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Metals
Antimony     Arsenic         Lead 
Barium Beryllium      Cobalt   

Cadmium Manganese   Uranium
Selenium Strontium      Thallium

Paired 
Testing!

Water Testing Clinical Testing

Copper and Lead 
(stagnant and flushed)

Iron Sodium
Chloride Fluoride
Uranium        pH
Nitrate Nitrite
Total coliform bacteria
Hardness        E. coli

PFAS
8:2 FTS 6:2 FTS PFBA
PFDS PFHpS PFHxDA
PFTrDA PFPeA PFTeDA

Other
- Many pesticides, herbicides, and 
insecticides and their environmental 

breakdown products
- Corrosives (dissolved solids,

alkalinity, pH, sulfur)
- Radionuclides (expanded list: gross

alpha, gross beta, radium 226,
radium 228, radium 226+228, radon)

- Chromium-6 - 1,4 dioxane
- Perchlorate        - VOCs

Pesticides/Herbicides/Insecticides*
Chlorpyrifos methyl 
Deltamethrin
Parathion

PFAS
GenX

PFAS
PFOA    PFOS PFHxS     PFBS      PFNA
PFDA    PFDoA   PFHxA    PFOSA PFHpA 
PFUnDA EtFOSAA           MeFOSAA 

Metals
Cesium                      Tungsten  
Mercury, Total          Platinum
Molybdenum            Tin
Arsenous (III) acid    Arsenic (V) acid 
Arsenobetaine          Arsenocholine   
Dimethylarsinic acid (DMA)
Monomethylarsonic acid (MMA)

Tobacco
Cotinine

Pesticides/Herbicides/Insecticides*
Cypermethrin Methyl parathion

Chlorpyrifos Permethrin                           
Cyfluthrin 2,4-D

* The NH PHL tests for the metabolites of the pesticides, herbicides, and 
insecticides listed here.

Graphic version: 09/15/20

For more analyte lists visit:
tinyurl.com/2019TrACEStudy



NH’s first surveillance biomonitoring study
 Clinical and environmental (water) testing
 Statewide recruitment

For more information visit:
tinyurl.com/2019TrACEStudy



Demographic
TrACE Percent of NH 

Population2 (%)Participants (#) Percent (%)

Sex
Females 194 57.7 50.4
Males 139 41.4 49.6
Other 3 0.9 ---

Age
Under 18 9 2.7 19.0
18 - 64 194 57.7 62.9
65 and older 133 39.6 18.1

Race and 
ethnicity

Non-Hispanic white 320 95.2 90.0
Other 16 4.8 10.0

Water source1 Private well water 216 64.3 42.0
Public drinking water 120 35.7 58.0

County

Belknap 22 6.5 4.5
Carroll 19 5.7 3.6
Cheshire 23 6.8 5.6
Coos 13 3.9 2.3
Grafton 20 6.0 6.6
Hillsborough 91 27.1 30.6
Merrimack 40 11.9 11.1
Rockingham 53 15.8 22.8
Strafford 33 9.8 9.6
Sullivan 22 6.5 3.2

Total participants  336
1Two participants declined to have their water collected.  Household water source estimates for NH Population 
using private well water as their primary source of home drinking water are from the BRFSS survey.
2Census Bureau estimates (7/1/2010) from 
https://www.census.gov/quickfacts/fact/table/NH/PST045218#PST045218 for demographics.
Note: Percentages may not equal 100% due to rounding.



Key

Private drinking water well household

Public drinking water household

Conservation land

Public water system

County boundary

Town boundary





 Finding a measurable amount of a chemical doesn’t 
mean an adverse health effect will occur.

 The only environmental exposure tested was water, 
but people are exposed to chemicals in many ways.



US Population*

Blood metals: lead and total mercury

Serum PFAS: PFDeA

Urine metals: cadmium, cesium, 
lead, and total arsenic

Blood metals: manganese and 
selenium
Serum PFAS: PFHxS and PFOS

Urine metals: cobalt

TrACE participant averages were higher for:

TrACE participant averages were lower for:

Urine pesticide, herbicide, and 
insecticide metabolites: PNP

Higher 
TrACE 

Participant 
Averages

Lower 
TrACE 

Participant 
Averages

* NHANES Non-Hispanic White population



Lead
• Whole blood and urine
• Most common source in NH = lead paint (homes pre-

1978)
• Another significant source = home drinking water 

(plumbing and fixtures)
• Previously added to gasoline, paint, plumbing, 

pesticides, and solder 
• Other sources: occupation, imported spices, Ayurvedic 

medicine

Higher 
TrACE 

Participant 
Average



Higher 
TrACE 

Participant 
Average

p-value: <0.05 =
Sig Diff between
Water sources

US Population



Higher 
TrACE 

Participant 
Average

p-value: <0.05



Total Mercury
• Whole blood
• Total mercury = elemental mercury + inorganic mercury 

+ organic mercury
• Most common source (organic methylmercury) = fish, 

seafood, and marine mammals.  
• Limits on fish sold in stores; NH recreational fish 

advisories: 
https://www.wildlife.state.nh.us/fishing/consume-
fresh.html.

