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[Abstract:

~

Five decades after the US approval of the commercial use of leaded petrol, the US EPA began
a phasedown of leaded petrol to prevent spoiling catalytic converters, mandatory on all new US
cars in 1975. With prompting by citizens and the Minnesota legislature, the US Congress required
the US EPA to enforce a rapid phasedown on 1 January 1986 until the final ban of leaded petrol
for highway vehicles on 1 January 1996. This article reviews the outcomes of curtailing leaded
petrol on the temporal and spatial changes of pediatric blood Pb and soil lead (Pb) in
metropolitan New Orleans and beyond. In 2001, a soil Pb survey was completed for all census
tracts of metropolitan New Orleans. In 2006, after major flooding by Hurricane Katrina, a
preliminary survey of 44 census tracts showed that the median soil Pb and children’s median
blood Pb decreased across flooded and unflooded communities. In June 2017 a second survey
was completed in all census tracts. Evaluation of pediatric blood Pb and soil Pb in matching
census tracts (N=274) confirmed that curtailing leaded petrol diminished children’s exposure and
concurrently reduced soil Pb. The concurrent temporal and spatial declines of children’s exposure
and soil Pb were also observed in the Detroit Tri-County Area of Michigan. Curtailing leaded
petrol was gradually accepted, and on 30 August 2021, 35 years after the US EPA phasedown,
leaded petrol was banned by all nations. Eliminating leaded petrol was an essential step for
primary Pb prevention of pediatric exposure and improving community health. Continuing
efforts are required to reduce legacy-soil Pb that persists disproportionately in traffic congested,
older, inner-city, urban areas, and other communities subjected to large inputs of Pb aerosols.

Keywords: blood lead decline; Cochrane collaboration; soil lead decline; mapping soil lead and
blood lead; pediatric and community health; tetraethyl lead; leaded petrol lead aerosol

/

Prologue. If a community is safe for children, then it is safe for everyone. Anonymous public
health professional, working to replace play area soil at a childcare center in Stockholm, Sweden.
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1. Introduction

The World Health Organization reported
in 2014, that over half, 54.6%, of the world
population lived in cities, up from 34% in
1960'.  Urban  environments  require
systematic, longitudinal research to ensure
human safety and environmental
sustainability. Long-term studies are often
conducted to comprehend the impact of cities
on ecosystems. However, analyses of
governmental policy on the resilience and
sustainability of cities as human habitats are
less common?. Lead (Pb) is an imperceptible
and persistent toxicant. Lead aerosols,
because of their small particle size (< 2.5
pm), when inhaled are a major risk factor to
all cells and the cause of many ailments,
including chronic neurological and cardio-
vascular diseases in every age group®®.

In 1980, the National Academy of
Sciences published a report, Lead in the
Human Environment, that included a chapter
by Clair Patterson that began, “Sometime in
the near future it probably will be shown that
the older urban areas of the United States
have been rendered more or less
uninhabitable by the millions of tons of
poisonous industrial lead residues that have
accumulated in cities during the past century.
Babies are more susceptible...than are
adults®”.

Patterson’s  forebodings about Pb
contamination were partly confirmed a few
years later by an urban soil study which found
an extreme disparity between the soil lead
(SPb) in the inner-city compared to outer
communities of metropolitan Baltimore,
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Maryland®®. Subsequent studies in residential
communities of Minnesota advanced the
science by demonstrating a strong association
between SPb and children’s blood Pb (BPDb)
in the context of city size and community
location of within cities!!. The studies of SPh
and BPb by community confirmed
Patterson’s premonitions.

The petrol additive tetraethyllead (TEL)
was an especially potent source of Pb
contamination in cities. TEL was introduced
into commerce in the mid-1920s'2. Its use
became almost universal by 1950. Figure 1
shows the tonnages of Pb from vehicle use in
North  America and Europe grew
exponentially through the 1950s, ‘60s, ‘70s,
and peaked in 19758, An estimate of
quantities of aerosol Pb from TEL in the U.S.
was 6 million tonnes with about 10,000
tonnes deposited in New Orleans'*. The
aerosol inputs of Pb-dust varied according to
traffic flow and congestion with the
automobile acting as a toxic substance
delivery system. Traffic-associated TEL
emissions caused a public health disaster that
became international in scope®®?®,

In 1975 catalytic converters became
mandatory on all new cars. TEL usage
declined substantially after the introduction
of catalytic converters, a pollution control
device, necessitated the removal of Pb
additives to prevent catalyst damage®’.
Realizing slow progress in the 1980s, the
EPA implemented the rapid phase-down on 1
January 1986 which continued until the final
ban of most leaded petrol for highway use
(see Figure 1). This advanced primary
prevention.
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Figure 1. Rise and fall of lead aerosol deposition in Arctic ice before and after the 1975 introduction
(red line) of unleaded petrol to protect the catalytic converter, modified from Krachler et al®®. The stall
in reduction in the US occurred in around 1982. Note that in Europe declines followed the US.

Inthe US, TEL is a legal product and still
used in aviation gas or LL100 avgas
(containing 0.56 g Pb per L) for piston engine
aircraft. The US EPA estimates that avgas
accounts for over 60% of the current Pb
aerosol in the US™1°. An outcome of avgas
is that BPb is higher for children living within
0.5-1 km of airports where avgas is used
compared with children living 1 km beyond
these airports?. Particularly concerning is the
fact that all grades of leaded and unleaded
petrol are transported through the same
pipelines. To protect petroleum industry from
liability due to Pb contamination of unleaded
fuel, an allowable amount of TEL is
permitted in unleaded petrol.

Current US CDC intervention efforts
take place after individual children are
identified with elevated BPb. This approach
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is secondary, and while it was important for
this study, testing BPb is not primary
prevention?’. Cochrane Collaboration is an
internationally recognized organization for
evaluating the effectiveness of medical
interventions?®.  Cochrane  Collaboration
reviewed the outcomes of US intervention
methods which involve education and
housecleaning after children are identified as
Pb exposed. The review indicated that
education and household cleanup methods
are ineffective for treating Pb exposed
children. The review also noted that the effect
of SPb remediation and/or a combination of
actions on children’s exposure were not
reviewed because not enough data exists?.
We take exception to the lack of data. The
studies in Minnesota and New Orleans are
data-rich with community-by-community
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matching of SPb and pediatric BPb results. A
preliminary study on 44 representative New
Orleans communities showed positive effects
of curtailing leaded petrol by reducing SPb
and pediatric BPb?3%4,

The primary objectives of this
manuscript are to update the preliminary
study with up-to-date data about SPb and
pediatric BPb results, to review changes in
SPDb and children’s BPb in metropolitan New
Orleans after the cessation of Pb aerosols
from TEL additives in petrol for highway
use, and report on a test of the concurrent SPb
and BPb hypothesis beyond New Orleans.

