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Multiple organiza-
tions and agencies 
have called for a 
more diverse envi-
ronmental health 
workforce. In en-
vironmental health 
practice—taking 
into consideration 
the importance 

of community engagement—diversity in the 
workforce is crucial to ensuring a wealth of 
cultural knowledge that facilitates community 
relations and builds trust. In this month’s cover 
article, “Increasing Diversity in Environmental 
Health Graduate Programs,” the study aimed to 
determine what motivates and deters students 
from historically marginalized populations 
from pursuing degrees in environmental health 
and to develop recommendations that pro-
grams can implement to diversify their student 
body and, subsequently, the workforce.
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D. Gary Brown, 
DrPH, CIH, RS, DAAS

We Are Your
Strongest Advocate

 PRES IDENT ’S  MESSAGE

D r. Martin Luther King, Jr. said, 
“Courage is an inner resolution to 
go forward despite obstacles.” My 

fellow environmental health professionals, 
every day you show tremendous courage, 
fortitude, and empathy toward protecting 
the public. You constantly amaze me by 
coming up with novel solutions to prob-
lems people never realized they had. In 
our profession, people never speak about 
being bored. Speaking with environmental 
health professionals throughout the land, 
everyone loves our fi eld. Please share your 
passion for environmental health with ev-
eryone you meet just like the individuals on 
Sesame Street.

As Dr. David Dyjack, executive direc-
tor of the National Environmental Health 
Association (NEHA), states, “Environ-
mental health is a contact sport.” As such, 
contact is necessary to get our message 
out. We share the message of environmen-
tal health with our elected o�  cials and 
policy makers to improve the profession 
and provide our members with the tools 
they need. The NEHA Board of Directors, 
along with several of our members, spoke 
with elected o�  cials and policy makers 
during our sixth annual Hill Day on Feb-
ruary 23, 2023, to educate, enlighten, and 
hopefully, even entertain.

Darwin D. Martin stated, “A teacher’s job 
is to take a bunch of live wires and see that 
they are well-grounded.” Doug Farquhar, 
our director of Government A� airs, does 
an unbelievable job in preparing us for Hill 
Day and ensuring we are well-grounded. 

He even provides a Hawaiian shirt and 
sneaker wearing fashionista such as myself 
with professional dress tips such as wearing 
socks and a tie.

We are the profession’s strongest advocate 
for excellence in the practice of environ-
mental health as we deliver on our mission 
to build, sustain, and empower an e� ective 
environmental health workforce. Our mes-
sage is to speak about the importance of a 
robust and well-resourced environmental 
health workforce. Many people might not 
know that we represent almost 7,000 gov-
ernment and private sector environmental 
health professionals in the U.S.

The messages we shared during Hill Day 
included:
• Environmental health professionals 

assure healthy, safe, and prosperous 
communities.

• Environmental health professionals often 
work outside traditional health depart-

ments and might be omitted from the 
benefi ts of legislation if not specifi cally 
called out.

• Environmental health professionals are 
allies in environmental justice e� orts.

• Environmental health professionals 
are on the front lines in climate and 
health issues.
Environmental health services are not a 

luxury. They are essential to providing the 
public basic needs, such as safe drinking 
water, clean air, safe food, healthy hous-
ing, climate change adaptation, emergency 
preparedness, and more. Environmental 
health has long been recognized as being a 
crucial service of government at state, local, 
tribal, territorial, and federal levels.

Environmental health professionals 
are scientifi cally trained and certifi ed to 
identify and mitigate environmental dan-
gers as well as promote alternatives. We 
are handling threats on the front lines of 
public health. Environmental health pro-
fessionals form a critical component of 
the public health delivery system, provid-
ing services to curb environmental health 
threats and prevent adverse health out-
comes. We assist communities to prepare 
for, respond to, and recover from disease 
outbreaks and natural and anthropogenic 
disasters. We are on the front lines of 
public health handling threats such as 
environmental inequities (e.g., lead expo-
sure), climate change (e.g., drought), 
food safety (e.g., baby food), safe drink-
ing water (e.g., perfl uorooctanesulfonic 
acid [PFOS]), and clean air (e.g., ozone). 

Our message is 
to speak about the 

importance of a robust 
and well-resourced 

environmental 
health workforce.
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Environmental health professionals are 
strategically positioned to identify and
intervene to prevent public health and
environmental health threats from a	 ect-
ing local populations.

As a nation, the U.S. spends over $3 tril-
lion annually on healthcare but lags behind 
other developed countries in practically 
every health metric. The lack of investment 
into the environmental health system is 
costly for this nation.

The top four messages we wanted the 
congressional sta	  we met with during Hill 
Day to remember were to:
1. Fund the National Center for Environ-

mental Health within the Centers for
Disease Control and Prevention at $300
million and to fund the Agency for
Toxic Substances and Disease Registry
at $95 million.

2. Fund the Federal and State Initiative of 
the Food and Drug Administration—
which supports food safety inspections—
at $140 million and provide $35 million 

for states to purchase equipment to serve 
healthier meals and improve food safety.

3. Encourage the Health Resources and Ser-
vices Administration to include environ-
mental health within the Public Health 
Workforce Loan Repayment Program.

4. Share with the congressional o�  ces the 
importance of environmental health to
state and local public health agencies.
The author J.K. Rowling said, “No story

lives unless someone wants to listen. The
stories we love best do live in us forever.”
Please share your environmental health
stories with your elected o� cials and
policy makers to improve the profession.
Even if you are not comfortable speaking
with these individuals, remember what
Elmo said, “If you keep practicing, you
can do anything.” The more we share our
stories with elected o� cials, policy mak-
ers, fellow scientists, and the public, the
greater the impact.

When people think of how public health
improves their lives, what comes to mind

is what environmental health ensures—
clean air, food, and water along with a safe
and healthy place to live, work, and play.
Environmental health provides the biggest
bang for the buck of all of the health fi elds.
As Warren Bu	 ett stated, “Someone’s sit-
ting in the shade today because someone
planted a tree a long time ago.” Environ-
mental health professionals have planted
forests to protect the public.

I look forward to seeing you at our 2023 
Annual Educational Conference & Exhibi-
tion in New Orleans, Louisiana, on July 31–
August 3. Thank you for all of your hard 
work to protect the public every day. Please 
continue helping me spread the word that 
environmental health is public health. As 
Yoda sagely stated, “Try not. Do or do not. 
There is no try.”

gary.brown@eku.edu

Environmental health solutions since 1983

CUSTOMIZE.
REDUCE COSTS.

IMPROVE ACCURACY.

www.cdpehs.com
(800) 888-6035

Inspections | Permits | Reporting | Scheduling | Online Bill Pay | On/Offline Mobility
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Introduction
Lead exposure early in life can lead to irre-
versible harm; even low levels of lead expo-
sure can a�ect the developing central ner-
vous system and result in impaired cognitive 
function (Hou et al., 2013; Reuben et al., 
2017). The primary intervention for a child 
with a case of lead poisoning is to remove the 
sources of lead from the child’s environment. 
Finding the sources, however, can be a signif-
icant challenge because lead is pervasive and 
is present in many materials. Environmental 
health specialists use screening question-
naires to identify likely exposure routes and 
X-ray fluorescence instruments to determine 
lead concentrations of materials in the home.

Confirming the cause of lead exposure 
requires removing the source and observ-
ing a reduction in the child’s blood lead 

level (BLL), the latter of which might take 
months to years depending on peak BLLs 
and chronicity of exposure. Standard risk 
assessment methods can fail to identify the 
primary cause and result in continued lead 
exposure. Lead isotope analysis (LIA) holds 
promise for improving the accuracy of child-
hood lead investigations.

LIA is based on the four stable, naturally 
occurring isotopes of lead (204Pb, 206Pb, 207Pb, 
and 208Pb), which all have relative abundances 
in the Earth’s crust. Isotopes 208Pb, 207Pb, and 
206Pb are products of radioactive decay over 
geologic time. The abundances of isotopes 
vary given the age of the lead ore due to this 
radioactive decay. Isotope abundances are 
analyzed as Pb isotope ratios (PbIR), which 
are distinct and commonly called isotopic 
fingerprints. Advancements in technology 

used to measure isotopic fingerprints have 
increased discrimination due to higher sen-
sitivity and precision compared with earlier 
applications (Gulson et al., 1995; Gwiazda et 
al., 2005; Millen et al., 1995; Oulhote et al., 
2011; Ya�e et al., 1983).

Given the potential of LIA for lead risk 
assessment, the Wisconsin Department of 
Health Services piloted a case series to dem-
onstrate the use of high-precision LIA in 
identifying the primary source and second-
ary contributors of lead exposure among 
Wisconsin children with lead poisoning.

Methods

Investigation Protocol
To be eligible for this case series, a child with 
a case of lead poisoning must have met the 
following criteria: 1) peak venous BLL ≥10 
µg/dl, 2) age ≤6 years, and 3) resided in 
southern Wisconsin. Public health o¥cials 
identified and conducted data collection 
among six cases during May 2019–Novem-
ber 2021. Local health departments obtained 
consent from the child’s legal guardian. 

b r Lead isotope analysis (LIA) is a promising technique 

for identifying potential sources of lead exposure among children with 

lead poisoning that are not revealed via traditional lead risk assessment 

methods. A total of six Wisconsin children with blood lead levels (BLLs) 

≥10 µg/dl were included in this case series. Lead isotope ratios from blood 

and environmental samples were analyzed using a multicollector inductively 

coupled plasma mass spectrometer (MC-ICP-MS) to determine exposure 

source. LIA identified likely sources of lead poisoning: lead-based paint, 

dust, imported spices, ceremonial objects, or mixtures of these sources. 

LIA both corroborated findings from standard lead risk assessment and 

identified novel sources. LIA using high-precision MC-ICP-MS can identify 

and exclude sources of exposure when interpreted alongside traditional lead 

risk assessment approaches. Furthermore, LIA can serve as a useful tool in 

identifying and eliminating lead exposures in poisoning cases, particularly 

when traditional methods fail to identify the likely cause.

Summer Shaw, MPH 
Bureau of Environmental and 

Occupational Health, Wisconsin 
Department of Health Services

Sean Scott, PhD 
Wisconsin State Laboratory of Hygiene

Maeve Pell, MPH 
Bureau of Environmental and 

Occupational Health, Wisconsin 
Department of Health Services 

University of Wisconsin Madison 
School of Medicine and Public Health

Jeff Raiche-Gill 
Bureau of Environmental and 

Occupational Health, Wisconsin 
Department of Health Services 

University of Wisconsin Madison  
School of Medicine and Public Health

Carrie Tomasallo, MPH, PhD 
Bureau of Environmental and 

Occupational Health, Wisconsin 
Department of Health Services

Jonathan Meiman, MD 
Bureau of Environmental and 

Occupational Health, Wisconsin 
Department of Health Services 

Lead Source Attribution by Stable 
Isotope Analysis in Child Risk 
Assessment Investigations
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Certified risk assessors conducted a lead-
based paint risk assessment and administered 
the Resident Questionnaire for Investigation 
of Children With Elevated Blood Lead Lev-
els from the U.S. Department of Housing and 
Urban Development (HUD, Form 16.1). An 
environmental health specialist from the 
Wisconsin Department of Health Services 
obtained environmental samples for LIA.

This case series was deemed by the Wis-
consin Department of Health Services to con-
stitute public health surveillance and prac-
tice, thus review by an institutional review 
board was not required.

Lead-Based Paint Risk Assessment
Lead in surface coatings was identified 
using an X-ray fluorescence instrument to 
determine lead loading in mg/cm2. Lead-
based paint was defined as ≥0.7 mg/cm2 and 

a lead dust hazard as ≥40 µg/ft2 on a floor, 
200 µg/ft2 on a windowsill, and 1,200 ppm 
in soil (Supplemental Text, www.neha.org/
jeh-supplementals).

Isotope Sample Preparation  
and Analysis
All acid reagents used for laboratory proce-
dures were Optima grade purchased from 
Fisher Scientific. Different sample types 
required slight modifications to digestion 
and preparation procedures prior to purifica-
tion. Tap water samples (first draw and 5-min 
flush) were collected in clean 2-L fluorinated 
ethylene propylene bottles and dried in 1-L 
polytetraf luoroethylene (PFA) jars. Dust 
wipes, paint samples, pipes and solder, spices, 
cosmetics, and whole blood were digested in 
PFA jars on a hotplate using combinations of 
concentrated nitric and hydrochloric acids. 

Soil samples were digested using a combina-
tion of nitric and hydrofluoric acids.

Lead was purified from samples using the 
standard anion exchange technique (Strelow 
& Toerien, 1966). Lead isotopic analysis 
was performed using Tl-doping on a Nep-
tunePlus multicollector inductively coupled 
plasma mass spectrometer (MC-ICP-MS). 
Total lead concentrations of the analyzed 
materials were estimated using the dilution 
factors and standard concentrations used for 
the isotopic analysis. Full sample prepara-
tion and analytical details are provided in 
the Supplemental Text. Results from LIA 
were used to calculate major (ratios not 
including Pb204) and minor (ratios includ-
ing Pb204) isotopic ratios. These ratios were 
qualitatively compared with isotopic ratios 
from blood samples to identify the likely 
source of exposure.

Case 1: Lead Isotope Ratios With Standard Error and Concentration for Whole Blood and Environmental 
Sources Sampled for Lead Isotope Analysis

Sample
#

Sample Sample 
Type

206Pb/204Pb 2σ/√n 207Pb/204Pb 2σ/√n 207Pb/206Pb 2σ/√n 208Pb/206Pb 2σ/√n Lead (Pb) 
Concentration

1 5-min flush Tap water 19.1288 0.0007 15.6850 0.0006 0.81997 0.00001 2.02814 0.00003 0.501 µg/L

2 Kitchen first 
draw

Tap water 19.2560 0.0006 15.7004 0.0005 0.81535 0.00001 2.01897 0.00003 0.514 µg/L

3 Living room 
carpet floor

Wipe 18.6609 0.0007 15.6362 0.0007 0.83792 0.00001 2.05779 0.00004 1.43 µg/ft2

4 Child’s 
bedroom 
trough

Wipe 20.8818 0.0006 15.8365 0.0005 0.75839 0.00001 1.92719 0.00003 193 µg/ft2

5 Living room 
front trough

Wipe 20.4126 0.0007 15.7959 0.0006 0.77383 0.00001 1.95307 0.00003 10.9 µg/ft2

6 Kitchen floor Wipe 19.0898 0.0006 15.6850 0.0005 0.82165 0.00001 2.03461 0.00003 0.458 µg/ft2

7 Child’s carpet 
floor

Wipe 18.9164 0.0007 15.6667 0.0007 0.82821 0.00001 2.04463 0.00003 0.421 µg/ft2

8 Solder Solder 
(metal)

18.8035 0.0006 15.6916 0.0006 0.83452 0.00001 2.08079 0.00004 36.206 µg/g

9 Soil (side D) Soil 19.1292 0.0007 15.6883 0.0007 0.82014 0.00001 2.03425 0.00003 136 µg/g

10 Child’s 
window jamb

Paint 20.6180 0.0008 15.8147 0.0006 0.76703 0.00001 1.94195 0.00003 8,696 µg/g

11 Living room 
window jamb

Paint 21.5600 0.0008 15.8954 0.0006 0.73727 0.00001 1.89251 0.00003 7,766 µg/g

12 Subject initial 
blood draw

Whole 
blood

20.4675 0.0012 15.8006 0.0009 0.77199 0.00001 1.95093 0.00004 11.1 µg/dl

13 Subject second 
blood draw

Whole 
blood

20.7182 0.0006 15.8223 0.0005 0.76369 0.00001 1.93683 0.00003 15.4 µg/dl

Note. The report unit for the lead isotope ratio is the atom ratio.

TABLE 1
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Results

Case 1
Case 1 involved a female at 24 months with
a BLL of 12 µg/dl. The risk assessment found
lead-based paint on the windows, doors,
walls, and trim of the home. The highest
lead concentrations were from the door-
stop in the living room (20 mg/cm2) and

the kitchen window (220 µg/ft2). The HUD
questionnaire determined that the child
played at her bedroom window and on the
living room floor and ate in the living room.

LIA indicated that the PbIR of the water
(samples 1 and 2), soil (sample 9), solder
(sample 8), and floors (samples 3, 6, and
7) did not match those of blood specimens
(Table 1). The sample closest to the initial

blood isotope (sample 12) was the wipe
from the living room front window trough
(sample 5; Figure 1, Case 1). The sample
closest to the second blood isotope (sample
13) was the wipe from the child’s window
jamb paint (sample 10), with the wipe from
the child’s bedroom window trough (sam-
ple 4) as a close second match. Samples 5
and 10 remained the best matches to the

Two-Dimensional Isotope Ratio Plots for Whole Blood and Environmental Lead Sources Sampled for Lead
Isotope Analysis for Cases 1–6

A B

Child' s Bedroom Trou g h

Livi ng  R oom F ront Trou g h

Child' s Window Ja mb

Blood Initial
Blood Second

18.50

19.00

19.50

20.00

20.50

21.00

21.50

22.00

15.60 15.65 15.70 15.75 15.80 15.85 15.90 15.95

Child' s Bedroom Trou g h

Livi ng  R oom F ront Trou g h

Child' s Window Ja mb

Blood Initial

Blood Second

1.85

1.90

1.95

2.00

2.05

2.10

0.72 0.74 0.76 0.78 0.80 0.82 0.84 0.86

Blood
Second

Blood
Initial

PaintSoilSolderWipesTap Water Blood
Second

Blood
Initial

PaintSoilSolderWipesTap Water

20
8 P

b/
20

6 P
b

20
6 P

b/
20

4 P
b

Case 1

207Pb/206Pb 207Pb/204Pb

A B

Child' s Bedroom Carpet
D ining  R oom Window Sill

R ear Stairwell F loor
Street Lateral

F ront Porch

Blood

1.96

1.98

2.00

2.02

2.04

2.06

2.08

2.10

2.12

0.79 0.80 0.81 0.82 0.83 0.84 0.85 0.86 0.87 0.88

Child' s Bedroom Carpet
D ining  R oom Window Sill

R ear Stairwell F loor

Street LateralF ront Porch
Blood

17.50

18.00

18.50

19.00

19.50

20.00

15.55 15.60 15.65 15.70 15.75 15.80

BloodPaintSoil PipesWipesTap Water BloodPaintSoil PipesWipesTap Water

20
8 P

b/
20

6 P
b

207Pb/206Pb 207Pb/204Pb

20
6 P

b/
20

4 P
b

Case 2

FIGURE 1

continued 



May 2023 • Journal of Environmental Health 11

blood isotopes when all ratios were con-
sidered. These items (samples 5, 10, and 4)
were also identified as the play areas from
the questionnaire. LIA suggested the child
ingested deteriorating lead-based paint via
hand-to-mouth behavior while playing at
the windows.

After 6 months, the child’s BLL was 15 µg/dl,
and 9 months after the initial BLL, the family’s

home was remediated and passed clearance.
Furthermore, 1.5 years after the initial BLL, the
child’s venous BLL decreased to 4 µg/dl.

Case 2
Case 2 involved a male at 24 months with
a venous BLL of 14 µg/dl. The risk assess-
ment found lead-based paint above accept-
able limits on the windows, doors, walls, and

trim of the home. The dust wipes with the
highest concentrations were from the living
room windowsill (10,000 µg/ft2) and back
entry floor (10,000 µg/ft2). Questionnaire
responses indicated that the child ate in the
dining room and played in the living room.

Blood PbIR were similar to the street lateral
water pipe (sample 9) but dissimilar to tap
water (samples 1 and 2) and the floor lateral

Two-Dimensional Isotope Ratio Plots for Whole Blood and Environmental Lead Sources Sampled for Lead
Isotope Analysis for Cases 1–6
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pipe (sample 10; Table 2). Other samples
closest to the blood PbIR were dust from the
child’s bedroom carpet (sample 4), dust from
the rear stairwell floor (sample 7), dust from
the dining room windowsill (sample 6), and
front porch paint (sample 11) by all ratios
(Figure 1, Case 2). The dust wipe sample
ratios fell within the upper and lower ratio
limits of suspected paint contributors. This

pattern was consistent with the deterioration
of chipping paint from the walls and win-
dowsills, which accumulated as lead-contam-
inated dust inhaled or ingested by the child
(Figure 1, Case 2).

LIA supported the exposure pathway of
hand-to-mouth behavior in play areas iden-
tified by the questionnaire and lead concen-
tration measurements from the risk assess-

ment. Although there was no remediation
completed, increased cleaning was recom-
mended. After 5 months, the child’s second
BLL decreased by one half to 7 µg/dl.

Case 3
Case 3 involved a female at 19 months with a
venous BLL of 18 µg/dl. The risk assessment
found lead-based paint on the windows,

Two-Dimensional Isotope Ratio Plots for Whole Blood and Environmental Lead Sources Sampled for Lead
Isotope Analysis for Cases 1–6

Note. A = 208Pb/206Pb versus 207Pb/206Pb; B = 206Pb/204Pb versus 207Pb/204Pb.
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doors, walls, and trim of the home. The high-
est lead concentrations were the interior win-
dowsills (mean of 1,158 µg/ft2), the porch 
entry floor (54 µg/ft2), and the backyard play 
area (4,874 ppm). The HUD questionnaire 
indicated that the child ate and played in the 
living room and at the windowsills. The main 
suspected sources of exposure were interior 
windowsills and floors with soil tracked from 
the backyard.

