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Foreword

The U.S. Geological Survey (USGS) is committed to providing the Nation with reliable scientific 
information that helps to enhance and protect the overall quality of life and that facilitates 
effective management of water, biological, energy, and mineral resources (http://www.usgs.
gov/). Information on the Nation’s water resources is critical to ensuring long-term availability 
of water that is safe for drinking and recreation and is suitable for industry, irrigation, and fish 
and wildlife. Population growth and increasing demands for water make the availability of that 
water, measured in terms of quantity and quality, even more essential to the long-term sustain-
ability of our communities and ecosystems.

The USGS implemented the National Water-Quality Assessment (NAWQA) Program in 1991 to 
support national, regional, State, and local information needs and decisions related to water-
quality management and policy (http://water.usgs.gov/nawqa). The NAWQA Program is 
designed to answer: What is the quality of our Nation’s streams and groundwater? How are 
conditions changing over time? How do natural features and human activities affect the quality 
of streams and groundwater, and where are those effects most pronounced? By combining 
information on water chemistry, physical characteristics, stream habitat, and aquatic life, the 
NAWQA Program aims to provide science-based insights for current and emerging water issues 
and priorities. From 1991 to 2001, the NAWQA Program completed interdisciplinary assess-
ments and established a baseline understanding of water-quality conditions in 51 of the Nation’s 
river basins and aquifers, referred to as Study Units (http://water.usgs.gov/nawqa/studies/
study_units.html).

National and regional assessments are ongoing in the second decade (2001–2012) of the 
NAWQA Program as 42 of the 51 Study Units are selectively reassessed. These assessments 
extend the findings in the Study Units by determining water-quality status and trends at sites 
that have been consistently monitored for more than a decade, and filling critical gaps in 
characterizing the quality of surface water and groundwater. For example, increased emphasis 
has been placed on assessing the quality of source water and finished water associated with 
many of the Nation’s largest community water systems. During the second decade, NAWQA is 
addressing five national priority topics that build an understanding of how natural features and 
human activities affect water quality, and establish links between sources of contaminants, the 
transport of those contaminants through the hydrologic system, and the potential effects of con-
taminants on humans and aquatic ecosystems. Included are studies on the fate of agricultural 
chemicals, effects of urbanization on stream ecosystems, bioaccumulation of mercury in stream 
ecosystems, effects of nutrient enrichment on aquatic ecosystems, and transport of contami-
nants to public-supply wells. In addition, national syntheses of information on pesticides, vola-
tile organic compounds (VOCs), nutrients, trace elements, and aquatic ecology are continuing. 

The USGS aims to disseminate credible, timely, and relevant science information to address 
practical and effective water-resource management and strategies that protect and restore 
water quality. We hope this NAWQA publication will provide you with insights and information 
to meet your needs, and will foster increased citizen awareness and involvement in the protec-
tion and restoration of our Nation’s waters. 
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The USGS recognizes that a national assessment by a single program cannot address all water-
resource issues of interest. External coordination at all levels is critical for cost-effective man-
agement, regulation, and conservation of our Nation’s water resources. The NAWQA Program, 
therefore, depends on advice and information from other agencies—Federal, State, regional, 
interstate, Tribal, and local—as well as nongovernmental organizations, industry, academia, and 
other stakeholder groups. Your assistance and suggestions are greatly appreciated.

William H. Werkheiser 
USGS Associate Director for Water
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Conversion Factors
SI to Inch/Pound

Multiply By To obtain

Volume

cubic meter (m3) 1.000×103 liter (L) 
liter (L) 0.2642 gallon (gal)
milliliter (mL) 0.03381 fluid ounce

Mass

gram (g) 0.03527 ounce, avoirdupois (oz)
kilogram (kg) 2.205 pound (avoirdupois) (lb)

Length

kilometer (km) 0.6214 mile (mi)
meter (m) 3.281 foot (ft) 

Inch/Pound to SI

Multiply By To obtain

Area

acre 4.047×103 square meter (m2)
acre-foot 1.223×103 cubic meter (m3)

Mass

pound (avoirdupois) (lb) 0.4563 kilogram (kg)
Length

mile (mi) 1.609 kilometer (km)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:

°F=(1.8×°C)+32

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:

°C=(°F-32)/1.8

Concentrations of chemical constituents in water are given in milligrams per liter (mg/L), 
micrograms per liter (µg/L), or moles per liter (mol/L); mg/L is equivalent to parts per million, 
µg/L is equivalent to parts per billion, and one mole contains 6.022 × 1023 atoms or molecules 
of a substance. Concentrations or activities of radionuclide constituents are given in µg/L or 
picocuries per liter (pCi/L). 

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83). 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≥	 greater than or equal to

ACToR	 Aggregated Computational Toxicology Resource (database, USEPA)

AL	 aquatic life

BQ	 benchmark quotient (USGS)

CASRN 	 Chemical Abstracts Service Registry Number® (American Chemical 
	 Society)

CCL3	 Contaminant Candidate List 3 (USEPA)

CDC	 Centers for Disease Control and Prevention (U.S. Department of Health and 	
	 Human Services)

CERCLA	 Comprehensive Environmental Response, Compensation, and Liability Act

EC50	 median effective concentration (aquatic-life benchmark)

ECOTOX	 ECOTOXicology (database, USEPA)

EPI Suite™	 Estimation Program Interface Suite (screening software, USEPA)

HAL	 Health-Advisory Level (drinking-water-quality benchmark, USEPA)

HBSL	 Health-Based Screening Level (water-quality benchmark, USGS)

HH 	 human health

HPV	 high-production volume or high-production-volume chemical

LC50	 median lethal concentration (aquatic-life benchmark)

LOEC	 lowest-observed-effect concentration (aquatic-life benchmark)

log KOW	 base-10 logarithm of the octanol-water partition coefficient

LS	 laboratory schedule (USGS)

MAC	 Maximum Acceptable Concentration (drinking-water-quality benchmark, 	
	 Health Canada)

MCL	 Maximum Contaminant Level (drinking-water-quality benchmark; USEPA	
	 or California)

MCLG	 Maximum Contaminant Level Goal (drinking-water-quality benchmark; 	
	 USEPA) 

NASQAN	 National Stream Quality Accounting Network (USGS)

NAWQA	 National Water-Quality Assessment (USGS)

NHANES	 National Health and Nutrition Examination Survey; NHANES IV, Fourth 	
	 NHANES (CDC)

NIA	 no information available

NOEC	 no-observed-effect concentration (aquatic-life benchmark)

NTAS	 National Target Analyte Strategy (USGS NAWQA)

NWIS	 National Water Information System (USGS)

NWQL	 National Water Quality Laboratory (USGS)
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OEHHA	 Office of Environmental Health Hazard Assessment (California)

PBT	 persistent, bioaccumulative, and toxic

Toxics Program	 Toxic Substances Hydrology Program (USGS)

UCMR	 Unregulated Contaminant Monitoring Rule; UCMR 2, second cycle of 		
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USEPA	 U.S. Environmental Protection Agency
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Prioritization of Constituents for National- and Regional-
Scale Ambient Monitoring of Water and Sediment in the 
United States 

By Lisa D. Olsen, Joshua F. Valder, Janet M. Carter, and John S. Zogorski

Abstract 
A total of 2,541 constituents were evaluated and priori-

tized for national- and regional-scale ambient monitoring of 
water and sediment in the United States. This prioritization 
was done by the U.S. Geological Survey (USGS) in prepara-
tion for the upcoming third decade (Cycle 3; 2013–23) of the 
National Water-Quality Assessment (NAWQA) Program. This 
report provides the methods used to prioritize the constituents 
and the results of that prioritization.

Constituents were prioritized by the NAWQA National 
Target Analyte Strategy (NTAS) work group on the basis of 
available information on physical and chemical properties, 
observed or predicted environmental occurrence and fate, and 
observed or anticipated adverse effects on human health or 
aquatic life. Constituents were evaluated within constituent 
groups that were determined on the basis of physical or chemi-
cal properties or on uses or sources. Some constituents were 
evaluated within more than one constituent group. Although 
comparable objectives were used in the prioritization of con-
stituents within the different constituent groups, differences 
in the availability of information accessed for each constitu-
ent group led to the development of separate prioritization 
approaches adapted to each constituent group to make best use 
of available resources. Constituents were assigned to one of 
three prioritization tiers: Tier 1, those having the highest prior-
ity for inclusion in ambient monitoring of water or sediment 
on a national or regional scale (including NAWQA Cycle 3 
monitoring) on the basis of their likelihood of environmental 
occurrence in ambient water or sediment, or likelihood of 
effects on human health or aquatic life; Tier 2, those having 
intermediate priority for monitoring on the basis of their lower 
likelihood of environmental occurrence or lower likelihood of 
effects on human health or aquatic life; and Tier 3, those hav-
ing low or no priority for monitoring on the basis of evidence 
of nonoccurrence or lack of effects on human health or aquatic 
life, or of having insufficient evidence of potential occurrence 
or effects to justify placement into Tier 2. 

Of the 1,081 constituents determined to be of highest 
priority for ambient monitoring (Tier 1), 602 were identified 

for water and 686 were identified for sediment (note that 
some constituents were evaluated for both water and sedi-
ment). These constituents included various types of organic 
compounds, trace elements and other inorganic constituents, 
and radionuclides. Some of these constituents are difficult 
to analyze, whereas others are mixtures, isomers, congeners, 
salts, and acids of other constituents; therefore, modifications 
to the list of high-priority constituents for ambient monitor-
ing could be made on the basis of the availability of suitable 
methods for preparation, extraction, or analysis. An additional 
1,460 constituents were placed into Tiers 2 or 3 for water or 
sediment, including some constituents that had been placed 
into Tier 1 for a different matrix; 436 constituents were placed 
into Tier 2 for water and 246 constituents into Tier 2 for sedi-
ment; 979 constituents were placed into Tier 3 for water and 
779 constituents into Tier 3 for sediment. 