2. Methods

Early New Orleans research was
conducted at Xavier University of Louisiana
from 1990 through April 2006. The research
was then transferred to Tulane University. An
initial SPb survey of 287 census tracts was
first completed for metropolitan New Orleans
in 1992, and it is not used in this study. The
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first survey used in this study was conducted
in 1998 - 2001 for metropolitan New
Orleans®. After Hurricanes Katrina and
Rita, an abbreviated survey of 44 census
tracts, illustrated in Fig. 2, performed as a
preliminary  study?®?*,  The  second
metropolitan New Orleans survey used in this
study was of 285 census tracts was completed
in 2017%. Two uncollected census tracts
were fenced off after Hurricane Katrina by
the US Department of Housing and Urban
Development (HUD) accounts for the
reduction from 287 to 285 census tracts. All
surveys were conducted using the 1990
census tract boundaries?’. Sections 2.1 — 2.6
describe protocols for the soil collection, soil
extraction and analysis, and quality assurance
and quality control procedures, along with
the blood Pb surveys, and statistical analyses.
The word  “community” is  used
interchangeably with “census tracts.”
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2.1. Census tract map of metropolitan New Orleans.
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Figure 2 shows with a red dot the location of the Main Post Office (MPO) and the 1990 census tract
boundary map used for the soil surveys. The 1998 — 2001 survey was completed on all 287 census
tracts. An abbreviated sampling of 44 census tracts was done after the 2005 Hurricane Katrina/Rita
flooding of New Orleans®?, There were only 285 census tracts available for sampling in the 2013 —

2017 survey as described above?®.

2.2. Soil Collection

The soil samples were collected from the
top 2-3 cm. For each census tract, 19 soil
samples from 4 residential locations were
systematically collected as follows: Within 1
m of residential roadsides (9 samples), within
1 m of busy streets (4 samples), within 1 m of
homes (3 samples), and from open spaces
away from homes and streets (3 samples)®.

2.3. Soil Pb Extraction and Analysis

The collected soils were air-dried and
sieved through a 2 mm mesh sieve
(ASTM#10 stainless steel sieve). The
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protocol for extraction was tailored to
manage large numbers of samples with
maximum efficiency using minimum dilution
and sample re-analysis in the following
manner: To overcome the alkalinity and
dilution issues, soil samples were extracted
with 1 M nitric acid at a 1/50 ratio (400 mg
soil plus 20 mL of 1M nitric acid) and shaken
for two hours®. The soil to acid ratio
maintained a low pH for extraction and
decreased the need for multiple sample
dilutions and reanalysis. The soil sample
extracts were analyzed by Inductively

https://esmed.org/MRA/mra/



https://esmed.org/MRA/mra/

Howard W. Mielke, et al.

Coupled-Atomic Emissions Spectrometry
(ICP-AES).

2.4. Soil Analysis Quality Assurance Quality
Control (QAQC)

National Institute of Standards and
Technology (NIST) traceable standards were
used for ICP-AES calibration verification.
Duplicate soil samples at a rate of 1 per
census tract (N=287 or 285 as described
above) were prepared and analyzed. In-house
reference soil samples were included during
analysis, and the SPb results for these were
consistent across the surveys. All soil survey
samples are archived at Tulane University.

2.5. Children’s Blood-lead Data

Blood Pb monitoring data were managed
by the Louisiana Office of Public Health’s
Louisiana Healthy Homes and Childhood
Lead Poisoning Prevention  Program
(LHHCLPPP).  The  children’s  BPb
monitoring program follows the protocols of
the US Centers for Disease Control and
Prevention (CDC) for collection, preparation,
and analysis of pediatric BPb?®?°, For each
survey < 6-year-old children’s blood samples
were collected by clinics throughout
metropolitan New Orleans and analyzed for
Pb. The BPb results were transferred to the
LHHCLPPP. Our lab obtained the BPb data
(unidentifiable as to individual children)
from LHHCLPPP and coded by census tract.
Of the 285 census tracts with matching SPb
in the two surveys, 274 census tracts had five
or more children with BPb results in the 2
surveys available for study. An elevated BPb
is defined as equal to or above the 2012
reference value of >5 pg/dL%. The pre-
Katrina BPb are from January 2000-August
2005 and the post-Katrina BPb are from
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2011-2016. The BPb data for metropolitan
New Orleans consists of 54,695 and 27,249,
respectively, for the two surveys?.

2.6. Statistical Analysis

The Multi-Response Permutation
Procedures (MRPP) are a group of distance-
based statistical tests that evolved from the
early work of R.A. Fisher’2, The model
does not assume any specific data
distribution, and the statistical model focuses
on the actual data (without transformations,
truncation, or other manipulation to
“normalize” the data). Furthermore, the
model treats data using ordinary Euclidian
geometric spaces®. The probability value (P-
value) associated with the MRPP is the
proportion of all possible test statistic values
under the null hypothesis that are less than or
equal to the observed test statistic of the
actual observations®*. Table 1 lists various
community characteristics and MRPP P-
values of the differences between near and far

distances for each characteristic. The Berry-
Mielke universal 3% (or Mielke’s %) was
calculated for the effect size between near

and far distances. In addition, Table 2 lists
Fisher’s exact test results of the probability
that SPb and BPb are associated for near vs.
far communities. Cramér’s V demonstrate the
strength of the effect size for Fishers exact
test 3L,

3. Results and Discussion
3.1. Spatiotemporal changes in soil Pb in
Metropolitan New Orleans.

Figure 3 shows the kriged census tract
median soil SPb for the two surveys census
during intervals of 13 — 18.8 years with a
median of 15.5 years (N = 274).
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Figure 3. Maps of the Kriged soil Pb for 285 census tracts in this study illustrate the spatial-temporal 1998
— 2001 vs. 2013 - 2017 SPb spatiotemporal decrease between surveys?.

3.2. Blood Pb relationship to soil Pb for two surveys in Metropolitan New Orleans
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Figure 4 is redrawn from the PNAS study?® and illustrates that BPb of children residing in the communities
surveyed in 2000-2005 (blue) were substantially higher than children’s BPb surveyed in the same
communities in 2011-2016 (red)?. The dark blue and dark red dots represent the near communities, and
the light blue and light red dots represent the far communities.
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As described in section 2.5, BPb was
collected by the Louisiana Office of Public
Health in cooperation with the CDC. The
children’s BPb results are a critical
component in the New Orleans studies
because they are matched with SPb results by
community in both surveys as shown in
Figure 4. The Y axis shows the median
children’s blood Pb in communities for 2000
— 2005 (blue) compared with communities
surveyed in 2011 — 2016 (red). The children’s
median BPb (Y axis) is paired with the
corresponding median SPb (X axis)?®. The
New Orleans’s children, through their BPb
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results are providing important information
about their response to SPb in their
immediate communities in the city.

Note that if pediatric BPb is below 100
mg/kg, then the curvilinear regression in both
2000-2005 (blue dots) and 2011 — 2016 (red
dots) show a steep increase of blood Pb. The
curvilinear relationship was first noted in an
earlier study*®. This result has bearing on the
safe amount of SPb for children living in New
Orleans. Most children are Pb safer when
they live in communities with < 40 mg/kg Pb.
Multiple characteristics are listed in Table 1
for New Orleans communities.

Table 1 lists data sorted by two distances, near and far, from the Main Post Office (MPO) for two
different time periods. See Fig. 2. The table lists community characteristics for area, population
density, SPb, children’s BPb, race, and income associated with each distance®’. The P-value
indicates differences while Mielke’s R is a measure of the effect size.