LIA excluded tap water (samples 1 and 2) 
and the lateral service line (sample 9) as the 
primary source of exposure given the poor 
match with blood PbIR (sample 15; Table 
3). Samples closest to the blood PbIR were 
the paint in the back stairwell windowsill 
(sample 10), wipe from the living room 

floor (sample 7), and wipe from the front 
porch entry floor (sample 6) by both major 
and minor ratios. Dust sample (samples 
3–7) isotope compositions were similar to 
each other and plotted within the upper and 
lower limits of the isotope ratios of the sam-
ples from paint (samples 10–14) and soil 
(sample 8), which suggested that the dust 
samples were likely a result of paint dete-
rioration and soil tracked inside the home 
(Figure 1, Case 3).

LIA excluded potential sources so that 
priority could be given to the floors and 
points of entry to the home. Even though 
remediation work was not performed, clean-
ing was increased. Overall, 2 months after 
the initial BLL, the second BLL decreased 

to 9 µg/dl. The child’s family moved 15 
months after first blood draw and 2 months 
after the move, the child’s BLL decreased 
further to 4 µg/dl.

Case 4
Case 4 involved a male at 15 months with a 
venous BLL of 10 µg/dl. The risk assessment 
did not find any lead hazards in the walls, 
floors, or points of entry of the home. Based 
on the questionnaire, the main suspected 
sources of exposure were spices and pressure 
cookers purchased in India. Lead concentra-
tions in turmeric, asafetida, teething powder, 
and kajal with aela (a cultural eye cometic) 
were 99, 180, 97, and 98 ppm, respectively. 
The spices turmeric and asafetida were then 

Case 2: Lead Isotope Ratios With Standard Error and Concentration for Whole Blood and Environmental 
Sources Sampled for Lead Isotope Analysis

Sample 
#

Sample Sample 
Type

206Pb/204Pb 2σ/√n 207Pb/204Pb 2σ/√n 207Pb/206Pb 2σ/√n 208Pb/206Pb 2σ/√n Lead (Pb) 
Concentration

1 5-min flush Tap water 19.8351 0.0006 15.7582 0.0006 0.79446 0.00001 1.97195 0.00003 0.361 µg/L

2 Kitchen first draw Tap water 19.0985 0.0004 15.6843 0.0004 0.82123 0.00001 2.01598 0.00003 0.798 µg/L

3 Child’s bedroom 
windowsill

Wipe 18.3052 0.0005 15.6115 0.0004 0.85284 0.00001 2.07685 0.00002 57.6 µg/ft2

4 Child’s bedroom 
carpet

Wipe 18.4668 0.0004 15.6265 0.0005 0.84619 0.00001 2.06621 0.00004 11.5 µg/ft2

5 Master bedroom 
floor

Wipe 18.6236 0.0005 15.6444 0.0005 0.84004 0.00001 2.05522 0.00003 9.0 µg/ft2

6 Dining room 
windowsill

Wipe 18.5622 0.0004 15.6333 0.0004 0.84221 0.00001 2.06086 0.00003 1,272 µg/ft2

7 Rear stairwell 
floor

Wipe 18.4468 0.0006 15.6291 0.0005 0.84726 0.00001 2.06730 0.00003 181 µg/ft2

8 Backyard Soil 18.8866 0.0006 15.6614 0.0005 0.82924 0.00001 2.04108 0.00003 248 µg/g

9 Street lateral Pipe 18.5256 0.0003 15.6284 0.0004 0.84361 0.00001 2.06981 0.00003 128,683 µg/g

10 Floor lateral Pipe 19.7667 0.0005 15.7650 0.0004 0.79756 0.00001 1.98448 0.00002 32,438 µg/g

11 Front porch Paint 18.4497 0.0005 15.6255 0.0005 0.84692 0.00001 2.06890 0.00004 2,659 µg/g

12 Living room wall 
(side A)

Paint 18.2564 0.0004 15.5862 0.0004 0.85374 0.00001 2.08100 0.00003 38,033 µg/g

13 Living room 
window jamb

Paint 18.0086 0.0004 15.5817 0.0004 0.86524 0.00001 2.09786 0.00003 37,011 µg/g

14 Child’s bedroom 
window jamb

Paint 17.8365 0.0004 15.5680 0.0005 0.87282 0.00001 2.10845 0.00003 53,193 µg/g

15 Rear stairwell Paint 19.1132 0.0004 15.6884 0.0004 0.82081 0.00001 2.01580 0.00003 25,993 µg/g

16 Subject initial 
blood draw

Whole 
blood

18.4896 0.0005 15.6273 0.0005 0.84520 0.00001 2.06345 0.00003 13.2 µg/dl

Note. The report unit for the lead isotope ratio is the atom ratio.

TABLE 2
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sent for isotopic analysis along with other 
environmental samples.

LIA did not indicate lead-contaminated 
dust (samples 3–10) or tap water (samples 1 
and 2) as potential sources of lead exposure 
by both the major and minor ratios (Table 
4). Samples closest to the blood isotope 
composition (sample 22) were black pepper 
(sample 11), cilantro powder (sample 16), 
and turmeric (sample 13; Figure 1, Case 4). 
Although black pepper was the closest in 
isotopic composition to the child’s blood, tur-
meric and asafetida had the highest levels of 
lead concentration out of the spice samples 
(Supplemental Table).

The family stopped using the spices and 
pressure cookers and were advised to buy 
locally sourced food items and cookware. After 
7 months, the child’s BLL decreased to 4 µg/dl.

Case 5
Case 5 involved a female at 16 months with 
a BLL of 23 µg/dl. The risk assessment 
did not identify potential lead hazards in 
the walls, floors, or points of entry of the 
home. Based on the HUD questionnaire, 
suspected hazards included items manu-
factured in India, such as pressure cookers, 
spices, and kajal.

The sample closest to the blood (sample 
20) isotope composition was kajal (sample 
19) and red chili (sample 15; Table 5). Even 
though the kajal material was insoluble, a sig-
nificant amount of lead (approximately 500 
ng) was present in the leachate, suggesting 
this material was rich in lead (Supplemental 
Table). The kajal isotope ratios were con-
sistent with the blood isotopic composition 
by both major and minor ratios. The wipes 

(samples 3–11), tap water (samples 1 and 2), 
and spices (samples 12–18) except red chili 
(sample 15) had isotope ratios that were not 
consistent with the blood composition (Fig-
ure 1, Case 5).

Intervention included use of alternative 
and locally sourced eyeliners, spices, and 
pressure cookers. Over the next 6 months, 
five additional blood lead measurements 
demonstrated a slow decrease in BLLs: 16, 
15, 15, 14 (isotope-analyzed result for sample 
20), and 13 µg/dl, respectively.

Case 6
Case 6 involved a male at 10 months with a 
BLL of 14 µg/dl. The child was 16 months at 
the first isotope-analyzed blood draw (8 µg/dl). 
The risk assessment found one lead hazard: a 
bell with a lead concentration of 93 µg/ft2. The 

Case 3: Lead Isotope Ratios With Standard Error and Concentration for Whole Blood and Environmental 
Sources Sampled for Lead Isotope Analysis

Sample 
#

Sample Sample 
Type

206Pb/204Pb 2σ/√n 207Pb/204Pb 2σ/√n 207Pb/206Pb 2σ/√n 208Pb/206Pb 2σ/√n Lead (Pb) 
Concentration

1 5-min flush Tap water 19.9770 0.0003 15.7713 0.0003 0.78947 0.00001 1.96219 0.00002 1.090 µg/L

2 Kitchen first draw Tap water 19.7307 0.0004 15.7469 0.0004 0.79810 0.00001 1.98160 0.00003 9.008 µg/L

3 Child’s bedroom 
floor carpet

Wipe 19.2338 0.0005 15.6970 0.0004 0.81612 0.00001 2.00743 0.00003 60 µg/ft2

4 Living room 
windowsill

Wipe 19.2135 0.0007 15.6936 0.0006 0.81680 0.00001 2.00960 0.00003 443 µg/ft2

5 Kitchen floor Wipe 19.2393 0.0005 15.6952 0.0005 0.81578 0.00001 2.01453 0.00002 37 µg/ft2

6 Front porch  
entry floor

Wipe 18.9651 0.0006 15.6662 0.0006 0.82606 0.00001 2.03770 0.00003 313 µg/ft2

7 Living room floor Wipe 19.0367 0.0007 15.6786 0.0006 0.82361 0.00001 2.02807 0.00003 250 µg/ft2

8 Backyard Soil 19.3163 0.0004 15.7040 0.0004 0.81300 0.00001 2.01272 0.00003 3,261 µg/g

9 Service lateral Pipe 20.6057 0.0005 15.8491 0.0004 0.76915 0.00001 1.91982 0.00003 19,483 µg/g

10 Back stairwell 
windowsill

Paint 18.9586 0.0005 15.6716 0.0005 0.82662 0.00001 2.02849 0.00003 3,116 µg/g

11 Kitchen window 
trough

Paint 19.4228 0.0004 15.7114 0.0004 0.80892 0.00001 2.00226 0.00003 63,318 µg/g

12 Living room 
window jamb

Paint 19.8662 0.0004 15.7560 0.0005 0.79311 0.00001 1.97517 0.00003 36,975 µg/g

13 Front porch door Paint 19.4478 0.0004 15.7190 0.0004 0.80827 0.00001 1.99512 0.00002 34,821 µg/g

14 Window sash  
by bed

Paint 18.3150 0.0007 15.6114 0.0006 0.85239 0.00001 2.07881 0.00003 14,675 µg/g

15 Subject initial 
blood draw

Whole 
blood

19.0458 0.0008 15.6809 0.0007 0.82333 0.00001 2.02366 0.00003 16.8 µg/dl

Note. The report unit for the lead isotope ratio is the atom ratio.

TABLE 3
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HUD questionnaire identified imported pow-
ders and spices as main suspected hazards.

LIA demonstrated that not only the bell 
(sample 3) but also other objects (samples 12 
and 13) located on a religious altar where the 
family burned incense were similar to the blood 
in isotope concentration, suggesting lead expo-
sure near the altar contributed to the child’s 
BLL. LIA indicated that the powders (samples 
1 and 2) were not the primary suspected haz-
ards because their isotopic compositions were 
dissimilar to the blood PbIR. The samples 

closest to the blood isotope composition were 
dust wipes from the small lamp (sample 12), 
incense holder (sample 13), and masala pow-
der (sample 9; Table 6). These samples were 
also most similar to the blood isotope composi-
tion by minor isotope ratios (Figure 1, Case 6).

After getting the LIA results, the family 
was advised to buy locally sourced spices 
and restrict access to the entire altar area. 
The child’s BLLs at 7, 8, 9, and 22 months 
decreased after the initial BLL and were 8, 7, 
6, and 5 µg/dl, respectively.

Discussion
Our study demonstrates the application 
of LIA for source attribution among lead-
poisoned children. In the six homes investi-
gated, LIA identified lead-based paint, lead-
contaminated dust, kajal, foreign ceremonial 
objects, and imported spices such as turmeric 
and black pepper as likely sources of lead 
poisoning. This technique was useful in rul-
ing out exposures when interpreted along-
side measurements of lead concentration and 
questionnaires about behavioral risk factors.

Case 4: Lead Isotope Ratios With Standard Error and Concentration for Whole Blood and Environmental 
Sources Sampled for Lead Isotope Analysis

Sample 
#

Sample Sample 
Type

206Pb/204Pb 2σ/√n 207Pb/204Pb 2σ/√n 207Pb/206Pb 2σ/√n 208Pb/206Pb 2σ/√n Lead (Pb) 
Concentration

1 Kitchen first 
draw

Tap water 18.3581 0.0006 15.6356 0.0005 0.85170 0.00001 2.07985 0.00003 3.388 µg/L

2 5-min flush 
(kitchen)

Tap water 18.4378 0.0009 15.6373 0.0008 0.84810 0.00001 2.07245 0.00003 0.105 µg/L

3 Living room rug Wipe 17.8841 0.0006 15.6131 0.0006 0.87301 0.00001 2.11131 0.00003 0.1 µg/ft2

4 Bedroom carpet Wipe 17.7869 0.0004 15.6057 0.0005 0.87737 0.00001 2.11856 0.00003 0.2 µg/ft2

5 Large pressure 
cooker

Wipe 17.3334 0.0005 15.5811 0.0005 0.89890 0.00001 2.14941 0.00003 43.7 µg/ft2

6 Small pressure 
cooker

Wipe 18.2844 0.0025 15.6383 0.0022 0.85528 0.00003 2.08393 0.00008 0 µg/ft2

7 Bathtub Wipe 17.9773 0.0003 15.5985 0.0003 0.86768 0.00001 2.10208 0.00003 1.6 µg/ft2

8 Bedroom 
windowsill

Wipe 18.6121 0.0005 15.6562 0.0005 0.84119 0.00001 2.05947 0.00003 1.3 µg/ft2

9 Halloween 
pumpkin

Wipe 18.2618 0.0008 15.6385 0.0006 0.85634 0.00001 2.08272 0.00003 0.1 µg/ft2

10 Entry carpet Wipe 18.4166 0.0006 15.6520 0.0005 0.84988 0.00001 2.07266 0.00003 0.2 µg/ft2

11 Black pepper Kitchen spice 17.5736 0.0029 15.5855 0.0029 0.88686 0.00004 2.13096 0.00018 0.2 µg/g

12 Pink salt Kitchen spice 19.0658 0.0006 15.7676 0.0005 0.82702 0.00001 2.06173 0.00004 0.4 µg/g

13 Turmeric Kitchen spice 17.5815 0.0005 15.6032 0.0005 0.88748 0.00001 2.13628 0.00003 2.3 µg/g

14 Chili powder Kitchen spice 17.4722 0.0006 15.5942 0.0007 0.89252 0.00001 2.13718 0.00003 0.7 µg/g

15 White salt Kitchen spice 18.9118 0.0033 15.7701 0.0031 0.83387 0.00003 2.05695 0.00015 0.1 µg/g

16 Cilantro powder Kitchen spice 17.7199 0.0028 15.6279 0.0028 0.88199 0.00003 2.12744 0.00015 0.1 µg/g

17 Cumin seeds Kitchen spice 18.0285 0.0039 15.6482 0.0036 0.86804 0.00004 2.11106 0.00015 0.1 µg/g

18 Asafetida Kitchen spice 17.4226 0.0005 15.5828 0.0005 0.89440 0.00001 2.14508 0.00003 1.7 µg/g

19 Rai Kitchen spice 18.4908 0.0075 15.6962 0.0068 0.84886 0.00007 2.09457 0.00028 0.1 µg/g

20 Mango powder Kitchen spice 17.5334 0.0018 15.6214 0.0018 0.89095 0.00003 2.13850 0.00011 0.3 µg/g

21 Wheat flour Kitchen spice 17.5323 0.0424 15.4015 0.0374 0.87845 0.00020 2.12633 0.00053 0 µg/g

22 Subject initial 
blood draw

Whole blood 17.6207 0.0008 15.5910 0.0008 0.88482 0.00001 2.13053 0.00004 10.3 µg/dl

Note. The report unit for the lead isotope ratio is the atom ratio.

TABLE 4
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Case 5: Lead Isotope Ratios With Standard Error and Concentration for Whole Blood and Environmental 
Sources Sampled for Lead Isotope Analysis

Sample 
#

Sample Sample 
Type

206Pb/204Pb 2σ/√n 207Pb/204Pb 2σ/√n 207Pb/206Pb 2σ/√n 208Pb/206Pb 2σ/√n Lead (Pb) 
Concentration

1 First draw Tap water 18.5807 0.0034 15.6494 0.0011 0.84225 0.00013 2.06144 0.00021 0.022 µg/L

2 5-min flush Tap water 18.5219 0.0174 15.6737 0.0150 0.84625 0.00008 2.07268 0.00014 0.002 µg/L

3 Elephant wipe Wipe 18.7607 0.0007 15.6776 0.0006 0.83566 0.00001 2.05194 0.00003 0.1 µg/ft2

4 Bracelet wipe Wipe 17.6595 0.0004 15.6009 0.0004 0.88342 0.00001 2.12768 0.00003 0.9 µg/ft2

5 Gold charm wipe Wipe 18.7060 0.0006 15.6671 0.0006 0.83754 0.00001 2.05626 0.00003 0 µg/ft2

6 Living room sill 
wipe

Wipe 18.9088 0.0005 15.6826 0.0004 0.82939 0.00001 2.04150 0.00003 0.4 µg/ft2

7 Floor dust wipe Wipe 18.9274 0.0005 15.6892 0.0004 0.82892 0.00001 2.03924 0.00002 0.9 µg/ft2

8 Metal cart wipe Wipe 18.6116 0.0004 15.6625 0.0004 0.84154 0.00001 2.05890 0.00002 0.2 µg/ft2

9 Bathtub wipe Wipe 18.5758 0.0005 15.6337 0.0005 0.84162 0.00001 2.06975 0.00003 1.8 µg/ft2

10 Old cooker wipe Wipe 17.9282 0.0005 15.6125 0.0004 0.87083 0.00001 2.11286 0.00002 4.1 µg/ft2

11 New cooker wipe Wipe 17.7830 0.0004 15.6074 0.0005 0.87765 0.00001 2.11914 0.00003 2.6 µg/ft2

12 Chunky chat 
masala

Kitchen 
spice

18.8568 0.0005 15.7673 0.0005 0.83617 0.00001 2.07926 0.00003 0.08 µg/g

13 Dal makhani 
masala

Kitchen 
spice

18.0354 0.0006 15.6493 0.0006 0.86769 0.00001 2.11559 0.00003 0.09 µg/g

14 Sabzi masala Kitchen 
spice

18.3446 0.0004 15.6885 0.0004 0.85521 0.00001 2.09903 0.00003 0.15 µg/g

15 Red chili Kitchen 
spice

17.3785 0.0004 15.5843 0.0005 0.89675 0.00001 2.14614 0.00003 22.8 µg/g

16 Black pepper Kitchen 
spice

18.3640 0.0025 15.6853 0.0024 0.85412 0.00003 2.10746 0.00012 0.01 µg/g

17 Turmeric Kitchen 
spice

17.7062 0.0007 15.5994 0.0006 0.88102 0.00001 2.12986 0.00004 0.01 µg/g

18 Coriander Kitchen 
spice

17.7070 0.0005 15.6178 0.0006 0.88201 0.00001 2.12803 0.00003 0.05 µg/g

19 Kajal Cosmetic 17.4047 0.0010 15.5811 0.0005 0.89522 0.00004 2.14390 0.00006 –

20 Subject initial 
blood draw

Whole 
blood

17.4400 0.0006 15.5834 0.0006 0.89355 0.00001 2.14124 0.00003 10.1 µg/dl

Note. The report unit for the lead isotope ratio is the atom ratio.

TABLE 5

Similar to previous studies, cases 1–3 dem-
onstrated that LIA was able to identify the 
most common household exposure: legacy 
lead-based paint exposure via hand-to-mouth 
behavior (Becker et al., 2022; Gulson et al., 
1995; Manton et al., 2000). BLLs decreased 
among these cases after intervention on 
sources identified by LIA.

Cases 4–6 involved nonpaint-related 
sources more commonly identified in recent 
years (Forsyth et al., 2019; Gorospe & Ger-
stenberger, 2008; Mohta, 2010; Smith et al., 
2017) and demonstrate at-risk groups for 

lead poisoning among immigrant popula-
tions (Angelon-Gaetz et al., 2018; Centers 
for Disease Control and Prevention, 2012; 
Shakya & Bhatta, 2019). A questionnaire can 
identify a foreign spice as a potential hazard, 
but LIA can provide additional evidence that 
the spice contributed to blood lead through 
matched PbIRs.

Unlike other recent isotopic analyses, 
water was also investigated in our case series 
due to the historical use of lead pipes in the 
U.S. (Triantafyllidou et al., 2009). Contami-
nated water might be a significant contribu-

tor to overall lead exposure among young 
children even at low concentrations (Zartar-
ian et al., 2017). Environmental health spe-
cialists extensively sampled water sources by 
testing tap water, pipes, and solder for five 
out of six cases. Water was not observed as 
the dominant or likely source in our cases. 
The PbIRs of the tap water samples for cases 
1–5 were dissimilar to the children’s blood 
samples (Figure 1). For case 2, the PbIRs 
between street lateral pipe (sample 9) and 
child’s blood (sample 16) appeared similar 
but could be due to the lead street lateral pipe 
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being from the same geological deposit as 
the dominant lead exposure source(s) or the 
same ratio as the sum of multiple lead expo-
sure sources (Supplemental Table).

