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1. SUMMARY 

1.1 Background 

Chapter 190, New Hampshire Laws of 2018 (House Bill 1592), effective June 8, 2018, directs the New 

Hampshire Department of Environmental Services (NHDES) to “review the ambient groundwater 

standard for arsenic to determine whether it should be lowered, taking into consideration the extent to 

which the contaminant is found in New Hampshire, the ability to detect the contaminant in public water 

systems, the ability to remove the contaminant from drinking water, the impact on public health, and 

the costs and benefits to affected entities that will result from establishing the standard.” Any new 

ambient groundwater quality standard (AGQS) for arsenic would, in effect, also establish a new drinking 

water standard (maximum contaminant level – MCL) for arsenic, since public water systems must 

comply with AGQSs for contaminants that they are monitoring, under New Hampshire Administrative 

Rule Env-Dw 707.02(b). The AGQS of 10 parts per billion (ppb)1 applies to facilities that discharge to 

groundwater. The MCL of 10 ppb applies to public water systems (PWSs) that serve residential 

populations (community PWSs) and to non-community PWSs that serve the same 25 or more people 

each day for at least six months of the year, such as schools and places of work with their own wells. 

Compliance with both the AGQS and MCL are determined on the basis of a running annual average 

where monitoring is done quarterly, or with annual monitoring at sites with results less than half the 

standard. 

Arsenic is naturally occurring and quite common in New Hampshire’s groundwater, and health studies of 

New Hampshire residents have demonstrated the connection between arsenic and the increased 

prevalence of conditions including bladder and other cancers and developmental effects on children.2  

More than one-third of community PWSs in New Hampshire have a measurable amount of arsenic in 

their water. The U.S. Environmental Protection Agency (EPA) typically sets MCLs for drinking water 

contaminants at a level at which a lifetime of exposure would result in one excess cancer in one million 

people exposed. However, EPA makes exceptions for contaminants for which the technology is not 

readily available to detect the contaminant at extremely low levels or to remove the contaminant (treat 

the water) to such low levels, or when the cost of compliance with a lower standard would be very high. 

For some contaminants, EPA has established drinking water MCLs with cancer risks in the 10-in-a-million 

to 100-in-a-million range. The 10 ppb MCL for arsenic is associated with a far greater risk – 3,000 in a 

                                                           
1
 Both the AGQS and the MCL are specified in micrograms per liter (ug/L), a unit of concentration that is equivalent 

to parts per billion (ppb) in water. In this document, concentrations are stated in ppb except in quoted references 
that use ug/L. 
2
 Dalsu Baris, et.al. Elevated Bladder Cancer in Northern New England: The Role of Drinking Water and Arsenic. 

Journal of the National Cancer Institute, 108(9). September 2016.; see also Section 5.1.1.2 of this report. 
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million (roughly 1 in 300) – based on the health effects information available in 2001 when the standard 

was set.3  Water systems have been required to meet the new standard since January 23, 2006.   

In 2003, EPA began the process of updating the 1988 Toxicological Review upon which the 10 ppb MCL 

was based. Since then, evidence has continued to mount about the health effects of arsenic at low levels 

(less than 10 ppb) of exposure. EPA currently expects to complete the review of a revised assessment 

scope (by the National Academy of Sciences) in 2019, with completion of the risk assessment itself 

expected in 2021. 

The only state that has adopted a standard other than EPA’s 10 ppb is New Jersey. In 2003, the State of 

New Jersey’s Drinking Water Quality Institute recommended an arsenic standard of 3 ppb, based on the 

feasibility of laboratory analytical methods and water treatment technology, but unlike EPA, did not 

explicitly balance the cost of treatment with the benefit of the reduced health risk. Citing reservations 

about some of the water treatment methods available to attain the recommended 3 ppb standard, the 

New Jersey Department of Environmental Protection (NJDEP) adopted a drinking water standard of 5 

ppb, which it has been enforcing since 2006.4 According to NJDEP’s most recent report on Public Water 

Systems, there were no violations of the 5 ppb MCL during 2017 among the state’s 582 community and 

717 non-transient, non-community water systems.5 

1.2 Recommendation 

After considering a number of factors, as outlined in the Rationale section below, NHDES recommends 

and proposes that rulemaking be initiated to lower the AGQS for arsenic to 5.0 micrograms per liter (5.0 

ppb) and to lower the MCL for arsenic to 5.0 micrograms per liter (5.0 ppb) as a running annual average. 

1.3 Rationale 

While the costs of compliance with drinking water and groundwater standards of 5 ppb for arsenic 

would be substantial, the tangible and intangible benefits to public health warrant the recommended 

reduction. Information gathered and analyses performed for this review enable NHDES to estimate 

some of those costs and benefits. At the outset, NHDES focused this review on a range of potential 

MCL/AGQS standards from 3 to 6 ppb, but by the conclusion of the review, determined that both the 

costs and benefits of a 5 ppb standard could be addressed with greatest confidence. The rationale for 

NHDES’ recommendations is summarized below: 

                                                           
3
 National Research Council (2001). Arsenic in Drinking Water 2001 Update. Subcommittee to Update the 1999 

Arsenic in Drinking Water Report. Board on Environmental Studies and Toxicology. National Research Council. 
2001. 
4
 New Jersey Department of Environmental Protection. Policy Directive 2003-06, Subject: Drinking Water Standard 

for Arsenic. October 29, 2003.  https://www.nj.gov/dep/commissioner/policy/pdir2003-06.htm  
5
 New Jersey Department of Environmental Protection, Division of Water Supply and Geoscience. Annual 

Compliance Report on Public Water System Violations, July 2017. (pp 7, 19) 

https://www.nj.gov/dep/commissioner/policy/pdir2003-06.htm
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 Exposure to inorganic arsenic in drinking water and food at levels below the current MCL of 10 

ppb has been shown to increase the risk of a wide range of adverse health effects, including 

lung, bladder and skin cancer; cardiovascular disease; adverse birth outcomes; illnesses in 

infants; and reduced IQ.  (Section 5.1 of this report) 

 For some of these adverse health effects, it is possible to estimate the magnitude of the 

reduction in risk associated with reducing the MCL from 10 to 5 ppb. In this category are lung, 

bladder and skin cancer. These are the health effects that were taken into account when EPA set 

the current MCL at 10 ppb. (Tables 4-6) 

 For some additional health effects, convincing information is now available regarding the 

increased risk in the 5-10 ppb range, but the available information does not make it possible to 

confidently estimate the number of cases or deaths that could be avoided by lowering the MCL. 

In this category are adverse birth outcomes, illnesses during the first year of life, and deaths 

from cardiovascular disease (CVD).  

 CVD is of particular interest due to the number of people affected and the evidence that arsenic 

in the 5-10 ppb range is likely to substantially increase the risk of death from this cause. (Section 

5.1) 

 The potential for arsenic above 5 ppb to lower the IQ of school children is of great concern, but 

the available evidence does not enable estimates of the number of children affected with any 

degree of confidence. However, the potential life-long impact on children must be considered. 

