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Abstract
We designed this community-based participatory research (CBPR) project aiming to generate
evidence-based research results in order to encourage residents living in urban low-income public
housing dwellings engaging in a community-wide integrated pest management (IPM) program
with the intention to improve their health and quality of life, as well as household conditions.

We enrolled 20 families and their children in this study in which we utilized environmental
exposure assessment (surface wipe and indoor air) tools to quantitatively assessing residential
pesticide exposure in young children before the implementation of an IPM program. We analyzed
those samples for 19 organophosphate (OP) and pyrethroid pesticides.

The most commonly detected pesticides were pyrethroids, particularly permethrin and
cypermethrin with average concentrations of 2.47 and 3.87 µg/m2, respectively. In many
dwellings, we detected OPs, which are no longer available on the market, however, their levels are
significantly lower than those of pyrethroids. None of the 20 families was free from pesticide
contamination in their households, and pesticides were commonly detected in living room and
children’s bedroom.

The correlation among household hygienic conditions, the sighting of live pests/pest debris, and
the degree of indoor pesticide contamination highlights the failure of conventional chemical-based
applications for pest controls. The results from the current study, as well as other recent studies,
conducted in low-income public housing, child care centers, and randomly selected homes in the
U.S. should accentuate the need for alternative pest management programs that incorporate safer
and more sustainable protocols for pest controls.
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Introduction
Several survey and observational studies have indicated that urban low-income, multifamily,
public housing dwellings are prone to have severe pest infestation mainly due to the
presence of abundant food sources (both indoor and outdoor), persistent moisture problem,
household cluttering, and cracks and crevices in the walls, windows, and doors (1–3).
Despite the evidence in documenting the link between pesticide uses either in agricultural or
residential environment and the exposure to children living in the same households (4–8),
very few studies have focused on quantifying residential pesticide exposure for children
living in urban low-income public housing developments. Two separate studies conducted in
New York City’s low-income housing dwellings filled the gap of the paucity of quantitative
data in regard to the benefits of implementing the integrated pest management (IPM) in
urban low-income dwellings. Williams et al. (9) have suggested that the IPM program could
be effective in reducing pest infestation levels and subsequently lowering maternal exposure
to common insecticides used for indoor pest control applications. Brenner et al. (10) have
demonstrated that individually tailored IPM program can be successful and cost-effective
among public housing residents in East Harlem.

The residential pesticide contamination problem in urban low-income multifamily dwellings
has been demonstrated in recent studies conducted in New York City (7) and in Boston
Massachusetts (11, 12). Personal ambient air samples collected from 72 pregnant women
living in Manhattan and south Bronx contained detectable organophosphate (OP) pesticides
(chlorpyrifos and diazinon), fungicides (phenylphenol) and carbamates (propoxur) at 100%
frequency of detection, and pyrethroids (permethrin) and organochlorine (DDT and
chlordane) in the range of 47–78% frequency of detection. Julien et al. (11, 12) collected
house dust and floor wipe samples from 42 families living in 3 different Boston public
housing developments and showed a wide range of 12 pesticide levels with permethrin
(pyrethroids) and chlorpyrifos (OP) detected in every home, and cyfluthrin (a restricted-use
pyrethroids) detected in a majority of homes. Those findings clearly and quantitatively
showed the high degree of pesticide contaminations in those low-income multifamily
dwellings. Earlier studies have concluded that children living in urban and suburban
environment with higher social economic status (SES) are predominantly exposed to
pesticides through their daily dietary intakes; however, such low level but chronic pesticide
exposure scenario is likely to be modified upward by periodic residential pesticide
exposures resulting from indoor pest control applications (13, 14). Hence, we would
anticipate an elevated overall pesticide exposure among children living in urban low-income
public housing compared to those with higher SES. Therefore, it is warranted to further
assess pesticide exposures among children living in urban low SES households, and more
importantly to develop and institutionalize a safe, sustainable, and practical pest control
program in urban public housing developments to mitigate the excessive residential
pesticide exposures in those households.