The differences in environmental and 
blood PbIR between cases 4–6 and cases 
1–3 demonstrate how abundances of iso-
topes vary given the age of the source lead 
ore. Cases 1–3 possessed a 208Pb/206Pb isoto-
pic composition range of 1.93–2.06, which is 
consistent with Midwestern ore deposits (Doe 
& Delevaux, 1972; Field et al., 2018; Millen 
et al., 1995; Potra et al., 2018) or Great Lakes 
precipitation that reflects industrial pollution 
and coal burning (Sherman et al., 2015). In 
contrast, cases 4–6 possessed a 208Pb/206Pb 
isotopic composition range of 2.13–2.14, 
which is consistent with anthropogenic lead 
sources in India (Sen et al., 2016).

The high precision a�orded by MC-ICP-
MS methods is a major strength of our study. 
Previous LIA case series used sector field/
magnetic sector ICP (Gwiazda et al., 2005; 
Oulhote et al., 2011) or solid source MS 
(Gulson et al., 1995; Millen et al., 1995; Ya�e 

et al., 1983) for lead isotopes. The uncertain-
ties around PbIR in those studies typically are 
between 0.1–1% (Gulson et al., 1995; Gwi-
azda et al., 2005; Millen et al., 1995; Oulhote 
et al., 2011; Ya�e et al., 1983). In contrast, 
our case-series method using MC-ICP-MS 
obtained precisions of approximately 0.02–
0.03% in whole blood (Supplemental Table) 
based on repeat analyses of whole blood stan-
dards, although there are still no isotopic ref-
erence materials for this purpose.

Another strength of our study is our inclu-
sion of a wide array of samples, even those 
with low lead concentrations. Moreover, our 
study was unique in that case follow-up of 
BLLs has not been reported routinely in past 
LIA studies and thus contributes data to the 
impact of LIA in remediation e�orts.

There are at least three limitations to our 
case series. Blood lead isotopic analysis repre-
sents all sources of lead—both endogenous or 
exogenous—which was supplemented by our 
diverse array of samples but could not account 
for lead from the mother during gestation or 
bone storage of lead. Also, mixtures of lead 

sources are challenging to interpret and not 
fully explored. Given that this study is a pilot 
project and case-series analysis, our sample 
size limits the generalizability of our results. A 
further limitation to conducting LIA is the cost 
and availability of mass spectrometers.

Conclusion
Overall, our findings suggest that high-pre-
cision isotopic analysis with MC-ICP-MS 
methods could be used as a supplemental 
tool during lead risk assessment. Our cases 
demonstrate that LIA can identify recontami-
nation from legacy lead and imported items 
such as spices and cosmetics. All sources 
of lead exposure are important to consider 
because lead poisoning a�ects individuals 
with infinitely variable behaviors and envi-
ronments. Future work should assess the use 
of LIA on a larger scale and the cost-e�ective-
ness of this technique. 

Acknowledgements: This study and article 
were supported in part by an appointment to 
the Applied Epidemiology Fellowship Pro-

Case 6: Lead Isotope Ratios With Standard Error and Concentration for Whole Blood and Environmental 
Sources Sampled for Lead Isotope Analysis

Sample 
#

Sample Sample 
Type

206Pb/204Pb 2σ/√n 207Pb/204Pb 2σ/√n 207Pb/206Pb 2σ/√n 208Pb/206Pb 2σ/√n Lead (Pb) 
Concentration

1 Lavender powder Cosmetic 19.8394 0.0004 15.8828 0.0004 0.80056 0.00001 1.96837 0.00002 0.18 µg/g

2 Baby powder Cosmetic – – – – – – – – –

3 Hindu powder Cosmetic 19.9784 0.0005 15.8952 0.0004 0.79561 0.00001 1.93069 0.00003 3.41 µg/g

4 Spicy masala 
powder

Kitchen spice 17.7920 0.0005 15.6231 0.0005 0.87809 0.00001 2.11261 0.00004 0.07 µg/g

5 Turmeric Kitchen spice 17.8115 0.0004 15.6218 0.0004 0.87706 0.00001 2.11514 0.00002 0.63 µg/g

6 Masala powder Kitchen spice 17.5293 0.0007 15.6026 0.0007 0.89008 0.00001 2.14296 0.00004 0.04 µg/g

7 Chili powder Kitchen spice 17.8629 0.0007 15.6304 0.0006 0.87502 0.00001 2.10647 0.00003 0.05 µg/g

8 Coriander powder Kitchen spice 17.6877 0.0006 15.6154 0.0005 0.88284 0.00001 2.11941 0.00004 0.06 µg/g

9 Health mix powder Kitchen spice 17.9669 0.0019 15.6335 0.0017 0.87016 0.00002 2.11616 0.00005 0.01 µg/g

10 Toothpaste Cosmetic 18.1945 0.0005 15.7265 0.0005 0.86436 0.00001 2.11029 0.00004 0.03 µg/g

11 Subject initial 
blood draw

Whole blood 17.5476 0.0007 15.5884 0.0006 0.88834 0.00001 2.13368 0.00004 5.3 µg/dl

12 Ceremonial bell Wipe 17.7146 0.0006 15.6011 0.0005 0.88068 0.00001 2.12352 0.00002 14.6 µg/ft2

13 Small lamp Wipe 17.5312 0.0006 15.5966 0.0005 0.88965 0.00001 2.13170 0.00003 0.8 µg/ft2

14 Incense holder Wipe 17.4571 0.0004 15.5907 0.0004 0.89309 0.00001 2.13964 0.00003 4.0 µg/ft2

15 Ceremonial vase Wipe 17.7920 0.0009 15.6135 0.0007 0.87758 0.00001 2.11546 0.00003 0.1 µg/ft2

Note. The report unit for the lead isotope ratio is the atom ratio.

TABLE 6
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A ccording to the most recent Food and 
Drug Administration (FDA, 2022) 
Retail Food Risk Factor Study, proper 

cleaning and sanitization of food contact sur-
faces in retail establishments remain an unmet 
need, with up to 60% of delis, fast food, and 
full-service restaurants failing to comply with 
the cleaning objectives for food contact sur-
faces set forth by the FDA model Food Code. 
While these results could reflect shortcom-
ings with proper chemical sanitizer use, its 
critical preceding cleaning step (i.e., the e�ec-
tive removal of soils and particles that allow 
for viruses and bacteria such as norovirus or 
Salmonella to survive and infect individuals) is 
likely a significant performance culprit (Todd 
et al., 2007). Indeed, if tools were available 
to accurately evaluate proper cleaning of en-
crusted grease and food soils beyond a qualita-
tive “clean to sight and touch” guideline, the 
actual incidence of environmental sanitation 
violations would most certainly increase (Kim 
et al., 2021).

This practice gap is critical, for without a 
proper cleaning step, visible and invisible food 
soils that linger on glasses, utensils, dishes, 
and general food contact surfaces can inhibit 
or quench quaternary, chlorine, iodine, or lac-
tic acid sanitizing chemistries, thus rendering 
food contact sanitizers ine�ective (Araújo et 
al., 2013; Lambert & Johnston, 2001). Further, 
because foodstu� is much less heat conductive 
than glass, ceramic, or metal surfaces, food 
soils on contaminated surfaces can also insu-
late these surfaces from achieving the proper 
temperature thresholds required to inactivate 
bacteria and viruses in applications that lever-
age hot sanitization strategies. Accordingly, 
overlooking the cleaning step can result in a 
false reassurance of sanitation and heightened 
risk for foodborne infection transmission.

Unfortunately, the regulatory framework 
described in Chapter 4 of the Food Code
appears to lack enough granularity to help 

end users and health inspectors evaluate the 
cleaning process outcomes. “Clean to sight 
and touch” might meet the need from an 
intent perspective, but its real-life execution 
is much more complicated. Invisible soils 
such as starches and specific proteins can eas-
ily be missed on dirty surfaces. Indeed, many 
soiled surfaces appear to be clean, which has 
been widely documented in the healthcare 
industry as a major risk factor for infection 
control professionals in the struggle to miti-
gate transmission of infectious pathogens 
(Sherlock et al., 2009). Further, touching a 
surface can reintroduce contaminants onto 
areas that had previously been cleaned. More 
importantly, this cleaning success criteria 
relies on the sensorial perception from food 
establishment employees and health inspec-
tors on if surfaces meet the criteria.

Unlike registered sanitizers and disinfec-
tants whose public health claims have been 
judiciously scrutinized by the U.S. Environ-
mental Protection Agency (U.S. EPA) to ensure 
they perform as advertised, cleaning agents and 
products typically used in retail food establish-
ments (i.e., products that are not registered by 
U.S. EPA or lack public health claims) are not 
required to undergo performance validation 
by regulatory agencies. This lack of clean-
ing performance oversight by reguatory enti-
ties a�ects the vast majority, if not all, of the 
cleaning agents and products used in the first 
compartment of commercial kitchen sinks or 
in mechanical warewashing machines, among 
others. As a result, the performance of clean-
ing and detergent products against food soils is 
not assessed by independent entities.

So, what options are we left with? Instru-
ments that can measure cleanliness on a sur-
face do exist, but they are costly; complex to 
use, calibrate, and maintain; and are primar-
ily left for applications in healthcare or food 
manufacturing. Their main practical focus 
has in many cases been reduced to training 

cleaning sta� rather than quantifying soils 
(i.e., was a target surface left untouched by 
the cleaning sta�?). Further, their relevance 
and accuracy have sometimes been the sub-
ject of scrutiny among the scientific commu-
nity (Omidbakhsh et al., 2014).

What is more beneficial in this cleaning 
and detergent product performance vacuum 
is a combination of the following frame-
work we call the four Ps: product, procedure, 
place, and practice.

Product
Not everything that foams is a cleaning agent, 
and not every cleaning agent is good at clean-
ing. Commodity cleaning agents and prod-
ucts are formulated with limited amounts 
and types of ingredients that fail to tackle the 
incredibly large number of soils encountered 
in a retail food establishment. These com-
modity products do not always keep up-to-
date with changes in food marketplaces or 
regulatory trends. For example, moving from 
animal-based fats and oils to plant-based ones 
(e.g., canola, soy, corn, coconut, sunflower) to 
combat the adverse health e�ects of the for-
mer created an unintended cleaning issue.

Plant-based oils interact with oxygen and 
moisture in the air and the heat of the cook-
ing process functions to “cure” these oils, 
hardening them onto the ware surfaces. These 
hardened oils might not be removed easily 
with commodity cleaning agents and prod-
ucts and could create the need for additional 
labor or rewash to improve results. Whenever 
possible, using cleaning agents and products 
with a demonstrated strong history of supe-
rior cleaning performance and innovation is 
best. Otherwise, user directions for many food 
contact sanitizers—such as “preclean visible 
soils”—places the burden on the end user to 
guess when soils have been visibly cleaned.

An important case is the use of single-deter-
gent sanitizer or cleaner sanitizer products 
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for soil cleaning. The type and concentra-
tion of ingredients used in their formulation 
is restricted by the norms set forth in CFR 
40 §180.940. These special products are for-
mulated to be safe enough to be left on food 
contact surfaces without the need for a pota-
ble water rinse. The performance trade-o�, 
though, is their cleaning power against hard-
ened food soils might be limited, because very 
powerful cleaning agents are excluded from 
CFR 40 §180.940. As such, using a proper, 
alternative cleaning and detergent product 
followed by rinsing with potable water could 
provide a better cleaning outcome.

Procedure
Cleaning agents and products will not do the 
job if they are not used according to label 
instructions and the processes they were 
designed for. Reading labels, though, can be 
a burden for employees in a retail food estab-
lishment. Instead, clear, succinct, and primar-
ily visual instructions and procedures for how 
to use a cleaning agent or product are crucial 
to achieve the cleaning goals of the Food Code. 
Items that need to be covered in the instruc-
tions and procedures include how much 
cleaning agent to dilute or apply directly on a 
surface, soaking time if recommended, water 

temperature requirements, and cleaning tools; 
these steps are the most common, necessary 
ones for manual cleaning of food contact sur-
faces. Meticulously following all steps in a pro-
cedure while using inferior commodity clean-
ing agents and products might not achieve the 
proper food soil removal.

Place
According to the Conference for Food Pro-
tection (2016), “cleaners should be used 
according to a Sanitation Standard Operating 
Procedure (SSOP) specific to a location or 
piece of equipment being cleaned.” Cleaning 
a deep fryer requires a di�erent performance 
strength from the detergent of choice com-
pared to products intended for a salad bar. 
Likewise, cleaning agents and products that 
meet the cleaning needs in a steakhouse or 
sit-down restaurant will di�er from cleaning 
agents and products that can do the job in a 
limited-capacity co�ee shop.

Practice
Personal hygiene shortcomings (e.g., lack of 
handwashing etiquette, touching foods with 
contaminated hands, working while ill or fail-
ure to report an illness, among others) is a 
major driver of food-related outbreaks. Personal 

hygiene is correlated with knowledge, atti-
tudes, and behaviors of food service managers 
and employees alike (Pragle et al., 2007), and 
those same factors a�ect the perception by food 
service managers and employees of the cleanli-
ness of surfaces in the retail establishment. The 
person in charge and—equally importantly—
the health inspector must educate food service 
workers (and validate the learnings acquired) 
about the importance of e�ective surface clean-
ing through proper training and continuous 
monitoring and improvement.

Conclusion
Cleaning should not be regarded as a chore. 
Proper cleaning of surfaces in food service 
establishments remains an opportunity—
and with it, an improvement—in mitigat-
ing a major risk factor for transmission of 
foodborne pathogens. Implementing the 
appropriate cleaning tools, superior cleaning 
agents and products, easy-to-execute proce-
dures, and the right mindset will help achieve 
these goals. 
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History
The original Meat Inspection Act, passed in 
1891, was only for meat products exported 
overseas. It was not until June 30, 1906, 
that the U.S. Congress took action to protect 
consumers by passing the original Food and 
Drugs Act and the Federal Meat Inspection 
Act of 1906.

The impetus for this congressional ac-
tion was the 1906 publication of Upton Sin-
clair’s novel The Jungle, which exposed the 

unsanitary conditions and brutal hardships 
endured by immigrants who, by economic 
necessity, worked in notoriously dangerous 
factories. The story took place partially in 
fictional “Packingtown,” which was mod-
eled after the slaughter and meat process-
ing facilities in Chicago, Illinois, that were 
called the Union Stock Yards. Shocking 
scenes in the book depicted industrial ac-
cidents as severe as workers stumbling into 
tanks where animal parts were being ground 

up to be sold as lard (Sinclair, 1906). Short-
ly after the novel was published, meat sales 
went down drastically because of outraged 
and disgusted consumers who were fearful 
about the depicted unsanitary conditions at 
meat processing companies.

Upton sent his book to President Theodore 
Roosevelt, personally advocating for action. 
After reading the novel, Roosevelt ordered 
an investigation that yielded what he called 
“a sickening report” (Gable, 2004). It was 
never published. Instead, Congress passed 
the Federal Meat Inspection Act of 1906 that 
mandated inspection, throughout its pro-
cessing, of meat sold overseas or across state 
lines, which ultimately is the responsibility 
charged to the current Food Safety and In-
spection Service (FSIS) within the U.S. De-
partment of Agriculture (USDA).

Since 1906, the following actions have 
been taken:
• 1938: Congress passed the Federal Food, 

Drug, and Cosmetic Act.
• 1957: Congress passed the Poultry Prod-

ucts Inspection Act.
• 1967: Congress passed the Wholesome 

Meat Act, amending the Federal Meat 
Inspection Act of 1906, so that companies 
producing meat inspected and sold within 
their own states were subject to the same 
inspection standards as for overseas sales.

• 1968: The Wholesome Poultry Act was 
passed to similarly amend the Poultry 
Products Inspection Act of 1957 (Roberts, 
2001).

• 1972: Both meat and poultry inspection 
were placed under the Animal and Plant 
Health Inspection Service.

• 1977: The Food Safety and Quality Service 
was formed to assume the responsibility 

b r This 4-part series aims to inform environmental 

health specialists of the duties and requirements for federal meat and 

poultry inspectors and the companies they regulate. The other parts of the 

series will be presented in subsequent issues of the Journal of Environmental 

Health. This special report presents part 1 and starts with the history, 

responsibilities, and general requirements of federal meat and poultry 

inspectors. The Food Safety and Inspection Service (FSIS) comes under the 

authority of the U.S. Department of Agriculture. FSIS began with the Meat 

Inspection Act of June 1906 and has developed through the years into the 

current public health agency that regulates sanitation, labeling, and food 

safety requirements at federally inspected meat and poultry producing 

companies (Animals and Animal Products, 2023a).

The primary purpose of FSIS is to ensure that regulated companies are 

producing safe food for consumers. If noncompliance is discovered, FSIS 

inspectors mandate appropriate action. Enforcement investigation and 

analysis o�cers conduct assessments of written and conducted procedures 

to determine if the company procedures are scientifically sound and 

supportable. These o�cers respond to consumer complaints and conduct 

recall e�ectiveness checks at the recalling companies and their consignees.

Federal Meat and Poultry Inspection 
Duties and Requirements—Part 1: 
History and Current Responsibilities
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of meat and poultry inspections. After 4 
years, the name of the service was changed 
to FSIS.

• 1995: FSIS started inspection of facili-
ties known as “breaker plants” that break 
shelled eggs for the manufacture of egg 
products.

• July 25, 1996: FSIS published the Pathogen 
Reduction; Hazard Analysis and Critical 
Control Point (HACCP) Systems federal 
rule to alert companies and inspectors of 
the upcoming HACCP requirements.

• 1998: FSIS was formally charged with 
enforcing HACCP requirements to iden-
tify and prevent, eliminate, or reduce 
potential hazards.

• January 27, 1997: Each inspected meat 
and poultry company was required to 
have written and implemented stan-
dard sanitation operating procedures 
(SSOPs). SSOPs documented the plans 
of companies to prevent contamination 
of food and food contact surfaces before 
and during operations.

• March 1, 2016: FSIS began inspection of 
siluriformes fish and fish products, which 
include fish commonly known as catfish. 
Siluriformes fish inspection follows the 
same regulations as meat inspection.

Current Responsibilities

Regulated Companies
FSIS regulates companies that produce, at the 
wholesale and/or retail levels, meat and poul-
try products sold to other companies. The 
regulated companies are slaughter compa-
nies, fabrication companies, and companies 
that conduct both slaughter and fabrication 
activities. See Table 1 for general obliga-
tions of slaughter and fabrication companies. 
Categories of FSIS personnel and their job 
descriptions are listed in Table 2.

Enforcement Investigation and 
Analysis O�cers
The primary responsibility of enforcement 
investigation and analysis o�cers (EIAOs) 

is to conduct assessments of food safety sys-
tems. They analyze HACCP components, 
SSOP components, and compare what is 
written in the HACCP and SSOP compo-
nents with government regulations. They 
observe general sanitation such as ware-
housing, pest control, and cleanup of the 
facilities. They review the supporting docu-
mentation to determine compliance to the 
government regulations and if the decisions 
the company made are supportable. If deci-
sions are not supportable, then it is consid-
ered noncompliance.

EIAOs write reports on what is observed 
regarding the design of the systems and what 
has been found to be noncompliant. A recom-
mendation is made to the management with 
the FSIS district o�ce as to if an enforce-
ment action is required. The report is writ-
ten in a manner such that any decision made 
about an enforcement action is supportable 
by the regulations. EIAOs document letters, 
interview notes, decision memos regarding 
enforcement, and documents generated by 
consumer safety inspectors to build a case file 
that might result in suspending the opera-
tions, withdrawal of inspection, or eventually 
closing the company.

EIAOs respond to consumer complaints 
that are associated with federally inspected 
companies. On receipt of a complaint, it is 
entered into a consumer complaint moni-
toring system for other agency personnel to 
review. If there are similar complaints with 
the same root cause, this pattern will be 
detected by those personnel, and—with the 
information of the product packaging—the 
root cause can be traced to the origin of the 
problem. EIAOs can be instructed to take pic-
tures and collect samples and other evidence 
pertaining to the a�ected product.

EIAOs respond to recalls of product gen-
erated by the companies. EIAOs will visit 
these companies to be a liaison between the 
companies and FSIS personnel in Washing-
ton, DC, to ensure that the companies are 
contacting and informing the consignees of 
the recall. Companies are to provide a list 
of those consignees with su�cient infor-
mation for EIAOs to check the consignees 
for recall e�ectiveness and to ensure that 
the a�ected product does not continue into 
commerce. Randomly selected consignees, 
visited or contacted via telephone, could 
reveal more consignees, so recall e�ective-

Companies Regulated by the Food Safety and Inspection Service (FSIS)

General Obligations of Slaughter and Fabrication Companies

• Determine the 8 hours that are their official operating hours. Overtime worked by FSIS inspectors is paid 
by the companies to FSIS and these inspectors are paid time and a half.

• Provide FSIS inspectors, by law, adequate offices and office furniture, access to telephones and online 
computer facilities, and functioning restrooms.

• Provide proper facilities, equipment, products, and requested records for inspection activities.
• Not hinder FSIS inspection activities in any way and follow directions from FSIS.

Slaughter Companies
• Slaughter livestock, including domesticated 

mammals and domesticated birds.