 NHDES considered both the tangible (economic) and intangible costs to those affected by the 

health risks mentioned above. 

 Water treatment technologies that are currently used to treat drinking water are capable of 

reliably maintaining an average arsenic level of 5 ppb, and in many cases lower than that. For a 

few water systems (those using greensand treatment) relatively minor adjustments in treatment 

processes can achieve 5 ppb or less. For the vast majority of water systems (those currently 

using or likely to use adsorption) achieving lower arsenic levels is a matter of replacing their 

treatment media more frequently. For a substantial number of water systems, maintaining an 

average arsenic concentration below 5 ppb would not be feasible. This review includes 

estimates of the costs associated with these changes. (Tables 1 and 2) 

 Lowering the groundwater standard (AGQS) from 10 ppb to 5 ppb would affect an estimated 46 

municipal landfills, increasing the cost of groundwater monitoring and treatment. Also affected 

would be an estimated 40 sites with groundwater discharge permits (sewage and septage 

lagoons, wastewater discharges), which would need to install and operate additional monitoring 

wells, and treatment systems for private wells. (Table 3) 

 Nearly all laboratories that are currently accredited to test for arsenic in public water systems 

are already able to reliably measure arsenic at levels low enough to ensure that public water 

systems and other regulated facilities maintain compliance with an MCL and AGQS of 5 ppb. 
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2. ABILITY TO DETECT ARSENIC AT LOW LEVELS IN DRINKING 
WATER AND GROUNDWATER 

 

NHDES conducted an informal survey of laboratories accredited to analyze water samples from PWSs for 

compliance with the federal and New Hampshire Safe Drinking Water Acts. All but one of the 17 

laboratories that responded indicated that they can analyze for and accurately report on arsenic in 

drinking water at levels below 2.5 ppb using the equipment and methods they are currently using. The 

one laboratory currently unable to do so indicated that it would be able to do so given two years’ notice.  

 

3. ESTIMATED COST OF COMPLIANCE WITH LOWER MCL 

3.1 Costs to public water systems 

As noted above, the cost of treatment was a major factor in EPA’s 2001 decision to set the MCL for 

arsenic at 10 ppb rather than a lower level, and the feasibility of treatment was the key factor in New 

Jersey’s 2001 decision to set its standard at 5 ppb rather than 3 ppb. In NHDES’ experience working with 

the public water systems that currently treat for arsenic, maintaining a running annual average of 5 ppb 

is technically feasible with currently available technology (with significant cost and increased monitoring 

and operations), but maintaining levels of 3 ppb or below is not technically feasible for a large 

percentage of systems. In addition to the logistical challenge of very frequent replacement of adsorption 

media that would be necessitated by an MCL below 5 ppb, there is also the challenge of variability over 

time. For any PWS treating for arsenic, several factors compound one another to result in a wide range 

in monitoring results over time: variability in raw water (well water) quality, treatment system 

performance and laboratory accuracy. Consequently, of the New Hampshire PWSs that currently treat 

for arsenic, 65% have monitoring results that vary more than 5 ppb within each water system over time. 

This variability presents a challenge to those PWSs in complying with the current MCL of 10 ppb. In 

NHDES’ judgement, this variability would make compliance with an MCL of less than 5 ppb infeasible for 

many PWSs. 

NHDES’ Drinking Water and Groundwater Bureau (DWGB) identified 342 PWSs (community and non-

transient, non-community) that would be affected by lowering the MCL into the range of 3-6 ppb. The 

systems were identified based on the most recent year of arsenic monitoring results from each system. 

DWGB developed capital and maintenance cost estimates for arsenic treatment for each affected 

system. Most small water systems (<1,000 population) currently use expendable arsenic adsorptive 

media and these will be the most affected due to the increased maintenance costs of replacing the 

media more frequently. Capital cost estimates for new arsenic treatment for small systems were also 

based on the use of adsorptive media. Other treatment technologies depend on site-specific conditions. 

Iron-arsenic (greensand) filtration is used by larger systems and by those with naturally occurring iron, 

and anion exchange is used by some PWSs with a common septic system or sanitary sewer available for 
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discharge of the concentrated arsenic brine. For this review, it was assumed that existing greensand 

filtration and anion exchange facilities that are currently achieving levels below 3 ppb would not be 

affected by a change in MCL. For those greensand and anion exchange facilities that are not achieving 

these levels, DWGB included the costs for the addition of adsorptive media “polishing” vessels. 

The capital cost to install adsorptive arsenic treatment was estimated as $1,000 per gallon/minute 

(gpm) of capacity, based on DWGB’s survey of several major treatment vendors and actual treatment 

quotes. DWGB estimated the appropriate filter plant capacity for each of the 342 affected systems - 

either for new treatment or a change in existing treatment - based on the system design flow and 

projected pumping rate, which in turn are dependent on the system type (community, school, 

workplace) and the population served. For residential systems, daily flow estimates were based on 70 

gallons per capita day (gpcd) and for other system types on design flows as specified in NHDES rule Env-

Dw 406, Design Standards for Noncommunity public water systems. Filter sizing was based on treating 

the daily flow over a six-hour period. For all affected systems, the estimated capital costs are 

summarized in Table 1. 

Table 1. Estimated Capital Cost for PWSs to comply with reduced arsenic MCL 

MCL (ppb) Total Cost for All Systems 
($ Million) 

6 0.61 

5 0.95 

4 1.61 

3 2.41 

 

The increased maintenance cost of arsenic treatment was estimated based on the cost of replacement 

of adsorptive media. Systems using iron-arsenic greensand or anion exchange that currently achieve 

levels below 3 ppb were not considered to be impacted, but those that are not achieving these levels 

were assumed to require both capital and maintenance costs for the addition of adsorptive media 

polishing, whether the MCL is set at 3, 4 or 5 ppb. The maintenance cost for arsenic adsorption 

treatment is largely the cost of periodically replacing the adsorptive media. The longevity of media is 

expressed in terms of “bed volumes” (BV) of water treated, defined as the volume of water processed 

divided by the volume of the filter. DWGB obtained information from 21 systems currently treating for 

arsenic with a wide range of sizes and established a median bed longevity of 40,000 BV, at which point 

the finished arsenic concentration reaches 10 ppb “breakthough.” The cost for media replacement was 

also reported and resulted in an average cost of $3.6 per 1,000 gallons treated. 

Based on arsenic treatment demonstration projects conducted by EPA’s Office of Research and 

Development in New Hampshire from 2004 to 2009, information on adsorption media breakthrough 

characteristics shows that finished water arsenic concentration is initially very low (< 1 ppb), and 

steadily increases over time until the media reaches its capacity (e.g., finished water reaches 10 ppb). If 

the MCL were reduced, the adsorptive media would need to be replaced more frequently. Based on the 

Demonstration Project data, NHDES estimates the media would need to be replaced twice as often for a 
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5-6 ppb MCL, and about three times as often for 3-4 ppb MCL. Figure 1 below shows the generalized 

relationship between bed life and finished arsenic concentration used in developing these cost 

estimates. 

