samplers in the three study rooms. The sampler in the work room should be set up away from
the immediate work area so that it does not get in the way. The air samplers in the two adjacent
rooms should be set up approximately in the middle of the room to represent air quality
throughout each room. Field technicians should start the air samplers when the contractors are
ready to begin work. The technicians should also have a personal exposure monitor fitted and
ready for use by one of the contractors.

2.1.5.1.5 Set up Decontamination Area

Mark off an area of the work room by the exit with masking tape, if possible, to serve as the
decontamination area where workers remove and dispose of booties, protective suits, and brush
off debris. If the location or extent of the work in the room makes it difficult to perform these
activities in the work room, the decontamination area should be set up immediately outside the
work room. In that case, the area in that adjacent room (the hallway or tool storage room) would
also be covered with plastic sheeting.

A second decontamination area will be set up just outside the main entrance to the unit. This
area will be equipped with tack paper to clean off the bottom of all study personnel’s shoes to



Study Design and QAPP for RRP Field Study
Section No. 2
Revision No. 0
August 10, 2006
Page 2-14 of 38
prevent lead being taken with them. Personnel will also brush off any debris left over on tools,
clothing, or the exterior of waste containers.

2.1.5.1.6 Conduct the RRP Work Activity

The hired RRP contractor(s) will enter the property, set up their equipment and work space, and
conduct their job as they normally would, within the specifications of the study. A technician
will turn the personal exposure monitor on for the designated contractor. Contractors and study
personnel will follow the appropriate OSHA and other guidelines regarding safety precautions
specified in the study and site-specific health and safety plans. For example, all contractors and
study personnel will wear protective clothing and footwear and half- or full-mask respirators.
The study training manuals will contain directions on proper use of personal exposure monitors,
respirators, and protective clothing as well as further details on environmental health and safety
procedures.

The following steps must be followed EACH time study personnel leave the work room:

e While standing in the decontamination area, slowly roll down Tyvec suit, careful to
trap all dust and debris in the suit. Place suit in heavy duty garbage bag.

e Remove disposable booties and place in heavy duty garbage bag.

e Vacuum the exterior of the respirator using a HEPA Vac. Place respirator in
designated storage area.

e Immediately wash hands and face with soap and water.

e If the contractor is equipped with the personal exposure monitor, the monitor will be
removed and placed on designated shelf or hook within the work room before
removing Tyvec suit.

2.1.5.1.7 Obtain Post-Work Environmental Samples

Following job completion, the field technician will turn the personal exposure monitor off for the
designated contractor, collect the sample, store and label appropriately. All study personnel will
wait one hour to allow dust to settle from the activity. Subsequently, the list of sampling
activities below will commence.
e The air samplers in each of the three study rooms will be turned off and the filter
removed, stored in the appropriate container, and labeled.
e Obtain four 1 ft* floor dust wipe samples. The location of the samples to be collected
will be specified in the job-specific sample plans.
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e Obtain one 3” by 6” window sill dust wipe sample from a window within five feet of the
work area, if possible, or from the nearest available window to the work area.

e Obtain two 1 fi* floor dust wipe samples and one 3” by 6”” window sill sample from each
of the two adjacent rooms. Again, the location of the samples to be collected will be
specified in the job-specific sample plans. Label these appropriately so that they are
identifiable as post-work samples.

e Insert new filters in all air samplers and restart when contractors are ready to begin the
cleaning stage.

2.1.5.1.8 Take Down Containment

Once post-work environmental samples are collected, the contractors will take down, wrap up,
and place the plastic sheeting serving as containment in a garbage bag. They will not take off the
plastic covering vents and blocking off non-study areas at this point. Also, the sheeting isolating
the work room from the other areas of the unit must remain in place until all cleaning activities
have been completed. First, contractors should wrap up the plastic covering surfaces in the work
room in a manner that traps debris within the plastic by misting the plastic and folding it inward.
The folded up plastic should be inserted in heavy-duty plastic bags before being removed from
the work room. The contractors will close the bags tightly to ensure that no dust or debris
escapes and the technician will dispose of these according to state and local regulations.

2.1.5.1.9 Perform Post-work Cleaning (Baseline and Proposed Rule Methods)

During the post-work cleaning, a designated contractor will wear a personal exposure monitor.
The field technician will turn the personal exposure monitor on before cleaning activities begin.

Contractors will be instructed to follow one of two cleaning methods — a baseline cleaning or the
proposed rule cleaning. For a baseline cleaning effort at the completion of a job, the contractor
will sweep the entire work room with a broom and dustpan to collect all large pieces of debris.
Subsequently, the contractor will vacuum the work area with a Shop Vac-type vacuum supplied
by the study. The standard vacuum used will be a Shop-Vac brand 10-gallon, 4 HP wet/dry
vacuum, which will be made available to all contractors.

For the rule cleaning, the contractor will follow the guidelines detailed in the proposed rule to
clean the entire work room. The HEPA-vacuum that will be used for the rule cleaning is an
Electrolux Aptitude vacuum (true HEPA and beater bar-equipped), or comparable equipment.
Initially pick up all paint chips and debris with a damp cloth, and then:
1) Clean all walls starting from the ceiling and working down to the floor. The walls will
be vacuumed with a vacuum equipped with a HEPA filter. As noted, painting will not
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occur until after cleaning activities are completed; thus, there will be no need to wait
for the paint to dry before cleaning the walls.
11) Thoroughly vacuum all remaining surfaces and objects in the work area, including
floors, and any fixtures, with a HEPA-vacuum.
iit) After vacuuming, wipe all surfaces and objects in the work area, except for walls and
upholstered surfaces, with a damp cloth.
1v) Thoroughly mop floors using a 2-bucket mopping method that keeps the wash water
separate from the rinse water.

If containment was used in the experiment, after completion of all appropriate cleaning activities,
the plastic covering the door separating the work room from the other areas of the unit may be
taken down by misting, carefully folding the plastic and placing it in a heavy duty garbage bag.

2.1.5.1.10 Obtain Post-Cleaning Environmental Samples

Following completion of the cleaning routine, the field technician will turn the personal exposure
monitor off for the designated contractor, collect the sample, and store and label it appropriately.
All study personnel will wait one hour to allow any dust to settle from the activity.
Subsequently, the list of sampling activities below will commence.

e The air samplers in each of the three study rooms will be turned off and the filter
removed, stored in the appropriate container, and labeled.

e Obtain four 1 ft* floor dust wipe samples. The location of the samples to be collected
will be specified in the job-specific sample plans.

e Obtain one 3” by 6” window sill dust wipe sample from a window within five feet of the
work area, 1f possible, or from the nearest available window to the work area.

e Obtain two 1 ft* floor dust wipe samples and one 3” by 6” window sill sample from each
of the two adjacent rooms. Again, the location of the samples to be collected will be
specified in the job-specific sample plans. Label these appropriately so that they are
identifiable as post-work samples.

e Insert new filters in all air samplers and restart when contractors are ready to begin the
cleaning stage.

2.1.5.1.11 Perform Cleaning Verification

During the cleaning verification stage, a designated contractor will wear a personal exposure
monitor. The field technician will turn the personal exposure monitor on before verification
activities begin.

Once all post-cleaning samples are collected, the contractor will start the cleaning verification
process. Following are the main steps involved in the cleaning verification process, as detailed
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in the rule. Refer to Figures 2-2 and 2-3 for windowsill and floor verification processes,
respectively. The field technician will record the time that all cleaning verification processes
start and end. Field technicians will video record a sample of approximately six cleaning
verification processes, one for each job.

Interior Windowsills:
Wipe each interior windowsill in the work room with a wet disposable cleaning cloth (all wet
cloths used in the post-renovation cleaning verification process must be at least damp to the
touch, and must remain so during the process). Compare the cloth to the WET cleaning
verification card (Figure 2-4), after wiping each windowsill with a wet cloth.
(a) If the cloth matches the card, that windowsill has passed the post-renovation cleaning
verification.
(b) If the cloth does not match the card, that windowsill must be re-cleaned in accordance
with proposed § 745.85(a) (4) (i1).

Wipe the windowsill with a new wet cloth, or the same one folded so that an unused surface is
exposed, and compare it to the cleaning verification card after the windowsill has been re-
cleaned. If the cloth matches the card, that windowsill has passed. If the cloth does not match
the card, the windowsill must be re-cleaned again and left to dry. The study technicians will take
one 3” by 6” post-wet verification windowsill dust wipe sample according to the job- and site-
specific test plan before the contractors proceed with the re-cleaning and dry verification process.

Wait for one hour after the surface has been re-cleaned or until the surface has dried, whichever
1s longer. Wipe the windowsill with a dry disposable cleaning cloth and compare it to the DRY
cleaning verification card (Figure 2-5). These steps must be repeated until a dry cloth, or a
folded section of a dry cloth that has wiped the windowsill matches the cleaning verification
card, or up to four dry cloth wipings, whichever comes first. At that point, that windowsill has
passed the post-renovation cleaning verification process. Each windowsill in the work room
must pass the post-renovation cleaning verification process before proceeding to the floor
verification step.

Floors:

The technicians will have the floor taped off into zones that are less than 40 ft* in area,
representing sampling and verification zones (see Section 2.2.2 for more information). Wipe
each zone of the floor in the work area with a wet disposable cleaning cloth after the windowsills
in the work area have passed the post-renovation cleaning verification. Wiping of floors must be
done with an application device consisting of a long handle and a head to which the wet cloth is
attached. The wet cloth must remain at least damp to the touch throughout this process, thus the
zones are limited to an area of less than 40 ft*.
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Wipe a particular zone of floor. If the wet cloth matches the WET cleaning verification card
(Figure 2-4), that zone has passed the post-renovation cleaning verification. If the wet cloth does
not match the cleaning verification card after the first wiping of a zone, the surface of that zone
of the floor must be re-cleaned in accordance with proposed § 745.85(a)(4)(ii). After re-
cleaning, wipe that zone of the floor again using a new wet cloth. If the wet cloth matches the
cleaning verification card, that zone of the floor has passed. If the wet cloth does not match the
verification card, that zone of the floor must be re-cleaned as directed in proposed § 745.85(a)
(4) (ii) and left to dry. The study technicians will take one 1 ft* post-wet verification floor dust
wipe samples from the zone of the floor that has failed according to the job- and site-specific test
plan before the contractors proceed with the re-cleaning and dry verification process.

For those zones of the floor that did not achieve post-renovation cleaning verification using the
wet cloths, the contractor must wait for 1 hour after the floor has been re-cleaned or until the
floor has dried, whichever is longer. Wipe those zones of the floor with a dry disposable
cleaning cloth and compare it to the DRY cleaning verification card (Figure 2-5). This wiping
must also be performed using an application device with a long handle and a head to which the
dry cloth 1s attached. This process must be repeated until a dry cloth that has wiped all of the
zones of the floor that have not yet passed verification matches the cleaning verification card or
up to four dry cloth wipings, whichever comes first After all windowsills and floors have
passed cleaning verification, the field technicians will proceed to post-verification sampling.
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Figure 2-2. Cleaning verification process for windowsills.
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Figure 2-3. Cleaning verification process for floor zones.
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Figure 2-4. Verification card used for matching with WET verification cloths.
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2.1.5.1.12 Obtain Post-Cleaning Verification Environmental Samples

Study personnel will collect the post-cleaning verification environmental samples.

e The air samplers in each of the three study rooms will be turned off and the filter
removed, stored in the appropriate container, and labeled.

e Obtain four 1 ft* floor dust wipe samples. The location of the samples to be collected
will be specified in the job-specific sample plans.

e Obtain one 3” by 6” window sill dust wipe sample from a window within five feet of the
work area, if possible, or from the nearest available window to the work area.

e Obtain two 1 ft* floor dust wipe samples and one 3” by 6” window sill sample from each
of the two adjacent rooms. Again, the location of the samples to be collected will be
specified in the job-specific sample plans. Label these appropriately so that they are
identifiable as post-work samples.

e Take down all of the air samplers, pack them appropriately, and remove them from the
unit.

After collection of the cleaning verification samples from the three study rooms and after the
renovator leaves the site, the technicians will collect three additional 1 ft* floor dust wipe
samples from a hallway connecting the study rooms to an entrance. This should be a hallway or
path used by the contractors to transit between the entrance and the work room. These samples
will be used to investigate differences in transported dust among various protection and cleaning
routines.

In addition, three composite soil samples will be collected (see section 2.2.5). The three samples
will be taken from bare soil nearest to (1) the entryway to the building used by the workers, (2)
the walkway from the entryway to the street, and (3) a window closest to the work area without
overlapping the samples taken during pre-experiment sampling.

2.1.5.1.13 Perform Post-Experiment Full Study Area Cleaning and Sampling

Following completion of all sampling activities for a single experiment in a housing unit that will
undergo a subsequent job, a cleaning crew will re-clean all areas of the unit impacted by the
study following the procedures detailed in Section 2.1.5.2. The plastic sheeting protecting the
parts of a housing unit not impacted by the study will be left in place. At the completion of the
cleaning activities, one dust wipe sample will be obtained by a certified inspector/risk assessor or
clearance technician from all impacted rooms to determine if dust lead levels are below clearance
levels. Technicians will store and label these samples and ship them immediately to the
laboratory for analysis. If all samples are below the reporting limit of the lab, or 25% of the
clearance levels, whichever is higher, the property is ready to be re-used for the study. If one or
more samples achieve dust lead levels over the reporting limit of the lab, or 25% of the
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associated clearance level, whichever is higher, the area that the sample was taken from will
undergo re-cleaning. Following re-cleaning, another clearance sample will be obtained and re-
analyzed.

2.1.5.1.14 Conduct Full House Post-Study Cleaning and Sampling

Following completion of all study activities in a housing unit, a cleaning crew will re-clean all
areas of the unit impacted by the study following the procedures detailed in section 2.1.5.2.
Subsequently, the plastic sheeting protecting the parts of a housing unit not impacted by the
study should be taken down. The cleaning crew then will clean the remaining parts of the house
following the same protocol. At the completion of these activities, one floor dust wipe and one
window sill sample will be obtained by a certified inspector/risk assessor or clearance technician
from all rooms in a housing unit to determine if dust lead levels are below clearance levels in all
rooms. Technicians will store and label these samples and ship them immediately to the
laboratory for analysis. For the final clearance, if all samples are below clearance, the property
is ready to be vacated of all study activities. If one or more samples achieve dust lead levels over
the clearance level, the area that the sample was take from will undergo re-cleaning. Following
re-cleaning, another clearance sample will be obtained and re-analyzed.

2.1.5.2  Exterior Jobs
2.1.5.2.1 Pre-Experiment Sampling

Prior to setting up the plastic, technicians will obtain three composite soil samples (see section
2.2.5). If the surface is grass covered, the samples will be soil cores. If the surface is dirt
covered, the scoop method of soil sampling will be used. If the surface is man-made, dust wipe
samples will replace these pre-work soil samples. The three locations of the soil samples are as
follows:

e Near the foundation of the housing unit/COF within the area to be covered by the rule
plastic.

e At the back edge (furthest from the housing unit/COF) of the rule plastic.

e At the back edge (furthest from the housing unit/COF) of the containment plastic.

Three dust trays will also be set out prior to work commencing, to evaluate the background level
of dust in the air. This will help determine if there is any cross-contamination from other sources
in the work area. Technicians will take one 1 ft* dust sample from each of the three trays.
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2.1.5.2.2 Prepare a Housing Unit or COF

In order to protect the public, under proposed § 745.85(a)(1), work areas will be clearly defined
with signs warning occupants — and other persons not involved in renovation activities — to
remain outside of the work area. These signs will be posted by the site supervisor before
beginning the renovation and will remain in place until the renovation activity has been
completed. Depending on the predominant languages of the area residents, these signs may be
posted in multiple languages.

Either study technicians or a sub-contracted organization will set up containment for the
purposes of protecting the property and surrounding properties from contamination. This
“protection containment” will include a large area of plastic covering the ground, and may
contain vertical containment up to the height of the work.

Study technicians will set up a weather station as close to the work area as possible without
being in the way of the workers. The devices will be set up on the same side of the building as
the work. In cases where work occurs on the corner of a building, the wind measurement
devices should be installed so as to measure the wind at that corner, which might differ from the
wind along the side of the building.

The technicians should also have a personal exposure monitor fitted and ready for use by one of
the contractors.

2.1.5.2.3  Set up the Experiment (Including Work Area Containment)

For exterior jobs, all jobs will have a rule containment area set up by the contractors, which
involves laying down plastic sheeting on the ground under the work on the exterior of the
building. For the purpose of this study, the ground is considered to be the protection
containment set up by field technicians. Three dust collection trays will be set up in the area that
will be covered by the plastic prior to it being laid down. Subsequently, the plastic sheeting will
be laid down on the ground covering the trays. The containment protocol includes:

» The plastic will extend out from the edge of the building a sufficient distance to
collect falling paint debris.

e The plastic will be secured to the house using duct tape and weighted down on all
sides with heavy objects such that a gust of wind will not disturb the dust and debris
on the plastic due to movement of the plastic.

» Close all doors and windows within 20 feet of the outside of the work area on the
same floor as the renovation.

e Close all doors and windows on the floors below that area.
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e Cover doors within the work area (that must be used while the job is being
performed) with plastic sheeting in a manner that allows workers to pass through
while confining dust and debris to the work area.

e Where other buildings are in close proximity to the work area, or where the work area
abuts a property line, take extra precautions in containing the work area to ensure that
dust and debris from the renovation does not contaminate other buildings or migrate
to adjacent property.

Dust collection pans will then be placed by study technicians on top of and near the rule plastic
covering.

2.1.5.2.4 Set up Decontamination Area

The field technician will set up a decontamination area, where all study personnel will remove
and dispose of their protective suits and booties, and remove all dust and debris from tools and
supplies. For exterior experiments, this decontamination area will be located on the protection
(extended) plastic, far enough off of the rule plastic as to not contaminate the data, and far
enough from the edge of the extended plastic so that the grass or surrounding ground is not
contaminated, either. Privacy will be taken into consideration if study personnel must change
their clothing; in that case a tent or partial enclosure will be erected with plastic sheeting used as
a floor and a pathway from the work area to the changing area.

2.1.5.2.5 Conduct the RRP Work Activity

The hired RRP contractor(s) will enter the property, set up their equipment and work space, and
conduct their job as they normally would, within the specifications of the study. A technician
will turn the personal exposure monitor on for the designated contractor. Contractors and study
personnel will follow the appropriate OSHA and other guidelines regarding safety precautions,
as specified in the study and site-specific health and safety plans. For example, all contractors
and study personnel will wear protective clothing and footwear and half- or full-mask respirators.
The study training manuals will contain directions on proper use of personal exposure monitors,
respirators, and protective clothing as well as further details on environmental health and safety
procedures

The following steps must be followed EACH time study personnel leave the work area:

e While standing in the decontamination area, slowly roll down Tyvec suit, careful to
trap all dust and debris in the suit. Place suit in heavy duty garbage bag.

e Remove disposable booties and place in heavy duty garbage bag.
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e Vacuum the exterior of the respirator using a HEPA Vac. Place respirator in
designated storage area.

e Immediately wash hands and face with soap and water.

e If the contractor is equipped with the personal exposure monitor, the monitor will be
removed and placed on designated shelf or hook within the work area before
removing Tyvec suit.

2.1.5.2.6 Obtain Post-Work Environmental Samples

For the exterior work, following the one-hour wait after job completion, the field technicians will
first obtain the dust-wipe samples from the dust collection pans that are on top of the rule plastic
sheeting. Subsequently, the technician will have the contractor mist and fold the plastic sheeting
inward to trap dust and debris inside. The contractor will then insert the plastic in a heavy duty
garbage bag and the technician will dispose of it according to state and local regulations. Next
they will obtain the dust wipe samples from the pans under the rule plastic. Lastly, the
technicians will obtain the dust-wipe samples from the trays that were placed near the rule
plastic.

After work is completed, technicians will obtain three composite soil samples (see 2.2.5). If the
surface is grass covered, the samples will be soil cores. If the surface is dirt covered, the scoop
method of soil sampling will be used. If the surface is man-made, dust wipe samples will replace
these pre-work soil samples. The three locations of the soil samples are as follows:

e Near the foundation of the housing unit/COF within the area to be covered by the rule
plastic.

e At the back edge (furthest from the housing unit/COF) of the rule plastic.

e At the back edge (furthest from the housing unit/COF) of the containment plastic.

The samples must not overlap with those taken during pre-experiment sampling.
2.1.5.2.7 Tear Down Containment
The field technician or sub-contracted organization that erected the vertical containment will

remove the structure from the property. The field technician will then mist and fold inward the
protection plastic and place it in a heavy duty garbage bag for disposal.
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2.1.5.3 Follow Appropriate Safety and Health Guidelines

Appropriate safety and health guidelines will be followed by the contractors and field technicians
while implementing the study protocol. While conducting RRP work, follow-up sampling, and
post-work cleaning, respirators, disposable protective suits, and disposable protective footwear
will be wormn. These will be removed when exiting the work room. All personnel involved with
the study should follow the separate environmental health and safety compliance plan.

2.2 SAMPLING METHODS

The study will utilize various methods of field data collection — paint chip sampling, dust wipe
sampling, air sampling, soil sampling, work description information, wind information, and
digital photographs. These data collection methods are described separately below.

2.2.1 Paint Chip Sampling

The study will conduct analyses of paint-chip samples to obtain laboratory measurements of the
lead in the paint that is disturbed by the study jobs for data analysis and modeling. The results
will also confirm the presence of lead based paint measured by the portable XRF device or verify
inconclusive XRF results. In some cases, due to the condition of paint an XRF measurement may
not be feasible, and a paint chip sample for laboratory analysis will have to be collected.
Laboratory analysis is more accurate and precise than XRF but only if great care is used to
collect and analyze the paint-chip sample. The method used to collect paint samples will be the
cold-scraping method described in ASTM E1729, “Standard Practice for Field Collection of
Dried Paint Samples for Subsequent Lead Determination”. The size of the samples obtained will
be approximately two square inches and will include all paint down to the substrate, minimizing
the amount of substrate material in the sample. After collecting a sample and placing it in the
appropriate sample container, the field technician will label it accordingly and record the sample
locations and sample number on the Paint Chip Data Collection Form. Technicians will take
appropriate safety precautions when collecting the paint samples, although it is not anticipated
that respirators will be necessary.

2.2.2 Dust Wipe Sampling

Dust wipe sampling will occur according to ASTM 1728 Standard Practice for Collection of
Settled Dust Samples Using Wipe Sampling Methods for Subsequent Lead Determination the
Field technicians will collect wipe samples from interior floors and window sills (both from the
surfaces and from plastic covering those surfaces) and from dust collection trays set up around
exterior work using a dust wipe that meets the specifications of ASTM 1792.
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For interior wipe sampling, samples taken across the four sampling stages (post-work, post-
cleaning, post wet and dry cleaning-verification) for a single experiment will not be permitted to
overlap. The location of each floor dust wipe sample will be specified by a job- and site-specific
sampling plan. An example of such a plan is shown in Figure 2-6. The job in this example
consists of a window replacement in a large room represented by the thick red line on the left
wall of the room. The room is first divided into three zones (Zone 1, Zone 2, and Zone 3) that
are less than 40 ft’ in area so that they also may serve as the sections of the floor isolated for
cleaning verification. Zone 1 represents the floor space closest to the work area. The sampling
plan indicates randomly assigned sampling areas at each of the sampling stages. Zone 1 is
randomly assigned two samples per stage. To permit more dense observations close to the work
area, one of those samples will be required to be inside the direct area of influence (represented
by the triple red line in Figure 2-6), while the other can be located anywhere inside of Zone 1.
The area of influence will be flexibly determined prior to each job based on the unique
configuration of each work room and the job to be conducted. Zones 2 and 3 will each be
assigned one sample at each samphng stage, for a total of four samples per experiment. If the
work room is smaller than 20 ft* , adjustments to the site-specific sampling plan will be made
accordingly. For example, if it is determined that the entire room represents the direct area of
influence, all samples will be randomly selected from within the full room. If the technician
determines that the designated sample area of the floor is not suitable for sampling with a dust
wipe, the adjacent square - within the same zone - that is closest to the work area (and is not
planned to be sampled) will serve as an alternate location. The new location of the sample will be
recorded on the data collection sheets to ensure data accuracy and that there will be no
overlapping samples.

A similar sampling plan, as seen in Figure 2-6 for the work room, will be developed for the tool
and observation rooms, as well. The rooms will be split in half according to the location of the
door or walkway for workers. One floor dust wipe sample will be taken in each half during each
sampling stage. The window sill to be tested in each room will be the one closest to the opening
in the room nearest the work room, or to the path traveled by the workers.

The field technician will mark each floor sample location using a 1 ft* template. Immediately
before laying down the template, the technician will wipe the template down with a moist
towelette and dispose of the towelette in a heavy duty garbage bag. For window sills, technicians
will mark sampling locations with 3” x 6” templates that present a wipe area exceeding the 0.1
ft* minimum required area for dust wipe samples. Technicians will record interior sampling
information on the Interior Dust Wipe Collection Form included in Appendix D.
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After preparing the sample container and donning a new disposable glove on the hand that will
handle the sample, the technician will wipe the surface and package the wipe following the
guidelines in Appendix E. Details of the protocol include:

o With a fully opened wipe laying flat on the surface, wipe side-to-side with an S-like
motion pressing down with the palm and fingers until the entire area is covered.
Debris should be included in the samples to the degree possible.

e Fold the wipe in half with the contaminated side facing inwards and wipe the area
again from top-to-bottom with an S-like motion. For window sills, use two side-to-
side passes. Debris should be included in the samples to the degree possible.

¢ Fold the wipe in half again with the contaminate side facing inwards and insert into
the sampling container. Debris should be included in the samples to the degree
possible.

e Label the sampling container with the Sample ID and record the appropriate
information on the data collection form.
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Once the sampling for the stage has been completed, the used template will be wiped down with
a moist towelette and stored for later use. Towelettes will be placed in a heavy duty garbage bag

for later disposal.

For exterior experiments, the field technicians will follow the same protocol for collecting the
samples from the dust collection trays as for the floor samples collected during interior
experiments.

2.2.3 Ambient Air Sampling

Airbome dust samples will be collected at the specified locations following NIOSH Method
7082 using high volume sampling pumps. The pumps will be placed at approximately five feet
off the ground. The following procedures will be used to set up the airborne dust sampling
equipment and to collect the air samples for the study.
1) Set up a tripod to hold the air filter cassette or identify a shelf or other horizontal
surface to hold the cassette. Set pump on the floor under the tripod or surface.
2) Put on clean disposable gloves and mount the filter cassette on the tripod or on the
horizontal surface.
3) Connect the pump vacuum line to the filter cassette outlet and remove top inlet plug.
4) Store cassette plug and top cap in Ziploc bag.
5) Set the flow rate to 3L/min.
6) Turn on pump and enter start time on data collection form.
7) At stop time put on clean disposable gloves, tilt filter cassette inlet up so that sample
particulate cannot fall out, then turn pump off.
8) Replace cassette top inlet plug and bottom plug. Put cassette into Ziploc bags.
Discard gloves.
9) Enter end time on data collection form.

2.2.4 Personal Exposure Monitoring

During each sampling stage, at least one contractor will be equipped with a personal exposure
monitor. The monitor will consist of a pre-loaded filter cassette connected to a low volume
sampling pump (0.005 — 3 L/min). The filter cassette has no cut point, resulting in the sampling
of all particles. The filters will be analyzed using NIOSH Method 7082. Each personal air
monitor will be calibrated before and after each experiment. The following procedure will be
used to set up and collect the samples from the personal air monitors:

1) Put on clean, disposable gloves and attach a pre-loaded filter cassette to the air pump.

2) Set the flow rate to 3 L/min.
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3) Attach the filter cassette and pump to the contractor. The filter cassette should be
attached to the outermost layer of protective clothing in a location most representative
of what the contractor would be inhaling in the absence of a respirator.
4) Start the air sampler and record the start time on the data collection form.
5) Discard gloves.
6) At stop time, put on clean, disposable gloves, turn off air pump, and enter stop time
on data collection form.
7) Remove the filter cassette from the contractor.
8) Remove the filter from the filter cassette so that no particulates can fall out and
carefully place into a Ziploc bag with the appropriate identification label affixed.
9) Attach a new pre-loaded filter cassette to the air pump
10) Place the new cassette on the contractor in the same location as the first sample,
restart air pump, and record start time on the data collection sheets.
11) Discard gloves.

Because the personal air monitor will be worn by an individual contractor, it is important that the
contractor not leave the work room/area with the monitor. If the contractor does need to leave the
area, the personal air monitor should be removed and remain in the work room/area for
continued sampling.

2.2.5 Soil Sampling

Technicians will collect three composite soil samples at each exterior work location prior to the
work commencing and the containment area being set up. The soil sampling protocol will follow
ASTM E1727-05 Standard Practice for Field Collection of Soil Samples for Subsequent Lead
Determination (included in Appendix E), which covers both scooping and coring methods. The
scoop method will be used if bare soil is present. The coring method will be used if grass is
present. The compositing procedure will involve obtaining five sub-samples from within a 1 ft
radius circle of the first sub-sample. Each sub-sample will consist of the top %2 section of the
soil core. The five sub-samples will be deposited into a single sampling container or baggie and
labelled appropriately. The sampling locations should not overlap between each sub-sample and
pre- and post-experiment sampling.

2.2.6 Work Description and Contractor Information

Form 11, the Experiment Information sheet, will be used to capture information on the type of
RRP work conducted, the P/CU routine(s) used, and the contractor that conducted the work for
each experiment.
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2.2.7 Wind Information

In higher-wind environments, dust from the exterior work will spread over a larger area and be
more difficult to measure with the fixed location dust collection trays. Thus, information on
wind direction and speed is important for considering exterior sampling results. Prior to work
beginning, technicians will set up a weather station that can indicate wind direction at the work
location. If measured wind-speed is in excess of 30 miles per hour, no exterior work will be
performed. Under these conditions, however, it is still appropriate to set-up exterior containment
and sampling trays so that work can commence when the wind decreases. Technicians will
record wind speed on the appropriate data collection form.

2.2.8 Precipitation

Exterior work cannot be performed during precipitation. If the predicted probability of
precipitation for a given workday exceeds 20 percent, no exterior work will be performed on that
day. If precipitation does occur once work has begun, work will cease immediately. Tools and
sampling materials will be brought in to a dry location, and the work site will be covered as
much as possible. Based on the site supervisor’s judgment, the experiment may be determined
invalid and the work may have to be repeated. All precipitation events during outdoor work will
be recorded.

2.2.9 Digital Photographs and Recordings

Technicians will obtain digital photographs of various locations and activities during the study
including:

The 1nitial inspection of the properties,

The contractors conducting the work,

The plastic coverings set up as containment,

The observation rooms with doorways visible into the adjacent study room,
The air sampler in the work room,

The post-work cleaning process, and

The final wet and dry cleaning verification cloth.

Additionally, a sample of cleaning verifications will be video-recorded by study field
technicians. The study will use a device that allows digital versions of the recordings to be
created and stored electronically.
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23  SAMPLE HANDLING AND CUSTODY

To ensure sample integrity throughout the collection and analysis process, every dust wipe and
air sample storage container will be labeled with a permanent marker or adhesive label.
Identifying information will include the Sample ID, date, and time, which will also be recorded
on the appropriate data collection form. The data collector will store the samples in a cooler or
other ngid-walled container until they can be shipped or transported to the laboratory. Prior to
shipping, the data collector will record all samples on the Chain of Custody Record. When the
laboratory receives the samples, they will ensure that all samples have been received by
reviewing, annotating, and signing the Chain of Custody Record forms.

After analysis of the samples is completed, any remaining samples or digestate will be stored for
at least six months. The Battelle laboratory (or other participating laboratory) will store the
samples at their facility. Once the six month storage period has passed, Battelle will dispose of
any remaining samples according to state and Federal guidelines, using Battelle’s waste disposal
program.

24  ANALYTICAL METHODS

Paint Chip Samples - Sample preparation will be performed according to EPA Method 3050B
and the subsequent analysis of the determination of lead will follow EPA Method 7420 (Atomic
Absorption). The analysis will provide measurements of lead concentrations in pg/g and pg/cm?’.
The performance of the method will be assessed by evaluation of the QC sample results. If the
method does not perform acceptably, according to the QC criteria specified in Section 2.5, the
procedures will be reviewed and altered as necessary.

Dust Wipe Samples — The dust wipe samples will be prepared according to EPA Method 3050B
and analyzed for lead content using EPA Method 7420. The detailed protocols are included in
Appendix F. The analysis will provide measurements of lead concentrations in ug/ft’. The
performance of the method will be assessed by evaluation of the QC sample results. If the
method does not perform acceptably, according to the QC criteria specified in Section 2.5, the
procedures will be reviewed and altered as necessary.

Ambient Air Samples — Air filter samples will be analyzed using NIOSH Method 7082 (included
in Appendix F). The analysis will provide measurements of lead concentrations in pg/m".

Personal Air Samples - Air filter samples from the personal air monitors will be prepared and
analyzed using NIOSH Method 7082. The analysis will provide measurements of lead
concentrations in pg/m’.
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Soil Samples — EPA Method 3050B will be used to prepare the soil samples for analysis. EPA
Method 7420 will be used to analyze the samples for lead. Both of these methods are included in
Appendix F. The analysis will provide measurements of lead concentrations in pg/g. The
performance of the method will be assessed by evaluation of the QC sample results. If the
method does not perform acceptably, according to the QC criteria specified in Section 2.5, the
procedures will be reviewed and altered as necessary.

2.5 UALITY CONTROL

Quality control (QC) samples will be used to ensure accuracy and consistency in sample
handling and laboratory analysis. Table 2.7 depicts the QC sample type, frequency and
acceptance limits for all QC measures in accordance with the Laboratory Quality System
Requirements (LQSR) developed by EPA. Note that the matrix spike and duplicate samples can
only be performed for those sample types that can be split (i.e. paint chip and soil samples). The
listing of QC requirements in Table 2.7 should not replace or remove any requirements of the
LQSR, rather they may serve as a supplement to those requirements. If any of the laboratory QC
samples are out of the range of acceptance limits, the laboratory will record the exception and
report it to the Principal Investigator, who will take appropriate action. The items in bold
represent QC samples to be provided by Battelle, without identification as such, to the laboratory
for analysis. Upon receipt of the results, the control spike and field blank results will be
reviewed by Battelle to ensure they are within the acceptance limits. If not, the Principal
Investigator will be notified immediately and will take appropriate action.

Table 2.7 Quality Control Performance Requirements

QC SAMPLE FREQUENCY ACCEPTANCE LIMITS

Independent Calibration

Verification (ICV) Once per day after calibration. Within +10% of known value.

Absolute value not more than 10% of the
regulatory limit or minimum level of
concern.

Once per run at the beginning of

Initial Calibration Blank (ICB) the run

Beginning and at the end of a
sample run as well as every Within = 15% of known value.

10 samples.

Continuing Calibration
Verification (CCV)

Beginning and end of each run or

; ) Within +20% of known value
twice every eight hours

Interference Check Sample (ICS)

Absolute value not more than 10% of the
After each ICS and CCV regulatory limit or minimum level of
concern.

Continuing Calibration Blank
(CCB)
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QC SAMPLE

FREQUENCY

ACCEPTANCE LIMITS

Laboratory Control Sample

One per 20 samples or batch
(min. frequency 5%).

Within +20% of known value

Matrix Spike Sample

One per 20 samples or batch
(min. frequency 5%).

Within +25% of calculated value.

Duplicate Field Sample

One per 20 samples or batch
(min. frequency 5%).

Within +25% Relative Percent
Difference (RPD)

Laboratory Blank Sample

One per 20 samples or batch
(min. frequency 5%).

Absolute value not more than 10% of the
regulatory limit or minimum level of
concern.

Replicate Analysis

One per 20 samples or batch
(min. frequency 5%).

Within +10% Relative Percent
Difference (RPD)

Field Blank Sample

Two per interior experiment,

one per exterior experiment

Absolute value not more than 10% of
the regulatory limit or minimum level
of concern.

Control Spike Sample

One per 20 samples or batch

(min. frequency 5%).

Within +20% of calculated value.

Since the sampling media for personal air and indoor air samples are the same, they are
combined for the purposes of calculating the total number of field blanks and control spikes
required. The control spike samples will be prepared by the Department of Environmental
Services (DES) at the University of Cincinnati using National Institute of Standards and
Technology (NIST) Standard Reference Materials. Internal QC procedures at DES require that
spike samples be prepared to within a 5% tolerance for low spike amounts and a 3% tolerance
for larger spike amounts. DES will prepare approximately 5 additional internal QC spike
samples for every batch of 20 control spike samples ordered for analysis. If any of these internal
QC spike samples have lead concentrations higher than the specified 3% or 5% tolerance, the
entire batch of QC samples will be discarded and a new batch of samples will be generated.

2.6 INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE

Laboratories used to analyze samples collected in the study will be asked to provide or verify
appropriate credentials, e.g., their NLLAP recognition if they are an NLLAP-recognized lab.
They will also be asked to provide:

e records of their experience using the protocols that they are being asked to

implement,

the written procedures or manuals they follow in conducting all QA/QC work,
e the QC sample results for review by the study team, and
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e procedures for implementing corrective action when QC sample limits are
exceeded.

They will be asked to ensure that all instruments and equipment are maintained in sound
operating condition and are capable of operating at acceptable performance levels. Records will
be maintained for each major instrument, including records of in-house preventive maintenance
and service. The frequency of calibration/verification for each instrument will be documented.
Description of the problem or service, dates and types of repair, organization and person
performing repair, and contact phone number will be recorded. The record will identify the
instrument by make and model number.

2.7 INSTRUMENT/EQUIPMENT CALIBRATION AND FREQUENCY

The laboratory used for chemical analysis will be asked to provide calibration measurements for
the instruments used in analyzing the dust wipe, air samples, soil samples and paint chip samples
as specified in the analytical method. The instruments will be calibrated with a minimum of
three standards daily prior to use. Calibration coefficients of .0995 or better should be achieved
or the instrument will be recalibrated. All calibration curves will be dated and labeled with
applicable method, instrument identification, analysis date, analyte concentrations, and
instrument response. Measurements used to calculate detection limits will also be requested.

2.8 INSPECTION/ACCEPTANCE OF SUPPLIES AND CONSUMABLES

All supplies and consumables to be used in the field and laboratory activities will be inspected by
qualified staff (under the supervision of the Field Activities Coordinator and Laboratory
Manager) and determined to be acceptable for use on the project prior to use. The Field
Activities Coordinator and the Laboratory Manager(s) will determine appropriate acceptance
criteria (e.g. expiration dates, certificates of cleanliness or testing) for critical field and laboratory
supplies. Results of the inspection will be documented in the study files.

29 NON-DIRECT MEASUREMENTS

The study will utilize publicly available meteorological data to account for wind speed and
direction on sampling and work activity days if the study weather station cannot provide data for
any reason. All non-directly collected data will be evaluated to ensure that they meet the
standards and requirements for data that are collected directly (see section 1.5) and if used will
be noted accordingly.
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210 DATA MANAGEMENT

The Battelle Principal Investigator and the Laboratory Manager(s) are responsible for the
detection and correction of errors and for the prevention of data loss during data entry, reduction,
reporting, and other manipulation. Error detection and correction will be properly documented.
Battelle will manage the data on computers using MS Excel 2003 and SAS v9.1.

Consistent back-up and data archiving techniques will be used to ensure that data management
work products are not subject to computer failure. Daily backups of individual PCs and
computers are conducted. Final datasets containing all study measurements - XRF readings (in
mg/cm?), paint chip lead levels (in pg/ g and mg/cm?), dust lead levels (in pg/ft?), air lead levels
(in p.g/m3), work descriptions, and other descriptive information for each completed site will be
provided to EPA in an agreed upon format that can be made available to the public. A data
dictionary describing each data field will also be written and delivered to EPA with the final
data.

Information gathered on hard copy data collection forms will be data entered into custom data
entry screens with the appropriate identifying information and stored in a study database. Data
entry results will be spot-checked by the PI to ensure accurate transfer of data from the hand-
written forms to the electronic files. Data managers will transfer all the data from the study
database to SAS datasets for statistical analysis purposes.

Laboratory measurements of lead levels in paint, wipe, and air samples will be obtained from the
laboratory in an Excel spreadsheet. Following review, a data manager will transfer these data to
the study database. Additionally, supporting information for the various samples will be
transcribed from the data collection forms into study database, reviewed for accuracy, and
transferred to SAS datasets.
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3.0 ASSESSMENT AND OVERSIGHT

3.1 ASSESSMENTS AND RESPONSE ACTIONS

Three field audits will be performed in order to ensure that all elements of the QAPP have been
implemented correctly and that data of sufficient quality are generated. One audit will take place
during interior sample collection. A second audit will occur during exterior sample collection.
A third audit will occur during sample collection at a child occupied facility. The Battelle QA
Manager will have the responsibility of reviewing the field data collection process to ensure that
sample collection procedures specified in Section 2.2 or referenced methods are being followed.
In addition, the sample design and all other specifications related to the field activity specified in
this QAPP will be examined for compliance. These audits will occur at multiple units or
buildings, if possible, and overlap with actual work activities. If problems are identified with
sample collection protocols, the Battelle QA Manager will immediately report these to the Field
Activity Coordinator who will ensure that the problems are corrected. Because the field
implementation process needs to happen over a short period of time, it is critical that any
problems be identified and corrected quickly.