Fabrication Companies
• Process products after slaughter and before 

shipping to retail stores. It is important to note 
that retail stores are not inspected by FSIS.

The tasks entailed in slaughter include:
• Unload livestock from livestock trucks to pens.
• Corral livestock onto the slaughter floor.
• Kill, exsanguinate, skin, and disembowel the 

livestock.
• Trim carcasses and place into coolers.
• Harvest and segregate offal products (e.g., 

viscera, head meat).

For the purposes of this special report, meat means 
the edible flesh of domesticated mammals. Poultry 
means the edible flesh of domesticated birds.

The tasks entailed in fabrication (called processing 
by FSIS inspectors) include:
• Debone products and then cut into wholesale cuts 

(e.g., primals, subprimals) or grind.
• Cut products into smaller cuts (e.g., steaks, 

chops, filets, ribs, drumsticks).
• Grind, cook, or marinate products (e.g., for 

sausages).
• Mix products with other foods (e.g., pizza).
• Make into anything from a raw retail cut to 

cooked soup, oils, or shortenings.

To be inspected and labeled by FSIS inspectors, 
fabricated products must consist of at least 2% 
meat or poultry.

TABLE 1
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ness checks are conducted on these addi-
tional consignees.

At recall effectiveness checks, EIAOs 
ascertain:
• If consignees received the recall notices 

from the recalling firm.
• When, how, and how much of the a�ected 

product was received.
• How much of the product was left on 

the shelf at the time the recall notice 
was received.

• What was done to the product (e.g., 
placed on hold for further instructions by 
the manufacturer or company headquar-
ters, destroyed and discarded, shipped 
further into commerce, shipped back to 
the supplier).
If stores have not received recall notifica-

tions, a traceback is conducted to determine 
if a prohibitive action in the chain of con-
signees was the cause of the recall failure. 
If stores, having received the recall notifica-
tion, are still o�ering the a�ected product 
for sale, the EIAO will contact the district 
o�ce for instructions. This action usu-
ally results in product detention and even-
tual seizure by federal sheri�s if the owner 
does not properly make a disposition of the 
a�ected product.

For both consumer complaints and recall 
e�ectiveness checks, EIAOs confer with the 
case specialist at the district o�ce to prepare 

case files in the possible event that these mat-
ters are taken to court.

Companies are to have written procedures 
for recalling adulterated products, including 
how they will make the decision to recall and 
how the recall will be implemented. Further-
more, companies are to notify the FSIS dis-
trict o�ce within 24 hr of learning they have 
received or shipped adulterated products 
(Animals and Animal Products, 2023b).

General Control
FSIS inspectors control the companies by 
stopping production until the company 
resolves any sanitation or labeling issue. 
FSIS inspectors can “tag” products, areas, 
or equipment that do not meet regulatory 
requirements. These tagged items are not 
to be used or processed until the regulatory 
requirements are met and the tags have been 
removed by FSIS. Whenever tagging does 
occur, FSIS inspectors (not EIAOs) write 
a noncompliance record documenting the 
noncompliance, the regulation(s) violated, 
and other noncompliance record numbers 
for which noncompliances of the same root 
cause might have been documented. The 
FSIS inspectors give a copy of the noncom-
pliance record to the company, and then 
after the company takes immediate correc-
tive action, writes how the correction was 
completed and details the proposed preven-

tive measure. The noncompliance report is 
the major tool FSIS uses for documenting 
noncompliances at federally inspected meat 
and poultry companies.

Conclusion and Summary
Part 1 of this special report highlights the 
history, personnel, responsibilities, and gen-
eral requirements of federal inspectors and 
companies. The key dates for the history of 
FSIS are 1906 when FSIS was first initiated 
by the Meat Inspection Act due to Upton 
Sinclair’s novel, The Jungle; 1957 when the 
Poultry Products Inspection Act was writ-
ten; and January 2000 when the deadline 
was set for all existing companies to have 
HACCP plans in place.

FSIS inspectors include public health veteri-
narians, food inspectors, consumer safety in-
spectors, and EIAOs. Public health veterinar-
ians are in supervisory positions at the district 
and circuit levels. Food inspectors work on the 
line at slaughter companies. Consumer safety 
inspectors are o�-line inspectors at slaughter 
and fabrication companies. EIAOs conduct 
duties outside of the circuit levels and are sta-
tioned in government district o�ces.

Readers may find it interesting that food 
inspectors and consumer safety inspectors do 
not require a science or agriculture degree for 
entry and promotion. Other food inspection 
agencies generally require at least a bachelor’s 

Personnel of the Food Safety and Inspection Service (FSIS)

Job Title Job Qualifications Job Description

Food inspector (FI) High school diploma and 2 years of experience 
in sanitation, farm animal raising, and/or meat 
processing

Work on the line in slaughter companies. It is required that an FI be on the 
line whenever slaughter lines are operating.

Consumer safety inspector (CSI) ≥1 years of FI experience within FSIS Work off-line at slaughter lines at slaughter and/or fabrication companies. 
Patrol assignment might include two or more companies daily; one of the 
companies serves as headquarters for the patrol assignment. 

Enforcement investigation and 
analysis officer (EIAO)

Training in EIAO methodology; a bachelor’s of 
science degree (usually), but medical doctors and 
doctors of veterinary medicine are often hired as 
EIAOs, both within and outside FSIS

Assess and analyze food safety systems written and implemented by 
companies. Investigate consumer complaints. Determine action to be 
taken when companies have demonstrated numerous noncompliances. 
EIAOs are stationed in government district offices.

Public health veterinarian (PHV) Doctor of veterinary medicine degree or equivalent Supervise FIs and CSIs. Conduct dispositions of carcasses and cadavers 
that have been segregated by FIs to determine whether certain parts or 
the whole should be condemned and destroyed.

Inspector-in-charge (IIC) CSI or PHV The primary FSIS inspector in any regulated company.

Note. Once hired, FSIS employees receive specific training from FSIS. CSI is a promotion from an FI position.

TABLE 2
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degree in environmental health, microbiol-
ogy, food technology, or food science. Cre-
dentials such as the Registered Environmen-
tal Health Specialist/Registered Sanitarian or
Certified Professional–Food Safety are nei-
ther encouraged nor rewarded by FSIS.

Disclaimer: The information and conclu-
sions of this special report are those of the
author and do not necessarily represent the
o cial position of USDA or FSIS. Further,
the interpretation of the regulations used to
support this special report may not reflect

the actual interpretation set forth by USDA
and FSIS.
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Introduction
Multiple sources, including briefs by the 
National Environmental Health Association 
and the Centers for Disease Control and Pre-
vention, have called for a more diverse envi-
ronmental health workforce (Harper, 2007; 
National Environmental Health Association, 
2020; Oliver, 2020; Walker & Spann, 2008). 
Currently, 86% of environmental health pro-
fessionals are White (Gerding et al., 2019).
Underserved minority populations are at an 

increased risk of exposure to environmental 
contaminants and hazards and yet are less 
likely to have adequate access to healthcare 
(American Public Health Association, 2019; 
Collins et al., 2002; Tessum et al., 2019). 
In other health fi elds, increased workforce 
diversity is associated with increased levels of 
healthcare access in underserved populations 
(Mitchell & Lassiter, 2006). In environmen-
tal health practice—taking into consideration 
the importance of community engagement—

diversity in the workforce is crucial to ensur-
ing a wealth of cultural knowledge that facili-
tates community relations and builds trust. 

Although academic institutions have guide-
lines on fostering diversity and inclusion, 
currently there are no standardized recom-
mendations specifi cally for environmental 
health programs. This topic came up in 2019, 
when the American Public Health Association 
(APHA) convened a strategic planning session 
with the Environmental Health Workforce 
and Education Committee of the Environ-
mental Health & Equity Collaborative.

The Collaborative is a group of environ-
mental health professionals acting as a uni-
fi ed voice for environmental health that 
strives to create healthier communities for all 
via partnerships, resource sharing, and coor-
dinated e� orts. During the aforementioned 
session, the members of the Collaborative 
recognized the need to identify barriers and 
best practices as a priority to increase diver-
sity in the environmental health workforce. 

Consequently, the Collaborative designed 
this project to enhance understanding of what 
attracts students from diverse backgrounds 
to the environmental health fi eld and what 
barriers might prevent them from entering it. 
Based on two listening sessions, a work group 
developed recommendations for graduate pro-
grams in environmental health to increase stu-
dent diversity that ideally would translate into 
greater workforce diversity.

Methods
The institutional review board of the Johns 
Hopkins Bloomberg School of Public Health  

b r  The aim of our study was to determine what motivates 
and deters students from historically marginalized populations from pursuing 
degrees in environmental health and to develop recommendations that 
programs can implement to diversify their student body and, subsequently, 
the workforce. We recruited four self-identifi ed underrepresented (as defi ned 
by the National Institutes of Health, https://diversity.nih.gov/about-us/
population-underrepresented) environmental health graduate students via 
an email sent to members of the Environment Section of the American Public 
Health Association. Students were asked to participate in a listening session 
to gauge what motivated and hindered their interests in environmental 
health. The sessions were held in December 2021 and February 2022 via 
Zoom. Students highlighted the signifi cance of personal and departmental 
fi nancial support, mentorship, peer representation, and broader support for 
faculty initiatives as potential areas of improvement, among others. Student 
perspectives from historically marginalized populations o� er invaluable 
insights into how to foster diversity in the fi eld. Future studies should 
continue exploring student experiences to assess and further develop these 
recommendations for university policies.
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approved this project. We conducted two lis-
tening sessions with self-identified underrep-
resented students (as defined by the National 
Institutes of Health [NIH]) in environmental 
health graduate programs to understand how 
the students became interested in the field and 
why they continue to stay engaged. Students 
were recruited via a mass email sent to mem-
bers of the APHA Environment Section in fall 
2021. A total of nine students expressed inter-
est in participating.

Two calls were scheduled: one in Decem-
ber 2021 and one in February 2022. On 
each call, participants were asked to self-
identify as underrepresented minorities 
using the NIH (2019) definition. This defini-
tion includes Blacks or African Americans; 
Hispanics or Latinos; American Indians or 
Alaska Natives; Native Hawaiians; other 
Pacific Islanders; individuals with disabili-
ties; and individuals from disadvantaged 
backgrounds (e.g., those who experienced 
homelessness; were in the foster care system; 
are first-generation college students; grew 
up in a rural or health professional short-

age area; or were eligible for Federal Pell 
Grants, federal free and reduced lunches, or 
the Special Supplemental Nutrition Program
for Women, Infants, and Children). 

After the students self-identified and gave 
verbal consent, the moderator asked the 12 
questions (Table 1). During the listening 
sessions, a notetaker tracked themes and 
the responses were audio recorded. Later, 
the responses were deidentified and sum-
marized. The listening sessions occurred via 
Zoom to allow students from multiple insti-
tutions to come together despite COVID-19 
restrictions. To help reduce bias in partici-
pant responses, the moderator was unknown 
to the students and not a�liated with their 
institutions. Students also were allowed to 
turn o� their cameras during the Zoom ses-
sion to help maintain privacy.

Results
Ultimately, the e�ort involved four partici-
pants whose responses were deidentified. Of 
the nine students who were initially interested, 
four did not attend the session after the time 

was set and one left the session during the 
consent process after hearing the NIH defini-
tion for an underrepresented minority; this 
student did not identify as fitting the criteria.

The conversations with the remaining stu-
dents, however, did provide fruitful insights. 
One student became interested in environ-
mental health due to personal and family 
health experiences. Three students indepen-
dently discovered their interest in graduate 
school. They all were studying in health-
related fields such as public health or medi-
cine when they were exposed to environmen-
tal health jobs or courses that sparked their 
interest. Each cited an understanding of the 
importance of environmental health and its 
ability to positively a�ect lives as a motivat-
ing factor in pursuing and remaining in the 
field. The students did cite, however, a lack 
of widespread societal understanding of and 
respect for the field compared with other 
health professions (e.g., medical doctors) as 
potential deterrents.

Additionally, finances played a significant 
role on multiple levels of students’ engagement 
with the field. Participants noted that doctoral 
candidates not receiving stipends over the 
summer deterred them from accepting an o�er 
from some programs. Having to secure their 
own research funding or not being guaranteed 
funding for doctoral research also made some 
environmental health programs unappealing to 
students. This situation was described as a bar-
rier especially for students from low-income 
backgrounds, as it is di�cult to justify leaving 
a full-time job to be a student without stable 
income. Thus, students recommended bet-
ter financial support throughout their degree 
program. Additionally, students noted that 
funding undergraduate research would further 
increase exposure to and interest in the field.

In addition to finances, students high-
lighted the importance of support in acclima-
tion to the school environment. Guidance on 
navigating predominantly White institutes 
as a person of color and acclimating to U.S. 
culture as an international student were spe-
cifically cited as areas where students wanted 
better support. Students suggested that these 
improvements could be achieved through 
mentorship programs or networking events 
hosted by the program. These mentorship 
programs and networking events could occur 
both between students of varying levels and 
between students and faculty.

Focus Group Questions

# Question

1 How long have you been studying/working in environmental health and what sparked your interest 
in the field?

2 Was there ever an instance where something deterred you from working in this field or made you 
dislike it?

3 On the flip side, was there anything that kept or motivated you to remain in the field?

4 What are some of your thoughts on the current environmental health program being offered at  
your institution?

5 How well do you feel the program equips students to enter the environmental health workforce?

6 Do you feel that the program is doing anything particularly well or taking any initiatives to be more 
accessible or accommodating to students who are underrepresented minorities? In what ways?

7 What are ways in which the program can improve?

8 Are there any issues in the program that you think makes it unappealing to prospective students 
who are underrepresented minorities?

9 What are some ways they could address these issues to improve the program?

10 Some people have suggested mentorship programs to further support students who are 
underrepresented minorities. What are your thoughts on this?

11 Are there other recommendations regarding improving program diversity and inclusion that you 
have or suggestions you would like to make?

12 Are there any other thoughts you would like to share before we wrap up?

Note: The term underrepresented minorities is used here to align with the National Institutes of Health definition that the 
authors reference in the text.

TABLE 1
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With respect to representation, students 
expressed that interacting with peers and 
professors of similar backgrounds was ben-
eficial and could assist with student recruit-
ment and retention. One student specifically 
applauded her program for including under-
represented students in the admissions pro-
cess, which could help attract a more diverse 
student population. Students conveyed that 
having a student body and faculty made up 
of people from di�erent backgrounds—along 
with support systems to help students navi-
gate settings—is crucial.

At a faculty level, students suggested incen-
tivizing inclusion e�orts and rewarding fac-
ulty members who champion diversity. Giving 
recognition on the tenure ladder or increasing 
salaries for such e�orts could create a culture 
of inclusion that naturally fosters diversity at 
all levels of the institution.

Even after initiatives have been developed, 
students emphasized the importance of com-
munication among departments across a 
given university. They noted that there must 
be buy-in and coordinated e�orts from every 
level of the university and program to ensure 
that a diverse population of students not only 
exists but also feels included. One student 
stated that actively connecting incoming stu-
dents to relevant cultural anity groups, such 
as a Black Student Union, can be helpful.

For more general recruitment efforts, 
students suggested academic reform and 
outreach. They felt that exposure to environ-
mental health coursework in related disci-
plines, such as public health and medicine, 
could bring more people to the field. One 
student explained how the mandatory envi-
ronmental health coursework for all public 
health graduate students in her program was 
removed, decreasing overall knowledge and 

exposure to environmental health among the 
students. Another noted that environmental 
health coursework is o�ered at her univer-
sity by other public health departments but 
is not branded as such, so many students are 
unaware that it can be its own field. Students 
also recommended implementing or increas-
ing outreach to high school students specifi-
cally in environmental justice communities 
to increase their representation in the field.

Discussion and Conclusion
From this project, we have identified sev-
eral areas of improvement that inform rec-
ommendations to increase diversity in the 
environmental health workforce. These 
recommendations include providing better 
financial support to students in the form of 
guaranteed research funding and year-round 
stipends for graduate students, as well as 
peer mentoring to help students navigate 
cultural differences and identity-specific 
challenges in their program. Additionally, 
faculty members should be rewarded for 
championing diversity, and students from 
diverse backgrounds should be included in 
the recruitment and admissions processes.

More generally, introducing environmental 
health topics into broader disciplines such as 
public health programs or high school sci-
ence programs could increase overall aware-
ness and interest in the field. As one of the 
first initiatives to better understand the moti-
vators and deterrents of diversity in environ-
mental health, our case study introduces the 
importance and value of obtaining student 
input to gain a greater understanding of 
issues that students from historically margin-
alized populations experience.

It should be noted, however, that due to 
the limited sample size of our study, this 

list of recommendations is by no means 
exhaustive. Future studies should include 
a larger sample size, as well as college or 
high school students, to better gauge poten-
tial influencers of interest in environmen-
tal health. O�ering remuneration for their 
time might help with both recruitment 
and retention of listening-session partici-
pants. Future studies should also explore 
the relationship between increased diver-
sity of environmental health students and 
increased diversity of the environmental 
health workforce. Moreover, initiatives 
should be created to disseminate the recom-
mendations of our study and the findings 
of future related studies to environmental 
health schools and programs.

Given the disproportionate prevalence of 
environmental justice issues in underrepre-
sented populations and the emphasis that the 
environmental health field places on com-
munity involvement, it is crucial to take more 
steps to increase student diversity. Imple-
menting policies to attract and support stu-
dents from historically marginalized popula-
tions might help diversify the environmental 
health workforce and subsequently reduce 
barriers to healthcare for more people. These 
steps could result in improving overall public 
health across the U.S. 
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E nvironmental health is a compelling
career fi eld. Environmental health
practitioners are scientists who pro-

tect our communities through the practice
of identifying and evaluating possible envi-
ronmental dangers and hazardous agents,
and limiting exposures to hazardous physi-
cal, chemical, and biological agents in air,
water, soil, and food to reduce or eliminate
risk (National Environmental Health Asso-
ciation [NEHA], 2023a). We are valuable
assets to keeping communities safe and
healthy. We also see and fi nd fulfi llment in
meeting the depth and breadth of the chal-

lenges in front of us. Sometimes, however,
the job and life provide circumstances that
cause a professional to pause and wonder
about the place they are in their career, the
direction they have come from, and where
they are heading.

New and evolving situations are challeng-
ing environmental health professionals as
they work to address routine and emergent
community needs. The role of those profes-
sionals working in environmental health is
continually reemphasized by emergencies
requiring rapid and e� ective responses to
address environmental issues and ensure

protection of the public’s health (Gerding
et al., 2019). Adaptability is often key to
surviving emergencies and workplace chal-
lenges, and to fi nding fulfi llment in environ-
mental health endeavors.

To be motivated, satisfi ed, and successful
in your career, it is crucial to chart a course
based on your desired workforce goals. To
assure adequate competencies for job e� ec-
tiveness and for current and future leadership
roles, environmental health professionals can
benefi t from developing a personal career
plan, also known as career pathing. Career
pathing is a process used to chart where you
are in your work life, where you want to be,
and steps to take to get there. It is a type of
SWOT (strengths, weaknesses, opportuni-
ties, threats) analysis that helps one identify
areas for personal professional improvement.

In this column we share some strategies an
environmental health professional can take
to develop their environmental health career
goals, skills, needed knowledge, and experi-
ence. Thoughtfully considering a series of
questions—and laying out an action plan
based on them—can help lay a foundation
for you to better progress through your career
laterally or vertically through promotions
and career benchmarks.

This series of questions include:
1. Self-evaluation: Who am I?

• Identify what you like and do not like
about working in environmental health.

• What are your priorities?
• Name five things you want in a job.

2. Skills analysis: Where am I going?
• Evaluate your KSAs (knowledge, skills,

and abilities).

Edi tor ’s  Note : In an e� ort to provide environmental health profes-

sionals with relevant information and tools to further the profession, their 

careers, and themselves, the National Environmental Health Association 

(NEHA) has teamed up with the American Academy of Sanitarians (AAS) 

to publish two columns a year in the Journal. AAS is an organization that

“elevates the standards, improves the practice, advances the professional

profi ciency, and promotes the highest levels of ethical conduct among

professional sanitarians in every fi eld of environmental health.” Membership

with AAS is based on meeting certain high standards and criteria, and AAS

members represent a prestigious list of environmental health professionals

from across the country.

Through the column, information from di� erent AAS members who are

subject-matter expects with knowledge and experience in a multitude of 

environmental health topics will be presented to the Journal’s readership. 

The conclusions and opinions of this column are those of the author(s) and 

do not necessarily represent the views of NEHA.

Vince Radke is chair of AAS and has been a diplomate since 2007.
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• What are your qualifications and 
experience?

• What are your key strengths and skills?
• What are your biggest accomplishments 

to date?
• What are your areas for development?

3. Set your direction: How am I going to  
get there?
• Think about what industries or roles 

you belong in.
» The broad industries that really 

appeal to you.
» The types of roles that suit you best.
» The skills your need to develop.

• Assess impediments and potential 
remedies.

• Stay current with technology.
• Update your résumé.