Introduction
Many thousands of chemical and biological substances 

are produced, created, or mobilized through human activities 
or natural processes, including more than 84,000 chemical 
substances (organic, inorganic, polymers, biological materi-
als, and substances of unknown or variable composition) 
currently identified under the Toxic Substances Control Act 
(U.S. Environmental Protection Agency, 2010a). Many of 
these substances are thought to be harmless to human health 
and aquatic life, and many do not enter environmental waters 
or sediment in sufficient quantities to allow detection with 
existing technologies under ambient conditions. Others, how-
ever, are important because they are known to occur or have 
the potential to occur in environmental waters or sediment 
at concentrations that can adversely affect human health or 
aquatic life. Prioritization is necessary to ensure that limited 
resources allocated to ambient monitoring are directed toward 
those constituents with the highest likelihood of environmental 
occurrence and potential adverse effects. Human health and 
aquatic life represent two large areas of concern that intersect 
with many important issues facing water-resource managers, 
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including drinking-water quality, recreational water quality, 
emerging contaminants, stream habitat, ecosystem health, and 
the effects of land use and other stressors on the quality of 
ambient environmental waters and sediment. The prioritization 
of constituents presented in this report was performed in sup-
port of the U.S. Geological Survey (USGS) National Water-
Quality Assessment (NAWQA) Program, in preparation for 
this program’s third decade (Cycle 3; 2013–23) of monitoring; 
however, the priorities presented in this report could be used 
by other programs that plan to conduct national- or regional-
scale ambient monitoring of environmental waters and sedi-
ment in the United States. 

The National Target Analyte Strategy (NTAS) 
Work Group

The NAWQA Program strives to be a leading source of 
scientific information for the development of effective policies 
and management strategies to protect and improve water qual-
ity for human and ecosystem needs. The planned approach for 
the upcoming third decade of the NAWQA Program (Cycle 3) 
is built upon a foundation of 20 years (Cycles 1 and 2; 1991–
2012) of monitoring, modeling, and understanding studies that 
describe linkages between contaminant sources and trans-
port to receiving waters and is designed to make progress on 
forecasting how water quality responds to changing environ-
mental conditions (U.S. Geological Survey, 2010a). Contami-
nants in water and sediment are among the leading causes of 
water-quality and ecosystem impairment (U.S. Environmental 
Protection Agency, 2009a); therefore, an evaluation of current 
and future priorities for contaminant monitoring at regional 
and national scales was identified as a key component of the 
Cycle 3 planning effort.

In April 2009, the NAWQA Leadership Team followed 
a recommendation from the Cycle 3 Planning Team and 
created the National Target Analyte Strategy (NTAS) work 
group to (1) evaluate constituents and associated analytical 
methods used during Cycles 1 and 2 of the NAWQA Program 
that should be retained or dropped during Cycle 3, and (2) 
develop priorities for emerging and traditional constituents, 
or constituent groups, that warrant consideration for Cycle 3 
monitoring. These priorities were to be considered within the 
context of national- or regional-scale ambient monitoring of 
water quality in streams, rivers, lakes, reservoirs, and ground-
water. Constituents monitored during previous NAWQA 
studies were to be evaluated within the context of available 
occurrence data and information on potential effects on human 
health or aquatic life. New constituents were to be evaluated 
using source information, fate and transport properties, input 
from external agencies and organizations, literature reviews, 
and best professional judgment to determine whether they 
are likely to occur in the environment and pose a significant 
risk to human or aquatic ecosystem health. The NTAS work 
group was asked to prioritize constituents for monitoring in 
water, sediment, and fish tissue; however, the prioritization of 

constituents for water and sediment was completed in advance 
of the prioritization for tissue, and constituents in water and 
sediment are the focus of this report. The work group was 
asked to seek input from scientists and laboratory staff within 
the USGS Water Resources Discipline, other USGS organiza-
tional units, and from external sources. The members of the 
NTAS work group were selected to take advantage of avail-
able expertise and linkages throughout the USGS.

Composition and Structure of the NTAS Work 
Group

Members of the NTAS work group were selected to 
represent expertise in water-quality monitoring, interpretative 
studies, and laboratory analyses. John S. Zogorski, Chief of 
the USGS National Water Quality Laboratory (NWQL) and 
former Chief of the NAWQA Volatile Organic Compounds 
(VOC) National Synthesis Project, was selected to lead the 
NTAS work group. Additional members included Michael J. 
Focazio of the USGS Office of Water Quality and USGS Toxic 
Substances Hydrology (Toxics) Program, Michelle L. Hladik 
and Kathryn M. Kuivila of the Toxics Program, Julia E. Nor-
man and Lisa H. Nowell of the NAWQA Pesticide National 
Synthesis Project, Lisa D. Olsen of the USGS California Water 
Science Center, Michael R. Rosen of the USGS Nevada Water 
Science Center, Zoltan Szabo of the USGS New Jersey Water 
Science, James (Jim) F. Pankow of Portland State Univer-
sity, Joshua F. Valder of the NAWQA Source Water-Quality 
Assessment Program, Peter C. Van Metre of the NAWQA 
Contaminant Trends in Lake Sediments Project, and Duane S. 
Wydoski of the USGS NWQL. The NTAS work group also 
had assistance from staff associated with some of its members, 
including Wentai Luo, Bill Asher, Lorne Isabelle, and Cai 
Chen, who worked under the direction of Dr. Pankow, and 
Laura E. Garlie and Nathan Hersey, who worked under the 
direction of Julia Norman.

 The NTAS work-group members consulted with addi-
tional staff within the USGS, including scientists in the Toxics 
Program, the National Research Program, the NWQL, the 
Columbia Environmental Research Center, the Kansas Organic 
Geochemistry Research Laboratory, the California Water Sci-
ence Center Pesticide Fate Research Laboratory, the Geologic 
Discipline chemistry laboratories, the NAWQA Pesticide and 
VOC National Synthesis Projects, and the NAWQA Cycle 3 
Planning Team. The work group also sought input from water-
quality staff from the USGS Water Science Centers during the 
2010 USGS National Water Quality Conference. The input 
received through these contacts represents an amalgamation of 
expertise from a large variety of water-quality studies, ranging 
from local to national in scale, and covering the leading cur-
rent concerns about traditional and emerging contaminants. 

Although the NTAS work group did not include mem-
bers from external agencies, such as the U.S. Environmental 
Protection Agency (USEPA) or U.S. Department of Health 
and Human Services, the work group sought input from such 
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agencies through technical briefings and written communica-
tions, as well as through external agency publications, Web 
pages, and databases. Resources from these agencies used by 
the NTAS work group are described in the “Methods of Priori-
tization” and “Supplemental Information” sections.

In prioritizing constituents for ambient monitoring, each 
NTAS constituent group was evaluated by a subset of the 
NTAS work-group members, sometimes in conjunction with 
additional staff from outside the work group. The persons 
responsible for prioritizing each constituent group are identi-
fied as the authors of the Supplemental Information chapter 
for that constituent group. Iterative feedback on prioritiza-
tion methods and results was provided, and consensus was 
achieved through face-to-face meetings and conference calls 
within the NTAS work group. Each NTAS constituent group’s 
prioritization methods and results were reviewed by other 
NTAS work-group members throughout the prioritization 
process. 

Selection of Constituents for Prioritization

The number of candidate constituents that could be con-
sidered for ambient monitoring of water and sediment is quite 
large, but unfortunately, many constituents have little infor-
mation about the likelihood of environmental occurrence or 
effects on human health or aquatic ecosystems. According to 
the USEPA, thousands of chemicals currently are in common 
use, including many industrial chemicals and pesticidal active 
and inert ingredients, with the potential for significant human 
exposures, but for which toxicity information is limited or 
nonexistent (Judson and others, 2009). For this reason, only a 
subset of this large number of constituents of potential interest 
could be evaluated in a meaningful manner. The 2,541 constit-
uents evaluated by the NTAS work group were selected on the 
basis of their previous inclusion in USGS studies or because 
they were recognized by other agencies or organizations as 
being potentially important with respect to human health or 
aquatic life (or both), or because they were determined by 
other agencies or organizations to have the potential to occur 
in environmental waters or sediment. Constituents evaluated 
by the NTAS work group included hundreds of compounds 
with analytical methods already available through USGS 
laboratories or under development by USGS laboratories at the 
time of this prioritization. Additional constituents evaluated 
included high-production-volume chemicals (HPVs) identified 
on the basis of their production volumes, physical properties, 
and predicted persistence in the environment; new pesticides 
and pesticide degradates identified on the basis of information 
obtained through the USEPA Office of Pesticide Programs; 
constituents on lists of human-health or aquatic-life concern 
as compiled by other organizations; and additional compounds 
identified on the basis of literature reviews, including disinfec-
tion by-products, cyanotoxins, industrial compounds, agricul-
tural compounds, pharmaceuticals, synthetic hormones, vari-
ous endocrine system modulators or disruptors, and lipophilic 
organic compounds.