Figure 1 

 

When considering the same 21 systems that were examined in determining the median longevity of the 

arsenic adsorption media, DWGB found that while pH and silica content affected longevity, as did the 

influent concentration of arsenic to a lesser extent, the target arsenic concentration of the finished 

water was the main factor affecting longevity.  

Operating and maintenance costs for arsenic treatment were estimated based on the average daily 

flows for each system. Data from the 21 systems showed an operating cost of $3.6/1,000 gallons. Based 

on proportionally reduced bed longevity to comply with lower possible MCLs, the estimated total cost 

for all 342 potentially affected systems was estimated as shown in Table 2.  

Table 2. Estimated Current and Increases in PWS Costs to Comply with Reduced Arsenic MCL 

MCL (ppb) 
Number of 

Systems 
Treating 

Annual 
Maintenance 

Cost ($M) 

Capital 
Cost ($M) 

Annualized 
Capital 

Cost ($M) 

Total 
Annual 

Cost ($M) 

10* 195 1.49 - - - 

6 89 3.43 0.61 .06 3.49 

5 123 3.88 0.95 .10 3.98 

4 188 6.83 1.61 .16 6.99 

3 255 7.72 2.41 .24 7.96 

*Numbers listed for 10 ppb are systems currently treating and estimated current costs. All 

others are increases over current numbers, except that “systems treating” includes both 

systems that would add treatment and those that would modify existing treatment as a result 

of the MCL dropping from 10 to the listed number. 
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3.2 Costs to private well owners 

New Hampshire does not require private wells (wells not serving public water systems) to comply with 

MCLs. However, if the arsenic MCL were lowered from 10 to 5 ppb, it is expected that some private well 

users would voluntarily incur costs to ensure their drinking water meets health-based standards. A study 

conducted by Dartmouth College in 2014 estimated that 93,647 private well users in New Hampshire 

were drinking water with 5 ppb or greater of arsenic.6 The average household size in New Hampshire is 

2.5 people, so 93,647 people translates to 37,459 households. If all of those households were to install 

point-of-entry treatment at $3,000 per building, the total cost would be $112 million. If all were to 

install point-of-use treatment at $1,500 per building, rather than point-of-entry treatment, the cost 

would be $56 million. 

 

4. ESTIMATED COST OF LOWERING AGQS  

Lowering the ambient groundwater quality standard (AGQS) for arsenic would potentially affect the 

following types of facilities and sites: 

 Facilities with groundwater discharge permits issued by DWGB. 

 Municipal landfills (permitted by NHDES Waste Division). 

 Hazardous waste sites (Waste Division). 

 Oil remediation sites (Waste Division). 

 

NHDES considered the costs to owners of these facilities associated with lowering the AGQS from 10 

ppb to 5 ppb. 

4.1 Facilities with groundwater discharge permits 

The approximately 106 facilities with DWGB groundwater discharge permits include wastewater 

lagoons, sludge lagoons and sites that discharge treated wastewater to the ground or ground surface 

with the purpose of infiltrating the treated water for disposal through basins, leach fields, or a 

combination of sheet flow and surface infiltration. Of the permitted facilities, 40 are owned by public 

entities and at least eight of those facilities struggle to comply with the current 10 ppb standard at least 

some of the time. Seven of those publicly owned facilities are unlined wastewater lagoons and one is a 

sludge lagoon. The remainder of the groundwater discharge permit sites are smaller and privately 

owned, and discharge treated wastewater from a specific facility or manufacturing process. 

                                                           
6
 Mark Borsuk, et.al. Arsenic in Private Wells in NH, Year 1 Final Report. Thayer School of Engineering at Dartmouth 

and Dartmouth Toxic Metals Superfund Research Program. October 3, 2014 (p 28). 
http://www.dartmouth.edu/~toxmetal/assets/pdf/Wellreport.pdf  

http://www.dartmouth.edu/~toxmetal/assets/pdf/Wellreport.pdf
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Arsenic is not discharged in significant amounts at any of the sites; rather, arsenic contamination 

appears to be associated with and influenced by geochemical processes that involve interaction of the 

wastewater with naturally occurring arsenic-bearing minerals. Currently there are 19 facilities with 

persistent problems with arsenic at the current standard of 10 ppb; these facilities are in various stages 

of evaluating and implementing ways to achieve continuous compliance, typically by removing 

accumulated solids, acquiring more discharge area (land) and in extreme cases by relocating. The costs 

of the sites with existing issues coming into compliance with a 5 ppb standard are expected to be on the 

order of $1.1 million, with a recurring annual cost of approximately $240,000 (see Estimated Costs for 

Groundwater Discharge Permit Sites, attached). With a lowering of the AGQS to 5 ppb, DWGB estimates 

the number of facilities needing to take on additional costs may double. If that were the case, the 

compliance costs due to lowering the standard to 5 ppb would be on the order of $2 million, with annual 

costs on the order of $500,000 (Table 3). In addition, costs to smaller, privately owned facilities that are 

able to upgrade equipment and wastewater treatment process could range from $50,000 to $500,000 

each in increased capital costs. 

 

4.2 Municipal landfills (groundwater management or release 
detection permits) 

The vast majority of solid waste disposal facilities (lined or unlined) or synthetic-lined wastewater 

treatment lagoons in New Hampshire are municipally owned, and as such, the municipality is 

responsible for maintaining the water quality systems and monitoring water quality associated with a 

permit. Approximately 200 of these facilities have groundwater release detection or groundwater 

management permits (GMPs) issued by the NHDES Waste Division. These permits prescribe programs 

for periodic groundwater quality monitoring and reporting, provide for groundwater remediation either 

through active measures or natural attenuation, specify performance standards for remedies, and 

describe procedures for performing site investigations and implementing corrective action plans. 

Arsenic is a contaminant of concern (COC) at a subset of these landfill sites. More frequently, however, 

arsenic contamination appears to be associated with and influenced by geochemical processes and the 

presence of naturally occurring arsenic bearing minerals rather than the presence of a well-defined 

arsenic source. Based on review of the available data, the Waste Division estimates that at least 20% of 

all landfill sites will require an investigation and/or expansion of the existing GMP based on additional 

exceedances of an arsenic AGQS of 5 ppb. Furthermore, NHDES has assumed that an arsenic AGQS of 5 

ppb would result in a percentage of sites where arsenic will become a new COC. Assuming these 

percentages of non-compliance for the universe of solid waste sites, the capital costs could be estimated 

to be in the range of $460,000 to $765,000, and the annual operating costs could range from $190,000 

to $315,000 per year (Table 3). These estimates are based on assumptions concerning the cost to install 

additional monitoring wells, comply with permit sampling and reporting requirements, sample private 

wells and provide treatment to some percentage of the private wells tested. Attachment 2 includes the 

assumptions and unit costs. The range of costs in Table 3 represents the initial cost estimate +/- 25%. 
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Table 3. Estimated Costs for Groundwater Discharge Permit and Landfill Sites if Arsenic AGQS Were 

Reduced to 5 ppb  

(see attachments for detail) 

Facility Type Number of 
Sites 

Total Capital 
Cost ($ M) 

Total Additional 
Annual Cost ($ M) 

Sewage lagoons and other facilities with 
groundwater discharge permits 

40 2.2 0.5 

Landfills 46 0.46 - 0.76 0.19 - 0.32 

 

 

4.3 Hazardous waste and oil remediation sites (groundwater 
management permits) 

Hazardous waste and oil remediation sites include all sites where a hazardous substance or waste, or 

petroleum product has been released and often have a long-term remediation and management 

component prescribed and regulated through a NHDES-issued GMP or remedial action plan. There are 

roughly 515 hazardous waste sites, including State-listed hazardous waste, CERCLA7 and Brownfield 

sites, and there are roughly 1,500 petroleum sites, including but not limited to leaking underground or 

above-ground storage tank sites, and spills that have an open status and are currently regulated by the 

NHDES Waste Division.  

