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Arsenic – an Invisible Poison

Poison of Kings

King of Poisons
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Sources of Arsenic Exposure
 Ground Water

 Food 

 Occupational

 Soil
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Arsenic in Groundwater Worldwide

Smedley et al., 2005
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Health Effects of Arsenic
Skin lesions

Cancers (skin, lung, bladder, larynx, kidney)

Heart and vascular diseases

Respiratory disease

Chronic kidney diseases

Reproductive/developmental effects

Diabetes

Other
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Health Effects of Arsenic

“There is sufficient evidence that arsenic causes 
cancers of the urinary bladder, lung and skin. 
Positive associations with cancer of kidney, liver, 
and prostate has been observed.”
(IARC, 2004)

“Group1 Carcinogen”
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Previous Studies
❑ Arsenic exposure from drinking water increases the risk of 

various diseases.

❑ Increased risks of diseases from arsenic exposure 

continues even  40 years after exposure has been reduced

❑ Arsenic exposure during early life showed marked increase 

in diseases in later life.

❑ Low-level arsenic still increases the risk of diseases.
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What is the next step?
Private Wells with Arsenic >10 in Texas
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Domestic Wells
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South Texas Domestic Arsenic Study



South Texas Domestic Well Arsenic Study
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10-20
> 20 µg/L

% Private Well Users

Arsenic Level in Private Wells
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Approach

Aim 1: Assess arsenic levels in private well drinking water
❑Collect and analyze water samples from households using private wells

Aim 2: Estimate burden of arsenic exposure through biomonitoring

 Urine samples for recent exposure to arsenic

 Toenail samples for long-term exposure to arsenic 
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Approach
Aim 3: Estimate the effectiveness of preventive intervention to reduce 

arsenic exposure.

❑ Educational materials and a ZeroWater water filtration pitcher provided to 

households

❑ Evaluate the reduction of exposure through urine monitoring.
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Partnership with Texas Department of State Health Services
- Chemical Threat Lab
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Results

132 households

Arsenic #Raw #Final *
< 5 ppb 53 65
5 – 10 33 29
10 – 20 22 23
> 20 24 15

35 % of wells have arsenic 
greater than MCL 10 ppb.

* Water samples after any types 
of treatment and actual water 
consumed by residents 

Arsenic Level in Private Wells

16



0

2

4

6

8

10

12

14

1 2 3 4

Urinary Arsenic Before and After Intervention (n= 79)

U
rin

ar
y 

Ar
se

ni
c (

ug
/L

)

Intervention

Geometric Mean             5.02                3.90                                     7.05                3.70 
       (95% CI)               (2.79, 9.01)    (2.18, 7.00)                         (3.85, 12.9)    (1.93, 7.11) 

Baseline         After                              Baseline         After 
                  Intervention                                         Intervention

Note: Adjusted for urinary creatinine, sociodemographic characteristics, smoking, and diet

As in private well 
≤ 10 ppb (n= 53)

As in private well 
> 10 ppb (n= 26)

*
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Correlation between Urinary Arsenic and PDGF-BB
Results
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Colonia Safe Water Project



Colonias in Texas

• Unincorporated, rural, and semi-
rural communities primarily located 
along the Texas-Mexico border

• 2,294 colonial communities in TX, 
with approximately 500,000 
residents. 
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High Poverty and 
Unemployment Rates

Residents of colonias experience extreme 
poverty, with the average household 

income being less than $834 per month.
Unemployment rates in these areas range 
from 20% to 60%, significantly higher than 

the state average of 7%

Lack of Basic 
Infrastructure

Many colonias lack essential services, 
including potable water, sewage systems, 

paved roads, and adequate drainage.
Approximately 34% of residents do not 
have access to clean drinking water, and 
over 50% lack proper wastewater disposal 
systems, which poses severe health risks

Educational 
Challenges

A significant proportion of colonia residents 
have limited educational attainment, with 70% 

having less than a high school education.
This limitation severely impacts their economic 

opportunities and overall quality of life
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A D D I T I O N A L PA RTNERS : Angie’s Day Spa | Guajira Clinic | Wesley Nurse Program | Progreso Fire Department | Alamo Fire Department | San Juan 
Advancement Center | Alamo Advancement Center | Progreso Community Resource Center | San Carlos Endowment Community Resource Center | Iglesia Bautista 
Bethel | Iglesia Puerta Del Cielo | Texas A&M University Admissions Office | Texas A&M University School of Public Health Graduate Student Services.

Partnerships
The success of this program was made possible through a
broad and diverse network of partnerships.