NTAS Constituent Groups

To facilitate prioritization, the 2,541 candidate constitu-
ents were first organized into 10 constituent groups by the 
NTAS work group: 

A.	 Volatile organic compounds in water; 

B.	 Pesticides in water or sediment;

C.	 Pharmaceuticals and hormones in water or 
sediment;

D.	 Trace elements and other inorganic constituents 
in water or sediment;

E.	 Cyanotoxins in surface water;

F.	 Lipophilic organic compounds in sediment;

G.	 Disinfection by-products in water;

H.	 High-production-volume chemicals in water;

I.	 Wastewater-indicator and industrial compounds 
in water; and

J.	 Radionuclides in water.
These NTAS constituent groups are referred to by the 

group letter (for example, Group A, Group B, Group C). Some 
constituent groups have subgroups for the two environmental 
matrixes (for example, Group B1 for pesticides in water and 
Group B2 for pesticides in sediment), depending on the meth-
ods used for prioritization. Constituent groups were assembled 
on the basis of physical or chemical properties, as was the 
case for the volatile organic compounds in water (Group A) 
and lipophilic organic compounds in sediment (Group F), or 
on the basis of uses or primary sources, as was the case for 
the pesticides in water or sediment (Group B) and disinfection 
by-products in water (Group G). Because some constituents 
can be important either because of their physical or chemi-
cal properties, or because of their uses or sources, some were 
included in two or more constituent groups. For example, 
a constituent that is an anti-fungal could be considered a 
pesticide (Group B) but also could be a pharmaceutical that is 
used on a prescription basis (Group C). Similarly, a constitu-
ent that is a volatile organic compound (Group A) also could 
be a disinfection by-product (Group G), a pesticide (Group B), 
or high-production-volume chemical (Group H). Methods for 
addressing overlaps between constituent groups are discussed 
in the “Methods of Prioritization” section. 

Water and sediment were the environmental matrixes of 
interest for this prioritization, but not all constituents groups 
were prioritized for both matrixes. The NTAS constituent 
groups were evaluated only for the matrixes that were con-
sidered appropriate on the basis of the physical and chemical 
characteristics exhibited by the constituent group as a whole. 
For example, constituents in the volatile organic compounds 
in water constituent group (Group A) were evaluated for water 
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but not sediment because VOCs generally partition preferen-
tially into the atmosphere or water, rather than into sediment; 
however, some individual constituents that also are VOCs 
were evaluated as pesticides in sediment (Group B2) or as 
lipophilic organic compounds in sediment (Group F) if their 
uses or properties justified their inclusion in either of these 
other constituent groups. 

Purpose and Scope

This report presents the methods used to prioritize con-
stituents for national- and regional-scale ambient monitoring 
of water and sediment for Cycle 3 of the USGS’s NAWQA 
Program and the results of that prioritization. Ambient 
monitoring includes studies of the quality of environmental 
resources (such as water or sediment) that are conducted under 
typical conditions without a predisposition that contamina-
tion is present. The results of this prioritization are suitable 
for national-scale, regional-scale, and statewide assessments 
of the quality of water or sediment in the United States. This 
effort does not preclude other prioritization efforts by other 
monitoring programs with different objectives, either within 
or external to the USGS. Results of this prioritization are 
being used by the NAWQA Program to update or develop new 
analytical methods with extensive constituent coverage prior 
to the start of Cycle 3. This prioritization was completed in 
2009–10, with the information resources available at that time. 
This report does not address prioritization of constituents for 
focused local-scale sampling; for example, for point-source 
releases, spills, hazardous waste sites, landfills, waste dis-
charge sites, or infrequently used agricultural chemicals. 

This report covers the prioritization of 2,541 constituents, 
organized into 10 constituent groups, considered for ambi-
ent monitoring of water (groundwater and surface water) and 
sediment (bed sediment and suspended sediment). The NTAS 
constituent groups included volatile organic compounds in 
water, pesticides in water or sediment, pharmaceuticals and 
hormones in water or sediment, trace elements and other 
inorganic constituents in water or sediment, cyanotoxins in 
surface water, lipophilic organic compounds in sediment, 
disinfection by-products in water, high-production-volume 
chemicals in water, wastewater-indicator and industrial com-
pounds in water, and radionuclides in water. The prioritization 
of constituents for fish tissue was initiated but not completed 
and is not covered in this report. Microbial constituents (such 
as bacteria and viruses) and nutrients (such as nitrate, nitrite, 
phosphate, and sulfate) can potentially affect human health 
and aquatic life but were not considered for prioritization by 
the NTAS work group. 
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Methods of Prioritization
The methods used to prioritize constituents for national- 

and regional-scale ambient monitoring of water and sediment 
in the United States included defining categories (tiers) of 
increasing priority; identifying datasets that could be used to 
determine which constituents were of high, intermediate, or 
low priority for the matrixes of interest; and developing and 
applying a prioritization approach for each NTAS constitu-
ent group, taking into account the varying availability of 
information for each constituent group. Prioritization within 
all constituent groups generally relied on two factors: (1) the 
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likelihood of a constituent to occur in the matrix of inter-
est, and (2) the likelihood of that constituent to have adverse 
effects on human health or aquatic life, or both. Thus, a 
constituent that could occur widely in a matrix of interest, but 
which is unlikely to affect human health or aquatic life, would 
be considered of intermediate or low priority for ambient 
monitoring. Likewise, a constituent that could adversely affect 
human health or aquatic life, but which is unlikely to occur in 
a matrix of interest, also would be considered of intermedi-
ate or low priority for ambient monitoring. Consequently, a 
constituent that could occur widely in the environment and 
that is likely to affect human health or aquatic life would be 
considered a high priority for ambient monitoring. Informa-
tion to support an evaluation of the likelihood of occurrence or 
the likelihood of effects was not consistently available for all 
constituents; therefore, methods of prioritization were custom-
ized for each of the different constituent groups.

In some cases, a constituent that could belong to two or 
more NTAS constituent groups was prioritized in only one 
of the constituent groups after discussion to determine which 
constituent group was most appropriate. In other cases, a 
constituent was retained in more than one constituent group. 
Comparable objectives were used for prioritizing constituents 
within the different NTAS constituent groups, but differences 
in the availability of information accessed by NTAS work-
group members for each constituent group led to the develop-
ment of separate, but similar, prioritization approaches that 
were adapted to the characteristics of each constituent group. 
Constituents prioritized within more than one constituent 
group usually received the same prioritization “tier.” In rare 
cases in which a constituent was prioritized differently for two 

or more constituent groups, the NTAS work-group members 
discussed the lines of evidence used in the prioritization for 
each constituent group and determined which constituent 
group had the stronger case. When conflicting evidence of 
equal reliability was considered in prioritizing a constituent, 
preference was given to the higher priority for that constituent; 
in other words, a conservative approach was taken that favored 
inclusion rather than exclusion from monitoring.

Some NTAS constituent groups were prioritized for 
water (groundwater and surface water) or for sediment (bed 
sediment and suspended sediment) only, if those constituents 
generally occur predominantly in one matrix or the other. Cya-
notoxins were prioritized for surface water only. Human health 
was considered as a potential receptor for water (groundwater 
and surface water). Aquatic life was considered as a potential 
receptor for surface water and sediment (suspended sedi-
ment and bed sediment). Unfiltered water was not evaluated 
as a distinct matrix for future monitoring in this prioritization 
because unfiltered water can be represented as separate frac-
tions by characterization of the constituent in filtered water 
and suspended sediment. [Note: Although VOCs in water are 
collected as an unfiltered sample to minimize loss from vola-
tilization, analysis using purge-and-trap gas chromatography 
yields a result that is comparable to a filtered sample because 
the purge-and-trap process excludes suspended sediment from 
the gas chromatograph.] A summary of the environmental 
matrixes and potential receptors considered for each NTAS 
constituent group is provided in the side bar. More details on 
the methods of prioritization can be found in the subsequent 
sections and in the corresponding sections in the “Supplemen-
tal Information” sections provided with this report.

NTAS constituent groups Environmental matrixes 
evaluated

Potential receptors 
considered

Volatile organic compounds in water (Group A) Groundwater and surface water Human health

Pesticides in water (Group B1) or sediment (Group B2) Groundwater, surface water, and 
suspended or streambed sediment Human health and aquatic life

Pharmaceuticals and hormones in water or sediment  
(Group C)

Surface water and suspended or 
streambed sediment Human health and aquatic life

Trace elements and other inorganic constituents in water 
(Group D1) or sediment (Group D2)

Groundwater, surface water, and 
suspended or streambed sediment Human health and aquatic life

Cyanotoxins in surface water (Group E) Surface water Human health

Lipophilic organic compounds in sediment (Group F) Suspended or streambed sediment Human health and aquatic life

Disinfection by-products in water (Group G) Groundwater and surface water Human health

High-production-volume chemicals in water (Group H) Groundwater and surface water Human health and aquatic life

Wastewater-indicator and industrial compounds in water 
(Group I) Groundwater and surface water Human health and aquatic life

Radionuclides in water (Group J) Groundwater and surface water Human health
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Prioritization Categories (Tiers 1, 2, and 3)

Constituents were assigned to one of three prioritization 
categories (NTAS “Tiers”) shown in figure 1 and defined as 
follows: 

•	 Tier 1. Constituents that are of the highest priority for 
ambient monitoring at the national or regional scale 
(such as NAWQA Cycle 3 monitoring) on the basis of 
information about actual or likely occurrence in water 
or sediment, actual or likely effects on human health 
or aquatic life, and other information, as appropriate 
for each NTAS constituent group. Specific criteria for 
occurrence and effects are provided in the “Supple-
mental Information” sections for the constituent 
groups.

•	 Tier 2. Constituents that are of intermediate priority 
because there was evidence of lower likelihood of 
occurrence in ambient water or sediment, or lower 
likelihood of effects on human health or aquatic life, 
than was observed for those in Tier 1, or because there 
was not enough evidence to support inclusion in Tier 1. 

•	 Tier 3. Constituents that are of low or no priority 
because there was evidence of nonoccurrence or lack 
of effects on human health or aquatic life, or insuf-
ficient evidence of occurrence in water or sediment 
or of effects on human health or aquatic life to justify 
placement into Tier 2.

Constituents were prioritized on the basis of information 
available at the time of this prioritization (generally 2010). 
Some constituents might warrant movement to a higher or 

lower tier if priorities change on the basis of new information 
that becomes available subsequent to this prioritization.