The instigation of this community-based participatory research (CBPR) project stemmed
from an earlier multi-institution collaboration under the Healthy Public Housing Initiative
(11), which included the Committee for Boston Public Housing, Boston Housing Authority,
and research partners at Harvard School of Public Health, Tufts School of Medicine and the
Boston University School of Public Health. In this CBPR project, we aimed to provide
evidence-based research results in order to encourage residents living in Boston public
housing developments engaging in a community-wide IPM program with the intention to
improve their health and quality of life, as well as household conditions. We utilized
environmental exposure assessment and biomarker tools in this study to quantitatively
assessing the changes in residential pesticide exposure in young children before and after the
IPM program, similar to an approach reported earlier (9). In this paper, we reported results
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of characterizing important exposure pathways for pesticides used in the pest control
application in selected households prior to the implementation of a community-wide IPM
program in this specific low-income public housing development in Boston.

Method
Subject Recruitment

We recruited 20 families with young children living in one of the Boston public housing
developments in which conventional pesticide-based pest control application was being
employed as of March 2011. The eligibilities for participating in this study included: (1)
family with a child ages of 3 to 11 at the beginning of the study, (2) the child was not
currently on regular medications, (3) the child spent greater than 80% nights per week at this
home, and (4) families and their children were willing to participate in the study for a period
of 3 years. Families were recruited through letters, flyers, and by direct personal contact of
community management personnel. Adult family members and their child were consented
prior to the initiation of data/sample collection. Families were reimbursed for their time and
effort with monthly gift cards for 6 consecutive months to local supermarkets of their
choosing. The use of human subjects in this study has been approved by IRB at Harvard
School of Public Health (Protocol #18075).

Subject Participation
We collected environmental (indoor air and surface wipes) and biological (urine and saliva)
samples from participants and their households before and after the implementation of an
Integrated Pest Management (IPM) program. During the first month of the 6-month pre-IPM
sampling phase, we collected surface wipes and indoor air on Day 1. We also collected spot
urine, saliva, and 24-hr duplicate foods (fresh produce and juices) samples in which parents
or caregivers of the children were asked to assist in collection. We only report results from
questionnaire and the environmental samples (air and wipe) in this paper.

Wipe and Indoor Air Sample Collection and Preparation
We collected wipe samples of the living room floor, child’s bedroom floor, and kitchen
countertop from an area (30cm × 30cm) uncovered by furniture or rugs and likely to be
encountered by a child. All floor coverings in the households were vinyl tile. Two 3”× 3”
sterile cotton gauze pads wetted with a mist of isopropanol (about 2 ml) were used to wipe
the designated area with three sequential vertical and horizontal strokes, respectively. After
wiping, gauze pads were placed in the same jar, transported in a chilled cooler, and upon
return to the lab were stored at −20°C until analysis.

We also collected one 24-hour indoor air sample from each family (set up in the living
room) by using a high-volume sampling pump (drawing 70 liter/min of air) connected to a
glass cartridge with 3 3.5-cm diameter polyurethane foam (PUF) plugs. Upon the
completion of air sampling, the glass cartridges with PUFs in them were capped, transported
in chilled coolers, and then stored at 4°C until processing in the lab. The first two PUFs
were placed in a jar, supplemented with 2 ml of acetyl nitrite and stored at −20°C until
extraction. The third PUF, used as the breakthrough sample, was placed in a separated jar
and then stored at −20°C. The third PUF samples would not be analyzed unless the
corresponding samples (the 1st and 2nd PUFs) contained excessive amount of pesticides.

Laboratory Analysis
Wipe (gauze pad) and air (PUF) samples were thawed to room temperature and then known
amounts of mixed internal standards were added, including D6-dichlorvos, D10-diazinon,
and D6-trans-permethrin before extraction. Sixty-milliliter (mL) of ethyl acetate was added
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into each sample bottle and the bottle was shaken for 30 minutes on a shaker table at high
speed. This procedure was repeated with an additional 60mL of ethyl acetate. Ethyl acetate
from the extractions were combined (approximately 120 mL) and evaporated to near dryness
at 40°C under gentle nitrogen in a TurboVap evaporator. The extract of the gauze pad
sample was reconstituted with 0.4 mL of ethyl acetate and then transferred to an auto-
sampler vial for GC-MS analysis. The extract of PUF samples was reconstituted with 0.8
mL of ethyl acetate and toluene (3:1 by volume), and then transferred to a 2-mL dispersive-
SPE centrifuge tube (Agilent Technologies, Santa Clara, CA), which contained 150mg of
MgSO4, 50 mg of primary and secondary amine exchange materials (PSA), 50 mg of C18,
and 7.5 mg of graphite carbon (GCB) for cleanup. The d-SPE tube was vortexed for 1
minute, and then centrifuged at 7500 rpm for 5 minutes. Four hundred-microliter (µL) of
supernatant was transferred into an auto-sampler vial for GC-MS analysis.