Arsenic contamination in groundwater is not typically a routine COC at these sites. Similar to landfill 

sites, however, arsenic contamination appears more frequently associated with and influenced by 

geochemical processes and the presence of naturally occurring arsenic-bearing minerals rather than the 

presence of a well-defined arsenic source. Often arsenic is a secondary co-contaminant at a waste site 

but is not the COC driving investigation and cleanup. In addition, arsenic is not routinely required to be 

analyzed for, as it is at many landfill sites. As a result and based on the limited nature of information 

associated with arsenic contamination in groundwater at these sites, the capital and annual costs 

associated with a new AGQS of 5 ppb cannot be determined at this time. A percentage of these sites will 

incur some additional cost to investigate and/or expand a GMP; however, NHDES anticipates the 

number of sites to be small.  

                                                           
7
 Comprehensive Environmental Response, Compensation, and Liability Act (Superfund) 
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5. ESTIMATED BENEFITS OF LOWERING THE MCL 

5.1 Estimated numbers of potentially avoided adverse health 
outcomes 

NHDES consulted with EPA-ORD-NCEA-Toxic Pathways Branch, EPA Office of Ground Water and Drinking 

Water, and Geisel School of Medicine at Dartmouth Epidemiology Department to identify health effects 

to consider in this review, as well as the most relevant sources of dose-risk data. The many health 

effects that have been linked to arsenic exposure fall into four groups:  

 Health effects for which data exist (published unit risk coefficients) that enable quantitative 

estimates to be made for exposure below 10 ppb, such that confidence in the estimates is 

relatively high. These are lung, bladder and skin cancer. (Attachment 3) 

 Health effects for which data exist that enable quantitative estimates but have serious 

limitations, such that confidence in the estimates is low. These are CVD and reduced IQ. 

 Health effects for which sufficient data support a connection with low-level (5-10 ppb) 

exposure but for which data do not seem to exist to enable quantitative estimates to be 

made for this review. These are adverse birth outcomes, increased infections during the 

first year of life and gestational diabetes. (Section 5.1.1) 

 Health effects for which there is a link with higher levels of exposure but sufficient data 

were not found to include them in any of the previous groups. These include nonmalignant 

respiratory conditions, skin lesions, and cancers of the kidney, liver, prostate and 

pancreas,8 and are not addressed in this report. 

For outcomes with published drinking water unit risk coefficients (cancer cases for lung, bladder and 

skin, and deaths from lung and bladder cancer) the number of cases or deaths statewide due to 

exposure in community, work and school PWSs with MCLs of 3, 4, 5, 6, and 10 ppb were estimated. Unit 

risk coefficients are rates of cancer cases or deaths per unit of exposure. In this analysis, the rates are 

cancer rates per ppb of arsenic in drinking water, assuming a straight-line, no-threshold relationship, 

following NRC (2001). 

For a description of the approach, see “Background information and steps used to calculate theoretical 

cancer cases in New Hampshire public water systems from exposure to inorganic arsenic with the 

current Maximum Contaminant Level (MCL) of 10 micrograms per liter (µg/L) and cancer case reductions 

assuming the MCL is revised to 6, 5, 4, or 3 µg/L,” David Gordon, Environmental Health Program, NHDES, 

June 14, 2018 (Attachment 3). For comparison with current exposures, the most recent year (average of 

four quarters for systems monitoring quarterly, most recent sample for other systems) of arsenic 

monitoring results for PWSs was used. 

                                                           
8
 Communication with EPA, Office of Research and Development, National Center for Environmental Assessment; 

June 25, 2018. 



 

11 
 

Results are summarized in “Estimated Cancer Cases for Lung, Bladder, and Skin and Deaths from Lung 

and Bladder Cancer for NH Public Water System Users Exposed to Arsenic at the Current Maximum 

Contaminant Level (MCL) and Potential Lower MCLs,” David Gordon, Environmental Health Program, 

NHDES, October 2, 2018 (Attachment 4). Table 4 below summarizes estimates of the numbers of 

bladder and lung cancer cases statistically attributable to arsenic exposure in community, work, and 

school PWSs, and the number of cases that could be avoided by lowering the MCL to 3 to 6 ppb. The low 

end of the ranges is based on the drinking water unit risk reported in Lynch, et al. (2017)9 and the upper 

end is based on the unit risk reported in NRC (2001). Table 5 similarly summarizes skin cancer cases. 

Table 6 summarizes bladder and lung cancer deaths and avoidable deaths associated with the range of 

MCLs. 

Table 4. Estimated Bladder and Lung Cancer Cases over a 70-Year Period Due to Arsenic Exposure from 

New Hampshire Public Water Systems Based on Recent Arsenic Testing Results (2014-2017) and 

Assuming Specified Maximum Contaminant Levels 

MCL (ppb) 
Community 

PWS 

Work 

PWS 

School 

PWS 
Total 

Bladder and lung cancer cases 

avoided by lowering MCL 

10 30-92 2-6 1-3 33-101 - 

6 26-82 1-4 1-3 28-89 5-12 

5 25-77 1-3 1-2 27-82 6-19 

4 23-70 1-3 1-2 25-75 8-26 

3 20-62 1-2 1-2 22-66 11-35 

Cancer case estimates are based on NRC (2001) (upper) and Lynch, et al. (2017) (lower). 

Table 5. Estimated Skin Cancer Cases over a 70-Year Period Due to Arsenic Exposure from New 

Hampshire Public Water Systems Based on Recent Arsenic Testing Results (2014-2017) and Assuming 

Specified Maximum Contaminant Levels 

MCL (ppb) 
Community 

PWS 

Work 

PWS 

School 

PWS 
Total 

Skin cancer cases avoided by 

lowering MCL 

10 14 1 1 16 - 

6 12 1 1 14 2 

5 11 1 0 12 4 

4 10 1 0 11 5 

3 9 0 0 9 7 

The Drinking Water Unit Risk (URdw) for arsenic from the EPA Integrated Risk Information System (IRIS)10 

was used to calculate cancer cases. 