Findings of the field audit will be recorded and submitted to the Principal Investigator for
immediate corrective action (if needed) in an audit report. The Principal Investigator will then
return the field audit report, documenting any corrective actions taken, to the Battelle QA
Manager who will confirm that the corrective actions were adequate and completed. Finally, the
field audit report will be routed through the Project Manager for review. The Battelle QA
Manager will retain the report in permanent files. Copies of the audit report will also be
provided to the EPA WAM.

All data will be entered into the study database, with the QA Manager responsible for conducting
audits of data quality for the various QC samples including blank samples, spiked samples, and
laboratory duplicate samples. The QA Manager will also perform a data audit soon after all data
are received from the participating laboratories to ensure that sample information received from
the labs matches with the sample information collected in the field and that the data have been
correctly entered into the study database. The QA Manager will lead a software audit of all SAS
and Excel programs used for data analysis and modeling with assistance from experienced
statisticians.
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3.2 REPORTS TO MANAGEMENT

Written reports covering the progress made and the results of this study will be delivered to EPA
on a regular basis. The schedule for these reports is provided in Table 3-1. In addition, we will
keep the EPA WAM informed on weekly progress, problems, etc. via e-mail and/or conference
calls. A written progress report will be included in the contract’s monthly progress report.

Table 3-1. Schedule of Reports

Report Due Date
Final Full Study QAPP After peer review of study design
Field Audit Reports ' 2 weeks after each audit
Laboratory TSA report 2 weeks after each audit
Data audit report 2 weeks following audit
Field data collection report October 2, 2006
Draft Final Study report November 2, 2006
Revised Final S'tu.dy report with December 29, 2006
data and data dictionary
Monthly progress reports 20™ day of subsequent month

Descriptions of these reports listed in Table 3-1 are as follows.
QAPP — a document detailing all aspects of the study protocol, DQOs, and analysis plan.

Field Audit Reports — Reports containing observations and results from field audits. This report
will discuss any issues identified during the audits and steps taken to address those issues.

Laboratory TSA Reports — Reports containing observations and results from lab audits. This
report will discuss any issues identified during the audits and steps taken to address those issues.

Data audit report — Report containing observations and results from data audit. This report will
discuss any issues identified during the audit and steps taken to address those issues.

Field data collection report — This report will summarize the field work conducted including
number of units/buildings enrolled and the type of work conducted at each.

Draft final study report — This report will summarize the design, implementation, and data
analysis results for the entire study.
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Revised final study report with data and data dictionary — This revised report will reflect
changes to the draft report based on feedback received from EPA and additional analyses
completed since the draft report was submitted. The data in electronic format will be included,
along with a data dictionary that defines and explains each data element.

Monthly Progress Reports — Each month Battelle will provide a written summary of activities
completed that month and any issues encountered,




Study Design and QAPP for RRP Field Study
Section No. 4

Revision No. 0

August 10, 2006

Page 4-1 of 2

4.0 DATA VALIDATION AND USABILITY

4.1 DATA REVIEW, VERIFICATION, AND VALIDATION

In order to determine if data collected during the project achieve the criteria on data quality
specified in Section 1.5, the Principal Investigator will subject all data to a verification and
validation process. Data will be reviewed using the criteria specified below, and any data that
fail to meet any of the criteria will be investigated as described in Section 4.2. If data errors
cannot be corrected (i.e., errors other than calculation errors, data entry errors, transcription
errors, etc.), those data will be flagged and excluded from final analyses.

4.2 VERIFICATION AND VALIDATION METHODS

Data verification and validation will be performed to ensure that the criteria specified below have
been met. Methods for verifying the compliance, correctness, consistency, and completeness of
the data are described below.

Compliance and Correctness — The characteristics of selected sites will be documented to show
that they meet the required criteria for inclusion. Data collector and laboratory log books will be
reviewed to determine if data collection and analysis protocols were followed and basic
operations and calculations were performed correctly.

Consistency - The range of the dust lead and ambient air lead measurements will be evaluated to
determine whether they appear to be reasonable and consistent.

Completeness — Completeness of the data is determined by successful sample collection and
analysis of at least 95 percent of all planned dust wipe and ambient air samples. In addition,
work activities need to be accurately captured for 100 percent of all units and buildings
undergoing work.

Once it is determined that the data have successfully passed the data verification elements above,
data validation will take place. This process will ensure that the data can be used as intended to
make decisions and address project objectives. The PI will review that all targeted housing units
or other enrolled facilities contain the required characteristics for use in this study.

When data problems are found, the Principal Investigator will notify the responsible person for
the data (e.g., Field Operations Coordinator, Laboratory Manager, etc.). This individual will
attempt to resolve the data problem. Possible solutions include correcting a mistake in a
spreadsheet formula, correcting a calibration curve, and correcting data entry errors. Corrected
data will be re-submitted to the Principal Investigator for validation and verification again.
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Data that are confirmed to be in error but cannot be corrected (e.g., sample was contaminated in
laboratory) will be removed from the study database and replaced with a flag indicating the
specific problem. Data that appear suspicious but have no reason for which to invalidate them
will be reported in the database accompanied by a flag that indicates their possible outlier status.
Analysts and users of the data will need to consider how to include these data points in their
analyses.

4.3 RECONCILIATION WITH USER OBJECTIVES

Data results will be compiled, and the Battelle Principal Investigator will determine if the results
fall within the acceptable limits defined in this QAPP. Reconciliation with the data quality
objectives specified in Section 1.5 will be performed once all data problems have been resolved.
If criteria on data quality (e.g. DQOs) are not achieved, reanalysis will be required until these
criteria are met or until Battelle and EPA determine that the data cannot be improved. Ifa
sufficient number of housing units or other facilities with the required characteristics are not
identified at the completion of the data collection process, additional prospective units will have
to be identified and screened according to the procedures in this plan.
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APPENDIX A

STATISTICAL ANALYSIS PLAN AND POWER STUDY



Appendix A
General Statistical Methods and Power Study for
the EPA RRP Spread of Dust Study

For the purposes of generating data quality objectives for the RRP Spread of Dust Field Study,
we introduce the following series of three general regression models:

Yg‘/'klm = l“lij +Bl '1k=2 +Bz '11=2 +53 ']k=2 ']/=z +64 'Cijklm +Wijm +81jk1m (1)
Yijklm =W +By 1, +By, A, +By -1y, A, +B, 'Cijum + Wg'm + € tim (2)
Yijk/m =Hy +an Ay, +B2fj A, +B3ij Ay 1, +B, 'C:jk/m + ijm + € (3)

where an activity represents a unique combination of 1,j,k,l and m; and

1,...,3 (representing low, medium, and high intensity RRP activities)

= 1,...,n; (representing specific activity-types within the above categories)
1 (no containment) or 2 (containment)

1 (normal cleanup) or 2 (RRP proposed cleanup)

= 1,....,r — where r represents the number of replicate experiments'

a [— Wh' o
" I

Yijkim represents the response variable in the experiment, and for interior jobs may represent dust-
lead loadings on a variety of surfaces (bare floors, window sills, stainless steel dust collectors) at
various points in time during the experiment (prior to cleanup, following cleanup, following
verification), and in different locations relative to the RRP activity (in the same room, an
adjacent room). For interior RRP jobs, the response variable could also represent air monitoring
samples at various points in time or locations. The response variable in the model could also
represent percent reductions in dust-lead levels from post-activity to post-cleaning (or from post-
cleanup to post-verification) on different surface types. While the above three models were
introduced with interior RRP experiments in mind, they could easily be generalized to exterior
RRP jobs, where the response variable could represent soil-lead concentrations at various points
in time or locations relative to the RRP activity.

It is anticipated that the above series of models would be fit to each candidate response variable
separately. Within Model (1), Wi represents the mean response (dust-lead loading or air-lead
concentration) for treatment intensity (i) and activity type (j) assuming no containment and
normal cleanup. ) is a parameter that captures the differential effect of containment on the
response variable (compared to no containment), 3 is a parameter that captures the differential
effect of the proposed RRP cleanup on the response variable (compared to normal cleanup), and
Bs is a parameter that captures any interaction between containment and RRP cleanup on the
response variable.

' Note - r could be replaced by r (to allow for different numbers of replicates for different types
of activities) or even by Fijkl



In some cases, multiple measurements will be taken of response variables. For example, four
dust-wipe samples will be taken from the work-room during each sampling opportunity in order
to better characterize spatial distribution of leaded dust (sampling opportunity is defined as a
unique combination of RRP job, replicate, phase, stage, and work area). For the purpose of
fitting Models (1), (2) or (3), however, our proposed statistical approach is based on an average
lead-loading or lead-concentration response variable among the multiple samples obtained within
each sampling opportunity. In later modeling stages, if individual sample information is
employed in a model that accounts for spatial variability among these samples, the power to
detect the effects of cleaning and containment will onlyincrease.

Cijm represents a vector of covariates that must be factored into the model (e.g. paint-lead
loadings on the surfaces that are disturbed, pre-activity dust-lead loading, etc.). The specific
form of these covariates should be considered to allow for appropriate interpretation of the other
parameters in the model (e.g. we may wish to adjust the results for activities that disturb lead-
painted surfaces containing 2 mg Pb/cm?, requiring us to center that particular variable, as
appropriate, prior to fitting the model). S, is a vector of parameters that capture the effect of
Cijkim on the response variable.

While the p; and 8 parameters discussed above are fixed-effects parameters, we also introduce a
random effect (Wj;r,) that is meant to capture variability attributable to which RRP worker is
conducting the activity. By design, we intend to have a single RRP contractor perform an
activity under all possible permutations of containment and clean-up. We assume that Wi,

follows a normal distribution with mean zero and variance o2

Wor ker *

€ijim TEpresents error left unexplained by the model, and is assumed to follow a normal
distribution with mean zero and variance ¢2,_ .

Note: There also may need to be a series of additional random effects that are entered into
the model to account for (1) activities that are conducted within the same room, (2)
activities conducted within the same residential unit, and (3) activities conducted within the
same city. These random effects would essentially partition the above error term into
different variance components — and may affect the standard errors associated with any of
the parameter estimates (i or ) in the above general models.

In Model (2), we assume that the effects of containment and cleanup method (and any
interaction) are captured in the 8,;, (32i, and (3; parameters — and that the effects of containment
and cleanup are different across the intensity-levels, but similar among different activity types
within the same intensity level. Finally, in Model (3), we assume that the effects of containment
and cleanup method (and any interaction) are captured in the B1ij, Baij, and Bs; parameters — and
that the effects of containment and cleanup are different across both intensity-levels and activity

types.

Note that the effects of containment and cleanup might not be included for every response
variable. For example, it is questionable whether the effects of containment would be detectable
when assessing the amount of dust-lead hazard generated by an activity in the work room (the
containment system might keep dust-lead hazards from escaping the work area — but it is



questionable whether this would be detectable within the limited number of samples being
collected in this field study). For looking at hazards attributable to RRP activities in an adjacent
room, the model would likely adjust for the effects of containment (but not cleanup). Similar
reductions of the model would likely occur for use with the exterior RRP experiments.

Study Objectives

Study Objective 1

As described in Section 1.5, the first study question will attempt to establish the effect of low
medium and high level RRP work on dust lead levels both for interior and exterior projects.

In addressing this objective, for each dust-lead response variable, a test for normality and log-
normality will be performed using a Shapiro-Wilk test. Histograms and normal probability plots
will be constructed to graphically explore the distribution of the dust-lead loading type. If the
dust-lead loading type is found to follow a lognormal distribution then the analysis would be
performed on the natural logarithm of the results (which is presumed in this document). Scatter
plots and tables of descriptive statistics will be used to characterize the dust lead levels post-
work, post-cleaning, and post-verification both across intensity levels and within intensity levels.

Models (1) through (3) as described in the beginning of this section will then be applied to each
response variable of interest (post-work, post-cleaning, post-verification dust lead loadings,
percent reductions of dust lead loadings, etc) with careful attention paid to model fit. If dust lead
levels are in fact dependent on intensity level of the RRP work, one would expect Model (2) to
show the best fit and f,, = 3, # f,;, etc. However, if the dust lead levels are activity specific,
then Model (3) will show a better fit of data. The findings from Study Objective 1 will play a
significant role in determining which of the 3 Models will be used for subsequent objectives.
Please note that additional testing of the individual B’s is covered in the study objectives below.

Study Objective 2

Study Question 2 will investigate the role of heavy duty polyethylene plastic sheeting during the
work activity on lead dust levels at post cleaning and post verification phases. This second .
question also will investigate whether the role of plastic sheeting has an interaction with level of
intensity of RRP work.

The specific questions that will be posed to address this research objective are:

* Do the dust-lead loading results reasonably follow a normal or lognormal distribution?

* Is the effect of using plastic sheeting constant across intensity of RRP activities (low,
medium, and high) and specific activity-type?

¢ Does the effect of cleanup (normal cleanup or RRP proposed cleanup) interact with the
effect of plastic sheeting?

* What covariates could be added to the model that might explain some of the variability in
effectiveness of plastic sheeting?



Similar methods as those proposed for Objective 1 will be used to assess the distributional
assumptions for each response variable considered for Objective 2, and

Models 1, 2, and 3 will be fit to the dust-lead loading results. Using model fitting parameters
such as individual F-statistics, we will decide which of the three models best fits the data. If
Model 3 fits the data best, then the effects of containment (plastic sheeting) are different across
both intensity-levels and activity types. If Model 2 fits the data best, then the effects of
containment are different across the intensity-levels, but similar among different activity types
within the same intensity level. If Model 1 fits the data best, then the effects of containment are
similar across intensity-levels and activity types.

In the Models (1, 2 and 3), the f, coefficient corresponds to the main effect of using plastic
sheeting on the mean response for each activity type and intensity level. The hypothesis
Hy:p,=0(rH,:8,=0,H, : ;= 0 as appropriate) will be tested to see if there is a

statistically significant effect of plastic containment on lead dust levels.
Also, 95% confidence intervals for the main effect of plastic sheeting can be found using these
models.

The B, coefficient in Models 1, 2 and 3 corresponds to the interaction between using plastic

sheeting and RRP proposed cleanup. If this coefficient is significantly different than zero, then
the effect of plastic sheeting is different depending upon the type of cleanup.

There are a number of possible covariates that should be factored into the model. These include
the baseline level of paint lead loading on the disturbed surfaces, pre-activity dust lead level, and
distance of the collection tray/wipe from the disturbed surface. Other possible covariates could
be added to control for other environmental factors, such as the floor surface type and condition.
Also, random effects could be added to help explain variability among room, house, contractor,
and city.

Study Objective 3

Study objective 3 will investigate whether there are significant differences in post-cleaning
and/or post-verification lead levels between surfaces cleaned with the proposed rule cleaning
method and surfaces cleaned with standard cleaning methods. The specific questions that will be
posed to address this research objective are:

* Do the dust-lead loading results reasonably follow a normal or lognormal distribution?

* Is the effect of clean-up (normal cleanup or proposed RRP rule cleanup) constant across
intensity of RRP activities (low, medium, and high) and specific activity-type?

¢ Does the effect of cleanup (normal cleanup or proposed RRP rule cleanup) interact with
the effect of plastic sheeting?

¢ What covariates could be added to the model that might explain some of the variability in
effectiveness of cleaning method?



Similar methods as those proposed for Objective 1 will be used to assess the distributional
assumptions for each response variable considered for Objective 3, and

Models 1, 2, and 3 will be fit to the dust-lead loading results. Using model fitting parameters
such as individual F-statistics, we will decide which of the three models best fits the data. If
Model 3 fits the data best, then the effects of cleanup (normal cleanup or RRP proposed cleanup)
are different across both intensity-levels and activity types. If Model 2 fits the data best, then the
effects of cleanup are different across the intensity-levels, but similar among different activity
types within the same intensity level. If Model 1 fits the data best, then the effects of cleanup are
similar across intensity-levels and activity types.

In the Models (1, 2, and 3), the B, coefficient corresponds to the main effect of using the
proposed RRP rule cleanup method on the mean response for each activity type and intensity
level. The hypothesis H, P, =0(rHy:f3,,=0, H, : B,y = 0 as appropriate) will be tested
to see if there is a statistically significant effect of cleanup method on lead dust levels. Also,
95% confidence intervals for the main effect of cleanup can be found using these models.

Again, the 8, coefficient in Models 1,2, and 3 corresponds to the interaction between use of

plastic sheeting and cleanup method. If this coefficient is significantly different than zero, then
the effect of plastic sheeting is different depending upon the type of cleanup. Possible covariates
including the baseline level of lead loading on the disturbed surfaces, pre-activity dust load level,
distance of the collection tray/wipe from the disturbed surface and environmental factors will be
input into the model as appropriate. Also, random effects could be added to help explain
variability among room, house, contractor, and city.

Study Objective 4

Study Question #4 investigates the dust migration from the work room to adjacent rooms during
different levels of interior RRP work. Statistical analysis, including distribution assumptions,
graphical presentation, tabular presentation, and hypothesis testing will follow the general
outline of study objectives #2 and #3. This time, however, the endpoints will be those collected
in the tool and observation rooms. Study Question #4 also encompasses the analysis of air
monitoring throughout the interior work. Analysis of the lead in the air filters will be checked
for normality and analyzed much like the dust endpoints. Special care will be given when
analyzing the dust and air endpoints to carefully control for the covariates that describe distance
from the work room.

Study Objective 5

Exterior work and the use of plastic ground coverings as advised by the proposed RRP rule is
covered under Study Question #5. Specifically, Study Question #5 asks if the plastic ground
coverings are sufficient in reducing dust lead from falling onto the surrounding ground.
Statistical analysis, including distribution assumptions, graphical presentation, tabular
presentation, and hypothesis testing will follow the general outline of study objectives #2 and #3.
Similar to Study Question #4, special care will be given when analyzing the dust endpoints to
carefully control for the covariates that describe distance from the work area as well as the
meteorological data which may have influenced the fall of lead to the ground.



Limitations of the Study

It should be noted that the study is not designed to address issues related to lead hazards that
were present in the housing unit prior to when RRP activities occur. It is also not designed to
directly address cases of difficult to clean floor and sill surfaces, and is also not designed to
address RRP-related dust-lead hazards on carpeted floor surfaces.

Power Study

To assess the potential for the RRP Spread of Dust study to address the above study objectives, a
series of power studies were conducted utilizing the general statistical model introduced earlier
in this appendix. The power studies investigated all combinations of the following:

® Response Variable: The power studies considered natural-lo g transformed interior floor
dust-lead loadings as the primary response variable. Three specific responses were
investigated:
© Amount of dust-lead hazard generated by the RRP activity in the work area (e.g.
the natural-log transformed dust-lead loading from a stainless steel dust collector
located in proximity to the lead-painted surface(s) being disturbed).
o Natural-log transformed dust-lead loading found on smooth floor surfaces in the
work area following cleanup (and containment, as applicable)
o Natural-log transformed dust-lead loading found in an adjacent room
® Number of Replicates: The number of replicates correspond to the number of times each
unique combination of activity-type, containment (yes/no), and cleanup type
(normal/RRP) is pursued in the study. The power study considered values of 2,3,4 and
5 replicates to determine how this impacts the ability to assess the various different
objectives of the study.
¢ Variability Left Unexplained (0 g,ro;): The power studies considered three values (0.75,
1.00, and 1.25) as low, medium and high anticipated levels of variability in dust-lead
loadings left unexplained by the model.

Many of the specific parameters that were included in the power studies (for the effects of yu and
B) were based on EPA’s draft Economic Analysis for the proposed RRP rule' and other studies
that were referenced in that document. Table A1 provides input for the six different activities
that we selected for this power study, based on information contained in Tables 5C-4 and 5C-5
of EPA’s RRP Economic Analysis Report. EPA assumed that the dust-lead hazards found in
adjacent rooms would be approximately 16% of the hazard generated by each activity, based on
an analysis of air samples collected in work areas and adjacent areas during the EPA Renovation
and Remodeling Environmental Field Sampling Study.



Table A1 Target RRP Activities and Assumed Geometric Mean Dust-Lead Hazards
Generated in the Work Area and Found in an Adjacent Room

RRP Model Description of Activity* Dust-Lead Loading ggg/ftzl
Treatment | Parameter ) Work Area Adjacent
Intensity Room
Low U1 Add/Replace Internal Water Pipes 1,800 288
Uiz Add/Replace Electrical Wiring 4,663 746
Medium U1 Add/Replace Built in Heating Equipment 7,750 1240
I Add/Replace Doors or Windows 12,444 1991
High Haq Renovation of Bathroom 35,631 5701
Uao Renovation of Kitchen 67,963 10874

*Note that the RRP activities listed in Table A1 above represent a subset of the RRP activities that EPA
was initially considering for this field study, and do not exactly match the set of six targeted interior jobs
listed in the main body of the QAPP. They can be considered representative, however, of the expected
dust lead loadings that may be encountered at the three levels of work activity,

Additional assumptions for the power study are as follows:

1. Normal cleanup on smooth floors reduces the dust-lead loading by between 96.3 and
98.5 percent. The proposed RRP cleanup will be 70 percent more effective at reducing
dust-lead loadings on smooth floors.

2. Containment will reduce dust-lead hazards on floors in the work area and the adjacent
room by between 95 and 99 percent.

3. The fraction of dust-lead hazards that is transported to an adjacent room ranges from 12
to 20 percent (with an average of 16 percent).

4. A random effect for RRP worker was included in the power study, with Owoker=0.4.

Random uniform numbers were used to select the specific value for the above

parameters (within the specified range) in the power study.

6. The power studies do not include any additional covariates or random effects (other
than the RRP worker cited above). The inclusion of covariates or random effects for
the analysis of data from the field study (once conducted) would likely reduce the error
left unexplained by the model, and have the effect of increasing the power of the study
to detect the key parameters.

(9]

The power studies were conducted using Model (1) as the basis. If Model (2) is more appropriate
(which assumes that the effects of clean-up or containment are different for each level of

treatment intensity), then the effective sample size for the study is approximately ¥; of what is
presented under Model (1) in terms of the power to detect the B parameters. If Model (3) is more
appropriate (which assumes that the effects of clean-up or containment are different for each type
of activity), then the effective sample size for the study 1s approximately ) of what is presented

under Model (1) in terms of the power to detect the (8 parameters.

The power studies were conducted by simulating and analyzing 200 datasets for each
combination of response variable, number of replicates, and 0, Each dataset was analyzed in
SAS using an appropriate Mixed Model Analysis of Variance (ANOVA) model, and the power
to detect the effects of containment and/or cleanup were assessed (for each response variable)



using a two-sided test of statistical significance at the 0.05 level, as shown in Table A2a. The
average difference in hazard-reducing efficiency of cleanup and containment were also assessed
for each of the three response variables considered, with the value shown in Table A2a
representing the average hazard-reducing efficiency differences attributable to containment
(approximately 97%) or the more substantive RRP cleanup (approximately 70%). The power
study results presented in Table A2a demonstrate that the study is adequately powered to detect
the effects of containment under Model (1) with as few as 2 replicates.

Table A2b provides power study results across Models (1), (2) and (3). Here, the average
parameter estimate and standard error from the analysis results the 200 simulated Model (1)
datasets are used as a basis. The standard errors are multiplied by the appropriate multiplicative

factor (\/3_ and+/6 for Models (2) and (3), respectively) and then the relative difference in
hazard reduction efficiency detectable with 80 percent power was computed formulaically, using
the standard normal distribution. As expected, the results in Table A2b suggest that the study is
well powered to detect the estimated differential effects of containment (97%) and cleanup
(70%) assuming Model (1) with as few as 2 replicates. Under the assumptions of Model (2) [that
the effects of containment and/or cleanup vary with treatment intensity], the study is still well
powered to detect the estimated effects of containment with 2 replicates, but would require 3
replicates to detect a 70% (treatment intensity — specific) difference in the efficiency of cleanup
methods. Under Model (3), the study would require more than 5 replicates to detect 70%
differences in cleaning efficiency (which would be activity-specific) — which is likely not
feasible given time and resource constraints.

Geometric means and associated 95% confidence intervals were also constructed for the dust-
lead loading associated with each activity type from the Model (1) simulations, which are
presented for each response variable in Tables A3-A5. These confidence intervals are based on
the average parameter estimate and standard error observed among the 200 simulated datasets.
They are also based on the assumptions of dust-lead levels generated by each RRP activity,
based on the specific activities listed in Table Al. As expected, the geometric means are
relatively stable for each activity type, with the 95% confidence intervals becoming narrower as
a function of increasing replicates and decreasing 0go. Since we assumed the response
variable(s) follow a lognormal distribution, the 95% confidence intervals have multiplicative
interpretation, as shown in Table A6. The multiplicative half-width of the 95% confidence
interval is the same across all activity types due to the balanced design (equal number of
replicates for each combination of activity type, containment (ves/no) and method of cleanup
(normal/RRP)) and the pooled error term (0gc;) across the field study. Note that the
multiplicative half-widths of the 95% confidence interval are wider Jor the post-cleaning samples
than the post-activity samples, because the power study assumes additional variability being
introduced by each worker’s cleaning habits. The interpretation of these multiplicative factors is
as follows: GM=LB*MF and UB=GM*MF — where GM represents the geometric mean, LB and
UB represent the lower and upper bounds of the 95% confidence intervals, and MF represents
the multiplicative factor listed in Table A6. The results in Table A6 suggest that although 2
replicates may be sufficient for detecting the effects of containment and cleanup-method on
smooth floors, it may not be adequate for estimating the hazards and post-cleanup levels
associated with different types of activities (depending on the level of precision required for
these estimates).



Recommendations for Design

The above power study corresponds to RRP activities conducted on the interior of residential
units, and does not provide direct insight for proposed experimentation within child occupied
facilities (COFs) or residential exterior RRP activities. The question of whether data Sfrom the
COFs will be modeled separately from the residential data (or combined with the residential
data in a single global model) has not yet been determined — and will likely depend on the degree
of overlap of specific RRP activities that are conducted in the two types of buildings, as well as
any important similarities or differences in the results revealed within the exploratory statistical
analyses.

When EPA initiated power studies Jor the COFs — it was determined that the assumptions that
were going into the power studies for COFs were identical to those that were being used for the
residential units — which led to a presumption that the data could be combined in subsequent
data analyses. :

Ultimately, it would be desirable to combine the data across the two building types — which
would provide additional statistical power for the study — however, EPA was conservative in
providing power study results only for the subset of data that would be collected in residential
housing. Obviously, power analyses for data analysis objectives that consider COFs on their
own would yield less power than those provided in this appendix (as less data is being collected
in COFs than residential units). Based on a simple statistical calculation, any estimated
differences that are detectable with power greater than 0.975 in Table A2a within residential
units would be detectable within COFs (based on the notion that the number of experimental
units within the COFs is approximately Y: of the number of experimental units being pursued
within residential units).

The study design that was explored in the above power analysis has the following features:

* Three treatment intensity levels (low, medium and high), and two specific RRP activities
per treatment intensity level (for a total of six specific RRP activities explored).

*  Within each RRP activity explored, a different RRP worker will conduct the activity four
times, allowing us to gather data for a 2x2 experiment that looks at all combinations of
containment (yes/no) and cleanup (normal/RRP).

* Areplicate corresponds to the number of different times the above 2x2 experiment is
conducted with a different RRP worker within the study (assuming that this number
ranges from 2-5).

Thus, the above design with 3 replicates would represent a total of 18 different RRP workers,
each repeatedly conducting a single activity four times, allowing EPA to collect post-activity,
post-cleanup, and post-verification dust and air samples corresponding (as appropriate) to both
types of clean-up and containment.

In terms of estimating the fixed-effects B parameters in the model associated with the effects of
cleanup and containment under Model (1) - there is no difference between the above design with
6 RRP activities and 3 replicates, and one that includes (3 RRP activities and 6 replicates per



activity) or (9 RRP activities and 2 replicates per activity) — as these provide equivalent data with
respect to estimating the effects of cleanup and containment. The same can be said for Model
(2), as long as there are equal numbers of activities selected for each treatment intensity level.
For Model (3), the power to detect the fixed-effects 8 parameters in the model will be inversely
proportional to the number of activities represented in the design (as the assumption in Model (3)
is that the effects of containment and cleanup are activity-specific).

In terms of estimating the fixed-effects p parameters in the model associated with the mean dust-
lead or air-lead levels associated with different activities (or treatment intensity levels), the width
of the confidence intervals are directly influenced by the number of replicates included in the
design.

EPA’s choice of a study design should consider the following:

» Under Model (1), a design with 6 RRP activities (evenly distributed among the 3
treatment intensity levels), and 2 replicates would be sufficient to detect the hypothesized
differences in hazard reduction efficiency attributable to containment and cleanup. This
type of design would require 48 separate interior experiments: (6 RRP activities) x (2
Replicates) x (2 levels of Containment) x (2 levels of Cleanup).

*  Under Model (2), the same design would be sufficient to detect the hypothesized effects
of containment, however the effects of cleanup would require 3 replicates. This would
increase the number of interior experiments from 48 to 72 — which may not be feasible
given current resource and time limitations.

* Similarly, under Model (3) the same design would be sufficient to detect the
hypothesized effects of containment, but the effects of cleanup would require more than 5
replicates (which is almost certainly infeasible).



Table A2a  Power to Detect the Estimated Difference in Containment or Cleanup
Efficiency on Various Surfaces as a Function of the Number of
Replicates and o, Assuming Model (1)

Effects of Containment vs. No Containment | Effects of RRP vs.
Numberof | og, Normal Cleanup
Replicates Work Area Adjacent Work Area
Bare Floors Room Bareé Floors
Estimated | Power | Estimated | Power Estimated | Power
Difference Difference Differerice |
0.75 0.973 1.000 0.973 1.000 0.708 0.970
2 1.00 0.973 1.000 0.973 1.000 0.702 0.815
1.25 0.972 1.000 0.972 1.000 0.702 0.635
0.75 0.973 1.000 0.973 1.000 0.700 1.000
3 1.00 0.973 1.000 0.973 1.000 0.698 0.960
1.25 0.972 1.000 0.972 1.000 0.703 0.840 .
0.75 0.972 1.000 0.972 1.000 0.702 1.000
4 1.00 0.973 1.000 0.973 1.000 0.691 0.980
1.25 0.971 1.000 0.971 1.000 0.701 0.970
0.75 0.973 1.000 0.973 1.000 0.701 1.000
5 1.00 0.972 1.000 0.972 1.000 0.701 1.000
1.25 0.973 1.000 0.973 1.000 0.694 0.975

*Note — These resuits are based on a 2-sided test with size ¢=0.05

Table A2b  Minimal Efficiency of Containment or Cleanup Detectable with 80 Percent
Power as a Function of the Assumed Model, the Number of Replicates and

TError
Effects of Containment Effects of Cleanup
Number of | og,, Work Area Adjacent Work Area
Replicates Bare Floors Room Bare Floors

M1 M2 M3 M1 M2 M3 M1 | M2 [ M3

0.75 | 0.505 | 0.704 | 0.821 | 0.481 | 0.679 | 0.799 | 0.505 0.704 0.821
2 1.00 | 0.586 | 0.783 | 0.885 | 0.569 | 0.767 | 0.873 | 0.586 0.783 | 0.885
1.25 | 0.652 | 0.840 | 0.925 | 0.644 | 0.833 | 0.921 | 0.652 0.840 | 0.925

0.75 | 0.438 | 0.631 | 0.756 | 0.417 | 0.607 | 0.733 | 0.438 0.631 | 0.756
3 1.00 | 0.514 | 0.714 | 0.829 | 0.499 | 0698 | 0.816 | 0514 0.714 | 0.829
1.25 [ 0.579 | 0.776 | 0.880 | 0.569 | 0.768 | 0.873 | 0.579 0.776 | 0.88

0.75 | 0.396 | 0.582 | 0.709 | 0.377 | 0.559 | 0.686 | 0.396 0.582 | 0.709
4 1.00 | 0.465 | 0.661 | 0.784 | 0.450 | 0.645 | 0.769 | 0.465 0.661 | 0.784
1.25 | 0.531 | 0.731 | 0.844 | 0.522 | 0.721 | 0.836 | 0.531 0.731 | 0.844

0.75 | 0.366 | 0.546 | 0.672 | 0.347 | 0.521 | 0.647 | 0.366 0.546 | 0.672
5 1.00 | 0.430 | 0.622 | 0.748 | 0.418 | 0.608 | 0.734 | 0.430 0.622 | 0.748
1.25 | 0.493 | 0.691 | 0.810 [ 0.484 | 0.683 | 0.803 | 0.493 0.691 | 0.810

*Note — These results are based on a 2-sided test with size a=0.05
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Table A6  Multiplicative Half-Width of 95% Confidence Intervals for the Geometric Mean
Dust-Lead Loading Associated with Each Activity.

Number of O&rror Multiplicative ¥z Width of 95%
Replicates Confidence Interval
Work Area Adjacent | Post Clean
Hazard Room Smooth
, Hazard Floors
0.75 2.157 2.318 2.493
2 1.00 2.454 2.680 2.917
1.25 2.850 3.147 3.425
0.75 1.838 1.948 2.055
3 1.00 2.069 2.212 2.364
1.25 2.292 2.479 2.645
0.75 1.686 1.778 1.866
4 1.00 1.843 1.957 2.062
1.25 2.064 2.199 2.339
0.75 1.607 1.686 1.760
5 1.00 1.760 1.846 1.944
1.25 1.926 2.036 2.142




Descriptive Statistics

Prior to running the statistical models, data analysts will summarize the various types of study
data and generate descriptive statistics on the data collected, e.g. means, medians, standard
deviations, as appropriate. Tables A7-A9 are examples of the descriptive summaries of the data
that will be produced and evaluated prior to running statistical models. '

tidy Room | —
Work Room (g')
Post-Work | Tool Storage (f; ) (ﬁ) (g) (f:)
Observation (f:) (ﬁ) (ﬁ) (g)
WorkRoom | 0, @ © © © ©
Cleaming | Too! Sorage @ © © © © ©
Observation (f:) (ﬁ) (ﬁ') (5) (z) (5)
bose Work Room (g) (ﬁ) (ﬁ) (ffL) (g) (ﬁ)
Veriication [0 e <§) (E) (g) (E) (E) (E)
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Table A8, Cqmparing Mean Air Lead Levels Across Intgrior Study Rooms and Work Levels
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Observation (ﬁ) (ﬁ) (ﬁ)
| Work Room (ﬁ) (g) (Z)
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Table A9. Mean Lead Levels Across Individual Interior Jobs

Work | Specific Post-Work Post-Cleaning Post-Cleaning Verif.
Level Job Floors | Sills Air Floors | Sills Air Floors | Sills Air
L Jobl
Job2
Job3
M Job4
Job5s
H Job6

' U.S. Environmental Protection Agency (2005) Economic Analysis for the Renovation, Repair, and Painting
Program Proposed Rule. Draft Report submitted by Abt & Associates to US EPA Office of Pollution Prevention
and Toxics under contract 68-W2-077
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APPENDIX B
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Work Area Containment, Cleaning, and Cleaning Verification
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Excerpts from Federal Register/Vol. 71, No. 6, January 10, 2006

Work Area Containment

b. Containing the work area. Under proposed § 745.85(a)(2), a firm must contain the work area so that no visible
dust or debris leaves the work area while the renovation is being performed. Containment refers to methods of
preventing leaded dust from contaminating objects in the work area and from migrating beyond the work area. It
includes everything from the simple use of disposable plastic drop cloths to the sealing of openings with plastic
sheeting. When planning a renovation project, special consideration should be given to determining the type of work
site preparation necessary to prevent dust and debris from leaving the work area.

Renovation projects generate varying amounts of leaded dust, paint chips, and other lead-contaminated materials
depending on the type of work, area affected, and work methods used. Repairing a smail area of damaged drywall
is likely to generate less lead-contaminated dust and debris than sanding a large area in preparation for painting.
Because of this variability, the size of the area that must be isolated and the containment methods used will vary
from project to project. Large renovation projects could involve one or more rooms and potentially encompass an
entire home or building, while small projects may require only a minimal amount of containment. The necessary
work area preparations will depend on the size of the surface(s) being disturbed, the method used in disturbing the
surface, and the building layout. The certified renovator assigned to a renovation would weigh all of these factors
in determining the appropriate work area size and preparation level for that particular situation. For example,
repairing a small area of damaged drywall would probably require a smaller work area and minimal preparation
while demolition work would probably require a larger work area and extensive preparation in order to prevent the
migration of dust and debris from the work area. The certified renovator is responsible for weighing all of these
factors and designing a system of containment that ensures that no dust and debris leaves the work area. EPA is
proposing to define the term ‘‘work area’’ as the area that the certified renovator establishes to contain all of the
dust and debris generated by a renovation, based on the certified renovator’s evaluation of the extent and nature of
the activity and the specific work practices that will be used.

1. Interior renovations. At a minimum, interior work area preparations must include removing or covering all
objects in the work area, closing and covering all forced air HVAC ducts in the work area, closing all windows in
the work area, closing and sealing all doors in the work area, and covering the floor surface, including installed
carpet, with taped-down plastic sheeting in the work area. Doors within the work area that must be used while the
job is being performed must be covered with plastic sheeting or other impermeable material in a manner that allows
workers to pass through, while confining dust and debris to the work area. In addition, all personnel, tools, and other
items, including the exterior of containers of waste, must be free of dust and debris when leaving the work area.
Alternatively, the paths used to reach the exterior of the home must be covered with plastic sheeting or other
impermeable material to prevent the debris outside the work area.

1i. Exterior renovations. For exterior projects, work area preparations must include, at a minimum, covering the
ground with plastic sheeting or other disposable impermeable material extending out from the edge of the structure a
sufficient distance to collect falling paint debris, closing all doors and windows within 20 feet of the outside of the
work area on the same floor as the renovation, and closing all doors and windows on the floors below that area. For
example, if the renovation involves sanding a 5-foot by 5-foot area of paint on the third floor of a building, and that
side of the building is only 40 feet long, all doors and windows on that side of the third floor must be closed, as well
as all of the doors and windows on that side of the second and first floors. In situations where other buildings are in
close proximity to the work area, or where the work area abuts a property line, the firm performing the renovation
may have to take extra precautions in containing the work area to ensure that dust and debris from the renovation
does not contaminate other buildings or migrate to adjacent property. In addition, doors within the work area that
must be used while the job is being performed must be covered with plastic sheeting or other impermeable material
in a manner that allows workers to pass through while confining dust and debris to the work area.
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Cleaning the Work Area

d. Cleaning the work area. Under proposed § 745.85(a)(4), a firm would be required to clean the work area to
remove visible dust, debris or residue, as well as dust particles too small to be seen by the naked eye. All renovation
activities that disturb painted surfaces can produce dangerous quantities of leaded dust. Because very small particles
of leaded dust are easily absorbed by the body when ingested or inhaled, a small amount can create a health hazard
for young children. Unless this dust is properly removed, renovation and remodeling activities are likely to introduce
new lead-based paint hazards. Therefore, careful cleaning is required. Improper cleaning can increase the cost of a
project considerably because additional cleaning may be necessary during post-renovation cleaning verification.
Although it may not be possible to remove all leaded dust generated by the renovation, it is possible to reduce it
below levels that EPA has determined to be hazardous.

The proposal specifies that, upon completion of renovation activities, all paint chips and debris must be picked up.
Protective sheeting must be misted and folded dirty side inward, using care to trap any remaining dust. Sheeting
used to isolate contaminated rooms from non-contaminated rooms must remain in place until after the cleaning and
removal of other sheeting; this sheeting must then be misted and removed last. Removed sheeting must be either
folded and taped shut to seal or sealed in heavy-duty bags and disposed of as waste.

After the sheeting has been removed from the work area, the entire area must be cleaned. The walls, starting from
the ceiling and working down to the floor, would have to be vacuumed with a vacuum equipped with a HEPA filter
or wiped with a damp cloth. The proposal would require that all remaining surfaces and objects in the work area,
including floors, furniture and fixtures, be thoroughly vacuumed with a vacuum equipped with a HEPA filter. When
cleaning carpets, the HEPA-equipped vacuum must be equipped with a beater bar to aid in dislodging and collecting
deep dust and lead from carpets. The beater bar must be used on all passes on the carpet face during dry vacuuming.
Where feasible, floor surfaces undemeath a rug or carpeting must also be thoroughly vacuumed with a HEPA-
equipped vacuum. This cleaning step is intended to remove as much dust and remaining debris as possible.

EPA requests comment on whether the rule should allow the use of vacuums other than vacuums equipped with
HEPA filters. HEPA filters were first developed by the U.S. Atomic Energy Commission during World War II to
capture microscopic radioactive particles that existing filters could not remove. HEPA filters have the ability to
capture particles of 0.3 microns with 99.97% efficiency. Particles both larger and smaller than 0.3 microns are easier
to catch. Thus, HEPA filters capture these particles with 100% efficiency. Available information indicates that lead
particles generated by renovation activities range in size from over 20 microns to 0.3 microns or less (Ref. 58). It has
been suggested that vacuums not equipped with HEPA filters fail to capture smaller lead particles, and that these
vacuums are more likely to recirculate these particles to the air instead. EPA is concerned that the unintended release
of lead particles into the air during cleaning activities may not only cause unintended dust lead hazards in the work
area, but that it could impact other areas of the dwelling unit. EPA requests comment on whether there are other
vacuums that have the same efficiency at capturing the smaller lead particles as HEPA-equipped vacuums, along
with any data that would support this performance equivalency and whether this performance specification is
appropriate for leaded dust cleanup. EPA also requests comment on whether the rule should allow other types of
vacuums in addition to HEPA-equipped vacuums, given that the OSHA Lead in Construction standard, at 29 CFR
1926.62(h)(4), requires that vacuums be equipped with HEPA filters where vacuums are used.

