
Arsenic is a naturally occurring element present in 
both terrestrial and aquatic environments.  The level of 
arsenic in public drinking water is regulated under the 
federal Safe Drinking Water Act (SDWA), and for 
many years the arsenic maximum contaminant level 
(MCL) was set at 50 μg/l.  In 2001, the U.S. Environ-
mental Protection Agency (USEPA) lowered the arse-
nic MCL to 10 μg/l (effective 2006) out of concern that 
the former 50 μg/l standard was not sufficiently protec-
tive of public health.  In New Mexico, 96 public water 
systems were identified in 2004, serving about 40% of 
the state population, which had one or more drinking 
water supply sources exceeding the new 10 μg/l arse-
nic standard1.  The majority of these systems were 
small, serving less than 500 persons, but larger systems 
were affected as well, including those serving Santa 
Fe, Rio Rancho, and Albuquerque.  Compliance with 
the new arsenic MCL has required the water systems to 
make changes in their source water supplies and/or in-
stall arsenic-removing treatment technology. 
 
The USEPA decision to reduce the arsenic MCL was 
based largely on an extrapolation of human health data 
from international studies (Taiwan, Chile, Argentina) 
that linked elevated rates of bladder and lung cancer 
with long-term consumption of drinking water contain-
ing arsenic in excess of 150 μg/l 2.  Studies at lower 
drinking water arsenic levels (<50 μg/l), as are more 
typical in the U.S., have reported inconsistent findings 
on cancer risk, leading some to question the prudence 
of the USEPA action, while causing others to call for 
an even more stringent arsenic standard.  Furthermore, 
additional health studies conducted over the past dec-
ade have suggested a link between drinking water arse-
nic exposure and various other health outcomes, in-
cluding other forms of cancer, as well as non-cancer 
diseases, such as diabetes, cardiovascular disease, and 
cerebrovascular disease.  
 
 
 

In light of the existing scientific uncertainties on the 
adverse health effects of chronic exposure to low lev-
els of arsenic in drinking water, the New Mexico De-
partment of Health Environmental Public Health 
Tracking (EPHT) Program has sought to characterize 
historical and current drinking water arsenic levels in 
New Mexico, and compare health outcome rates in ar-
eas of the state that differ by drinking water arsenic 
levels.  This report provides results from a county-level 
analysis of bladder and lung cancer incidence rates in 
three counties of New Mexico where historic drinking 
water arsenic levels are estimated to have exceeded the 
current 10 μg/l regulatory level. 
 
Methods 
Estimation of Drinking Water Arsenic Levels 
The SDWA requires public water systems to monitor 
levels of regulated contaminants, such as arsenic, in 
order to determine if they meet national drinking water 
standards.  In New Mexico, roughly 600 public sys-
tems supply drinking water to about 85% of the state 
population, with the remaining 15% of state residents 
on private wells, which are not regulated under the 
SDWA.   The New Mexico Environment Department 
(NMED) enforces the SDWA, and maintains a safe 
drinking water information system (SDWIS) database 
containing laboratory results from drinking water sam-
ples analyzed for arsenic, as well as other regulated 
contaminants.  USEPA rules require systems to sample 
water at every point of entry to their distribution sys-
tem. 
 
Estimates of historic arsenic concentrations in New 
Mexico drinking water were compiled from the 
SDWIS database containing arsenic sampling   
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concentrations obtained between 1990 and 2005.  The 
database included 5,500 individual arsenic concentra-
tion measurements from 2,200 different sampling loca-
tions, many of which were individual water supply 
wells.  Arsenic concentration data were averaged at 
each respective sampling location, which yielded a 
range of <1 to 184 μg/l, with 234 locations having 
mean arsenic levels exceeding 10 μg/l.  Locations 
where arsenic levels exceeded the current MCL tended 
to cluster along the middle Rio Grande valley, includ-
ing areas of Santa Fe, Sandoval, Bernalillo, Valencia, 
and Socorro counties (Figure 1).  Groundwater aqui-
fers in this region of the state typically are formed in 
volcanic soils rich in arsenic, which can leach into 
groundwater over time.3 

 
Figure 1. Drinking Water Sampling Locations With Mean 

Arsenic Concentrations > 10 μg/l, 1990-2005  

 
County-level arsenic exposure levels were calculated 
using methodology described by Frost et al.4  Mean 
arsenic levels for each water system in the state were 
computed from the SDWIS database by averaging  the 
estimated arsenic concentrations for all sampling loca-
tions within a given system.  Most systems had data 
from two or more different sampling locations, some 
of which varied considerably in arsenic content.  Be-
cause water production data by source are not included 
in the SDWIS database, we assumed that each source 
contributed an equal amount of water to the system.  
Under this assumption, 1990-2005 mean arsenic con-

centrations for New Mexico public water  systems 
ranged from <1 to 88 μg/l, with a median of 2 μg/l, and 
with 54 systems exceeding 10 μg/l.  To derive each 
county-level arsenic exposure measure, the mean arse-
nic concentration for each water system was weighted 
by the system's service population size (tabulated from 
SDWIS database), and the weighted means were then 
summed for all systems within a given county. Three 
counties were identified with historic drinking water 
arsenic levels estimated to exceed the current arsenic 
MCL:  Socorro County (23.3 μg/l), Sandoval County 
(17.9 μg/l), and Bernalillo County (13.0 μg/l).  The 
overall mean arsenic level for the remainder of the 
state (30 counties) was 4.4 μg/l.  Arsenic levels in 
these counties ranged from 0.8 to 10.0 μg/l.  Twelve 
counties, mostly in eastern New Mexico, had arsenic 
concentrations estimated at 2.5 μg/l or less (Figure 2). 