A total of 10 pyrethroids and 8 organophosphates (OP) were separated and identified using
an Agilent 6890 gas chromatograph coupled with an Agilent 5973 mass selective detector
(MSD) (Table 1). One microliter of sample was injected in splitless mode. The injection
inlet temperature was kept at 270°C. Pesticides were separated through a 30 m × 0.25 mm
DB-5ms column. The oven temperature program was started and held at 60°C for two
minutes, ramped to 180°C at 25 °C/min and held at 180°C for 4 minutes, then ramped to 250
°C at 10 °C/min and held for 4 minutes, then to 270°C at 3 °C/min and held for 4 minutes,
and finally to 300°C at 20 °C/min, plus 3 minutes post-run at 300°C. The carrier gas was
helium and the flow rate was constantly at 1.2 mL/min. The MSD was kept at 230 °C for
source, 150°C for quad, and 280 °C for Aux-2 temperatures. One quantitation ion and two to
three confirmation ions were monitored for each chemical using selected ion mode (SIM).
Targeted pesticides were identified based on the quantitation ion, confirmation ions and
retention time, while the concentrations were quantified based on the quantitation ion only.
Blank quality control (QC) samples were prepared by adding internal standards into brand
new gauze pads and PUF, and then followed the extraction steps described above. Blanks
contained trace level (<1 ng per analysis) of bifenthrin, allethrin, tefluthrin, and chlorpyrifos,
and 19 ng of resmethrin per analysis. The quality assurance (QA) samples were prepared by
fortifying blank gauze pad and PUF samples at two levels, 50 and 500 ng/sample, along with
the internal standards to determine the overall recoveries of pesticides (Table 2). The final
concentrations were calculated using linear regression generated from a 10-point external
calibration curve, and were corrected by blank levels and the recoveries generated from
matrix-spiked calibration standards.

Results
The sample collection started in late August 2010 and ended in early April 2011. The
demographics of all families living in this particular low-income public housing
development in Boston are shown in Table 2. A total of 720 families (1,880 household
members) lived in this development as of January 1st 2012. The population of adult and
children is 1,097 (58.3%) and 783 (41.7%) respectively, with the average household size of
2.6 persons and the average annual household income of $17,823. We enrolled 20 children,
10 males and 10 females, ages 3–11 and their families in this study (Table 3). In total, we
collected 20 24-hr indoor air and 60 (3 per household) wipe samples. In addition, Table 3
also shows the results abstracted from the questionnaire in relation to household
characteristics and hygienic practices that are relevant to either pest sighting or residential
pesticide uses.

Among the pesticides targeted for analysis, 6 pyrethroids and 5 OP pesticides were found
with quantifiable levels in the surface wipe samples (Table 4). The most commonly detected
pyrethroids are permethrin (both cis- and trans-isomer) with 38% frequency of detection,

Lu et al. Page 4

Environ Sci Technol. Author manuscript; available in PMC 2014 February 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



followed by cypermethrin with 24% frequency of detection. Although cypermethrin was less
frequently detected than permethrin, its average concentration in wipe samples was
approximately 1.5 times higher than permethrin (3.87 vs. 2.47 µg/m2). Allethrin, fenvalerate,
cyhalothrin, and fenpropath were only detected at 2–5% frequency of detection in those
wipe samples. The most commonly detected OP was fenthion with 24% frequency of
detection, followed by chlorpyrifos with 7% of samples detected. Diazinon, mevinphos, and
phosmet were detected at 2–3% frequency of detection. The levels of OP pesticides found in
the wipe samples (all below 0.01 µg/m2), however, are significantly lower than those of
pyrethroids.