L E A D E R S H I P & C O L L A B O R AT ION 
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Citizen Scientist
A member of the public who participates in 
scientific research activities in collaboration 
with professional scientists
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Community Health Workers
A frontline public health worker who is a 
trusted member of and/or has an unusually 
close understanding of the community served.
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SITE 1

PRO GR ESO
COM MUNIT Y

SITE 2

AL AMO
COM MUNIT Y

RESEA R CH & IM PACT 
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Community-Based Participatory Research

RESEA R CH & IM PACT 
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Characteristics of Participants

4% $45,000 –$59,999

GENDER

AGE

EDUCATION

INCOME

NUMBER
OF FAMILY
MEMBERS

58% Less than high school 26% High School or GED 16% Some college

24% <40 years old 26% 40–49 22% 50–59 20% 60–69 8% 70+

19% Male 81% Female

47% Less than $14,999

9% $30,000 –$44,999 3% More than $60,000

33% $15,000–$29,999

46% 1–3 Members 42% 4–6 Members 12% 7+ Members

RESEA R CH & IM PACT 
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Characteristics of Participants (CONTINUED)

YEAR HOUSE 
WAS BUILT

DURATION OF 
RESIDENCE

SMOKING

ALCOHOL 
DRINKING

5% Less than 1 year

0% 3–5 2% 5–8

7% Yes 87% No

74% Never smoker 15% Former smoker

67% After 197815% Before 1978 18% Don’t know

86% 8+ years7% 1–3

11% Current 
smoker

RESEA R CH & IM PACT 
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Perception of Drinking Water Quality
TAP WATER IS SAFE

TO DRINK

COMMUNITY TAP WATER
IS SAFE TO DRINK

TAP WATER 
TASTES GOOD

Completely agreeSomewhat agreeSomewhat disagreeCompletely disagree Don’t know

RESEA R CH & IM PACT 

SCHOOL FOUNTAINS 
ARE SAFE TO DRINK FROM

BELIEVE HAVING HEALTH
PROBLEMS DUE TO

POLLUTION IN COLONIA

IF TAP WATER IS SAFE,
WOULD USE LESS OF OTHER

TYPES OF WATER
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Water Quality – Metals
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Biomonitoring – Arsenic
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RESEA R CH & IM PACT 
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Vitamin Levels
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RESEA R CH & IM PACT 
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Vitamin Levels
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RESEA R CH & IM PACT 
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Spatial Patterns of Heavy Metals in Toenails
Arsenic Lead Uranium Cadmium

Chromium Manganese Nickel Barium

Cobalt Copper

                                                                  

                                                                    LOW                                     H I GH 

RESEA R CH & IM PACT 
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By the Numbers
3 COMMUNITY ADVISORY 
BOARDS STRENGTHEN
WITH 60+ PARTICIPANTS
We maintained three Community Advisory 
Boards with over 60 active participants.

203 HOMES SURVEYED 
AND ASSESSED
We approached 203 homes, completing surveys 
along with urine, toenail, and blood assessments.

400+ WATER FILTERS DISTRIBUTED
We provided over 400 water filters 
to households in need.

C O M M U N I T Y A D V I S O R Y BOARD 

C O L L E C T I N G SAM PLE S C O L L E C T I N G SAM PLE S 

RESEA R CH & IM PACT 
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By the Numbers
63+% REDUCTION IN ARSENIC LEVELS
We successfully reduced arsenic levels in 63% of Alamo 
participants and 65% of Progreso participants.

43+% ARSENIC REDUCTION FROM 
HIGH-RISK TO LOW-RISK LEVELS
In Progreso, we successfully reduced the number of 
participants with high-risk arsenic levels to low-risk, in 
43% of participants. Similarly, in Alamo, we successfully 
reduced the number of participants with high-risk 
arsenic levels to low-risk, in 44% of participants.

$48 ,000+ GIVEN BACK TO SOUTH 
TEXAS COMMUNITIES
We directly invested over $48,000 to 
support South Texas communities.

P R E S E N TATION 

C O M M U N I T Y A D V I S O R Y BOARD 

RESEA R CH & IM PACT 
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F I N D I N G S & F UTURE D I R E C T I O N S  

The Time is Now

100% OF HOMES had
arsenic, nickel, and uranium 
in their drinking water.

A DISCONNECT BETWEEN 
ENVIRONMENTAL PROTECTION 
AGENCY (EPA) STANDARDS 
for safe levels of heavy 
metals in drinking water and 
Public Health standards.

The possibility of ADDITIONAL 
ENVIRONMENTAL FACTORS 
(bacteria, soil & air quality) impacting 
water quality in these communities.

Real challenges for community 
members to have ACCESS TO 
SAFE DRINKING WATER .

• Individual Level – Cost, 
Misinformation, & Disinformation

• Community Level – Infrastructure, 
Funding, & Practical Access to 
State-Based Resources.

PRELIMINARY FINDINGS INDICATE THERE EXISTS: 
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F I N D I N G S & F UTURE D I R E C T I O N S  

The Time is Now

These communities have been 
underserved for far too long —
CREATING TRUE BARRIERS TO
HEALTH EQUITY.

• Let’s build on the momentum now
that we have the support and trust
of the community.

We have a SOCIAL 
RESPONSIBILITY TO
CONTINUE OUR EDUCATION 
AND RESEARCH to provide 
more adequate short- and 
long-term practical solutions.

• The community is watching.

Our COMMUNITY- BASED 
APPROACH is working 
in creating:

• Practical Short- and 
Long-Term Solutions

• A Reduction in Exposure
• Linguistically and Culturally 

Sensitive Education

• Community Empowerment

PRELIMINARY FINDINGS INDICATE THERE EXISTS: 
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Summary
- Provide critical data on the arsenic contamination in drinking water 
sources and determine the burden of arsenic exposure and related 
diseases in the border communities 
- Use biomarkers to provide unique insights into prognosis and 
potential targets for screening
- Establish a pragmatic prevention strategy to reduce exposure from 
drinking water and health outcomes
- Provide evidence and rationale to raise local arsenic containment 
advocacy or potential policy changes
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