                                                           
9
 HN Lynch, et.al. Corrigendum to "Quantitative assessment of lung and bladder cancer risk and oral exposure to 

inorganic arsenic: Meta-regression analyses of epidemiological data" Environmental International 106 :178-206. 
Environment International, 109. 2017. 
10

 USEPA National Center for Environmental Assessment.  Integrated Risk Information System (IRIS) Chemical 
Assessment Summary, Arsenic, inorganic; CASRN 7440-38-2.  (Carcenogenicity Assessment last revised 
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Table 6. Estimated Bladder and Lung Cancer Deaths Due to Arsenic Exposure for Lung and Bladder 

Cancer over a 70-Year Period from New Hampshire Public Water Systems Based on Recent Arsenic 

Testing Results (2014-2017) and Assuming Specified Maximum Contaminant Levels 

MCL (ppb) 
Total Cancer Cases 

from Table 4 

Total Deaths Cancer deaths avoided by 

lowering MCL 
Lung       Bladder Lung Bladder 

10 33-101 19-37 1-9 - - 

6 28-89 16-32 1-8 3-5 0-1 

5 27-82 16-30 1-8 3-7 0-1 

4 25-75 14-27 1-7 5-10 0-2 

3 22-66 13-24 1-6 6-13 0-3 

 

For CVD and lung cancer, NHDES prepared preliminary estimates of the number of avoidable deaths 

based on “Supporting Information” cited by D’Ippoliti, et al. (2015).11 This is one of the largest studies 

conducted in Europe to evaluate the health effects of arsenic in drinking water, in an area with drinking 

water concentrations in the range of 1 to 80 ppb, in a population with long-term exposure (40 years on 

average). The study involved 165,609 residents of 17 municipalities, followed from 1990 until 2010. 

Associations of drinking water arsenic with a number of diseases were found, with the greatest risks 

found for lung cancer in both sexes; myocardial infarction, peripheral artery disease and chronic 

obstructive pulmonary disease in males; and diabetes in females. For lung cancer and CVD, the dose-

response relationship was broken down into one-ppb increments, revealing effects in the range of 2 to 

10 ppb.  

The D’Ippoliti study was considered as a potential source of dose-risk information because, while a 

number of studies have shown a connection between arsenic in drinking water and CVD, this was the 

only study referenced in conversations with EPA-ORD-NCEA-Toxic Pathways Branch that included dose-

risk data in the 1-10 ppb range. In addition to the D’Ippoliti study, Moon, et al. (2017) “conducted a 

systematic review of general population epidemiological studies of arsenic and incident clinical CVD.” 12 

The Moon study “supports quantitatively including CVD in inorganic arsenic risk assessment, and 

strengthens the evidence for an association between arsenic and CVD across low-moderate to high 

levels.” The risks examined in the Moon study are expressed in relation to 10 ppb and therefore were 

not used in this review. Another team of researchers, based on a review of 20 studies of CVD and low-

level arsenic exposure from drinking water, including 12 focusing on exposure in Vietnam, concluded, 

                                                                                                                                                                                           
06/01/1995). https://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0278_summary.pdf accessed 
12/27/2018. 
11

 Daniela D’Ippoliti, et. al. Arsenic in Drinking Water and Mortality for Cancer and Chronic Diseases in Central Italy, 
1990-2010. PLOS ONE. September 18, 2015. 
12

 Katherine A Moon, et. al. A dose-response meta-analysis of chronic arsenic exposure and incident cardiovascular 
disease.  International Journal of Epidemiology, 46(6). December 1, 2017. 
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“In terms of a guideline for [arsenic] in water, we recommend a guideline of 5 [ppb] in drinking water 

based on the [50 ppb] [no observed adverse effects level] obtained from this study and uncertainty 

factor of 10 for extrapolating evidence from epidemiologic studies.”13 

NHDES’ preliminary estimates of potentially avoidable CVD and lung cancer deaths, based on the 

D’Ippoliti study, were included in the attached UNH economic value report (see section 5.2 below) 

because time constraints made it necessary to move ahead with the UNH work while NHDES’ work on 

health risk estimates was still underway. Ultimately, NHDES decided that, due to a number of limitations 

in its design, the D’Ippoliti study was not by itself an appropriate source of quantitative risk estimates. 

Specifically, the quantitative risk results presented by D’Ippoliti, et al. did not account for the key 

covariates body mass index (BMI) and individual smoking habits, which could affect the magnitude of 

risk reduction in certain individuals. Quantitative risk estimates that are unadjusted for these covariates 

could represent overestimations or underestimations for CVD and lung cancer-related mortality in 

already high-risk groups (e.g., those with high-risk BMIs or smoking habits). However, this does not 

discount the significant effect of reduced CVD- and lung cancer-related deaths at lower arsenic 

exposures in the general population. 

 

5.1.1 Other health effects 

 

5.1.1.1 Reduced IQ 

In a study of 272 children in grades 3 through 5 from three Maine school districts published in 2014, 

researchers at Columbia University and the University of New Hampshire found, “Compared to those 

with [drinking water arsenic (WAs)] < 5 μg/L, exposure to WAs  ≥ 5 μg/L was associated with reductions 

of approximately 5–6 points in both Full Scale IQ (p < 0.01) and most Index scores (Perceptual 

Reasoning, Working Memory, Verbal Comprehension, all p’s < 0.05). . . The magnitudes of these 

associations are similar to those observed with modest increases in blood lead, an established risk factor 

for diminished IQ.”14 The mean drinking water arsenic concentration in the overall group was 9.9 ppb; 

roughly half were < 5 ppb. The Maine study is not alone; the researchers noted that this study, “gives 

confidence to the generalizability of findings from our [2004] work in Bangladesh, where we also 

observed a steep drop in intelligence scores in the very low range of [drinking water arsenic] 

concentrations.” That study observed a 3.8-point drop in IQ between drinking water at 0 ppb and 10 

ppb.15 A 2011 study of 434 adults also found, “Among older adults, with adjustment for age, gender, 

                                                           
13

 Dung Phung, et.al. Cardiovascular risk from water arsenic exposure in Vietnam: Application of systematic review 
and meta-regression analysis in chemical health risk assessment. Chemosphere 177. June 2017. 
14

 Gail A Wasserman, et. al. A cross-sectional study of well water arsenic and child IQ in Maine schoolchildren. 
Environmental Health, 13(23). April 1, 2014. 
15

 Gail A. Wasserman, et.al. Water Arsenic Exposure and Children’s Intellectual Function in Araihazar, Bangladesh.  
Environmental Health Perspectives, 112 (13). September 2004. 
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education and ethnicity, WAs (mean WAs = 6.3 μg/L) was associated with a wide range of cognitive 

skills, including processing speed, executive function, and memory.”16 

5.1.1.2 Adverse birth outcomes, infections in infants and gestational diabetes 

The New Hampshire Birth Cohort Study conducted by the Geisel School of Medicine at Dartmouth has 

relatively recently found connections between low levels of arsenic exposure from water and food, and 

adverse birth outcomes and infections in infants and gestational diabetes in mothers. Unlike the 

majority of epidemiological studies on arsenic exposure, the study explores exposures at levels common 

in New Hampshire.17 Researchers analyzed 706 mother-infant pairs exposed to arsenic through drinking 

water (median 0.5 ppb, interquartile range 0.1 – 2.7 ppb) and diet. They measured urinary arsenic from 

each mother and compared it to the birth weight of her baby, adjusting for maternal pre-pregnancy 

weight. The researchers found that higher levels of arsenic in the mother’s urine during her second 

trimester were associated with decreased head circumference at birth. They also found associations 

between arsenic exposure and decreased birth weight and length. In another component of the New 