Among the 20 families, surface wipe samples collected from 3 families contained no
detectable pyrethroids or OP residues. Samples collected from 3, 9, and 5 families contained
1, 2, and 3 different pyrethroids residues, respectively. We found that the living room was
the most contaminated area in the homes with 15 of 20 wipe samples collected from living
room floor containing detectable pyrethroids residues, and 3 of these 15 wipe samples
containing multiple pyrethroids (Figure 1). The bedrooms where children slept were also
commonly contaminated, as 14 of 20 wipe samples contained detectable pyrethroids
residues. One wipe sample collected from bedroom floor contained multiple pyrethroids
residues. The kitchen area was less contaminated by pyrethroids in which 8 of 20 wipe
samples collected from the counter area contained detectable pyrethroids residues, and 2 of
those 8 wipe samples contained multiple pyrethroids.

We found 5 pyrethroids and 3 OPs in the 20 indoor air samples that we collected from each
household in the living room area over a 24-hour period (Table 5). Tefluthrin was the most
commonly detected pyrethroids (40% detection frequency) with the average concentration
of 0.06 ng/m3 in the indoor air samples. Cyhalothrin was the other pyrethroids that we
detected (10%), however, its average concentration of 0.52 ng/m3 was 9 times higher than
tefluthrin. Diazinon was detected in 14 samples (70%) with the average concentration of
0.59 ng/m3, followed by chlorpyrifos at 40% detection with the average concentration of
0.33 ng/m3. Indoor air samples collected from 10 families contained more than 1 pesticide,
and among them, one indoor air sample contained 5 pesticides, allethrin, cyhalothrin,
tefluthrin, chlorpyrifos, and diazinon at the levels exceeding the respective average
concentrations of each pesticide.

During the initial home visits, we scored three homes that are high on the level of visible
trash, household cluttering, and have poor overall housekeeping conditions by visual
inspections (Table 3). These three families not only have pesticide residues above the
median levels in the areas that we sampled but their households were also contaminated by
multiple pesticides. The other two families have either a high level of visible trash or
household cluttering, but the degree of household pesticide contamination was less than that
of the three families.

Discussion
This study was conducted in response to the concern of many families living in Boston
public housing developments in which they ranked the issue of pest infestation, pesticide
uses, and pest allergens as their second concern, following by the fear of public safety, or
crime. Similar concern of excessive pesticide use and the subsequent exposures have been
reported as common risk factors that affect low-income housing residents' health (2).
Therefore, we conducted this community-based participatory research (CBPR) study in
collaboration among Boston Housing Authority, Committee for Boston Public Housing, and
Harvard School of Public Health aiming to characterize the magnitude of residential
pesticide exposures among young children living in Boston public housing developments

Lu et al. Page 5

Environ Sci Technol. Author manuscript; available in PMC 2014 February 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



prior to the implementation of a community-wide integrated pest management (IPM)
program.

Since the phase out of several OP pesticides for residential uses in early 2000 by US EPA
(18), pyrethroids as a group have become the most commonly used pesticides in residential
settings, as reported by recent studies (3, 12, 16–18). Among the 63% of child care centers
reporting pesticide applications in a recent study, pyrethroids were the most commonly used
pesticides, and the frequency of pesticide applications in each center ranged from 1 to 107
times annually (16). In a study conducted by the Columbia Center for Children’s
Environmental Health (3), researchers reported that among pesticides in various
formulations, pyrethroid insecticides were the most common pesticide class as the spray
formulation, and permethrin was the most common pyrethroids used by families living in
inner communities in New York City. Regardless, all recent studies including ours
continued to measure chlorpyrifos and diazinon (and few other OPs) in the indoor
environment (via floor wipes or indoor air). The plausible explanation for this finding is that
although OPs are considered non-persistent pesticides, the combined characteristics of semi-
volatility of OPs and the repetitive applications over time that allow OP pesticides to
accumulate in a reservoir in the indoor environment that later to be gradually released to the
confined environment. The presumed lack of significant degradation pathways in the indoor
environment also contributes to the persistent problem. The good news is that the levels of
OP residues in indoor environment that were measured appear to be decreasing over the
years.