• Other sources = silver dental fillings, burning of 
municipal and medical waste, thermometers, Ayurvedic 
medicine, skin lightening creams

Higher 
TrACE 

Participant 
Average



Higher 
TrACE 

Participant 
Average

US Population



Total Arsenic
• Urine
• Total arsenic = organic arsenic + inorganic arsenic
• Most common sources: food and water
• Other sources: pesticides, treated wood, smoking 

tobacco, Ayurvedic medicine

Higher 
TrACE 

Participant 
Average



Higher 
TrACE 

Participant 
Average

US Population



Higher 
TrACE 

Participant 
Average



Uranium
• Urine
• Most common sources: food and water
• Other sources: phosphate fertilizers, coal-burning power 

plants, certain enamel and glazes for glass or pottery

NH Analyte 
of Interest



US Population

NH Analyte 
of Interest

p-value: <0.05 =
Sig Diff between
Water sources



Specific areas of NH have very high levels of 
some PFAS in water and in people.  This was 
seen in previous studies involving the Pease 

Tradeport and in southern NH 
(https://wisdom.dhhs.nh.gov). 

TrACE Study data was analyzed from across 
the state and not specific targeted areas, so 

serum results may be different in people 
living or working in areas with higher 

exposure.

PFAS: per- and polyfluoroalkyl substances



PFOA (perfluorooctanoic acid) &
PFOS (perfluorooctane sulfonic acid)
• Serum
• Most common sources: food, water, dust
• Other sources: stain-resistant carpeting or fabric, 

adhesives, aqueous film forming foam (AFFF), cosmetics

NH Analytes 
of Interest



NH Analyte 
of Interest

US Population

p-value: <0.05 =
Sig Diff between
Water sources



NH Analyte 
of Interest

US Population

p-value: <0.05 =
Sig Diff between
Water sources



 TrACE participant PFAS results grouped into known 
areas of PFAS contamination:
◦ Southern NH
◦ Seacoast

 Compared the group of TrACE participants that live in 
known areas of PFAS contamination to TrACE 
participants located in other areas of New Hampshire 



Known Elevated PFAS Areas:

Southern NH Towns: 
Amherst, Bedford, Hollis, Litchfield, 
Londonderry, Manchester, Merrimack

-51 People in TrACE

Seacoast Towns:
Hampton, Newington, North Hampton, 
Portsmouth

-11 People in TrACE

All other Areas: 
272 participants in TrACE Study



p-value: <0.05

Key Points:
PFOA in TrACE 
participants is sig. 
diff. and higher for 
people in the SoNH 
elevated areas 
compared to non-
elevated PFAS areas 
in NH.

PFOA in TrACE 
participants is sig. 
diff. and higher than 
NHANES if they live 
in towns with known 
PFAS contamination

NHANES Geometric Mean 
Blood Serum (ug/L)



 PFOA in TrACE participants on either Private Well Water or Public Water is 
higher than NHANES in known elevated PFAS areas (Southern NH and 

Seacoast)

NHANES Geometric Mean 
Blood Serum (ug/L)



Key Points:
PFOA and PFOS 
are sig. different 
and higher in 
private wells in 
known elevated 
PFAS areas 
compared to 
private wells in 
non-elevated 
areas of NH.

p-value: <0.05

(n
g/

L)



Key Finding 1
NH TrACE Study participants living in known 
areas of elevated PFAS contamination have higher 
amounts of PFOA in their body when compared 
to other parts of NH and to NHANES. 

Key Finding 2
Private Well users in known elevated PFAS areas 
have significantly different and higher 
concentrations of PFOA and PFOS in their water  
compared to private wells in non-elevated areas.