Sources of Information Used to Identify and 
Prioritize Constituents

The NTAS work group used information from many 
sources to identify candidate constituents and to support the 
prioritization of constituents for ambient monitoring in water 
or sediment. These sources included lists of constituents of 
human-health concern; lists of constituents of aquatic-life con-
cern; large national and international databases of information 
on the toxicity and chemical properties of candidate constitu-
ents and regulatory and nonregulatory standards for water or 
sediment; and information from USGS programs and publica-
tions, including the NAWQA and Toxics Programs. Many of 
the constituents that were prioritized by the NTAS work group 
had information from multiple sources, and “overlap” is con-
siderable among the lists and information sources.

Lists of Constituents of Human-Health Concern

Lists of constituents of human-health concern were 
used as a screening tool to identify candidate constituents for 
prioritization mainly for water; however, some constituents 
identified through these lists also were considered for sedi-
ment, depending on their properties. The lists of constituents 
of human-health concern compiled by the NTAS work group 
included compilations from other agencies and organizations 
for drinking-water programs and for general human-health 
concern. Some constituents identified through one or more 
lists were included on other lists, and overlap between lists 
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Figure 1.  Categories (Tier 1, Tier 2, and 
Tier 3) used to prioritize constituents for 
national- and regional-�scale ambient 
monitoring of water and sediment in the 
United States.
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was extensive. The lists that are specific to drinking-water 
programs included the following: 

•	 USEPA Drinking-Water Standards and Advisories: 
The NTAS work group used information from the 
National Primary Drinking Water Regulations (U.S. 
Environmental Protection Agency, 2010b) and from 
the 2006 and 2009 editions of the Drinking Water Stan-
dards and Health Advisory tables (U.S. Environmental 
Protection Agency, 2006, 2009b) available at http://
water.epa.gov/drink/standards/hascience.cfm#dw-
standards. These tables summarize drinking-water 
regulations, health-advisory levels, reference doses, 
and cancer-risk values for drinking-water contaminants 
(U.S. Environmental Protection Agency, 2010c). These 
standards and advisories include enforceable Maxi-
mum Contaminant Levels (MCLs), which are the high-
est concentrations of contaminants allowed in finished 
drinking water; nonenforceable Maximum Contami-
nant Level Goals (MCLGs); and Health-Advisory Lev-
els (HALs) at which human-health effects are known 
or anticipated to occur over different durations of 
exposure. These tables also list drinking-water equiva-
lent levels, which are lifetime exposure concentrations 
intended to be protective of noncancer health effects 
under a conservative assumption that all exposure to a 
contaminant is from drinking water. The NTAS work 
group prioritized constituents that met either of two 
criteria: (1) having an MCL, MCLG, or lifetime HAL, 
or (2) having a cancer rating of “H” (carcinogenic to 
humans), “L” (likely to be carcinogenic to humans), 
“L/N” (likely to be carcinogenic above a specified dose 
but unlikely to be carcinogenic below that dose), “A” 
(human carcinogen), “B1” (probable human carcino-
gen with limited human evidence), or “B2” (probable 
human carcinogen with sufficient evidence in animals 
and inadequate or no evidence in humans).

•	 USEPA Contaminant Candidate List 3 (CCL3): 
Contaminants on the CCL3 are not currently subject 
to proposed or promulgated national primary drinking-
water regulations, but are known or anticipated to 
occur in public water systems and may require future 
regulation under the Safe Drinking Water Act (U.S. 
Environmental Protection Agency, 2010d). The list 
includes pesticides, pharmaceuticals, disinfection 
by-products, chemicals used in commerce, waterborne 
pathogens, and biological toxins. The list was estab-
lished using expert opinion and recommendations from 
the National Academy of Science’s National Research 
Council and National Drinking Water Advisory Coun-
cil, with consideration of occurrence and health effects 
(U.S. Environmental Protection Agency, 2010d). The 
NTAS work group evaluated 104 of the 116 constitu-
ents in the final CCL3; the remaining 12 are microbio-
logical contaminants, which are beyond the scope of 
this prioritization effort.

•	 USEPA Unregulated Contaminant Monitoring Rule 
(UCMR) monitoring data: The NTAS work group 
accessed information for 25 unregulated constituents 
listed for the second cycle of UCMR sampling (UCMR 
2), which was scheduled for 2008–10 (U.S. Environ-
mental Protection Agency, 2010e). These constituents 
included a subset of those identified from the CCL3 
and additional constituents identified on the basis 
of current research on occurrence and health-effects 
risk factors and evaluations by the USEPA Office 
of Water’s Office of Science and Technology (U.S. 
Environmental Protection Agency, 2010e). Monitoring 
data collected for UCMR 2 were accessed to document 
the likelihood of occurrence for these constituents. 
Data from the Unregulated Contaminant Monitoring 
Program can be accessed through http://water.epa.
gov/lawsregs/rulesregs/sdwa/ucmr/data.cfm. Although 
the final constituent list for the third cycle of UCMR 
sampling (UCMR 3) was not available at the time of 
this prioritization, the chemical constituents proposed 
for public comment on March 3, 2011 (U.S. Environ-
mental Protection Agency, 2011f), were captured for 
NTAS prioritization through inclusion on other lists or 
other mechanisms.

•	 Guidelines for Canadian Drinking Water Qual-
ity: Guidelines for Canadian Drinking Water Qual-
ity are published by Health Canada on behalf of the 
Federal-Provincial-Territorial Committee on Drinking 
Water and are summarized at http://www.hc-sc.gc.ca/
ewh-semt/pubs/water-eau/2012-sum_guide-res_recom/
index-eng.php. Maximum Acceptable Concentrations 
(MAC) are health-based guidelines established by the 
Federal-Provincial-Territorial Committee on Drinking 
Water for contaminants that meet all of the follow-
ing criteria: (1) exposure to the contaminant could 
lead to adverse health effects, (2) the contaminant is 
frequently detected or could be expected to be found in 
a large number of drinking-water supplies throughout 
Canada, and (3) the contaminant is detected, or could 
be expected to be detected, at a level that is of possible 
health significance (Health Canada, 2008). Chemical 
constituents listed by Health Canada as having a MAC 
were prioritized by the NTAS work group. 

•	 State of California maximum contaminant levels 
and public health goals: The State of California uses 
two types of health-based standards for drinking-water 
quality—maximum contaminant levels (California 
MCLs) and public-health goals (PHGs). Constituents 
with either of these standards were prioritized by the 
NTAS work group. The California MCL is an enforce-
able standard established by the California Department 
of Public Health to be met by public water systems 
to be protective of human health (California Depart-
ment of Public Health, 2010a) and takes into account 
a chemical’s health risks, as well as its detectability, 

http://water.epa.gov/lawsregs/rulesregs/sdwa/ucmr/data.cfm
http://water.epa.gov/lawsregs/rulesregs/sdwa/ucmr/data.cfm
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treatability, and cost of treatment (California Depart-
ment of Public Health, 2010b). The public-health 
goals are established by the California Environmental 
Protection Agency’s Office of Environmental Health 
Hazard Assessment (OEHHA) and are concentrations 
below which a drinking-water contaminant has been 
determined to pose no significant health risk if con-
sumed for a lifetime (California Department of Public 
Health, 2010b). 

Additional lists that were not specific to drinking-water 
programs, but which represented human-health concerns 
potentially related to environmental exposure, included the 
following: 

•	 USEPA Mid-Atlantic Risk Assessment: Screening-
level information compiled by the USEPA for the Mid-
Atlantic Risk Assessment User’s Guide (U.S. Environ-
mental Protection Agency, 2009c) for response actions 
at contaminated sites that fall under Federal authority 
under the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA), also 
known as “Superfund,” for USEPA Regions 3, 6, and 9 
was considered. Constituents with screening levels for 
tap water of less than or equal to 1 milligram per liter 
(mg/L) were included in the prioritization by the NTAS 
work group because these low constituent concentra-
tions probably do not represent local-scale contamina-
tion such as point-source releases, spills, landfills, or 
hazardous waste sites.

•	 Centers for Disease Control and Prevention (CDC) 
National Health and Nutrition Examination Survey 
(NHANES): NHANES is a set of studies designed 
to assess the health and nutritional status of adults 
and children in the United States (Centers for Disease 
Control and Prevention, 2010). The fourth round of 
these studies, NHANES IV, will document chemicals 
detected in human blood or urine from a representa-
tive sample population of more than 30,000 individu-
als. Constituents analyzed for NHANES IV were 
selected based on known or hypothesized exposure in 
the U.S. population, data on health effects known or 
thought to result from levels of exposure, the need to 
assess the efficacy of public health actions to reduce 
exposure, availability of analytical methods, and the 
availability of adequate blood or urine samples (Falk, 
2010). NHANES information can be accessed through 
http://www.cdc.gov/nchs/surveys.htm; however, results 
from NHANES IV have not been published or made 
available to the public by the CDC at the time of this 
publication. A list of 415 constituents of concern 
for NHANES IV (including some that overlap with 
other lists used in this process) was provided by John 
Osterloh (Centers for Disease Control and Prevention, 
National Center for Environmental Health, Division of 
Laboratory Sciences, written commun., July 1, 2009), 

and these constituents were considered for prioritiza-
tion by the NTAS work group.

•	 Canada’s Domestic Substances List Program: Envi-
ronment Canada, in support of the Canadian Environ-
mental Protection Act of 1999, screened constituents 
on their Domestic Substances List, which is a list of 
substances manufactured or imported into Canada in 
amounts of 100 kilograms (kg) or more during any 
calendar year from 1984 through 1986, to determine 
whether they are toxic or capable of becoming toxic 
as defined in the Canadian Environmental Protection 
Act (Environment Canada, 2006, 2010). Under the 
Canadian Environmental Protection Act, a substance 
is “toxic” if it enters the environment in a quantity or 
concentration or under conditions that (1) may have an 
immediate or long-term harmful effect on the environ-
ment or its biological diversity, (2) may constitute a 
danger to the environment upon which life depends, 
or (3) may constitute a danger to human life or health 
in Canada. Constituents on the Domestic Substances 
List were categorized by Environment Canada into 
risk-based and exposure-based priorities (high, moder-
ate, and low). Some constituents on the Domestic 
Substances List were removed from consideration by 
the NTAS work group if they were included primarily 
because of exposure through food (under the Canadian 
Food and Drugs Act) rather than through the environ-
ment. The remaining 229 high-priority constituents, 
including some that overlap with other lists, were 
prioritized by the NTAS work group under the ratio-
nale that manufacturing and importation practices in 
Canada are likely to be similar to those in the United 
States. 