After vacuuming, all surfaces and objects in the work area, except for walls and carpeted or upholstered surfaces,
must be wiped with a damp cloth. Uncarpeted floors must be thoroughly mopped using a 2-bucket mopping method
that keeps the wash water separate from the rinse water, or using a wet mopping system with disposable absorbent
cleaning pads and a built-in mechanism for distributing or spraying cleaning solution from a reservoir onto a floor.

These special cleaning methods and procedures are typically not standard operating procedure for general home
mmprovement contractors. Therefore, this proposal seeks to train renovators and establish work practice standards
that renovators must follow to ensure no lead-based paint hazards are introduced as a result of a renovation.
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When cleaning following an exterior renovation, under the proposal all paint chips and debris must be picked up.
Protective sheeting used for containment must be misted with water. All sheeting must be folded carefully from the
comners or ends to the middle to trap any remaining dust. The sheeting must be disposed of as waste.

EPA invites comment on all aspects of its proposed work practice standards. EPA is especially interested in
studies showing the effectiveness of each component of its proposed work practices, as well as the effectiveness of
these components in combination. As noted in the Draft Economic Analysis for this proposed rule, discussed in
greater detail in Unit VIILA., the Agency assumes that the specified combination of warning signs, containment
barriers, cleaning measures, and the post-renovation cleaning verification process discussed in the next section,
taken together, will result in lead dust levels at or below the dust-lead hazard standards established at 40 CFR
745.65(b). The available data, however, does not support a quantitative assessment of the independent efficiency of
each of these measures.

Cleaning Verification
E. Cleaning Verification

1. Background. The goal of this proposed rule is to ensure that lead-based paint hazards are not created and left
behind after residential renovations.

To achieve this goal, EPA has outlined training requirements to provide renovators with information and techniques
on how to minimize the lead dust they produce during renovation activities and the appropriate methods for cleaning
the work area after a renovation has been completed. The Agency has also proposed a series of work practice
standards that must be followed during renovations. In addition, to achieve the goal of ensuring that residential
renovations do not increase exposure to lead-based paint hazards, EPA has determined that additional cleaning
verification procedures are necessary.

However, requiring dust clearance sampling after each renovation project, as is done for abatements, would be
problematic for several reasons. Dust clearance sampling, which is required after abatements, may be very
expensive. The costs can be attributed to two major factors: the cost of trained personnel to collect the samples and
the cost of the laboratory analysis. EPA estimates the cost of three dust samples to be approximately $160 to collect
and analyze. If EPA were to require dust clearance sampling after every renovation project, it would make up a
significant portion of the cost of smaller projects. More information on the costs of dust clearance sampling can be
found in Unit VIIL.A. and in EPA’s draft economic analysis of the impacts of this proposal (Ref. 59). In addition,
dust clearance sampling takes a great deal of time. Laboratory results may not be available for several days, during
which time the work area cannot be re-occupied.

On the other hand, a visual inspection, while less expensive and less time-consuming than dust clearance
sampling, does not provide sufficient assurance that the renovation activities have not increased the potential for
exposure to lead-based paint hazards. Recent studies indicate that visual inspection alone is not a reliable and
effective method for identifying the presence of a lead-based paint hazard after cleaning (Ref. 60).

In addition, one of the significant difficulties associated with requiring clearance after renovation projects is the
difference in focus and scope between abatement projects and renovations. The purpose of an abatement project is to
permanently eliminate lead-based paint and lead-based paint hazards. It is therefore perfectly appropriate to require
an assurance that the abatement firm has, in fact, eliminated these hazards. However, renovations may be performed
for many reasons, most of which have nothing to do with eliminating lead-based paint hazards. Moreover, if
clearance using dust wipes were required after every renovation job, it could have the effect of holding the
renovation firm responsible for abating all dust-lead hazards, including such hazards that may have existed in the
area before the renovation commenced. During the public meetings in 1998 and 1999, as well as during the
SBREFA panel process, discussed in Unit VIII.C., contractors pointed out that, if post-renovation clearance
sampling were required, the contractors would have to protect themselves by collecting pre-renovation dust samples,
to ensure that they would not be held liable for pre-existing hazards. EPA understands this concern and has
attempted to address it by finding an alternative to dust clearance sampling. The goal of this proposal is to ensure
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any potential lead-based paint hazards created during the actual renovation project are cleaned up by the renovation
firm. EPA requests comment on all of the available methods for achieving this goal, including visual inspections,
dust clearance testing, and the proposed post-renovation cleaning verification process described below. EPA also
requests comment on whether any cleanup verification is necessary, given the proposed cleaning requirements
described above.

2. Disposable Cleaning Cloth/White Glove Study. EPA began looking for an alternative to dust clearance
sampling that would be quick, inexpensive, reliable, and easy to perform. EPA conducted a series of studies using
commercially available disposable cleaning cloths to determine whether variations of a *‘white glove’’ test could
serve as an effective alternative to dust clearance sampling. White disposable cleaning cloths were used to wipe
windowsills and wipe floors, then examined to determine whether dust was visible on the cloth. This determination
was made by visually comparing the cloth to a photographic standard that EPA developed to correlate to a level of
contamination that is below the dust lead hazard standard in 40 CFR 745.65(b). Cloths that matched the standard
were considered to have achieved ‘‘white glove.”’

Initial studies focused on dry, or electrostatic, disposable cleaning cloths (dry cloths). These cloths were used to
wipe a windowsill or a section of floor until a cloth had achieved ‘‘white glove.”” Then, dust samples were collected
to determine whether the windowsill or floor had also achieved clearance. These studies were conducted both in
vacant buildings, where the amount of leaded dust on the surfaces was uncontrolled and no pre-cleaning was done,
and in a controlled laboratory setting. The results of these studies indicate that dry cloths are most effective in

predicting clearance through the ‘‘white glove’’ test when the initial lead levels are between 40 ;Lg/ft2 and 200 p,g/ftz.
EPA then began looking at wet disposable cleaning cloths (wet cloths) as a means to improve the effectiveness of
dry cloths. In a controlled setting, the effectiveness of various combinations of dry cloths and wet cloths were tested,

using a leaded dust loading of 1,600 pg/ ft". The first protocol tested used only dry cloths--after *‘white glove’” was
achieved, the surface was wiped with two more dry cloths. This protocol led to a false negative error rate of 30%,
meaning that in 30% of the cases, ‘‘white glove’’ was achieved, but dust sampling indicated that the surface lead

levels exceeded 40 /Lg/ftz. This procedure was performed again, and followed by one wiping with a wet cloth. With
this protocol, all 12 of the tests performed resulted in levels below the clearance standard, or a false negative error
rate of 0%. Finally, the original dry cloth protocol was used, until ‘“white glove’’ was achieved, and then followed
by one mopping with a wet cloth. This simplified protocol achieved a false negative error rate of 10%.

The promising results of this controlled study led to a field test of three potential protocols: Dry cloths to ‘‘white
glove,”’ dry cloths to ““white glove’’ followed by one wet cloth, and wet cloths to ““white glove.”” This field test was
performed in vacant housing units. Lead levels were determined before testing began, but no cleaning was
performed. The results of this field test were as follows: On floors, 91.5% of the surfaces that achieved *‘white
glove’’ using only dry cloths also achieved clearance, while 97.3% of the floors that achieved *‘white glove’’ using
only wet cloths also achieved clearance. In addition, 10 of the 11 floors where ‘‘white glove’” was not achieved
using dry cloths, and 20 of the 21 floors where ‘‘white glove’’ was not achieved using wet cloths, achieved
clearance anyway. Unexpectedly, the protocol using dry cloths to ““white glove’’ followed by one wet cloth was the
least successful protocol--the false negative error rate for this protocol was nearly 20%. Windowsills were also
tested during this part of the study, but only the all-dry-cloth protocol and the all-wet-cloth protocol were used. For
the dry cloth protocol, 96.4% of the sills that achieved ‘‘white glove’’ also achieved clearance, and the one sill that
did not achieve ‘‘white glove’’ still passed clearance. For the wet cloth protocol, all of the sills that achieved ‘‘white
glove’’ also achieved clearance, as did the four sills that did not reach ‘“white glove.”’

The floors in the housing units tested in this portion of the study were in vacant buildings that had high levels of
accumulated lead that was often encrusted on the surface as part of a hard, gummy layer. In the case where false
negative results were seen, it was primarily due to the moisture from the wet cloth loosening lead after the *‘white
glove’” was achieved with the wet cloth.

The final report for these studies and the earlier studies, entitled Electrostatic Cloth and Wet Cloth Field Study in
Residential Housing, underwent an external peer review process. The final report, including the Quality Assurance
Project Plan, the photographic comparison standards, the comments from the peer reviewers, and EPA’s response to
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the comments from the peer reviewers, has been placed into this docket (Ref. 61). EPA also requests comments on
the conclusions drawn from this study, as well as on the study itself. EPA is particularly interested in information or
data on the Agency’s conclusions that this approach is practical and provides reliable information on removal of lead
hazards and that renovators will be able to use a reference card to properly assess when ‘“white glove’’ is achieved.

3. Steps for cleaning verification. Based on these study results, EPA is not proposing to require dust clearance
sampling after any renovations. Instead, for interior renovations, EPA is proposing to require an additional post-
cleaning verification step following the visual inspection. This step involves wiping the interior windowsills and
floors with a wet disposable cleaning cloth and, if necessary, a dry disposable cleaning cloth, and comparing it to a
cleaning verification card that EPA will develop and distribute. A prototype of this card has been placed in the
docket (Ref. 62). The purpose of this step is to verify that horizontal surfaces where dust will settle have been
adequately cleaned. The specific post-renovation cleaning verification requirements are proposed as follows.

a. Visual inspection. A certified renovator must perform a visual inspection to determine whether visible dust,
debris, or residue is still present in the work area. If such dust, debris, or residue is present, these conditions must be
eliminated. If the renovation involved is an interior renovation, these conditions must be eliminated by re-cleaning
the work area as directed in proposed § 745.85(a)(4). After an exterior work area passes the visual inspection, the
project has been properly completed and the warning signs may be removed. After an interior work area passes the
visual inspection, the cleaning of each windowsill and uncarpeted floor within the work area must be verified as
discussed in this Unit.

b. Interior windowsills. For interior renovations, after the work area has been cleaned and has passed the visual
inspection, a certified renovator must wipe each interior windowsill (also known as a stool) in the work area with a
wet disposable cleaning cloth. All wet cloths used in the post-renovation cleaning verification process must be at
least damp to the touch, and must remain so during the process. After wiping each windowsill with a wet cloth, the
certified renovator must compare the cloth to the cleaning verification card. If the cloth matches the card, that
windowsill has passed the post-renovation cleaning verification. If the cloth does not match the card, that windowsill
must be re-cleaned in accordance with proposed § 745.85(a)(4)(ii). After the windowsill has been re-cleaned, the
certified renovator must wipe that windowsill with a new wet cloth, or the same one folded so that an unused surface
is exposed, and compare it to the cleaning verification card. If the cloth matches the card, that windowsill has
passed. If not, the windowsill must be re-cleaned again and left to dry.

To perform this verification on a windowsill, the certified renovator must wait for one hour after the surface has
been re-cleaned or until the surface has dried, whichever is longer. Then, the certified renovator must wipe the
windowsill with a dry disposable cleaning cloth and compare it to the cleaning verification card. This process must
be repeated until a dry cloth, or a folded section of a dry cloth, that has wiped the windowsill matches the cleaning
verification card. At that point, that windowsill has passed the post-renovation cleaning verification process. Each
windowsill in the work area must pass the post-renovation cleaning verification process.

EPA considered requiring that certified renovators repeat the process of cleaning and then wiping with a wet
disposable cleaning cloth until each windowsill and each section of uncarpeted floor within the work area achieved
post-renovation cleaning verification with a wet cloth. The disposable cleaning cloth studies suggest that it is
possible that some floors may never achieve verification with a wet cloth. Verification on floors that are in poor
condition or floors with built-up layers of grime may be particularly difficult. In the second field study of disposable
cleaning cloths, there were 21 floors that did not achieve ‘‘white glove,”’ even after 15 separate wipings with a fresh
wet cloth. However, 20 of these floors passed clearance through dust sampling.

Therefore, for each windowsill and for those sections of the floor that did not achieve post-renovation cleaning
verification using the wet cloths, EPA is proposing to require that after the second re-cleaning, the surface be
allowed to dry, and then a dry disposable cleaning cloth verification process be performed. The dry cloth may be
less likely to dissolve additional layers of built-up grime, which may have contributed to the phenomenon of floors
passing clearance, but not achieving ‘‘white glove’” with the wet cloths. In addition, lead dust trapped in built-up
layers of grime is not likely to be the result of a current renovation activity.
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c. Floors. After the windowsills in the work area have passed the post-renovation cleaning verification, a certified
renovator must wipe the floor surfaces in the work area with a wet disposable cleaning cloth. Wiping of floors must
be done with an application device consisting of a long handle and a head to which the wet cloth is attached. This
will help the certified renovator apply fairly constant pressure over the floor surface. Again, the wet cloth must
remain at least damp to the touch throughout this process. During the field studies, the cloths tended to dry out as
they were used over large areas, or on more porous floor surfaces. As the cloths dry out, they pick up less dust. To
ensure that the cloths remained damp during the field studies, the persons performing the wiping were directed to

2 . . .
use each wet cloth on no more than 40 ft of floor area (Ref. 63). EPA is proposing to require the same for the
purposes of post-renovation cleaning verification, but requests comment on whether this is an appropriate size cut-

off. If the floor surface in the work area exceeds 40 ftz, the certified renovator would divide the floor surface into

sections, each section being less than 40 ftz, and perform the post-renovation cleaning verification on each section
separately.

If the wet cloth used to wipe a particular section of floor matches the cleaning verification card, that section has
passed the post-renovation cleaning verification. If, however, on the first wiping of a section of the floor surface, the
wet cloth does not match the cleaning verification card, the surface of that section of the floor must be re-cleaned in
accordance with proposed § 745.85(a)(4)(ii). After re-cleaning, the renovator must wipe that section of the floor
again using a new wet cloth. If the wet cloth matches the cleaning verification card, that section of the floor has
passed. If the wet cloth does not match the verification card, that section of the floor must be re-cleaned as directed
in proposed § 745.85(a)(4)(ii) and left to dry.

For those sections of the floor that did not achieve post-renovation cleaning verification using the wet cloths, the
certified renovator must wait for 1 hour after the floor has been re-cleaned or until the floor has dried, whichever is
longer. Then, the certified renovator must wipe those sections of the floor with a dry disposable cleaning cloth and
compare it to the cleaning verification card. This wiping must also be performed using an application device with a
long handle and a head to which the dry cloth is attached. This process must be repeated until a dry cloth that has
wiped all of the sections of the floor that have not yet passed verification matches the cleaning verification card. At
that point, the entire floor has passed the post-renovation cleaning verification process and the warning signs may be
removed.

EPA believes that adherence to this post-renovation cleaning verification protocol, in combination with the
proposed training, containment, and cleaning requirements is a safe, reliable and effective system of ensuring that
renovation activities do not result in an increased risk of exposure to lead-based paint hazards. In the great majority
of cases, windowsills and floors that achieve post-renovation cleaning verification will also pass dust clearance
sampling. EPA specifically requests comment on the elements of the proposed protocol, especially with regard to
their efficacy and utility. EPA also requests comments on whether the reliability of the cleaning verification would
be improved if it were performed by an individual who had not previously participated in the renovation activity, for
example, another certified renovator in the renovation firm.

d. Carpets. As a final step in the renovation process, EPA is proposing that after containment is removed, the
work area be thoroughly cleaned. For floors, the proposal would require vacuuming with a HEPA-equipped vacuum.
When cleaning carpets, the vacuumn would have to be equipped with a beater bar to aid in dislodging and collecting
leaded dust. EPA believes that use of the HEPA-equipped vacuum equipped with a beater bar to dislodge dust and
debris is the most effective cleaning practice for carpets, and that an effective cleaning verification method for
carpets is not available. EPA is not proposing that the ‘‘white glove®’ cleaning verification protocol be used on
carpets after they have been cleaned using a HEPA-equipped vacuum equipped with a beater bar. EPA did not verify
use of the ““white glove’’ protocol on carpets. In addition, there are questions about the validity of dust clearance
sampling on carpeted floors, even though such sampling is required by EPA after abatements and by HUD after
interim controls. In its final rule for hazard and clearance standards for the Title X program (Ref. 24), the Agency
included standards for carpeted floors, even though the proposed floor standards would have applied only to bare
floors (Ref. 64). The Agency initially was concerned that there was a lack of data on the relative performance of
sampling methods for carpets, given that various studies had used different sampling techniques (e.g., the Baltimore



Study Design and QAPP for RRP Field Study
Appendix B
Revision No. 0
August 10, 2006
Page B-8 of 12
Repair and Maintenance Study’s ‘‘BRM’’ vacuum (Ref. 65), the Comprehensive Abatement Performance Pilot
Study’s “‘Blue Nozzle’” vacuum (Ref. 66), and standard dust wipes). Additionally, the Agency did not have
adequate data on the effectiveness of carpet cleaning techniques that would be needed to establish a dust clearance
level for carpeted floors. Consequently, there were problems establishing a dust lead level on a wipe that would
independently indicate that the carpet had been sufficiently cleaned. This problem was exacerbated by the wide
variety of carpet types and conditions that would likely be encountered in residential units.

The Agency changed its position in the final lead hazard standards rule as a result of commenters’ concerns that
many housing units contained carpeting and that, without a standard, such units could not be assessed for the
presence of lead hazards from floor dust. Based upon data available to the Agency at that time (Ref. 67), EPA
estimated that approximately 54 million housing units built prior to 1978 contained some wall-to-wall carpeting and,
of these, 47 million had such carpeting in living rooms and 46 million in bedrooms (i.e., rooms in which children
reside and play frequently). Agreeing with these concerns, the Agency determined that the floor standards (using
dust wipes) should apply to both bare and carpeted floors in order that alt floors would be addressed in lead hazard
screens, risk assessments, and abatements.

In making this determination, EPA did not specifically consider the question of whether both the hazard and the
clearance floor standards should apply to carpeted floors. Because the hazard and clearance standards were
numerically equal, even though they served different purposes and uses, EPA chose to apply both standards to
carpeted and uncarpeted floors.

The decision to apply the clearance standard to carpeted floors ultimately had little consequence, given the context
in which clearance standards are used--namely, to ensure that sufficient cleanup has been performed after an
abatement. Typically, in abatement situations, carpets that are in poor condition or are known to be highly
contaminated are removed and disposed of. Where carpets are not replaced, they are cleaned according to specified
criteria (Ref. 27). In general, carpets are acknowledged to be potential traps of leaded dust and great care is taken to
replace or thoroughly clean them in order to ensure that, once the abatement is concluded, the housing unit is
cleanable so that the benefits of the abatement will continue as long as routine cleaning is performed. Consequently,
EPA believes that it is this special attention to carpets that ensures that they are sufficiently clean, rather than
reliance upon only a post-abatement wipe clearance sample.

e. Optional use of clearance testing. Some renovators or homeowners may choose to perform clearance at
the completion of renovation activities instead of the post-renovation cleaning verification described in proposed §
745.85(b). If so, dust sampling for clearance would have to be performed by a certified inspector, risk assessor, or
dust sampling technician, who would be responsible for collecting dust samples, sending them to an EPA-
recognized laboratory, and comparing the results to the clearance levels in accordance with 40 CFR 745.227(e)(8).
EPA recommends that the renovation work area be re-cleaned if the home fails the clearance test. It is a good idea to
specify in the renovation contract who is responsible for this re-cleaning if the home fails the clearance test. EPA
welcomes comment on this part of the proposal.

Exact Proposed Rule Text, 40 CFR Part 745:

§ 745.82 Applicability.

(a) This subpart applies to all renovations of target housing performed for compensation, except for the following:

(1) Minor repair and maintenance activities (including minor electrical work and plumbing) that disrupt 2 square feet or
less of painted surface per component.

(2) Renovations in target housing in which a written determination has been made by an inspector (certified pursuant to
either Federal regulations at § 745.226 or a State or Tribal certification program authorized pursuant to § 745.324) that the
components affected by the renovation are free of paint or other surface coatings that contain lead equal to or in excess of 1.0

milligrams/per square centimeter (mg/cmz) or 0.5% by weight, where the firm performing the renovation has obtained a copy of
the determination.
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(3) Renovations in target housing in which a certified renovator, using an acceptable test kit and following the kit
manufacturer’s instructions, has determined that the components affected by the renovation are free of paint or other surface

coatings that contain lead equal to or in excess of 1.0 mg/cm2 or 0.5% by weight.

(b) The information distribution requirements in § 745.84 do not apply to emergency renovation operations, which are
renovation activities that were not planned but result from a sudden, unexpected event (such as non-routine failures of
equipment) that, if not immediately attended to, presents a safety or public health hazard, or threatens equipment and/or property
with significant damage. Interim controls performed in response to an elevated blood lead level in a resident child are also
emergency renovation operations. The work practice, training, and certification requirements in §§ 745.85, 745.89, 745.90 and
the recordkeeping requirements in § 745.86(b)(6) and (b)(7) apply to emergency renovation operations to the extent practicable.

(c) The work practice standards for renovation activities in § 745.85 apply to all renovations covered by this subpart,
except for renovations in target housing for which the firm performing the renovation has obtained a statement signed by the
owner that the renovation will occur in the owner’s residence and no child under age 6 resides there. For the purposes of this
section, a child resides in the primary residence of his or her custodial parents, legal guardians, and foster parents. A child also
resides in the primary residence of an informal caretaker if the child lives and sleeps most of the time at the caretaker’s residence.

5. Section 745.83 is amended as follows:
a. Remove the definition of ‘‘Emergency renovation operations.’’
b. Revise the definition of ‘‘Pamphlet’” and the definition of ‘‘Renovator.”
¢. Add 11 definitions in alphabetic order.

§ 745.83 Definitions.
* k k %k Xk

Acceptable test kit means a commercially available kit recognized by EPA pursuant to section 405 of TSCA as being capable
of allowing a user to accurately determine the presence of lead at levels equal to or in excess of 1.0 milligrams per square
centimeter, or more than 0.5% lead by weight, in a paint chip, paint powder, or painted surface.

* ok ok k%

Cleaning verification card means a card developed and distributed, or otherwise approved, by EPA for the purpose of
determining, through comparison of disposable cleaning cloths with the card, whether post-renovation cleaning has been
properly completed.

Component or building component means specific design or structural elements or fixtures of a building or residential dwelling
that are distinguished from each other by form, function, and location. These include, but are not limited to, interior components
such as: Ceilings, crown molding, walls, chair rails, doors, door trim, floors, fireplaces, radiators and other heating units, shelves,
shelf supports, stair treads, stair risers, stair stringers, newel posts, railing caps, balustrades, windows and trim (including sashes,
window heads, jambs, sills or stools and troughs), built in cabinets, columns, beams, bathroom vanities, counter tops, and air
conditioners; and exterior components such as: Painted roofing, chimneys, flashing, gutters and downspouts, ceilings, soffits,
fascias, rake boards, comerboards, bulkheads, doors and door trim, fences, floors, joists, lattice work, railings and railing caps,
siding, handrails, stair risers and treads, stair stringers, columns, balustrades, window sills or stools and troughs, casings, sashes
and wells, and air conditioners.

Dry disposable cleaning cloth means a commercially available dry, electrostatically charged, white disposable cloth designed
to be used for cleaning hard surfaces such as uncarpeted floors or counter tops.

% %k k %k X

Firm means a company, partnership, corporation, sole proprietorship or individual doing business, association, or other
business entity; a Federal, State, Tribal, or local government agency; or a nonprofit organization.

HEPA-equipped vacuum means a vacuum equipped with a high efficiency particulate air filter.

Interim controls means a set of measures designed to temporarily reduce human exposure or likely exposure to lead-based
paint hazards, including specialized cleaning, repairs, maintenance, painting, temporary containment, ongoing monitoring of
lead-based paint hazards or potential hazards, and the establishment and operation of management and resident education
programs.

* k % % ok

Pamphlet means the EPA pamphlet titled Protect Your Family from Lead During Renovation, Repair & Painting developed
under section 406(a) of TSCA for use in complying with section 406(b) of TSCA, or any State or Tribal pamphlet approved by
EPA pursuant to 40 CFR 745.326 that is developed for the same purpose. This includes reproductions of the pamphlet when
copied in full and without revision or deletion of material from the pamphlet (except for the addition or revision of State or local
sources of information). Before [insert date 8 months after date of publication of the final rule in the Federal Register], the term
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‘‘pamphlet’” also means any pamphlet developed by EPA under section 406(a) of TSCA or any State or Tribal pamphlet
approved by EPA pursuant to § 745.326.
& %k k k %

Renovator means a person who either performs or directs uncertified workers who perform renovations. A certified renovator
is a renovator who has successfully completed a renovator course accredited by EPA or an EPA-authorized State or Tribal
program.

Training hour means at least 50 minutes of actual learning, including, but not limited to, time devoted to lecture, learning
activities, small group activities, demonstrations, evaluations, and hands-on experience.

Wet disposable cleaning cloth means a commercially available, pre-moistened white disposable cloth designed to be used for
cleaning hard surfaces such as uncarpeted floors or counter tops.

Wet mopping system means a device with the following characteristics: A long handle, a mop head designed to be used with
disposable absorbent cleaning pads, a reservoir for cleaning solution, and a built-in mechanism for distributing or spraying the
cleaning solution onto a floor.

Work area means the area that the certified renovator establishes to contain all of the dust and debris generated by a
renovation, based on the certified renovator’s evaluation of the extent and nature of the activity and the specific work practices
that will be used.

§ 745.84 [Removed]
6. Section 745.84 is removed.
§ 745.85 [Redesignated]
1 Section 745.85 is redesignated as §745.84.
2 Newly designated § 745.84 is amended as follows:

O a. Revise the introductory text of paragraph (a) and revise paragraph (a)(2)(i).
0 b. Revise the introductory text of paragraph (b) and revise paragraphs (b)(2) and (b)(4).
O c. Revise the introductory text of paragraph (c).

§ 745.84 Information distribution requirements.

0 (2) Renovations in dwelling units. No more than 60 days before beginning renovation activities in any residential
dwelling unit of target housing, the firm performing the renovation must:
(1 (i) Obtain, from the adult occupant, a written acknowledgment that the occupant has received the pamphlet; or certify

in writing that a pamphlet has been delivered to the dwelling and that the firm performing the renovation has been unsuccessful

in obtaining a written acknowledgment from an adult occupant. Such certification must include the address of the unit
undergoing renovation, the date and method of delivery of the pamphlet, names of the persons delivering the pamphilet, reason for
lack of acknowledgment (e.g., occupant refuses to sign, no adult occupant available), the signature of a representative of the firm
performing the renovation, and the date of signature.

0 % ¥ ¥ k k

0 (b) Renovations in common areas. No more than 60 days before beginning renovation activities in common areas of
multi-unit target housing, the firm performing the renovation must:

U (1)***

C (2) Notify in writing, or ensure written notification of, each affected unit and make the pamphlet available upon request

prior to the start of renovation. Such notification shall be accomplished by distributing written notice to each affected unit. The
notice shall describe the general nature and locations of the planned renovation activities; the expected starting and ending dates;
and a statement of how the occupant can obtain the pamphiet, at no charge, from the firm performing the renovation.
(] (3)***
(4) If the scope, locations, or expected starting and ending dates of the planned renovation activities change after the initial
notification, the firm performing the renovation must provide further written notification to the owners and occupants providing
revised information on the ongoing or planned activities. This subsequent notification must be provided before the firm
performing the renovation initiates work beyond that which was described in the original notice.

(c) Written acknowledgment. The written acknowledgments required by paragraphs (a)(1)(), (2)(2)(i), and (b)(1)(i) of this

section must:
* % ok %k N
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9. Section 745.85 is added to subpart E to read as follows:

§ 745.85 Work practice standards.

(a) Standards for renovation activities. Renovations must be performed by certified firms using certified renovators as
directed in § 745.89.

(1) Occupant protection. Firms must post signs clearly defining the work area and warning occupants and other persons
not involved in renovation activities to remain outside of the work area. These signs must be posted before beginning the
renovation and must remain in place and readable until the renovation and the post-renovation cleaning verification have been
completed. If warning signs have been posted in accordance with 24 CFR 35.1345(b)(2) or 29 CFR 1926.62(m), additional signs
are not required by this section.

(2) Containing the work area. Before beginning the renovation, the firm must isolate the work area so that no visible
dust or debris leaves the work area while the renovation is being performed.

(i) Interior renovations. The firm must:

(A) Remove all objects from the work area, including furniture, rugs, and window coverings, or cover them with plastic
sheeting or other impermeable material with all seams and edges taped or otherwise sealed.

(B) Close and cover all ducts opening in the work area with taped-down plastic sheeting or other impermeable material.

(C) Close windows and doors in the work area. Doors must be covered with plastic sheeting or other impermeable
material. Doors used as an entrance to the work area must be covered with plastic sheeting or other impermeable material in a
manner that allows workers to pass through while confining dust and debris to the work area.

(D) Cover the floor surface of the work area with plastic sheeting or other impermeable material with all seams taped
and all edges secured at the perimeter of the work area

(E) Ensure that all personnel, tools, and other items including waste are free of dust and debris when leaving the work
area. Alternatively, the paths used to reach the exterior of the home must be covered with plastic sheeting or other impermeable
material to prevent the spread of lead contaminated dust and debris outside the work area.

(i) Exterior renovations. The firm must:

(A) Close all doors and windows within 20 feet of the renovation. On multi-story buildings, close all doors and
windows within 20 feet of the renovation on the same floor as the renovation, and close all doors and windows on all floors
below that are the same horizontal distance from the renovation.

(B) Ensure that doors within the work area that must be used while the job is being performed are covered with plastic
sheeting or other impermeable material in a manner that allows workers to pass through while confining dust and debris to the
work area.

(C) Cover the ground with plastic sheeting or other disposable impermeable material extending out from the edge of the
structure a sufficient distance to collect falling paint debris.

(3) Waste from renovations. (1) Waste from renovation activities must be contained to prevent releases of dust and
debris before the waste is removed from the work area for storage or disposal. If a chute is used to remove waste from the work
area, it must be covered.

(if) At the conclusion of each work day and at the conclusion of the renovation, waste that has been collected from
renovation activities must be stored under containment, in an enclosure, or behind a barrier that prevents release of dust and
debris out of the work area and prevents access to dust and debris.

(iii) When the firm transports waste from renovation activities, the firm must contain the waste to prevent identifiable releases
of dust and debris.

(4) Cleaning the work area. After the renovation has been completed, the firm must clean the work area until no visible
dust, debris or residue remains.

(i) Interior and exterior renovations. The firm must:

(A) Pick up all paint chips and debris.

(B) Remove the protective sheeting. Mist the sheeting before folding it, fold the dirty side inward, and either tape shut
to seal or seal in heavy-duty bags. Sheeting used to isolate contaminated rooms from non-contaminated rooms must remain in
place until after the cleaning and removal of other sheeting. Dispose of the sheeting as waste.

(ii) Additional cleaning for interior renovations. The firm must clean all objects and surfaces in and around the work
area in the following manner, cleaning from higher to lower:

(A) Walls. Clean walls starting at the ceiling and working down to the floor by either vacuuming with a HEPA-
equipped vacuum or wiping with a damp cloth.
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(B) Remaining surfaces. Thoroughly vacuum all remaining surfaces and objects in the work area, including furniture
and fixtures, with a HEPA-equipped vacuum. The HEPA-equipped vacuum must be equipped with a beater bar when vacuuming
carpets and rugs. Where feasible, floor surfaces underneath a rug or carpeting must also be thoroughly vacuumed with a HEPA-
equipped vacuum.

(C) Wipe all remaining surfaces and objects in the work area, except for carpeted or upholstered surfaces, with a damp
cloth. Mop uncarpeted floors thoroughly, using a 2-bucket mopping method that keeps the wash water separate from the rinse
water, or using a wet mopping system.

(b) Standards for post-renovation cleaning verification. (1) Interiors. (i) A certified renovator must perform a visual
inspection to determine whether visible amounts of dust, debris or residue are still present. If visible amounts of dust, debris or
residue are present, these conditions must be eliminated by re-cleaning and another visual inspection must be performed.

(i) After a successful visual inspection, a certified renovator must:

(A) Verify that each windowsill in the work area has been adequately cleaned, using the following procedure.

(1) Wipe the windowsill with a wet disposable cleaning cloth that is damp to the touch. If the cloth matches the
cleaning verification card, the windowsill has been adequately cleaned.

(2) If the cloth does not match the cleaning verification card, re-clean the windowsill as directed in paragraphs
(a)(4)(ii)(B) and (C) of this section, then either use a new cloth or fold the used cloth in such a way that an unused surface is
exposed, and wipe the windowsill again. If the cloth matches the cleaning verification card, that windowsill has been adequately
cleaned.

(3) If the cloth does not match the cleaning verification card, clean that windowsill again as directed in paragraphs
(a)(4)(ii)(B) and (C) of this section and wait for one hour or until the windowsill has dried completely, whichever is longer.

(4) After waiting for the windowsill to dry, wipe the windowsill with dry disposable cleaning cloths until a cloth, or
section of cloth, used to wipe the windowsill matches the cleaning verification card.

(B) Wipe uncarpeted floors within the work area with a wet disposable cleaning cloth, using an application device with
a long handle and a head to which the cloth is attached. The cloth must remain damp at all times while it is being used to wipe the
floor for post-renovation cleaning verification. If the floor surface within the work area is greater than 40 square feet, the floor
within the work area must be divided into roughly equal sections that are each less than 40 square feet. Wipe each such section
separately with a new wet disposable cleaning cloth. If the cloth used to wipe each section of the floor within the work area
matches the cleaning verification card, the floor has been adequately cleaned.

(1) If the cloth used to wipe a particular floor section does not match the cleaning verification card, re-clean that section
of the floor as directed in paragraphs (a)(4)(ii)(B) and (a)(4)(ii)(C) of this section, then use a new wet disposable cleaning cloth to
wipe that section again. If the cloth matches the cleaning verification card, that section of the floor has been adequately cleaned.

(2) If the cloth used to wipe a particular floor section does not match the cleaning verification card after the floor has
been re-cleaned, clean that section of the floor again as directed in paragraphs (a)(4)(i1)(B) and (a)(4)(ii)(C) of this section and
wait for 1 hour or until the entire floor within the work area has dried completely, whichever is longer.

(3) After waiting for the entire floor within the work area to dry, wipe those sections of the floor that have not yet
achieved post-renovation cleaning verification with dry disposable cleaning cloths until a cloth that has wiped those sections of
the floor matches the cleaning verification card. This wiping must also be performed using an application device with a long
handle and a head to which the cloths are attached.

(iii) Dust clearance sampling may be performed instead of, or in addition to, the procedures identified in paragraph (b)(1)(ii) of
this section. If dust clearance sampling is performed, it must be performed in accordance with § 745.227(e)(8) through (e)(9),
except that a dust sampling technician certified in accordance with this subpart may collect and report the results of the required
samples.

(iv) When the work area passes the post-renovation cleaning verification or dust clearance sampling, remove the
warning signs.

(2) Exteriors. A certified renovator must perform a visual inspection to determine whether visible amounts of dust,
debris or residue are still present. If visible amounts of dust, debris or residue are present, these conditions must be eliminated
and another visual inspection must be performed. When the area passes the visual inspection, remove the warning signs.

(c) Activities conducted afier post-renovation cleaning verification. Activities that do not disturb paint, such as applying paint
to walls that have already been prepared, are not regulated by this subpart if they are conducted after post-renovation cleaning
verification has been performed.

)
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APPENDIX C

HUD Guidelines for the Evaluation and Control of Lead-based
Paint Hazards in Housing

Chapter 9: Worker Protection
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9.

Step-by-Step Summary DG

Worker Preore ction: How To Do

Since worker exposure to lead during residential lead abatement work may be greater than the permissible
exposure limit (PEL) set by the Occupational Safety and Health Administration (OSHA), develop a
written compliance plan and designate a competent person to oversee worker protection efforts (usually
an industrial hygienist or a certified lead abatement supervisor). [See the OSHA Lead in Construction
Standard for complete details (29 CFR 1926.62). Call your local OSHA office for a copy (see Appendix
4 fora listing).] A model written compliance plan is provided at the end of this chapter.

Conduct an exposure assessment for each job classification in each work area. Monitoring current work

is the best means of conducting exposure assessments. Perform air sampling in 1 dwelling unit out of every
20 being treated, with an emphasis on sampling “worst-case” dwellings. Altematively, if working condi-
tions are similar to previous jobs by the same employer, previously collected exposure data can be used

to estimate worker exposures. Finally, objective data (as defined by OSHA) may be used to determine
worker lead exposures in some cases. Exposures to airborne leaded dust greater than 30 yg/m’ (8-hour,
time-weighted average) trigger protective requirements that are enforced by OSHA.

are required until an injtial exposure assessment is completed. If the inicjal exposure assessment indicates
€xposures are less than 30 pg/a’, the requirements do not legally apply, although exposure to lead should
be kept as low as possible at all times.

Implement engineering, work practice, and administracive controls to bring worker exposure levels below
the PEL. Examples of such controls include the use of wet abatement methods and the selection of other
work methods that generate lirtle dust. '

Where needed, supplement the use of engineering and work practice controls with appropriate respirators
(at a minimum, use a half-mask, aic-purifying respirator approved by the National Insticute for Occupa-
tional Safety and Health (NIOSH}) and implement a respiratory protection program. Provide a respiracor
Lo any employee who requests one, regardless of the degree of exposure. Most residential lead hazard con-
trol projects will involve the use of a half-mask. atr-purifying respirator wich high-efficiency particulace

air (HEPA) cartridges.

Arrange for a medical exam befare work begins for each worker who will be required to wear a respirator.
The exam will indicate whether the worker is physically capable of wearing a respirator safely. Conduct fit
testing for all workers who will be required to wear respirators. Warkers wich beards, scars, or unusual facial
shapes may not he able to wear certain kinds of fitted respirators.

Provide protective clothing and arcange for proper disposal or laundering of wark clothing.
Provide handwashing facilities, preferably with showers.

Implement a medical surveillance program chad mcludes blood lead monitaring under the supervision of
a qualified physician pursuane (o OSHA regulations. lnitial blood testing lor lead exposure s required by
QOSHA for warkers performing certain tasks, such as manual scraping, and for any worker who may be
exposed 1o greater than 30 kgl of lead on any day.
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12.
13.

Step-by-Step Summary (continued) 0

Ensure that workers are properly trained in the hazards of lead exposure, the location of lead-containing
materials, the use of job-specific exposure control methods (such as respirators), the use of hygiene facilities,
and the signs and symptoms of lead poisoning. See Appendix 15 for a Worker Fact Sheet on the OSHA,
Standard that can be used for training purposes. OSHA and the U.S. Environmental Protection Agency
require all lead hazard control workers to be trained, even if exposures are very low.

Post lead hazard wamning signs around work areas. Also, post an emergency telephone number in case an
on-the-job injury occurs.

Conduct work as specified.

Conduct worker decontamination before all breaks, before lunch, and at the end of the shift. Decontamina-
tion usually consists of:

4 Cleaning all tools (end of the shift only).

- % HEPA vacuuming all procective clothing if visibly contaminated with paint chips or dust before entering

14.

the decontamination area.
4 Entering the decontamination area (dirty side).

Removing protective clothing by rolling inward (do not remove respirator yet); removing work shoes and
putting in plastic bag.

+ Entering shower or washing facilicy.
Washing hands and then removing respirator.

4 Taking a shower using plenty of soap and water; washing hair, hands, underneath fingernails, and face
especially well (hand and face washing only is permitred for lunch and breaks).

4 Entering the clean area and putting on street clothing and shoes.

Maintain exposure assessment and medical surveillance records for 30 years. Notify workers wichin § days
after receiving air sampling and blood lead level results. :
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l. Introduction

The potential for worker exposure to lead (as
well as to other hazardous substances, safety
hazards, and physical agents) exists during all
lead hazard control projects. This chapter
provides recommendations to-

¢ Assist contractors and facilicy owners in
establishing programs to control emplayee
lead exposures.

4 Help employers and tacility owners under-
stand and meec the requirements of the
Occupational Safety and Health Adminis-
tration (OSHA) interim final rule for lead
€Xposure in construction as it applies to
residential work (29 CFR 1926.62)
(OSHA, 1993).

A model written compliance plan is provided
at the end of chis chaprer to help employers
comply with the standacrd. A summary of the
standard for workers prepared by the Alice

- Hamilton Occupacional Health Cencer is
found in Appendix[5.