The results from this study reinforced the evidence that many families living in public
housing developments are constantly in battle with pest problems. More than 80% of
families self-reported sighting pests inside their homes on a regular basis, and during the
first home visits, we observed either live pests or pest debris in 9 out of 20 family’s homes
(Table 3). The frequent sighting of pests would likely lead to additional pesticide
applications, either by families themselves or via the contracted professional pest control
applicators, and consequently pesticide contamination in their households. Even with
repeated pest control applications within the public housing developments, we still observed
either live pests or pest debris during our first home visit prior to the beginning of sample
collections (Table 3).

The hygienic conditions of the household, as assessed by the maintenance level, visible
trash, and the degree of cluttering, are correlated with the degree of household pesticide
contamination, as measured in the floor wipes and indoor air samples. During our visual
inspection at the initial home visits, we found several families not only have pesticide
residues above the median levels in the areas that we sampled but their households were also
contaminated by multiple pesticides. The correlation among household hygienic conditions,
the sighting of live pests/pest debris, and the degree of indoor pesticide contamination
indicated frequent pesticide uses, but also highlighted the failure of conventional chemical-
based applications for pest controls. Regardless, none of the 20 families was free from
pesticide contamination in their households. We found 17 of 20 families contain
dislodgeable pesticide residues on the floor or kitchen counter surfaces that children may
often come into contact, and 19 of 20 families contained detectable pesticide levels in the
indoor air sample. Although we found that the living room and the child’s bedroom floor
were more contaminated (Figure 1), compared to the counter surface in the kitchen, this
finding however, is not inconsistent with a previous report in which similar pesticide
contamination levels were found in living room and kitchen (12).

Unlike earlier studies in which efforts were made to quantify only OP pesticide residues in
the homes of children (4, 5, 7), recent studies that are relevant for comparison to our present
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study focused on residential exposure to a broad range of pesticides. Quandt et al. (15)
assessed farmworkers’ children’s exposures to a variety of pesticides used in agriculture, as
well as in homes in North Carolina and Virginia. They reported fifteen different pesticides
were measured (with average concentrations) in floor wipe samples including esfenvalerate
(30 µg/m2), chlorpyrifos (9 µg/m2), diazinon (14 µg/m2), cis-permethrin (27 µg/m2) and
trans-permethrin (38 µg/m2). Among all pesticides detected by Quandt et al. (15),
permethrin and chlorpyrifos were the two most commonly detected in floor wipe samples
with the frequencies of detection at 93% and 78%, respectively. The prevalence of
permethrin and chlorpyrifos found in farmworker’s homes is consistent with studies
conducted in urban public low-income housing units. A previous study aimed to investigate
the magnitude of pesticide contamination was conducted in Boston public housing dwellings
(12). Wipe samples taken from vinyl floor surfaces in both living room and kitchen area
showed multiple pyrethroids and OP residues including chlorpyrifos, diazinon, cyfluthrin,
cyhalothrin, cypermethrin, deltamethrin, esfenvalerate, permethrin, and tetramethrin.
Overall, the median levels for all pesticides detected in the wipe samples ranged from 0.3 to
8.2 µg/m2, and chlorpyrifos and permethrin were again the two most commonly detected
pesticides in the wipe samples with the detection frequency of 100% and 93% for both
pesticides in kitchen and living room floor, respectively. The levels of pyrethroids and OPs
reported by Julien et al. (12) were significantly lower than those by Quandt et al. (15) but
consistent with those reported in the current study.

A collaborative study among the U.S. Department of Housing and Urban Development
(HUD), the U.S. Consumer Product Safety Commission, and U.S. Environmental Protection
Agency (EPA) was conducted to measure indoor pesticide contamination as the result of
pest control applications in child care centers across the United States (16). Wipe samples
collected from indoor surfaces (floors, tabletops, desks) contained chlorpyrifos (0.004−28
ng/cm2), diazinon (0.002−18 ng/cm2), cis-permethrin (0.004−3 ng/cm2), and trans-
permethrin (0.004−7 ng/cm2) with the frequency of detection greater than 67%. Those
pesticide levels measured in the wipe samples showed no regional difference in child care
centers across the nation. Another similar collaborative study conducted by two federal
government agencies, HUD and EPA was designed to measure lead, allergens, and
insecticides in randomly selected nationally representative samples of 1,131 residential
homes (17). Wipe samples from hard floor surface were collected from a subset of 500
randomly selected homes. The most commonly detected pesticides in those 500 homes were
permethrin (89%), chlorpyrifos (78%), chlordane (64%), piperonyl butoxide (52%),
cypermethrin (46%), and fipronil (40%). Similar to our study reported here in which the
concentrations varied widely among pesticides, and the most commonly detected
pyrethroids were trans-permethrin and cypermethrin. However, the reported mean
concentrations for trans-permethrin (2.22 ng/cm2) and cypermethrin (2.9 ng/cm2) were
significantly higher than the levels that we report here (2.47 and 3.87 µg/m2 for permethrin
and cypermethrin, respectively).