Dist. MPO Area Pop. White Black Other SPb BPb Household
2000 km km? km® % % % mg/kg pg/dl  Income US$
N Tracts (N) 147 147 147 147 147 147 147 147 147,
E Min. 0.0 0.1 294 0.0 0.9 03 35 30 4,621
A Med. 38 06 3,892 23.0 72.7 3.1 410 5.7 21,981
R Max. 6.2 6.4 15,527 97.4 995 248 1774 106 109,721
2015
Tracts (N) 147 147 147 147 147 147 147 147 146,
F ‘Minimum 6.2 05 22 0.0 0.0 0.0 6 2.1 16,250
A Med. 102 16 2,388 78.1 12.7 42 44 3.0 37,919
R Max. 20.9 18.8 6,476 98.7 100.0 215 237 50 146,158
P-value 25x10° 17x10% 14x10™"° 52x10™ 1.8x 707 43x10° 48x107% 21x10™% 24x10%
Mielke's % 0.425 0.143 0.127 0.130 0.138 0.028 0.349 0.411 0.149
2000
N Tracts (N) 143 143 143 143 143 143 143 143 141]
E Min. 0.4 0.16 307 0.0 0.4 0.0 16 1.0 8,738
A Med. 3.9 0.64 2,813 4058 515 4.4 187 2.1 30,917
R Max. 6.7 5.05 7,702 97.0 100.0 21.1 910 49 155714
2015
Tracts (N) 143 143 143 143 143 143 143 143 143
F Min. 6.7 0.46 98 0.0 0.0 0.0 6 05 18,114
A Med. 10.6 1.44 2,170 715 17.0 55 25 1.0 44,357
R Max. 20.9 18.65 6,900 99.4 100.0 24.9 127 33 161,250
P-Value 42x10™° 87x10% 12x10° 58x10° 20x107 0016 1.4x10°% 26x10%* 51x10°
Mielke's % 0.437 0.115 0.062 0.036 0.042 0.010 0.301 0.335 0.035
The relationships observed in two surveys of Metropolitan New Orleans, and

SPb and pediatric BPb, near and far distance
from the Main Post Office in the center of

Copyright 2021 KEI Journals. All Rights Reserved

socioeconomic variables are listed in Table 1.
The Mielke’s R effect size is strongest for
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distance in the case of SPb and BPb. The
effect sizes are weaker for the other variables
listed, as described in the following sections.
Toillustrate the data listed in Table 1, the raw
data is treated as described in published

research®’. The graphs transparently exhibit

the data and provides an opportunity for
independent evaluation. Section 3.3 displays

Medical Research Archives vol 9 issue 10. October 2021
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the effect of distance on SPb and BPb.
Section 3.4 illustrates the distribution by race
in near and far communities. The purpose of
the graphs is to visualize the raw data along
with statistical summaries for the 95%
confidence interval of the median.

3.3. Soil Pb and blood Pb and near and far distance from the center of the city.
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Figure 5. This graph summarizes median SPb (left panel) and median BPb (right panel) results for the
two surveys as a function of near and far distance from the center of New Orleans (defined as the Main
Post Office or MPQ). The left scale is SPb in mg/kg and the right scale is children’s BPb in pg/dL The
black bars show the 95% confidence interval of the median®"8.

Note the persistently higher quantities of
SPb in the near communities of the city
compared with far communities of the city.
Observe the extraordinarily high pediatric Pb
exposure in near communities in the 2000-
2005 compared to 2011 — 2016. During 2000
— 2005 the 95% confidence interval exceeded
the CDC reference value of 5 pg/dL. In 2011
— 2016, the 95% confidence interval of the
median was about 3 pg/dL and below the
CDC reference value. In both surveys the
differences between the near and far
communities remain consistent. In New
Orleans, SPb and BPb are a function of
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distance from the center of the city. For BPb,
the analytical sensitivity increased between
2000 - 2005 and 2011 - 2016%.

3.4. Race, soil Pb, and blood Pb as a function
of distance from the center of the city.

In addition to the associations between
SPb and BPb living at near and far distances,
there is also detailed public information
about the racial makeup of the residents
living in the near and far communities of
Metropolitan New Orleans®’. Descriptive
statistics include medians and ranges for near
and far communities are listed along with the

https://esmed.org/MRA/mra/



https://esmed.org/MRA/mra/

Howard W. Mielke, et al.

MRPP P-values and Mielke’s R effect size
results in Table 1.
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Figure 6 illustrates the data distribution for the White and Black populations living in near and far census
tracts by race in Metropolitan New Orleans. The x-axis is percent, and the y-axis is race (left side) and near
and far (right side) of the panels. The left panel is for 2000 and the right panel is for 2015. Each dot
represents the median percent for race by census tract®’. The graphs also include black bars for the 95%

confidence interval of the median as calculated from the raw data®.

Note that in the case of the White
population, the percent is lowest in the near
census tracts of the city and becomes
clustered at high percentages for the far
census tracts of the city. The percent Black
population is clustered in the near census
tracts of the city and only sparsely
represented in the far census tracts of the city.

The results show that predominantly
African-American communities, and
presumably their children, are located nearer
the center of the city where soil Pb is highest.
Also, the predominantly White population,
and their children, live in the far communities
of New Orleans where the SPb is lowest.

Copyright 2021 KEI Journals. All Rights Reserved

Table 1 and Figure 6 shows that the pattern
of SPb and BPb exposure in 2015 underwent
some moderation compared to the results
observed in 2000

In the 2000 survey the disparity was
largest between the high SPb communities
and percentage of Black residents compared
low SPb of communities with the highest
percentages of White residents. Although the
trend is attenuated in 2015 compared with
2000, the multiple pediatric and community
health issues associated with Pb exposure are
present®®. The racial disparity is alarming for
civil society®®. For example, the collective
personalities of adults are negatively
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influenced by the Pb exposures that occur
during childhood®.

Environmental justice is an important
issue in urban settings. The accumulations
and distribution of Pb in urban communities
is a systemic and structural part of
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environmental justice and racism in cities.
The disparity of SPb and BPb by
socioeconomic  characteristics must be
acknowledged before there are possibilities
of developing actions to  address
environmental justice

3.5 Fishers exact test P-values and effect size of the association between BPb and SPb.

Table 2 shows the results for Fisher’s exact test P-values of the associations between the
explanatory variable, soil Pb, and the dependent variable, blood Pb, for two surveys. There were
274 census tracts with matching SPb and BPb results for the 2001 and the 2017. This Table is
revised from Table 1 of the original publication®®. The P-values are extremely small, and the
Cramér’s V demonstrates the high degree of strength of the effect size.

1998 - 2001

BPb Census Tracts (N)

Med. 99 mg/kg N

HIGH SPb (-NEAR) 137 13
LOW SPb (~FAR) 137 124

< 3.6 pg/dL > 3.6 pg/dL  P-value
124

13 4.0x10™ 0.810

Cramér's V

2013 - 2017

BPb Census Tracts (N)

Med. 54 mg/kg N

HIGH SPb (~NEAR) 137 24
LOW SPb (~FAR) 137 110

The median SPb decreased from 99
mg/kg in 1998 — 2001 to 54 mg/kg in 2013 —
2017. Also, the median BPb declined from
3.5 pg/dL to 1.3 pg/dL during the interval
between the two surveys. The Fisher exact
test P-values are small (< 10%%) and the
Cramér’s V value indicates a strong effect
size between SPb and pediatric BPb
especially for 1998 — 2001 and smaller but
still a strong effect size for 2013 — 2017. Soil
Pb and pediatric blood Pb are concurrently
coupled. Also, the floods of metropolitan
New Orleans by Hurricanes in August and
September 2005, previously believed to a
major event that decreased SPb and BPb in
metropolitan New Orleans, is not as
important as suggested®. Community SPb

Copyright 2021 KEI Journals. All Rights Reserved

<13 pg/dL >1.3 pg/dL P-value

Cramér's V
113

27 1.6x1072° 0.628

and BPb in both flooded and unflooded
underwent the same concurrent decline of
SPb and pediatric BPb?.