•	 USGS NAWQA Potential Endocrine Disruptors 
List: A list of potential endocrine disruptors was com-
piled in support of the NAWQA Program on the basis 
of literature reviews, relying mainly on three refer-
ences: the Institute for Environment and Health (2005), 
Global Water Research Coalition (2003), and BKH 
Consulting Engineers (2000). Of 108 constituents iden-
tified as having evidence of endocrine disruption and 
high exposure concern (Kymm K. Barnes, U.S. Geo-
logical Survey, written commun., August 24, 2007), 
the following 22 constituents had the highest potential 
for exposure and endocrine disruption on the basis 
of a screening process described by the Institute for 
Environment and Health (2005): acetochlor, alachlor, 
atrazine, bisphenol A, bromomethane, 4-chloro-
2-methylphenol, cyfluthrin, diazinon, 3,4-dichlo-
roaniline, 2,4-dichlorophenoxyacetic acid (2,4-D), 
dicofol, dieldrin, dimethoate, diuron, α-endosulfan, 
β-endosulfan, linuron, malathion, 4-tert-octylphenols 
(branched), parathion-methyl, simazine, and tetrachlo-
roethene. These constituents were prioritized by the 
NTAS work group.

http://www.cdc.gov/nchs/surveys.htm
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•	 Harvard School of Public Health, Industrial Chemi-
cals with Neurotoxic Effects: Dr. Philippe Grandjean 
and Dr. Philip J. Landrigan of the Harvard School of 
Public Health identified industrial chemicals that are 
known to cause neurotoxic effects in humans through 
use of the hazardous substances data bank of the U.S. 
National Library of Medicine, fact sheets from the U.S. 
Agency for Toxic Substances and Disease Registry, the 
Integrated Risk Information System, or IRIS, database 
of the USEPA, and corresponding neurotoxicity data 
from the U.S. National Library of Medicine’s PubMed, 
TOXNET, and TOXLINE databases, and other litera-
ture (Grandjean and Landrigan, 2006). Some industrial 
compounds were found to cause neurodevelopmental 
disorders, particularly during early fetal development. 
The 203 industrial constituents identified in the review 
article documenting this work (Grandjean and Land-
rigan, 2006) were prioritized by the NTAS work group.

•	 State of California Proposition 65 List: California 
Proposition 65, otherwise known as the Safe Drinking 
Water and Toxic Enforcement Act of 1986, requires the 
State of California to revise and republish, at least once 
a year, a list of compounds that are known to cause 
cancer or reproductive toxicity. The Proposition 65 list 
is available online through the California OEHHA at 
http://www.oehha.ca.gov/prop65.html. The list includes 
some toxicity information, including the no-signifi-
cant-risk level and maximum allowable dose level for 
some constituents. As of June 2009, the list included 
796 constituents, of which 285 had some information 
on toxicity (California Office of Environmental Health 
Hazard Assessment, 2009); this subset of 285 com-
pounds was considered for prioritization by the NTAS 
work group.

Lists of Constituents of Aquatic-Life Concern
Lists of constituents of aquatic-life concern also were 

used as a screening tool to identify candidate constituents for 
prioritization on the basis of potential toxicity to organisms 
living in ambient surface water. Although the focus of these 
lists was effects on aquatic life, some of the lists included 
information applicable to human health or wildlife, includ-
ing information relevant to fish consumption. Although the 
concerns addressed in these lists relate to unfiltered ambi-
ent surface water, rather than to filtered water (as is the case 
for drinking-water concerns), exposure to these constituents 
is likely of concern regardless of whether the constituent is 
in the aqueous phase (dissolved in water) or sorbed to sedi-
ment particles in the water. The NTAS work group focused 
on information that is appropriate for freshwater rather than 
marine water. The lists of constituents of aquatic-life concern 
included constituents with published literature studies of toxic-
ity to aquatic life, as well as constituents of concern to other 

agencies and organizations, and many of the constituents were 
found on multiple lists. These lists included the following: 

•	 USEPA National Recommended Water-Quality 
Criteria: The USEPA has compiled national recom-
mended water-quality criteria for the protection of 
aquatic life and human health in surface water for 
approximately 150 pollutants (U.S. Environmental 
Protection Agency, 2010f). These criteria include the 
Critical Maximum Concentration, an estimate of the 
highest concentration of a material to which an aquatic 
community can be exposed briefly without resulting in 
an unacceptable effect (acute exposure), and the Cri-
terion Continuous Concentration, which is an estimate 
of the highest concentration of a material to which an 
aquatic community can be exposed indefinitely without 
resulting in an unacceptable effect (chronic expo-
sure). Critical Maximum Concentrations and Criterion 
Continuous Concentrations are to be considered within 
the context of the acute averaging period, chronic 
averaging period, frequency of allowed acute exceed-
ances, and frequency of allowed chronic exceedances. 
Because the aquatic-life criteria from section 304(a) 
of the Clean Water Act are national guidance, they are 
intended to be protective of the vast majority of the 
aquatic communities in the United States. Constitu-
ents on this list that had freshwater Critical Maximum 
Concentration or Criterion Continuous Concentration 
values were considered for prioritization by the NTAS 
work group.

•	 Canadian Water-Quality Guidelines for the Protec-
tion of Aquatic Life: These Canadian water-quality 
guidelines are intended to provide protection of aquatic 
life at all life stages, including the most sensitive life 
stage of the most sensitive species over the long term, 
from anthropogenic stressors, such as chemical inputs 
or changes to physical components (for example, pH, 
temperature, and debris), and are determined on the 
basis of scientifically defensible toxicological data 
(Canadian Council of Ministers of the Environment, 
1999). The NTAS work group used the most recently 
updated guidelines available at the time of prioriti-
zation, found in summary tables published in 2007 
(Canadian Council of Ministers of the Environment, 
2007). Constituents having guideline concentrations 
for freshwater were considered for prioritization by the 
NTAS work group.

•	 The Great Lakes Water Quality Agreement of 1978: 
This agreement between the Governments of Canada 
and the United States had the goal of enhancing water 
quality in the Great Lakes System by adopting com-
mon objectives and developing and implementing 
cooperative programs and other measures. Objectives 
stemming from this agreement (U.S. Environmental 
Protection Agency, 2009d) are based on available 

http://www.oehha.ca.gov/prop65.html
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information on cause-and-effect relations between 
pollutants and receptors and are designed to restore 
and maintain the chemical, physical, and biological 
integrity of the Great Lakes Basin Ecosystem. Each 
compound with a specific objective for aquatic life—
that is, having a reference concentration in micrograms 
per liter—was included in the list of constituents of 
aquatic-life concern as having a benchmark value.

•	 European Commission priority list of endocrine dis-
rupters: The European Commission (2008) evaluated 
a candidate list of 553 suspected endocrine disrupters, 
of which 147 were considered likely to be persistent in 
the environment or produced in high volumes. Using 
expert advice, information on this subset of constitu-
ents was reviewed by the European Commission to 
determine the strength of evidence for endocrine 
disruption, and constituents were assigned to one of 
three categories: Category 1, evidence for endocrine 
disruption in living organisms; Category 2, evidence of 
potential to cause endocrine disruption; and Category 
3, no evident scientific basis. Of the 147 constituents 
evaluated, clear evidence of endocrine disrupting activ-
ity was noted for 66 constituents (Category 1), and 
some evidence indicating potential activity was noted 
for an additional 52 constituents (Category 2). These 
118 constituents were included in the list of constitu-
ents of aquatic-life concern for subsequent evaluation 
in the NTAS prioritization process.

•	 Canadian Domestic Substances List—substances 
that are inherently toxic to the environment: An 
initiative in the Canadian Environmental Protection 
Act requires the Minister of the Environment and the 
Minister of Health to screen substances (the Domestic 
Substances List) used in Canadian commerce, used 
for manufacturing purposes, or manufactured in or 
imported into Canada in quantities of 100 kg or more 
in any calendar year. Chemical substances that are 
known or believed to adversely affect aquatic organ-
isms, on the basis of laboratory studies, other studies, 
or models, as defined by Environment Canada (2010), 
were included in the list of constituents of aquatic-
life concern for inclusion in the NTAS prioritization 
process.