The results from the current and previous studies have collectively shown that most non-
carpeted floor surfaces in homes have detectable levels of common insecticides that are used
mainly for pest control purpose. Those residues would pose significant risks of exposure
because of the ease with which they are transferred to skin after contact and their close
proximity to the residents. Studies have clearly demonstrated the continuum of available
sources of exposures in the indoor environment, uptakes by the individuals, and the
subsequent health outcomes (3, 5, 19–25). In addition to the concern for human exposure
and health outcomes, these studies have suggested that the chemical-based pest control
applications do not appear to be effective in eliminating the pest infestation problems in a
sustainable manner. Despite the fact that repeated indoor pesticide applications are often
required as reported here and in previous studies (16, 17), the sighting of pests in the
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dwellings is still common. Traditional pest control in low-income multi-family public
housing usually consists of an initial ‘flush out’ (the intensive use of pesticides and other
harsh chemicals) followed by periodic sprayings that only eliminates pests for the short
term. As a result, it is often the toughest pests that survive, or bear the resistance to
pesticides/chemicals. In desperation, residents often take pest control into their own hands
and resort to the excessive use of over-the-counter products, as well as the use of restricted
and illegal pesticides (e.g. Chinese chalk, a highly concentrated form of pyrethroid
insecticide). A vicious cycle of frequent application with excessive amount of pyrethroids
would only worsen the resistance issue in many common pests (26, 27). The results from
studies conducted in low-income public housing, child care centers, and randomly selected
homes in the U.S. should accentuate the need for alternative pest management programs that
incorporate safer and more sustainable protocols for pest controls.

The most significant limitation of this study was the involvement of small numbers of
families, which is mainly due to the lack of resources to support a large scale of study. In
addition, the attrition of study participants during the first 6-month sampling period might
affect the outcomes of IPM assessment. We were unable to stay in contact with two families
during the 1st month, and one family after the 5th sampling month because they moved out
of the public housing development. According to the study protocol, we replaced those lost
families with three new families/children matched by gender, age, and race, to those that
dropped out from the study. Since we had no prior knowledge of whether these 3 replaced
families bear the identical household characteristics (such as indoor pest infestation issue)
and hygienic practices (e.g. residential pesticide uses) to the families that we lost contact
with, the inclusion of these new families may affect the outcomes of IPM assessment.

In conclusion, the data reported here indicate that children living in low-income public
housing may have been exposed to higher pyrethroids in their households than those
attending the child care centers. Our findings of the prevalence of OP and pyrethroids uses
in these urban low-income public housing units are consistent with other studies (1, 2, 7, 9,
12). The presence of OP pesticides in the households years after the discontinuation of the
availability for uses in residential environment highlights the risk of exposure to the
occupants stemming from prior frequent indoor applications. This study is part of our
ongoing CBPR efforts aiming to mitigate residential pesticide exposures in children living in
low-income public housing dwellings by implementing an integrated pest management
(IPM) program at the community-level. We will report the effectiveness of the IPM program
in reducing residential pesticide exposures in children in future publications.
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Figure 1.
The comparison of three most commonly detected pesticides, permethrin, cypermethrin and
fenthion, in boxplots measured in wipe samples collected from bedroom floor, living room
floor, and kitchen counter.

Lu et al. Page 11

Environ Sci Technol. Author manuscript; available in PMC 2014 February 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lu et al. Page 12

Ta
bl

e 
1

T
he

 q
ua

lit
y 

as
su

ra
nc

e 
da

ta
 f

or
 p

yr
et

hr
oi

ds
 a

nd
 o

rg
an

op
ho

sp
ha

te
 (

O
P)

 p
es

tic
id

es
 th

at
 a

re
 d

et
ec

te
d 

in
 th

e 
fl

oo
r 

w
ip

e 
an

d 
in

do
or

-a
ir

 (
PU

F)
 s

am
pl

es
.