4. Achievement: How will I define success?
• Prioritize what you want to accomplish.
• Set goals.
• Get a mentor.
• Make milestones for the next 6, 12, and 

60 months.
• Identify how to achieve your training 

and education plan.
• Identify how to expand your network.
• Celebrate successes.

5. Keep learning and exploring: How can I 
stay curious?
• Leverage internet platforms.
• Find and access resources.
• Identify productivity tools.
• Explore communication methods (e.g., 

abstracts and articles, report writing, 
public speaking).

Once you have a few years of experience 
in the field, acquire a credential. A credential 
shows that you are a subject matter expert and 
have acquired the knowledge and experience 
to perform your work (NEHA, 2023b). The 
Registered Environmental Health Specialist/
Registered Sanitarian (REHS/RS) creden-
tial is the standard in environmental health 
(NEHA, 2023c), but there are other creden-
tials that you can obtain. NEHA has several 
credentials related to food safety but there are 
many other credentials available from di�er-
ent organizations.

Volunteer your time with NEHA and/
or your state affiliate. This endeavor will 
help you network with new and seasoned 
environmental health professionals. Attend 
conferences to learn from others. Take it 
a step further and present at conferences 
to share your knowledge and experience. 
Learning new skills, such as grant writing, 
new technology, and computer systems, can 
increase your value to employers. Expand 
your network beyond environmental health 
to include related fields (e.g., epidemiology, 
laboratory science, medicine, etc.). Under-
stand the legal constructs at the federal, 
state, and local levels that you work under. 
Work with leaders in your community to 
understand its culture.

Know that NEHA—in its mission to build, 
sustain, and empower an e�ective environ-
mental health workforce—and the Ameri-
can Academy of Sanitarians—in its comple-
mentary focus of improving the practice and 
advancing the professional proficiency of 

environmental health professionals—work to 
provide thought leadership and opportunities 
to forward your career. Together, we provide 
opportunities for strategic professional devel-
opment; networking with peers, mentors, and 
leaders; and sharing ideas and experiences to 
further environmental health and you. 
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I n September 2018, the Centers for Dis-
ease Control and Prevention (CDC) and 
state and local public health partners in 

Texas investigated a fatal case of Naegleria 
fowleri infection likely associated with a surf 
venue (Miko et al., 2023). Investigators found 
that the surf venue water was not recirculat-
ed or filtered, and water quality testing and 
treatment were not documented. N. fowleri 
can infect people when water containing the 
amoeba enters the nose and then travels up 
the olfactory nerve and into the brain. Once 
in the brain, trophozoites (the infective life 
stage) destroy brain tissue, causing primary 
amoebic meningoencephalitis (PAM). While 
PAM rarely occurs, it is over 97% fatal.

N. fowleri can be found in untreated recre-
ational water venues (e.g., lakes, rivers, hot 
springs), particularly in the sediment at the 

bottom. During 1962–2021, of the 154 known 
cases of PAM in the U.S., 85 (55%) were associ-
ated with such venues and 7 (5%) with aquatic 
venues (e.g., pools, splash pads, surf venues). 
Linking an aquatic venue, or a venue with 
treated (e.g., filtered and chlorinated) water, to 
a PAM case is a red flag for inadequate water 
treatment in that aquatic venue.

Surf venues are novel, large format aquatic 
venues dedicated to surfing on a surfboard—
or other similar surfing and wave riding 
devices—and have equipment and a floor 
shaped to generate traveling and surfable 
waves that mimic those in oceans. The CDC 
Model Aquatic Health Code (MAHC) pro-
vides guidance to help prevent public aquatic 
venue-associated illness and injury through 
venue design, construction, operation, and 
management. Because the risk of illness and 

injury associated with surf venues is inher-
ently di�erent from that associated with other 
aquatic venues, a change request proposing 
inclusion of text specific to surf venues was 
submitted for the fourth edition of the 2023 
MAHC. It was not, however, approved.

With multiple surf venues being planned 
before the release of the fifth edition of the 
MAHC, the Council for the Model Aquatic 
Health Code (CMAHC), a key CDC MAHC 
partner, reconvened its surf venue ad hoc 
committee in August 2022. The ad hoc com-
mittee is made up of public health o�cials 
and representatives from across the surf 
venue sector. Committee members have been 
categorizing each recommendation in the 
MAHC as “properly addresses surf venues,” 
“is not applicable,” or “needs revision to 
properly address surf venues.” The commit-
tee is focusing on the recommendations in 
the “needs revision” category.

Based on these discussions, CDC has been 
drafting interim guidance and the commit-
tee will then develop and submit a change 
request that proposes inclusion of text spe-
cific to surf venues for the fifth edition of the 
MAHC. To prevent injuries, discussion top-
ics have included revising: 1) MAHC recom-
mendations for slip-resistant finish where 
waves break in less than 3 ft of water, 2) 
depth marker recommendations for where 
water depths change substantially, and 3) 
lighting recommendations given that light 
basin color and shallow water combined can 
cause glare.

Artificial swimming lagoons (ASLs) are 
being similarly addressed with support from 
the CMAHC artificial swimming lagoon ad 
hoc committee. ASLs are novel, large-format 
(up to hundreds of millions of gallons of 

Here Come the Surf Venues and 
Artificial Swimming Lagoons

Edi tor ’s  Note : The National Environmental Health Association 

strives to provide up-to-date and relevant information on environmental 

health and to build partnerships in the profession. In pursuit of these goals, 

we feature this column on environmental health services from the Centers 

for Disease Control and Prevention (CDC) in every issue of the Journal. 

In these columns, authors from CDC’s Water, Food, and Environmental 

Health Services Branch, as well as guest authors, will share tools, resources, 

and guidance for environmental health practitioners. The conclusions in 

these columns are those of the author(s) and do not necessarily represent 

the o�cial position of CDC.  

Michele Hlavsa leads healthy swimming activities at the National Center 

for Emerging and Zoonotic Infectious Diseases within CDC. CDR Joseph 

Laco serves as an environmental health o�cer at the National Center for 
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water) aquatic venues designed to mimic a
natural lagoon. ASLs include one or more
designated swimming areas (DSAs) for tra-
ditional aquatic venue activities (e.g., swim-
ming, wading). The rest of the lagoon—the
water sports area—is designated for non-
swimming aquatic activities such as kayaking
and sail boating (Figure 1). The completely
artificial environments, including artificial
bottoms, simultaneously have clear water
giving the appearance of a pool and can be
several acres like a pond or lake.

The challenges with developing guidance
for ASLs stem from the fact that two types
of recreational water venues (i.e., an aquatic
venue and an untreated recreational water
venue), each designated for dierent pur-
poses, share water. Areas designated for swim-
ming will need to be monitored and regulated
as aquatic venues, in which water is filtered
and disinfected. But most of the venue will be
open water for nonswimming aquatic activi-
ties and not subject to the same water quality

requirements. Open water will need microbio-
logical water quality monitoring as conducted
at untreated recreational water venues with
freshwater. The ad hoc committee also focused
on treated water renewal, or displacement
(rather than turnover time in DSAs); restricted
access to DSAs to prevent unauthorized entry;
water clarity maintenance throughout the
entire ASL; and lifeguarding.

CDC posted the fourth edition of the 2023
MAHC in February on its MAHC website
at www.cdc.gov/mahc (Figure 2). CDC will
also post interim guidance for surf venues
and ASLs later this year on its Healthy Swim-
ming website at www.cdc.gov/healthyswim
ming. CMAHC will accept change requests
for the fifth edition of the MAHC from spring
through fall 2023 and will hold the Vote on
the Code Conference and the vote on change
requests in early 2024.
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Diagram of an Artificial Swimming Lagoon

Note. Artificial swimming lagoons combine swimming and nonswimming activities into one venue, which pose 
challenges for keeping water clean and healthy for swimmers. DSA = designated swimming area.
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The latest edition of the Model
Aquatic Health Code is now avail-
able. It includes updated guidance on 
preventing illness and injury associated 
with public aquatic venues, including 
preventing pathogen transmission,
pool chemical injuries, spinal cord
injuries, and drowning. You can explore
the new edition at www.cdc.gov/mahc/
editions/current.html.

According to the U.S. Census Bureau, there are more than 30 million swimmer
visits each year in the U.S. We have a webpage of resources that can help you keep
your communities safe, especially with the summer months approaching. Explore
our recreational water resources at www.neha.org/recreational-waters.

Did You 
Know?
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I ntroduction
The power of open competition inspires 
innovative, transformative ideas that can 

help solve environmental issues and address 
community concerns. Challenge and prize 
competitions have rapidly gained support 
across federal agencies as a way to promote 
innovation and accelerate problem-solving, 
while delivering cost-e�ective, e�cient solu-
tions. By harnessing the ingenuity and creativ-
ity of the public, these incentive competitions 
can address pressing problems, stimulate inno-
vative thinking, and encouraging community 
engagement in government activities. Chal-
lenge and prize competitions that are open to 
diverse audiences have a long history of use in 
both the public and private sectors. The infor-
mation, solutions, or practices resulting from 
challenge and prize competitions have the 

potential to be leveraged by other organiza-
tions or communities facing similar environ-
mental or public health issues.

Since 2012, the Challenges and Prizes Pro-
gram of the U.S. Environmental Protection 
Agency (U.S. EPA, 2023a) has hosted over 40 
competitions that have used cash prizes and 
other incentives to reward problem-solvers. 
Over that time, U.S. EPA has awarded over $1 
million to prize winners and has collaborated 
with communities, federal agencies, and non-
profits to advance our core mission of pro-
tecting human health and the environment.

The following U.S. EPA challenges are just 
three examples of how challenge and prize 
competitions can provide a unique opportu-
nity to tackle long-standing environmental 
and public health issues using the power of 
the crowd.

Wildland Fire Sensors Challenge
Wildland fires are a major source of air pollu-
tion that can irritate the eyes, nose, and throat; 
cause di�culty breathing; and worsen lung 
and heart disease. As the intensity and fre-
quency of wildland fires continues to increase 
across the U.S., the need for improved air and 
smoke monitoring capabilities is critical, espe-
cially since most regulatory-grade smoke sen-
sors are stationary and complicated to operate. 
In 2017, U.S. EPA partnered with five federal 
agencies to launch the Wildland Fire Sen-
sors Challenge, which encouraged solvers to 
develop innovative, low-cost air sensors that 
were easy to deploy, usable for high concen-
tration events, durable in di�cult field condi-
tions, and able to report data continuously and 
wirelessly to communities impacted by wild-
fire smoke (U.S. EPA, 2023b).

The winners of the challenge demon-
strated incredible ingenuity using emerging 
technologies such as miniaturized direct-
reading sensors, compact microprocessors, 
and wireless data communications to develop 
continuous, real-time smoke sensors that are 
accurate and portable. Overall, the Wildland 
Fire Sensors Challenge increased awareness 
of the importance of monitoring air quality 
during wildfires and served as a catalyst for 
advancing the next generation of sensor tech-
nology systems for wildland fire applications 
to protect public health. Even better, the win-
ning sensors—Sensit and Thingy AQ (Figure 
1)—are now commercially available and in 
use for wildland fire responses (Sensit Tech-
nologies, 2021; Thingy LLC, 2023).

Let’s Talk About Heat Challenge
Extreme heat is an increasing problem for 
all parts of the U.S.. Increasing temperatures 

Edi tor ’s  Note : The National Environmental Health Association 
(NEHA) strives to provide up-to-date and relevant information on 
environmental health and to build partnerships in the profession. In 
pursuit of these goals, NEHA has partnered with the O�ce of Research and 
Development (ORD) within the U.S. Environmental Protection Agency (U.S. 
EPA) to publish two columns a year in the Journal. ORD is the scientific 
research arm of U.S. EPA. ORD conducts the research for U.S. EPA that 
provides the foundation for credible decision making to safeguard human 
health and ecosystems from environmental pollutants.

In these columns, authors from ORD will share insights and information 
about the research being conducted on pressing environmental health 
issues. The conclusions in these columns are those of the author(s) and do 
not necessarily represent the o�cial position of U.S. EPA.

Heather Drumm is the Innovation Team lead within ORD at U.S. EPA. 
Wyn Zenni is a National Student Services contractor on the Innovation 
Team within ORD at U.S. EPA.

Stimulating Innovation Through 
the Challenges and Prizes Program 
From the U.S. Environmental 
Protection Agency
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due to climate change are intensifying already
higher temperatures in heat island areas where
buildings, roads, and other infrastructure
absorb and re-emit the sun’s heat more than
natural landscapes. Communities need help
developing clear messages about the risks of
extreme heat, how to stay safe, and how to
build cooler communities for the long-term.

To address this need, U.S. EPA and its
cosponsors launched the Let’s Talk About

Heat Challenge to identify innovative and
effective communication strategies that
inform people of the risks of extreme heat
and o er ways to keep people safe (U.S. EPA,
2022a). Target audiences for these messages
included farm workers, children, construc-
tion workers, unsheltered neighbors, people
living in neighborhoods with higher inci-
dences of heat-related illnesses, and people
with existing health disparities.

The challenge received 97 submissions
from 31 di erent states, demonstrating a
nationwide interest in the topic (Figure 2).
Overall, 10 winners were publicly announced
at a national webinar in August 2022 in the
middle of heat season. The winners of the
challenge all had memorable and e ective
strategies in place or in development that
can now be shared with other communi-
ties across the country. For example, Public
Health–Seattle & King County partnered
with the Department of Environmental &
Occupational Health Sciences at the Uni-
versity of Washington to design and publish
“Stay Safe in the Heat” comic strips to reach
people at high risk for heat illnesses in 13 dif-
ferent languages (Figure 3).

Now that the challenge is complete, U.S.
EPA plans to work with some of the winners
to collaboratively evaluate the e ectiveness
of di erent heat risk messages and outreach
methods. This study could be used to develop
a framework for evaluating heat risk messag-
ing for other communities that are trying to
manage the impacts of extreme heat.

Environmental Justice Video
Challenge for Students
Many communities face greater environmental
exposures and public health risks due to a his-
tory of inequitable environmental policies and
lack of access to the decision-making process.

Second Place Winner of
the Wildland Fire Sensors
Challenge

The Thingy AQ from Thingy LLC in Bellevue, 
Washington, measures PM2.5, carbon monoxide, 
carbon dioxide, and total volatile organic compounds. 
It is part of the Wildfire Smoke Air Monitoring 
Response Technology (WSMART) equipment loan 
program for state, tribal, and local governments from 
the U.S. Environmental Protection Agency.

Map of Submission and Winner Locations for the Let’s Talk About
Heat Challenge

Example of the Comic Strip From One of the Winners of the Let’s  
Talk About Heat Challenge

The comic strip was designed and published by Public Health–Seattle & King County in partnership with the Department 
of Environmental & Occupational Health Sciences at the University of Washington. The campaign was designed to reach 
people at high risk for heat illnesses and was offered in 13 different languages.

Let's Talk About Heat Challenge Winners and Submissions
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U.S. EPA defines environmental justice (EJ) as
the fair treatment and meaningful involvement
of all people regardless of race, color, national
origin, or income, with respect to the devel-
opment, implementation, and enforcement of
environmental laws, regulations, and policies
(U.S. EPA, 2022b). U.S. EPA and cosponsors
launched the two-phase EJ Video Challenge
for Students to enhance the capacity of com-
munities to address local environmental and
public health inequities (U.S. EPA, 2023c).

In the first challenge phase, students cre-
ated videos to identify and characterize an EJ
issue(s) in a select community using data and
publicly available tools. The winners of Phase
1 (Figure 4; U.S. EPA, 2022c) helped U.S. EPA
and our partners have a better understanding
of some of the EJ challenges facing vulner-
able communities and how data and publicly
available tools—including tools developed by
U.S. EPA such as EnviroAtlas (www.epa.gov/
enviroatlas), CompTox Chemicals Dashboard
(www.epa.gov/chemical-research/comptox-
chemicals-dashboard), EJScreen (www.epa.
gov/ejscreen), and the National Stormwa-
ter Calculator (www.epa.gov/water-research/
national-stormwater-calculator)—can be used
to identify and characterize EJ issues. Students
enhanced their knowledge and experience
working with local organizations and helped
communities identify EJ issues of importance.

Phase 2 of the challenge focuses on enhanc-
ing the capacity of communities to address the
EJ issues identified in Phase 1. To achieve this
goal, students are working collaboratively with
community-based organizations to develop a
proposed strategy for community capacity
building that demonstrates e�ective commu-
nity engagement to address the previously
identified EJ issues. The winners of Phase 2
are expected to be announced in spring 2023,
with the prize money going to the students
and partnering community organizations.

Onward and Upward
As the federal prize competition landscape
grows, U.S. EPA will continue to use com-
petitions and open-source innovations to fill
priority gaps and increase the scale in which
environmental issues are addressed. Local
environmental health practitioners may find
opportunities through these competitions to
partner with their communities and other
organizations to address their most important
environmental health challenges.

We encourage potential solvers who want
to help address nationwide problems to learn
more and get involved. Inviting the public to
participate in scientific and technical explo-
rations allows agencies and organizations to
reach a multitude of problem-solvers with
diverse backgrounds, skills, and perspectives
who can bring new solutions to the table and
inspire people into action.

Acknowledgement: The authors acknowl-
edge Bruce Rodan, Mary Ross, Kacee Deener,
Denice Shaw, Maggie LaVay, James Gentry,
Valerie Blank, Megan Christian, Sania Tong-
Argao, Abby Hall, and Gail Robarge for their
editorial review of this column.
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Walter S. Mangold dedicated his life to 
the practice of environmental health in an 
extraordinary and exemplary way. In doing 
so, he became a beacon of excellence and 
inspiration for all environmental health pro-
fessionals who followed after him.

Do you have a colleague who fits the defini-
tion of doing extraordinary environmental 
health work? Consider taking the time to 
nominate them for the Walter S. Mangold 
Award, our most prestigious award.

Nomination Deadline: May 15, 2023

neha.org/mangold-award

Walter S. Mangold 
Award

extraordinary adjective
ex·traor·di·nary  |  ik̍ strôrd(ə)n̩ erē

1. Going beyond what is usual, regular,  
or customary

2. Exceptional to a marked extent

Honoring a history of advancing 
environmental health.
Walter F. Snyder was a pioneer in our field 
and was the cofounder and first executive 
director of NSF. He embodied outstanding 
accomplishments, notable contributions, 
demonstrated capacity, and leadership 
within environmental health. Do you know 
someone like that? 

Nominate them for the Walter F. Snyder 
Award for outstanding contributions to the 
advancement of environmental health. This 
award is cosponsored by NSF and NEHA.

Nomination Deadline: May 1, 2023

neha.org/awards 
nsf.org/about-nsf/annual-awards

Walter F. Snyder Award
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 ENV IRONMENTAL  HEALTH ACROSS THE  GLOBE

ChatGPT, a new, easily accessible, and 
user-friendly artificial intelligence 
(AI) platform (https://chat.openai.

com/chat), as well as other emerging AI plat-
forms, allow for the creation of well-crafted 
essays complete with citations, and quickly 
and mostly correct answers to multiple-
choice questions. These types of platforms 
pose significant concerns for academic pro-
grams, including environmental health, as 
much of our students’ learning is guided by 
written assignments. Academic integrity is 
an educational and professional attribute and 
breaches of ethical conduct risk the reputa-
tions of organizations and by association, 
those who work in them.

To address this threat, the Environmental 
Health Community of Practice (CoP)—a group 
of academic professionals in environmental 
health from across the globe—has developed 
potential approaches to address AI within the 
academic and professional realms of envi-
ronmental health. These approaches include 
positive engagement such as appealing to stu-
dent morality, their desire to learn, and their 
developing sense of professionalism. Threats 
of punishments and incorporating AI-resistant 
assessment approaches are also considered.

We believe most environmental health stu-
dents (and indeed most university students) 
are overwhelmingly honest, and the assign-
ments they submit are a result of their own 

work and endeavor. The world of academia has 
become, however, increasingly concerned with 
the development and sophistication of AI sys-
tems that are able to produce work on demand. 
The new AI systems facilitate easy access to 
information and its ease of use is likely to result 
in widespread adoption. It is this ubiquity of 
use that has prompted our CoP to consider AI 
from a professional and academic perspective.

Ever since universities came into being, 
there have been students who have cheated or 
presented others’ work as their own (known 
as plagiarism). Such activities have adapted 
to changes in technology. Text matching soft-
ware was developed to identify students’ work 
that was copied directly from the internet or 
other sources; however, we reached a stage 
this year where AI is readily able to write 
coherent and appropriate answers to assign-
ments. AI detection software is only partly 
successful in its detection capacity. We have 
entered an arms race with plagiarism and 
detection software seeking to catch up with 
the latest developments and being unable to 
currently overtake them.

It might seem odd to bring a discussion 
around plagiarism to the field of environmen-

Edi tor ’s  Note : We are familiar with the phrase, “Environmental 
health is extremely local.” While environmental health a�ects most of us on 
the local level, we also understand that environmental health is universal and 
does not know borders. The location, geography, people, and conditions can 
di�er but the science and principles of environmental health do not. In this 
new column, the National Environmental Health Association (NEHA) will 
present environmental health issues and topics from a global perspective. 
Understanding environmental health on a global scale can help us recognize 
how that influences our local spheres and provides learning opportunities 
to broaden our perspectives.