Due to the recognized adverse health effects

of lead, emplayers shauld minimize worker
lead exposures as much as possible. The QSHA
construction lead standard is the minimum
level of pratection thac employers must legally
provide to warkers during all lead hazard con.
trol projects. Employers should refer directly
to the OSHA construction lead standard for
complete requitements.

Where To Get the OSHA Standard

The OSHA standard can be obtained
by writing or calling OSHA, Office of
Publications, Room N-3101, United
States Department of Labor, Washing-
ton, DC 20210 {202) 2194667, or by
contacling any local OSHA office (see
Appendix 4).

o
"#0
ker Protection
Il. Adult Occupational
Exposure to Lead
Inhalation of dust and fumes, and ingestion
resulting from contact with lead-contaminated
food, cigaretes, clothing, or other objects,
are the major routes of worker exposure (o
lead. Once absorbed, lead accumulates in
the blood, soft tissues, and bones, with the
highest accumulation initially in che liver
and kidneys (NIOSH, 1992a). Lead is stored
in the bones for decades, and may cause toxic
effects in adults as it is slowly released over
time (Silbergeld, 1992). Chronic overexposure
to lead results in damage to che kidneys, the
gastrointestinal tract, the peripheral and cen.
tral nervous systems, the reproductive systerm,
and the blood-forming organs. Adverse effects
in adults include:
4 Abdominal discomfort.
¢ Anemia.
¢ Colic.
¢ Constipation.
¢ Excessive tiredness.
4+ Five tremors.
¢ Headacle.
¢ High blood pressure.
¢ hreiabilicy ar anxiery
¢ Loss of appetice.
¢ Muscle and joint pain
¢ DPallor,
* Pigmentation on the sums (“lead ltne™)
¢ Sexual mpotence.

9-5
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4 Weakness.

4 Inability to keep the hand and arm fully
extended (“wrist drop").

The frequency and severity of Symptoms asso-
ciated with lead exposure increase as blood
lead levels increase. The signs and symptoms
of chronic lead poisoning are well recognized
(Hernberg, 1988; Landrigan, 1985; Proctor,
1988).

Overt symptoms of lead poisoning in adults
generally become apparent when blood lead
levels are becween 60 and 120 micrograms per
deciliter (ug/dL) (Figure 9.1). Neurologic, he-
matologic, and reproductive effects, however,
may be detectable at much lower levels. OSHA
recommends a blood lead level no greater than
30 pgldL 1o prevent reproductive problems, af-
though the medical removal provisions do not
take effect until the level reaches 50ug/dL. In
1990, the U.S. Public Health Service estab-
lished the national goal of eliminating, by the
year 2000, all occupational exposures tha re-
sult in worker blood lead levels greater than

25 pg/dL (DHHS, 1990). The mean blood

lead fevel far men in the United States during
the periad from 1976 1o 1980 was 16 ug/dL
(Mahaffey, 1982, Annest, 1983). In addition,

“the Ainerican Conference of Governmental

Industriat Hygienists (ACGIH) has proposed
that warker blood lead levels be controlled to

20 ug/dL (ACGIH, 1993).

Recent studies suggest that adverse health
effects can be decected when blood fead levels
are below the current OSHA scandard for -
cupational exposure (50 pg/dL). Therefore,
the OSHA standard may nat sufficienty pro-
tect workers' health. OSHA is currently de-
veloping a final rule to address chis issue (the
current rule is an interim final standard).

In males, increased blood lead levels are associ-
ated with increased blood pressuee, with no ap-
parent bload lead threshold (less dhan 10 ugfdL)
A number af studies have found neurological
symptoms inworkers wich hloed lead levels as
low as 40 pe/dL . n addivion, decreased fertility
i men (low sperm count, fow sperm motility,

Chapter 9: Worker Protection «

and abnormal sperm shape) has been identified
at blood lead levels as low as 40 ng/dL.

In women, exposure to lead (as low as 10 to

15 pg/dL) before and during pregnancy is asso-
ciated with preterm delivery, low birth weight,
an increased frequency of miscarriage and still-
bisth, and problems in early mental develop-
ment of the fetus (ATSDR, 1990; National
Academy of Sciences, 1993).

When a family member is occupationally ex-
posed to lead, leaded dust may be carried home
on clothing, on skin and hair, and in vehicles.
High blood lead levels in resident children and
elevated concentrations of lead in house dust
have been found in the homes of workers etn-
ployed in industries associated with high lead
exposure (Grandjean, 1986). Children of
workers with lead poisoning or children of

any worker exposed to high lead levels should
be tested for lead exposure by a qualified
health-care provider.

Ill. Background on
Federal Worker Protection
Standards for Lead

For many years, there was a large disparity he-
tween OSHA's requiremencs for lead-exposed
workers in general industry and those in con-
struction. [n 1978, OSHA promulgated a final
lead standard for general industry (29 CFR
1910.1025). This comprehensive standacd es-
tablished a permissible exposure limit (PEL)

of 50 micragrams of lead per cubic meter of air
(re/m') (8-hour, time-weighted average) and
included requirements for engincering controls,
personal protective equipment, air monitoring,
medical surveillance, and employee training.
Medical removal, with ecanomic protection of
wages and benefits, was specificd for emplayces
with an average blood lead level at or above

50 pe/dL.

The construction industry was exempted from
the 1978 lead standard, primarily duc to con-
cems regarding feasibilicy, the short duration of
many expasuces, and the relatively high number
of temporary emplayees (QSHA, 1978). Prior
to 1993, worker expusures to lead in the

9-6
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Figure 9.1 Adverse Health Effects of Lead In Adults and Children.
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construction industry were regulated by several
sections of the 1971 construction industry stan-
dards (29 CFR 1926), which included a PEL for
lead of 200 pg/m’, and did not include require-
ments for medical monitoring, removal of ex-
posed workers, or other specific protective
measures regarding lead.

The HUD Interim Guidelines for Lead-Based
Paint Abacement in Public and Indian Housing
(Revised Chapter 8, 55 FR 39973, August
1991) recommended that the requirements

of the OSHA general industry lead standard
be established as a minimum level of protection
for workers performing lead-based paint abate-
ment, and that additional medical monitoring
and respiratory protection be provided. Both
OSHA and the National Institute for Occupa-
tional Safety and Health (NIOSH) have re-
cently published recommendations that expo-
sures to lead in construction be minimized
through the use of engineering controls and
work practices, and that comprehensive
worker protection programs be provided for
lead-exposed workers (OSHA/NIOSH, 1991;
NIOSH, 1992a).

In 1990, OSHA began to develap a compre-
hensive standard regulating lead exposure in
the construction industry. Since no proposed
final cule was forthcoming by late 1992, Con-
gress required in Title X of the Hausing and
Community Development Act of 1992 (Octo-
ber 28, 1992) that OSHA issue an interim final
rule for the construction industry within 180
days. Congress required that the standard be
as protective as the worker protection require-
ments contained in the 1991 HUD Incerim
Guidelines for Lead-Based Paine Abatement in

Public and Indian Housmag (ice., PEL of SO pg/m').

OSHA complied with this mandate, issuing
an intevim final rule for lead ¢ xposure in con-
struction on May 4, 1993 (QOSHA, 1993).

Warkers engaged in routine maintenance wark
are covered by the general industry standaed.
Maintenance workers engaged in interim
contrel ar abatement waork are covered by

the construction standard

Chapter 9: Worker Protection 620

Generally speaking, the new lead in construc-
tion standard requires employers to do the
following:

4 Evaluate workers' exposures.

4 If exposures cannot be assessed before a job
begins, determine if the job will involve
manual demolition, manual scraping, or
heat gun or power tool use.

4 Implement engineering, work practice, and
administrative contrals.

4+ If these controls do not reduce exposures
below the PEL, implement a respiratory
protection program.

+ Provide protective clothing.
4+ Provide handwashing or shower facilities.

4+ Provide a medical surveillance and blood
lead monitoring program.

4 Ensure thac workers are trained adequately.

4 Post warning signs.

IV. Previous Evaluations of
Worker Exposures During
Residential Lead Hazard
Control Work

Prior to the initiation of lead hazard control
work, employers should review the results of
previous expasure assessments to help select
proper methods, enginecring controls, persanal
pratective equipment, and work practices. In
general, the data collected o date indicate that
workers are occasionally expased to lead levels
greater than 50 pg/m’ in maost types of lead haz-
ard control work, and that expasures are highly
variable. Practically speaking, this means tha
most fead hazard contiol warkers will need pro-
tective measures, such as respirators and medi-
cal surveillance. Same forms of tead hazard
control (such as wet cleaning) may require
anly minor worker protection measures while

arhers may tequire moce substantial measurces.




“:‘ Chapter 9: Worker Protection 0:0-

OSHA has recently collected exposure data A. The HUD Lead-Based Paint
that are representative of employees' lead expo- Abatement Demonstration
sure levels (8-hour, time-weighted average) for

various construction activities, and are summa- NIOSH (nvestigators evaluated expasures and

rized in a table in the Federal Register (58 FR, analyzed the exposure data collected by HUD
No. 84, May4, 1993, Table 4, p.26612). contractors during the 1990 HUD Lead-Based
Paint Abatement Demonstration that took

While average exposures in housing are gener- place in single-family Federal Housing Author-
ally below the PEL, it i important to under- ity (FHA) homes (NIOSH, 1992). During the
stand that worker exposures at a given site may demonstration, HUD prohibited certain abate.
vary widely from previous exposute assessments ment methods with high exposure potential
(even for the same activity} due to variations in (such as torch burning) and required the use
environmental conditions, work practices, the of competent persons (as defined in the OSHA
lead concentration in paing, and the total quan- Lead Exposure in Construction standard), en-
tity of lead-based paint abated. Results fromtwo  gineering and work practice controls, worker

~ relevane NIOSH studies of abatement activities training, protective clothing and equipment,
are summarized below to illustrate how variable medical surveillance, and exposure monitoring.

expasures can be.

Table 9.1 Personal Breathing Zone Air Sampling for Lead by Method or Activity*

Personal Breathing Zone Lead Concentrations

: Number Geometric Geometric
Abatement of Minimum Maximum Mean Standard
Method/Activity Samples (ng/m?) (ng/m?) (ug/m?) Deviation
Abrasive 28 04 399 8.8 7.6
Chemical removal 291 0.4 476 33 4.1
Cleaning 138 0.4 588 1.9 36
Encapsulation 83 0.4 26 14 2.8
Enclosure 50 0.4 72 1.7 3.2
Final cleaning 56 0.9 36 2.1 2.8
Heat gun 360 0.4 916 6.4 47
Precleaning 31 0.9 11 15 2.2
Replacement 110 0.4 46 25 3.9
Setup 153 0.4 137 15 3.1
Other! 15 04 207 1.9 5.1
Missing? 87 — — — —

NOTE: Underlined methods resulted in maximum €xposures above the OSHA PEL
OSHA PEL (8-hour, lime-weighled average) = 50 pg/m?

* Data collected by HUD Industrial Hygiene Contraclors.

! Other abatement aclivities

? Samples with no identified method/aclivily are nol reported.
Laboratory-assigned Limit of Quantitation (LOQ); 0 4 rg/m?
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Understanding Worker Exposure Variability:
Why Every Contractor Needs to Monitor Worker Exposure

Worker lead exposures during lead hazard control activities have been found to be highly variable. Due to
differences in individual work practices and environmental variations, personal airborne lead exposures even
among workers in the same job category and work area can vary significantly. Therefore, it is recommended
that employers sample each type of worker on the job, preferably over several shifts (days) that are represen-
tative of the entire job. This recommendation is based on the NIOSH determination that estimating the expo-
sures of a group of workers with similar exposure risk {e.g., same job category) by sampling only a few work-
ers in the group is reasonably accurate (within 20 percent) only if the geometric standard deviation (GSD) of
the group's exposures is less than 1.15 (McDermott, 1985). In the vast majority of occupational groups, and
particularly in the construction industry, this condition will not be met; therefore, employers should monitor ev-
ery type of employee at the worksite. For example, NIOSH investigators found that GSDs for residential lead-
based paint abatement during the HUD demonstration ranged from 2.2 to 7.6 by method (see Table 9.1).
However, it is not necessary for employers to conduct monitoring on each and every residence where work

is proceeding. If the work is similar, monitoring may be performed in 1 of every 20 dwellings.

The NIOSH sumimnary of the personal monitor-
ing results is presented in Table 9.1. This per-
sonal breathing zone sampling was conducted
primarily to examine exposures during different
methods and activities. Sampling periods were
generally less than a full shift, making it impos-
sible to compare these results ta typical lead
hazard control jobs. While the average personal
exposures o lead were generally low, the vaci-
ability of exposures was very high. The geomet-
ric mean exposures were 3.1 ng/m', but the
geometric standard deviation was 4.4. NIQSH
recommends that generalizing the results from
a limited sample, such as the HUD demonstra-
tion, to an entire population of workers is rea-
sonable only if the vaciability is low and if the
geometric standard deviation is less than 1.19.
According to the maximum exposure levels,
warkers were exposed to lead above the OSHA
PEL in 7 of che 11 NIOSH-assigned method
¢ategories, which would indicate that most
types of lead hazard control can proaduce
exposures above the PEL.

Personal lead expasures were found to vary

sienificantly for diffeeent abatement methods,

contractors (with significant method-contractor

inteeaction}, and housing units. Paint lead con-
centration alane was found wo be a poor predic-
tor of personal breathing zone exposures during
abatement.

The HUD data should be useful for initial plan-
ning purposes. However, when reviewing the
exposures, it (s important to recognize that ex-
posures during the HUD demonstration will
not be representative of other contractors,

work locations, or types of buildings.

Lémited air sampling (or at least a few job sites
for each contractor is therefore recommended,
although it is not necessary ta perforn air sam-
pling on every job.

B. Lead-Based Paint Removal

NIOSH investigators conducted an evaluation
of worker exposures during a lead-based paint
removal and cleaning pilat project (NIOSH,
1993). The project was designed ta evaluate
the following removal methods:

¢ Dry scraping follawed by broom sweeping
(dry sweeping)—this was selected to dem-
anstrate exposures with no use of enginecr-
ing or wark practice contrals.

4 Wou seraping {painted surfaces were werted
with water mist) foHowed by high-efticiency
pacticulate air (HEPA) vacuuming (wer

HEPA).

¢ Wetscraping followed by HEPA vacuuming,
with an air-liloation device (AFD) thad is
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mgure 9.2 Personal Breathing Zone Air Sampling.

Tygon Tubing Connecting
Air Sampling Pump and
Filter Cassette

37mm Filter Cassette
Housing a Mixed Cellulose
Ester Membrane Filter and
Backup Pad. Cassette is
Positioned Within a One
Foot Radius of the Mouth.
Air Sampling is Performed
Outside the Respirator with
a Closed Face Cassette.J

Battery-Powered Air
Sampling Pump Operating
At 2 liters/minute

equipped with o HEPA filter (wec HEPA/ the wet HEPA method appeared to offer the
AFD) to pump air aur of the wark acea (je., best conteal for worker exposures and acea air-
“negative air”) borne lead concentrations, Extrapolated 8-hour

expasures for workers who used all three meth-

The final step for cach of the methods was the ads during a shift (which should be considered

wetmopping of floors., minimum values) ranged from 6 to 73 pef/m!

I this study, workers were patentially overex- The methad, mean paind lead concentration,

posed o ead when using cach of the removal precleanine surface fead concentiation. and

mechods. § l_‘“' tterm exposures ranged from 5 work crew practices were all found (o he related
t0 360 pe/in', with geometrie standard devin -

¥e} .l\'CI';lf\’L‘ \\'UI'I\'CI' L‘XP(L\'UFCS.
tion af 2.9 averall. Of the methads evaluaced,
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V. OSHA Requirements for
Residential Lead Hazard
Control Work

The preceding NIOSH data indicate that the
OSHA standard will apply to most forms of
residential lead hazard abatement work. The
OSHA interim final rule for construction ap-
plies a level of protection (generally equivalent
to the lead standard for general industry) to all
occupational exposures to lead in construction,
including lead abatement, repair or renovation
of structures containing lead, cleaning and
disposal of lead-contaminated materials, and
maintenance operations.

The OSHA standard covers the following work:

4 Demolition or salvage of structures con-
taining lead.

¢ Removal, enclosure, or encapsulation.

<4 Renovation, alteration, repair, or con-
struction of structures or substrates that
are coated with lead-based paint.

4 Lead cleanup.

< Transportation, storage, disposal, or con-
tainment of lcad debris at the site of lead
hazard control activities.

4 Any maintenance work.

Various provisions of the standard are triggered
by an action level of 30 ug/in' (che same as the
general industry standard) and a PEL of 50 g/’
(hath measures are expressed as 8-hour, time-
weighted averages). Employers may use a com-
hination of engineering contiols, wark prac-
tices, and respiratory protection to comply with
the PEL. However, engineering and work prac.
tice contrals must be used (irst. As a practical
matter, engineering and wark practice contrals
in residential lead hazsard conual work are lio-
tted fareely to the use of low dust-generating
hazard control methads, such as enclosure

and wet methods. This means that respirators
will be needed for mast types of fead hazard
control work in housing, since the variability
of exposures is quite high:

Chapter 9: Worker Protection 0:0

As in the general industry standard, OSHA re-
quires adjustment of the PEL to ensure that em-
ployees who work longer than 8 hours are not
exposed to a greater daily dose of airborne fead.
For work shifts longer than 8 hours, the PEL is
reduced according to the following formula:

400

Adjusted PEL = number of hours worked

For example, if the work shift is 10 hours, the
PEL becomes 40 pg/in’.

400 ~ s
10 hours 40 ugfm
A wrigger for worker protection requirements
based on paint lead concentration was consid-
ered by OSHA, but rejected. Given the vari-
ability of work practices and methods, OSHA
concluded that no useful correlation between
surface concentrations and occupational expo-
sures could be established.

In recognition of the difficulties of conducting
exposure assessments during construction jobs,
the interim final rule establishes task-related
iriggers. Certain protective measures are trig-
gered by tasks (listed in Table 9.4) that cam-
monly produce exposures greater than the PEL,
even with prescribed protective measures. Per-
formance of any task on one of the lists triggers
specific interim protective requirements that
will remain in effect until results of an exposure
assessiment demonstrate that such protection is
not necessary.

The interim final rule requires that the follow-
ing provisions be made:

¢ Written compliance plan and competent
person(s).

¢ Initial exposwre assessment and periodic
exposure monitoring

¢ Task-related wigeers, with interim pracee-

tion Juring assessment

¢ Enginecring, work practice, and administra-
tive conteols.

¢ Respiratary protection progra.
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Table 9.2 Worker Exposure Limits and Guidelines

Air lead
OSHA Permissible Exposure Limit (PEL) 50 pg/m3
OSHA action level 30 pg/m?
Blood lead
OSHA medical removal limit ' 50 ug/dL
OSHA recommended level to prevent reproductive problems 30 pug/dL
ACGIH proposed Threshold Limit Value 20 pg/dL
Table 9.3 Required Action Under the OSHA Standard by Exposure Leve|
CATEGORY | CATEGORY 1| CATEGORY il

30 pg/m** and under (below
the action level)

30-50 pug/m? (above the action
level, but below the PEL).

50 pg/m? and over (above
the PEL).

Train employees.
Conduct exposure
monitoring.
Maintain records.

Same as category |, plus:

Provide respirator at
employee request.

Conduct exposure monitoring
every 3 months.

Conduct blood lead
- moniloring.

Same as category |, plus:

Enforce respirator use.

Enforce use of protective clothing.

Develop monitoring
every 6 months.

Enforce housekeeping.

Provide hygiene facilities and
enforce washing.

* All exposure levels are 8-hour, time-weighted averages.

4 Protective clothing and equipment. ¢ Recordkeeping.

]

¢ Housekeeping.

Q

Hygicuoe facilities and practices
Medical surveillance.

Medical remonal protection.

¢ Obscovation of monitoring.

Individual States tha have appraved plans o

QSHA enforcement may adopt their own lead
standards far che constructian industry, as lang
as their requirements are at least as stringent as
the Federal OSHA standaed. Employers will

¢ Hazard communication progrems and need to ensure chat dheir programs for warkes
training on specific OPEratons Causing protection meet applicable Stage requirements
lead exposure. . )
The OSHA standard does nat specify the
¢ Siuns. methods for any given type of aperation, such
as lead-based paing remaval. The method of
—_—
_—
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removal is left to the discretion of the employer,
and constitutes an important potential engi-
neering control. In some cases, however, the
method of abatement or interim control will
have already been selected by a risk assessor
and/or the property owner based on other
considerations.

A. Written Compliance Plan
and Competent Person(s)

For every job, OSHA requires employers (o pre-
pare a written compliance plan that specifically
describes how the standard will be implemented
and includes regular and frequent inspections of
the job site by a competent person. The written
compliance plan, in conjunction with frequent
work area inspections by a competent person,
should ensure the prevention of dangerous,
unhealthy, or unsafe conditions.

1. Written Compliance Plan

An example of a written compliance plan ap-
pears at the end of chis chapter. Prior to the
start of every job in which employee exposure
will potentially exceed the OSHA PEL, em-
ployers must develop and implement a written
compliance plan. (Providing respirators does
not make a written plan unnecessary.) The
written plan should be an arganized scrategy
for protecting workers and should account for
potential exposure prablems, control alterna-
tives, and a schedule for inspection of the job
by the competent person(s). At a minimum,
OSHA requires that written plans include:

A description of equipment and materials,
contiols, crew size, job responsibilities, and
operations and maintenance procedures for

each activity in which lead is cmitied.

4 A description of specific contral methads
(c.g., abatement process selection, wet
methads). Foe engineering concrols, include
supparting engineering plans and studies

used 1o select methads.
¢ Technalogy considered in meeting the PEL.

¢ Airmanitoring data documenting sources

of lead emissiuns.
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4+ A detailed implementation schedule for the
compliance plan, including the schedule for
inspections by a competent person.

+ A description of the lead work practice
program that will be used to control worker
exposures. (This includes the use of protec-
tive work clothing and equipment, hygiene
facilities and practices, and housekeeping
practices.)

4 A description of arrangements made among
contractors on multicontractor worksites
to inform affecced employees (including by-
standers) of potential lead exposures, and to
clarify responsibilities with regard to control
of those exposures.

For thase hazard control jobs chat proceed aver
an extended period in multifamily housing,
OSHA requires that the written compliance
plan be updated at least every 6 months. Single-
family housing will require a separate plan for
each dwelling. The plan must be available ac
the worksite for representatives of OSHA or
NIOSH, and at the request of any affected
employee or employee representative. (See

the end of this chapter for copies of blank

and completed written compliance plans.)

2. Competent Person(s)

As defined by OSHA, a “competent person” is
ane who is capable of identifying existing and
predictable hazards at the worksite, and who
has the authority to ensure prompt corrective
measures are taken to eliminate them. The ci-
ployer must utilize a competent person (or per-
sons) to ensure that the warker protection pro-
gram is effective. The definition of a competent
person and the requirement for regular and fre-
quent inspections of job sites, materials, and
equipment by a competent persan are identical
ta those alieady required by OSHA' general
safety and health provisions for construction
wark (29 CFR 1926.32 and 29 CER 1926.2Q)
In the context of a lead-based paint alsarement
job, the competent person should have knowl-
edge of the lead exposures for each abatement
methad in use; the potential hazds from lead
and other substances or physical agents in the

worksite; the appropriate engineering controls,
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work practices, and personal protective equip-
ment for the job; the requirements of OSHA
construction standards (29 CFR, Part 1926);
and the recommendations of these Guidelines
and other general sources of information. The
competent person's worksite inspection fre-
quency should be based on the magnitude of
potential lead exposures, the number of workers
at each site, and the employer's past experience.
Duties of the competent person include:

¢ Determining whether lead is present before
work begins.

4 Ensuring that employee exposure assessment
is performed.

% Ensuring that workers use required protec-
tive clothing and respirators.

4 Ensuring that up-to-date copies of respirator
fit tests and medical examination results are
available.

¢ Ensuring that proper hygiene facilities are
available and in use.

4 Ensuring that engineering controls are
operating properly and are effective.

¢ Posting lead hazard work areas with warning
signs.

B. Exposure Assessment

1. Initial Exposure Assessment

The OSHA standard requires all employers

to conduct initial exposure assessiments for

alt jobs involving the use or removal of lead or
lead-containing materials. The purpose of the
initial assessment is (o determine il any workers
are being exposed to fead equal ta or greate:
than the action level of 30 pe/m'. The expo-
sure assessment can include current resules
from exposure manitaring of employees, previ-
ous maonitaring resules, or ather objective dara
demanstrating thac the specific product, pro-
Cess, operation, or activity involving fead can-
not cesult in exposures aboave the action level
under any circumstances. Each of these meth-
ods for exposure assessment is discussed
more detail helow.

The initial exposure assessment may be limited
to workers that are believed to have the greatest
exposures to airborne lead. When planning
which employees to include in the initial expo-
sure assessment, the following should be consid-
ered: any information, observations, or calcula-
tions that would indicate potential airborne
exposure to lead, including previous measure-
ments of airborne lead; and any employee com-
plaints of symptoms consistent with exposure to
lead. Additional factors that should be consid-
ered include the worker's distance from airborne
lead sources; employee movement, ventilation,
and airflow patterns; and individual work prac-
tices. If no information is available for assessing
maximum-risk employees, then all workers
should be assumed to be at risk. NIOSH has
published recommendations for selecting

maximum-risk employees (NIOSH, 1977).

Positive initial determination

When the initial assessment shows the poten-
tial for any employee to be exposed to lead at or
above the action level (for 1 day or more), the
determination is positive and exposure monitor-
ing (or assessinent with existing data) for each
individual on the job must be conducted during
representative work shifts

Negative initial determination

When the determination shows that no em.
ployee is potentially exposed to lead at or above
the action level (for [ day ar more), the deter-
mination is negative and further exposure assess-
ment is not necessary until there is a change

in the warkplace (sce Maonitoring frequency
below).

2. Exposure Monitoring
Personal monitoring

“Exposure monitormg” refers to the measure-
mentof a worker's exposure w an aichorne con.
tminant, regardless of any wespiratory protec
uon warn An air s;unplc is (()Hcctﬁd outside
of any respisator worn, as close to the worker's

mouth and nose as is practical (often the collee-

ton device 15 located on the shirt collar)

<
24
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OSHA requires that exposure monitoring con-
sist of full-shift samples (at a minimum, one
sample for each job classification in each work
area). In the case of multiple shifts, each shift
or the shift with the highest expected exposure
level should be monitored. Since the degree of
warker protection provided may depend on the
results of exposure monitoring, it is critical that
the sampling be representative of the employ-
ees’ regular, daily, and highest exposure to lead.
It is not necessary to perform sampling in each
dwelling where work is performed.

Number of samples

There is no formula for determining the total
number of samples to be collected during each
job. The sampling protocol should be developed
on a case-by-case basis by an industrial hygien-
ist or other qualified occupational safety and
healch professional.

Sampling methods
NIOSH and OSHA have published laboratory-

based sampling methods for personal airborne
tead, with guidelines for acceptable precision
and accuracy (OSHA, 1985; NIOSH, 1984).
The sampling method used for monitoring must
have an accuracy rate not less than +25 percent
for the action level of 30 ug/m'. Employers
should use laboratories that are accredited for
environmental lead analyses. Requirements

for a National Lead Laboratory Accreditation
Program (NLLAP) have been developed by

the U.S. Environmental Protection Agency's
(EPA’s) Office of Pollution Prevention and
Toxics for the recognition of private and/far
State laboratory accreditation systems. A
complete list of EPA NLLAP-recognized
laboratories is available to the public from
NIOSH (1-800-35-NIOSH) ar the Nation-

al Lead Information Center Clearinghouse

(1-800-424-LEAD).

Monitoring frequency

Employers do nat need to perform air sampling
in each dwelling teated. A reasonable ap-
proach would be to conduct air sampling in

I dwelting outof every 20 treated, wich an em-
phasis on sampling worst-case dwellings. This
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approach can be used for both large, multifamily
and small, single-family jobs.

If employee exposures to lead are at or above
the action level, but not exceeding the PEL,
then employers must perform monitoring at
least every 6 months. If employee exposures are
above the PEL, then monitoring must be per-
formed at least every 3 months. The wmonitoring
must be continued every 6 months (or every 3
months) until at least two consecutive measure-
ments that are taken at least 1 week apart are
below the action level (or PEL).

Employee notification

Employees must be provided with written re-
sults of their exposure within 5 (working) days
of the completion of the exposure assessment.
This concludes the exposure assessment
requirement.

Other air sampling

Samples collected inside a worker’s respirator
tmay be used to determine the effectiveness of
a respiratory protection program, although such
sampling is often quite difficult for most types -
of respiratars. “Area” samples (those collected
in the geaeral area of the work activity or at
the perimeter of the lead hazard work area)
may be used 10 assess potencial bystander expo-
sures. While inside-respirator and area samples
are potentially useful, neither can be used to
meet OSHA monitoring requirements and
they should not be considered a substicute

for persanal sampling.

3. Previous Monitoring Resuits

Ta use previous monitaring results for exposure
assessment of employees, the data must have
been collected within the past 12 months, and
the work operations and work canditions should
closely resemble the processes and types of ma-
tecials, contral and containment methods, waork
practices, wnd enviranmental conditions in the
current workplaee, including the condition of
the lead-based paiat, the concentration of fead
in paint,and the degree of employee training
and supervision. Employers must have ¢his data
in their possession to present to an QSHA
compliance officer.

9-16
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4. Objective Data

Objective data may not be used for exposure
assesstnent for any of the activities listed in
OSHA's task-related triggers (see below). Ex-
araples of objective data that OSHA would al-
low are the results of laboratory product test
results from manufacturers Gf lead-containing
products or materials, or results of an industry-
wide study. (The HUD demonstration project
described earlier does not constitute an in-
dustrywide study since project conditions were
different from ordinary conditions.) Since
manufacturers' data are of varying quality,
employers should determine whether the data
have been collected in a sound and objective
manner,

Additional requirements for the use of objective
data are:

4 The data must show that the product, pro-
cess, or material cannot result in employee
exposure to lead that is equal to or greater
than 30 yg/m’ during any aspect of the job.

¢ The employer must establish and maintain
accurate records of the objective data and
its relevancy (see the information on
recordkeeping below).

C. Task-Related Triggers

Until exposure assessments have been
completed, employers must rely on OSHA’s

from 29 CFR 1926.62]

task-related triggers 10 determine appropriate
controls and work practices. OSHA' task.
related triggers are based on three categories
of expasure (see Table 9.4). If lead is present
when any of these tasks are performed, intecim
protective provisions are required prior to and
during assessment of employee exposures.

Required interim protection during initial
exposure assessment includes respiratory protec-
tion, protective work clothing and equipment,
change areas, handwashing facilities, training,
and initial blood sampling and analysis. Re-
quirements for the three lists of tasks are ideni.
cal except for the minimuem respiratory protec-
tion, which depends on the assumed exposure
range. For example, for airborne concentrations
af lead less than 500 ug/’, the required mini-
Imum respiratory protection is a half-mask,
air-purifying respirator with HEPA, filters

(sce Figure9.3).

The employer can discontinue the tnterim pro-
tection for any employee performing one of
these tasks only after it is documented that the
emplayee’s exposure is below the PEL. Respira-
tory protection can be reduced only after it is
documented that the exposure is below the as-
sumed range for the task. It is unlikely thac risk
assessars oc inspector technicians, who sceape
fimited surface areas, will require respiratory
protection. It is not necessary for such individ-
uals to wear respirators, unless a large number
af samples will be collected on a single day.

50 ug/m? to 500 pg/m?3

500 pg/m? to 2,500 ug/m?

Manual demotition

Manual scraping
Manual sanding
Heal gun use

Power tool paint removal in the
HEPA vacuum-assis{ dust
collection syslem

Cleanup on dry, abrasive
blasting jobs

Abrasive blasting enclosure move-
mentremoval

Greater than 2,500 ug]m“ 7
— Y]

Abrasive blasting

Note: Abrasive blasting without a HEPA local exhaust system is nol permilted in residential dwellings.
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Figure 9.3 How to Inspect Your Respirator.

A Half-Mask, Air-Purifying Respirator
with HEPA Cartridges Is Appropriate
for Many Residential Lead Hazard
Control Jobs. Paper Dust Masks are
NOT Adequate.

other headband has two plastic straps, which
go straight up and straight back on your head.

Check: Are they elastic? Are they torn? Do
the buckles and snaps work?

bent? Is it clean?

GASKETS—are rubber rings that make a
tight seal between the filter and the face piece
present. (Not every respirator has gaskets.)

Check: Are they there? Are they ripped or torn?

INHALATION VALVES —are where you
breathe in. There are two small rubber flaps
behind the filters.

Check: Are both there? Are they ripped or bent?
Are they dirty?

need olher filters, 10o. Change fillers regularly,
especially when it becomes harder 1o breathe.

Courtesy: Alice Hamilton Occupational Health Center

YES! NO!
STRAPS-—hold the respirator on your head. FACE PIECE—is made of rubber, silicon, or
One goes over the crown of your head. An- other materials.

Check: Is it ripped or worn? {s the face piece

Filters—filter the air. They are also called EXHALATION VALVE —is where you breathe
“cartridges.” oul. ltis a small rubber flap about the size of
Check: Do you have the righl one for the job? a quarter. Il is underneath a cover.

When you work with lead, you need HEPA fitters. Check: Take off the cover. s the valve there?
When you use solvents or caustic paste, you will Is it ripped or bent? Is it dirty?
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r;’igure 9.4 Qualitative Respirator Fit Checks.

Negative-pressure fit check

Cover the two filters or the air hose with
your hands and inhale gently. Hold for a
count of ten. You will feel the respirator pull
against your face. You can feel the area of
the seal tightening to your face. If there is a
leak, air will rush in through the leak instead
of puliing the mask against your face. You
will feel air move against your cheeks. it
may feel like a feather brushing across your
face. The air will move toward your mouth.
You may hear the air flow, If someone is
watching you, they should see the respirator
suck in a little at your nose.

Positive-pressure fit check

Caver the rubber flap exhalation valve with one
hand and puff out gently. You should feel the
force of your breath balioon the respirator out a
tiny bit. This is like the feeling you get when
you first blow up a balloon. You have to blow
harder to get over the resistance of the bal-
loon. As the mask moves out, you will feel {he
seal of the respirator lighten on your face. If
there is a leak in the mask, air will rush out of
the leak instead of making the mask balloon
oul. If there is a leak, you will feel air rush out
against your cheeks. You will not feel the seal
tightening to your face. Don't blow too hard. or
you can blow out your intake valves and break
a good seal

Courtesy: Alice Hamillon Occupational Health Center

Negative-pressure fit check

Positive-pressure fit check

—_——
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D. Engineering and Work
Practice Controls

OSHA requires employers to institute engineer-
ing and work practice controls to the extent
feasible to reduce worker exposures so they are
at or below the PEL. The Society for Occupa-
tional and Environmental Health (SOEH) has
published recommendations on engineering and
work practice controls (SOEH, 1993).

Some examples of good engineering controls
are:

4+ Providing HEPA -filtered local exhaust ven-
tilation for devices and abrasive power tools,
including all blasting equipment, needle
guns, sanders, and grinders.

¢ Using HEPA vacuums for cleanup instead
of dry sweeping or compressed air.

4 Providing adequate ventilation during
indoor heat gun use to prevent buildup
of lead and volatile organic compounds.

4 Using wet methods to reduce airborne dust
generation; for example, a water sprayer ta
hold down settled leaded dust on the plastic
sheeting covering the floor or ground.

Some examples of good work practices are:

4 Wetting of surfaces with water mist prior
to scraping, sweeping, or sawing.

4 Providing onsite washing facilities, and
following good hygicne practices.

¢ Daily cleanup of work arca and equipment
o prevent leaded dust accumulations.

¢ Whenever feasible, avoiding methaods with
known high exposure patential, such as
machine sanding without local exhaust
ventiladon,

E. Respiratory Protection
Program

Even with implementation of engineering and
work practice canteals, respiratory protection
will probably be necessary far most ahatement

Chapter 9: Worker Protection 0:0

methods, such as lead-based paint removal by
chemicals, heat gun, or abrasive techniques,
and some othes operations, including setup,
cleaning, many forms of interim control, and
maintenance. Due to the variability of expao-
sures in construction, contractors may need to
use more than one type of respirator at a given
job. Respirator selection for each job should be
determined by an industrial hygienist or other
trained health and safety professional.

OSHA requires the use of respirators:

+ When an employee’s exposure exceeds the
PEL and as intecim protection for tasks
specified in the task-related triggers.

4 In work situations where engineering and
work practice controls are not sufficient to
reduce employee exposures below the PEL .

4 Whenever an employee requests a
respirator.

Because there are recognized health effects

at blood lead levels below what is allowed by
OSHA, employees may wish to use respirators
even when their exposures are below the PEL.

Whenever respiratars are used, either an a vol-
untary or imandatory basis, employers muse es-
tablish a respiratory protection program. Respi-
rators are devices that must be used carefully
(29 CFR 1910.134, OSHA respirator standard).
A minimally acceptable respiratory protection
program must include selection of respirators on
the basis of warker exposures; written standard
operating procedures; training of warkers in the
proper use of respirators; fitting, regular clean-
ing, maintenance, and inspection of equipment:;
and starage in a clean and sanitary location.
Workers must not be assigned to tasks requiring
the use of respirators unless it has been deter-
mined by a physician that they are physically
able o perform the work and use the respivator,
Under the OSHA Lead Exposure in Construc -

tion standard, employers are required 1o

¢ Provide respirators approved by NIOSH and
the Mine Safery and Healdh Administeation
(MSHA) for pratection against leaded dust,
fume, and mist at no cost o the cmployee.
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+ Select required respirators for employees
based on the maximum airborne concentra-

tions of lead, expected or measured, accord-
ing to Table 1, 29 CFR 1926.62.

<+ Upon employee request, provide a powered
air-purifying respirator (PAPR) to any em-
ployee in lieu of the selected respirator if
this will provide sufficient protection.

4 Ensure that the respirator issued to each em-
ployee fits properly and exhibits minimum
face piece leakage.

¢ Perform qualitative or quanticative fit tests
at the time of the initial fitting and at least
every 6 months thereafter for employees
wearing negative-pressure respirators.

¢ Ifan employee exhibics difficulty during fic
testing or subsequent use, provide an appro-
priate medical examination to determine
whether the employee can wear 2 respirator
while performing the job.

4 If filter respirators are used, maintain an
adequate supply of filters, and instruct
each employee to change the filter ele.
ments whenever an increase in breaching
tesistance is detected

1. Respirator Selection
If a cespirator is required, it is the employer's

duty to enforce its use.

Employers should refer to the OSHA interim.
construction lead standard (Table 1, 29 CFR
1926.62) for the proper selection of respirators.

In the absence of hazardous contaminants ather
than lead, the half-mask, air-purifying respirator

with HEPA filters should he adequate for most
lead hazard control jobs, since mast exposures
are usually less than 500 yg/m’.

Respiratars specificd for higher concentrations
can alsa be used ac lower concenteations of lead

For example, PADRs may be preferred over hall
mask, negative-pressure respivatars because they

are more protective, produce less cardiovascular
stress, and are generally more comfortable to
wear. PAPRs include a small, hattery-poweredd

blower that provides clean air to the worker,
thus reducing breathing resistance.

If an initial determination or eXposure monitor-
ing indicates potential airborne exposure 1o
contaminants other than lead, such as solvents
used during chemical stripping or heat gun use,
reevaluation of the respirator selection is war-
ranted. It would be prudent to select a respirator
(or filter) that protects against both lead particu-
late and organic vapors. If a worker has an in.
crease in blood lead level, reevaluation of the
respirator program, personal hygiene, and worck
practices is needed.

F. Protective Clothing and
Equipment

OSHA requires that employers provide and en-
force the use of protective clothing whenever
employees are exposed to airborne lead above
the PEL (irrespective of respirator use} and as
interim protection for employees performing
tasks listed in the task-related triggers. Hard-
hats, goggles, safety shoes, and other personal
protective equipment may also be required by
other OSHA standards, depending on the type
of work pedformed. These materials must be
supplied at no cost 1o employees.

Leaded dust is noc absorbed directly through the
skin; however, lead contamination of workers’
clothing and person has resulted in lead expa-
sure for workers and their families in the past.
The use of protective equipment, in conjunc-
tion with good hygiene practices and washing
facilicies, should prevent contaminatian aof
workers' personal clothing and prevent the
transfer of lead contamination fram the work
area to lunch and break areas, personal vehi-
cles, and workers” homes. Workers should bhe
cquipped with disposable or reusable cover-
alls oc similar full-body work clothing, alaves,
hardhats, safety shoes. dispasable shae covers,
chemical-resistant clothing (for skin-contact
hazaeds), safety glasses, face shields, and woa-
ales (in conjuncuon with portable eycwash

equipment)

Sce workers may spend mast of (heir tme on
abatement jobs weartng protective clathing,

should be selected to prevent hear stress. For
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Figure 9.5 Types of Respirators Used in Residential Lead Hazard Control Work.