 
Figure 2. Mean Drinking Water Arsenic Concentrations          

by County, 1990-2005 

 
 
Calculation of Cancer Incidence Rates and Ratios                    
Data on bladder and lung cancer newly diagnosed in 
New Mexico between 1992 and 2006 were obtained 
from the New Mexico Tumor Registry (NMTR). Ra-
cial/ethnic-specific average annual incidence rates, in-
cidence rate ratios (IRR) and corresponding 95% con 
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fidence intervals (CI) were computed for each of the 
three high arsenic counties as well as the  remainder of 
the state, which served as a low arsenic referent popu-
lation for the IRRs.  All rates and IRRs were age-
adjusted to the 2000 Census population.   The analysis 
was limited to non-Hispanic Whites and Hispanics due 
to the small number of cases involving other racial/
ethnic groups in the three high arsenic counties.  An 
IRR lower CI exceeding one indicates the high arsenic 
county rate is significantly elevated over the low arse-
nic state reference rate.  Conversely, an IRR upper CI 
less than one indicates the high arsenic county rate is 
significantly lower than the state reference rate. 
 
Results                                                                            
Bladder cancer incidence rates were significantly ele-
vated by 21% and 51% among Sandoval County non-
Hispanic whites and Hispanics, respectively (Table 1).  
Corresponding bladder cancer incidence rates in Ber-
nalillo and Socorro counties were similar to those in 
the remainder of the state.  A different trend was ob-
served for lung cancer, where incidence rates were sig-
nificantly lower by 10% and 11% among Sandoval and 
Bernalillo county non-Hispanic whites, respectively.  
The lung cancer incidence rate for Socorro county non-
Hispanic whites was also lower than the comparison 
state rate, but the 8% deficit did not reach statistical 
significance.   Among Hispanics in the three high arse-
nic counties, lung cancer incidence rates were slightly 
higher than the comparison state rate, however, none 
of these minor elevations achieved statistical signifi-
cance. 
 
Discussion 
The USEPA lowered the arsenic MCL based largely 
on concern that long-term consumption of drinking 
water containing arsenic in the range of 10 to 50 μg/l is 
associated with excess risk of bladder and lung cancer.  
The actual magnitude of risk in this low-dose exposure 
range remains unknown, but is thought to be small 
relative to that due to smoking, a major risk factor be-
lieved to account for roughly 50% and 90% of the 
bladder and lung cancers diagnosed each year in the 
U.S., respectively.  No evidence was found that lung 
cancer incidence was elevated in any of three counties 
in New Mexico (Bernalillo, Sandoval, and Socorro) 
ascertained to have a mean historic arsenic concentra-
tion in excess of 10 μg/l.  In fact, a deficit in lung can-
cer rates approaching 10% was observed among non-
Hispanic whites in both Bernalillo and Sandoval coun-

ties, suggesting a lower historical prevalence of smok-
ing in these populations compared to the remainder of 
the state. 
 
Mixed results were observed with bladder cancer, 
where a modest elevation in incidence was observed in 
Sandoval County, but not in Bernalillo or Socorro 
counties.  The fact that the bladder cancer incidence 
rate was elevated in both non-Hispanic whites 
(IRR=1.21) and Hispanics (IRR=1.51) in Sandoval 
county suggests that a common element may underlie 
the modest excess observed.  Based on the analysis of 
lung cancer rates, it does not seem likely that smoking 
alone could account for the elevation.  Other causes of 
bladder cancer, particularly in non-smokers, remain 
unknown, so we cannot speculate on the role of such 
factors at this point.  In regards to drinking water arse-
nic, the ecologic nature of this study, in which  individ-
ual arsenic exposure levels were crudely estimated by 
mean county-level measures, limits any direct infer-
ence on the role of drinking water arsenic and the ele-
vated bladder cancer incidence observed in Sandoval 
County.   Nevertheless, given the current scientific un-
certainty on low-dose arsenic-related health effects, 
continued public health surveillance in areas of the 
state differing in both past and current drinking water 
arsenic levels is warranted and current efforts are un-
derway to more fully analyze these data demographi-
cally, as well as at smaller geographic scales, such as 
census tracts. 
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Table 1. Cancer Incidence Rate Ratios and 95% Confidence Intervals (CI) for Three New Mexico Counties                      
with Historic Mean Drinking Water Arsenic Concentrations Exceeding 10 ug/l, 1992-2006 

Non-Hispanic White 
 

Hispanic 
 Cancer          

Site 
County 

 
Cases Rate Ratioa  (95% CI) Cases 

 
Rate Ratioa  (95% CI) 

 

Bernalillo 1,028 0.99     (0.92-1.07) 
 

221 
 

0.97 (0.82-1.14) 

Sandoval 194 1.21*    (1.04-1.41) 
 

36 
 

1.52*    (1.05-2.14) Bladder 

Socorro 25 1.03      (0.66-1.54) 
 

7 
 

0.66 (0.26-1.34) 

Bernalillo 2,705 0.89*    (0.85-0.93) 
 

777 
 

1.06 (0.97-1.16) 

Sandoval 427 0.90*    (0.81-0.99) 
 

84 
 

1.14 (0.90-1.41) Lung 

Socorro 66 0.92      (0.70-1.17) 35 
 

                1.06      (0.74-1.48) 
 

aReferent population = rest of New Mexico (n=30 counties). * Rate ratio significantly different from unity (p<0.05)                         
Source:  New Mexico Tumor Registry via Online SEER*Stat 

 



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