The conclusions of this column are those of the author(s) and do not 
necessarily represent the views or o�cial position of NEHA.

The Environmental Health Community of Practice is a group of 
professionals from around the world with expertise in the teaching and 
practice of environmental health. The community was established in the early 
days of the COVID-19 pandemic and its goal was to share ideas to respond 
to the challenges posed by the pandemic and to o�er each other support. 
The community continues to meet and focuses on writing manuscripts for 
publication and sharing teaching ideas and practice insights.
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tal health practice, but there is the potential 
for significant impacts on the profession as a 
result of AI. The roles of environmental health 
practitioners are many and varied, with giv-
ing advice, technical support, and education 
all key aspects of these roles. Yet at its heart, 
environmental health remains an enforcement 
profession and environmental health practi-
tioners must act with integrity and be seen as 
honest brokers and trustworthy by businesses, 
the public, and their colleagues. Anything that 
would seek to undermine this integrity and 
trust is worthy of the profession’s attention.

Universities are at the forefront of creating 
the next generation of environmental health 
practitioners. Having students who engage in 
cheating will have repercussions for the pro-
fession. There is a danger that through pla-
giarizing, students will fail to understand the 
taught material, which will have implications 
for their ability to practice in the future. In 
addition, universities provide more than the 
accumulation of knowledge, they are the first 
step on the road to developing professional-
ism in students. Plagiarism could foster a set 
of behaviors and beliefs that are not in line 
with professional expectations, such as estab-
lished codes of ethics.

Therefore, there is a challenge for both uni-
versities and the profession to deal with this 
issue. For universities, the answer lies in not 
simply investing in more eective detection 
software or returning to face-to-face exams. 
Below we outline a few approaches.

First is an appeal to the students themselves 
not to engage with AI systems, both in their 
own learning and their own developing profes-
sional identity. In terms of learning, it should 
be made clear to students that environmental 
health programs are cohesive in nature. While 
there are individual components of environ-
mental health that students study, these com-
ponents build together and support the cre-
ation of environmental health professionals. 
To weaken any of these blocks by engaging in 
plagiarism is to weaken the whole structure.

In terms of their professional development, 
as previously noted, universities are where 
students take their first steps on the pathway 
to becoming professionals. An appeal to a 
student’s sense of fairness, honesty, and integ-
rity should be made. This approach could be 
more formalized, with perhaps the profes-
sion adopting a “fitness to practice” element 
that students sign up to. Such an approach 

has been taken, for example, with nursing 
in the UK. This fitness to practice element 
would set out the standards and expectations 
that a student would need to ensure they met 
and maintained, with consequences if they 
do not. For our readers who hold a creden-
tial such as the Registered Environmental 
Health Specialist/Registered Sanitarian, you 
are familiar with the code of ethics that artic-
ulates that credential holders do nothing to 
undermine, detract from, or otherwise cause 
to develop any damaging associations with 
respect to their professional status.

Second, we might consider the manner in 
which students are assessed. The issue of pla-
giarism relates almost exclusively to course-
work assignments. One approach might be 
to limit the amount of coursework and sub-
stitute written assessment with in-person or 
oral examinations. There is significant oppo-
sition, however, to increasing the exam load. 
Universities have favored moving away from 
the traditional exam. This process was accel-
erated by the COVID-19 pandemic, when 
social distancing meant such exams were not 
possible and the return of exams has been 
patchy or nonexistent.

The practical components of environmen-
tal health do mean that more practical and 
individual assignments can be used to assess 
student learning. Indeed, students seem to 
favor practical assignments as they can see 
a clear link between the assignment require-
ments and professional practice. Such assign-
ments will, however, result in an increase in 
demand on sta time and resources to under-
take them eectively and fairly. For example, 
having a student undertake a viva—where 
they talk through their assignment with their 
lecturer to show they have understood what 
they have written—is an option currently 
used in several universities but requires sig-
nificant sta�ng resources. With this in mind, 
there might be a role for the wider profession 
and employers to help support and develop 
practice-based assignments. A wholly practi-
cal approach to assignments will not, how-
ever, solve all issues, as this type of assign-
ment cannot examine the more theoretical 
elements of environmental health teaching.

The current AI systems work well with 
assignments that are low on Bloom’s taxonomy 
where students have been asked to remember 
facts and content. AI systems currently do less 
well on the higher order functions such as 

analysis and critical evaluation. Undoubtedly, 
AI will become more sophisticated and will 
perform better in these higher-level functions.

A third approach is the manner in which 
cases of plagiarism or cheating are adjudi-
cated. Across all universities, mechanisms 
exist to discipline students who have been 
found guilty of breaches of academic integrity. 
The penalties students can incur operate on a 
sliding scale that takes into account the sever-
ity and frequency of the oense, and ranges 
from students being required to resubmit the 
suspect work to the possiblility of expulsion. 
As AI systems become more sophisticated and 
therefore their use becomes harder to detect, 
we need to ensure the penalties associated 
with cheating remain relevant as a deterrent.

The authors recognize students tend to 
plagiarize when they are desperate, especially 
when they are short on time. Since these AI 
systems are e�cient in producing assign-
ments, they will be appealing to students 
if they have left the assignment to the last 
minute. This situation means that universi-
ties should carefully consider the structure, 
nature, and timing of assignments to remove 
some of this pressure and the subsequent 
temptation to cheat.

On a positive note, there are many ways that 
AI can be embraced to support and enhance 
our teaching and to prepare students to enter 
the world of work. AI will increasingly become 
a feature of workplace activities. In addition, 
the advantages of utilizing AI in universities 
are numerous, ranging from being an assistive 
technology in teaching to supporting indi-
viduals with disabilities. In fact, AI might be 
an appropriate teaching vehicle to raise the 
issues of ethics, morals, and professionalism. 
For example, the Council on Education for 
Public Health in the U.S. identifies leadership 
as one the eight foundational competencies for 
master of public health-level education. Pro-
fessional ethics, including the appropriate use 
of AI, could be addressed in the curriculum. 
AI can help professionals with environmen-
tal health literacy—with communication to 
the public, business owners, elected o�cials, 
and others. The tools within AI could better 
convey what needs done and why and how 
to encourage change. Additionally, its use in 
grant writing might be significant. AI could be 
advantageous in many areas of environmental 
health, especially for those working in pub-
lic health and health promotion, in creating 
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accessible, simple messages and well-written 
communication tools.

In conclusion, the environmental health 
practice is based on the ability of its practitio-
ners to solve problems. In view of this basis, 
skills related to seeking out information and 
drawing appropriate conclusions from the 
information available are of paramount impor-
tance. Therefore, assignments at universities 
should be used to help develop these cross-
cutting, problem-solving core skills. In this 
new world, we need to rethink the methods 

to achieve this endeavor, acknowledging both 
the advantages and perils of AI. Certainly, AI 
can be an e�ective tool to help practitioners 
systematize existing knowledge, thus saving 
time, but it cannot replace many of the skills 
required for the practice of environmental 
health. Nor can it instill a sense of profession-
alism within students, which is an essential 
characteristic of environmental health and 
how we are judged by the outside world.

It remains to be seen how AI a�ects uni-
versity teaching. By taking the lead and 

determining which components of AI we 
embrace—and those components that coun-
ter in our teaching—we can ensure our 
environmental health students continue 
to acquire the skills and knowledge they 
required to be valuable and professional 
environmental health graduates. 

Corresponding Author: Kirstin Ross, Profes-
sor, Environmental Health, Flinders Univer-
sity, GPO Box 2100, Adelaide, SA, 5001, Aus-
tralia. Email: kirstin.ross@flinders.edu.au.

  
PROGRAMS ACCREDITED BY THE NATIONAL ENVIRONMENTAL HEALTH 

SCIENCE AND PROTECTION ACCREDITATION COUNCIL

The following colleges and universities offer accredited environmental health programs for undergraduate and graduate 
degrees (where indicated). For more information, please contact the schools directly or visit the National Environmental 
Health Science and Protection Accreditation Council website at www.nehspac.org.

Baylor University† 

Waco, TX 
Bryan W. Brooks, MS, PhD (UG) 
bryan_brooks@baylor.edu 
Benjamin Ryan, PhD (G) 
benjamin_ryan@baylor.edu
Benedict College 
Columbia, SC 
Milton A. Morris, MPH, PhD 
morrism@benedict.edu
Boise State University 
Boise, ID 
Kimberly Rauscher, MA, ScD 
kimberlyrauscher@boisestate.edu
California State University  
at Northridge† 

Northridge, CA 
Nola Kennedy, PhD 
nola.kennedy@csun.edu
California State University  
at San Bernardino 
San Bernardino, CA 
Mahmood Nikbakhtzadeh, PhD 
mahmood.nikbakhtzadeh@csub.edu
Central Michigan University 
Mount Pleasant, MI 
Rebecca Uzarski, PhD 
uzars2rl@cmich.edu
Colorado State University 
Fort Collins, CO 
Joshua Schaeffer, PhD, CIH 
joshua.schaeffer@colostate.edu
East Carolina University† 

Greenville, NC 
William Hill (UG) 
hillw@ecu.edu 

Stephanie Richards, PhD (G) 
richardss@ecu.edu
East Central University 
Ada, OK 
Michael Bay, PhD 
mbay@ecok.edu
East Tennessee State University 
Johnson City, TN 
Phillip Scheuerman, MS, PhD 
philsche@etsu.edu
Eastern Kentucky University† 

Richmond, KY 
Vonia Grabeel, MPH, RS (UG) 
vonia.grabeel@eku.edu 
D. Gary Brown, DrPH, CIH, RS, 
DAAS (G) 
gary.brown@eku.edu
Fort Valley State University†† 

Fort Valley, GA 
Oreta Samples, PhD 
sampleso@fvsu.edu
Illinois State University 
Normal, IL 
Guang Jin, PhD, PE 
gjin@ilstu.edu
Indiana University–Purdue 
University Indianapolis 
Indianapolis, IN 
Mark Wood, MEM, PhD 
woodmw@iu.edu
Mississippi Valley State 
University† 

Itta Bena, MS 
Ntombekhaya Jennifer Laifa, PhD 
nj.laifa@mvsu.edu

Missouri Southern State 
University 
Joplin, MO 
Teresa Boman, PhD 
boman-t@mssu.edu
Montana State University 
Bozeman, MT 
Seth Walk, PhD 
seth.walk@montana.edu 
Mari Eggers, PhD 
mari.eggers@montana.edu
Ohio University 
Athens, OH 
Michele Morrone, PhD 
morrone@ohio.edu
Old Dominion University 
Norfolk, VA 
Anna Jeng, ScD 
hjeng@odu.edu
State University of New York, 
College of Environmental 
Science and Forestry 
Syracuse, NY 
Lee Newman, PhD 
lanewman@esf.edu
Texas Southern University 
Houston, TX 
Zivar Yousefipour, PhD
zivar.yousefipour@tsu.edu
The University of Findlay† 

Findlay, OH 
Kim Lichtveld, PhD 
lichveld@findlay.edu
University of Georgia, Athens 
Athens, GA 

Anne Marie Zimeri, PhD 
zimeri@uga.edu
University of Illinois Springfield†† 

Springfield, IL
Lenore Killam, DPA 
lkill2@uis.edu
University of Washington 
Seattle, WA 
Tania Busch-Isaksen, MPH,  
PhD, REHS 
tania@uw.edu
University of Wisconsin  
Eau Claire 
Eau Claire, WI 
Crispin Pierce, PhD 
piercech@uwec.edu
University of Wisconsin 
Oshkosh 
Oshkosh, WI 
Sabrina Mueller-Spitz, DVM, PhD 
muellesr@uwosh.edu
West Chester University 
West Chester, PA 
Lorenzo Cena, PhD 
lcena@wcupa.edu
Western Carolina University 
Cullowhee, NC 
Bryan Byrd, MSPH, PhD 
bdbyrd@email.wcu.edu
Western Kentucky University† 

Bowling Green, KY 
Jacqueline Basham, MPH (UG) 
jacqueline.basham@wku.edu 
Edrisa Sanyang, PhD (G) 
edrisa.sanyang@wku.edu

†University also has an accredited graduate program. 
††Accredited graduate program only. 
Note. G = graduate; UG = undergraduate.
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Join our environmental health community.
It is the only community of people who truly
understand what it means to do what you
do every day to protect the health of our 
communities.
Join us today. Your people are waiting.

neha.org/membership

Find Your People. 
Find Your Training.
Find Your Resources.

Three reasons to advertise right here in the Journal of the Environmental Health:
20,000+ readers interested in environmental health
Delivered directly to email inboxes from a trusted source
Clickable and trackable links from your ad to your website

We also have special rates for fi rst-time advertisers and long-term contracts.

Contact sales@neha.org or 303-802-2133.

You Are Seeing This Ad—
Your Customers Will, Too!

Does your health department need an intern to help with your important work? 
The National Environmental Public Health Internship Program is a 400-hr paid 
internship opportunity that links environmental health students with internship 
placements at qualifi ed health agencies. There is a rolling application process 
for agencies. Explore more details at www.neha.org/nephip.

Did You 
Know?
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ENVIRONMENTAL HEALTH C A L E N D A R

UPCOMING NATIONAL ENVIRONMENTAL HEALTH 
ASSOCIATION (NEHA) CONFERENCE

July 31–August 3, 2023: NEHA 2023 Annual Educational 
Conference & Exhibition, Hilton New Orleans Riverside,  
New Orleans, LA, https://www.neha.org/aec

NEHA AFFILIATE AND REGIONAL LISTINGS

California
June 19–22, 2023: Annual Educational Symposium (AES), 
hosted by the Superior Chapter of the California Environmental 
Health Association, Sacramento, CA, https://www.ceha.org

Colorado
October 11–13, 2023: 67th Annual Education Conference,  
Colorado Environmental Health Association, Estes Park, CO,
https://ceha49.wildapricot.org

Florida
October 1–7, 2023: 75th Annual Education Meeting (AEM),
Florida Environmental Health Association, Crystal River, FL, 
https://feha.org

Georgia
September 20–22, 2023: Annual Educational Conference,  
Georgia Environmental Health Association, Jekyll Island, GA, 
https://geha-online.wildapricot.org

Illinois
November 8–9, 2023: Annual Educational Conference,  
Illinois Environmental Health Association, Oglesby, IL,  
https://www.iehaonline.org

Indiana
September 25–27, 2023: Fall Educational Conference,  
Indiana Environmental Health Association, Muncie, IN,  
https://www.iehaind.org

Minnesota
May 11–12, 2023: Spring Conference, Minnesota Environmental 
Health Association, Grand Rapids, MN, https://mehaonline.org

North Carolina
September 27–29, 2023: Fall Educational Conference,  
North Carolina Public Health Association, Concord, NC,  
https://ncpha.memberclicks.net

North Dakota
October 17–19, 2023: Fall Education Conference,  
North Dakota Environmental Health Association, West Fargo, ND,
https://ndeha.org

Texas
October 16–20, 2023: 67th Annual Educational Conference,
Texas Environmental Health Association, Georgetown, TX, 
https://myteha.org

Utah
May 10–12, 2023: Spring Conference, Utah Environmental 
Health Association, Richfield, UT,  
https://sites.google.com/ueha.org/ueha/home

Washington
May 8–10, 2023: Annual Educational Conference, Washington
State Environmental Health Association, Tacoma, WA,  
https://www.wseha.org

West Virginia
May 16–18, 2023: Sanitarian Mid-Year Conference,  
West Virginia Association of Sanitarians, Wheeling, WV,  
https://wvaos.org/trainings

Wisconsin
September 13–15, 2023: Educational Conference,  
Wisconsin Environmental Health Association, Appleton, WI, 
https://weha.net/events

TOPICAL LISTINGS

Food Safety
May 8–11, 2023: Food Safety Summit, produced by Food Safety 
Magazine, Rosemont, IL,  
https://www.food-safety.com/food-safety-summit
July 16–19, 2023: IAFP 2023 Annual Meeting, International 
Association for Food Protection (IAFP), Toronto, ON,  
https://www.foodprotection.org/annualmeeting

Preparedness
May 21–27, 2023: Environmental Health Training in Emergency 
Response Operations, Center for Domestic Preparedness,  
Federal Emergency Management Agency, Anniston, AL,  
https://cdp.dhs.gov/training/course/PER-309

Water Quality
November 13–15, 2023: World Aquatic Health Conference,  
presented by the Pool & Hot Tub Alliance, Las Vegas, NV,  
https://www.phta.org 

Join us on May 11 at 1 p.m. ET for a webinar to learn about the leading
practices for integrating climate justice into state, tribal, local, and territorial 
environmental public health programs. Speakers will provide federal and local 
perspectives. Register now at https://neha.zoom.us/webinar/register/WN_
nNswEdGYSqiLQfysI8B3cA.

Did You 
Know?
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RESOURCE CORNER

REHS/RS Study Guide (5th Edition)
National Environmental Health Association (2021)

The Registered Environmental Health  
Specialist/Registered Sanitarian (REHS/RS) 
credential is the premier credential of the 
National Environmental Health Association 
(NEHA). This edition reflects the most
recent changes and advancements in envi-
ronmental health technologies and theories. 
Incorporating the insights of 29 subject mat-

ter experts from across academia, industry, and the regulatory 
community, paired with references from over 30 scholarly
resources, this essential reference is intended to help those seek-
ing to obtain the NEHA REHS/RS credential. Chapters include 
general environmental health; statutes and regulations; food pro-
tection; potable water; wastewater; solid and hazardous waste; 
hazardous materials; zoonoses, vectors, pests, and poisonous 
plants; radiation protection; occupational safety and health; air 
quality and environmental noise; housing sanitation and safety; 
institutions and licensed establishments; swimming pools and 
recreational facilities; and emergency preparedness.
261 pages, spiral-bound paperback
Member: $165/Nonmember: $199

Principles of Food Sanitation (6th Edition)
Norman G. Marriott, M. Wes Schilling, and Robert B. Gravani (2018)

Now in its 6th edition, this highly
acclaimed book provides sanitation infor-
mation needed to ensure hygienic practices 
and safe food for food industry professionals
and students. It addresses the principles 
related to contamination, cleaning com-
pounds, sanitizers, and cleaning equipment.
It also presents specific directions for
applying these concepts to attain hygienic 

conditions in food processing or preparation operations. The new 
edition includes updated chapters on the fundamentals of food 
sanitation, as well as new information on contamination sources 
and hygiene, HACCP systems, waste handling disposal, biosecu-
rity, allergens, quality assurance, pest control, and sanitation 
management principles. Study reference for the NEHA Registered 
Environmental Health Specialist/Registered Sanitarian and Certi-
fied Professional–Food Safety credential exams.
437 pages, hardback
Member: $84/Nonmember: $89

Handbook of Environmental Health, Volume 1: 
Biological, Chemical, and Physical Agents of 
Environmentally Related Disease (4th Edition)
Herman Koren and Michael Bisesi (2003)

A must for the reference library of anyone in
the environmental health profession, this 
book focuses on factors that are generally 
associated with the internal environment. It
was written by experts in the field and copub-
lished with NEHA. A variety of environmen-
tal issues are covered such as food safety, food
technology, insect and rodent control, indoor
air quality, hospital environment, home envi-
ronment, injury control, pesticides, industrial

hygiene, instrumentation, and much more. Environmental issues,
energy, practical microbiology and chemistry, risk assessment,
emerging infectious diseases, laws, toxicology, epidemiology, human
physiology, and the e�ects of the environment on humans are also
covered. Study reference for the NEHA Registered Environmental
Health Specialist/Registered Sanitarian credential exam.
790 pages, hardback
Member: $215/Nonmember: $245

Handbook of Environmental Health, Volume 2: 
Pollutant Interactions With Air, Water, and Soil 
(4th Edition)
Herman Koren and Michael Bisesi (2003)

A must for the reference library of anyone 
in the environmental health profession, this
book focuses on factors that are generally 
associated with the outdoor environment.  
It was written by experts in the field and 
copublished with NEHA. A variety of envi-
ronmental issues are covered such as toxic 
air pollutants and air quality control; risk 
assessment; solid and hazardous waste 
problems and controls; safe drinking water 

problems and standards; onsite and public sewage problems and 
control; plumbing hazards; air, water, and solid waste programs; 
technology transfer; GIS and mapping; bioterrorism and security; 
disaster emergency health programs; ocean dumping; and much 
more. Study reference for the NEHA Registered Environmental 
Health Specialist/Registered Sanitarian credential exam.
876 pages, hardback
Member: $215/Nonmember: $245

Resource Corner highlights di�erent resources the National Environmental Health Association  
(NEHA) has available to meet your education and training needs. These resources provide you with 
information and knowledge to advance your professional development. Visit our online bookstore  
at www.neha.org/store for additional information about these and many other pertinent resources!
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JEH QUIZ

A D VA N C E M E N T  O F  T H E PRACTITIONER

1. c
2. d
3. b

4. d
5. a
6. e

7. a
8. a
9. a

10. c
11. c
12. b

1. The primary intervention for a child with 
a case of lead poisoning is to remove 
the sources of lead from the child’s 
environment.
a. True.
b. False.