If the extremely strong associations
between BPb and SPb described in Table 1
and 2, and observations displayed in Figures
3 — 6 are valid, then all larger cities are
expected to have a similar concurrent
spatiotemporal decline in SPb and pediatric
BPb. Fortuitously, a previous small 2001
survey provided an opportunity for a 2019
follow-up survey in the Detroit Tri-County
Area®, The results for the Detroit Tri-County
Area yielded the same of decline trends in
SPb and pediatric BPb as observed in
metropolitan New Orleans. As a result, we
conclude that curtailing Pb aerosols is

https://esmed.org/MRA/mra/
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strongly related to declines of SPb and the
continuing decreases of pediatric BPb 2640,

3.6. The US EPA January 1, 1986, rapid
phasedown of leaded petrol for highway use.

Figure 1 illustrates the rise and fall of Pb
aerosols in Arctic ice which are directly
related to lead aerosols from the use of leaded
petrol'®. The rapid decline of leaded petrol
stalled around 1982 when the US EPA
regulations were being relaxed. Based on
early SPb and BPb studies in Minneapolis*!,
a small group of citizens formed the
Minnesota Lead Coalition and brought the Pb
issue to the attention of state legislators. The
group persuaded the Minnesota legislature to
study the relationship between SPb and BPb
across the state. The results indicated that
pediatric Pb exposure depended on city size
and community where children lived!. The
legislature vote to ban leaded petrol in
Minnesota, but that proved to be legally
impossible. The federal government has
jurisdiction over the formulation of petrol. It
was illegal for the legislature to ban leaded
petrol in Minnesota. The next action by the
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Minnesota Legislature was to petition
Congress and the US EPA to ban leaded
petrol. A hearing was arranged by David
Durenberger US Senator of Minnesota for a
22 June 1984 hearing at the Capitol,
Washington D.C. The first author, HWM,
was invited to make the case for banning
leaded petrol on behalf of the Minnesota
Lead Coalition and the citizens of Minnesota.
A copy of the Hearing and testimony is
included in the references*’. Figure 7 is a
photograph taken at the hearing during the
testimony.

Supporting the testimony were comments
submitted to the US EPA from the Minnesota
Lead Coalition. The comments were drafted
by the late Patrick L. Reagan who undertook
the writing task®. In response to the Senate
hearing and comments, the US EPA
promulgated the regulations for the rapid
phasedown of leaded petrol to begin on
January 1, 1986. The rapid phase-down
regulation advanced the original 1996 date
for the US EPA ban on leaded petrol by ten
years.

samples near the base of the microphone.

https://esmed.org/MRA/mra/

Figure 7. Professor Howard W Mielke
testifying on behalf of the Minnesota Lead
Coalition on 22 June 1984 at the Airborne
lead reduction act of 1984 hearing before
the committee on environment and public
works, United States Senate*?. Note the soil
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To recapitulate, it may be audacious to
suggest that early SPb and BPb studies in
Minnesota sparked the global ban of leaded
petrol. However, the attention of the
Minnesota Legislature, under the leadership
of Representative Ann Wynia, set in motion
a study of SPb and BPb which demonstrated
that leaded petrol was an issue for Minnesota.
When the elected state lawmakers and
officials realized they could not legislate on
behalf of their own pediatric population to
protect them from Pb aerosols and
accumulated SPb in the Minnesota cities,
they petitioned Congress and the US EPA to
regulate on behalf of Minnesota citizens.
After the US EPA banned leaded petrol, and
with leadership from the UN, other nations
gradually acted to protect citizens from
leaded petrol. The process of banning of
leaded petrol took 35 years from the US EPA
rapid phasedown in 1986 to the final ban by
all nations in 2021%.

For example, China banned leaded petrol in
2000 and pediatric Pb decreased in cities
across the nation**. Algeria was the last
nation to end the use of leaded petrol and on
30 August 2021, and the United Nations
Environmental Programme hailed the global
ban of leaded petrol for highway use in all
nations*.

The removal of TEL from highway vehicle
petrol curtailed most of the Pb-dust inputs
into cities. The sharp decrease of Pb aerosols
had the immediate effect of reducing
children’s inhalation of Pb particles, with the
effect of rapid reduction BPb*3#6-%8, When Pb
aerosols declined, Pb deposition or Pb
loading of the topsoil also decreased.
Contaminated soil remains in residential
communities as a source of continuing Pb
exposure. The resuspension of soil sourced
Pb aerosols is supported by a Pb isotope study
conducted in London which found that Pb
isotopes in aerosols in the 21% Century are the
Pb isotopes found in petrol during the 20™
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Century®. On a seasonal basis, especially
during late summer and fall, soil moisture
becomes depleted and Pb particles become
prone to resuspension into the air, accounting
for BPb seasonality®®®. During winter
months, BPb trends are lower and during late
summer and fall BPb trends are higher®2-3,

After Pb aerosol deposition ceased, soils
had a reprieve. Pb particles infiltrate to
deeper soil horizons, accounting for a portion
of the decrease of Pb in topsoil of
metropolitan New Orleans communities.
Support for this process is found in a study of
Israel sandy soils along roadsides, and the
three-decades of research in the Vienna
Woods of declining atmospheric deposition
of metals and decreases in soil Pb and foliage
Pb at the study sites>*>°.

Topsoil ecosystems are teaming with
lifeforms and biological processes such as
bioturbation may explain topsoil Pb decreases
in flooded as well as unflooded New Orleans
communities®®®®, The influences of physical
and biological processes in urban topsoil
require additional research to understand the
ecological role by organisms to the resilience
and sustainability of urban soils?.

3.7. Legacy lead exposure and primary
pediatric lead prevention.

In New Orleans near-city communities
remain excessively contaminated from
previous Pb uses. Children continue to
experience excessive exposure to SPb as
shown in the data illustrated in Figures 3 — 6.
Lead exposure of children has dire long-term
societal effects after exposure®®®. These
studies support Patterson’s  prediction
because of excessive residues from industrial
use of Pb, cities have become too
contaminated for safe human habitation.
Grounded by the persistence of leaded petrol
and its remobilization as atmospheric
aerosols as shown in London*, active
cleanup of environmental sources such as

https://esmed.org/MRA/mra/
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SPDb is needed to prevent continued exposure
of children, especially in older inner-city
communities. In Norway, Rolf T. Ottesen
was a strong advocate for mapping SPb and
cleanup to prevent children’s Pb exposure®?.
Soil intervention projects are underway in
many cities to diminish urban Pb with
proactive, primary prevention processes to
reduce exposure to environmental sources
and benefits to community health®3-55,

Epilogue. The pediatric blood Pb and soil Pb
interventions support the prologue that if a
community is safe for children, then it is safe
for everyone. Conversely, if communities are
unsafe for children, then they are unsafe for
everyone.

5. Conclusions

Early urban soil Pb studies in Baltimore
and pediatric blood Pb linked with soil Pb in
Minnesota and New Orleans provide
consistent evidence that leaded petrol
accumulation in urban residential
communities is fraught by a severe, invisible,
public health issue that unequally affects the
most susceptible citizens living in the most
vulnerable communities. The amounts of Pb
in soils of each community are associated
with city size and community location near or
far from the interior of the city. Children are
the most vulnerable to Pb exposure,
especially within communities near the
center city soil Pb and pediatric Pb are
highest. In New Orleans, the amount of lead
in communities is declining concurrently in
children’s blood and in topsoils. The small P-
values and large effect size of the concurrent
declines of pediatric blood Pb and
environmental soil Pb, indicates that the
observations in New Orleans soils probably
occur in other cities. This hypothesis was test
in a follow-up study in the Detroit Tri-County
Area where a similar pattern of decline was
observed. Lead isotope evidence in London
demonstrate that current Pb isotopes found in
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the air are linked to the environment that
became contaminated with leaded petrol use
during the 20" century. The use of leaded
petrol for highway use was completely
banned globally as of 30 August 2021.