Constituents of International Concern
Additional information sources were used to identify 

candidate constituents for prioritization that were of inter-
national concern, and that also may be present in water or 
sediment in the United States, as evidenced by treaties or 
collaborative programs. Many of these constituents overlapped 
with the aforementioned lists of human-health or aquatic-life 
concern. Constituent names and information, along with the 

organizations or programs for which the constituents were 
identified, were compiled from the following sources:

•	 Aboriginal Affairs and Northern Development Can-
ada—Northern Contaminants Program (http://www.
aadnc-aandc.gc.ca/eng/1100100035611) and Canadian 
Arctic Contaminants Assessment Report II (http://
bibvir1.uqac.ca/archivage/17718301.pdf),

•	 The Arctic Council—Arctic Monitoring and Assess-
ment Programme (http://www.amap.no/),

•	 The Australian Department of Environment and Heri-
tage and Department of Health and Ageing (http://
www.health.gov.au/),

•	 The Canadian Council of Ministers of the Environ-
ment—Canadian Sediment Quality Guidelines for 
the Protection of Aquatic Life (Canadian Council of 
Ministers of the Environment, 2002),

•	 The Commission for Environmental Cooperation of 
North America—North American Regional Action 
Plan and Sound Management of Chemicals (http://
www.cec.org/),

•	 Environment Canada—Ecological Screening Assess-
ments, Existing Substances Evaluation, Global 
Atmosphere Passive Sampling [GAPS] Network, Great 
Lakes Binational Toxics Strategy and Integrated Atmo-
spheric Deposition Network (in cooperation with the 
USEPA), and Toxic Substances Management Policy 
(http://www.ec.gc.ca/),

•	 The European Commission—Joint Research Center 
Institute for Health and Consumer Protection (http://
ihcp.jrc.ec.europa.eu/) and Registration, Evaluation, 
Authorisation and Restriction of Chemicals [REACH] 
Program (http://ec.europa.eu/enterprise/sectors/
chemicals/reach/),

•	 The European Union—Monitoring Network in the 
Alpine Region for Persistent and other Organic Pol-
lutants [MONARPOP; http://www.monarpop.at/, 
Water Framework Directive (http://ec.europa.eu/
environment/water/water-framework/index_en.html), 
and Water Information System for Europe (http://
water.europa.eu/)],

•	 The Norwegian Ministry of the Environment—Norwe-
gian Pollution Control Authority (http://epanet.ew.eea.
europa.eu/european_epas/countries/no/norwegian-
pollution-control-authority),

•	 The Oslo-Paris (OSPAR) Convention for the Protection 
of the Marine Environment of the North-East Atlan-
tic—OSPAR List of Chemicals for Priority Action 
(OSPAR Commission, 2010),

http://www.aadnc-aandc.gc.ca/eng/1100100035611
http://www.aadnc-aandc.gc.ca/eng/1100100035611
http://www.health.gov.au/
http://www.health.gov.au/
http://www.cec.org/
http://www.cec.org/
http://www.ec.gc.ca/
http://www.monarpop.at/
http://ec.europa.eu/environment/water/water-framework/index_en.html
http://ec.europa.eu/environment/water/water-framework/index_en.html
http://water.europa.eu/
http://water.europa.eu/
http://epanet.ew.eea.europa.eu/european_epas/countries/no/norwegian-pollution-control-authority
http://epanet.ew.eea.europa.eu/european_epas/countries/no/norwegian-pollution-control-authority
http://epanet.ew.eea.europa.eu/european_epas/countries/no/norwegian-pollution-control-authority
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•	 The United Kingdom (UK) Department for Environ-
ment, Food and Rural Affairs [DEFRA]—UK Coor-
dinated Chemical Risk Management Programme 
(http://archive.defra.gov.uk/environment/quality/
chemicals/ukrisk.htm) and UK Chemical Stakeholders 
Forum (http://www.defra.gov.uk/chemicals-forum/), 
and

•	 The United Nations (UN)—Convention on Long-range 
Transboundary Air Pollution (http://www.unece.org/
env/lrtap/), Regionally Based Assessment of Persis-
tent Toxic Substances (in cooperation with the United 
Nations Environment Programme and the Global 
Environmental Facility; http://www.chem.unep.ch/
pts/), Rotterdam Convention on the Prior Informed 
Consent Procedure for Certain Hazardous Chemicals 
and Pesticides in International Trade (http://www.pic.
int/), and Stockholm Convention on Persistent Organic 
Pollutants (http://chm.pops.int/).

Human-Health Effects Information from the 
ACToR Database

In prioritizing constituents, the NTAS work group 
focused on many characteristics of constituents of interest, 
including possible human-health effects. The USEPA Aggre-
gated Computational Toxicology Resource (ACToR, http://
actor.epa.gov) database was queried for human-health infor-
mation for compounds in several NTAS constituent groups. 
The ACToR database, maintained by the USEPA National 
Center for Computational Toxicology, is a warehouse of 
information organized by constituent that was compiled from a 
variety of publicly available government and research institu-
tion databases (summarized at http://actor.epa.gov/actor/faces/
DataCollectionSummary.jsp). The databases include peer-
reviewed studies, governmental data collections, and nongov-
ernmental data collections. Most of the human-health data 
used for the NTAS prioritization effort came from the USEPA, 
U.S. Food and Drug Administration, California OEHHA, and 
other governmental agencies. The physical, chemical, assay, 
and toxicology data are sorted into categories of mechanism of 
action, including hazard, chronic and acute toxicity, carcino-
genicity, food safety, and various other toxicological effects 
(such as genetic, developmental, or reproductive effects).

ACToR Database Queries

Information pulled from the ACToR database required 
distillation in order to be used effectively by the NTAS work 
group. Applicable data were identified and summarized, 
including toxicity, hazard, and carcinogenicity. If a constituent 
was found to be of concern by an institution tasked with the 
protection of human health, that concern was noted. Informa-
tion about the availability of in vivo studies (animal testing) 
also was included, as needed, to improve information on 
chronic toxicity. This process did not seek to reproduce the 

ACToR database for constituents of interest but to highlight 
the existence (or lack thereof) of human-health information. 
Queries of the ACToR database were performed for selected 
constituents in NTAS constituent groups A, C, D, E, F, G, 
H, and I. (The ACToR data were not used for constituents 
in groups B and J because other sources of human-health 
information were used in the prioritization process for these 
groups.)

Data Aggregation and Use of Human-Health “Bins”

ACToR data for selected constituents were tabled, 
and each of these constituents was placed into one of three 
human-health (HH) “bins,” depending on the type and extent 
of information available: HH bin 1 included constituents with 
quantitative human-health toxicity data (for example, oral 
reference dose) or cancer classification, HH bin 2 included 
constituents that were on a priority list related to human health 
but do not have quantitative toxicity information or a cancer 
classification, and HH bin NIA (no information available) 
included constituents with no human-health information avail-
able in the ACToR database (see sidebar on page 12).

Aquatic-Life Effects Information from the 
ECOTOXicology Database

In prioritizing constituents, the NTAS work group consid-
ered potential aquatic-life effects on the basis of acute toxicity 
information from the USEPA ECOTOXicology (ECOTOX) 
database of single-chemical toxicity data for aquatic life, ter-
restrial plants, and wildlife available at http://www.epa.gov/
ecotox (U.S. Environmental Protection Agency, 2011a, 2007). 
The ECOTOX database is maintained by the USEPA Office of 
Research and Development and the National Health and Envi-
ronmental Effects Research Laboratory’s Mid-Continent Ecol-
ogy Division and includes toxicity data derived predominantly 
from peer-reviewed literature (U.S. Environmental Protection 
Agency, 2011a). Advanced database queries were completed 
for selected compounds in NTAS constituent groups A, B, C, 
D, F, H, and I.

ECOTOXicology Database Queries

Constituents were queried in the ECOTOX database 
using the “advanced database query” option for plants (algae, 
moss, and fungi) and animals (fish, crustaceans, insects and 
spiders, and mollusks and other invertebrates). The collected 
data included concentration-based endpoints, such as the LC50 
(median lethal concentration—a concentration expected to 
cause death in 50 percent of test animals), EC50 (median effec-
tive concentration—a concentration expected to have an effect 
in 50 percent of test animals), LOEC (lowest-observed-effect 
concentration), NOEC (no-observed-effect concentration), 
and effects measurements (physiology, growth, mortality, and 
reproduction) for freshwater. Exposure types were limited to 
aquatic only—flow-through, renewal, and static.

http://archive.defra.gov.uk/environment/quality/chemicals/ukrisk.htm
http://archive.defra.gov.uk/environment/quality/chemicals/ukrisk.htm
http://www.defra.gov.uk/chemicals-forum/
http://www.unece.org/env/lrtap/
http://www.unece.org/env/lrtap/
http://www.chem.unep.ch/pts/
http://www.chem.unep.ch/pts/
http://www.pic.int/
http://www.pic.int/
http://chm.pops.int/
http://actor.epa.gov
http://actor.epa.gov
http://actor.epa.gov/actor/faces/DataCollectionSummary.jsp
http://actor.epa.gov/actor/faces/DataCollectionSummary.jsp
http://www.epa.gov/ecotox
http://www.epa.gov/ecotox
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Human-health  
bin 1

Constituents of greatest concern: 
Includes constituents with Federal- or State-
recognized reference dose, reference concen-
tration, slope factor, cancer classification, or 
U.S. Food and Drug Administration intake-
limit information. Constituents with data of 
this nature are of increased priority and interest 
because of their recognized human-health 
effects.

Criteria used: 
For constituents with more than one listed relevant 
exposure limit, Federal listings were given preference 
over State listings. Reference doses, slope factors, 
reference concentrations, cancer classes, and U.S. Food 
and Drug Administration intake limits were given prior-
ity in that order. Quantitative human-health effects data 
come from the U.S. Environmental Protection Agency, 
U.S. Food and Drug Administration, or California Of-
fice of Environmental Health Hazard Assessment.

Human-health  
bin 2

Constituents of intermediate concern: 
Includes constituents that have been listed as 
priority substances by agencies tasked with 
protection of human health and constituents 
with data that indicate negative human-health 
consequences following exposure but have 
not been recognized by adoption of a formal 
reference dose, reference concentration, slope 
factor, or cancer classification.

Criteria used: 
Qualitative human-health effects data came from the 
Clean Water Act List of Hazardous Substances; Com-
prehensive Environmental Response, Compensation, 
and Liability Act (CERCLA) Priority List of Hazardous 
Substances; U.S. Environmental Protection Agency’s 
High Production Volume Information System (HPVIS); 
European Commission Detergent Ingredients Database; 
and Health Canada.

Human-health  
bin NIA

Constituents with no information available: 
No referenced priority substance list or human-
health information source has yielded any 
substantial information for these constituents.

Criteria used:  
None. The ACToR database did not include quantita-
tive or qualitative human-health effects data for these 
constituents.

