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Dartmouth Superfund Program
• The Dartmouth Superfund Research Program uses an 

interdisciplinary approach to investigate the ways in 
which arsenic and mercury in the environment affect 
ecosystems and human health.

• Our research is highly relevant to the mission of the SRP 
because arsenic and mercury are two of the top three 
environmental chemicals of concern regarding 
human health in the US.

• Work with our stakeholders to: (1) Reduce exposure to 
arsenic in well water, rice and rice products, and (2) 
Reduce exposure to mercury (eating low mercury fish 
and reduce coal burning emissions of mercury).



Project 1:  Arsenic Uptake, Transport and 
Storage in Plants

Project Leader: Mary Lou Guerinot, Ph.D.
Associate Director and Professor of Biological Sciences



Arsenic in Rice
Importance of the problem:

Arsenic, a Class I non-threshold carcinogen, is being 
found in rice, a staple food eaten by half the world 
every day

Many rice-based foods are on the market,
including infant rice cereals and formula

People with allergies to gluten
(Celiac disease) consume
many rice-based products 

http://www.dartmouth.edu/~toxmetal/arsenic/food.html

http://www.dartmouth.edu/%7Etoxmetal/arsenic/food.html


•  Arsenic occurs naturally in soil and 
ground water and was used for many years 
in pesticides. 

•  Several factors contribute to rice being an 
efficient accumulator of arsenic relative to 
other cereals:

- Cultivation in flooded paddies that leads 
to arsenite [As(III)] mobilization

- Inadvertent uptake and transport of As(III) 
through the silicon (Si) pathway which is 
highly efficient in rice

- Inadvertent uptake and transport of 
arsenate [As(V)] through phosphate 
transporters



•  There are currently no statutory limits for the arsenic content 
of food sold in the United States and the European Union.

•  To protect consumers from excessive exposure, the Codex 
Alimentarius Commission (FAO/WHO) recommends that the 
level of arsenic in rice should not exceed 0.2 mg/kg (issued 
April 2014).

•  A study by our SRP group (Project 4) calculated that 
consumption of 0.56 cup/day of cooked rice was comparable 
to drinking 1 L/d of 10 μg As/L water, the current US 
maximum contaminant limit. (Gilbert-Diamond et al.  2011 
PNAS 108: 20656)

• To put this number in perspective, US rice consumption 
averages ∼0.5 cup/day, with Asian Americans consuming an 
average of >2 cups/day.



• Rice cultivars that restrict arsenic accumulation in the grain offer one of 
the simplest, fastest and most cost effective approaches to solving the 
problem of arsenic contamination of rice and rice-based products. 

• Such cultivars could immediately be used in arsenic-rich soils and can 
also be used as genetic stock for breeding programs to introduce low 
grain arsenic traits into agronomically-improved varieties suitable for 
modern commercial rice production. 

Solutions to the Problem



Project 3:  Arsenic and Innate Immune 
Function of the Lung

Project Leader: Bruce A. Stanton, Ph.D.
Director and Professor of Microbiology and Immunology



Arsenic and Respiratory Disease
• Arsenic ingestion increases the incidence of 

respiratory (lung) bacterial and fungal infections.

• Respiratory infections are the third most frequent 
cause of death worldwide (6.2 million/year-World 
Health Organization).

• In utero arsenic exposure increases respiratory 
infections and dysregulates the fetal immune system 
(Project 4 - Karagas - 2014)



Innate Immunity
• Bacterial infections increase the secretion of 

interleukins, which recruit macrophages and neutrophils 
to the lungs

• Macrophages and neutrophils kill bacteria

• Excessive or inadequate cytokine release leads to 
inappropriate immune cell clearance of bacteria and 
chronic, irreversible lung damage and death.

• Studies in Project 3 have observed that low levels of 
arsenic, typical of US exposure, disrupt interleukin 
secretion and the ability of macrophages to kill bacteria 
in the lung.



Solutions to the Problem
• Educate and work with state legislators, journalists and 

public advocacy groups to increase awareness. Project 
3 has worked with NH and Maine state legislators to 
pass bills to inform new home owners of arsenic in well 
water.

• Work with the FDA to establish
regulations for arsenic in food
and in well water. 



Project 4:  Epidemiology, Biomarkers and 
Exposure Assessment of Metals

Project Leader: Margaret Karagas, Ph.D.
Professor and Chair, Department of Epidemiology

New Hampshire 
Birth Cohort Study

Areas



Project 4 Goals

I. To investigate whether higher arsenic exposure influences 
cardiovascular disease risk factors in pregnant women i.e., 
alters glucose metabolism, blood pressure and markers of 
systemic inflammation and vascular endothelial cell 
dysfunction.

II. To investigate whether in utero arsenic exposure is related to 
cardiometabolic factors (i.e., glucose metabolism, 
inflammatory and vascular endothelial cell markers) in the 
newborn. 



The New Hampshire Birth Cohort 

• Private well users
• Almost 1,500+ mother-infant 

pairs
• 75% response rate
• 100% urinary arsenic

Pregnancy as susceptible
window for As exposure



• Over the course of 
pregnancy, each 
10µg/L increase in 
urinary As was 
associated with:
– 0.31 mmHg (95% CI: 0.04, 

0.57, p = 0.022) greater 
increase in systolic blood 
pressure per month

– 0.28 mmHg (95% CI: 0.05, 
0.52; p=0.018) greater 
increase in pulse pressure 
per month 

Arsenic is Related to Greater BP Increases 
Over the Course of Pregnancy

http://www.ncbi.nlm.nih.gov/pubmed/25793356



• Our work is determining the effects of low level arsenic exposure during 
pregnancy and contributing to the scientific communication of the health 
impacts, through:

– Publications/media releases, including primary research and other reports
– Participation in lay publications (e.g., Consumer Reports), consensus panels and 

committees e.g., the NRC committee to evaluate the EPA IRIS
– Co-leading C-Farr initiative

Solutions to the Problem



Project Leader: Celia Chen, Ph.D.
Professor of Biological Sciences

Project 2:  Methylmercury Production and Fate in 
Response to Multiple Environmental Factors



Trace Element Analysis Core

8800 QQQ-ICP-MS
High sensitivity
Low detection limits 
(< 5 PPT: parts per trillion 
for As)

LA-ICP-MS images of arsenic 
distribution in rice grain

State of the art instrumentation
• New reaction Cell  triple quad-

ICP-MS Laser ablation-ICP-MS

Synchrotron XRF 
imaging
Collaborations with 
three US synchrotrons: 
methods for a range of 
tissue from plants 
(Arabidopsis seed, left) 
and animals (Human 
placenta, right) 

Elemental speciation and bio-imaging



Research Translation Core

Coordinator: 
Laurie Rardin, M.S

Core Leader: 
Celia Chen, Ph.D.

Arsenic in Private Wells in NH 
Working with our Community Engagement Core and partners 
to increase testing and treatment and identify barriers. 

C-FARR Collaborative on Food with Arsenic & associated Risk 
& Regulation

Bringing together an interdisciplinary group of scientists and 
policy stakeholders to synthesize the science and identify 
knowledge gaps relevant to policy on arsenic in food to produce 
peer reviewed synthesis papers for a special journal issue.

“Understanding Arsenic” Website
The website will allow visitors to understand cumulative arsenic 
exposure to make informed lifestyle decisions to reduce their 
exposure to arsenic and improve their long-term health. 



Community Engagement Core 
Core Leader, 
Mark Borsuk

Coordinator, 
Kathrin Lawlor
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