The global response to leaded petrol
shows that humanity can learn and fix
mistakes that were made in the past. But the
pace of the response was slow. It took 35
years from a formal US EPA response
regarding the connection between leaded
petrol and excessive pediatric exposure to
globally ban of leaded petrol. The health of
millions of children living in urban
communities around the globe was tainted.
Many communities contain excessively Pb
contaminated soils, and these communities
are frequently home to the most vulnerable,
the poor, minority, and pediatric residents.
Primary prevention cleanup is required to
reduce population Pb exposure and thwart the
disproportionately high Pb exposure of the
most vulnerable populations. In addition,
there are many invisible issues that affect the
pediatric population. These include water
fluoridation, lead in drinking water, multiple
exotic organic substances and plastics,
endocrine disrupting chemicals, loss of
biodiversity, soil erosion, water degradation,
and an accelerating rise in carbon dioxide (a
monstrous issue), along with a catalogue of
other issues that affect children’s health. The
existential question is whether humanity can
learn and fix the litany of mistakes from the
past that require more rapid responses than
demonstrated by the 35-year global response
to leaded petrol?

Acknowledgments:  In  memory  of
statistician Dr. Paul W. Mielke, Jr. (my
brother) 1931-2019. Trina Williams and
Ngoc Huynh, Louisiana Healthy Homes and
Childhood Lead Poisoning Prevention
Program (LHHCLPPP) provided blood lead
data for metropolitan New Orleans surveys.

https://esmed.org/MRA/mra/



https://esmed.org/MRA/mra/

Howard W. Mielke, et al.

Dedicated to the citizens of New Orleans who
cooperated with the soil sampling surveys.
The photo, Figure 7, was provided by David
Durenberger, US Senator from Minnesota
(1978 — 1994).

Author Contributions: H.W.M. conceived
the revised project and drafted the
manuscript. E.T.P. collected and extracted all
soil samples for both surveys, and C.R.G.
analyzed, organized, and mapped matching
SPb and BPb in the 1998 — 2001 and 2013 -
2017 soil and blood lead surveys of New
Orleans (Tables 1 and 2 and Figures 2 — 6).

Funding: The pre-Katrina study and early
research after Katrina were funded by grants
from ATSDR and HUD. The 2013-2017
survey was privately funded by The Ling and

Copyright 2021 KEI Journals. All Rights Reserved

Medical Research Archives vol 9 issue 10. October 2021

Page 15 of 20

Ronald Cheng Fund, H.W. Mielke, Al French
and Mary An Godshall, Allen and Laura
Carmen, Paul W. Jr., and Roberta R. Mielke,
Thomas Beller, Jack Eichenbaum, Gabriel
Filippelli, members of the Community
Church Unitarian Universalist, and the
Department of Pharmacology. Except for
H.W.M., the funders were not involved in
study design, analysis, interpretation, writing
the report, and decision to submit the article.

Conflicts of Interest: H.W.M. contributed
personal funds to finish and publish the
2013-2017 survey. He is the unremunerated
President of Lead Lab, Inc. a non-profit
research and educational organization. All
authors declare they have no conflicts of
interest.

https://esmed.org/MRA/mra/



https://esmed.org/MRA/mra/

Howard W. Mielke, et al.

References

1.

World Health Organization. Global
Health Observatory. Urban Population
Growth.
http://www.who.int/gho/urban_health/sit
uation_trends/urban_population_growth
text/en/

Bai, X. Advance the ecosystem approach
in cities. Nature 2018, 559, 7.

Schwaba, T., Bleidom, W., Hopwood,
C.J., Gebauer, J., Rentfrow, J. et al. 2021.
The impact of childhood lead exposure on
adult personality: Evidence from the
United States, Europe, and a large-scale
natural experiment. PNAS 118(29).
https://doi.org/10.1073/pnas.2020104118.
Sanders, T., Liu, Y., Buchner, V.
Tchounwou, P.B. Neurotoxic Effects and
Biomarkers of Lead Exposure: A Review.
Rev. Environ. Health 2009, 24, 15-45.
Landrigan, P.J., Fuller, R., Acosta, N.J.,
Adeyi, O., Arnold, R., Baldé, A.B.,
Bertollini, R., Bose-O’Reilly, S,
Boufford, J., Breysse, P.N., et al. The
Lancet Commission on pollution and
health. Lancet 2018, 391, 462-512,
d0i:10.1016/S0140-6736(17)32345-0
Lanphear, B.P., Rauch, S., Auinger, P.,
Allen, R.W., Hornung, R.W. Low-level
lead exposure and mortality in US adults:
A population-based cohort study. Lancet
Public Health 2018, 3, 177-184,
d0i:10.1016/S2468-2667(18)30025-2.
Schraufnagel, D.E., Balmes, J.R., Cowl,
C.T., De Matteis, S., Jung, S.H,
Mortimer, K., Perez-Padilla, R., Rice,
M.B., Riojas-Rodriguez, H., Sood, A., et
al. Air Pollution and Noncommunicable
Diseases: A Review by the Forum of
International ~ Respiratory  Societies’
Environmental Committee, Part 1: The
Damaging Effects of Air Pollution. Chest
2019, 155, 409-416

Copyright 2021 KEI Journals. All Rights Reserved

Medical Research Archives vol 9 issue 10. October 2021

8.

10.

11.

12.

13.

14.

Page 16 of 20

Zahran, S., Laidlaw, M.A.S., Rowe, D.B.,
Ball, A.S., Mielke, H.W. Motor neuron
disease mortality and lifetime petrol lead
exposure: Evidence from national age-
specific and state-level age-standardized
death rates in Australia. Environ. Res.
2017, 153, 181-190.

Patterson, C.C. Lead in the Human
Environment, Alternative Perspective,
National ~ Academy  of  Sciences:

Washington, DC, USA, 1980, p. 271.
Mielke, H.W., Anderson, J.C., Berry, K.J.,
Mielke, P.W., Jr.,, Chaney, R.L. Lead
concentrations in inner city soils as a
factor in the child lead problem. Am. J.
Public Health 1983, 73, 1366-1369.
Mielke, H.W., Adams, J.L., Reagan, P.L.,
Mielke, P.W., Jr. Soil-dust lead and
childhood lead exposure as a function of
city size and community traffic flow: The
case for lead abatement in Minnesota.
Environ. Geochem. Health 1989, 9, 253-
271.

Treasury Department, United States
Public Health Service. Proceedings of a
Conference to Determine Whether or Not
There Is a Public Health Question in the
Manufacture, Distribution, or Use of
Tetraethyl Lead Gasoline, Public Health
Bulletin  No. 158 (August 1925),
Government Printing Office: Washington,
DC, USA, 1925,

Krachler, M., Zheng, J., Fisher, D.,
Shotyk, W. Direct Determination of Lead
Isotopes (206Pb, 207Pb, 208Pb) in Arctic
Ice Samples at Picogram per Gram Levels
Using Inductively Coupled Plasma-Sector
Field MS Coupled with a High-Efficiency
Sample Introduction System. Anal. Chem.
2004, 76, 5510-5517.