Data Aggregation and Use of Aquatic-Life “Bins”

ECOTOX data for selected constituents, if available, 
were downloaded and imported into a spreadsheet. For fish, 
the acute median LC50 values for exposure durations of 48–96 
hours or chronic median NOEC values were used. For cla-
docerans (water fleas), a type of crustacean, the acute median 
EC50 or LC50 values for exposure durations of 48–96 hours or 
chronic NOEC values for exposure durations of 21 days or 
longer were used. For other crustaceans (for example, scud, 
amphipods, and crayfish), the acute median EC50 or LC50 
values for exposure durations of 24–96 hours were used. For 
aquatic insects or spiders, the acute median LC50 values for 
exposure durations of 24–96 hours were used. For algae, moss, 
or fungi, the acute median EC50 values for exposure durations 
of 3–14 days were used. For mollusks, the acute median LC50 
values for exposure durations of 24–96 hours were used. If 
no other studies were available, the median acute LC50 values 
for rotifers for exposure durations of 24–96 hours were used. 
Only studies with data reported in concentration units (usually 
micrograms per liter or moles per liter) were used. Some stud-
ies with nonstandard exposure durations were used if other 
studies were not available, and if the exposure durations were 
similar to the standard duration and could be used to infer the 
minimum or approximate toxicity at the standard duration. 

Constituents were placed into one of four aquatic-life 
(AL) “bins,” depending on the type and extent of toxicity 
information available (see sidebar on page 13). Criteria for 
these AL bins were consistent with thresholds used for the 
USEPA Office of Pesticide Programs’ Environmental Fate and 
Effects Division’s ecotoxicity categories (U.S. Environmental 

Protection Agency, 2011b). If multiple studies were available 
for a constituent, or if a range of values was provided, the 
result with the highest toxicity (lowest concentration) or cor-
responding to the most sensitive taxonomic group usually was 
used to assign it to an AL bin, unless a clear preponderance of 
studies indicated that a different bin was more appropriate.

Other Resources and Databases from the U.S. 
Environmental Protection Agency

In addition to the human-health and aquatic-life informa-
tion obtained from the USEPA ACToR and ECOTOX data-
bases, constituent properties (for example, the base-10 loga-
rithm of the octanol-water partition coefficient, log KOW) and 
information about regulatory priorities and thresholds were 
obtained from other USEPA databases or resources, including, 
but not limited to, the following:

•	 The Estimation Program Interface Suite (EPI Suite™) 
set of physical/chemical property and environmental 
fate estimation models (U.S. Environmental Protection 
Agency, 2009e),

•	 The Ecological Structure Activity Relationships, or 
ECOSAR, Class Program, a predictive tool to estimate 
the aquatic toxicity of industrial chemicals based on 
chemical structure (U.S. Environmental Protection 
Agency, 2009f),

•	 The Priority Pollutants list in 40 CFR Part 423, Appen-
dix A (U.S. Environmental Protection Agency, 2011c), 
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Aquatic-life  
bin 1

Constituents of 
greatest  
concern

Criteria used: 
Median acute LC50 (median lethal concentration; fish or aquatic insects or spiders), median 
acute EC50 (median effective concentration) or LC50 (cladocerans or other crustaceans), or me-
dian acute EC50 (algae/moss/fungi) value less than 100 micrograms per liter (µg/L); or median 
chronic early life-stage (fish) or life-cycle (cladocerans) NOEC (no-observed-effect concentra-
tion) values less than 10 µg/L.

Aquatic-life  
bin 2

Constituents of 
intermediate 
concern

Criteria used: 
Median acute LC50 (fish or aquatic insects or spiders), median acute EC50 or LC50 (cladocer-
ans or other crustaceans), or median acute EC50 (algae/moss/fungi) values of 100 to 100,000 
µg/L; or median chronic early life-stage (fish) or life-cycle (cladocerans) NOEC values of 10 to 
10,000 µg/L.

Aquatic-life  
bin 3

Constituents of 
least concern

Criteria used:  
Median acute LC50 (fish), median acute EC50 or LC50 (cladocerans or other crustaceans), median 
acute LC50 (aquatic insects/spiders), or median acute EC50 (algae/moss/fungi) values greater 
than 100,000 µg/L; or median chronic early life-stage (fish) or life-cycle (cladocerans) NOEC 
values greater than 10,000 µg/L.

Aquatic-life  
bin NIA

Constituents with 
no information 
available

Criteria used:  
Studies were not available for this constituent or, if available, did not include aquatic-life ef-
fects information for the appropriate matrix (freshwater) or exposure duration.

•	 The Federal-State Toxicology Risk Analysis Commit-
tee (materials accessed through http://water.epa.gov/
scitech/research-riskassess/fstrac/index.cfm),

•	 The High Production Volume (HPV) Challenge pro-
gram (U.S. Environmental Protection Agency, 2010g), 

•	 The Persistent Bioaccumulative and Toxic (PBT) 
Chemical Program (no longer active, but materials are 
archived at http://www.epa.gov/pbt/), 

•	 The Toxics Release Inventory PBT Chemical List (U.S. 
Environmental Protection Agency, 2010h), 

•	 The Persistent, Bioaccumulative, and Toxic Profiles 
Estimated for Organic Chemicals (PBT Profiler) 
screening tool (U.S. Environmental Protection Agency, 
2011d), and

•	 The Office of Pesticide Programs’ Aquatic Life Bench-
marks (U.S. Environmental Protection Agency, 2011e).

Details about the use of these USEPA resources are 
provided in the “Supplemental Information” sections for the 
constituent groups for which they were used.

U.S. Geological Survey Programs and 
Publications

Information from USGS programs and publications was 
used by the NTAS work group to support its prioritization of 
constituents for ambient monitoring in water and sediment. 
Many USGS publications are available online through the 
USGS Publications Warehouse at http://pubs.er.usgs.gov/. 
Most USGS monitoring data for water or sediment can be 
accessed through the USGS’s National Water Information 

System (NWIS) at http://waterdata.usgs.gov/nwis or through 
the USGS’s Water Data Discovery Web page at http://water.
usgs.gov/data/. Journal articles written by USGS authors, 
such as MacDonald and others (2000), who documented 
the development and evaluation of consensus-based quality 
guidelines for freshwater ecosystems, are cited in the “Supple-
mental Information” sections in which they are used. Publica-
tions from the USGS National Research Program also can be 
accessed through http://water.usgs.gov/nrp/publications.html. 
Additional USGS resources used in the prioritization came 
from the NAWQA and Toxics Programs, as described in the 
following sections and in the “Supplemental Information” sec-
tions for the constituent groups for which they were used.

National Water-Quality Assessment Data Program and 
Publications

The National Water-Quality Assessment (NAWQA) 
Program, established by the U.S. Congress in 1991, provides 
information on water-quality conditions, whether conditions 
are changing over time, and how natural features and human 
activities affect those conditions (U.S. Geological Survey, 
2010b). Regional and national assessments of water-quality 
conditions are possible because of consistency in the meth-
ods of data collection and analysis. Information from the 
NAWQA Program, including its national synthesis assess-
ments and topical studies, is available online at http://water.
usgs.gov/nawqa/. The NAWQA monitoring data are available 
through the NAWQA Data Warehouse, at http://water.usgs.
gov/nawqa/data.html, and most data also are stored in NWIS. 
The NAWQA publications, including many journal articles, 
are available through the NAWQA Publications Web page, at 
http://water.usgs.gov/nawqa/bib/. These publications cover a 
variety of topics, including VOCs, pesticides, trace elements, 

http://water.epa.gov/scitech/research-riskassess/fstrac/index.cfm
http://water.epa.gov/scitech/research-riskassess/fstrac/index.cfm
http://www.epa.gov/pbt/
http://pubs.er.usgs.gov/
http://waterdata.usgs.gov/nwis
http://water.usgs.gov/data/
http://water.usgs.gov/data/
http://water.usgs.gov/nrp/publications.html
http://water.usgs.gov/nawqa/
http://water.usgs.gov/nawqa/
http://water.usgs.gov/nawqa/data.html
http://water.usgs.gov/nawqa/data.html
http://water.usgs.gov/nawqa/bib/
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and other constituents of interest to the NTAS work group. 
Publications used for the NTAS prioritization of constituents 
are cited in the “Supplemental Information” sections for the 
constituent groups for which they were used.

The NAWQA Program also has supported the develop-
ment of Health-Based Screening Levels (HBSLs) as a tool for 
evaluating water-quality data with respect to human-health 
effects for selected constituents that do not have USEPA 
MCLs. The HBSLs were developed by NAWQA in col-
laboration with the USEPA, the New Jersey Department of 
Environmental Protection, and Oregon Health and Science 
University. HBSLs are nonenforceable benchmarks developed 
using USEPA methodologies for establishing drinking-water 
guidelines, along with peer-reviewed, human-health toxic-
ity information for drinking-water ingestion (Toccalino and 
others, 2008). For noncarcinogens, the HBSLs represent 
the contaminant concentrations in drinking water that are 
not expected to cause any adverse effects over a lifetime of 
exposure. For carcinogens, the HBSL ranges represent the 
contaminant concentrations in drinking water that correspond 
to an excess estimated lifetime cancer risk of 1 in 1 million to 
1 in 10,000 (Toccalino and others, 2008). Methods for devel-
oping and applying HBSLs in water-quality assessments are 
described by Toccalino (2007). A searchable HBSL database 
can be accessed through http://water.usgs.gov/nawqa/HBSL/. 
Benchmarks, such as the USEPA MCL or USGS HBSL, can 
be used to calculate a benchmark quotient (BQ), which is the 
ratio of a constituent concentration (or an appropriate concen-
tration statistic, such as the median or 95th or 99th percentile) 
to its respective MCL or HBSL (Toccalino and others, 2004). 
The BQs were used in the prioritization for some constituent 
groups to facilitate comparisons relative to concentrations at 
which human-health effects may be of concern.