Half-Mask, Air Purifying Respirator

Adequate for Atmospheres Up To 500 ug/m? Lead

Full-Face, Air Purifying Respirator

Adequate for Atmospheres Up To 2500 pg/m3 Lead

Powered Air Purifying Respirator

Adequate for Atmospheres Up To 2500 ng/m? Lead
(Filter and Batlery-Powered Blower are worn on Belt)
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example, the use of hreathable clothing (cotton
or paper fabric) is appropriate during most
abatement work to reduce the potential for em-
ployee heat stress. Shoes or disposable shoe cov-
ers should have nonskid soles, particularly for
work on plastic-covered surfaces. Shoe covers
should not be used when workers need to climb
ladders and scaffolding because they mnay cause
slips and falls; nonskid work boots should be
used instead. Work boots or shoes should be
removed from the work area only in a sealed
plastic bag. Torn shoe coverings also present a
serious hazard and should be replaced as often as
necessary. Chemical-resistant protective cloth-
ing will be necessary for any work involving
caustic or solvent-based strippers and other sub.
stances that are hazardous upon skin contact.
For example, caustic paint strippers require spe-
cial clothing and gloves (see the Manufacturer's
Material Safety Data Sheet). Paper suits and
shoe cavers are not appropriate for chemical
processes.

The possibility of heat stress and its signs and
symptoms while wearing protective clothing
should be included in worker training. Contrac-
tors should consult an industrial hygienist or
other qualified health and salety professional
for the proper selection of protective clothing.

OSHA requires that employers supply clean
work clothing at least weekly o employees with
personal exposures above the PEL, and daily to
those with levels greacer than 200 pg/m’ as an
8-hour, time-weighted average.

Employers are responsible for cleaning, launder-
ing, and disposing of pratective clathing and
equipmment; repairing or replacing protective
clothing and equipment to maintain its effec-
tiveness; ensuring that all procective clothing is
removed at the end of a wark shift only in des-
ignated change arcas; ensuring that contami-
nated clothing is placed in a closed container
in the change area to prevent the spread of fead
contamination; and notifying in writing anyanc
who cleans or launders the protective clothing
that the clathing is contaminated with [ead.

Removal of lead from clothing by blowing,
shaking, oc any ather means that disperses lead
into the air is prohibited. HEPA vacuuming

heavily contaminated protective work clothing
as an initial cleaning method is recommended.

G. Housekeeping

Employers must keep all surfaces in the worksite
as free as practicable from lead accumulations.
This is important to prevent dispersal of leaded
dust into the air during work activities, thus
reducing employee exposure to lead. Cleanup
of floors and other surfaces must be completed
by vacuuming (using vacuums equipped with
HEPA filters andfor wet washing methods) or
other methods that minimize airborne lead
during cleaning.

Shoveling, wet sweeping, and brushing inay
only be used for cleanup where vacuuming
or other equally effective methods have been
tried and proven ineffective. For example,
shoveling and sweeping may be necessary to
pick up large debris. In such cases, the debris
should be misted with water prior to cleanup
to minimize leaded dust generation.

OSHA prohibits the use of compressed air to
clean leaded dust from any surface.

H. Hygiene Facilities and
Practices

OSHA requires that employers provide hygiene
facilities and ensure good hygiene practices for
all employees performing work chat is covered
by the task-relaced triggers or for workers who
are exposed to airbome lead above the PEL (ir-
tespective of respirator use). Employers must
ensure that na food, beverage, or tabacco prac-
uct be present or consumed, and that coswmetic
products not be applied in work areas. Employ-
ers must also provide change areas, showers
(where f'ensihle),'ea[ing areas, and handwnshing
areas. Gaod hygiene facilities and practices will
minimize additional employee exposure to lead
fram ingestion or inhalation, and prevent con-
tamination of workers' vehicles and houtes.
Wipe sampling of designated “clean™ aveas du -
ing abatement jobs longer than 2 weeks should
be conducted. Even if exposures are less than
50 pe/m', contamination of warkers’ automo-
biles, clothes, and homes with setcled [eaded
dust ¢ be aserious problem. Good personal
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hygiene is essential even if airborne dust
exposures appear to be low.

Specific hygiene requirements for employees
exposed above the PEL (without regard to

respirators) are listed below. Change areas

and handwashing facilities are also required
as interim protection during exposure assess-
ment for the task-related triggers.

1. Decontamination Procedures

Conduct worker decontamination before all

breaks, before lunch, and at the end of the shift.

Decontamination consists of:
4+ Cleaning all tools (at the end of the shift).

4 HEPA vacuuming all protective clothing
before entering the decontamination area.

¢ Entering the decontamination area (dirty

side).

¢ Removing protective clothing by rolling
inward (do not remove respirator yet);
removing work shoes and putting in
plastic bag.

¢ Entering shower or washing facility.

* Removing respirator after washing hands.

Chapter 9: Worker Protection 020

+ Taking a shower, if available, using plenty of
soap and water; washing hair, hands, finger-
nails, and face thoroughly (before funch and
at the end of the shift only).

+ Entering the clean area and putting on
street clothing and street shoes.

2. Change Areas

To prevent cross-contamination, change areas
must have separate storage facilities for pro-
tective work clothing and equipment and
workers' street clothes. The employer is re-
sponsible for ensuring that employees do not
leave the worksite wearing protective work
clothing. Change areas and clean areas should
be cleaned on a regular basis.

In those worksites where a decontamination
zone is not feasible, workers can wear two layers
of protective clothing, if heat stress is not a
problem. The first layer is removed at the work
area exit; the second is removed in the clean
area.

3. Showers

Wherever feasible, employers should provide
shower facilities onsite. Employers must make
soap and towels available, and make sure ¢hac

Figure 9.6a Worker Decontamination.

. Clean Area:

Worker enters decon
from work area.

Worker exits decon after
washing and changing.ﬁl

9-24



employees shower before lunch and at the end

of their shifts to remove lead from skin and hair.

4. Eating Facilities

Evaployers must provide clean, accessible eating
areas for employees. The dwelling and work
area should not be used as eating areas.

Employers must ensure that workers wash their
hands and face prior to eating, drinking, smok-
ing, or applying cosmertics, Also, workers may
Not enter eating areas with contaminated pro-
tective work clothing or equipment unless sur-
face leaded dust has been removed by vacuum-
ing or another cleaning method that controls
leaded dust dispersion.

Although not specifically addressed by OSHA
Lead Exposure in Construction standard, if
workers voluntarily leave che worksite for
lunch, they should be required to wash or
shower, and change into street clothing ro pre-
Vent contamination of their personal vehicles.
Showering is not needed for other breaks, al-
though workers should always wash their hands
and face before eating, drinking, or smoking.

5. Handwashing Facitities

Employers must provide adequate hand-
washing facilities for employees exposed ta
lead. Handwashing facilities must be in accor-
dance with general construction health and
safety requirements (29 CFR 1926.51 (). The
facilities should be located near the worksite
and be sufficiently equipped so that workers
can remove lead effectively. Where shawers
are not provided, employers must ensure that
warkers wash cheir hands and face at the end
of their work shify. »

I. Medical Surveillance

Workers must undereo both initial wnd routine
medical sueveillance, depending on the level
and duration of their aichorne EXPAsres fo
lead. Employers and physicians should consely
AppendixC in 29 CFR 1926.62 (o detailed
guidelines on medical surveillance of lead-
exposed warkers. All medical examination
procedures must be under the supervision of

Chapter 9: Worker Protection

Figure 9.6b Decontamination of Tools.

Figure 9.7 Portable Showers Make Worker
Decontamination More Effective and Feasible.




a licensed physician, preferably one who is
board-certified in occupational health.

Lead abatement contractors should use medical
surveillance to measure the effectiveness of
their worker protection programs. For example,
significant increases in blood lead levels of

10 ug/dL or greater or blood lead levels exceed-
ing 20 ug/dL should trigger timely investigations
of exposures, work practices, respirators, and
personal hygiene practices.

1. Initial Surveillance

One purpose of initial medical (or biological)
monitoring is to establish baseline blood lead
levels and to allow early detection of increases
in worker blood lead levels. Another purpose
is to detect workers who have already been
overexposed to lead on previous jobs. OSHA
requires employers to: '

4+ Make initial biological monitoring available
to all employees who are exposed on any
single day to lead levels equal to or greater
than 30 yg/m’.

4 Provide initial biological monitoring to
all employees who will be performing task-
related trigger activities (see Table9.4).

4 Conduct biological monitoring of workers'
blood lead levels and zinc protoporphyrin
levels (zinc protoporphyrin levels are one
way of measuring long-term exposures).

¢ When an employees initial blood lead level
is equal to or greater than 40 ug/dL, provide
continued biological monitoring at least
every 2 months, unti! two consecutive blood
lead level results are less than 40 ug/dl

2. Routine Surveillance

Generally, most lead hazaed contral workers in
the residential setting should have their blood
lead levels checked every manth or two and

a baseline level determined before beginning
wark. An ongoing medical surveillance pro-
gram, including biological monitoring of blood
fead and zine protaparphyrin levels and medical
examinations, must be provided for all emplay-
ees wha are ar may he exposed to lead levels

Chapter 9: Worker Protection *:"

greater than 30 yg/m’ for more than 30 days
in any consecutive | 2-month period. OSHA
requires employers to pay for biological
monitoring and medical examinations.

Biological monitoring requirements

The employer must make available the
following:

+ Biological monitoring for blood lead and
zinc protoporphyrin levels at least every
2 months for the first 6 months, and every
6 months thereafter.

+ When an employee's blood lead level is
equal to or greater than 40 ug/dL, biological
monitoring at least every 2 months, until
two consecutive blood lead level results
are less than 40 yg/dL.

¢ When an employee’s blood lead level meets
the criterion for removal from the worksite
(equal to or greater than 50 pg/dL), followup
blood testing within 2 weeks.

¢ Monthly blood lead level testing during the
removal period for any employee medically
removed due to an elevated blood lead level
(EBL).

¢ Blood lead sample analysis by an QSHA -
approved laboratory (call 1-800-35-
NIOSH for a list of OSHA -approved

laboratories).

The employer must notify all employees of their
individual blood lead level in writing within §
working days after receipt of results. In addition,
cach employee with a blood lead level greater
than 40 wefdL must be informed that temporary
medical removal from the warksite {wich ben-
efits} is required when periodic and followup
blood testing indicate a blaad lead level equal
ta or greater than 50 ug/dL. Medical removal
means that a waorker is not permitced to con-
tnue o warck 1 leaded enviranment. 1 no
ather equivalent work is available from the cm-
ployer. wages and benelits must be maintained
in full- A worker cannet be penalized for having
an elevined blood tead level.
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Medical examinations

The employer must:

4 Provide medical examinations prior to as-
signment for workers whose exposures will
be equal to or greater than 30 ug/m’ for
more than 30 days per year.

¢ Make medical examinations available at
least annually for any employee who had
a blood lead level equa to or greater than
40 pg/dL any tine during the past 12
months.

4 Provide a medical examination as recom-
mended by the treating physician for any
employee who either has reported symptorms
consistent with lead intoxication or upon
employee request. Reasons that an employee
may request a2 medical examination include
medical advice related to conceiving a
healthy baby, pregnancy, and difficulty in
breathing during respirator fit test or use.

¢ Furnish employees with written medical
opinions from examining physicians.

+ Make available medical examinations for
employees medically removed from the job
due to exposure to lead.

# Provide a multiple-physician review mnecha-
nism as specified in the standard 29 CFR
1926.62(j)(3)(iii) wo give workers the op-
portunity to obtain a second and possibly
a third medical opinion.

At termination of employment, an cmployer
would be well advised ta have an exit medical
examination performed for each worker, due
toworkers’ compensation constderations.

Medical examinations provided to employees
st include detailed work history; medical
history; physical examination; pubmonary stacus
o determine if respirator can be worn; blood
pressure check; blood sampling and analysis fon
bload lead level, sine pratopoarphiyrin fevel, s
other specified paramerers (hematocrit, hema-
globin, peripheral smear waorphology, and red
cell indices): routine wrivalysis with micro-
SCOPIC examination (checking levets uf ween
nitrogen and serum creatinine): pregnancy

_

testing or laboratory evaluation of male fertilicy,
if requested by the worker; and any other test
relevant to lead exposure recommended by the
examining physician. Prophylactic chelation
(routine use of drugs to keep blood lead levels
low) of any employee at any time is prohibited.

J. Medical Removal Protection

Medical removal protection is designed to
give employees time away from lead exposure
to reduce blood lead levels. The trigger for
required medical removal protection is either
a blood lead level equal to or greater than

50 pg/dL, or a “final medical determination,”
which is the examining physician’s written
opinion on the employee’s health or the out-
come of the multiple-physician review mech-
anism (see Medical examinations above).

Since medical removal protection includes
retention of salary and benefics for employees
removed from work, employers have a strong
economic incentive to prevent excess lead ex-
posure. With effective controls very few em-
ployees should reach the trigger levels requiring
removal during lead hazard control work.

The following are OSHA's basic medical-
removal protection requirements for construc-
tion employers:

¢ Remove emplayee on each occasion that a
worker's periodic and followup blood lead
levels are equal to or greater than 50 we/dL;
employee can return to work when two
consecutive blood lead levels are less than

40 pg/dL.

¢ Remove emplayee on each accasion when
a final inedical determination indicates a
medical condition that places the employec
at “increased risk of material impairment to
health duc ta lead expasure.

¢ lmplement protective recommendations
(or the employee that are included in the
results af final medical determinations.

¢ Provide medical-remonal protection ben-
efits for up to 18 maonchs, or as long as the
job continues, each time an employee s
removed

N7
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4+ Maintain employee’s normal earnings,
seniority, and other employment benefits
during removal, including the right to
return to the former job.

4 Provide the same medical-removal pro-
tection benefits to any employee who is
removed even if not required under the
standard.

K. Hazard Communication
Programs and Training on
Specific Operations Causing
Lead Exposure

The employer must establish a hazard commu-
nication program for all potentially exposed
workers (29 CFR 1926.59). This program
should at a minimum include wamning signs
and labels, material safety data sheets, and the
required employee information and waining,
including discussion of the Hazard Communi-
cation Standard. Employers must also have a
written hazard communication program for
their workplaces.

OSHA requires that employers provide a lead
training program for all employees who are
exposed to lead at or above the action level
(30 ug/tn') on any single day. The training pro-
gram must be provided prior to the time of job
assignment and at least annually for employees.

The employer must ensure that employees ace
trained in:

¢ The content of the OSHA interim lead
standard for construction (29 CFR 1926.62)
and its appendixes, including supplying a
capy of the scandard and appendixes o the
employee.

¢ The specific nature of the operations that
would result in lead exposure above the
action level.

4 The purpose, proper selection, fitting,
use, and hmitations of respirators,

¢ The purpose of the medical surveillance
program and the medical-removal
protection program.

Chapter 9: Worker Protection 0:0

4+ The adverse health effects of excessive
exposure to lead, with particular attention
ta the adverse reproductive effects on both
males and females.

4 The hazards to the fetus and precautions
for pregnanc employees.

+ The specific engineering controls and work
practices associated with the employee’s job
assigninent.

4+ Relevant good work practices described
in Appendix B of the OSHA standard.

4 The content of any compliance plan.

4 The risks associated with chelating agents.
They should not routinely be used to re-
move lead from their hodies and should
not be used ac all except under the direction
of a licensed physician.

¢ Their right of access to records under
OSHA's Access-to Exposure and Medical
Records Standard (29 CFR 1910.20).

EPA Regional Lead Training Centers currently
provide training courses for inspector techni-
cians, praject supervisors, and abatement work-
ers. SOEH has also developed a training guide,
which is referenced in the OSHA standards
(SOEH, 1993). Other training providers also
offer EPA training (see Chapter2). Appendix
15 contains a summary of the OSHA standard
for workers. [t is likely that EPA worker training
will meet the OSHA training requirements as
fong as job-specific information is included.

L. Signs

Emplayers ace required to post warning signs
with the warding shown in Figure 9.8. This re-
quirement does nat preclude the cmployer from
posting ather appropriate hazard warnings, such
as "Respirators required in this area.” The signs
st be posted in cach work area wheee an
employec’s lead exposure is above the PEL, and
uminated and cleaned as necessary so thae the
tegend is readily visible
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Figure 9.8 Example of Required Sign.

WARNING
LEAD WORK AREA
POISON

NO SMOKING OR EATING
|

M. Recordkeeping

OSHA requires employers to maintain records
of exposure assessments, medical surveillance,
medical removals, and, if applicable, objective
daca used for exemption from the requirement
for initial monitoring. Records must be made
available upon request to affected employees,
former employees, designated employee repre-
sentatives, and OSHA and NIOSH. These
records (except medical removals) must be kepe
for 30 years (29 CFR 1910.20). I an employer
ceases to do business, the records must be trans-
ferred to a successive employer. Il there is no
successor, these records must be submitted to

the Directar of NIOSH. Employers should refer

to 29 CFR 1926.62(n)(6) for additional require-

ments for transfer and disposal of records.

Employer records can provide a basis for assess-
ment of regulacory campliance and che effec-
tiveness of the employer's worker protection
program. Additionally, records of exposures and
health effeces may be wseful in epidemiologic
studies.

1. Exposure Assessments

Exposure manitaring records must include the
following informadion:

¢ Date(s), number, ducanion, location, and
results of cach of the samples Giken.

¢ Adescription of the sampling procedure
used to determine representative employece
expasure, where applicahle

4 A description of the sampling and analytical
methods used and evidence of their
accuracy.

4 The type of respiratory protection worn
by monitored employees.

¢ Name, social security number, and job
classification of the monitored employee
and all other representative employees.

¢ The environmental variables that could
affect the measurement of exposure (for cx-
ample, temperature and relative humidiry).

Itis also recammended that the name of che
laboratory conducting the monitoring and a
contact person be included in the records.

2. Medica! Surveillance

The employer must establish and maincain

n accurate record for each employee included
in the medical surveillance program. Medical
records must be kept for the duration of employ-
ment plus 30 years, in accordance with 79 CFR
1910.20. Some States may require blood lead
levels to be reported to a centeal occupational
health registry. The recard for each employee
must include.

¢ Name, social security nuber, and descrip-
tion of che dutics of the cmployee.

® A copy of the cxamining physician's written

upinong

——
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+ Results of any airhorne exposure monitoring
done and provided to the physician.

4+ Any medical complaints related to lead
exposure.

4+ Medical examination resulcs, including
medical and work history information.

4 A description of laboratory procedures and
standards or guidelines used to interpret test
results (or references to that information).

4+ Results of biological monitoring.

+ Name of physician and laboratory and date
of examination.

3. Medical Removals

Records for each employee who is medically
removed should be kept at least for the duration
of employment and must include:

4 An explanation of how removal was
accomplished.

¢ A statement of whether or not the removal
was due to an elevated blood lead level.

4. Objective Data

Limitations on the use of objective data for ex-
emption from initial monitoring were discussed
above (see Initial Determinations and Exposure
Assessiment). The employer must maintain a
record of the objective data.

N. Observation of Monitoring

OSHA requires that emplayers provide affected
cmployees oc their designated representatives
(e.g.. union representatives) wich an oppoOLu-
nity to observe any monitoring of employee
lead exposures that is conducted as part af ¢cx-
posure assessments. The observers are entitled
toreceive an explanation of measurement
procedures, observe all steps related o the

Chapter 9: Worker Protection 0:0

monitoring of lead at the worksite, and either
record the results or receive copies of the labo-
ratory results of air sampling.

VI. Other Employer
Requirements

In addition to the OSHA construction lead
standard, there are many other applicable con-
struction standards that employers must comply
with during lead hazard control projects. OSHA
standards for construction are found in 29 CFR,
Part 1926. Some of these standards are:

4+ General safety and health provisions, 29
CFR 1926.20.

4 Medical services and first aid, 29 CFR
1926.50..

<. Sanitation, 29 CFR 1926.51.

¢ Occupational noise exposure, 29 CFR
1926.52.

¢ Gases, vapars, fumes, dusts, and mists, 29

CFR 1926.55.
¢ Hazard communication, 29CFR 1926.59.

¢ Ventilation: weiding, cutting, or heating

of toxic metals, 29 CFR 1926.353(c).

¢ Safety equipment, such as hardhats, safety
shoes, eyewash stations, etc.

VII. Example of an OSHA
Written Compliance Plan

Foltowing is a model worker procection com-
pliance plan that meers the requirements of
the OSHA Lead Exposure in Construction
standard as they apply to hausing. The madel
plan should be completed by applying its gen-
cral pravisions o the specific lead hazacd

control joly.
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Form 9.1
Model OSHA Written Compliance Plan

Date: [ ¢

This plan has been developed o comply with the OSHA Construction Lead Standard, 29 CFR 1926.62.

1. Location of Project:

This job will take place at the residence located at (full address).
-_—

A previous lead inspection of this residence by (name and address
of inspection or risk assessment firm) revealed that lead hazards or lead-based paint are present in the fallowing
locations:

' (location and name of alf building components to be treated)
—_—

—_—
—_——
—_—

These building components are coated with lead-based paint and represent a hazard to workers who may disturb
it during lead hazard control, renovation, or maintenance activities.

2. Brief Description of Job:

This job will involve the following lead hazard reduction measures (complele all that apply):

Replacement of : (name alf components)
Enclosure of . (name all components)
Paint removal of (name all companents)
Encapsulation of (name all components)
Painl film stabilization of (name all components)
Friction surface treatments of (name all components)
Impact surface treatments of (name all components)
Dust removal in the following areas: (name all areas)
-

3. Schedule:

The job is expected to starl on (date) and end on (dale). This compli-
ance plan will take effect immedialely on (date). The competent person will conduct worksite
visual inspections on a daily basis.

Work will proceed according to the following schedule:

Day 1: Initial setup, followed by:

(name all tasks to be completed)
-_—
_—
.
Daily cleanup: wef maopping, HEPA vacuuming
Day 2: Tasks
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Day 3: Tasks
Day 4: Final cleanup and clearance examination
4. Equipment and Materials:

HEPA vacuums, cleaning detergents, protective clothing, cotton work gloves, electric power saws, hammers,
wrecking bars, pry bars, screwdrivers, plastic sheeting, metal scrapers, compressed air-powered water pumps,
rollers, brushes, butyl rubber gloves, respirators, cutting shears, mops, plastic sheeting, paintbrushes, paint
rollers.

5. Crew:

The work wilt be completed by a crew of (insert number) workers. Crew assignments are
as follows:

Crew 1 (name) (task)

Crew 2 : (name) (task)

6. Competent Person:

(Name), a certified lead abatement supervisor, will be onsite at alf times and will act as the
competent person for occupational health and safety issues. The lead supervisor license (or certificate) number
is: - The lead supervisor will conduct daily inspections of the work areas to ensure that con-
trol measures, work praclices, personal protective equipment, and hygiene facilities are used as prescribed in this
document.

7. Control Measures:
The primary control methods for this project are (check all that apply):

method substitution (building component replacement, enclosure)

wet methods

wrapping materials to be discarded in plastic
respiratory protection

local exhaust ventilation (needle guns, vacuum blasting)
general room ventilation

on-the-job training

HEPA vacuums

containment (use of plastic barriers)

controls to be used in this project. The only specialized equipment thal will be utilized for this project are HEPA-
filtered vacuum cleaners and {name all special equipment).
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9. Respirators:

Allindividuals in the work area will be provided with a NlOSH/MSHA-approved half-mask, air-purifying respirator
equipped with HEPA cartridges or a powered air-purifying respirator (if so requested).

Respifators will be provided in the contex( of a complete respiratory protection program; the written respirator
program is attached.

Respirators will be required during (name phases of job for which respirators will be required):

12. Air Monitoring Data:

Previous data for lead hazard control projects conducted with similar controls, environmental conditions, person-
nel, and methods were reviewed. Air sampling will not be performed on this job, since typical exposures have
already been established for these work crews by: »

{name of person or firm completing air sampling).
-_—

Based on these resuits, the major exposures {o tead will occur during (name lasks during
which substantial exposures are likely to occur).

In previous work conducted by the same contractor and work crew on similar houses in the same city, using the
same methods, maximum personal exposures measured for various aclivities were-

Maximum Exposure {ug/m?) Task

—_— -

. - __\_xa\
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The environmental conditions in the homes previously abated closely resemble the current location. These maxi-
mum exposures are expected (o represent “worst-case” exposures because they did not include breaks or setup
time; it is expected that 8-hour, time-weighted average exposures on this job will be lower than these figures. How-
ever, worker respiratory protection requirements will be based on the maximum exposures to allow for unexpected
variations.

13. Medical Surveillance Program:
A medical surveillance program is already in place for this work crew. It is supervised by:

Dr. » (name, address, and phone
number of physician and/or firm).

Worker blood lead levels are measured initially before the onset of work, each month for the first 6 months of
employment, and every 6 months thereafler.

Blood lead levels for current employees who will be assigned to this job are between:

pg/dL fo ng/dL (list range of blood lead levels) based on the report dated
(add date for latest medical monitoring report). Worker blood lead increases of 10 ug/dL or greater or any blood
lead level greater than 25 ng/dL will trigger an investigation of protective equipment and work practices. All
workers on this project are informed of their blood lead levels as soon as they are received.

14. Training:
The following workers have been trained using the EPA Worker Training Curriculum and SOEH's Guide For Pro-

tective Work Practices and Effective Worker Training. The training was conducted by (name,
address, and phone number of training provider) on (insert date).
Trainees Social Security Number

Plan completed by:
{name and signature)

(date)
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Example of a Completed Worker Protection OSHA Compliance Plan
OSHA Written Compliance Plan
Date: 5/19/99
This plan has been developed to comply with the OSHA Construction Lead Standard, 29 CFR 1926.62.

1. Location of Project:

This job will take place at a private residence located at 2952 Channing Way, Anywhere, New York. A previous lead
inspection of this residence by Carefree Consultants, Inc., revealed thac windows, window frames, and all interior walls
in both units are coated with lead-based paint (the range was 1.5 mg/em’ to 24 mg/cm?). In some areas the existing
lead-based paint is deteriorated, with loose and peeling paint chips. The existing lead-based paint represents a hazard
to workers who may disturb ic during lead hazard control or renovation activities.

2. Brief Description of Job:

The abatement job will involve the removal and replacement of six windows in the residence and the encapsulation
or enclosure of kitchen and bathroom walls.

The primary window replacement activities that are expected to generate leaded dust are manual removal of existing
wood frame windows and cleaning.

3. Schedule:
Work will proceed according to the following schedule:
Window Replacement

Day I+ Initial setup, including placemenc of plastic sheeting on interior floar and exterior ground surfaces for
containment purposes.

Begin manual removal of windows. All window components will be wecced with water misc prior ta removal
to minimize dust generation.

Daily cleanup: wet sweeping, HEPA vacuuming
Day 2:  Complete remaoval of all windows.
Preparation of window apenings for replacement windows—sawing ar planing may be required.
Inseall replacement windows; employ daily cleanup as above.
Apply new cautking around replacement windows; final cleanup.
Encapsulation and Enclosure

Day 1 Initial seq 2 includig placement of lastic sheetine on floors, and nonmovalle (urnishines, ap Aiances, and
¥ | g1 | g g |

(trniture items

Prepace surfaces for enclosure system by removing loose and pecling pane. All surfaces will be thorouehly
wetted with water mist priorto seraping. Surfaces will be lighdy scraped with 9-inch metal paint scrapers

Daily cleanup: wet sweeping fallowed by HEPA vacuunning and mopping with-detergent solution

\
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o

Day 2. Install all mineral glass wallcovering material.

Manually apply the initial and final coats of the liquid encapsulan, polymer surfacing system over the mineral
glass substrate. Rollers and brushes should be used to apply liquid encapsulant. Allow 8 hours to dry between
coats, or until surface is hard and dry to the rouch. Install enclosure system (drywall) over encapsulated surface.

Daily cleanup

Day 3:  Final cleaning

Equipment and Materials:

Window Replacement

“Olofson" metal frame, thermal-pane, replacement windows {Model 000-111), HEPA vacuums, trisodium phasphate
detergent, protective clothing, cotton work gloves, electric power saws, hammers, wrecking bars, pry bars, screwdrivers,
plastic sheeting, and other hand tools as needed.

The abatement job will also include encapsulation or enclosure of all interior walls in the kitchen and bathroom aceas.
The primary activities that ace expected to generate leaded dust are manual scraping and cleaning involved with surface
preparation.

Encapsulation and Enclosure

“Cover [t Up" Encapsulant System (Item 333-55), drywall, metal scrapers, compressed air- powered water pumps, rollers,
brushes, butyl rubber gloves, respirators, cutting shears, brooms, HEPA vacuums, detergent solution, mops, and plastic
sheeting.

The job is expecred to start on July 11,1999, and end on July 13, 1999. This compliance plan will take effect immediately
on July 8,1999. The competent person will conduct worksite visual inspections on a daily basis.

Crew:

The replacement of windows and encapsulation enclasure will each be completed by a crew of two workers. Crew
assigniments are as follows:

R.Smith, T Jones Crew 1, Window Replacement

Z. Topp, J. Gonzales Crew 2, Encapsulation/Enclosurc

Competent Person:

M. Homer Simpson, a licensed lead abatement supervisor, will be onsite ar all times and will act as the comperent person
for occupational healeh and safety issues. My, Simpson’s lead supervisor license number is: XMZ 678. M. Stnpson will
conduct daily inspections of the work areas to ensure that cantral measures, work practices, personal protective equipment,
and hygiene facilities are used as prescribed in this document,

Control Measures:

The peimary contral method for this Project is method substitwion: tha i, building companent replacement and encapsu-
lation and enclosare will be used for fead-based paine hazard abatement, instead of onsite paint remaoval.

During teplacemen, existing window (rames, sashes. and troughs will be wetted with water mise prioc to removal to reduce
aithorne dust generation during removal activities. During bath replacement and encapsulation, all scraping or sawing ac-

tivity willhe done an wet surfaces: all debwis will be wetted down before handling. Building components coated with lead-

based paint witl be wrapped in plastic sheeting afier vemoval ta reduce contamination of workers” hands and clothing
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during handling and disposal. After initial surface preparation for encapsulation and window removal, it is expected that
there will be minimal disturbance of existing lead coatings during this job. Wet methods (mopping) and HEPA vacuums
will be used during cleaning to minimize worker exposures to lead.

To reduce generation of leaded dust in the work areas, paint chips and dust will be vacuumed on at least a daily basis wich
HEPA -filtered vacuums. Final cleaning will be accomplished by three successive cleanings consisting of HEPA vacuuming
alternated with wet mopping with trisodium phosphate solution. The use of HEPA vacuums and wet cleaning methods will
minimize worker lead exposures.

8. Technology Considered in Meeting the Permissible Exposure Limit:

The HUD Guidelines for Evaluation and Congrol of Lead Hazards in Housing and other publications were reviewed to deter-
mine the appropriate engineering controls to be used in this project. The only specialized equipment that will be utilized
for this project are HEPA -filtered vacuum cleaners and air-powered water pumps with high-pressure hoses attached to
aerasol-generating nozzles {for water misting of surfaces). Natural ventilation will be utilized, as mechanical ventilation
with HEPA -filtered exhaust fans has not been found to reduce worker lead exposures with the methods that will be used
during this project.

o

Respirators:

tools, manual scraping, cleaning activities, and final cleanup. Respirator use during other activities, including initial setup
(such as laying down plastic for containiment), and enclosure and encapsulation after surface Preparation is not necessary,
unless other workers nearby (same interior raom or outside wall) are performing activities for which respirators are required.

10. Protective Clothing:

Disposable protective clothing will be worn at all times inside the work area. Protective clothing will be made of breath.
able fabric to reduce the potential far warker heat stress. I visibly contaminated wich pamt dust or chips, protective
clothing will be vacuumed before it is removed.

11. Hygiene Facilities:

Handwashing facilities will be used to decontaminace workers. The facilities will be located in a portable trailer that wil]
be parked in che driveway or parking area of the residence. The trailer will contain two sinks, a fresh water tank, ho water
heater, wastewater collection tank, and easily cleanable floors and benches. Labeled plastic bins with covers will be used
ta separate disposable protective clothing from street clothing. Hot water, soap, and towels will be provided. Hands and
face will be washed before all breaks and ar the end of the day. Wastewater will be collected, precreated onsice wich filera-
tion, and disposed of in accordance with prior Arangements made with the Anywhere Municipal Wastewater Treatment
Facility. The tailer will be cleaned with ; HEPA vacuum and wet washed cwice each week

12. Air Mouitoring Data:

Previous data for lead abatement projecis caonducted with similay controls, environmenal conditions, persannel, and
methads were reviewed. Air sampling will nag he perdormed on this job, since typical exposures have already been cetals.
lished for dhese wark crews (see attached report from previous jobs peepared by XYZ Tndustrial Hygiene, Inc.). Based on
these results, the major exposures ta lead will oceur during window temaval, alchough significan exposures may also

eceur during cleanup.
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In previous work conducted by the same contractor and work crew on simifar houses in the same city, using the same
methods, maximum personal exposures measured for various activities were: window removal and replacement, 121 pg/m";
encapsulation, 24 yg/fm?; cleaning, 110 yg/m*; final cleaning, 50 pg/m’; and initial setup, 6 pg/m’. The environmental
conditions in the homes previously abated closely resemble the current location. These maximum exposures are ex-
pected to represent “worst-case” exposures because they did not include breaks or setup time; it is expected that 8-hour,
time-weighted average exposures on this job will be lower than these figures. However, worker respiratory protection
requirements will be based on the maximum exposures to allow for unexpected variations.

13. Medical Surveillance Prografn:

A medical surveillance program is already in place for this work crew. It is supervised by Dr. William Jones, a board-
certified occupational healch physician with Occupational Health Clinic, Inc. (phone: 800-555~1111). Worker blood
lead levels are measured initially before the onset of work, each month for the first 6 months of employment, and every
6 months thereafter. Blood lead levels for cumrent employees who will be assigned to this job are 5-12 ug/dL, based on
the May report (see attached). Worker blood lead increases of 10 pg/dL or more will trigger an investigation of protective

equipment and work practices. All workers on this project are informed of their blood lead levels as soon as they are
received.

14. Training:

All workers have been trained using the EPA Worker Training Curriculum. The training was conducted by Joe Smith,

a certified industrial hygienist with XYZ Industrial Hygiene, Inc., and Bill Smith, the competenc person, on March 3-5,
1993. :

Workers trained on March 3-5 include:
R. Smith
T. Jones
2. Topp
J. Gonuzales

M R “

The job proceeded as planned. However, in the next month, ane warker's bload lead level increased from 12 w0 25 ug/dL.
This employee was ane of the most praductive members of the crew. The employer investigated the possible causes of the
significant increase (10 pg/dL or more). After observing and interviewing the warker on a subsequent job, it was clear that
the warker was not wearing the half-mask, air-purifying respiratar all the time and was not using enatgh water to moisten

surfaces before scraping. A powered air-purifying respirator was provided (o increase the worker's understanding of the need
far respiratory pratection. Additional training and counseling by the physician was also provided to this individual, The
following month's bload lead leve! declined ta 16 #/AL, but the supervisor continued to conduct special oversight of this
individual.

Plan completed by

(name)

{signature)

{dare)
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Study Design and QAPP for RRP Field Study
Appendix D

Revision No. 0

August 10, 2006

Page D-1 of 33

APPENDIX D

FIELD DATA COLLECTION FORMS

Form 9: Interior Dust Wipe Collection Form
Form 10: Exterior Dust Wipe Collection Form
Form 11: Experiment Information
Form 12: Chain of Custody Record
Form 13: Pre-Experiment Clearance Samples
Form 14: Post-Experiment/Post-Study Clearance Samples
Form 15: Composite Soil Sample Data Collection Form for Interior Jobs
Form 16: Composite Soil Sample Data Collection form for Exterior Jobs
Form 17: Interior Air Sample Data Collection Form
Form 18: Exterior Air Sample Data Collection Form

Form 19: Exterior Meteorological Data Collection Form
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\ WJINLE W | BATRINIWICING 1+ EFA KKE EZvaluauon
Drafted: 07/26/06
H12 04 Page 2 of 8
WORK ROOM SAMPLING PLAN
# DESCRIPTION SAMPLE ID
ZONE 1 ZONE 2 ZONE 3
1 Post Work | H01-01-203-PWF-01
\7 2 Post Work 2 HO01-01-203-PWF-02
3 Post Work 3 HO01-01-203-PWF-03
4 Post Work 4 HO1-01-203-PWF-04
5 Post Cleaning 1 HO01-01-203-PCF-01
6 Post Cleaning 2 H01-01-203-PCF-02
7 Post Cleaning 3 HO01-01-203-PCF-03
8 Post Cleaning 4 HO01-01-203-PCF-04
106" —
9 Post-WET Verification - HO1-01-203-VWE-01
Zone |
10 Post- WET Verification - H01-01-203-VWE-02
Zone 2
1 Post- WET Verification — HO1-01-203- VWF-03
Zone 3
12 Post- Verification | HO01-01-203- PVFE-01
— 13 Post- Verification 2 HO01-01-203- PVF-02
v L : 14 Post- Verification 3 HO01-01-203- PVF -03
SILL 1 SILL 2 15 Post- Verification 4 HO01-01-203- PVF -04
& N
N A ‘d qouu 4
SILL 1 SILL 2
“Wu‘
< > <€ >
42" 42"

Note: windowsill sketches are not to scale



3[BS 0} JOU 2Je SAYIJAS [[ISMOPUIM :2)ON

13 Nv 113 Nv
< - N
111 m . 111 m
od
¢ TIIS T TT1IS
Ol
€ — 3
A Y 7
TS
] r ! 7 j \7
[ TTIS
70~ 4Ad -¥02Z-10-10H T UONEBIYLIB A -is0g — |
10-4 Ad -¥0Z-10-10H 1 UOLBOLIGA -150d r i
20-40d-¥02-10-10H ¢ Bunea]) 3504
10-40d-¥02-10-10H | Sutues]) 1504 901
20-4Ad-v0T-10-10H 7 Hopm 1504
10-AMd-v0Z-10~10H [ oM 1504
@ ITINVS NOILLdIMDSAA #
Z L\
NVId ONI'TdINVS NOOY TOOL
8 JO ¢ o8eq
90/92/20 :payeiqQ r0 N:.._ .
uoREN|BAT d¥Y Vd3 # LINJIWRIIdX3 al LINN




Wil W | AT iNviiv Y T

w:

AN Lvaluauung

Drafted: 07/26/06

H12 04 Page 4 of 8
OBSERVATION ROOM SAMPLING PLAN
A — p\_l
_ SILL |
— DESCRIPTION SAMPLE ID
— Post Work 1 HO01-01-202-PWF-01
_ 1 Post Work 2 HO1-01-202-PWF-02
1 O.@: _ Post Cleaning | HO01-01-202-PCF-01
Post Cleaning 2 H01-01-202-PCF-02
— Post- Verification |} H01-01-202- PVF -01
_ . Post- Verification 2 HO01-01-202- PVF -02
_ SILL2
A\ 4 X -
& \
h \— A uo: 4
SILL 1 SILL 2
w:
< -> < >
42" 49"

Note: windowsill sketches are not to scale
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H12

Drafted: 06/30/2006
Page 6 of 8

STAGE: POST-CLEANING (PC)
ROOM
SAMPLE ID DESCRIPTION TYPE LOCATION COMMENTS
ing — ft. from WALL 1
Post Cleaning Work —
Floor 1 __ft. from WALL 2
ing — ft. fromm WALL 1
Post Cleaning Work —ftfr
Floor 2 __ft. from WALL 2
ing — ft. from WALL 1
Post Cleaning Work —_ft. from
Floor 3 ___ft. from WALL 2
Post Cleaning — ___ft. from WALL 1
Floor 4 Work ___ft. from WALL 2
ing — ft. from WALL 1
Post O_m.m:_:@ Work ___ft. from
Sill ___ft. from WALL 2
Post Cleaning — T ___ft. from WALL 1
ool
Floor 1 ___ft. from WALL 2
Post Cleaning — ___ft. from WALL 1
Tool
Floor 2 ___ft. from WALL 2
ing — ft. from WALL 1
Post O_m.m:_:@ Tool ___ft from
Sill __ft. from WALL 2
Post Cleaning — ___ft. from WALL 1
Obs.
Floor 1 __ft. from WALL 2
Post Cleaning — Obs ___ft from WALL 1
Floor 2 ) ___ft. from WALL 2
Post Cleaning —- __ft from WALL 1
; Obs.
Sill __ft. from WALL 2
Notes:
Inspector Initials Date Completed
Reviewer - Initials | Date Completed
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H12 04

Drafted: 06/30/2006

Page 8 of 8
STAGE: POST-VERIFICATION (PV)
AMP ROOM
S LE ID DESCRIPTION TYPE LOCATION COMMENTS
Post DRY  rom W
Verification — Work —ft. from WALL 1
Fioor 1 __ft. from WALL 2
Post DRY o
Verification - Work —ft. from WALL 1
Floor 2 __ft from WALL 2
Post DRY ﬁ
Verification — Work —ft. from WALL 1
Floor 3 __ft. from WALL 2
Post DRY .
Verification — Work —ft. from WALL 1
Floor 4 ___ft. from WALL 2
Post DRY
Verification — Work —ft. from WALL 1
Sill __ft. from WALL 2
Post DRY
Verification — Tool __ft. from WALL 1
Floor 1 ___ft. from WALL 2
Post DRY
Verification — Tool —ft. from WALL 1
Floor 2 ___ft.from WALL 2
Post DRY
Verification — Tool —f. from WALL 1
Sill ___ft. from WALL 2
Post DRY y L1
Verification — Obs. —_ft.fromW
Floor 1 __ft. from WALL 2
Post DRY
Verification — Obs. __ft. from WALL 1
Floor 2 __ft. from WALL 2
Post DRY
Verification — Obs. —ft. from WALL 1
Sill ___ft from WALL 2
Notes:
Inspector Initials | Date Completed
Reviewer Initials | Date Completed
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UNIT 1D

EAPERIMENT # |

EPA RRP Evaluation
Drafted: 07/26/2006

Ho7 11 Page 2 of 3
DUST PAN
: EXPOSURE
SAMPLE ID DESCRIPTION TIME LOCATION COMMENTS
Start End
Background __ft. AWAY
Concentrations __ft. fromWALL __
Background __ft. AWAY
Concentrations _ ft.fromWALL
Notes:
Inspector Initials Date Completed
Reviewer Initials | Date Completed
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EPA RRP Evaluation
Drafted: 06/30/2006

Page 1 of 2

FORM 11: EXPERIMENT INFORMATION

UNIT ID EXPERIMENT # Street Address

Contractor Information:

Name

Street No. Street Name
City State Zip Code

Phone

01. Does the contractor have EPA-HUD Lead Safety for Remodeling, Repair and Painting Training?
] Yes [T No

Work Information:

01. Room Designations:

Work Room # Tool Room # Observation Room #

02. What components will be worked on for this experiment? (Check all that apply.)

0 Floors L} Doors O Other (please specify):
U Stairs L0 Door Casing

0 walls O  Windows Ll Other (please specify):
O  Trim LI Cabinets

03. What interior job classification will be used for this experiment?
O  High O  Medium O Low
04. What exterior job classification will be used for this experiment?