Mielke, H.W., Laidlaw, M.A.S,,
Gonzales, C. Characterization of lead (Pb)
from traffic in 90 U.S.A. urbanized areas:

https://esmed.org/MRA/mra/



https://esmed.org/MRA/mra/
http://www.who.int/gho/urban_health/situation_trends/urban_population_growth_text/en/
http://www.who.int/gho/urban_health/situation_trends/urban_population_growth_text/en/
http://www.who.int/gho/urban_health/situation_trends/urban_population_growth_text/en/
http://www.who.int/gho/urban_health/situation_trends/urban_population_growth_text/en/
http://www.who.int/gho/urban_health/situation_trends/urban_population_growth_text/en/
https://doi.org/10.1073/pnas.2020104118
http://dx.doi.org/10.1016/S0140-6736(17)32345-0
http://dx.doi.org/10.1016/S0140-6736(17)32345-0
http://dx.doi.org/10.1016/S2468-2667(18)30025-2
http://dx.doi.org/10.1016/S2468-2667(18)30025-2

Howard W. Mielke, et al.

15.

16.

17.

18.

19.

20.

21.

Review of urban lead dust and health.
Environ. Int. 2011, 37, 248-257,
doi:10.1016/j.envint.2010.08.006
Kovarik, W. Ethyl-leaded gasoline: How
a classic occupational disease became an
international public health disaster. Int. J.
Occup. Environ. Health 2005, 11, 384-
397.

Huang, S., Lawrence, J., Kang, C.M., Li,
J., Martins, M., Vokonas, P., Gold, D.R.,
Schwartz, J., Coull, B.A., Koutrakis, P.
Road proximity influences indoor
exposures to ambient fine particle mass
and components. Environ. Pollut. 2018,
243, 978-987.

O’Connor, JT. The automobile
controversy-federal control of vehicular
emissions. Ecol. Law Q. 1975, 4, 661-
691.

Kessler, R. Sunset for leaded aviation
Gasoline? Environ. Health Perspect.
2013, 121, A55-A57; US Federal
Aviation Administration. 2019, Leaded
Aviation Fuel and the Environment.
https://www.faa.gov/newsroom/leaded-
aviation-fuel-and-
environment?newsld=14754,

U.S. EPA (Environmental Protection
Agency). National Emissions Inventory
Data and Documentation [website].
Research Triangle Park, NC: Office of Air

Quality Planning & Standards, U.S.
Environmental Protection Agency
(updated 28 August 2012). 2008.
Available online:

https://www.epa.gov/air-emissions-
inventories .

Miranda, M.L., Anthopolos, R., Hastings,
D. A geospatial analysis of the effects of
aviation gasoline on childhood blood lead
levels. Environ. Health Perspect. 2011,
119, 1513-1516,
https://d0i:10.1289/ehp.1003231.
Paulson, J.A., Brown, M.J. The CDC
blood lead reference value for children:

Copyright 2021 KEI Journals. All Rights Reserved

Medical Research Archives vol 9 issue 10. October 2021

22.

23.

24.

25.

26.

Page 17 of 20

Time for a change. Environ. Health 2019,
18, 16, http://d0i:10.1186/s12940-019-
0457-7 .

Nussbaumer-Streit, B., Yeoh, B,
Griebler, U., Pfadenhauer, L.M., Busert,
L.K., Lhachimi, S.K., Lohner, S.,
Gartlehner G.  2016. Household
interventions for preventing domestic lead
exposure in children (Review). The
Cochrane Library. Available online:
https://www.cochranelibrary.com/cdsr/do
1/10.1002/14651858.CD006047.
pub5/media/CDSR/CD006047/CD00604
7.pdf. (accessed on 10 June 2019).
Mielke, H.W., Gonzales, C.R., Powell,
E.T. 2019. Curtailing Lead Aerosols:
Effects of Primary Prevention on
Declining Soil Lead and Children’s Blood
Lead in Metropolitan New Orleans. Int. J.
Environ. Res. Public Health 2019, 16(12),
2068,
https://doi.org/10.3390/ijerph16122068
Zahran, S., Mielke, H.W., Gonzales, C.R.,
Powell, E.T., Weiler, S. New Orleans
Before and After Hurricanes Katrina/Rita:
A Quasi-Experiment of the Association
between Soil Lead and Children’s Blood
Lead. Environ. Sci. Technol. 2010, 44,
4433-4440, doi:10.1021/es100572s.
Mielke, H.W., Gonzales, C., Powell, E.,
Mielke, P.W., Jr. Changes of Multiple
Metal Accumulation (MMA) in New
Orleans Soil: Preliminary Evaluation of
Differences between Survey | (1992) and
Survey Il (2000). Int. J. Environ. Res.
Public Health 2005, 2, 308-313.

Mielke, H.W., Gonzalez, C.R., Powell.
E.T., Laidlaw M.A.S., Berry K.J., Mielke
P.W. Jr., Egendorf S.P., 2019. The
concurrent decline of soil lead and
children’s blood lead in New Orleans
PNAS 116(442):2058-22064
WWW.pnas.org/cgi/doi/10.1073/pnas.1906
092116

https://esmed.org/MRA/mra/



https://esmed.org/MRA/mra/
https://www.faa.gov/newsroom/leaded-aviation-fuel-and-environment?newsId=14754
https://www.faa.gov/newsroom/leaded-aviation-fuel-and-environment?newsId=14754
https://www.faa.gov/newsroom/leaded-aviation-fuel-and-environment?newsId=14754
https://www.faa.gov/newsroom/leaded-aviation-fuel-and-environment?newsId=14754
https://www.faa.gov/newsroom/leaded-aviation-fuel-and-environment?newsId=14754
https://www.epa.gov/air-emissions-inventories
https://www.epa.gov/air-emissions-inventories
https://www.epa.gov/air-emissions-inventories
http://dx.doi.org/10.1289/ehp.1003231
http://www.cochranelibrary.com/cdsr/do
http://www.cochranelibrary.com/cdsr/do
http://www.cochranelibrary.com/cdsr/do
https://doi.org/10.3390/ijerph16122068
http://www.pnas.org/cgi/doi/10.1073/pnas.1906092116
http://www.pnas.org/cgi/doi/10.1073/pnas.1906092116
http://www.pnas.org/cgi/doi/10.1073/pnas.1906092116

Howard W. Mielke, et al.

27.

28.

29.

30.

31.

32.

33.

US Census Bureau. Tracts and Block
Numbering Areas. New Orleans, LA MSA,
Table 32: Selected Structural
Characteristics of Housing Units: 1990,
and Summary Tape File 3A, Louisiana
040, Lafourche Parish 050, Census Tracts
140, U.S. Department of Commerce,
Economics and Statistics Administration,
Bureau of Census: Washington, DC, USA,
1993, pp. 565-615.

Louisiana Department of Health and
Hospitals. 2015. Awvailable online:
http://dhh.louisiana.gov/index.cfm/page/4
66 (accessed on 20 August 2018).
Louisiana Lead Poisoning Prevention
Program Rules. 2013-2015. Available
online:
http://dhh.louisiana.gov/assets/oph/Cente
r-PHCH/Center-
PH/genetic/LEAD/MedicalProviderinfo/
LAHHCLPPTOoolkit.pdf

U.S. CDC (Centers for Disease Control
and Prevention). Response to advisory
committee on childhood lead poisoning
prevention recommendations in low level
lead exposure harms children: A renewed

call for primary prevention. US
Department of Health and Human
Services: Atlanta, GA, USA. Morb.

Mortal. Wkly. Rep. 2012, 61, 1-383.
Mielke, P.W., Jr., Berry, K.J. Permutation
Methods: A Distance Function Approach,
2nd ed., Springer: New York, NY, USA,
2007, ISBN 978-0-387-69811-3.