Hampshire Birth Cohort Study, in-utero arsenic exposure in a group of 412 mothers whose drinking 

water arsenic averaged 4.6 ppb (interquartile range 3.1 ppb) was also associated with a higher risk of 

infection during their babies’ first year of life, particularly infections requiring medical treatment, and 

with diarrhea and respiratory symptoms.18 Finally, among 1,151 women in the New Hampshire Birth 

Cohort Study with an average drinking water arsenic concentration of 4.2 ppb (90% were below 10 ppb), 

each 5 ppb increase in home well water was associated with a 10% increase in the odds of gestational 

diabetes.19 

 

5.2 Estimated value of potentially avoided adverse health 
outcomes associated with PWSs 

In addition to identifying, and where possible estimating the number of, avoided adverse health effects 

associated with lowering the MCL for arsenic, NHDES considered the economic value of certain avoided 

adverse health effects. NHDES contracted with the University of New Hampshire (UNH) Department of 

Natural Resources and the Environment and UNH Department of Economics to do this work. 

                                                           
16

 Sid E. O'Bryant, et al. Long-term low-level arsenic exposure is associated with poorer neuropsychological 
functioning: A Project FRONTIER study. International Journal of Environmental Research and Public Health, 8(3). 
March 2011. 
17

 Diane Gilbert-Diamond, et.al. Relation between in utero arsenic exposure and birth outcomes in a cohort of 
mothers and their newborns from New Hampshire. Environmental Health Perspectives, 124(8). August 2016. 
18

 Shohreh F. Farzan , et.al. Infant infections and respiratory symptoms in relation to in utero arsenic exposure in a 
U.S. cohort. Environmental Health Perspectives, 124(6). June 2016. 
19

 Shohreh F. Farzan, et.al. Maternal arsenic exposure and gestational diabetes and glucose intolerance in the New 
Hampshire birth cohort study. Environmental Health, 15(106). November 2016. 
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When balancing the costs for PWSs to remove arsenic from water with the benefit of reducing health 

risks in setting the MCL at 10 ppb in 2001, EPA employed the economic concept of the value of a 

statistical life (VSL). VSL is not meant to represent the value of an actual human life; rather, it represents 

the aggregated value that consumers or workers place on avoiding the risk of death due to a particular 

hazard. Estimates of VSL are often used in evaluating risk-reduction measures such as improvements in 

highway safety and preventing exposure to environmental toxins. When EPA chose 10 ppb as the MCL 

for arsenic in 2001, it used a VSL of $6.1 million (1999 dollars). This would translate to $9.3 million in 

2018 dollars.20  

To aid in NHDES’ review of the arsenic MCL, the UNH team developed a New Hampshire-specific, 

drinking water-specific VSL. UNH’s approach and analysis are described in “The Economic Benefits of 

Lowering the Arsenic Maximum Contaminant Level in New Hampshire Municipal Water Supplies” (UNH 

report, Attachment 5). The VSL value derived by the UNH team was $5.04 million, based on the 

willingness of respondents to a statewide survey conducted by UNH to pay $35.50 per month ($426 per 

year) for the reduction in cancer risk associated with reducing the arsenic concentration in their 

household drinking water from 10 ppb to 3 ppb. At the time the UNH study was initiated, NHDES was 

considering MCLs as low as 3 ppb, but NHDES later determined that an MCL of 5 ppb would be more 

appropriate in light of treatment feasibility and the availability of information regarding health effects. 

The VSL can be applied to consider the reduced risk associated with lowering the MCL to various levels, 

since VSL represents dollars per unit of risk. 

An estimate of the quantifiable willingness to pay for reduced risk of lung and bladder cancers 

associated with lowering the MCL is presented in Table 7. The estimate applies the VSL of $5.04 million 

to estimated avoided deaths (Table 6). The value of the many other avoided adverse health impacts is 

not included. The low end of the range of estimated cancers is based on unit risk coefficients from 

Lynch, et al. (2017) and the upper end of the range is based on hazard ratios derived from NRC (2001). 

 

Table 7. Annual willingness to pay ($ Million) for reduced risk of lung and bladder cancer associated 

with lowering the arsenic MCL 

  Lung Cancer Deaths Bladder Cancer Deaths TOTAL 

MCL Low High Low High Low High 

6 0.216 0.36 0 0.072 0.216 0.432 

5 0.216 0.504 0 0.072 0.216 0.576 

4 0.36 0.72 0 0.144 0.360 0.864 

3 0.432 0.936 0 0.216 0.432 1.15 

 

 

                                                           
20

 U.S. Bureau of Labor Statistics Consumer Price Index Inflation Calculator 
https://www.bls.gov/data/inflation_calculator.htm accessed 11/28/2018 

https://www.bls.gov/data/inflation_calculator.htm
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5.3 Estimated value of increased lifetime earnings associated with 
increased IQ 

The UNH report also considered the economic impact of higher IQs associated with lowering the arsenic 

MCL. Using the Columbia-UNH study of Maine school children as a basis for assuming a 5.5-IQ point 

difference associated with drinking water with arsenic above 5 ppb, the UNH report estimated a lifetime 

earnings loss of $148 to $195 million among the estimated 1,248 children currently exposed at > 5 ppb 

arsenic in New Hampshire community water systems, noting “these estimates of net benefits from 

reduction of arsenic ingestion on the affected populations should be treated with caution until further 

epidemiological evidence is available.” (Table 7 in the attached UNH report) 

 

5.4 Value of potentially avoided adverse health outcomes 
associated with private wells  

Approximately 46% of New Hampshire households rely on private wells (on-site wells that are not 

regulated as public water systems) for their water supply. While lowering the MCL would not directly 

affect private wells and lowering the AGQS would not affect a significant number, NHDES believes that 

lowering the MCL would prompt many private well users to take action to test and treat water from 

private wells where the water is above the new MCL, since private well users typically base their 

perceptions of what is or is not safe on the MCL. 
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Attachment 1 

Estimated Costs for Groundwater Discharge Permit Sites 

Isolated Sites : Non-Developed Areas, Able to Expand GDZ, No Private/Public Water Supply Receptors 