O  High O Medium O Low

05. Please check the phase of interior Protection/Clean-up (P/CU) for this experiment:

0 |- Plastic coverings and rule cleaning

0 1l - Plastic coverings and baseline cleaning
L0 1l — No plastic and rule cleaning

O IV — No plastic and baseline cleaning

Notes:

inspector Initials | Date Completed

‘Reviewer Initials | Date Completed




UNIT ID EXPERIMENT # EPA RRP Evaluation
Drafted: 06/30/2006
Page 2 of 2
06. Check below the type of Renovation, Repair, and Painting work to be performed:
INTERIOR EXTERIOR
Make three cut-outs, each of a 2 foot+
~ section of wall with LBP, to perform
5 0 plumbing or electrical or HVAC work, 0 Replace an exterior door and doorway,
E perform the work inside the wall, and disturbing 25-50 ft* of lead-based paint
3 repair and repaint wall, disturbing
e approximately 6 ft° of lead-based paint
2 Replace fascia boards, soffits, and
S 0 Replace window from inside unit, ] other exterior trim on one side of the
disturbing at least 2 ft® of LBP. structure, disturbing approximately 50
ft® of lead-based paint
Scrape deteriorating LBP from a flat Replace siding with lead-based paint on
% 0 interior component, scraping 50-75 ft = one exterior side of the structure with
2 of painted surfaces, and repaint the vinyl disturbing at least 100 ft* of lead-
- x surfaces which were scraped. (i) based paint
Eo
S . .
] Remove lead-based paint from exterior
T .
2 Scr.ape or plane 20-40 ft (.)f LBP from components by dry scraping, disturbing
= O an interior door , and repaint the ] .
surface from which paint was removed approximately 100 ft* of lead-based
p ’ paint, and repaint
Fe—
Remove paint from 75-100 f of lead- . .
based painted components by using a Remove paint by power sanding or
x heat gun over 1100° Fahrenheit held at grinding on at least 100 ft* of lead-
S U one inch or the distance specified from { [J | based painton exterior wood
E paint, and repaint all components from components on one side of the
o which paint was removed (iv) structure, and repaint
Q
: Remove lead-based paint by torching or
9 . . . open-flame burning on least 100 ft° of
T O anLCJ,trgl:,tf T\elglé?gggéglsgﬁmg 100 f¢* or O | lead-based paint from brick, concrete,
paint. stone, metal, or wood on one side of the
structure, and repaint
OTHER (INTERIOR/EXTERIOR):
O

07. Describe in detail the Renovation, Repair, and Painting work performed for this experiment.

Notes:

Inspector

Initials

Date Completed

Reviewer

Initials

Date Completed
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UNIT ID EXPERIMENT #

Page 2 of 2

SAMPLE ID DESCRIPTION | ROOM LOCATION COMMENTS
Inspector Initials Date Completed
Reviewer Initials Date Completed
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UNIT ID EXPERIMENT #

Page 2 of 2

SAMPLE ID DESCRIPTION | ROOM LOCATION COMMENTS
Inspector Initials Date Completed
Reviewer Initials Date Completed
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UNIT D

~EXPERIMENT #

Page 2 of 2

Post — Experiment

Near Window Closest
to Work Area DUST WIPE
Near Main Entrance _ ft AWAY
to Unit ___fi. fromWALL
Near Path from
Contractor Vehicle to —ft AWAY
Entrance to Unit _ fi. fromWALL
Near Window Closest _ ft AWAY
to Work Area _ fufromWALL
Inspector Initials Date Completed
Reviewer Initials | Date Completed
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|

UNIT 1D

| EAPERIMEN! #

|

Page 2 of 3

Work Room
Work Personal
Work Indoor
Cleaning Personal
Cleaning Indoor
Verification Personal
Verification Indoor
Tool Room
Work Indoor
Cleaning Indoor
Verification Indoor
Inspector Initials Date Completed
Reviewer Initials | Date Completed
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UNIT ID

EXPERIMENT #

PRECIPITATION INFORMATION:

Please record all precipitation events and appropriate protective action taken

Page 2 of 2

Inspector

Initials

Date Completed

Reviewer

Initials

Date Completed




Study Design and QAPP for RRP Field Study
Appendix E

Revision No. 0

August 10, 2006

Page E-1 of 13

APPENDIX E

SAMPLING PROTOCOLS

ASTM E1727-05 Standard Practice for Field Collection of Soil Samples for Subsequent
Lead Determination
ASTM E1728-03 Standard Practice for Collection of Settled Dust Samples Using Wipe
Sampling Methods for Subsequent Lead Determination
ASTM E1729-05 Standard Practice for Field Collection of Dried Paint Samples for

Subsequent Lead Determination


jschwemb
Note
Accepted set by jschwemb

jschwemb
Note
Accepted set by jschwemb


ASTM standards in this appendix were deleted from this electronic version of the
Quiality Assurance Project Plan because the standards are copyrighted by ASTM
International.
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APPENDIX F

ANALYTICAL METHODS

EPA Method 3050B - Acid Digestion of Sediments, Sludges, and Soils
NIOSH 7082 — Lead by Flame AAS
EPA Methods 7420 —- Lead (Atomic Absorption, Direct Aspiration)



METHOD 3050B
ACID DIGESTION OF SEDIMENTS, SLUDGES, AND SOILS

1.0 SCOPE AND APPLICATION

1.1 This method has been written to provide two separate digestion procedures, one for
the preparation of sediments, sludges, and soil samples for analysis by flame atomic absorption
spectrometry (FLAA) or inductively coupled plasma atomic emission spectrometry (ICP-AES) and
one for the preparation of sediments, sludges, and soil samples for analysis of samples by Graphite
Furnace AA (GFAA) or inductively coupled plasma mass spectrometry (ICP-MS). The extracts from
these two procedures are not interchangeable and should only be used with the analytical
determinations outlined in this section. Samples prepared by this method may be analyzed by ICP-
AES or GFAA for all the listed metals as long as the detecion limits are adequate for the required
end-use of the data. Alternative determinative techniques may be used if they are scientifically valid
and the QC criteria of the method, including those dealing with interferences, can be achieved.
Other elements and matrices may be analyzed by this method if performance is demonstrated for
the analytes of interest, in the matrices of interest, at the concentration levels of interest (See
Section 8.0). The recommended determinative techniques for each element are listed below:

ELAA/ICP-AES GFAA/ICP-MS
Aluminum Magnesium Arsenic
Antimony Manganese Beryllium
Barium Molybdenum Cadmium
Beryllium Nickel Chromium
Cadmium Potassium Cobalt
Calcium Silver fron
Chromium Sodium Lead
Cobalt Thallium Molybdenum
Copper Vanadium Selenium
lron Zinc Thallium
Lead
Vanadium

1.2 This method is not a total digestion technique for most samples. Itis a very strong
acid digestion that will dissolve almost all elements that could become “environmentally available.”
By design, elements bound in silicate structures are not normally dissolved by this procedure as they
are not usually mobile in the environment. If absolute total digestion is required use Method 3052.

2.0 SUMMARY OF METHOD

2.1 For the digestion of samples, a representative 1-2 gram (wet weight) or 1 gram (dry
weight) sample is digested with repeated additions of nitric acid (HNQ,) and hydrogen peroxide
(H,0,).

2.2 For GFAA or ICP-MS analysis, the resultant digestate is reduced in volume while
heating and then diluted to a fina! volume of 100 mL. '

2.3 For ICP-AES or FLAA analyses, hydrochloric acid (HCI) is added to the initial
digestate and the sample is refluxed. In an optional step to increase the solubility of some metals
(see Section 7.3.1: NOTE), this digestate is filtered and the filter paper and residues are rinsed, first

CD-ROM 30508 - 1 Revision 2
December 1996



with hot HCI and then hot reagent water. Filter paper and residue are returned to the digestion flask,
refluxed with additional HCI and then filtered again. The digestate is then diluted to a final volume
of 100 mL.

24 If required, a separate sample aliquot shall be dried for a total percent solids
determination.

3.0 INTERFERENCES

3.1 Sludge samples can contain diverse matrix types, each of which may present its own
analytical challenge. Spiked samples and any relevant standard reference material should be
processed in accordance with the quality control requirements given in Sec. 8.0 to aid in determining
whether Method 30508 is applicable to a given waste.
4.0 APPARATUS AND MATERIALS

4.1 Digestion Vessels - 250-mL.

4.2 Vapor recovery device (e.g., ribbed watch glasses, appropriate refluxing device,
appropriate solvent handling system).

4.3 Drying ovens - able to maintain 30°C + 4°C.

4.4 Temperature measurement device capable of measuring to at least 125°C with
suitable precision and accuracy (e.g., thermometer, IR sensor, thermocouple, thermister, efc.)

4.5 Filter paper - Whatman No. 41 or equivalent.
4.6 Centrifuge and centrifuge tubes.
4.7 Analytical balance - capable of accurate weighings to 0.01 g.

4.8 Heating source - Adjustable and able to maintain a temperature of 90-95°C. (e.g., hot
plate, block digestor, microwave, etc.)

4.9 Funnel or equivalent.
4.10  Graduated cylinder or equivalent volume measuring device.
4.11  Volumetric Flasks - 100-mL.

5.0 REAGENTS

5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise indicated, it is
intended that all reagents shall conform to the specifications of the Committee on Analytical
Reagents of the American Chemical Society, where such specifications are available. Other grades
may be used, provided it is first ascertained that the reagent is of sufficiently high purity to permit its
use without lessening the accuracy of the determination. If the purity of a reagent is questionable,
analyze the reagent to determine the level of impurities. The reagent blank must be less than the
MDL in order to be used.

CD-ROM 3050B-2 Revision 2
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5.2 Reagent Water. Reagent water will be interference free. All references to water in
the method refer to reagent water unless otherwise specified. Refer to Chapter One for a definition
of reagent water.

53 Nitric acid (concentrated), HNO,. Acid should be analyzed to determine level of
impurities. If method blank is < MDL, the acid can be used.

54 Hydrochloric acid (concentrated), HCI. Acid should be analyzed to determine level
of impurities. If method blank is < MDL, the acid can be used.

5.5 Hydrogen peroxide (30%), H,0,. Oxidant should be analyzed to determine level of
impurities. If method blank is < MDL, the peroxide can be used.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must have been collected using a sampling plan that addresses the
considerations discussed in Chapter Nine of this manual.

6.2 All sample containers must be demonstrated to be free of contamination at or below
the reporting limit. Plastic and glass containers are both suitable. See Chapter Three, Section 3.1.3,
for further information.

6.3 Nonaqueous samples should be refrigerated upon receipt and analyzed as soon as
possible.

64 It can be difficult to obtain a representative sample with wet or damp materials. Wet
samples may be dried, crushed, and ground to reduce subsample variability as long as drying does
not affect the extraction of the analytes of interest in the sample.

7.0 PROCEDURE

7.1 Mix the sample thoroughly to achieve homogeneity and sieve, if appropriate and
necessary, using a USS #10 sieve. All equipment used for homogenization should be cleaned
according to the guidance in Sec. 6.0 to minimize the potentia! of cross-contamination. For each
digestion procedure, weigh to the nearest 0.01 g and transfer a 1-2 g sample (wet weight) or 1 g
sample (dry weight) to a digestion vessel. For samples with high liquid content, a larger sample size
may be used as long as digestion is completed.

NOTE: All steps requiring the use of acids should be conducted under a fume hood by
properly trained personnel using appropriate laboratory safety equipment. The use of an acid
vapor scrubber system for waste minimization is encouraged.

7.2 For the digestion of samples for analysis by GFAA or ICP-MS, add 10 mL of 1-1
HNO;, mix the slurry, and cover with a watch glass or vapor recovery device. Heat the sample to
95°C £ 5°C and reflux for 10 to 15 minutes without boiling. Allow the sample to cool, add 5 mL of
concentrated HNO,, replace the cover, and reflux for 30 minutes. If brown fumes are generated,
indicating oxidation of the sample by HNQ,, repeat this step (addition of 5 mL of conc. HNO,) over
and over until no brown fumes are given off by the sample indicating the complete reaction with
HNO,. Using a ribbed watch glass or vapor recovery system, either atlow the solution to evaporate
to approximately 5 mL without boiling or heat at 95°C + 5°C without boiling for two hours. Maintain
a covering of solution over the bottom of the vessel at all times.

CD-ROM 3050B - 3 Revisjon 2
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NOTE: Alternatively, for direct energy coupling devices, such as a microwave, digest
samples for analysis by GFAA or ICP-MS by adding 10 mL of 1:1 HNO,, mixing the slurry and
then covering with a vapor recovery device. Heat the sample to 95°C + 5°C and reflux for
5 minutes at 95°C + 5°C without boiling. Allow the sample to cool for 5 minutes, add 5 mL
of concentrated HNO,, heat the sample to 95°C + 5°C and reflux for 56 minutes at 95°C +
5°C. If brown fumes are generated, indicating oxidation of the sample by HNO,, repeat this
step (addition of 5 mL concentrated HNQO,) until no brown fumes are given off by the sample
indicating the complete reaction with HNO,. Using a vapor recovery system, heat the sample
t0 95°C £ 5°C and reflux for 10 minutes at 95°C + §°C without boiling.

7.2.1 After the step in Section 7.2 has been completed and the sample has cooled,
add 2 mL of water and 3 mL of 30% H,0,. Cover the vessel with a watch glass or vapor
recovery device and return the covered vessel to the heat source for warming and to start
the peroxide reaction. Care must be taken to ensure that losses do not occur due to
excessively vigorous effervescence. Heat until effervescence subsides and cool the vessel.

NOTE: Alternatively, for direct energy coupled devices: After the Sec. 7.2 “NOTE"
step has been completed and the sample has cooled for 5 minutes, add slowly 10 mL
of 30% H,0,. Care must be taken to ensure that losses do not occur due to
excessive vigorous effervesence. Go to Section 7.2.3.

7.2.2 Continue to add 30% H,0, in 1-mL aliquots with warming until the
effervescence is minimal or until the general sample appearance is unchanged.

NOTE: Do not add more than a total of 10 mL 30% H,0,.

7.2.3 Cover the sample with a ribbed watch glass or vapor recovery device and
continue heating the acid-peroxide digestate until the volume has been reduced to
approximately 5 mL or heat at 95°C + 5°C without boiling for two hours. Maintain a covering
of solution over the bottom of the vessel at all times.

NOTE: Alternatively, for direct energy coupled devices: Heat the acid-peroxide
digestate to 95°C + 5°C in 6 minutes and remain at 95°C + 5°C without boiling for
10 minutes.

7.2.4  After cooling, dilute to 100 mL with water. Particulates in the digestate should
then be removed by filtration, by centrifugation, or by allowing the sample to settle. The
sample is now ready for analysis by GFAA or ICP-MS.

7241 Filtration - Filter through Whatman No. 41 filter paper - (or
equivalent).
7.242 Centrifugation - Centrifugation at 2,000-3,000 rpm for

10 minutes is usually sufficient to clear the supernatant.

7.2.4.3 The diluted digestate solution contains approximately 5% (v/v)
HNO,. For analysis, withdraw aliquots of appropriate volume and add any required
reagent or matrix modifier.

7.3 For the analysis of samples for FLAA or ICP-AES, add 10 mL conc. HClI to the sample
digest from 7.2.3 and cover with a watch glass or vapor recovery device. Place the sample on/in
the heating source and reflux at 95°C + 5°C for 15 minutes.
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NOTE: Alternatively, for direct energy coupling devices, such as a microwave, digest
samples for analysis by FLAA and ICP-AES by adding 5 mL HCI and 10 mL H,0 to the
sample digest from 7.2.3 and heat the sample to 95°C + 5°C, Reflux at 95°C + §°C without
boiling for 5 minutes.

7.4 Filter the digestate through Whatman No. 41 filter paper (or equivalent) and collect
filtrate in a 100-mL volumetric flask. Make to volume and analyze by FLAA or ICP-AES.

NOTE: Section 7.5 may be used to improve the solubilities and recoveries of antimony,
barium, lead, and silver when necessary. These steps are optional and are not
required on a routine basis.

7.5 Add 2.5 mL conc. HNO, and 10 mL conc. HCl to a 1-2 g sample (wet weight) or 1 g

sample (dry weight) and cover with a watchglass or vapor recovery device. Place the sample on/in
the heating source and reflux for 15 minutes.

7.5.1  Filter the digestate through Whatman No. 41 filter paper (or equivalent) and
collect filtrate in a 100-mL volumetric flask. Wash the filter paper, while still in the funnel,
with no more than 5 mL of hot (~95°C) HCI, then with 20 mL of hot (~85°C) reagent water.
Collect washings in the same 100-mL volumetric flask.

7.5.2  Remove the filter and residue from the funnel, and place them back in the
vessel. Add 5 mL of conc. HCI, place the vessel back on the heating source, and heat at
95°C + 5°C until the filter paper dissolves. Remove the vessel from the heating source and
wash the cover and sides with reagent water. Filter the residue and collect the filtrate in the
same 100-mL volumetric flask. Allow filtrate to cool, then dilute to volume.

NOTE: High concentrations of metal salts with temperature-sensitive solubilities can
result in the formation of precipitates upon cooling of primary and/or secondary
filtrates. If precipitation occurs in the flask upon cooling, do not dilute to volume.

7.5.3 If a precipitate forms on the bottom of a flask, add up to 10 mlL of
concentrated HCl to dissolve the precipitate. After precipitate is dissolved, dilute to volume
with reagent water. Analyze by FLAA or ICP-AES.

76 Calculations

7.6.1 The concentrations determined are to be reported on the basis of the actual

weight of the sample. If a dry weight analysis is desired, then the percent solids of the
sample must also be provided.

7.6.2 If percent solids is desired, a separate determination of percent solids must
be performed on a homogeneous aliquot of the sample.

8.0 QUALITY CONTROL
8.1 All quality control measures described in Chapter One should be followed.

8.2 For each batch of samples processed, a method blank should be carried throughout
the entire sample preparation and analytical process according to the frequency described in Chapter
One. These blanks will be usefu! in determining if samples are being contaminated. Refer to
Chapter One for the proper protocol when analyzing method blanks.
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8.3  Spiked duplicate samples should be processed on a routine basis and whenever a
new sample matrix is being analyzed. Spiked duplicate samples will be used to determine precision
and bias. The criteria of the determinative method will dictate frequency, but 5% (one per batch) is
recommended or whenever a new sample matrix is being analyzed. Refer to Chapter One for the
proper protocol when analyzing spiked replicates.

8.4 Limitations for the FLAA and ICP-AES optional digestion procedure. Analysts should
be aware that the upper linear range for silver, barium, lead, and antimony may be exceeded with
some samples. If there is a reasonable possibility that this range may be exceeded, or if a sample's
analytical result exceeds this upper limit, a smaller sample size should be taken through the entire
procedure and re-analyzed to determine if the linear range has been exceeded. The approximate
linear upper ranges for a 2 gram sample size:

Ag 2,000 mg/kg
As 1,000,000 mg/kg
Ba 2,500 mg/kg
Be 1,000,000 mg/kg
Cd 1,000,000 mg/kg
Co 1,000,000 mg/kg
Cr 1,000,000 mg/kg
Cu 1,000,000 mg/kg
Mo 1,000,000 mg/kg
Ni 1,000,000 mg/kg
Pb 200,000 mg/kg
Sb 200,000 mg/kg
Se 1,000,000 mg/kg
TI 1,000,000 mg/kg
VvV 1,000,000 mg/kg
Zn 1,000,000 mg/kg

NOTE: These ranges will vary with sample matrix, molecular form, and size.
9.0 METHOD PERFORMANCE

9.1 In a single laboratory, the recoveries of the three matrices presented in Table 2 were
obtained using the digestion procedure outlined for samples prior to analysis by FLAA and ICP-AES.
The spiked samples were analyzed in duplicate. Tables 3-5 represents results of analysis of NIST
Standard Reference Materials that were obtained using both atmospheric pressure microwave
digestion techniques and hot-plate digestion procedures.
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TABLE 1

STANDARD RECOVERY (%) COMPARISON FOR
METHODS 3050A AND 3050B°

|

Anaiyte METHOD 3050A% METHOD 3050B w/option?
Ag 95 98
As 86 102
Ba 97 103
Be 96 102
Cd 101 99
Co 99 105
Cr 98 94
Cu 87 94
Mo 97 96
Ni 98 92
Pb 97 95
Sb 87 88
Se 94 91
Tl 96 96
\% 93 103
Zn 99 95

a All values are percent recovery. Samples: 4 mL of 100 mg/mL multistandard: n = 3.
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TABLE 2

PERCENT RECOVERY COMPARISON FOR METHODS 3050A AND 30508

Percent Recovery®®

Analyte Sample 4435 Sample 4766 Sample HJ Average
3050A 3050B 3050A 3050B 3050A 30508 3050A 3050B
Ag 9.8 103 15 89 56 93 27 95
As 70 102 80 95 83 102 77 100
Ba 85 94 78 95 b b 81 94
Be 94 102 108 98 99 94 99 97
Cd 92 88 91 95 95 97 93 94
Co 90 94 87 95 89 93 89 94
Cr 90 95 89 94 72 101 83 97
Cu 81 88 85 87 70 106 77 94
Mo 79 92 83 98 87 103 83 98
Ni 88 93 93 100 87 101 92 98
Pb 82 92 80 91 77 91 81 91
Sb 28 84 23 77 46 76 32 79
Se 84 89 81 96 99 96 85 94
Tl 88 87 69 95 66 67 74 83
Y 84 97 86 96 90 88 87 93
Zn 96 106 78 75 b b 87 99

a- Samples: 4 mL of 100 mg/mL multi-stand

and is the average of duplicate spikes.

b - Unable to accurately quantitate due to high background values.

¢ - Method 30508 using optional section.
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METHOD 30508

ACID DIGESTION OF SEDIMENTS, SLUDGES, AND SOILS

7.3 Add 10 mL con-
contrated HCI to the
digest {rom 7.2.3 sad
cover roflux for
15 minutes.

A

y

7.1 Mix eample
to homagenaity.

Select
anslytes.

Only foe Sb, Ba. Pb, and As
if required

All slomente
with appropriate
fecoverias

7.2 Add 10 mL 11
HNO3J and reflux for
~ 10 minutes.

Y

7.2 Add § ml conc.
HNOy and rellux for
30 mins.; repeat
until dig. is complate
evaporate to
S mL; cool.

7.2.1-7.2.2 Add
2 mlL water and 3 mL
30% H20;: continue
ta add 1 mL aliquots
of H0; untif bubbling
subsides.

7.4 Filter,
make to volume.

7.4 Analyze by
FLAA or ICP-AES.

Y

7.2.3 Reduce volume
to ~5 mL.

FLAA or
ICP-AES

Select
Anasliytical
Method

GFAA or
ICP-MS

7.5 Add 2.5 mL conc.

HNOg3and 10 mL cone.

HCI to aample reflux
for 16 minutes.

y

7.5.1 Filter digestate
and collect in
volumetric flask.

7.5.1 Waeh filter paper

with & mL hot HCI and

than with 20 mL hot

reagent water, Collact

in eeme 100 mL flagk
as filtrate.

Yy

7.5.2 Aemove filter
and residues and place
back in vescel. Add
5 mlL HCL sad heat
filter: collect in scamae
flask a6 filtcate.

Yy

7.5.3 If precipitate
forms add up to
10 mL HCt to dissolve.

Dilute to volumae.

7.2.4 Filtor/contritugo,
if necessary, dilute
to 100 mL with water.

y

7.2.3 Anstyza by
GFAA or ICP-MS.

[

7.5.3 Analyze by
FLAA or ICP-AES.

7.8 Calculations,
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LEAD by Flame AAS 7082

Pb MW: 207.19 (Pb) CAS: 7439-92-1 (Pb) RTECS: OF7525000 (Pb)
22319 (PbO) 1317-36-8 (PbO) 0G1750000 (PbO)

METHOD: 7082, Issue 2 EVALUATION: FULL issue 1: 15 February 1984 Issue 2:
15 August 1994

OSHA : 0.05 mg/m® PROPERTIES: soft metal:
NIOSH:  <0.1 mg/m®; blood Pb <60 g/100 g d 11.3 glcm® MP 327 5 °C
ACGIH: 0.05 mg/m® valences +2, +4 in salts

SYNONYMS: elementa! lead and lead compounds except alkyl lead

SAMPLING MEASUREMENT
SAMPLER: FILTER TECHNIQUE: ATOMIC ABSORPTION
(0.8-ym celtulose ester membrane) SPECTROPHOTOMETER, FLAME
FLOW RATE: 1 to 4 Umin ANALYTE: lead
VOL-MIN: 200 L @ 0.05 mg/m’® ASHING: conc. HNO,, 6 mL + 30% H,0,,
-MAX: 1500 L tmL; 140 °C
SHIPMENT: routine FINAL SOLUTION: 10% HNO,, 10 mt
SAMPLE FLAME: air-acetylene, oxidizing
STABILITY: stable
WAVELENGTH: 283.3 nm
BLANKS: 2 1o 10 field blanks per set
BACKGROUND
ACCURACY CORRECTION: D, or H, lamp, or Zeeman
. 2.
RANGE STUDIED: 0.13 10 0.4 mg/m” [1}; CALIBRATION: Pb? in 10% HNO,
01510 1.7 mg/m’® (fume) (2]
RANGE 10 to 200 pg per sample (2,3]
BIAS: -3.1%
ESTIMATED LOD: 2.6 pg per sample (4]
OVERALL PRECISION(S,): 0.072 [1]; “.
0.068 (flume) (2) PRECISION(S,): 0.03 (1]
ACCURACY: +17.6%

APPLICABILITY: The working range is 0.05 to >1 mg/m” for a 200-L air sample. The method is appiicable {0 elemental lead, including
Pb fume, and all other aerosols containing lead. This is an elemental analysis, not compound specific. Aliquots of ihe samples can be
analyzed separately for additional elements

INTERFERENCES: Use D, or H, continuum or Zeeman background correclion to contro! flame or molecular absorption. High
concentrations of calcium, sulfate, carbonate, phosphale, iodide, fluoride, or acelate can be correcled.

OTHERMETHODS: This melhod combines and replaces P&CAM 173 [3]and S341 [4.5] for lead. Method 7300 (ICP-AES)and 7105
(AASIGF) are alternale analylical methods Method 7505 is specific for lead sulfide. The following have not been revised' (he dithizone
method. which appears in PECAM 102 [5] and the fead criteria document [6); and P&CAM 191 (ASV) [7]

NIOSH Manual of Analytical Methods (NMAMY), Fourth Edition



LEAD by Flame AAS Method 7082, Issue 2, dated 15 August 1994 - Page 2 of 7

REAGENTS: EQUIPMENT:

1. Nitric acid, conc.* 1. Sampler: Cellulose ester fifter, 0.8.m

2. Nitric acid, 10% (v/v). Add 100 mL conc. pore size, 37-mm diameter, in cassette
HNO, to 500 mL water; dilute to 1 L. filter holder.

3. Hydrogen peroxide, 30% HO, (wiw), 2. Personal sampling pump, 1 to 4 L/min, with
reagent grade.* flexible connecting tubing.

4. Calibration stock solution, 1000 Hg/mL Pb. 3. Atomic Absorption Spectrophotometer with
Commercial standard or dissolve 1.00 g Pb an air-acetylene burner head and
metal in minimum volume of (1+1) HCI and background correction.
dilute to 1 L with 1% (v/v) HCL. Store in a 4. Lead hollow cathode lamp or electrode
polyethylene bottle. Stable> one year. . dischargeless tamp.

5. Air, compressed, fittered. 5. Regulators, two-stage, for air and

6. Acetylene acetylene.

7. Distilled or deionized water. 6. Beakers, Phillips, 125-mL, or Griffin, 50-mL

with watchglass covers.**
7. Volumetric flasks, 10- and 100-mL.**
* See SPECIAL PRECAUTIONS. 8. Assorted volumetric pipets as needed.**
9. Hotplate, surface temperature 140°C.
10. Bottles, polyethylene, 100-mL.

** Clean all glassware with conc. nitric
acid and rinsethoroughly with distilled
or deionized water before use.

SPECIAL PRECAUTIONS: Concentrated nitric acid is an irritant and may burn skin. Perform all acid
digestionsin a fume hood. Hydrogen peroxide is a strong oxidizing agent, a strong irritant, and corrosive
to the skin. Wear gloves and eye protection.

SAMPLING:

1.
2.

Calibrate each personal sampling pump with a representative sampler in line.
Sample at an accurately known flow rate between 1 and 4 L/min for up to 8 h for a total sample size
of 200 to 1500 L for TWA measurements. Do not exceed a filter loading of ca. 2 mg total dust.

SAMPLE PREPARATION:

hw

@~NoOO

—
o©

NOTE 1:  The following sample preparation gave quantitative recovery (see EVALUATION OF
METHOD) [4]. Steps 4 through 9 of Method 7300 or other quantitative ashing
techniques maybe substituted, especially if several metals are to be determined on a
single filter.

NOTE 2:  The Appendix gives a microwave digestion procedure which may be necessary for
complete recovery of lead from some matrices, especially epoxy-based paint.

Open the cassette filter holders and transfer the samples and blanks to clean beakers.

Add 3 mL conc. HNQ, and 1 mL 30% H,0, and cover with a watchglass. Start reagent blanks at

this step.

NOTE: If PbG, is not present in the sample, the 30% HO, need not be added [2.4).

Heat on 140 °C hotplate until volume is reduced to about 0.5 mL

Repeat two more times using 2 mL conc. HNQ@and 1 mL 30% H,0, each time.

Heat on 140 °C hotplate until ca. 0.5 mL liguid remains.

When sample is dry, rinse the watchglass and walls of the beaker with 3 o 5 mL 10% HNO Allow

the solution to evaporate to dryness.

Cool each beaker and dissolve the residues in 1 mL conc. HNDO

Transfer the solution quantitatively to a 10-mL volumetric flask and dilute to volume with distilled

water.

NIOSH Manual of Analyticat Methods (NMAM}, Fourth Edition



LEAD by Flame AAS Method 7082, Issue 2, dated 15 August 1994 - Page 3 of 7

NOTE: If the concentration (M) of any of the following is expected to exceed the lead
concentration (M) by 10-fold or more, add 1 mL 1 M NgEDTA to each flask before
dilution to volume: CG ", PO}, I, F -, CH,COO". If C&** or SO; " are present in
10-fold or greater excess, make all standards and samples 1% (w/w) in £a[3].

CALIBRATION AND QUALITY CONTROL.:

11. Prepare a series of working standards covering the range 0.25 to 20 pg/mL Pb (2.5 to 200 Hg Pb per
sample).
a. Add aliquots of calibration stock solution to 100-mL volumetric flasks. Dilute to volume with 10%

HNO,. Store the working standards in polyethylene bottles and prepare fresh weekly.

b. Analyze the working standards together with the blanks and samples (steps 14 and 15).
c. Prepare a calibration graph of absorbance vs. solution concentration {ug/mL).

12. Aspirate a standard for every 10 samples to check for instrument drift.

13. Check recoveries with at least one spiked media blank per 10 samples. Use method of standard
additions occasionally to check for interferences.

MEASUREMENT:

14. Set spectrophotometer as specified by the manufacturer and to conditions on page 7082-1.
NOTE:  An alternate wavelength is 217.0 nm [8]. Analyses at 217.0 nm have slightly greater
sensitivity, but poorer signal-to-noise ratio compared to 283.3 nm. Also, non-atomic
absorptionis significantly greater at 217.0 nm, making the use of Por H, continuum, or
Zeeman background correction mandatory at that wavelength.
15. Aspirate standards, samples, and blanks. Record absorbance readings.
NOTE: If the absorbance values for the samples are above the linear range of the standards,
dilute with 10% HNOQ,, reanalyze, and apply the appropriate dilution factor in the
calculations.

CALCULATIONS:

16. Using the measured absorbances, calculate the carresponding concentrations (pg/mL)oflead in the
sample, C,, and average media blank, G, from the calibration graph.

17. Using the solution volumes {(mL) of the- sample, Y, and media blanks, \,. calculate the
concentration, C (mg/mt), of lead in the air volume sampled, V (L):

Csvs B vab
\%

C = , mg/m?3.

NOTE:  pg/mL = mg/m

EVALUATION OF METHOD:

Method S341 (9] was issued on October 24,1975, and validated over the range 0.13 to 0.4 mghtor a
180-L air sample, using generated almospheres of lead nitrate [1]. Recovery in the range 18 to 72 Hvg Pb
per sample was 98%, and collection efficiency of 0.8«m mixed cellulose ester filters {(Millipore TypeAA)
was 100% forthe aerosols. Subsequent studies on analytical recovery of 200 pg Pb per sample gave the
following results [2.4):

NIOSH Manuat of Analytical Methods {NMAM), Fourth Edilion



LEAD by Flame AAS Method 7082, Issue 2, dated 15 August 1994 - Page 4 of 7

Species Digestion Method Analytical Recovery, %
Pb metal HNO, only 92+4

Pb metal HNO, + H,0, 1033

PbO HNO, only 93+4

PbS HNO, only 935

PbO, HNO, only 82+3

PbO, HNO, + H,0, 100 £ 1

Pb in paint* HNO, only 95+6

Pb in paint* HNO, + H,0, 9516

*Standard Reference Material #1579, U.S. National Institute of Standards and Technology.

Additional collection efficiency studies were also done using Gelman GN-4 filters for the collection of Pb
fume, which had geometric mean diameter of 0.1 pm [2]. Mean collection efficiency for 24 sampling runs
at flow rates between 0.15 and 4.0 L/min was> 97 + 2%. Overall precision .S, was 0.072 for lead nitrate
aerosol [1,9] and 0.068 for Pb fume [2,4].
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Mark Millson, NIOSH/DPSE and R. DelLon Hull, Ph.D., NIOSH/DBBS; S341 originally validated under
NIOSH Contract CDC-94-74-45; additional studies under NIOSH Contract 210-79-0058.
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UT, prepared the microwave digestion procedure in the Appendix.

APPENDIX - MICROWAVE DIGESTION FOR LEAD IN PAINT CHIPS (AND OTHER MATRICES)

This procedure is an alternative to the procedure presented in the Sample Preparation section of this
method. It provides a rapid, complete acid digestion prior to analysis by flame atomic absorption (FAA),
heated graphite furnace atomic absorptio(HGFAA), and inductively coupled plasma spectroscopy (ICP)
[10].

Apparatus and Material[11-16]

1. Microwave apparatus requirements

a. The microwave unit provides programmable power with a minimum of 574 W and can be
programmed to within + 10 W of the required power. :

b. The microwave unit cavity is corrosion resistant as well as ventilated. All electronics are protected
against corrosion for safe operation.

¢. The system requires Teflon PFA digestion vessels (120-mL capacity) capable of withstanding
pressuresup to 7.5 + 0.7 atm (110 + 10 psi) and capable of controlled pressure relief at pressures
exceeding 7.5 + 0.7 atm (110 + 10 psi).

d. Arotating turntable is employed to ensure homogeneous distribution of microwave radiation within
the unit. The speed of the turntable should be a minimum of 3 pm.

e. A safety concern relates to the useof sealed containers without pressure relief valves in the unit.
Temperature is the important variable controlling the reaction. Pressure is needed to attain ele-
vated temperatures but must be safely contained [12].

f. Polymeric volumetric ware in plastic (Teflon or polyethylene), 50- or 100-mL capacily.

g. Disposable polypropylene filter funnel.

h. Analytical balance, 300-g capacity, and minimum * 0.001 g.

Reagents

1. Nitric acid, concentrated, spectroscopy grade.
2. ReagentWater. Reagent water shall be interference free. All references to water in the method refer
to reagent water that meets the ASTM Type 2 standard.

Procedure

1. Calibration of Microwave Equipment
Calibrate microwave equipment in accordance with manufacturer's instructions. If calibration
instructions are not available, see EPA Method 3051 [11].

2. Alldigeslion vessels and volumetric ware must be carefully acid washed and rinsed with reagent water.
All digestion vessels should be cleaned by leaching with hot (1:1) nitric acid for a minimum of fifteen
minutes, rinsed with reagent water, and dried in a clean environment.

3. Sample Digestion
a. Tare the Teflon PFA digestion vessel.

b. Weighout 0.1 g paint chip sample lo the nearest 0.001 g into the tared Teflon PFA sample vessel.
With large paint chip samples, measure out a 2 crh piece, weigh to the nearest 0.001 g, and
quanlilatively transfer it to the vessel.

C. Add 50 % 0.1 mL concentrated nitric acid o the sample vessel in a fume hood. If a vigorous
reaction occurs, allow the reaction lo stop before capping the vessel. Cap the vessahd lorque
the cap to 12 fi-Ib (16 N-m) according to the manufacturer's directions. The sample vessel may
be connected to an overflow vessel using Teflon PFA connecting tubes. Place the vessels in the
microwave carrousel. Connect the overflow vessels to the center well of the unit.

d. Place the vessels evenly distributed in the turntable of the microwave unit using groups of two, Six,
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or 12 sample vessels. Any vessels containing 5 mL of nitric acid for reagent blank purposes are
counted as sample vessels. When fewer than the recommended number of samples are to be
digested, i.e., three samples plus one blank, the remaining vessels should be filled with 5 mL of
nitric acid to achieve the full complement of vessels. This provides an energy balance since the
microwave power absorbed is proportional to the total mass in the cavity [14]. Irradiate each group
of samples to achieve a temperature of 180 °C in five minutes at a pressure of 50 psi. Continue
to irradiate to achieve a temperature of 180 °C at 100 psi after 25 minutes. Continue digestion for

five minutes. A sample digestion program for 12 samples is presented in the following table.

PROGRAM VARIABLES FOR PAINT CHIPS SAMPLE DIGESTION WITH NITRIC ACID

Stage (1) (2) (3)
Power 90% 90% 0%
Pressure, psi 50 100 0
Run Time, min 10:00 20:00 05:00
Time @ P, min 05:00 15:00 00:00
Temperature 180°C 180°C 0°C
Fan Speed 100% 100% 100%
Number of Vessels: 12
Liquid Volume per 5 mL
Vessel:
Sample Weight: 01g

If the analyst wishes to digest other than two, six, or 12 samples at a time, use different values
of power as long as they result in the same time and temperature conditions.

At the end of the microwave program, allow the vessels to cool for a minimum of five minutes
before removing them from the microwave unit. if aloss of sample is detected (e.g., material in
overflow collection vessel, liquid outside finer), determine the reason for the loss {e.g., loss of
vessel seal integrity, use of a digestion time longer than 30 minutes, too large a sample, or
improper heating conditions). Once the source of the loss has been corrected, prepare a new
sample beginning at Sectlion 2. If insufficient material is available for reanalysis, dilute
remaining digestate and note that some sample loss may have occurred.

Uncap and vent each vessel in a fume hood. Add 20 mL reagent water, then reseal vessels
and shake to mix thoroughly. Transfer the sample to an acid-cleaned polyethylene bottle. If the
digested sample contains parliculates which may clog nebulizers or interfere with injection of
the sample into the instrument, allow the sample 1o settle or filter it

Settling: Allow the sample to stand until the supernatant is clear {usually, overnight is sufficient). If it
does not clear, filter the sample.

Filtering: The filtering apparatus must be thoroughly precleaned and rinsed with dilute nitric acid. Filter
the sample through quantitative filter paper into a second acid-cleaned container.

The digestate is now ready for analysis for elements of interest using the appropriate method.

NIOSH Manual of Analytical Methods (NMAM), Fourth Edition



LEAD by Flame AAS Method 7082, Issue 2, dated 15 August 1994 - Page 7 of 7

4. Calculations: Report the concentrations based on the actual weight of the original sample.
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METHOD 7420

LEAD (ATQMIC ABSORPTION, DIRECT ASPIRATION)

SCOPE AND APPLICATION

1.1 See Section 1.0 of Method 7000,

SUMMARY OF METHOD

2.1 See Section 2.0 of Method 7000.

INTERFERENCES
3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 Background correction is required at either wavelength.