Berry, K.J., Johnston, J.E., Mielke, P.W.,
Jr. A Chronicle of Permutation Statistical

Methods, 1920-2000, and Beyond,
Springer: Cham, Switzerland, Heidelberg,
Germany, New York, NY, USA,

Dordrecht, The Netherlands, London, UK,
2014.

Mielke, P.W., Berry, K.J., Mielke, HW.,
Gonzales, C.R. Avoiding two major
problems associated with statistical tests:

Copyright 2021 KEI Journals. All Rights Reserved

Medical Research Archives vol 9 issue 10. October 2021

34.

35.

36.

37.

38.

39.

Page 18 of 20

One-way analysis of variance. Biom.
Biostat. J. 2017, 1, 111.

Cade, B.S., Richards, J.D. User Manual
for Blossom Statistical Package. USGS.
Open-File  Report  2005-1353.2005.
Available online:
https://pubs.usgs.gov/o0f/2005/1353/pdf/B
lossomFortranVersionOF2005-1353.pdf
IBM Corp. SPSS Statistics for Macintosh,
Version 23.0. Armonk, NY: Released
2015.
https://www.ibm.com/support/pages/dow
nloading-ibm-spss-statistics-23

Mielke, H.W., Gonzales, C.R., Powell,
E.T., Jartun, M., Mielke P.W. Jr. 2007.
Nonlinear association between soil lead
and blood lead of children in metropolitan
New Orleans, Louisiana: 2000-2005. Sci
Total Env 388:43-53.
http://dx.doi.org/10.1016/j.scitotenv.2007
.08.012

Egendorf, S.P., Mielke, H.W., Castorena-
Gonzalez, J.A., Powell, E.T., Gonzales,
C.R. Soil Lead (Pb) in New Orleans: A
Spatiotemporal and Racial Analysis. Int. J.
Environ. Res. Public Health 2021, 18,
1314.
https://doi.org/10.3390/ijerph18031314
Postma M, Goedhart J. 2019. Plots of
Data—A web app for visualizing data
together with their summaries. PLoS Biol

17(3): £3000202.
https://doi.org/10.1371/journal.pbio.3000
202, See also, Shiny  Apps

https://huygens.science.uva.nl/

Mielke, H.W., Gonzales, C.R., Powell,
ET., Mielke PW. J. 2016.
Spatiotemporal dynamic transformations
of soil lead and children's blood lead ten
years after Hurricane Katrina: New
grounds for primary prevention. Env. Int.
94:567-575.
http://dx.doi.org/10.1016/j.envint.2016.0
6.017

https://esmed.org/MRA/mra/



https://esmed.org/MRA/mra/
http://dhh.louisiana.gov/index.cfm/page/4
http://dhh.louisiana.gov/index.cfm/page/4
http://dhh.louisiana.gov/assets/oph/Center-PHCH/Center-PH/genetic/LEAD/MedicalProviderInfo/LAHHCLPPToolkit.pdf
http://dhh.louisiana.gov/assets/oph/Center-PHCH/Center-PH/genetic/LEAD/MedicalProviderInfo/LAHHCLPPToolkit.pdf
http://dhh.louisiana.gov/assets/oph/Center-PHCH/Center-PH/genetic/LEAD/MedicalProviderInfo/LAHHCLPPToolkit.pdf
http://dhh.louisiana.gov/assets/oph/Center-PHCH/Center-PH/genetic/LEAD/MedicalProviderInfo/LAHHCLPPToolkit.pdf
http://dhh.louisiana.gov/assets/oph/Center-PHCH/Center-PH/genetic/LEAD/MedicalProviderInfo/LAHHCLPPToolkit.pdf
http://dhh.louisiana.gov/assets/oph/Center-PHCH/Center-PH/genetic/LEAD/MedicalProviderInfo/LAHHCLPPToolkit.pdf
http://dhh.louisiana.gov/assets/oph/Center-PHCH/Center-PH/genetic/LEAD/MedicalProviderInfo/LAHHCLPPToolkit.pdf
https://pubs.usgs.gov/of/2005/1353/pdf/BlossomFortranVersionOF2005-1353.pdf
https://pubs.usgs.gov/of/2005/1353/pdf/BlossomFortranVersionOF2005-1353.pdf
https://www.ibm.com/support/pages/downloading-ibm-spss-statistics-23
https://www.ibm.com/support/pages/downloading-ibm-spss-statistics-23
https://www.ibm.com/support/pages/downloading-ibm-spss-statistics-23
http://dx.doi.org/10.1016/j.scitotenv.2007.08.012
http://dx.doi.org/10.1016/j.scitotenv.2007.08.012
http://dx.doi.org/10.1016/j.scitotenv.2007.08.012
https://doi.org/10.3390/ijerph18031314
https://doi.org/10.1371/journal.pbio.3000202
https://doi.org/10.1371/journal.pbio.3000202
https://doi.org/10.1371/journal.pbio.3000202
https://huygens.science.uva.nl/
http://dx.doi.org/10.1016/j.envint.2016.06.017
http://dx.doi.org/10.1016/j.envint.2016.06.017
http://dx.doi.org/10.1016/j.envint.2016.06.017

Howard W. Mielke, et al.

40.

41.

42.

43.

44,

45.

46.

Mielke, H.W., Gonzales, C.R., Powell,
E.T., Shah, A., Berry, K.J., Richter, D.D.
2020. Spatial-temporal association of soil
Pb and children’s blood Pb in the Detroit
Tri-County Area of Michigan (USA). Env.
Res.
https://doi.org/10.1016/j.envres.2020.110
112

Mielke, H.W., Blake B., Burroughs S.,
Hassinger N. 1984 Urban Lead Levels in
Minneapolis: The Case of the Hmong
Children, Env. Res. 34: 64-76.
https://DOI1:10.1016/0013-
9351(84)90076-8

Airborne lead reduction act of 1984.
Hearing before the committee on
environment and public works, United
States Senate. Ninety-Eighth Congress,
Second Session on 8.2609, a bill to amend
the clean air act with regard to mobile
source emission control. June 22, 1984.
Printed US Government Printing Office
Reagan, P.L., Mielke HW. 1984.
Comments, The Minnesota Lead
Coalition, Regulation of Fuel and Fuel
Additives: Docket No. EN-84-05 Lead
phase Down~ Proposed Rule (49 FR
31032-31050)

Han, Z, Guo, X, Zhang, B, Liao, J, Nie, L.
2018. Blood lead levels of children in
urban and suburban areas in China (1997-
2015): Temporal and spatial variations
and influencing factors. Sci Total Environ.
2018 Jun 1;625:1659-1666.
http://doi:10.1016/].scitotenv.2017.12.31
5. Epub 2018 Jan 28. PMID: 29996461.
Cabrera Y. 31 August 2021. Leaded
gasoline is finally gone — but its toxic
legacy lingers.  Grist.  https:/grist-
org.cdn.ampproject.org/c/s/grist.org/requl
ation/leaded-gasoline-lead-poisoning-
united-nations/amp/

Annest, J.L., Pirkle, J.L., Makuc, D.,
Neese, J.W., Bayse, D.D., Kovar, M.G.
Chronological trend in blood lead levels

Copyright 2021 KEI Journals. All Rights Reserved

Medical Research Archives vol 9 issue 10. October 2021

47.

48.

49.

50.

5l.

52.

Page 19 of 20

between 1976 and 1980. N. Engl. J. Med.
1983, 308, 1373-1377.