P
es

ti
ci

de

P
U

F
W

ip
e

R
ec

ov
er

y 
E

ff
ic

ie
nc

y 
(%

)
R

ec
ov

er
y 

E
ff

ic
ie

nc
y 

(%
)

N
am

e
V

ap
or

P
re

ss
ur

e 
(P

a)
1

50
 n

g/
sa

m
pl

e
(n

=4
)

50
0 

ng
/s

am
pl

e
(n

=4
)

50
 n

g/
sa

m
pl

e
(n

=4
)

50
0 

ng
/s

am
pl

e
(n

=4
)

P
yr

et
hr

oi
ds

A
lle

th
ri

n
0.

16
 ×

 1
0−

2
10

0
10

3
13

9
60

B
if

en
th

ri
n

2.
4 

×
 1

0−
5

10
3

10
2

12
9

91

C
yf

lu
th

ri
n

1 
–8

.5
 ×

 1
0−

8 
2

94
11

6

C
yh

al
ot

hr
in

1 
×

 1
0−

6
98

10
0

11
2

C
yp

er
m

et
hr

in
1.

9 
×

 1
0−

7
11

7
12

3

Fe
nv

al
er

at
e

1.
9 

×
 1

0−
5

97
12

4

Pe
rm

et
hr

in
-c

is
2.

5 
×

 1
0−

6
12

5
11

4
13

6
10

5

Pe
rm

et
hr

in
-t

ra
ns

1.
5 

×
 1

0−
6

14
0

11
7

10
9

R
es

m
et

hr
in

<
 1

 ×
 1

0−
5

12
8

10
7

90

T
ef

lu
th

ri
n

8 
×

 1
0−

3
97

97
11

0
81

T
et

ra
m

et
hr

in
9.

4 
×

 1
0−

4
11

2
10

2
91

O
P

s

C
hl

or
py

ri
fo

s
2.

5 
×

 1
0−

3
10

2
10

1
11

7
86

D
ia

zi
no

n
1.

9 
×

 1
0−

2
10

4
97

12
7

84

Fe
nt

hi
on

5.
3 

×
 1

0−
3

11
2

10
6

14
4

86

M
al

at
hi

on
5.

3 
×

 1
0−

3
14

4
10

9
10

7

M
ev

in
ph

os
0.

4
13

0
10

7
11

0

Ph
os

al
on

e
6.

7 
×

 1
0 

−
5

13
3

13
8

Pi
ri

m
ph

os
-e

th
yl

3.
9 

×
 1

0−
2

10
0

99
11

5
83

Pi
ri

m
ph

os
-m

et
hy

l
1.

5 
×

 1
0−

2
10

4
10

0
11

2
80

1 V
ap

or
 p

re
ss

ur
es

 w
er

e 
de

te
rm

in
ed

 a
t t

em
pe

ra
tu

re
s 

ra
ng

in
g 

fr
om

 2
0 

– 
30

°C
 (

In
te

rn
at

io
na

l P
ro

gr
am

m
e 

on
 C

he
m

ic
al

 S
af

et
y.

 A
va

ila
bl

e 
at

: h
ttp

://
w

w
w

.in
ch

em
.o

rg
/)

.

Environ Sci Technol. Author manuscript; available in PMC 2014 February 19.

http://www.inchem.org/


N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lu et al. Page 13

Ta
bl

e 
2

T
he

 d
em

og
ra

ph
ic

s 
of

 f
am

ili
es

 li
vi

ng
 in

 o
ne

 o
f 

th
e 

B
os

to
n’

s 
pu

bl
ic

 h
ou

si
ng

 d
ev

el
op

m
en

ts
 in

 B
os

to
n,

 M
as

sa
ch

us
et

ts
.