2. Lead isotope analysis (LIA) is based 
on the __ stable, naturally occurring 
isotopes of lead that all have relative 
abundances in the Earth’s crust.
a. two
b. three
c. four
d. five

3. To be eligible for the case series in 
this study, a child with a case of lead 
poisoning must have met the following 
criteria:
a. peak venous blood lead level (BLL) 

≥10 µg/dl.
b. age ≤6 years.
c. resided in southern Wisconsin.
d. all of the above.
e. none of the above.

4. Lead in surface coatings was identified 
in this study using an X-ray fluorescence 
instrument and a lead dust hazard for 
floors was defined as
a. ≥0.7 mg/cm2.
b. ≥40 µg/ft2.
c. 200 µg/ft2.
d. 1,200 ppm.

5. Case 1 involved a female at 24 months 
with a BLL of
a. 10 µg/dl.
b. 12 µg/dl.
c. 14 µg/dl.
d. 16 µg/dl.

6. For case 1, 1.5 years after the initial 
BLL and after the family’s home was 
remediated, the child’s venous BLL 
decreased to
a. 4 µg/dl.
b. 5 µg/dl.
c. 6 µg/dl.
d. 7 µg/dl.

7. In case 2, lead isotope ratios in blood 
were similar to the street lateral water 
pipe but dissimilar to
a. tap water.
b. the floor lateral pipe.
c. all of the above.
d. none of the above.

8. In case 3, the highest lead 
concentrations were
a. the interior windowsills.
b. the porch entry floor.
c. the backyard play area.
d. all of the above.
e. none of the above.

9. In case 4, the risk assessment found 
lead hazards in the walls, floors, and 
points of entry of the home.
a. True.
b. False.

10. In case 6, the child’s BLL at 22 months 
after the initial BLL decreased to
a. 5 µg/dl.
b. 6 µg/dl.
c. 7 µg/dl.
d. 8 µg/dl.

11. In this study, cases 4–6 demonstrated 
that LIA was able to identify the most 
common household exposure: legacy 
lead-based paint exposure via hand-to-
mouth behavior.
a. True.
b. False.

12. Water was __ as the dominant or likely 
source of lead in the cases investigated 
in this study.
a. not observed
b. weakly observed
c. strongly observed

JEH Quiz #4 Answers
January/February 2023

A vailable to those with an active National 
Environmental Health Association

(NEHA) membership, the JEH Quiz is offered 
six times per calendar year and is an easily 
accessible way to earn continuing education 
(CE) contact hours toward maintaining a 
NEHA credential. Each quiz is worth 1.0 CE.

Completing quizzes is now based on the 
honor system and should be self-reported 
by the credential holder. Quizzes published 
only during your current credential cycle are
eligible for CE credit. Please keep a copy 
of each completed quiz for your records. 
CE credit will post to your account within 3 
business days.

Paper or electronic quiz submissions will
no longer be collected by NEHA staff.

INSTRUCTIONS TO SELF-REPORT  
A JEH QUIZ FOR CE CREDIT

1. Read the featured article and select
the correct answer to each JEH Quiz
question.

2. Log in to your MyNEHA account at  
https://neha.users.membersuite.com/
home.

3. Click on Credentials located at the top  
of the page.

4. Select Report CEs from the drop-down 
menu.

5. Enter the date you finished the quiz in the 
Date Attended field.

6. Enter 1.0 in the Length of Course in  
Hours field.

7. In the Description field, enter the activity as 
“JEH Quiz #, Month Year” (e.g., JEH Quiz 6,
May 2023).

8. Click the Create button.

  Quiz effective date: May 1, 2023 | Quiz deadline: August 1, 2023

Lead Source Attribution by Stable Isotope Analysis  
in Child Risk Assessment Investigations

FEATURED ARTICLE QUIZ #6
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Updated Registered
Environmental Health
Specialist/Registered
Sanitarian (REHS/RS)  
Study Guide, 5th Edition

 Fresh visual layout to enhance 
reading and studying experience

 15 chapters covering critical  
exam content

 Insights from 29 experts
Helps you identify where to focus your
studying so you can pass the exam!

neha.org/rehs-study-materials

Now Available!

Show them you are an expert.
You are dedicated to environmental 
health. Earn the Registered
Environmental Health Specialist/
Registered Sanitarian (REHS/RS) 
credential to let your community
and employer know just how much.
The REHS/RS credential is the gold
standard in environmental health.

neha.org/credentials

The Davis Calvin Wagner Sanitarian Award represents the highest honor the 

American Academy of Sanitarians bestows on its diplomates. The award 

is conferred for exceptional leadership ability, professional commitment, 

outstanding resourcefulness, dedication, and accomplishments in advancing 

environmental public health. The deadline to submit award nominations has 

been extended to May 15, 2023. Learn more at https://sanitarians.org/Awards.

Did You 
Know?
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SPECIAL LISTING

The board of directors includes NEHA’s nationally

elected o�cers and regional vice presidents. A�liate 

presidents (or appointed representatives) comprise

the A�liate Presidents Council. Technical advisors,

the executive director, and all past presidents of the 

association are ex-o�cio council members. This list is 

current as of press time.
x

National O�cers
www.neha.org/governance

President—D. Gary Brown, 
DrPH, CIH, RS, DAAS
President@neha.org

President-Elect—Tom Butts, 
MSc, REHS
PresidentElect@neha.org

First Vice-President—CDR Anna 
Khan, MA, REHS/RS
FirstVicePresident@neha.org

Second Vice-President—Larry 
Ramdin, MPH, MA, REHS/RS, 
CP-FS, HHS, CHO
SecondVicePresident@neha.org

Immediate Past-President—Roy 
Kroeger, REHS
ImmediatePastPresident@neha.org 

Regional Vice-Presidents
www.neha.org/governance

Region 1—William B. Emminger, 
Jr., REHS, CPM
Region1RVP@neha.org 
Alaska, Idaho, Oregon, and 
Washington. Term expires 2023.

Region 2—Michele DiMaggio,
REHS
Region2RVP@neha.org 
Arizona, California, Hawaii, and 
Nevada. Term expires 2024.

Region 3—Rachelle Blackham, 
MPH, REHS
Region3RVP@neha.org 
Colorado, Montana, Utah, 
Wyoming, and members residing 
outside of the U.S (except 
members of the U.S. armed 
services). Term expires 2024.

Region 4—Kim Carlton, MPH, 
REHS/RS
Region4RVP@neha.org 
Iowa, Minnesota, Nebraska, 
North Dakota, South Dakota, and 
Wisconsin. Term expires 2025.

Region 5—Traci (Slowinski)
Michelson, MS, REHS, CP-FS
Region5RVP@neha.org 
Arkansas, Kansas, Louisiana, 
Missouri, New Mexico, Oklahoma, 
and Texas. Term expires 2023. 

Region 6—Nichole Lemin, MEP, 
RS/REHS
Region6RVP@neha.org 
Illinois, Indiana, Kentucky, 
Michigan, and Ohio.  
Term expires 2025.

Region 7—Tim Hatch, MPA, REHS
Region7RVP@neha.org 
Alabama, Florida, Georgia, 
Mississippi, North Carolina,  
South Carolina, and Tennessee.  
Term expires 2023.

Region 8—CDR James 
Speckhart, MS, REHS, USPHS 
Region8RVP@neha.org 
Delaware, Maryland, Pennsylvania, 
Virginia, Washington, DC, West 
Virginia, and members of the U.S. 
armed services residing outside of 
the U.S. Term expires 2024.

Region 9—Robert Uhrik
Region9RVP@neha.org 
Connecticut, Maine, Massachusetts,
New Hampshire, New Jersey, New
York, Rhode Island, and Vermont.
Term expires 2025.

NEHA Sta�
www.neha.org/sta�
Seth Arends, Senior Graphic 
Designer, NEHA EZ,  
sarends@neha.org

Rance Baker, Director, NEHA EZ, 
rbaker@neha.org

Gina Bare, RN, Associate 
Director, PPD, gbare@neha.org

Kate Beasley, Digital 
Communications Specialist, 
kbeasley@neha.org

Jesse Bliss, MPH, Director, PPD,  
jbliss@neha.org

Faye Blumberg, Instructional 
Designer, NEHA EZ,  
fblumberg@neha.org

Nick Bohnenkamp, Senior Program
and Operations Manager, PPD, 
nbohnenkamp@neha.org

Trisha Bramwell, Sales and 
Training Support, NEHA EZ, 
tbramwell@neha.org

Amy Chang, Senior Program 
Analyst, Environmental Health, PPD,
achang@neha.org

Renee Clark, Director, Finance, 
rclark@neha.org

Holly Cypress, Administrative 
Support, PPD, hcypress@neha.org

Joetta DeFrancesco, Retail 
Program Standards Coordinator, 
NEHA-FDA RFFM, 
jdefrancesco@neha.org

Kristie Denbrock, MPA,  
Chief Learning O�cer, 
kdenbrock@neha.org

Rosie DeVito, MPH, Program  
and Operations Manager,  
rdevito@neha.org

David Dyjack, DrPH, CIH,
Executive Director,  
ddyjack@neha.org

Doug Farquhar, JD, 
Director, Government A¡airs,  
dfarquhar@neha.org

Soni Fink, Sales Manager,
sfink@neha.org

Anna Floyd, PhD, Senior 
Instructional Designer, EZ, 
afloyd@neha.org

Heather Folker, Director, Member 
Services and Credentialing, 
hfolker@neha.org

Nathan Galanos, Contracts 
Administrator, ngalanos@neha.org

Adrienne Gothard, Senior 
Program Coordinator, PPD, 
agothard@neha.org
Chana Goussetis, MA, Marketing 
and Communications Director, 
cgoussetis@neha.org
Elizabeth Grenier, Senior Project 
Coordinator, egrenier@neha.org
Thyra Kimbell, Project 
Coordinator, tkimbell@neha.org
Nicole Kinash, Administrative 
and Logistical Support, NEHA EZ, 
nkinash@neha.org
Becky Labbo, MA, Senior 
Evaluation Coordinator, PPD,
rlabbo@neha.org
Terryn Laird, Public Health 
Communications Specialist, 
tlaird@neha.org
Melodie Lake,  Editor/Copy 
Writer, NEHA EZ, mlake@neha.org
Angelica Ledezma, AEC Manager, 
aledezma@neha.org
Stephanie Lenhart, MBA, Senior 
Accountant, slenhart@neha.org
Matt Lieber, Database
Administrator, mlieber@neha.org
Dillon Loaiza, Accounts Payable 
Specialist, dloaiza@neha.org
Laura Manes, HR Manager, 
lmanes@neha.org
Bobby Medina, Credentialing 
Specialist, bmedina@neha.org
Somara Mentley, Project 
Coordinator, PPD, 
smentley@neha.org
Danci Miles, Senior Accountant, 
dmiles@neha.org
Eileen Neison, Credentialing 
Manager, eneison@neha.org
Nick Ogg, Media Production 
Specialist, NEHA EZ,  
nogg@neha.org
Shahzad Perez, IT Manager, 
sperez@neha.org
Kavya Raju, Public Health 
Associate, kraju@neha.org
Daniela Ramirez, Project 
Coordinator, NEHA-FDA RFFM, 
dramirez@neha.org
Kristen Ruby-Cisneros, Managing 
Editor, JEH, kruby@neha.org
Michéle Samarya-Timm, 
MA, HO, REHS, MCHES, 
DLAAS, Membership and 
A�liate Engagement Manager,
msamaryatimm@neha.org
Katherine Sheppard, Executive 
Assistant, ksheppard@neha.org

Y O U R ASSOCIATION

SPECIAL LISTING

The National Environmental Health 
Association (NEHA) Board of Direc-
tors includes nationally elected o�cers
and regional vice-presidents. A�liate 
presidents (or appointed representa-
tives) comprise the A�liate Presidents 
Council. Technical advisors, the
executive director, and all past presi-
dents of the association are ex-o�cio 
council members. This list is current 
as of press time.

Tim Hatch,  
MPA, REHS 

Region 7 
Vice-President

CDR James 
Speckhart, MS, 
REHS, USPHS 

Region 8 
Vice-President
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Sadie Shervheim, Public Health 
Associate, sshervheim@neha.org
Chintan Somaiya, MBA, MS, 
Senior Project Coordinator, 
NEHA-FDA RFFM, 
csomaiya@neha.org
Jordan Strahle, Marketing and 
Communications Manager,  
jstrahle@neha.org
Reem Tariq, MSEH, Senior 
Project Coordinator, PPD,  
rtariq@neha.org
Christl Tate, Associate Director, 
Programs, NEHA EZ,  
ctate@neha.org
Sharon Unkart, PhD, Associate 
Director, Education, NEHA EZ, 
sdunkart@neha.org
Melissa Vaccaro, Senior Food 
Safety Program Specialist, NEHA 
EZ, mvaccaro@neha.org
Gail Vail, CPA, CGMA, Associate 
Executive Director, gvail@neha.org
Alfonso Valadez, Membership 
Services Representative, 
avaladez@neha.org
Christopher Walker, MSEH, 
REHS, Senior Program Analyst, 
Environmental Health, PPD, 
cwalker@neha.org
Laura Wildey, CP-FS, Senior 
Program Analyst, Food Safety, PPD, 
lwildey@neha.org
Cole Wilson, Operations 
Manager, NEHA-FDA RFFM, 
nwilson@neha.org

2022–2023 Technical 
Advisors
www.neha.org/governance
CLIMATE & HEALTH
David Gilkey, PhD
dgilkey@mtech.edu
Steven Konkel, PhD 
steve.konkel@gmail.com

DATA & TECHNOLOGY
Chirag Bhatt, RS, CCFS 
chirag.bhatt@hscloudsuite.com
Timothy Callahan, MPH 
tim.callahan@dph.ga.gov
John Dodson-Will 
johndodson@hedgerowsoftware.
com
Michael Hicks 
mhicks@relaventsystems.com

EMERGENCY PREPAREDNESS
Krista Ferry 
krista.ferry@fda.hhs.gov
Luis Rodriguez, MS, REHS/RS, 
CP-FS, CPO, DAAS
ved8@cdc.gov

Jill Shugart
ahe8@cdc.gov

FOCUSED POPULATIONS
Welford Roberts, MS, PhD, 
REHS/RS, DAAS
welford@erols.com
Amir Tibbs
tibbsa@stlouis-mo.gov

FOOD SAFETY
Eric Bradley, MPH, REHS,  
CP-FS, DAAS
ericbradley30252@gmail.com
Tracynda Davis, MPH
tracynda.davis@fda.hhs.gov
Zachary Ehrlich, MPA, REHS
zachary.ehrlich@doh.nj.gov
Adam Kramer, MPH, ScD, 
MPH, RS
akramer2@cdc.gov
Cindy Rice, MSPH, RS,  
CP-FS, CEHT 
cindy@easternfoodsafety.com
Christine Sylvis, REHS 
sylvis@snhd.org
Andrew Todd 
andrew.todd@fda.hhs.gov

GENERAL ENVIRONMENTAL 
HEALTH
Michael Crea, MS 
crea@zedgepiercing.com
Tara Gurge, MS, RS, CEHT, MS 
tgurge@needhamma.gov
Summer Jennings 
jennings.s@sno-nsn.gov
Evan La Plant 
evan.laplant@co.waupaca.wi.us
Greg Kearney, MPH, DrPH, REHS
kearneyg@ecu.edu
Adam Mannarino 
adam.mannarino@gmail.com
Clint Pinion, Jr., DrPH, RS, CIT 
clint.pinion@sw.edu
HEALTHY COMMUNITIES
Claudia Meister 
cmeister@city.cleveland.oh.us
M.L. Tanner 
tannerml@dhec.sc.gov
Robert Washam, MPH, RS, DAAS
b_washam@hotmail.com

INFECTIOUS & 
VECTORBORNE DISEASES
Broox Boze, PhD 
bboze@vdci.net
Frank Meek 
fmeek@rollins.com

WATER QUALITY
Ivars Jaunakais 
ivars@sensafe.com
Sarah Mack 
sarah.mack@enthalpy.com

Jason Ravenscroft, MPH,  
REHS, CPO
jravensc@marionhealth.org
Besty Seals 
sealskj@dhec.sc.gov
Andrew Whelton, MPH 
awhelton@purdue.edu
Steve Wilson 
sdwilson@illinois.edu

WORKFORCE & LEADERSHIP
Bob Custard, REHS, CP-FS 
bobcustard@comcast.net
Carly Hegarty 
chegar@milwaukee.gov

A�liate Presidents
www.neha.org/a�liates
Alabama—Russell Harry 
russell.harry@adph.state.al.us
Alaska—Joy Britt 
jdbritt@anthc.org
Arizona—Andres Martin
andres.martin@maricopa.gov
Arkansas—Richard McMullen 
richard.mcmullan@arkansas.gov
Business and Industry—
Michael Crea 
nehabia@outlook.com
California—Linda Launer 
president@ceha.org
Colorado—Conner Gerken 
connerg@nchd.org
Connecticut—Thomas 
Stansfield, MPH, RS 
tstansfield@tahd.org
Florida—Edward Bettinger 
ed.bettinger@flhealth.gov
Georgia—Melinda Knight 
gehaonline@gmail.com
Idaho—Carolee Cooper 
carolee.cooper@dhw.idaho.gov
Illinois—Justin Dwyer 
jadwyer84@gmail.com
Indiana—Jennifer Heller
bcenvironmental@browncounty-
in.us
Iowa—Eric Heinen 
eheinen@blackhawkcounty. 
iowa.gov
Jamaica (International Partner 
Organization)—Michael Myles 
info@japhi.org.jm
Kansas—Perry Piper 
ppiper@rileycountyks.gov
Kentucky—Brittany Wells, RS 
kentuckyeha@gmail.com
Louisiana—Carolyn Bombet 
carolyn.bombet@la.gov
Massachusetts—William (Bill) 
Murphy, MS, RS, CHO
murphyb@sudbury.ma.us
Michigan—Paul Hauck
board@meha.net

Minnesota—Sophia Walsh, REHS
president@mehaonline.org
Missouri—Leah Ferris 
lferris@clayhealth.com
Montana—Dustin Schreiner 
dustin.schreiner@montana.edu
National Capital Area—Julia 
Balsley, REHS
NCAEHA.President@gmail.com
Nebraska—Harry Heafer, REHS 
hheafer@lincoln.ne.gov
Nevada—Tara Edwards 
edwards@snhd.org
New Jersey—Virginia Wheatley 
info@njeha.org
New Mexico—Kellison Platero
kplatero@bernco.gov
New York State Conference  
of Environmental Health—
Isaiah Sutton 
isaiahs@co.chenango.ny.us
North Carolina—Angela Sowers 
angela9247@me.com
North Dakota—Julie Wagendorf, 
MS, REHS/RS, CP-FS
admin@ndeha.org
Northern New England 
Environmental Health 
Association—Brian Lockard
blockard@ci.salem.nh.us
Ohio—Steve Ruckman, MPH, RS
mphosu@gmail.com
Oklahoma—Aaron Greenquist 
agreenquist@tulsa-health.org
Oregon—Sarah Puls 
sarah.puls@co.lane.or.us
Past Presidents—Priscilla 
Oliver, PhD
polivermsm@aol.com
Rhode Island—Dottie LeBeau, 
CP-FS
deejaylebeau@verizon.net
South Carolina—M.L. Tanner, 
HHS
tannerml@dhec.sc.gov
Tennessee—Kimberly Davidson 
kimberly.davidson@tn.gov
Texas—Kacey Roman
kroman@freeport.tx.us
Uniformed Services—MAJ 
Nathaniel Sheehan
nathaniel.sheehan@outlook.com
Utah—Abby Weymouth 
aweymouth@co.weber.ut.us
Virginia—David Fridley 
board@virginiaeha.org
Washington—Nancy Bernard 
nancy.bernard@doh.wa.gov
West Virginia—Keith Allison 
wvaos@outlook.com
Wisconsin—Carrie Pohjola 
carrie.pohjola@wisconsin.gov
Wyoming—Derek Hensley 
derek.hensley@wyo.gov 
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Immerse yourself
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NEHA Government A�airs Updates
Doug Farquhar, JD (dfarquhar@neha.org)

Hill Day
The National Environmental Health Association (NEHA) held our 
sixth annual Hill Day on Thursday, February 23. The NEHA Board 
of Directors and several of our members met with 53 members of 
the U.S. Congress from the House of Representative and Senate, 
as well as both parties who serve on appropriations committees. 
These individuals are the decision makers who determine how 
much funding each federal agency receives.

Overall, 14 members of our board participated along with a
new member from New Jersey, members from Texas and Califor-
nia, and two members from Colorado. Other board members from 
Alabama, Kentucky, Maryland, Massachusetts, Minnesota, Ohio, 
and Oregon also participated. Further, our members from the state 
a�liates in Connecticut and Florida participated to discuss envi-
ronmental health with congressional o�ces from their states.