  Additional Capital Costs  Additional Annual Costs 

  Item # Unit 
Cost 

Total  Item # Unit 
Cost 

Total 

Small GWDP Sites Mon 
Well 

3 12,000 36,000   Smpl 
Rnd 

6  
1,000  

 6,000  

Non POTW sites, 
usually privately 
owned 

Priv 
Well 
Svy 

1  1,000             1,000   Rpting 1 2,400  2,400  

    Total 37,000     Total 8,400  

  2 X Add'l sites 
at 5ppb 

 $ 74,000   2X Add'l sites 
at 5ppb 

 $  16,800  

  Additional Capital Costs  Additional Annual Costs 

  Item # Unit 
Cost 

Total  Item # Unit 
Cost 

Total 

Large GWDP Sites Mon 
Well 

6 12,000   72,000   Smpl 
Rnd 

12 1,000   12,000  

POTW sites, usually 
publicly owned 

Priv 
Well 
Svy 

1 1,000       1,000   Rpting 1 2,400  2,400  

    Total  73,000     Total 14,400  

  12X Add'l sites 
at 5ppb 

$ 876,000   12X Add'l sites 
at 5ppb 

 $172,800 

 

Non-Isolated Sites :  Developed Areas, Not (Easily) Able to Expand GDZ, Private/Public Water Supply 
Receptors Present 

  Additional Capital Costs  Additional Annual Costs 

  Item # Unit 
Cost 

Total  Item # Unit 
Cost 

Total 

Small GWDP Sites Mon 
Well 

2 12,000  24,000   Smpl 
Rnd 

4 1,000   4,000  

Non POTW sites, 
usually privately 
owned 

Priv 
Well 
Svy 

1  2,500   2,500   Rpting 1 2,400  2,400  

  POE-
As 

3 3,000   9,000   POE 
O&M 

3 1,000   3,000  

    Total  35,500     Total  9,400  

  Fac 
Trtmnt 

Range: 10k to 100k       

  5X Add'l sites at 
5ppb 

$ 177,500   5X Add'l sites 
at 5ppb 

$      47,000  
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  Additional Capital Costs  Additional Annual Costs 

  Item # Unit 
Cost 

Total  Item # Unit 
Cost 

Total 

Large GWDP Sites Mon 
Well 

4  12,000   48,000   Smpl 
Rnd 

8 1,000   8,000  

POTW sites, usually 
publicly owned 

Priv 
Well 
Svy 

1 5,000   5,000   Rpting 1 2,400       2,400  

  POE-
As 

6  3,000   18,000   POE 
O&M 

6 1,000   6,000  

    Total  71,000     Total  16,400  

  Fac 
Trtmnt 

Flows too large       

  0X Add'l sites 
at 5ppb 

 $                    0X Add'l sites 
at 5ppb 

 $                 
-    

 

 Additional Capital Costs Additional Annual Costs 

Additional 19X sites Total Add'l at 5ppb $ 1,127,500   Total Add'l 
at 5ppb 

 $ 236,600  

 

 8x sites Fac Trtmnt Range :  $50,000 to 
$500,000 

*Small Private Facilities Upgrades only 

 
SUMMARY 

-------------------------------------------------- 
For change to 5 ppb As standard: 
- Adds ~20 GWDP sites to the list of sites with arsenic compliance issues. 
-Adds ~ $1.1M to capital costs 

-Adds ~ $240K to annual costs 

----------------------------------------------- 
Existing Compliance 

-Potential additional costs to sites with existing compliance issues that exceed the current 
arsenic standard : ~$480K 

------------------------------------------------ 
Cost impact to small (mostly privately owned) GWDP sites could be greater if WW pre-
treatment is put in place: estimate ~ $50K to $500K capital costs 
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Attachment 2 

Estimated Costs for Landfill Sites Needing Investigation and/or GMP Expansion 

Est. 
No. 
of  
Sites   

Additional Capital Costs 
  

Additional Annual Costs 
  

46 A Monitoring Network 
Enhancements 

$ A Annual Sampling and Reporting $ 

   Monitoring Well Install (assume 
3 wells) + Initial Sampling Round 

       
12,000 

 Annual Sampling/Lab fee (1 
round, 3 wells) 

                  
3,000  

    Receptor Survey  1,000    Annual GMP Reporting 2,400  

    Est. Subtotal Capital Cost 13,000    Est. Subtotal Annual Cost 5,400  

    Numbers below rounded to the 
nearest $5,000  

       

    Est. Total Capital Costs for GMP 
Expansion 

                  
$590,000  

  Est. Total Annual 
Monitoring/Reporting Costs 

        
$245,000  

            

7 B Water Supply Well Treatment   B Water Supply Well Treatment   

    POE Install -assume 3 per site                       
3,000  

  Annual O&M of POE (assume 3 
per site) 

              
1,000  

    Est. Subtotal Cost $20,000    Est. Subtotal Annual O&M Cost $5,000  

            

    Est. Capital Cost for GMZ 
Expansion:  

             
$610,000  

  Est. Annual Cost for GMZ 
Expansion:  

      
$250,000  

   Low Cost Range (75% of total) $460,000   Low Cost Range (75% of total) $190,000  

    High Cost Range (125% of total) $765,000    High Cost Range (125% of 
total) 

$315,000  
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Attachment 3: Background information and steps used to calculate 

theoretical cancer cases in New Hampshire public water systems from exposure 

to inorganic arsenic with the current Maximum Contaminant Level (MCL) of 10 

micrograms per liter (µg/L) and cancer case reductions assuming the MCL is 

revised to 6, 5, 4 or 3 µg/L. 

David Gordon, Environmental Health Program, NHDES 

June 14, 2018 

The Drinking Water and Groundwater Bureau (DWGB) provided the most recent arsenic results (2014-

2017 sample dates) for each public water system with arsenic detections and the population served. The 

results were segregated by system type: community, workplace and schools. Cancer cases were 

calculated separately for each system type. As yet, PWS with non-detects (NDs) have not been 

considered although, depending on the laboratory, an ND might be based on a detection limit as high as 

5 ppb. NHDES is going to look at water systems with NDs to determine how they can be incorporated 

into the evaluation.  

Water systems were grouped together by arsenic concentration. Arsenic concentrations of the grouped 

systems were averaged using the low and high concentrations. For example, 35 community water 

systems with arsenic concentrations between 1.0 and 1.4 µg/L were grouped. Cancer cases for the 35 

systems were calculated using the total population served of 42,682 and an arsenic concentration of 1.2 

µg/L. Cancer cases for arsenic at the current MCL were calculated with the water system arsenic results 

grouped together (in 9 groups for community systems) and averaged as in the example above except for 

systems with arsenic concentrations above 10 µg/L. Systems with arsenic exceeding the MCL were 

grouped together to sum their populations, but cancer cases for these systems were calculated 

assuming they would return to compliance with an average arsenic concentration at the MCL. Fractions 

of cancer cases for each PWS grouping were retained for summing. The summed value was rounded to a 

whole number.  

The same steps were used to calculate cancer cases assuming the other potential MCLs. Systems 

exceeding the MCL were assumed to reduce arsenic concentrations to the MCL. 

The number of expected bladder and lung cancer cases in the exposed populations due to the arsenic in 

the drinking water was calculated using an arsenic drinking water unit risk (DWUR) of 3.4E-4 per µg/L. 