R
A

C
E

H
is

pa
ni

c
N

H
 B

la
ck

N
H

 W
hi

te
A

si
an

A
m

. I
nd

ia
n

O
th

er

N
o.

 o
f 

Fa
m

ili
es

1
1,

00
2 

(5
3%

)
78

4 
(4

2%
)

60
 (

3%
)

30
 (

2%
)

2 
(0

.1
%

)
2 

(0
.1

%
)

A
G

E
0–

6
7–

13
14

–1
7

18
–2

4
25

–5
0

> 
50

N
o.

 o
f 

Fa
m

ili
es

1
26

5 
(1

4%
)

34
3 

(1
8%

)
17

5 
(9

%
)

22
6 

(1
2%

)
49

6 
(2

6%
)

37
5 

(2
0%

)

H
O

U
SE

H
O

L
D

 I
N

C
O

M
E

<$
4,

99
9

<$
9,

99
9

<$
14

,9
99

<$
19

,9
99

<$
24

,9
99

>$
25

,0
00

N
o.

 o
f 

Fa
m

ili
es

1
47

 (
7%

)
21

9 
(3

0%
)

15
7 

(2
2%

)
10

3 
(1

4%
)

66
 (

9%
)

12
8 

(1
8%

)

IN
C

O
M

E
 S

O
U

R
C

E
C

hi
ld

 c
ar

e
E

m
pl

oy
m

en
t

S.
S.

2
T

A
N

F
3

U
ne

m
pl

oy
m

en
t 

be
ne

fi
ts

O
th

er

N
o.

 o
f 

Fa
m

ili
es

1
68

 (
9%

)
28

6 
(4

0%
)

48
6 

(6
8%

)
13

8 
(1

9%
)

26
 (

4%
)

59
 (

8%
)

L
A

N
G

U
A

G
E

 S
P

O
K

E
N

Sp
an

is
h

E
ng

lis
h

C
hi

ne
se

O
th

er
U

nk
no

w
n

N
o.

 o
f 

Fa
m

ili
es

1
26

3 
(3

7%
)

25
8 

(3
6%

)
5 

(1
%

)
29

 (
4%

)
16

5 
(2

3%
)

1 Pe
rc

en
ta

ge
s,

 in
 p

ar
en

th
es

es
, o

f 
ov

er
al

l f
am

ili
es

 li
vi

ng
 in

 th
is

 p
ar

tic
ul

ar
 p

ub
lic

 h
ou

si
ng

 d
ev

el
op

m
en

t.

2 So
ci

al
 S

ec
ur

ity
.

3 T
em

po
ra

ry
 A

ss
is

ta
nc

e 
fo

r 
N

ee
dy

 F
am

ili
es

 p
ro

gr
am

Environ Sci Technol. Author manuscript; available in PMC 2014 February 19.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lu et al. Page 14

Table 3

The demographics and household characteristics of children and their families participating in the study.

Demography No. (%)

Ethnicity Non-Hispanic Black 7 (35)

Hispanic Black 5 (25)

Non-Hispanic White 1 (5)

Hispanic White 7 (35)

Gender Female 10 (50)

Male 10 (50)

Age 3–5 6 (30)

6–8 9 (45)

9–11 5 (25)

Residence in current home Less than 5 years 13 (65)

Greater than 5 years 7 (35)

Pest sightings inside home – self reported

 Any pest in last 3 months 17 (85)

 Any pest in last month 17 (85)

 Any pest in last week 16 (80)

Pesticide applications – self reported

 On pets (at home) 5 (25)

 Within last 3 months of first visit 17 (85)

 Within last month 8 (40)

 Within last week 3 (15)

 Products used by professional pest control

  Sprays 5 (25)

  Traps or gels 16 (80)

  Other 2 (10)

Other exposure characteristics

One or more family members contacting pesticides in workplace 1 (5)

Child washes hands before eating No 1 (5)

Yes 19 (85)

Child puts hands in mouth No 6 (30)

Yes 14 (70)

Child uses personal bug repellant No 17 (85)

Yes 3 (15)

Home characteristics observed by research staff during the first visit

Live pests or pest debris 9 (45)

Level of visible trash/clutter

  Low 11 (55)

  Medium 5 (25)
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Demography No. (%)

  High 4 (20)

Overall condition/maintenance level of residence (housekeeping)

  Good 10 (50)

  Fair 5 (25)

  Poor 5 (25)
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