We met with 53 congressional o�ces, mainly congressional
appropriators from the House and Senate (31 Democratic o�ces
and 18 Republican o�ces). Of the visits, five were from o�ces
in Colorado, five were from Maryland, four were from Alabama,
four were from California, and three each were from Connecti-
cut, Florida, Georgia, Massachusetts, Minnesota, Oregon, Texas
and Wyoming. We had two visits to o�ces from Kentucky, New
Jersey, and Utah. One visit was to the o�ce of Senator Patty Mur-
ray (D-WA).

Our meetings focused on appropriations to the Food and Drug 
Administration (FDA) and National Center for Environmental
Health within the Centers for Disease Control and Prevention 
(CDC), highlighting the importance of federal funding for food 
safety and other environmental health objectives to the state and 
local environmental health profession. Our work is vital as we are
the only association that advocates solely for environmental health 
and the environmental health profession before Congress.

During our meetings, we asked Congress to consider the
following:
• Fund the CDC National Center for Environmental Health at 

$300 million and the Agency for Toxic Substances and Disease 
Registry at $95 million.

• Fund the FDA Federal and State Initiative that supports food
safety inspections at $140 million and $35 million for states
to purchase equipment to serve healthier meals and improve
food safety.

• Encourage the Health Resources and Services Administration 
(HRSA) to include environmental health within the Public 
Health Workforce Loan Repayment Program.

• Share with congressional o�ces the importance of environmen-
tal health to state and local public health agencies.
Senator John Barrasso (R-WY) wanted to meet with NEHA 

Immediate Past-President Roy Kroeger, and was scheduled to join 

the call. Kroeger noted that Senator Barrasso was an advocate for 
food safety when he served in the Wyoming state legislature. Other 
members were highly interested in our activities, especially on red
tide in Florida, onsite wastewater in Alabama, and the recent train 
derailment in Ohio.

In the context of national politics, these visits are essential to
any association promoting their profession. Congress pays atten-
tion to those groups that actively promote their profession and 
supports funding for federal agencies and activities that provide 
for their profession. Congress needs to hear and know that these 
e¡orts have an impact on their constituents and communities. 
While Hill Day is just one day, we are committed to continuing our 
e¡orts to advocate for the environmental health profession. You
can view all our government activities at www.neha.org/advocacy.

Support Letters
We submitted a support letter to the U.S. Department of Health and
Human Services and HRSA in February 2022. The letter requested
HRSA to ensure that the environmental health workforce is included
in the Public Health Workforce Loan Repayment Program. This
program was authorized by the Consolidated Appropriations Act
of 2023 as part of the PREVENT Pandemics Act and is essential in
ensuring the public health workforce needed for the future. We also
requested that the President’s Budget for Fiscal Year 2024 should
include at least $100 million for the Public Health Workforce Loan
Repayment Program.

We also submitted a letter to FDA in January 2023. The letter 
presented how we can assist FDA with recommendations outlined 
in the Reagan-Udall Foundation report to improve our nation’s 
food safety system. We focused on three key recommendations 
outlined in the report: 1) the U.S. food safety system structure, 2) 
personnel and workforce, and 3) advocacy for financial support.

You can view all our letters and sign-ons at www.neha.org/letters.

NEHA Releases 2022 Annual Report
In March 2022, we released our
2022 Annual Report that summa-
rizes the achievements of the orga-
nization to build, sustain, and
empower an e¡ective environmen-
tal health workforce. The report 
demonstrates our continued com-
mitment to being an essential part-

ner and an influential voice in environmental health.
In addition to words from NEHA Executive Director Dr. David

Dyjack and NEHA President Dr. D. Gary Brown, the report provides
a visual picture of our achievements under the following headings:
• Inspiring & Providing Professional Development: One of the 

key ways we work to build and sustain the workforce is through 
education. Learn about our up-to-date training and educational 
o¡erings that help environmental health professionals protect 
their communities and improve health outcomes.
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• Uncovering Research & Creating Resources: While environ-
mental health has been practiced for centuries, changes to our 
society and physical environment require our profession to
stay up-to-the-minute on the evolving practice. We highlight 
our publications, discussions, and announcements that aid our 
members in meeting this challenge.

• Supporting the Profession Across the Globe & Life Span: Two
keys vital to the success of our profession are adequate support for
our work and trust in our abilities and knowledge. In this section
we explore our investments and programs that support profession-
als who work on the front lines of environmental public health.

• Elevating the Organization, Profession, & Workforce: Envi-
ronmental health is often invisible—to the public, lawmakers, 
and even funders. Learn in this section how we work to raise the 
visibility of NEHA and elevate the workforce through communi-
cation, marketing, and government a airs.

• Connecting & Partnering for Better Outcomes: Our work can 
be tough and our resources light. We highlight the brain trust 
of environmental health professionals we brought together to
address systemic, ongoing, and emerging issues to provide a
place for support and the sharing of best practices.

• Minding the Dollars & Data: None of our work is possible with-
out funding to sta  the organization, invest in communities, or 
generate data to demonstrate our e ectiveness. We explore our 
focus on meaningful financial tracking and data and IT inte-
gration to enhance our ability to make informed decisions and 
provide relevant data to the workforce.
The 2022 Annual Report can be viewed at www.neha.org/

annual-reports. The webpage also includes annual reports from 
2016–2021.

Anniversary Celebration for the Private  
Water Network
We celebrated the 3-year anniversary of the Private Water Network
(PWN) in March. PWN is a virtual community of practice for indi-
viduals working to protect the public’s health from contaminants in
private drinking water sources. PWN aims to be a one-stop-shop
resource for peer learning and information exchange for profession-
als who serve communities with private drinking water systems.

The mission of PWN is to build a sustainable community for 
professionals who work to support private water programs and to
build capacity to protect public health more e ectively and e�-
ciently. PWN also provides a way to connect with peers; to share 
experiences, insights, and resources; and to gain access to timely 
and relevant guidance for existing and emerging issues.

To celebrate the anniversary and National Groundwater Aware-
ness Week (held on March 5–11, 2023), we hosted a series of 
events focused on the challenges and opportunities related to stan-
dardizing private well data:
• Twitter Chat: Managing private wells for public health protec-

tion requires data not only from well water sampling but also on

well characteristics such as type of well, depth of well, and the 
people using the wells. Continued e orts to increase the number 
and frequency of well testing are needed, but new data collec-
tion activities for wells and their users are also necessary. We
initiated a conversation on Twitter on March 6 about the chal-
lenges, opportunities, and priorities regarding private well data 
and what we can do to respond to emerging and existing issues. 
You can view the chat on @privatewaternet or via #PWNChat.

• Flash Webinar—New Hampshire’s Well Water Dashboard and 
Ongoing User Testing and Community Outreach: This webinar 
held on March 7 featured Samuel Harris from the New Hamp-
shire Department of Health and Human Services who shared 
insights on New Hampshire’s Well Water Dashboard and ongo-
ing user testing and community outreach.

• Panel Session—Developing Approaches to Estimate the Num-
ber of Private Wells Within a Jurisdiction: In this panel session 
held on March 8, Judy Manners and Rose Galbraith provided 
an overview of a pilot study focused on estimating the num-
ber of private wells and private well users within a jurisdiction, 
determining private well testing distribution in the region, and 
assessing the risk of contaminant exposures and water quality 
issues a ecting private well users.
Thank you for joining us to celebrate the anniversary of PWN. 

You can learn more about PWN, including other resources and 
how to join, at www.neha.org/private-water-network.

New! Self-Assessment and Verification Audit 
Course Series
We invite you to participate in the new self-guided, online Self-
Assessment and Verification Audit (SA/VA) Course Series. This 
series is now available to help your jurisdiction navigate the Vol-
untary National Retail Food Regulatory Program Standards (Retail 
Program Standards) from FDA. In addition, the series is available 
to you at any time.

The series consists of 10 self-guided courses that provide rel-
evant information and instruction for retail program enrollment or
advancement in conformance with the Retail Program Standards. 
The self-paced series:
• Walks you through the SA/VA process.
• Allows you to choose which Retail Program Standard(s) to  

focus on.
• Allows you to return to the content any time.
• Can be completed on your timeline and at your own pace.
• Includes content identical to the face-to-face SA/VA course.
• Includes examples from sample jurisdictions.

Learn more at www.neha.org/retail-grants-sava.

NEHA Sta� Profile
As part of tradition, we feature new sta  members in the Journal
around the time of their 1-year anniversary. These profiles give you
an opportunity to get to know our sta  better and to learn more 
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about the great programs and activities going on in your associa-
tion. This month we are pleased to introduce you to one NEHA 
sta� member. Contact information for all NEHA sta� can be found 
on pages 46 and 47.

Alfonso Valadez
I joined NEHA in April 2022 as a mem-
bership services representative. I have 
an extensive background in customer 
service and hold an associate degree 
in computer programming. I am also 
an ordained deacon for the Catholic 
Church in the Archdiocese of Denver. 
Prior to NEHA, I was employed by the 

Colorado Bar Association and worked with state and local attor-
neys regarding their membership needs.

My duties at NEHA are to assist our membership and credential-
ing team with the following tasks:
• Ensuring members are getting the right benefits (e.g., access to

E-Learning, the Journal of Environmental Health, membership 
discounts, etc.).

• Troubleshooting and independently resolving member issues.
• Overseeing our membership renewal process.
• Assisting with membership engagement and marketing e�orts 

such as blog posts and marketing campaigns.
• Assisting with fundraising e�orts.
• Creating and sending invoices and receipts and processing pay-

ments for our members and customers.
• Running membership reports. 

Journey to Cuba

Image © Adobe Stock: SeanPavonePhoto.

We have an exciting oppor-
tunity for environmental
health professionals to join 
our private delegation to 
Havana, Cuba, on Novem-
ber 2–6, 2023. We will
explore Cuba’s rich and var-
ied cultural heritage and go 
beyond tourist corridors by 

engaging with local environmental health professionals, o�cials, 
engineers, entrepreneurs, musicians, and artists who will o�er in-
depth commentary on health policies, economics, environmental 
justice, art, history, architecture, and culture. The trip is being 
organized by CLE Abroad, a provider of customized educational 
travel programs around the world. The trip is open to all individu-
als over 18 years.

Registration costs range between $2,900 and $4,225 depending 
on selected accommodations. For each registration, $150 will be 
contributed to our scholarship fund. Registration fees include:
• Accommodations, as selected

• Ground transportation, including airport transfers
• Full-time program escort and local tour guides
• Daily breakfast and select meals with beverages
• Admission to all activities
• Educational programming with up to 7 continuing education 

contact hours available
Register before the early-bird deadline on June 1 to save $350. 

Please note that airfare, a Cuban Tourist Card, additional meals or 
beverages, gratuities, COVID-19 testing, and trip insurance are not 
included in registration fees.

Learn more at www.neha.org/cuba.

Highlights of the NEHA 2023 AEC
The NEHA 2023 Annual Educational Con-
ference (AEC) & Exhibition—to be held on 
July 31–August 3 in New Orleans, Louisi-
ana—aims to “Raise the Voice of the Envi-
ronmental Health Workforce.” Over the 4
days of the conference, along with 3 days of 
preconference o�erings, the 2023 AEC is 
packed full of knowledgeable speakers,

informative sessions and trainings, networking opportunities, and 
fun events. Learn more at www.neha.org/aec.

Featured Sessions
With over 350 speakers and 250 concurrent educational sessions 
planned for 10 di�erent environmental health tracks, the 2023 
AEC is packed with educational opportunities for anyone work-
ing in the field of environmental health. We also have planned five
di�erent featured sessions that will explore a variety of timely and 
pressing environmental health topics. Learn more at www.neha.
org/aec-featured-sessions.
• Keynote Address (July 31): We are pleased to have Dr. Maureen 

Lichtveld, professor and dean of the School of Public Health 
at the University of Pittsburgh, open our conference with an 
address on “Communities and Climate Through the Lens of 
Environmental Health Practice.” Communities, especially those 
facing intransigent inequities, rely on environmental health 
practitioners to counter these insults and strengthen community 
resilience. Dr. Lichtveld will examine the triple threats many 
communities face—pollution, disasters, and climate change—
and will discuss local and global examples; discuss gaps in envi-
ronmental health practice, policy, and science; and propose a
road map for action.

• Grand Educational Session Kicko� (August 1): We have
brought together a panel of regional experts to present a sym-
posiumn on rodent control. The symposium will explore
how to use e�ective communication, control practices, and
resources to elevate your rodent control program. Panelists
include Dr. Claudia Riegel, director of the City of New Orleans
Mosquito, Termite, and Rodent Control Board; Dr. Imelda K.
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Moise, associate professor and director of Global Health Stud-
ies at the University of Miami; and Janet A. Hurley, senior
extension program specialist in integrated pest management
(IPM) at Texas A&M.

• Keynote Address (August 1): In this Keynote Address, Lt. Gen-
eral Russel L. Honoré, U.S. Army (retired) and an authority on 
leadership, safety, and global preparedness, will speak to our 
attendees on “Leadership: Getting the Difficult Job Done.” In a
time when leadership is more important than ever, Lt. General 
Honoré will present the topic with a no-nonsence, devisive 
approach to leadership, vision, and resilency.

• Grand Educational Session Kicko� (August 2): Presented by the
NEHA Business & Industy a�liate, this session will explore “The
Conundrum of Food Safety Culture: Breaking Through Barriers
to Drive Improvement.” Given the competing priorities in busi-
ness, how do our food industry leaders maintain a balance and
account for food safety when making decisions? In this panel
discussion, executive leadership from top retail and food service
industries will share how their organizations achieve and main-
tain a culture of food safety despite rising inflation, workforce
shortages, extreme weather, pandemic recovery, and food defense.

• Closing Session (August 3): We are pleased to announce that 
Frank Yiannis will be speaking at our Closing Session. Yiannis 
is a food safety executive and former deputy commissioner for 
Food Policy and Response at FDA.

Events
No AEC would be complete without some events to bring us 
together for networking and learning opportunities. You can learn 
more at www.neha.org/aec-events.
• Exhibition Grand Opening (July 31): Connect with your peers 

and industry leaders to learn about the latest products and ser-
vices for environmental health professionals.

• Student Reception (August 1): The future of our profession 
depends on the next generation. Come share your insights 
(and business cards) with environmental health students at this 
casual event. Students, come with your questions!

• Photo Exhibition and Contest (August 1): Enjoy an evening 
with Gina Bare, photographer and NEHA sta� member, who 
will share her photography and showcase the photos of contest 
winners. We will also discuss the impact photography can have 
when communicating about environmental health.

• Town Hall Assembly (August 2): Join NEHA President Dr. D.
Gary Brown for breakfast and a recap of the year’s accomplish-
ments on behalf of the environmental health profession.

• Raising Your Voice Networking Event (August 2): Join your 
fellow environmental health professionals for food, beverages, 
music, and conversation.

Preconference O�erings
Add to your 2023 AEC experience by attending one of our many
preconference workshops and trainings. A full listing of these

o�erings can be found at www.neha.org/aec-preconference. Here
are just a few of the exciting workshops and trainings we are
o�ering this year.
• Certified Professional–Food Safety (CP-FS) Credential Review

Course (July 29–30): This 2-day refresher course is designed to
enhance your preparation for the NEHA CP-FS credential exam
and will cover exam content areas. Participants are expected to
have prior food safety knowledge and training equal to the eligibil-
ity requirements to sit for the exam. Fee: $449 for NEHA members
and $549 for nonmembers. Registration includes the CP-FS Study
Package (CP-FS Study Guide (4th edition) and CP-FS flash cards).

• Registered Environmental Health Specialist/Registered Sani-
tarian (REHS/RS) Credential Review Course (July 29–31):
This 2.5-day refresher course is designed to enhance your 
preparation for the NEHA REHS/RS credential exam and will 
cover exam content areas. Participants are expected to have a
solid foundation of environmental health knowledge and train-
ing equal to the eligibility requirements to sit for the exam. Fee: 
$549 for NEHA members and $649 for nonmembers. Registration 
includes the REHS/RS Study Guide (5th edition).

• Body Art Facility Inspector Training (July 30 and July 31):
This introductory-level course focuses on the fundamentals of 
body art facility inspection. It includes a body art facility inspec-
tion simulation, in-person equipment demonstrations, job aids, 
resources, and more. The training will also cover public health 
risks, communication, infection control, inspection procedures 
and requirements, and equipment review. Fee: $150 for NEHA 
members and $200 for nonmembers.

• Council for the Model Aquatic Health Code: Certified Pool 
Operator (CPO) Fusion Course (July 30): This 1-day CPO
Fusion Course prepares attendees to be certified or recertified as
a CPO. Attendees will complete one half of the course online at 
their own pace and then will attend the 1-day course at the AEC 
for certification. Fee: $350.

• Council for the Model Aquatic Health Code: Certified Public 
Health Pool Inspector Course (July 31): This new, 1-day certi-
fication course is designed just for public health o�cials. Based 
on the Model Aquatic Health Code from the Centers for Disease 
Control and Prevention, the course provides the information 
needed to confidently inspect commercial pools. This course is 
a pilot o�ering and attendees will be able to provide input to
guide finalization of the course. Fee: $200.

• Environmental Health and Land Reuse (EHLR) Immersion 
Training (July 29–31): This interactive 2.5-day training aims 
to increase the skills of the environmental health workforce to
engage in land reuse and redevelopment. The training takes a
deeper dive into the first three modules of our original EHLR 
Basic Training, which focuses on community engagement, 
evaluation, and risk communication. Participants will earn 20 
CE contact hours after completion of the training. Fee: $25 for 
NEHA members and $50 for nonmembers. 
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NEHA MEMBER SPOTLIGHT

The National Environmental Health Association (NEHA) is shin-
ing a spotlight on the people within our membership through this 
new feature in the Journal. This month we are pleased to intro-
duce you to Chantal McBride, a public health inspector with the 
Saskatchewan Health Authority for 4 years. She works in a rural 
area and is a generalist who works on various environmental and 
public health issues including food safety, water quality, personal 
services, wastewater disposal, plumbing, tobacco, communicable 
disease, adult care facilities and childcare, outbreak management, 
and subdivision reviews. McBride attended the Concordia Univer-
sity of Edmonton and has been in the environmental health profes-
sion for 6 years.

Why did you join NEHA and what aspects of membership
have you found most valuable to your career?
I am interested in forming connections with other environmental 
health o�  cers and public health inspectors in the fi eld. I would 
love to obtain a job somewhere in the US. I like to stay up-to-date 
on which states or health authorities are hiring and who would 
recognize my Canadian credentials and experience. Also, I fi nd 
sharing knowledge and experiences with NEHA members and 
other environmental health o�  cers very valuable.

Why did you choose the environmental health fi eld?
I love how diverse my job is. I am never doing the same thing each 
day and never know what the next day will bring. I love being able 
to help people in the capacity that I do. My job is fl exible, challeng-
ing, and rewarding all at the same time.

If you weren’t an environmental health professional, 
what other profession would you like to work in?
Prior to receiving my bachelor of science in public health, I was
taking courses to earn a bachelor of nursing degree at the Leth-
bridge College in Lethbridge, Alberta. I completed 2 years in
nursing studies and it was not until I completed a practicum at
the hospital that I realized I was in the wrong profession. Thank-
fully, I was able to transfer my 2 years of course work over to the
University of Lethbridge where I completed my degree in public
health in 2014.

I did not know at fi rst that I wanted to be a health inspector. I
actually stumbled on environmental public health while doing an 
infection control practicum with the O�  ce of the Medical O�  cer 
of Health in Lethbridge. I got to observe and go out with the fi eld 

health inspectors, which sparked my interest in the fi eld. I am so 
glad that I made the switch. Often times, people go through school 
and fi nd out later that they do not like their fi eld of work. I got 
lucky. Our profession is small but I have met some of the most 
talented people doing what we do.

Please describe any hobbies, activities, or causes you 
are passionate about.
I love traveling, hiking, reading, watching movies, and most 
importantly, spending time with my family. I recently had a baby 
boy named Kingston who is 6 months old.

What is your favorite vacation spot and why?
The Dominican Republic. It was one of the fi rst places I visited 
with my husband. I have so many great memories. We went to
an all-inclusive resort and got spoiled while we were there. The 
weather and people were wonderful. I cannot wait to go back again.

What is one thing that most people do not know about 
you that you would be willing to share?
I have an interest in anything infection control.

What accomplishment are you most proud of?
I am proud of my sons Kingston and Phoenix. Also, I am proud of 
becoming a certifi ed public health inspector.

Who do you look up to and why?
My grandfather. My father was not around much when I was grow-
ing up and my grandfather really stepped up helping me in life. He
has passed since and I miss him every day.

What was the best professional advice given to you?
Our profession can be extremely hard and sometimes it is not for 
everyone. I have learned to be more patient. The best advice given 
to me has been to take every experience—good or bad—and learn 
something from it.

Is there anything else that we did not ask that you 
would like to share?
I am on LinkedIn and would love to connect with others.

We thank Chantal McBride for sharing with us! You can read a full
version of this spotlight at www.neha.org/membership/spotlights.

Chantal McBride, CPHI(C)
Saskatchewan Health Authority, Canada
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