This DWUR was derived from the excess lifetime risk of bladder and lung cancer for a combined male 

and female U.S. population as presented in the National Research Council (NRC) Subcommitte Report 

(NRC, 2001). EPA is in the process of updating their cancer toxicity values for arsenic. While their toxicity 

update continues, the cancer risks presented in the NRC Report are considered by EPA as a citable 

cancer risk estimate. By NRC estimates, bladder cancer cases will exceed lung cancer cases by a ratio of 

approximately 52 to 48 per 100 cases.   
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By cancer risk assessment convention, risks are averaged over a 70-year time period, regardless of the 

actual exposure duration. Exposure durations of 70, 47, and 12 years were used for community, 

workplace and school water systems, respectively, to calculate cancer estimates. Exposure frequency 

was seven days/week for community systems and five days/week for workplace and schools. Drinking 

water ingestion rates were one L/day for workplace and school systems. Community system ingestion 

rates were one L/day for 59 years and two L/day for 11 years to account for the ages birth to six years 

and 66 to 70 years, when an individual is expected to be at home.  

 

References: 

NRC, 2001. Arsenic in Drinking Water 2001 Update. Subcommittee to Update the 1999 Arsenic in 

Drinking Water Report. Board on Environmental Studies and Toxicology. National Research Council. 

2001. 
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Attachment 4: Estimated Cancer Cases for Lung, Bladder, and Skin and 

Deaths from Lung and Bladder Cancer for NH Public Water System Users Exposed 

to Arsenic at the Current Maximum Contaminant Level (MCL) and Potential Lower 

MCLs 

 

David Gordon, Environmental Health Program, NHDES 

October 2, 2018 

 

Cancer Cases 

 

Tables A41 and A4-2 present alternate estimates of bladder and lung cancer cases combined, based on 

two different sources of dose-risk information. For all estimates (Tables A4-1-5), arsenic concentrations 

in PWSs are assumed to be at the MCL value. 

 

Table A4-1: Estimated Bladder and Lung Cancer Cases over a 70-Year Averaging Period Due to Arsenic 

Exposure from New Hampshire Public Water Systems, Based on Recent Arsenic Testing Results (2014-

2017) and Assuming Specified MCLs 

MCL 

MCL (µg/L) 

Community PWS Work PWS School PWS Total 

10 92 6 3 101 

6 82 4 3 89 

5 77 3 2 82 

4 70 3 2 75 

3 62 2 2 66 

µg/L = micrograms per liter. Cancer case estimates are based on NRC, 2001. 

Reference 

NRC 2001. Arsenic in Drinking Water 2001 Update. Subcommittee to Update the 1999 Arsenic in 

Drinking Water Report, Board on Environmental Studies and Toxicology, National Research Council. 

 

Table A4-2: Estimated Bladder and Lung Cancer Cases over a 70-Year Averaging Period Due to Arsenic 

Exposure from New Hampshire Public Water Systems, Based on Recent Arsenic Testing Results (2014-

2017) and Assuming Specified MCLs 

MCL 

MCL (µg/L) 

Community PWS Work PWS School PWS Total 

10 30 2 1 33 

6 26 1 1 28 

5 25 1 1 27 

4 23 1 1 25 

3 20 1 1 22 

The cancer Drinking Water Unit Risk (URdw) used in the calculations is from Lynch, et al. 2017.  
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References: 

 Lynch, et al. 2017. Quantitative assessment of lung and bladder cancer risk and oral exposure to 

inorganic arsenic: Meta-regression analyses of epidemiological data.” Environmental International 106: 

178-2006.  

Lynch, et al. 2017. Corrigendum to “Quantitative assessment of lung and bladder cancer risk and oral 

exposure to inorganic arsenic: Meta-regression analyses of epidemiological data” Environmental 

International 106: 178-2006. Environmental International 109: 195-196. 

 

Table A4-3: Estimated Skin Cancer Cases over a 70-Year Averaging Period Due to Arsenic Exposure 

from New Hampshire Public Water Systems, Based on Recent Arsenic Testing Results (2014-2017) and 

Assuming Specified MCLs 

MCL 

MCL (µg/L) 

Community PWS Work PWS School PWS Total 

10 14 1 1 16 

6 12 1 1 14 

5 11 1 0 12 

4 10 1 0 11 

3 9 0 0 9 

The Drinking Water Unit Risk (URdw) for arsenic from the EPA Integrated Risk Information System (IRIS) 

was used to calculate cancer cases. Cancer cases that are zero indicate that the value calculated was less 

than 0.50 cases. Deaths from skin cancer were not calculated because non-melanoma skin cancer is 

rarely fatal. µg/L = micrograms per liter 

Reference: 

IRIS. 2018. Assessment for inorganic arsenic. Integrated Risk Information System. Environmental 

Protection Agency, National Center for Environmental Assessment (NCEA), Office of Research and 

Development (ORD). 

 

Cancer Deaths 

In Tables A4-4 and A4-5, estimates of cancer deaths are presented, based on Tables A4-1 and A4-2. To 

estimate deaths, the percentage of lung and bladder cancer cases in New Hampshire that result in death 

was calculated from the Tables “New Cancer Cases per 100,000 Rank” and “Cancer Deaths per 100,000 

Rank” in the publication New Hampshire Cancer Report Card, (April 2009) authored by the New 

Hampshire Department of Health and Human Services, Office of Health Statistics and Data 

Management.  
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The percentages of cancer cases that result in death were then applied to the estimates of cancer cases 

in the New Hampshire public water system presented in Table A4-1, resulting in Table A4-4. The cancer 

case estimates in Table A4-1 have been apportioned between lung and bladder cancer based on cancer 

target organ risk estimates in the NRC document Arsenic in Drinking Water 2001 Update. 

 

The cancer case estimates in Table A4-2 have been apportioned between lung and bladder cancer based 

on target organ cancer risk estimates in the two 2017 Lynch, et al. journal articles, resulting in Table A4-

5. 

 

 

Table A4-4: Estimated Bladder and Lung Cancer Deaths Due to Arsenic Exposure for Lung and Bladder 

Cancer over a 70-Year Averaging Period from New Hampshire Public Water Systems, Based on Recent 

Arsenic Testing Results (2014-2017) and Assuming Specified MCLs 

MCL (µg/L) 
Total Cancer Cases from 

Table 1 

Total Deaths 

Lung          Bladder 

10 101 37 9 

6 89 32 8 

5 82 30 8 

4 75 27 7 

3 66 24 6 

 

Only the Total column from Table 1 was converted to lung and bladder cancer deaths because the low 

numbers in the “Work” and “School” PWS would result in values well below 1.  

 

Table A4-5: Estimated Bladder and Lung Cancer Deaths over a 70-Year Averaging Period Due to 

Arsenic Exposure from New Hampshire Public Water Systems, Based on Recent Arsenic Testing 

Results (2014-2017) and Assuming Specified MCLs 

 

MCL (µg/L) 

Total Cancer Cases from 

Table 1 

Total Deaths 

Lung          Bladder 

10 33 19 1 

6 28 16 1 

5 27 16 1 

4 25 14 1 

3 22 13 1 

Only the Total column from Table A4-2 was converted to lung and bladder cancer deaths because the 

low numbers in the “Work” and “School” PWS would result in values well below 1. 
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