Pirkle, J.L., Brody, D.J.,, Gunter, EW.,
Kramer, R.A., Paschal, D.C., Flegal,
K.M., Matte, T.D. The decline in blood
lead levels in the United States: The
National Health and Nutrition
Examination Surveys (NHANES). JAMA
1994, 272, 284-291.

Egan, K.B., Cornwell, C.R., Courtney,
J.G., Ettinger, A.S. Blood Lead Levels in
U.S. Children Ages 1-11 Years, 1976-
2016. Environ Health Perspect. 129(3),
March 2021.
https://doi.org/10.1289/EHP7932
Resongles et al. (2021). Strong evidence
for the continued contribution of lead
deposited during the 20th century to the
atmospheric environment in London of
today. PNAS
https://doi.org/10.1073/pnas.2102791118.
Laidlaw, M.A.S., Zahran, S., Mielke,
H.W., Taylor, M.P., Filippelli, G.M. Re-
suspension of lead contaminated urban
soil as a dominant source of atmospheric
lead in Birmingham, Chicago, Detroit and
Pittsburgh, USA. Atmos. Environ. 2012,
49, 302-310,
https://d0i:10.1016/j.atmosenv.2011.11.0
30.

Laidlaw, M.A.S., Mielke H.W., Filippelli,
G.M., Johnson, D.L., Gonzales, C.R.
Seasonality and children’s blood lead
levels: Developing a predictive model
using climatic variables and blood lead
data from Indianapolis, Indiana, Syracuse,
New York and New Orleans, Louisiana
(USA). Environ. Health Perspect. 2005,
113, 793-800.
https://doi.org/10.1289/EHP7932
Laidlaw, M.A.S., Filippelli, G.M.
Resuspension of urban soils as a persistent
source of lead poisoning in children: A
review and new directions. Appl.
Geochem. 2008, 23, 2021-20309.

https://esmed.org/MRA/mra/



https://esmed.org/MRA/mra/
https://doi.org/10.1016/j.envres.2020.110112
https://doi.org/10.1016/j.envres.2020.110112
https://doi.org/10.1016/j.envres.2020.110112
https://grist-org.cdn.ampproject.org/c/s/grist.org/regulation/leaded-gasoline-lead-poisoning-united-nations/amp/
https://grist-org.cdn.ampproject.org/c/s/grist.org/regulation/leaded-gasoline-lead-poisoning-united-nations/amp/
https://grist-org.cdn.ampproject.org/c/s/grist.org/regulation/leaded-gasoline-lead-poisoning-united-nations/amp/
https://grist-org.cdn.ampproject.org/c/s/grist.org/regulation/leaded-gasoline-lead-poisoning-united-nations/amp/
https://grist-org.cdn.ampproject.org/c/s/grist.org/regulation/leaded-gasoline-lead-poisoning-united-nations/amp/
https://grist-org.cdn.ampproject.org/c/s/grist.org/regulation/leaded-gasoline-lead-poisoning-united-nations/amp/
https://grist-org.cdn.ampproject.org/c/s/grist.org/regulation/leaded-gasoline-lead-poisoning-united-nations/amp/
https://doi.org/10.1289/EHP7932
https://doi.org/10.1073/pnas.2102791118
https://doi.org/10.1289/EHP7932

Howard W. Mielke, et al.

53.

54,

55.

56.

57.

58.

59.

60.

Zahran, S., Laidlaw, M.A.S., McEImurry,
S.P., Filippelli, G.M., Taylor, M. Linking
Source and Effect: Resuspended Soil
Lead, Air Lead, and Children’s Blood

Lead Levels in Detroit, Michigan.
Environ. Sci. Technol. 2013, 47,
2839-2845.

Tdatrscher, S., Berger, P., Lindebner, L.,
Berger, T.W. Declining atmospheric
deposition of heavy metals over the last
three decades is reflected in soil and
foliage of 97 beech (Fagus sylvatica)
stands in the Vienna Woods. Environ.
Pollut. 2017, 230, 561-573.

Pariente, S., Zhevelev, H., Sachs, E.,
Fragin, G.A., Zilbershtein, M. Roadside
effect on lead content in sandy soil.
Catena 2019, 107, 301-307.

Bahram, M., Hildebrand, F., Forslund,
S.K., Anderson, J.L., Soudzilovskaia,
N.A., Bodegom, P.M., Bengtsson-Palme,
J., Anslan, S., Coelho, L.P., Harend, H., et
al. Structure and function of the global
topsoil microbiome. Nature 2018, 560,
233-237.

Wilkinson, M.T., Richards, P.J,
Humphreys, G.S. Breaking ground:
Pedological, geological, and ecological
implications of soil bioturbation. Earth-
Sci. Rev. 2009, 97, 257-272.

Johnson, D.L., Schaetzl, R.J. Differing
views of soil and pedogenesis by two
masters:  Darwin and  Dokuchaev.
Geoderma 2015, 237-238, 176-189.
Mielke, H.W., Berry, K.J., Mielke, P.W.,
Powell, E.T., Gonzales, C.R. Multiple
Metal Accumulation as a Factor in
Learning Achievement within Various
New Orleans Communities. Environ. Res.
2005, 97, 67-75.

Mielke, H.W., Zahran, S. The urban rise
and fall of air lead (Pb) and the latent surge

Copyright 2021 KEI Journals. All Rights Reserved

Medical Research Archives vol 9 issue 10. October 2021

61.

62.

63.

64.

65.

Page 20 of 20

and retreat of societal violence. Environ.
Int. 2012, 43, 48-55.

Zahran, S., Magzamen, S., Breunig, I.M.,
Mielke, H.W. Maternal exposure to
neighborhood soil Pb and eclampsia risk
in New Orleans, Louisiana (USA):
Evidence from a natural experiment in
flooding. Environ. Res. 2014, 133, 274-
281.

Ottesen, R.T., Alexander, J., Langedal, M.
et al. Soil pollution in day-care centers and
playgrounds in Norway: national action
plan for mapping and remediation.
Environ Geochem Health 2008, 30, 623-
637. https://doi.org/10.1007/s10653-008-
9181-x

South, E.C., MD, 2018. Effect of
Greening Vacant Land on Mental Health
of Community-Dwelling Adults. JAMA
Network  Open. 2018,1(3):e180298.
https://doi:10.1001/jamanetworkopen.201
8.0298

Laidlaw, M.A., Filippelli, G.M., Brown,
S., Paz-Ferreiro, J., Reichman, S.M.,
Netherway, P., Netherway, P.,
Truskewycz, A., Ball, A.S., Mielke, H.W.,
et al. Case studies and evidence-based
approaches to addressing urban soil lead
contamination. Appl. Geochem. 2017, 83,
14-30.

Egendorf, S.P., Cheng, Z., Deeb, H.,
Flores, V. Paltseva, A., et al. 2018.
Constructed soils for mitigating lead (Pb)
exposure and promoting  urban
community gardening: The New York
City Clean Soil Bank pilot study.
Landscape and Urban Planning 175: 184—
194.
https://doi.org/10.1016/j.landurbplan.201
8.03.012

https://esmed.org/MRA/mra/



https://esmed.org/MRA/mra/
https://doi.org/10.1007/s10653-008-9181-x
https://doi.org/10.1007/s10653-008-9181-x
https://doi.org/10.1007/s10653-008-9181-x
https://doi.org/10.1016/j.landurbplan.2018.03.012
https://doi.org/10.1016/j.landurbplan.2018.03.012
https://doi.org/10.1016/j.landurbplan.2018.03.012

	Authors
	Affiliations
	*Correspondence:
	Abstract:
	1. Introduction
	2. Methods
	3. Results and Discussion
	References