APPARATUS AND MATERIALS
4.1 For basic apparatus. see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

4.2.1 Lead hollow cathode lamp.
4.2.2 Wavelength: 283.3 nm (primary): 217.0 nm (alternate).
4.2.3 Fuel: Acetylene.
4.2.4 Oxidant: Air.
4.2.5 Type of flame: Oxidizing (fuel lean).
4.2.6 Background correction: Required.
REAGENTS

5.1 See Section 5.0 of Method 7000.

5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.599 g of lead nitrate, Pb(NO,),
(analytical reagent grade), in Type Il water, acidify with 10 mL
redistilled HNO,, and dilute to 1 liter with Type 11 water. Alternatively,
procure a certified standard from a supplier and verify by comparison with
a second standard.

5.2.2 Prepare dilutions of the stock solution to be wused as
calibration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same
concentration as will result in the sample to be analyzed after
processing.
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6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

7.0 PROCEDURE

7.1 sample preparation: The procedures for preparation of the sample are
given in Chapter Three, Section 3.2.

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration.

8.0  QUALITY CONTROL

8.1 See Section 8.0 of Method 7000.

9.0  METHOD PERFORMANCE

9.1 The performance characteristics for an aqueous sample free of
interferences are-

Optimum concentration range: 1-20 mg/L with ga wavelength of 283.3 nm.
Sensitivity: 0.5 mg/L.
Detection Timit: 0.1 mg/L.

9.2 For concentrations of lead below 0.2 mg/L, the furnace technique
(Method 7421) s recommended.

9.3 Precision and accuracy data are available in Method 239.1 of Methods
for Chemical Analysis of Water and Wastes.

9.4 The data shown in Table 1 were obtained from records of state and
contractor laboratories. The data are intended to show the precision of the
combined sample preparation and analysis method.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 239.1.

Z. Gaskill, a., Compilation and Evaluation of RCRA Method Performance Data,
Work Assignment No. 2, [PA Contract No. 68-01-7075, September 1986.
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TABLE 1. METHOD PERFORMANCE DATA

Sample Preparation Laboratory

Matrix Method Replicates
Wastewater treatment sludge 3050 450, 404 ug/g
Emission control dust 3050 42,500, 63,600 ug/g
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11.

12.
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15.

Step-by-Step Summary

Cleaning: How To Do It

Include step-by-step procedures for precleaning, cleaning during the job, and daily and final cleanings in
project design or specifications.

Assign responsibilities to specific workers for cleaning and for maintaining cleaning equipment.
Have sufficient cleaning equipment and supplies before beginning work.

If contamination is extensive, conduct precleaning of the dwelling unit. Move or cover all furniture
and other objects.

Conduct ongoing cleaning during the job, including regular removal of large and small debris and dust.
Decontamination of all tools, equipment, and worker protection gear is required before it leaves contain-
ment areas. Electrical equipment should be wiped and high-efficiency particulate air (HEPA) vacuumed,
not wetted down, to minimize electrocution hazards.

9
<3

Schedule sufficient time (usually 30 minutes to an hour) for a complete daily cleaning, starting at the same

time near the end of each workday after lead hazard control activity has ceased.

For final cleaning, wait at least T hour after active lead hazard controf activity has ceased to let dust
particles settle.

Use a vacuum cleaner equipped with a HEPA exhaust filter. HEPA vacuum all surfaces in the room
(ceilings, walls, trim, and floors). Start with the ceiling and work down, moving toward the entry door.
Completely clean each room before moving on.

Wash all surfaces with a lead-specific detergent, high-phosphate detergent, or other suitable cleaning
agent to dislodge any ground-in contamination, then rinse. Change the cleaning solution after every
room is cleaned.

Repeat step 8. To meet clearance standards consistently, a HEPA vacuum, wet wash, and HEPA vacuum
cycle is recommended. For interim control projects involving dust removal only, the final HEPA vacuum-
ing step is usuatly not needed (see Chapter 11). Other cleaning methods are acceptable, as long as clear-
ance criteria are met and workers are not overexposed.

After final cleaning, perform a visual examination to ensure that al| surfaces requiring lead hazard control
have been addressed and all visible dust and debris have been removed. Record findings and correct any
incomplete work. This visual examination should be performed by the owner or an owner's representative
who is independent of the lead hazard control contractor.

If other construction work will disturb the lead-based paint surfaces, it should be completed at this point.
If those surfaces are disturbed, repeat the final cleaning step after the other construction work has been
completed.

Paint or otherwise seal treated surfaces and interior floors.
Conduct a clearance examination (see Chapter 15).

If clearance is not achieved, repeat the final cleaning.
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Step-by-Step Summary (continued) DX

16. Continue clearance testing and repeated cleaning until the dwelling achieves compliance with all clear-
ance standards. As an incentive to conduct ongoing cleaning and a thorough final cleaning, the cost of repeated
cleaning after failing to achieve clearance should be borne by the contractor as a matter of the job specifica-
tion, not the owner.

17. Do not allow residents to enter the work area until cleaning is completed and clearance is established.

18. Cleaning equipment list:

+
+
+
+
+
*
+
4
¢
+
+
+
+
+
+

HEPA vacuums.
Detergent.

Waterproof gloves.

Rags.

Sponges.

Mops.

Buckets.

HEPA vacuum attachments (crevice tools, beater bar for cleaning rugs).
6-mil plastic bags.

Debris containers.

Waste water containers.

Shovels.

Rakes.

Water-misting sprayers.

6-mil polyethylene sheeting (or equivalent).
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Chapter 14: Cleaning

l. Introduction

This chapter describes cleaning procedures to

be employed following abatement and interim
controt work. Dust removal as an interim con-
trol measure is covered in Chapter 11.

Al lead hazard controf activities can produce
dangerous quantities of leaded dust. Unless this
dust is properly removed, a dwelling unit will

- be more hazardous after the work is completed
than it was originally. Once deposited, leaded
dust is difficult to clean effectively. Whenever
possible, ongoing and daily cleaning of leaded
dust during lead hazard control projects is rec-
ommended. Ongoing and daily cleaning is also
necessary to minimize worker exposures.

Cleaning is the process of removing visible de-
bris and dust particles too small to be seen by
the naked eye. Removal of lead-based paint
hazards in a dwelling unit will not make the
unit safe unfess excessive levels of leaded dust
are also removed. This is true regardiess of
whether the dust was present before or gener-
ated by the lead hazard control process itself.
Improper cleaning can increase the cost of a
project considerably because additional clean-
ing and clearance sampling will be necessary.
However, cleaning and clearance can be
achieved routinely if care and diligence

are exercised.

A. Performance Standard

Aithough the cleaning methods described in
this chapter are feasible and have been shown
to be effective in meeting clearance standards,
other methods may also be used if they are
safe and effective. This performance-oriented
approach should stimulate innovation, reduce
cost, and ensure safe conditions for both resi-
dents and workers.

B. Small Dust Particles

Dust particles that are invisible to the naked
eye remain on surfaces after ordinary cleaning

procedures. A visibly clean surface may contain
high and unacceptable levels of dust particles
and require special cleaning procedures.

C. Difficulties in Cleaning

While cleaning is an integral and essential com-
ponent of any lead hazard control activity, it is
also the most likely part of the activity to fail.

Several common reasons for this failure include
low clearance standards, worker inexperience,
high dust-producing methods, and deadlines.

1. Low Clearance Standards

Because very smatl particles of teaded dust are
easily absorbed by the body when ingested or
inhaled, a small amount can create a health haz-
ard for young childsen. Therefore, "clearance
standards” are extremely low for acceptable lev-
els of leaded dust particles on surfaces after haz-
ard control activities, and careful cieaning pro-
cedures are required. Although it is not possible
to remove alf leaded dust from a dwelling, it is
possible to reduce it to a safe level.

Clearance standards are described more fulty in
Chapter 15. The permissible amount of leaded
dust remaining on each of the following surfaces
following lead hazard work is as follows:

4 100 pg/ft? on floors.
¢ 500 pg/ft? on interior window sills (stools).

¢ 800 pg/ft? on window troughs (the area
where the sash sits when closed).

¢ 800 ug/ft? on exterior concrete.

These levels are based on wipe sampling.
Clearance testing determines whether the pre-
mises or area are clean enough to be reoccu-
pied after the completion of a lead paint haz-
ard control project. A cleaned area may not
be reoccupied unti! compliance with clearance
standards has been established. To prevent de-
lays, final testing and final cleaning activities
should be coordinated.
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2. Worker Inexperience

To understand the level of cleanliness required
to meet the established clearance standards for
hazard control cleanup, new hazard control per-
sonnel often require a significant reorientation
to cleaning. Many construction workers are
used to cfeaning up only dust that they can

see, not the invisible dust particles that are aiso
important to remove.

3. High Dust-Producing Methods
and/or Inadequate Containment

High dust-generating methods, inadequate con-
tainment during hazard control work, and poor
work practices can all make achievement of
clearance particularly difficult. Work practices
necessary to prevent spreading of dust through-
out a dwelling (e.g., by tracking dust out of
work areas) are essential but sometimes tedious.
Essentiat work practices are sometimes mis-
takenly considered to be “flexible guidefines”
rather than necessary standards that are de-
signed to ensure that the job is completed, not
only safely, but also on time and within budget.

4. Deadlines

Daily and final cleanings have sometimes
been compromised due to project deadlines,
since cleaning comes at the end of the job.
Hurried efforts often result in clearance fail-
ure. Delayed and over-budget hazard control
projects are often the result of repeated, un-
planned recleanings that are necessitated by
inadequate containment and sloppy work
practices.

Il. Coordination of
Cleaning Activities

A. Checklist

The owner or contractor may use the following
cleaning checklist before any lead hazard con-
trol activity:

Y lsthe critical importance of cleaning in
a hazard control project understood?

\/ Have ail workers been trained and certified
for hazard control work?
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¥ Have the precleaning, daily, and final
cleanings been scheduled properly and
coordinated with the other participants
in the hazard control process?

v Have cleaning equipment and materials
been obtained?

v Do the workers know how to operate and
maintain special cleaning equipment, and
do they have directions for the proper use
of all cleaning materials?

v Have all workers carefully studied the
step-by-step procedures for precleaning
(if needea), in-progress cleaning, and
daity and final cleanings?

v Are all workers properly protected during
the cleaning processes (see Chapter9)?

v' Have provisions been made to properly
contain and store potentially hazardous
debris (see Chapter 10)?

¥’ Have dust-ctearance testing and related
visual inspections been arranged (see
Chapter 15)?

v’ Are the clearance criteria to be met fully
understood?

v' Have ail appropriate surfaces been pro erl
pprop properly
painted or otherwise sealed?

v Have appropriate records been maintained
that document participants’ roles in the
hazard control project?

B. Equipment Needed for
Cleaning

The following equipment is needed to con-
duct cleaning: high-efficiency particulate air
(HEPA} vacuums and attachments (crevice
tools, beater bar for cleaning rugs), detergent,
waterproof gloves, rags, sponges, mops, buckets,
6-mif plastic bags, debris containers, waste wa-
ter containers, shovels, rakes, water~misting
sprayers, and 6-mil polyethyiene plastic sheet-
ing (or equivalent).
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C. Waste Disposal

Regulations governing hazardous and nonhaz-
ardous waste storage, transportation, and dis-
posal affect both the daily and final cleaning
procedures. The hazard control contractor and
the disposal contractor should work together to
establish formal written procedures, specifying
selected containers, storage areas, and debris
pickups, to ensure that all relevant regulations
are met.

I1l. Cleaning Methods and
Procedures

Many of the special cleaning methods and
procedures detailed in this chapter are not
standard operating procedure for general home
improvement contractors. Therefore, project
designers, responsible agencies, or owners must
ensure that contractors follow the methods and
procedures recommended herein or specially
designed alternative procedures, even though
some may appear to be redundant and unneces-
sary. These methods have been shown to be
feasible and effective in many situations and
skipping steps in the cleaning procedures can
be counterproductive.

A. Containment

Because of the difficulty involved in the re-
moval of fine dust, dust generated by hazard

- control work should be contained to the
extent possible to the inside of work areas.
lnadequately constructed or maintained con-
tainment or poor work practices wiil result in
additional cleaning efforts, due to dust that
has leaked out or been tracked out of the work
area (see Chapter 8).

B. Basic Cleaning Methods:
Wet Wash and Vacuum
Cleaning Techniques

Because leaded dust adheres tenaciously, espe-
cially to such rough or porous materials as
weathered or worn wood surfaces and masonry
surfaces (particularly concrete), workers should
be trained in cleaning methods. As a motivator,
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some contractors have awarded bonuses to
workers who pass clearance the first time.

Two basic cleaning methods have proven effec-
tive, when used concurrently, in lead-based
paint hazard control projects: a special vacuum
cleaner equipped with a HEPA exhaust filter,
followed by wet washing with special cleaning
agents and rinsing, followed by a final pass with
the HEPA vacuum.

Atthough HEPA filtered vacuums and triso-
dium phosphate {TSP) cleaners have been
considered the standard cleaning tools for tead
hazard control projects, new research, discussed
under the "Alternatives Methods" section in
this chapter, suggests that other tools and prod-
ucts may also be effective in efficiently cleaning
dust while providing adequate worker protec-
tion from airborne exposure risks. Some of these
innovations may even be superior,

1. HEPA Vacuuming

HEPA vacuums differ from canventional vacu-
ums in that they contain high-efficiency filters
that are capable of trapping extremely smalil,
micron-sized particles. These filters can remove
particies of 0.3 microns or greater from air at
99.97 percent efficiency or greater. (A micron
is 1 millionth of a meter, or about 0.00004
inches.) Some vacuums are equipped with an
ultra-low penetration air (ULPA) filter that is
capable of filtering out particles of 0.13 microns
or greater at 99.9995 percent efficiency. How-
ever, these ULPA filters are slightly more ex-
pensive, and may be less available than HEPA
filters.

Vacuuming with conventional vacuum ma-
chines is unlikely to be effective, because much
of the fine dust will be exhausted back into

the environment where it can settle on surfaces.
A recent Canadian study revealed that fine-
dust air levels were exceedingly high when a
standard portable vacuum with a new bag was
used, although partially filled bags were found
to be more efficient (CMHC, 1992). Consider-
ations for the proper use of a HEPA vacuum
are listed below.
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Operating Instructions

There are a numerous manufacturers of HEPA
vacuums. Although all HEPA vacuums operate
on the same general principle, they may vary
considerably with respect to specific procedures,
such as how to change the filters. To ensure the
proper use of equipment, the manufacturer's
operating instructions should be carefutly fol-
lowed and if possible, training sessions arranged
with the manufacturer’s representative.

Although HEPA vacuums have the same “suc-
tion” capacity as ordinary vacuums that are
comparably sized, their filters are more efficient.
Improper cleaning or changing of HEPA fiiters
may reduce the vacuum's suction capability.

Special Attachments

Because the HEPA vacuum will be used to
vacuum surfaces other than floors, operators
should buy attachments and appropriate tool
kits for use on different surfaces—such as
brushes of various sizes, crevice tools, and
angular tools.

Selecting Appropriate Size(s)

HEPA vacuums are available in numerous sizes,
ranging from a small lunchbucket-sized unit

to track-mounted systems. Two criteria for size
selection are the size of the job and the type

of electrical power available. Manufacturer
recommendations should be followed.

Wet-Dry HEPA Vacuums

Some hazard control contractors have found
the wet-dry HEPA vacuums to be particularly
effective in meeting clearance standards. These
vacuums are equipped with a special shut-off
float switch to protect the electrical motor
from water contact.

Prefitters

HEPA filters are usually used in conjunction
with a prefilter or series of prefilters that trap
the bulk of the dust in the exhaust airstream,
particularly the farger particles. The HEPA fil-
ter traps most of the remaining small particles
that have passed through the prefilter(s). Ali
filters must be maintained and replaced or
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cleaned as specified in the manufacturer’s
instructions. Failure to do so may cause a re-
duction in suction power (thus reducing the
vacuum’s efficiency and effectiveness). Failure
to change prefilters may damage the vacuum
motor and will also shorten the service life of
the HEPA fitter, which is far more expensive
than the prefilters.

HEPA Vacuumiﬁg Procedures

Surfaces frequently vacuumed include ceilings,
walls, floors, windows, interior and exterior sills,
doors, heating, ventilation, and air conditioning
(HVAC) equipment (heating diffusers, radia-
tors, pipes, vents), fixtures of any kind (light,
bathroom, kitchen), built-in cabinets, and
appliances.'

To aid in dislodging and collecting deep dust
and lead from carpets, the HEPA vacuum must
be equipped with a beater bar (agitator head)
that is fixed to the cleaning head. This bar
should be used on al! passes on the carpet face
during dry vacuuming (see Chapter 11 for
details on carpet and furniture cleaning).

Al rooms and surfaces should be included in
the HEPA vacuum process, except for those
that (1) were found not to have lead-paint
hazards and were properly separated from work
areas before the process began (see Chapter 8),
or (2) were never entered during the process.
Porches, sidewalks, driveways, and other exte-
rior surfaces should be vacuurmed if exterior haz-
ard control work was conducted, or if debris was
stored or dropped outside. Vacuuming should
begin on the ceilings and end on the floors, se-
quenced to avoid passing through rooms aiready
cleaned, with the dwellings' entryway cleaned
last.

Emptying the HEPA Vacuum

Used filters and vacuumed debris are potentiaily
hazardous waste and should be treated accord-
ingly (see Chapter10). Therefore, operators
should use extreme caution when opening the
HEPA vacuum for fiiter replacement or debris
removal to avoid accidental release of accumu-
tated dust into the environment. This may oc-
cur, for example, if the vacuum's seal has been
broken and the vacuum's bag is disturbed.
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Figure 14.1a Vacuum With a HEPA Filter.
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1. HEPA filter

2. Main filter

v

3. Prefilter

Pressure
gauge

Hose

Vacuum bag

Parts of a HEPA-vacuum

Most HEPA-vacuums have three
filters: HEPA filter, main filter, and pre-
filter. Debris gets sucked in through
the hose into the vacuum bag. The air
and dust get filtered through the pre-
filter, the main filter, and the HEPA
filter. The HEPA filter captures the lead
dust before the air is released into the
work area again.

Operators should also wear a full set of protec-
tive clothing and equipment, including appro-
priate respirators, when performing this mainte-
nance function, which should be done in the
containment area or offsite.

2. Wet Detergent Wash

Several types of detergents have been used

to remove leaded dust. Those with a high-
phosphate content (containing at least 5
percent trisodium phosphate, also known as
TSP) have been found to be effective when
used as part of the final cleaning process
(Milar, 1982). TSP detergents are thought to
work by coating the surface of dusts with phos-
phate or polyphosphate groups which reduces
electrostatic interactions with other surfaces
and thereby permits easier removal. Because
of environmental concerns some States have
restricted the use of TSP, and some manufac-
turers have eliminated phosphates from their
household detergents. However, high-TSP
detergents can usually be found in hardware
stores and may be permitted for limited use,
such as lead hazard control.

Other non-TSP cleaning agents developed
specifically for removing leaded dust have
also been found to be effective (possibly more
effective than TSP) in limited trials by several

Figure 14.1b Pressure Gauge Indicator Shows
When Filters Require Changing.

N
%

Pressure
gauge
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Figure 14.2 HEPA Vacuum Sizes and Tools.

investigators (Grawe, 1993; Wilson, 1993) and
may also be safer, since TSP is a skin and eye
irritant. See section VI for more information
on non-TSP detergents. Proper procedures for
using high-phosphate detergents also apply to
most other types of detergents and include the
following steps:

Manufacturer’s Dilution Instructions

Users of cleaning agents for leaded dust re-
moval should follow manufacturer's instruc-
tions for the proper use of a product, especially
the recommended dilution ratio. Even diluted,
trisodium phosphate is a skin irritant and users
should wear waterproof gloves. Eye protection
should also be worn, and portable eyewash
facifities should be located in or very near the
work area. Consult manufacturer's directions
for the use of other detergents.

Appropriate Cleaning Equipment

Because a detergent may be used to clean leaded
dust from a variety of surfaces, several types of
application equipment are needed, including
cleaning sofution spray bottles, wringer buckets,
mops, variously sized hand sponges, brushes,

and rags. Using the proper equipment on each
surface is essential to the quality of the wet-
wash process.

Proper Wet-Cleaning Procedures

At the conclusion of the active lead hazard con-
trol process and the initial HEPA vacuuming,
all vacuumed surfaces should be thoroughly and
completely washed with a high-phosphate solu-
tion or other lead-specific cleaning agent (or
equivalent) and rinsed. Select a detergent that
does not damage existing surface finishes (TSP
may damage some finishes). Work should pro-
ceed from ceilings to floors and sequenced to
avoid passing through rooms already cleaned.

Changing Cleaning Mixture

Many manufacturers of cleaners will indicate
the surface area that their cleaning mixture will
cover. To avoid recontaminating an area by
cleaning it with dirty water, users should follow
manufacturer-specified surface-area limits.
However, regardless of manufacturers’ recom-
mendations, the cleaning mixture should be
changed after its use for each room. As a rule
of thumb, 5 gallons should be used to clean no
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Figure 14.3 Goggles, Face Shields, Gloves, and Eye Wash Facilities Should Be Available
When Used With Chemicals Such as TSP.

EMERGENCY EYE
WASH STATION

Latex Neoprene Nitrile

more than 1,000 square feet. Used cleaning 3. The HEPA/Wet Wash/HEPA Cycle
mixture is potentially hazardous waste (see

Chapter 10); consult with your local water Typical Procedures

and sewage utility for directions on its proper The usual cleaning cycle that follows lead
disposal. Wash water should never be poured hazard control activities is called the HEPA
onto the ground. The wash water is usually vacuum/wet wash/HEPA cycle and is applied
filtered and then poured down a toilet (if the to an entire affected area as follows:

local water authority approves).
¢ First, the area is HEPA vacuumed.
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Figure 14.4a The HEPA Vacuum, Wet Wash, HEPA Vacuum
Cycle Helps in Meeting Clearance Standards.

HEPA vacuum all surfaces

Start at the end farthest from the
main entrance/exit. As you vacuum,
move towards the main exit and
finish there.

Begin at the top of each room and

work, and so on, and work down to
the floor. Do every inch of the win-
dows, especially the window troughs.

Courtesy: Alice Hamilton Occupational Health Center

work down. For example, start with
the top shelves, the top of the wood-
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4+ Next, the area is washed down.

¥ Atter drying, the area is again HEPA
vacuumed.

The rationale for this three-pass system is as
follows:

4+ The first HEPA vacuum removes as much
dust and remaining debris as possible,

4 The wet wash further disiodges dust from
surfaces.

4+ The final HEPA cycle removes any remain-
ing particles dislodged but not removed by
the wet wash.

Chapter 14: Cleaning ' 0:0

Single-Pass Wet Wash/HEPA Vacuum

Some lead hazard control contractors have
found HEPA spray cleaner vacuums to be a
cost-effective alternative to the three-pass sys-
tem. Similar to home carpet-cleaning machines,
these vacuums simultaneously deliver a solution
to the surface and recover the dirty solution.
Theoreticaily, this process combines two of the
steps in the HEPA vacuum/wet wash/HEPA
cycle into one step. While anecdotat evidence
indicates that the spray cleaner wet wash/HEPA
is effective for some uses, limitations have been
noted in its use for ceilings, vertical surfaces,
and hard to reach areas. This device may be
used as long as clearance standards are met.

Figure 14.4b (continued)

Use special attachments

Use the rubber cone where the floor
meets the baseboard and along all
the cracks in the floor boards. Use

Use the wheeled floor nozzle for bare
floors and the carpet beater for rugs.

Move slowly
Vacuum slowly so the HEPA vacuum
can pick up all the lead dust.

the brush too! for walls and woodwork.

Rubber Cone Dust Brush

Wheeled Floor Nozzle
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Figure 14.4¢ (continued)

Wash all surfaces with suitable
detergents

Wash all surfaces in the work area
with suitable detergents, including
areas that had been covered with
plastic. Some wallpaper should only
be HEPA vacuumed, since it may
be damaged by the detergent.

Wet Mop Floor Don’t Dry Sweep
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Figure 14.4¢ (continued)

Use the 3-Bucket System.

To wash: Use string mops and mop
buckets with wringers. (Some experts
say NEVER use a sponge mop on the
floor. Sponge mops may only push the
lead around on the floor, not remove it.)

Dip the string mophead in the detergent
wash in bucket #1. Mop the floor.

Squeeze out the mophead in empty
bucket #2. Return to bucket #1 for more
detergent solution and continue mopping.
Repeat.

Use the third bucket for rinsing the floor.
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Figure 14.4d {continued)

HEPA vacuum all surfaces a final time
HEPA vacuum all surfaces in the work
area, including areas that had been cov-
ered with plastic.

Starting at the far end, work towards the
decontamination area. Begin with ceilings
or the top of the walls and work down,
cleaning the floors last. Do every inch of
the windows, especially the troughs. Use
the corner tool to clean where the floor
meets the baseboard and all the cracks in
the floor boards. Use the brush tool for the
walls. Move slowly and carefully to get

all the dust.

i

4. Sealing Floors

Before clearance, all floors without an intact,
nonporous coating should be coated. Sealed
surfaces are easier for residents to clean and
maintain over time than those that are not
sealed. Wooden floors should be sealed with a
clear polyurethane or painted with deck enamel
or durable paint. Viny! tile, linoleum, and other
similar floors should be sealed with an appropri-
ate wax. Concrete floors should be sealed with
a concrete sealer or other type of concrete deck
enamel. However, if these floors are already
covered by an effective coat of sealant, it may
be possible to skip this step.

As an alternative to sealing, floors may be cov-
ered with new vinyl tile, sheet vinyl, linoleum
flooring, or the equivalent to create a more per-
manent cleanable surface. New surfaces should
be cleaned with a cleaning solution that is ap-
propriate for that type of surface. '

IV. Order of Cleaning
Procedures During Lead
Hazard Control

The special cleaning procedures to be foliowed
during a lead-based paint hazard control project
are discussed in chronotogical order below.
Skipping steps in the process may result in fail-
ure to meet post-lead hazard control clearance
standards.

A. Precleaning Procedures

Precleaning (ie., cleaning conducted before
lead hazard control is begun) is necessary only
in dwelling units that are heavily contaminated
with paint chips. Precleaning involves the re-
moval of farge debris and paint chips, followed
by HEPA vacuuming. These steps may be fol-
lowed by removal of occupant personal posses-
sions, furniture, or carpeting, depending on the
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Figure 14.5 Single-Pass HEPA Vacuum/Wet Wash Technology.

Wet HEPA Vacuum

Cleaning Agent Cleaning Agent
Container Dispenser and
Vacuum Nozzle

Worksite Preparation Level selected (see Chap-
ter 8). If the furniture will not be cleaned, it
should be removed from the area or covered
with plastic prior to beginning the precteaning
procedure. Carpeting should always be misted
before its removal to control the generation of
hazardous dust.

ltis usually the resident’s responsibility to re-
move most of his or her personal possessions.
However, if necessary, owners or project man-
agement should be prepared to complete this
activity before lead hazard control work begins.
As a last resort, the contractor may pack any
remaining belongings and carefully seat and
move the boxes, supplying all necessary boxes,
packing materials, and staff to complete the
task. Following cleaning and clearance, the
contractor should return all packed items to
their appropriate places. 'Leaving these tasks
to the contractor may be expensive and ineffi-
cient, since the contractor will need to be
insured for this function if the occupant's

Figure 14.6 Precleaning Is Needed in Areas Where
Contamination and Deterioration Are High.
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Figure 14.7 Plastic Sheeting Should Be Repaired as Part of

Daily Cleanup.

belongings are damaged. Additionally, moving
furniture, rugs, drapes, and other items owned

by the occupant could increase leaded dust lev-
els. Clearance should be conducted after clean-

ing but before resident items are moved back in.

B. Ongoing Cleaning During
the Job

Periodic HEPA vacuuming during the lead haz-
ard control work may be necessary to minimize
tracking of dust and paint chips from one area
to another (e.g., when a targe amount of paint
chips or dust is being generated).

C. Daily Cleaning Procedures

Cleaning activity should be scheduled at the
end of each workday when all active lead haz-
ard control throughout the dwelling has ceased.
Sufficient time must be allowed for a thorough
and complete cleaning {usualty about 30 min-
utes ta an hour). Daily cleaning helps achieve
clearance dust levels by minimizing problems
that may otherwise occur during final cleaning
and limiting worker exposures. While daily
cleaning can be skipped in vacant dwelting

units, it is required when occupants will

Chapter 14: Cleaning

return in the evening. Under no circumstances
should debris or plastic be left outside overnight
in an unsecured area, even if the dwelling is
vacant. Daily cleaning should consist of:

4 Removing large debris.
4 Removing small debris.

4+ HEPA vacuuming, wet clean, HEPA
vacuuming (horizontal surfaces only).

4 Cieaning exterior.
<+ Patching and repairing plastic sheeting.

4 Securing debris/plastic.

1. Large Debris

Large demolition-type debris (e.g., doors, win-
dows, trim) should be wrapped in 6-mil plastic,
sealed with tape, and moved to a secure area on
the property designated for waste storage. All
sharp corners, edges, and nails should be ham-
mered down to prevent injury and minimize
the tearing of plastic. {t is not necessary to wrap
each individual piece of debris in plastic if the
entire load can be wrapped. A secure area either
outside or inside the property must be desig-
nated as a temporary waste-storage area. Cov-
ered, secured, and labeled dumpsters placed on
or near the property may be used. Proper segre-
gation of waste should be enforced at this time
(see Chapter 10).

2. Small Debris

After being misted with water, small debris
should be swept up, collected, and disposed

of properly. The swept debris should be placed
in double 4-mil or single 6-mil polyethylene
(or equivalent) plastic bags, properly sealed,
and moved to the designated trash storage area.
Trash bags should not be overloaded; over-
loaded bags may rupture or puncture during
handling and transport.

3. Exterior Cleaning

Areas potentially affected by exterior lead haz-
ard control should be protected via a contain-
ment system (see Chapter 8). Because weather
can adversely affect the efficacy of exterior

14-18



containment, the surface plastic of the contain-
ment system should be removed at the end of
each workday. On a daily basis, as well as during
final cleaning, the immediate area should be
examined visually to ensure that no debris has
escaped containment. Any such debris should
be raked or vacuumed and placed in single 6-
mil or double 4-mil plastic bags, which should
then be sealed and stored along with other con-
taminated debris. HEPA vacuuming is appropri-
ate for hard exterior surfaces, not soil.

4. Worker Protection Measures

Generatl worker protection measures are dis-
cussed in Chapter 9. Studies indicate that dur-
ing daily cleaning activities, especially while
wet sweeping, workers may be exposed to high
levels of airborne dust. T herefore, workers
should wear protective clothing and equip-
ment, especially appropriate respirators.

5. Maintaining Containment

The integrity of the plastic sheeting used in a
lead hazard contro! project must be maintained.
During their daily cleaning activities, workers
should monitor the sheeting and immediately
repair any holes or rips with 6-mil plastic and
duct tape.

V. Order of Final Cleaning
Procedures After Lead
Hazard Control

Before treated surfaces can be painted or sealed,
final cleaning procedures must be completed.
Because airborne dust requires time to settle,
the final cleaning process should start no sooner
than 1 hour after active lead hazard control has
ceased in the room. See Appendix 11 for details
regarding dust settling.

A. Final Cleaning

As the first stage in the final cleaning, floor
plastic should be misted and swept as detailed
eartier in this chapter. Upper-level plastic,
such as that on cabinets and counters, should
be removed first, after it has been misted with
water and cleaned. All plastic should be folded

Chapter 14: Cleaning

carefully from the cornersfends to the middie
to trap any remaining dust. Next, remove both
layers of plastic from the floor.

Plastic sheets used to isotate contaminated
rooms from noncontaminated rooms should
remain in place until after the cleaning and
removal of other plastic sheeting; these sheets
may then be misted, cleaned, and removed last.

Removed plastic should be placed into double
4-mit or single 6-mil plastic bags, or plastic bags
with equivalent (or better) performance charac-
teristics, which are sealed and removed from the
premises. As with daily cleanings, this plastic-
removal process usually requires workers to use
protective clothing and respirators.

After the plastic has been removed.from the
contaminated area, the entire area should be
cleaned using the HEPA/wet wash/HEPA cycle,
starting with the ceiling and working down to
the floor. After surfaces are repainted or sealed,
a final HEPA/wet wash/HEPA cycle may be
necessary if accumulated dust caused by other
work is visible.

1. Decontamination of Workers,
Supplies, and Equipment

Decontamination is necessary to ensure that
worker's families, other workers, and subsequent
properties do not become contaminated. Spe-
cific procedures for proper decontamination of
equipment, tools, and materials prior to their
removal from lead hazard control containment
areas should be implemented, as described be-
low and in Chapters 9 and 10.

Work clothing, work shoes, and tools should
not be placed in a worker's automobile unless
they have been laundered or placed in sealed
bags. All vacuums and tools that were used
should be wiped down using sponges or rags
with detergent solutions,

Consumable/disposable supplies, such as mop
heads, sponges, and rags, should be replaced,

after each dwelling is completed. Soiled items
should be treated as contaminated debris (see

Chapter 10).

\/
o
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Figure 14.8a Pick Up Corners of Plastic
Sheeting.

Figure 14.8b Fold Plastic Inward.

Durable equipment, such as power and hand
tools, generators, and vehicies, should be
cleaned prior to their removal from the site;
the cleaning should consist of a thorough
HEPA vacuuming followed by washing.

B. Preliminary Visual
Examination

After the preliminary final cleaning effort is
completed, the certified supervisor should visu-
ally evaluate the entire work area to ensure that
all work has been completed and all visible dust
and debris have been removed. While the pre-
liminary examination may be performed by the
tead hazard control supervisor, contractor, or
owner as a preparatory step before the final
clearance examination, it does not replace the
independent visual assessment conducted dur-
ing clearance.

If the visual examination results are unsatisfac-
tory. affected surfaces must be retreated and/or
recleaned. Therefore, it is more cost effective to
have the supervisor rather than the clearance
examiner perform this initial examination,

C. Surface Painting or Sealing
of Nonfloor Surfaces

The next step of the cleaning process is paint-
ing or otherwise sealing all treated surfaces
except floors.

Surfaces, including walis, ceilings, and wood-
work, should be coated with an appropriate
primer and repainted. Surfaces enclosed with
vinyl, aluminum coil stock, and other materials

traditionally not repainted are exempt from the

painting provision.

D. Final Inspection

The final clearance evaluation should take
place at least 1 hour after the final cleaning.
Ctearance has three purposes: 1) to ensure that
the lead hazard control work is complete, 2) to
detect the presence of leaded dust, and 3) to
make sure that all treated surfaces have been
repainted or otherwise sealed. Clearance is
usually performed after the sealant is applied
to the floor. See Chapter 15 for information
on clearance examination procedures.

E. Recleaning After Clearance
Failure

It after passing the final visual examination, the
dwelling unit fails the clearance wipe dust tests,
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the HEPA/wet wash/HEPA cleaning cycle
should be carefully and methodically repeated.
Failure is an indication that the cleaning has
not been successful. Recleaning should be con-
ducted under the direct supervision of a certi-
fied supervisor. Care should be exercised during
the recleaning of “failed” surfaces or compo-
nents to avoid recontaminating “cleared”
surfaces or components.

VI. Cleaning Cost
Considerations

An important consideration in determining
lead hazard control strategies and methods is
the cost and difficulty of required daily and final
cleanup operations and the ease with which
one can meet dust-clearance standards. A gen-
eral rule of thumb is that lead hazard control
strategies that generate the most dust will have
higher cleanup costs and higher initial clear-
ance test-failure rates.

A. Initial Clearance Test
Failure Rates

The likelihood of passing final dust-clearance
tests is highly correlated with the chosen inter-
vention strategy, methods, and care exercised
by the contractor. For example, in one study
(HUD, 1991) initial wipe-test failure rates were
14 percent for interior window sills, 19 percent
for floors, and 33 percent for window troughs.
The pass/fail rates for each surface were strongly
associated with the dwelling unit abatement
strategy employed. Chemical removal and
hand-scraping strategies experi-enced higher
faiture rates than reptacement and encapsula-
tion/enclosure strategies (see Table 14.1).

However, results of the HUD demonstration
project indicated that clearance failure is not
solely related to abatement method. The report
stated that "the diligence and effectiveness of
an abatement contractor’s cleaning process ...
had a major impact on ... the likelihood of the
dwelling unit to pass the final wipe test clear-

ance” (HUD, 1991).
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Figure 14.8c Dispose of Plastic Sheeting in a
Plastic Trash Bag.

B. Key Factors In Effective
Cleaning

Effective cleaning will be aided by adequate
sealing of surfaces with polyethylene sheeting
prior to lead hazard control, proper daily clean-
ing practices, good worker training, and atten-
tion to detail. Where poor worksite preparation
is employed, additional cleaning may be re-
quired to meet clearance.

C. Special Problems

Surfaces such as porous concrete, old porous
hardwood floors, and areas such as corners of
rooms and window troughs pose especially diffi-
cult cleaning challenges. Porous concrete and
corners of rooms normally require additional
vacuuming to achieve an acceptable level

of cleanliness,

The lead hazard control strategy of enclosure is
frequently chosen for window troughs and for
old porous hardwood floors due to the difficulty
of adequately cleaning these surfaces. T his

\/
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option provides not only a clean surface but
a more permanently cleanable surface for
dwelling occupants to maintain.

VIl. Alternative Methods

Alternatives to the recommended cleaning
tools and practices discussed in this chapter
are available, some having significant potentiat
for increasing effectiveness and lowering costs.

A recent Canadian study (CMHC, 1992) eval-
uated the effectiveness of contaminated dust
cleanup activities using tools that would gener-

. ally be available to construction contractors and

homeowners. Vinyl flooring and carpeting were
cleaned using several wet/dry vacuuming sys-
tems, sweeping, and wet mopping. The study
found that regular vacuums with empty bags
send a steady stream of fine particles into the
air, while vacuums with partially filled bags
were more efficient. This finding suggests the
necessity for HEPA vacuums. Other vacuums
may be used if workers do not experience in-
Creased exposures, if compliance with clearance
standards is achieved, and if a variance from
OSHA regutation (29 CFR 1926.62 (h)(4))

is obtained by the contractor or employer (if
required).

Agitator heads on vacuums were demonstrated
to significantly enhance vacuum effectiveness
on carpets in cleaning up fine dust without

Chapter 14: Cleaning

increasing airborne dust levels. Table 14.2 sug-
gests that a central vacuum with an agitator
head is most efficient at removing dust and
minimizing recontamination, probably because
the vacuum exhaust is blown away from living
areas, Because many houses do not have central
vacuuming systems, a portable HEPA vacuum is
the next best choice (see Table 14.2). Vacuums
without agitator heads appeared to perform
relatively poorly on carpets.

A. Vacuums

Regutar (non-HEPA) dry vacuums potentially
produce hazardous levels of airborne dust and
therefore should be avoided. Externally ex-
hausted vacuum units with adequate dust-
retaining capability may be used. The OSHA
lead standard requires the use of HEPA vacuum
equipment (see 29 CFR 1926.62 (h)(4), which
states, "where vacuuming methods are selected,
the vacuums shall be equipped with HEPA
filters”).

B. Trisodium Phosphate and
Other Detergents

TSP detergents have been used successfully for
a number of years in lead hazard control work.
However, in recent years, other new cteaning
agents have been developed specifically for
leaded dust removal. The need for alternatives
has been fueled by the fact that TSP is an eye

Table 14.1 Initial Cleaning Wipe-Test Failure Rates for Various Abatement Strategies

Dust Test Hand Scrape Chemical Enclosure Encapsulation| Replacement | Al Methods
Location w/Heat Gun Removal

Floors 28.8% 22.7% 20.0% 13.8% 12.5% 19%

Sills 24.4% 24.1% 8.2% 4.8% 17.4% 14%
Wells 44.5% 45.7% 23.7% 25.7% 21.0% 33% N

Source: U.S. Department of Housing and Urban Development (
Abatement Demonstration (FHA)

August 1991) The HUD Lead-Based Paint
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and skin irritant and is increasingly restricted These Guidelines do not prohibit the use of
from household use and unavailable in many non-TSP cleaning agents. HUD encourages
local jurisdictions. TSP aiso damages some further evaluation of alternative cleaning
finishes. Recently reported trials of two new methods. Use of any cleaning agent that re-
products suggest that alternative lead-specific sults in compliance with clearance criteria
cleaning agents may be more effective and safer is encouraged.
than TSP (Grawe, 1993; Wilson, 1993).
Table 14.2 Mass Removal Efficiency for Extended Vacuuming Cycles
Mass Removal Efficiency Percentages
Cycle Number Cleaning Method
Central Central HEPA Vacuum Portable
Vacuum—Plain Vacuum—Agitator Vacuum—-Plain
Tool Head Tool
1 347 71.0 55.4 17.5
2 47.0 80.2 61.2 23.0
3 519 859 66.3 26.6
4 56.0 87.8 67.0 294
5 59.3 88.9 721 325
6 61.6 91.2 74.4 34.9
7 63.8 93.1 76.4 36.5
8 67.5 954 77.5 38.1
9 67.5 97.7 78.7 40.1
10 67.2 100.0 80.2 41.7
11 102.3 80.2 417
12 104.6 841 44.8
13 104.6 84.5 46.8
14 103.8 84.5 48.4
15 49.6
16 50.8
17 52.4
18 53.6
19 54.4
20 55.2

Source: Canada Mortgage and Housing Corporation: Saskatchewan Research Council

Clean-up Techniques for Leaded Paint Dust

(December 1992) Effectiveness of
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o Step-by-Step Summary %

1. Decide who will conduct clearance. Clearance on all abatement projects and federally funded interim con-
trol work must be done by a certified risk assessor or inspector technician. The U.S. Department of Housing
and Urban Development (HUD) strongly recommends the use of a certified risk assessor or inspector techni-
cian who is completely independent of the lead hazard control contractor to eliminate conflicts of interest.
Some local jurisdictions may require a license to conduct clearance.