Private Wells 
Raw Water

Private Wells 
Finished Water

Chemical Class Chemical
Health Limit 
or Screening 

Level

Samples with 
Elevated 

Results (%)

Samples with 
Elevated 

Results (%)

Metals

Arsenic (mg/L) 0.005 21.7 15.9

Copper (stagnant) (mg/L) 1.3 Not Tested 8.0
Lead (flushed) (mg/L) 0.015 No Exceedances 0.6

Lead (stagnant) (mg/L) 0.015 Not Tested 4.0
Manganese (mg/L) 0.3 7.2 0.6
Strontium (mg/L) 1.5 Not Tested 1.2

PFAS
PFOA (ng/L) 12 2.8 Not Tested
PFOS (ng/L) 15 1.1 Not Tested

Radiologicals
Radium 226 (pCi/L) 5 1.7 Not Tested
Radon (pCi/L) 2000 49.7 37.5
Uranium (µg/L) 30 3.9 2.8

VOCs 1,4-Dioxane (µg/L) 0.32 1.1 Not Tested



Private Wells 
Raw Water

Private Wells 
Finished Water

Chemical Class Chemical
Health Limit 
or Screening 

Level

Samples with 
Elevated 

Results (%)

Samples with 
Elevated 

Results (%)

Metals

Arsenic (mg/L) 0.005 21.7 15.9

Copper (stagnant) (mg/L) 1.3 Not Tested 8.0
Lead (flushed) (mg/L) 0.015 No Exceedances 0.6

Lead (stagnant) (mg/L) 0.015 Not Tested 4.0
Manganese (mg/L) 0.3 7.2 0.6
Strontium (mg/L) 1.5 Not Tested 1.2

PFAS
PFOA (ng/L) 12 2.8 Not Tested
PFOS (ng/L) 15 1.1 Not Tested

Radiologicals
Radium 226 (pCi/L) 5 1.7 Not Tested
Radon (pCi/L) 2000 49.7 37.5
Uranium (µg/L) 30 3.9 2.8

VOCs 1,4-Dioxane (µg/L) 0.32 1.1 Not Tested



Public Water 
System 

Finished Water

Private Wells 
Finished Water

Chemical Class Chemical Health Limit or 
Screening Level

Samples with 
Elevated 

Results (%)

Samples with 
Elevated 

Results (%)

Metals

Arsenic (mg/L) 0.005 4.3 15.9

Copper (stagnant) (mg/L) 1.3 1.1 8.0

Lead (flushed) (mg/L) 0.015 No Exceedances 0.6
Lead (stagnant) (mg/L) 0.015 2.1 4.0
Manganese (mg/L) 0.3 1.1 0.6
Strontium (mg/L) 1.5 No Exceedances 1.2

PFAS
PFOA (ng/L) 12 Not Tested Not Tested
PFOS (ng/L) 15 Not Tested Not Tested

Radiologicals
Radium 226 (pCi/L) 5 Not Tested Not Tested
Radon (pCi/L) 2000 4.3 37.5
Uranium (µg/L) 30 No Exceedances 2.8

VOCs 1,4-Dioxane (µg/L) 0.32 Not Tested Not Tested



1. More research is needed.

2. Water treatment systems work.  Health limits improve water 
quality.

3. Evidence of increased lead and inorganic arsenic body burden 
as water concentration increased.

4. Lead-contaminated stagnant water may be contributing to 
body burden.



1. Test your water.  Install a treatment system (if indicated) and 
maintain it.  Continue testing your water.  Use Be Well Informed   
https://www4.des.state.nh.us/DWITool/Welcome.aspx for result interpretation. 

2. Test your home air for radon and install a mitigation system (if 
indicated).

3. Talk with your healthcare provider.

4. Explore your potential for health effects from chemicals.

Order a water test kit:
tinyurl.com/OrderWaterTestKit

603-271-3445



 Summary Report 



 Result return
 Exposure 

questionnaire 
analysis

 Future TrACE 
studies



 NH Public Health Laboratories
 NH Environmental Public Health Tracking Program
 NH Department of Environmental Services
 NH Drinking Water and Groundwater Trust Fund
 Northern New England Poison Center
 CDC National Center for Environmental Health

Financial and technical assistance was provided through cooperative agreement with the Centers for Disease Control and 
Prevention (CDC) Division of Laboratory Sciences at the National Center for Environmental Health RFA EEH14140202.  The 
contents of these pages do not necessary represent the official views of the CDC.



Amanda Cosser, MPH
Biomonitoring Program 
NH DHHS DPHS
(603) 271-4611
Amanda.Cosser@dhhs.nh.gov

Nicholas Shonka, MS 
EPHT Program 
NH DHHS DPHS
(603) 271-4304
Nicholas.Shonka@dhhs.nh.gov

Study findings are online:
tinyurl.com/2019TrACEreport