Clearance: How To Do

Z. Finish the lead hazard control and cleanup effort. Seal floors before clearance testing (if necessary).
3. Wait 1 hour to allow any airborne dust to settle. Do not enter the work area during that hour.
4. Conduct visual examinarion.

a. Determine if all required work has been completed and all lead-based paint hazards have been
controlled.

b. Determine if there is visible settled dust, paint chips, or debris in the interior or around the exterior.

5. Complete the Visual Clearance Form contained in this chapter; if all specified work was not completed,
inform the owner and order completion of work and repeated cleanup, if necessary.

6. Conduct clearance dust sampling of floors, interior window sills, and window troughs using the protocol
in this chapter.

7. Conduct clearance soil sampling if bare soil is present that was not sampled previously, or if exterior paint
work was corpleted as part of the lead hazard control efforr. Whenever exterior work has been done, it may
be necessary to take samples from soil that is not bare to determine if contamination has occurred. If results
are above 2,000 pg/g (or 400 pg/g in high contact play areas), compare the results to baseline soil sampling
results to determine what additional measures are needed.

8. Complete the Dust and Soil Sampling Clearance Form contained in this chapter.

9. Submit samples to a U.S. Environmental Protection Agency (EPA) recognized laboratory participating in
the National Lead Laboratory Accrediration Program (NLLAP) for analysis.

10. Interpret results by comparing them to the HUD Interim Clearance Standards contained in this chapter
(until EPA issues its health-based leaded dust standards).

11. If clearance is achieved, go to step 15.

12. Order repeated cleaning or soil treatments if results are above applicable standards. Clean all surfaces the
sample represents.

13. Continue sampling and repeated cleaning until the dwelling achieves compliance with all clearance
standards.
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14. Complete any related construction work that does not disturb a'surface with lead-based paint (all work

that does disturb painted surfaces or that could generate leaded dust should be completed as part of the lead
hazard control effort).

15. Issue any necessary statements of lead-based paint compliance or releases and maintain appropriate records.

16. Permit residents into the cleared work area.
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Chapter 15: Clearance

. Introduction

A. Purpose of Clearance

Clearance refers to the various environmental
evaluation procedures used to determine if:

4 The lead hazard control work was actually
completed as specified.

4 The area is safe for unprotected workers to
enter.

¢ The area is a safe place for residents and
young children to live.

Since most lead hazard control work generates a
considerable amount of leaded dust, and since
previous studies have indicated that cleaning
can be accomplished only with great care and
skill (HUD, 1991), it is necessary to determine
if the cleaning was successful. Some type of
clearance is required for all forms of lead hazard
control. Certified risk assessors or certified in-
spector technicians (clearance examiners) can
best recommend the exact type of clearance
testing to be employed on a specific project.
The process outlined in this chapter provides a
means of determining if lead hazards have been
controlled.

B. Clearance as the Endpoint

If clearance criteria are met, the contractor who
performed the work can conclude that the job is
complete. However, if the clearance criteria are
not met, the contractor must complete the work
and/or repeat the cleaning process until the area
is clean enough to meet clearance criteria. For
example, if the job included the removal and
replacement of all windows, but the clearance
examiner determines that one window has been
overlooked, the contractor must remove and
replace it as originally specified (in addition to
carrying out any necessary additional cleaning
in that area). Similarly, if excessive leaded dust
levels remain, the contractor’s job cannot be
considered complete until leaded dust levels

are below clearance standards. Normally, the
final payment to the contractor is withheld
until compliance with clearance standards is
achieved.

The clearance examination described in this
chapter is similar to the punchlist that follows a
typical construction or repair job. The major
difference is that the normal visual check is al-
most always augmented with environmental
testing since leaded dust and soil hazards are not
visible to the naked eye.

The clearance examination protects all parties
involved—the job contractor, the owner, and
the resident. The process provides the contrac-
tor with an objective determination thar the
job was completed safely. The owner will have
assurance that the abatement job was successful
in correcting hazards and that the amount of
leaded dust left after the work was completed is
at a safe level. The resident can be certain that
dangerous shortcuts were not taken during the
work process and that resident children will be
safe.

C. Conflicts of Interest

The owner should retain the services of a certi-
fied risk assessor or a certified inspector techni-
cian to determine compliance with clearance
criteria. The clearance examiner must not be
paid or employed, or otherwise compensated by
the lead hazard control contractor and should
have no vested interest in seeing that the job is
completed on schedule. The clearance exam-
iner's only concern should be that compliance
with clearance standards has been achieved.

This does not mean that job supervisors should
not perform their own visual assessments of the
quality of the cleanup job performed by theis

workers. Such assessments will help ensure that
clearance criteria are met the first time around.

Some owners of multiple dwelling units may
wish to have lead hazard control work per-
formed by their own trained crews, rather than

®
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contract for such services. In this case it is
essential that clearance testing be performed by
an independent third party whose payment is
not dependent on completion of the job within
any particular time period.

The clearance procedures contained in this
chapter should always be included in the job
specifications so that performance responsibili-
ties are clear.

II. Time Between
Completion of Cleanup
and Clearance

Clearance dust sampling should be performed
no sooner than 1 hour after completion of the
final cleanup to permit airborne leaded dust to
settle. Clearance dust sampling is for settled
leaded dust, not aitborne leaded dust, since the
main source of lead exposure for children is
through contact with contaminated surfaces
followed by ingestion. Most children in the
United States. are not lead poisoned by inhala-
tion (ATSDR, 1988). Airborne leaded dust
sampling is not recommended for clearance
purposes in lead hazard control work.

While often performed for asbestos abatement
projects, air sampling does not appear to be a
useful tool for determining if clearance has been
achieved in lead hazard control work. Because
asbestos fibers are known to have low settling
velocities (that is, they take a long time to set-
tle out of the air), air sampling can be used to
determine the effectiveness of the cleanup effort
in asbestos abatement jobs. But because dust
particles typically generated during lead abate-
ment jobs are larger, denser, more spherical,

and heavier, settling time is much faster.

The U.S. Department of Housing and Urban
Development’s (HUD's) Interim Guidelines for
Hazard ldendfication and Abatement in Public and
Indian Housing recommended 24 hours as the
minimum waiting period to allow airborne lead-
contaminated particles to settle, although no
justification for the 24-hour waiting period was
provided (HUD, 1990a). The reduction in the
waiting period before sampling from 24 hours

Chapter 15: Clearance ) %

to 1 hour marks an important change in the
new recommendations. The current Guidelines
recommend 1 hour because the additional
amount of leaded dust that would settle onto
floors after 1 hour is negligible. The analysis
supporting this finding is summarized below.
(A full description of the analysis can be found
in Appendix 11.)

Analysis of the settling velocity of aitborne
leaded particulate has demonstrated that nearly
all particulate greater than 5 ym in diameter
will have settled out of the air within an hour.
It is estimated that any remaining airborne par-
ticulate less than 5 pm would contribute no
more than an additional 5 pg/ft? of lead wo sur-
face dust, even if all of it were to settle out of
the air. This is well below the HUD Interim
Clearance Standard for floors (100 pg/ft?) and
also well below the routine limit of quantitation
for wipe sampling (25 ug/ft?). Therefore, a re-
duction in the waiting period ro 1 hour is justi-
fied. This change will contribute to significant
cost savings by cutting 1 day off the length of
the abatement job (reducing relocation costs
and job delays). Entry into the area should be
prohibited during the 1-hour waiting period to
keep turbulence and re-entrainment of particu-
late matter to a minimurn.

HI. Visual Examination
Procedures

Clearance occurs in two main phases: visual
examination and environmental sampling
(dust and, if exterior work was conducted, soil
sampling). A standard Visual Clearance Form
can be found at the end of this chaprer (see
Form 15.1).

A. Determination of
Completed Work

A visual examination determines whether the
work on all interior and exterior surfaces to be
treated was in fact completed and to ensure that
no visible settled leaded dust or debris are pre-
sent. Visual clearance is a relatively straightfor-
ward process requiring an understanding of the
scope of the job and a keen eye for detail. It is
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essential that clearance examiners have full
knowledge of the extent of the work and spe-
cifically which surfaces did not require treat-
ment. The clearance examiner should have ac-
cess to any risk assessment or paint inspection
report as well as the job scope of work or specifi-
cations and a report from the owner or contrac-
tor that the work has been completed.

The visual examination of completed work
should be done on a room-by-room basis to en-
sure that all areas are examined (this includes
the exterior and common areas). In most cases
the visual examination will be conducted bya
clearance examiner when the environmental
samples are collected.

When paint removal and repainting or soil re-
moval and covering is planned, verification of
the removal of the lead hazards will be neces-
sary prior to the completion of work. In these
instances the owner or a representative of the
owner (which may be the hazard control con-
tractor) may take responsibility for confirming
that the hazard is removed prior to repainting
or covering. This allows the owner 10 avoid
the expense of having the clearance examiner
travel to the job site twice—once to verify the
hazard removal and again to collect environ-
mental samples. On the other hand, owners
may choose to have the clearance examiner
confirm that the work was actually completed.
Regardless of who verifies the hazard removal,
verification should be documented on

Form 15.1.

In multifamily housing of similar construction,
it is not necessary to perform a visual examina-
tion of every single unit. Instead, a random
sample of abated units can be visually examined
before the paint is applied. The abatement con-
tractor should not know ahead of time which
units will be visually inspected prior to repaint-
ing. The random sample size can be determined
by using the table for lead-based paint inspec-
tions (Table 7.3). Random sampling of single-
family dwellings is not possible due to the large
variability in construction and work. Therefore,
each single-family dwelling should be cleared
individually.

9
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In the case of a child with an elevated blood
lead level, local authorities may require that the
treatment of all indicated surfaces be verified by
a government employee or certified third party,
especially in cases where the abatement has
been ordered by local authorities. Clearance
examiners should determine if the property
they are investigating has been abated as a re-
sult of a legal or regulatory proceeding. If 5o, the
enforcement agency should be contacted to co-
ordinate clearance procedures, prevent duplica-
tion of effort and, most importantly, ensure that
the private clearance process is not inadvert-
ently overstepping the bounds of the normal
practices of the local health department or
childhood lead-poisoning prevention ptogram.

1. Paint Removal and Repainting

All surfaces where paint has been removed
should be visually examined prior to repainting.

If clearance is conducted after new paint is ap-
plied, it is often impossible to determine if the
old paint was actually removed. Areas com-
monly overlooked during paint removal projects
include the underside of interior window sills
and handrails, backside of radiator ribs, bottom
edge of doors, top of doorframes, and the back
edge of shelving.

For both onsite and offsite removal, the clear-
ance examiner or the owner should examine
the bare surfaces to ensure that there is no vis-
ible residue. If residue remains, the component
should be cleaned prior to repainting or
refinishing.

Wipe sampling and x-ray fluorescence (XRF)
testing are not appropriate tools for determining
the effectiveness of paint removal from a par-
ticular surface. Wipe sampling cannot dislodge
any leaded dust that may have been absorbed
into the substrate during the removal process,
nor can it remove paint that is still bonded to
the substrate. Wipe sampling is appropriate for
measurement of settled feaded dust on floors,
interior window sills, and window troughs. It is
not appropriate to apply the settled leaded dust
clearance standard to these components since
the bare surface will be sealed with new paint,
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thus rendering the dust inaccessible. Appendix
I describes how much lead-contaminated dust
can remain on a surface (at least 35,000 pg/fc?)
before it would cause the newly applied paint
to become lead-based paint (at 0.5 percent).

2. Building Component Removal
and Replacement

If building componencs coated with lead-based
paint were removed as a lead hazard contro!
measure, the clearance examiner should have
detailed knowledge of the scope of the replace-
ment activities so that actual removal can be
verified. Each building component specified for
replacement should also be examined to deter-
mine if it was overlooked during the lead hazard
control work.

3. Enclosures

Complete installation of enclosure systems,
such as new drywall, paneling, or siding, can be
best evaluated by direct visual observation. The
clearance examiner should determine that the
mechanical fastening system used to hold the
enclosure to the substrate is adequate. This is
especially important for ceilings. All seams and
edges in the enclosure should be sealed to pro-
vide a “dust-tight,” but not necessarily airtight,
system.

4. Soil Treatments

Soil treatments, which typically consist of some
form of covering or removal and/or replace-
ment, can be assessed by direct visual observa-
tion to determine if the covering is present. For
example, if sod or asphalt has been used as a soil
covering, the clearance examiner should deter-
mine if all bare areas have been covered by the
sod or asphalt, as specified.

No visible lead-based paint chips should be
observed in soil following lead hazard control
work. It is not necessary to tum over or rake soil
to look for paint chips. A visual examination of
the surface is adequate.

If exterior work on lead-based paint has been
performed, baseline soil samples should have
been collected but not necessarily analyzed un-
til clearance soil samples have been collected,

Chapter 15: Clearance %!
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analyzed, and compared to clearance standards.
It may be necessary to collect samples from soil
that is not bare to determine if contamination
has occurred. If post-hazard control soil levels
are below applicable limits, the preabatement
samples need not be analyzed. The clearance
level for most soil is 2,000 pg/g (400 pg/fg for
small, high-contact play areas). If post-hazard
control soil levels are greater than or equal

to the applicable limits, the baseline samples
should be analyzed to determine where addi-
tional work is needed. If paint chips originating
from the work are identified in the soil, they
should be picked up with a high-efficiency
particulate air (HEPA) vacuum.

5. Encapsulants

Another category of lead hazard control that
can best be assessed visually is the application
of encapsulants. Assuming that the encapsulant
was properly selected for the surface undergoing
treatment and that patch tests were conducted
as recommended in Chapter 13, the clearance
examiner can determine if the encapsulant is

in fact present.

6. Interim Controls

Visual examination of the wide variety of in-
terim control measures consists of a confirma-
tion that all lead-based paint (either suspected
or identified through testing) is stabilized and
that any friction, impact, and other surfaces
marked for treatment in the risk assessment
report or project specifications have all been
properly treated. No known or suspected lead-
based paint should be in a deteriorated condi-
tion in a cleared dwelling.

B. Visual Examination for
Settled Dust and Debris

There should be no evidence of setcled dust fol-
lowing a cleanup effort. If dust is observed, the
contractor must be required to repeat the clean-
ing effort before clearance dust samples are col-
lected 1o avoid conducting dust sampling twice.
Any settled dust present following abatement
or interim control work provides sufficient
evidence that cleanup was not adequate (see

Figure 15.1).
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Figure 15.1
Be Repeated.

There are conflicting reports regarding the use
of the so-called “white glove test” as part of
the visual examination. Some housing agencies
have indicated that they find this to be a useful
preliminary examination tool, while othecs
indicate that this test almost always shows
some discoloration, even if surfaces have been
cleaned well. Until it has been demonstrated to
effectively predict leaded dust levels, use of the
“white glove test” is left to the discretion of the
examiner and is not recommended by HUD.
The “white glove test” is not a substitute for
laboratory analysis of dust samples.

Finally, the grounds around the dwelling should
also be examined visually to make certain that
all waste and debris have been removed and
that leaded dust or paint chips were not trans-
ferred outside the dwelling. For example, waste

l.ead Tracking

another on shoes.

Visible Dust Indicates Cleaning Should

should not be left at the curbside for trash
pickup; all waste should be removed from the
site. The examiner should be particularly con-
scientious about looking for paint chips when
exterior components have been disturbed.

V. Clearancé Dust
Sampling

A visual examination alone is not adequate

for determining if a residence is safe for occu-
pancy, since small dust particles are not visible
to the naked eye. A person with normal eye-
sight cannot detect individual duse particles
smaller than 50 pn in diameter (Olishifski,
1983). Data indicate that a significant percent-
age of the dust generated during abatement is
smaller than 50 wm {Mamane, 1994; NIOSH,

Lead dust can be transported from one area to

Tracking lead dust from one area to another is a big
problem on lead hazard control jobs. Lead dust can
be tracked on shoes from the work area to the out-
side. Sometimes lead dust from the outside soil is
tracked inlo the work area. Lead dust from a porch

or nonwork area can get tracked into a cleaned area.
When this happens, the whole area must be cleaned.
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1993b). Since these smaller dust particles are
associated with an increased risk of lead poison-
ing, clearance dust testing is required to deter-
mine if a leaded dust hazard remains following
lead hazard control work.

Unless U.S. Environmental Protection Agency
(EPA) regulations establish different clearance
levels, the following HUD clearance standards
should be used, based on wipe sampling:

4 100 pg/ft? for floors.
4 500 pg/fe for interior window sills.

¢ 800 ugfft? for window troughs and exterior
concrete or other rough surfaces.

There is no standard for vacuum sampling at
this time.

Portable XRF analyzers have not yet demon-
strated a capacity to detect dust lead levels in
the range of interest. Wet chemical field test
kits are also not sufficiently reliable for routine
analysis of leaded dust at this time and do not
yield quantitative data that can be compared
to clearance standards.

Dust samples must be analyzed by laboratory
methods such as atomic absorption spectro-
scopy, inductively coupled plasma-emission
spectroscopy, laboratory XRF using standard
methods, or other equivalent analytical meth-
ods (see Appendix 14). Only laboratories that
participate in a national proficiency testing pro-
gram and are recognized by EPA should be used.

If the dust sample from any surface indicates a
leaded dust level above the clearance standard,
all similar surfaces in the dwelling that sample
represents (e.g., all interior window sills or
floors) should be recleaned and retested. Only
the similar components need to be recleaned,
not necessarily the entire dwelling. If any such
surface fails twice, the property owner should
consider additional hazard control measures
and/or further sealing of the surface. Sce sec-
tions D and VI for further disussion interpret-
ing dust sampling results.

Chapter 15: Clearance
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A. Multifamily Housing
(20 or More Units)

It is possible to conduct clearance dust sampling
in a number of randomly selected dwelling units
in multifamily housing where similar dwelling
units have undergone comparable types of lead
hazard control activity. The random sampling
can be performed for a portion of the housing
development or for all of it. In either case the
randomly selected units represent a specified
group of housing units. The contractor must not
know in advance which units will be sampled
since this would bias the results. In addition;

it is necessary to choose an adequate number

of randomly selected units (Table 7.3). Signifi-
cant cost savings could be realized witch such a
sampling plan.

However, the implications of random clearance
sampling should be understood fully before it is
used. First, if the random sampling shows that
levels of leaded dust are too high, it will be nec-
essary to reclean not only the affected compo-
nent in the selected dwelling unit, but also the
affected component in all the other units that
the randomly selected unit was meant to repre-
sent. Alternatively, all the units represented by
the randomly selected unit could be sampled
individually to determine which ones need re-
cleaning. The costs of repeated sampling should
be compared with the costs of repeated clean-
ing. Regardless of whether all the represented
units are sampled or recleaned, a further delay
tn permitting residents back into the area is pos-
sible when using random clearance sampling.

Second, insurance carriers covering lead hazard
control work may demand a high degree of as-
surance that the work was performed properly
in each and every dwelling. The extra cost of
dust sampling in all units is likely to be minor
compared to the liability of a child with an el-
evated blood lead level in an abated unit that
was not sampled but was later found to contain

high leaded dust levels.

Third, there has been a significant failure rate
in attaining compliance with clearance dust
standards in both the ongoing public housing
program and the HUD Demonstration Project
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(HUD, 1991). In the latter study, failure rates
on the initial wipe tests were 19 percent for
floors at 200 pg/fe?, 14 percent for window sills,
and 33 percent for window troughs. In one large
abatement job for a public housing authority, 15
percent of the housing units failed the clearance
tests and required recleaning (Jacobs, 1993a).
While this failure rate can be partially attrib-
uted to abatement strategy, variable contractor
performance, and perhaps the inexperience of
the abatement industry, the high rate of failure
argues for more extensive unit-by-unit testing.

In spite of all these caveats, there is one special
situation that may lend itself well to random
clearance sampling. A large vacant apartment
building or housing development that will not
be immediately reoccupied following abatement
could conceivably be randomly sampled at the
end of the project and, if necessary, completely
recleaned. Altematively, all units could be
sampled to determine which ones require
recleaning.

Whether random clearance sampling or unit-
by-unit clearance sampling is performed, re-
peated sampling should always be performed in
all units that required recleaning. In short, most
cases of lead hazard control will require chat
clearance dust sampling be conducted in every
unit treated. With additional research and in-
novative abatement and cleaning techniques
that improve compliance rates with clearance
dust standards, it may be possible to sample only
a fraction of the units treated.

B. Single-Family Housing and
Multifamily Housing (Fewer
Than 20 Units)

Clearance dust sampling should be conducted
in every single-family dwelling unit and in all
multifamily housing with fewer than 20 units.
Because treatment and housing conditions
vary so greatly in these housing units, random
sampling is inappropriate.

C. Clearance Dust Sampling
and Floor Sealant Application

Wipe samples should be collected after applica-
tion of a floor sealant, not before. In lead hazard

control programs, coating floors with a sealant
is often one of the final measures completed.
The purpose of sealing floors is not to trap
leaded dust underneath the sealant, but to pro-
vide a surface that can be cleaned effectively

by the resident. The type of flooring determines
the type of sealant. Wooden floors should either
be painted with a deck enamel or coated with
polyurethane, concrete floors should be sealed
with.a concrete sealant, and tile floors should
be sealed with appropriate wax.

The maintenance and monitoring system
should check the integrity of the floor sealant
at least yearly.

D. Location and Number of
Clearance Dust Samples

Clearance dust samples should be taken either
from specific locations near the area where the
lead hazard control treatment was done, from
nearby high-traffic areas (around doorways, for
example), or from other areas. The clearance
examiner may determine which specific site

is best based on the type of treatment, visual
observation, and professional judgment. The
abatement contractor must not know exactly
where the clearance samples will be collected.

The number of clearance samples depends on
whether composite or single-surface samples
are collected.

1. Single-Surface Sampling

Single-surface sampling can be conducted using
essentially the same methodology as that de-
scribed in Chapter 5 and Appendix 13. How-
ever, the number and location of clearance
samples is based on the type of containment
used and the number of rooms treated, not on
the use pattern of the room (as is the case for
tisk assessment purposes). The three building
components that should be tested are floors,
interior window sills, and window troughs. A
window trough is the part of the window in
which both sashes sit when lowered. An inte-
rior window sill (sometimes called the stool) is

 the part of the window ledge facing the interior

of the room (see Figure 15.2 for an illustration
of areas to be sampled).
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Figure 15.2 Window Locations for Dust Sampling.

L

Interior Exterior
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1. Sectional view of window (with no storm window) showing window trough area, A, to be tested. Trough is the surface
where both window sashes can touch the sill when lowered. The interior window sill (stool) is shown as area C. Interior
window sills and window troughs should be sampled separately.

|

Interior Exterior
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i
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|
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|
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2. Sectional view of window (including storm window) showing window trough area, A and B, 1o be tested. Trough extends

out to storm window frame. The interior window sill (stool) is shown as area C. Inlerior window sills and window troughs
should be sampled separately.

Courtesy: Warren Friedman
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The field sampling and analytical methods for
collecting and analyzing wipe dust samples are
in Appendixes 13 and 14, respectively. Until
the EPA standards and protocols are estab-
lished, wipe sampling should be performed

on all surfaces. While vacuum samples can be
collected, neither HUD nor EPA can provide
standards to interpret vacuum sampling results
at this time. Until vacuum sampling standards
have been established, wipe sampling is the
preferred method.

Readers should note that these Guidelines rec-
ommend the following precautions when con-
ducting dust sampling (see Appendix 13.1):

4 A standard sampling motion should be used.

4 Only certain brands of wipes can be used
(unless equivalence is demonstrated through
side-by-side field sampling).

¢ Whatman™ filters and thick diaper wipes
should not be used (Whatman™ filters are
not sufficiently durable and some thick dia-
per wipes are too difficult for the laboratory
to digest).

¢ Field-spiked wipe samples will need to be
included in the sample stream in a blind
fashion (i.e., the lab should not know the
amount of lead spiked onto the wipe) to
ascertain the efficiency of the laboratory
digestion procedure.

¢ Hard-shelled containers (not plastic bags)
must be used to contain wipe samples, since
the container must be rinsed thoroughly
and quantitatively. A nonsterilized 50-m|
polypropylene centrifuge tube works well.

The minimum number of clearance samples
recommended in each room is shown in Table
15.1. Field sampling data can be recorded on
Form 15.2.

Further information on wipe sampling tech-
nique can be obtained from ASTM Standard
ES-30-94.

2. Composite Clearance Dust
Sampling

When lead hazard control treatments are simi-
lar in multiple rooms of the same dwelling,
composite samples may be collected. For com-
posite sampling each room treated must be in-
cluded. The total number of required samples
will depend on the number of rooms treated
and whether those treatments are similar (see
Table 15.1). Wipe samples are composited in
the field, not in the laboratory, by inserting up
to four wipes from four surfaces into the same
tube. The laboratory analyzes all four wipes as
one sample using a modified analytical proce-
dure (see Appendix 13).

An example of a composite sampling scheme
can be found in the example below. Field
sampling data can be recorded on Form 15.2a.

The rules for combining subsamples into a
sin-gle composite sample described in Chapter 5
for risk assessment also apply to clearance
sampling. Those rules are as follows:

¢ Separate composite samples are required
from carpeted and hard surfaces (eg.,a
single composite sample should not be col-
lected from both carpeted and bare floors).

4 Separate composite samples are required
from each different component sampled
(e.g., a composite sample should not be
collected from both floots and interior
window sills).

4 Separate composite samples are required
for each dwelling.

¢ Floor surface areas sampled in each room
should be approximately the same size (ap-
proximately 1 fi?). Interior window sill and
window trough sampling sizes are dependent
on window characteristics, but should also
be similar from room to room, if possible
(e.g., the surface sampling area should not
be skewed so that one room is oversampled).

4 For composite wipe samples, a separate wipe
must be used for each spot sampled (each
subsample).
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4 The same wipe should not be used to sample
two different spots. All subsamples should
be inserted into the same tube. No more
than four different wipes should be inserted
into a single container for a composite
sample. Acceptable recovery rates have
been found when no more than four wipes
are analyzed as a single sample (Jacobs,

1993b).

Because composite sampling requires fewer
samples than single-surface sampling, sampling
costs may be reduced. Also, more surfaces are
often sampled than would be possible for single-
surface sampling. The drawback to composite
sampling, however, is that if only one of the
composite samples fails, all similar components
in each room will have to be recleaned or each
room will need to be sampled individually. In
contrast, if one of the single-surface samples
fails, only one room will have to be recleaned.

Composite samples should not be taken from
rooms that have dramatically different condi-
tions. For example, if the clearance examiner
has some reason to believe that cleanup was not
performed adequately in a room, a single-surface
sample should be collected there. In some cases
both single-surface samples and composite
samples may be needed.

V. Clearance Soil Sampling

If no exterior lead hazard control work was per-
formed, it is not necessary to conduct any soil
sampling. Clearance soil sampling should be
conducted following any abatement or interim
control treatment on the exterior of a house or
soil treatment. The purpose of such testing is to
ensure that the treatment did not contaminate
soil surrounding the dwelling.

Clearance soil sampling is typically conducted
around the foundation of the house, although
it is also important to collect samples in play
areas that could have been contaminated as

a result of the work. All soil samples should
be composite samples. If the exterior work
involved covering bare soil areas only, clear-
ance soil samples are not needed; a visual ex-
amination is adequate. A detailed protocol
for soil sampling is provided in Appendix 13

and ASTM ES-29-94. Sampling data can be
recorded on Form 15.3.

There is evidence that soil lead levels can in-
crease following abatement if proper precau-
tions are not taken. For example, in one study,
6 percent of the dwellings had statistically sig-
nificant increases in soil lead levels when com.-

pared to pre-abatement soil lead levels
(NIOSH, 1990).

There should be no visible paint chips on the
surface of the soil near the foundation. How-
ever, soil sampling near the foundations of
dwellings is often complicated by the presence
of paint chips embedded in or under the soil
surface from previous repainting efforts. The
hazard associated with these paint chips in the
soil is difficult to assess since it is often not ’
practical to sample all the different paint chips
that may be present. Therefore, these paint
chips should be considered a part of the soil.
They should not be sampled preferentially or
excluded when collecting or analyzing the soil.
Laboratories should be instructed to disaggre-
gate (force) paint chips through the soil sieve
as part of the analytical process.

I the paint chips were generated by hazard
control work, they should be picked up with a
HEPA vacuum. A visual examination is usually
adequate. If the clearance soil samples are above
2,000 pg/g in the yard (or 400 pg/g in bare, high-
contact play areas), the baseline soil samples
should be analyzed to determine if soil lead lev-
els were already high before the work began.
Soil samples collected during risk assessments
(if one was performed) can be used for this
purpose.

A. Multifamily Housing
(20 or More Units)

If a large complex of multifamily housing has
undergone similar lead hazard control work,
random sampling of the soil around the build-
ings can be conducted using the sampling
scheme for lead-based paint inspection. The
drawbacks of conducting random clearance
sampling are the same for soil as for dust (see
the section on clearance dust sampling carlier
in this chapter).

®
<3
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Example of Clearance Composite Sampling Scheme

A house has undergone an abatement job involving extensive interior paint removal (clearance category 1)
and has passed a visual examination. The owner and the clearance examiner have agreed to use composite
clearance dust sampling to minimize expenses. The house has eight rooms that were treated, four of which
are carpeted, and all of which have windows.

At a minimum, the clearance examiner should collect the following samples:

No. Description

1 Composite carpeted floor sample (one subsample from each of the four carpeted rooms).

1 Composite hard floor sample (one subsample from each of the four uncarpeted rooms).

1 Composite interior window sill sample, with a subsample collected from a location in four selected
rooms.

1 Composite window trough sample, using the same procedure as for interior window silis.

This results in a total of four composite samples for analysis. If single-surface sampling had been completed
under the recommendations in Table 15.1, it would have been necessary to collect eight samples (four rooms
x two samples/room = eight samples/dwelling).

B. Single-Family Housing

If exterior lead hazard control work was done,
composite soil samples should be collected near
the building foundation close to the work area
and in nearby play areas that could have been
contaminated by the work. All single-family
housing units should be cleared.

C. Number and Location of
Clearance Soil Samples at Each
Building

One composite soil sample should be collected
around the perimeter of the building. If only
selected faces of the building were treated, the
samples should come from those faces.

A second composite soil sample should be
collected from any nearby play areas.

In both cases bare soil should be sampled prefer-
entially. If there is no bare soil, the soil covering
should be sampled to determine if it has been
contaminated by the lead hazard control work.

VI. Clearance Paint Testing

XRF testing of surfaces that have been stripped
and repainted is not recommended. If the paint

has been removed, removal should be assessed
visually prior to repainting. If for some reason it
is not possible to visually determine that the
paint has been removed, then XRF readings can
be taken. The protocols described in Chapter 7
apply.

Some forms of interim control involve paint
film stabilization (repainting). In chis case the
clearance examiner must visually inspect all
painted surfaces to determine if they are all
sealed, intact, smooth, and cleanable.

VII. Interpretation of
Clearance Testing Results

A. Visual Examination Results

Interpreting the results of the visual examina-
tion is a straightforward process. If there is vi-
sual evidence that work on building compo-
nents or soil is incomplete, the clearance
examiner should inform the owner and contrac-
tor and ensure that the work is completed before
collecting any dust or soil samples. In situations
where job specifications are used, they should
clearly state that failure to pass the clearance
visual examination means failure to comply
with clearance standards.
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Table 15.2 Interim HUD Clearance Dust Standards {Wipe Sampling Only})'

Surface Leaded Dust Leaded Dust
Loading (ug/ft?) Loading (mg/m?)?
Bare and carpeted fioors 100 1.08
Interior window sills 500 5.38
Window troughs 800 8.61
Exterior concrete or other 800 8.61
rough surfaces

No clearance standards are currently available for vacuum sampling.

2 To convert from ug/ft? to mg/m?, muitiply by 0.01076.

B. Dust Results

Interim HUD clearance dust standards are
shown in Table 15.2. These may be revised
subject to EPA’s issuance of regulations.

No standard method has been developed to
correlate the wide variety of vacuum methods
available with the wipe sampling standards.
Until and unless EPA regulations state other-
wise, all hard surfaces should be tested with wet
wipe samples. While vacuum sarapling is ac-
ceptable, there is no HUD Incerim Clearance
Standard for vacuum sampling at this time,
making interpretation of vacuum sampling re-
sults against recognized standards impossible.

The tesults of dust samples collected using a
vacuum method may be reported in lead con-

centration (ug/g) and loading (ug/fc?); wipe sain-

pling results are reported in loading only. For
clearance purposes, however, the lead concen-
tration cannot be used to determine the effec-
tiveness of the cleanup. It is possible to remove
nearly all leaded dust from a surface, but not
change its concentration significantly, since
most cleaning methods do not preferentially
remove lead from the dust. However, adding
lead-free soil or dust to the area will reduce the
concentration, even in the absence of cleaning.
In short, leaded dust loading (not leaded dust
concentration) should be used to determine if
an adequate cleanup job has been completed. If
leaded dust levels exceed those given in Table
15.2, the contractor must repeat the cleaning
until compliance is achieved.

The recleaning should be focused on those sur-
faces where the sampling results indicate thar
the first round of cleaning was inadequate. For
example, if floor leaded dust levels are above
the standard, but interior window sills and
window troughs are below the standard, only
the floors need to be recleaned. Similarly, if
single-surface samples fail in one room, then
only that room and any rooms not sampled
need to be recleaned. If composite samples fail,
then all the surfaces the composite represents
need to be recleaned (or resampled individually
to determine which ones require recleaning).
For example, consider the two examples shown

in Tables 15.3 and 15.4.

In Table 15.3, only the floors in Rooms 1 and 2
require recleaning (assuming a four-room unit).
In Table 15.4 the window troughs should be
recleaned in all four rooms and any rooms not
sampled. While the window troughs could con-
ceivably be sampled individually to determine
which ones require recleaning, it is likely to be
far more cost-effective to simply reclean all of
them. When cleaning troughs, the sills should
also be cleared, even if they were not originally
contaminated. In both examples, repeated sam-
pling of the recleaned surfaces should be com.-
pleted to ensure that the recleaning was
sufficiently effective.

For composite sampling the HUD Interim
Clearance Standard should not be reduced by
dividing the standard by the number of sub-
samples in the composite. The purpose of the
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Table 15.3 Hypothetical Example of Single-Surface Clearance Dust Sampling Data
Room Floors (ug/ft’) | Interior Sills (g/ft?) | Window Troughs (ng/ft?)
1 475 40 60
2 878 65 90
3 30 70 75
4 50 40 80

Table 15.4 Hypothetical Example of Composite Clearance Dust Sampling Data

Surface Rooms Included in Composite Leaded Dust (ug/ft?)
Floors 1,2,3,4 30
Interior window sills 1,2,3 4 129
Window troughs 1,2,3,4 3,695

composite sample is to average the lead loading
in z2ll rooms sampled to determine if all the
rooms require additional cleaning. Composite
sampling is used to determine the average lead
loading in a group of rooms, not individual
rooms. Since composite sampling is done in
units with the same hazard control technique
and since the method of correction is always
the same (i.e, recleaning), it is not necessary to
determine the leaded dust level in each room.
Even a single-surface sample only represents a
small area on a larger surface, in much the same
way as a composite represents many surfaces
over a larger area, e.g., all floors within a unit.
For paint chip sampling, however, it is necessary
to know the concentration on each surface
sampled, making it necessary to divide the paint
standard by the number of subsamples con-
tained in a composite sample (see Chapter 5).

C. Soil Results

If clearance sampling shows that post-
abatement soil samples are more than

2,000 pg/fg, additional soil treatment should be
required. If the area sampled is a high-contact
play area, the soil should be no more than

400 pe/g.

VIIl. Recordkeeping and
Issuance of Statement
of Lead-Based Paint
Compliance

A. Recordkeeping
Responsibilities

Three parties should maintain records of all
abatement, interim control, risk assessment,
inspection, and clearance results:

4 Property owner.
4 Contractor.
¢ Clearance examiner.

Some jurisdictions will also require submission
of such records to an enforcement agency or a
lead-safe housing registry.

B. Record Content

The records should include all laboratory re-
sults, quality control/quality assurance proce-
dures, dates of both visual examination and
environmental sampling, completed forms,
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and appropriate identifiers for the property—
the owner, inspector, job contractor, and
resident(s).

Depending on the jurisdiction and the type of
abatement or interim control work undertaken,
the owner may be awarded a Statement of Lead-
Based Paint Compliance. One State now issues
a statement indicating that the property is
“Lead-Free” when all lead-based paint is re-
moved and all other lead hazards are corrected.
The property is “Lead-Safe” when all lead-based
paint hazards have been rectified (Rhode Island,
1993).

C. Length of Time

Statements of lead-based paint compliance and
records of all clearance testing should be kept
for the duration of the life of the building, since
it is to the benefit of the owners to retain this
information.

IX. Clearance and
Reevaluation Procedures

The clearance process evaluates the effective-
ness of the lead hazard control efforts immedi-
ately following cleanup. Reevaluation deter-
mines the continued effectiveness of all lead
hazard control treatments (except complete
removal of all lead-based paint). Reevaluation
also determines whether any new lead-based
paint hazards have appeared. Because most
forms of lead hazard control have limited life-
spans, they will require ongoing monitoring

by the owner and a reevaluation by a certified
risk assessor based on the reevaluation schedule
for the specific property. The method and fre-
quency of reevaluation is detailed in Chapter 6.

In those cases where the owner did not have a
risk assessment or inspection before hazard con-
trol, the clearance examiner should conduct a
risk assessment at the time of clearance to en-
sure that all lead-based paint hazards were, in
fact, addressed.

N/
2 X g
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Form 15.1
Lead Hazard Control Visual Clearance Form
Date

Name of clearance examiner

License no. (if applicable)

Name of property owner

Property address Apt. no.
Date cleanup completed
Time cleanup completed
Abatement/interim control contractor name
Address
Telephone no.
Check if repeat clearance examination
Room List all building compo- | Work on each | Visible paint Visible Additional
identifier | nents required to be component chips seen? settied work
treated in each room completed? (yes or no) dust seen? required?
(yes or no) (yes or no)
Exterior soil ____Treated __ Nottreated
If treated, is bare soil present? _Yes ___No
Was contaminated soil removed? __Yes _ No
Is additional soil treatment required? _ Yes _ No
NOTES:
Signature
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Form 15.2

Name of clearance examiner

License no. (if applicable)

Name of property owner

Property address

Clearance categories:

1. Interior treatments without containment.

Interior teatments with containment.

Routine maintenance.

2.

3. Exterior work on painted surfaces.
4.

5.

Apt. no.

Lead Hazard Control Clearance Dust Sampling Form (Single-Surface Sampling)

Soil work.
Sample Room Surface type | Clearance | Dimensions Area (ft?) Result of | Pass
number number | (floor, interior category of sample (can be |lab analysis| or
or window sill, number | area (inches) completed (Lg/ftt) Fail
identifier window by lab) (can be
trough) completed
by lab)
Total number of samples on this page
Page of
Date of sample collection / / Date shipped to lab /
Shipped by Received by
(Signature) (Signature)
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Form 15.2a
Lead Hazard Control Clearance Dust Sampling Form (Composite Sampling)
Date
Name of clearance examiner
License no. (if applicable)
Name of property owner
Property address - Apt. no.
Clearance categories:
1. Interior treatments without containment.
2. Interior treatments with containment.
3. Exterior work on painted surfaces.
4. Routine maintenance.
5. Soil work.
Sample | Name of | Dimensions of Total Type of sur- Clearance | Lab result | Pass
number | room or surface sampled surface | face sampled category or
identifiers | in each room area (smooth floors,| number fail
included | (inches x inches) | sampled carpeted
in sample (ft?) floors, interior
window sills,
window
troughs)
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
Total number of samples on this page
Page of
Date of sample collection / / Date shipped to lab / /
Shipped by Received by
(Signature) (Signature)
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Form 15.3
Lead Hazard Control Clearance Soil Sampling Form (Composite Sampling Only}

Date

Name of clearance examiner

License no. (if applicable)

Name of property owner

Property address Apt. no.

Sample number Location Bare or covered Lab result (ug/g)

building perimeter

building perimeter

Sketch soil sampling plot plan. Collect only the top 1/2" of soil.

Total number of samples on this page

Page of
Date of sample collection I Dale shipped {o lab / /
Shipped by Received by

{Signature) (Signature)
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