Toxic Substances Hydrology Program Data and 
Publications

The USGS Toxic Substances Hydrology Program (Toxics 
Program) initiated in 1982 provides objective scientific infor-
mation about selected examples of environmental contamina-
tion to improve characterization and management of con-
taminated sites, protect human and environmental health, and 
reduce potential future contamination problems (U.S. Geo-
logical Survey, 2011a). The Toxics Program investigates two 
major types of contamination problems: (1) subsurface point-
source contamination, and (2) watershed and regional contam-
ination (Buxton, 2010). Highlights of research studies con-
ducted by the Toxics Program are described by Buxton (2010) 
and at the Toxics Program Web page at http://toxics.usgs.gov/. 
Data collected by the Toxics Program can be obtained through 
journal articles and USGS publications, which can be accessed 
through the Toxics Program’s Publications Web page at http://
toxics.usgs.gov/pubs/. As of January 2011, this bibliography 
included 5,222 references, of which 3,802 were online publi-
cations (U.S. Geological Survey, 2011b). 

The Toxics Program’s Emerging Contaminants Project 
(U.S. Geological Survey, 2011c) was an important source 
of information about new constituents to be prioritized for 
ambient monitoring in water or sediment by the NTAS work 
group for the NAWQA Program. The project bibliography for 
emerging contaminants in the environment (242 publications 
as of July 2011) is available at http://toxics.usgs.gov/bib/bib-
Emerging.html. Specific reports and journal articles that were 
produced by or for the Toxics Program and that were used for 
the NTAS prioritization of constituents are provided in the 
specific “Supplemental Information” sections for the constitu-
ent groups for which they were used.

NTAS Prioritization Process 

Once an initial set of candidate constituents was identi-
fied, constituents were prioritized by the NTAS work group 
on the basis of available information on physical and chemical 
properties, observed or predicted environmental occurrence 
and fate, and observed or anticipated effects on human health 
and aquatic life. During the process of reviewing information 
for the initial set of constituents, additional constituents were 
identified that were potentially of comparable importance and 
were added to the set of candidate constituents for prioritiza-
tion. Some compounds were not added to the candidate list if 
they were determined to be inappropriate for consideration; 
these included substances that widely occur naturally and are 
not considered contaminants (for example, cellulose), and 
substances that are not expected to be relevant to the matrixes 
of interest (water and sediment), such as gases, unstable mol-
ecules, and very short-lived radionuclides. Although compa-
rable objectives were used in the prioritization of constituents 
within different groups, differences in the availability of infor-
mation accessed by the NTAS work-group members led to the 
development of separate prioritization approaches adapted to 
each NTAS constituent group to make best use of available 
resources, including the expertise of the work-group members 
and associated staff and ad hoc teams. At various milestones 
during the prioritization process, each constituent group’s 
prioritization methods and results were reviewed by NTAS 
work-group members not directly involved in the prioritiza-
tion for that constituent group and by informal USGS review-
ers outside of the work group. A schematic of the generalized 
NTAS prioritization process is shown in figure 2.

In addition to placing constituents into prioritization tiers, 
NTAS work-group members communicated with chemists 
at the USGS NWQL and other USGS laboratories to obtain 
information about current and prospective future analytical 
methods for the constituents, which is provided in “Feasibil-
ity of Implementation” subsections within the “Supplemental 
Information” sections at the end of this report. Laboratory 
schedule (LS) numbers, which are used by the USGS to iden-
tify sets of constituents that can be analyzed by a particular 
analytical method, are used in this report. Method references 

http://water.usgs.gov/nawqa/HBSL/
http://toxics.usgs.gov/
http://toxics.usgs.gov/pubs/
http://toxics.usgs.gov/pubs/
http://toxics.usgs.gov/bib/bib-Emerging.html
http://toxics.usgs.gov/bib/bib-Emerging.html
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1.  Assemble information:
• U.S. Geological Survey 
(USGS) monitoring data;
• Lists of compounds of 
human-health or aquatic-life 
concern;
 • Toxicity to human health, 
aquatic life, or other recep-
tors;
 • Physical and chemical 
properties, where available;
 • Relevance to other Federal 
agencies and international 
organizations;
• Use and production volume 
information, where available;
• Publications that document 
measured or predicted 
occurrence and (or) effects 
to human health or aquatic 
life;
 • USGS expert opinion; and
 • Internet search strategies.

2.  Develop prioritization 
strategy for each NTAS 
constituent group
  • Determine prioritization 
criteria; and 
  • Select and determine 
hierarchy of information 
sources.

3.  Apply prioritization strategy 
for each NTAS constituent group  
and review outcome
   • Place each constituent into an 
initial prioritization tier; and 
   • Verify results in context of 
those from other constituent 
groups.

4. Refine prioritization 
strategy
  • Add new sources of 
information;
  • Refine prioritization 
criteria; and
  • Incorporate input from 
work-group members and 
technical reviewers.

5. Finalize prioritization of constituents
  • Make final adjustments to the placement 
of constituents into prioritization tiers.

Iterative feedback from 
NTAS work group and 
technical reviewers

Figure 2.  Generalized National Target Analyte Strategy (NTAS) process used to prioritize constituents for national- and regional-scale 
ambient monitoring of water and sediment in the United States.

for LSs mentioned in this report are provided in the appropri-
ate “Supplemental Information” sections.

Documentation to support the prioritization, and ancillary 
information that could be useful in understanding constituent 
occurrence and fate in the environmental matrixes of interest, 
varied among NTAS constituent groups. Some constituent 
groups had extensive data tables documenting physical proper-
ties, occurrence, and effects; whereas, other constituent groups 
had little or no history of monitoring and, thus, had only esti-
mated or predicted occurrence or effects information. Because 
of the disparities in supporting information collected for each 
NTAS constituent group, tables of complete and consistent 
supporting information could not be prepared for the entire set 
of candidate constituents. For these reasons, the detailed con-
stituent prioritization methods and supporting documentation 
are provided in “Supplemental Information” sections included 
with this report. A brief synopsis of the prioritization methods 
used for each NTAS constituent group and citation informa-
tion for the “Supplemental Information” sections for each 
constituent group are provided in the following sections.

Prioritization Methods for Volatile Organic 
Compounds in Water (Group A)

Compounds evaluated for the volatile organic compounds 
in water group (Group A) were limited to the 85 constituents 
on USGS NWQL LS 2020 (purge-and-trap gas chromatogra-
phy with mass spectrometry) for which national-scale data are 
available, plus 4 constituents on LS 4024 (heated purge-and-
trap gas chromatography with mass spectrometry) for which 
national-scale data are not available. Additional VOCs that 
also are HPVs were prioritized under Group H, and additional 
VOCs that are not HPVs were prioritized under Group I, and 
were not included in Group A. Constituents on LS 2020 met 
one or more of seven factors for inclusion on NTAS Tier 1: 
(1) having a large detection frequency, defined in this report as 
greater than or equal to (≥) 10 percent; (2) being a component 
of a mixture of known human-health concern; (3) having at 
least 20 percent of detections within two orders of magnitude 
of an MCL or HBSL; (4) having a large detection frequency 
in USEPA studies; (5) having a 99-percentile concentration 
greater than 0.01 of an MCL or HBSL (that is, having a BQ 
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greater than 0.01); (6) having a benchmark, but not a detec-
tion limit that is low enough to provide an understanding of 
occurrence relative to that benchmark; or (7) usefulness as an 
indicator of constituent’s source or degradation pathway. Con-
stituents on LS 4024 were prioritized for Group A using the 
process described for the high-production-volume chemicals in 
water (Group H) in Supplemental Information H. 

Prioritization methods and results, an evaluation of feasi-
bility with respect to laboratory methods, and additional infor-
mation for the volatile organic compounds in water (Group 
A) are provided in the “Supplemental Information A” section, 
which can be cited as follows:
Zogorski, J.S., Wydoski, D.S., and Valder, J.F., 2013, Supple-

mental information A. Prioritization of volatile organic 
compounds in water (Group A), in Olsen, L.D., Valder, J.F., 
Carter, J.M., and Zogorski, J.S., Prioritization of constitu-
ents for national- and regional-scale ambient monitoring of 
water and sediment in the United States: U.S. Geological 
Survey Scientific Investigations Report 2012–5218, 203 p. 
(Also available at http://pubs.usgs.gov/sir/2012/5218/
downloads/supplementalinformationA.)

Prioritization Methods for Pesticides in Water or 
Sediment (Group B)

The pesticides in water or sediment group (Group B) 
included constituents on existing USGS LSs and new constitu-
ents identified from a proprietary agricultural pesticide-use 
database. The prioritization for Group B was split into two 
processes: pesticides in water (Group B1) and pesticides in 
sediment (Group B2). 

A total of 615 pesticides and pesticide degradates were 
prioritized for water (Group B1) on the basis of observed or 
predicted concentrations in surface water or groundwater, 
pesticide-use information, detection frequencies in surface 
water or groundwater, potential effects to human health or 
aquatic life, and importance to other agencies or organizations. 
One criterion that was used to assign constituents to NTAS 
Tier 1 for water was having a BQ greater than 0.01, which 
is comparable to criteria used for other constituent groups. 
Another criterion was having a large detection frequency 
(≥ 10  percent). Constituents that were degradates of other Tier 
1 constituents also were placed into Tier 1 to allow for moni-
toring of degradation processes. 

Similarly, 605 pesticides and pesticide degradates were 
prioritized for sediment (Group B2) on the basis of observed 
or predicted occurrence in sediment (as determined from per-
sistence and other chemical and physical properties), compari-
sons to sediment-quality benchmarks or aquatic-life toxicity 
information (through the use of aquatic-life “bins”), consid-
eration of pesticide-use information, and importance to other 
agencies or organizations. Constituents that were degradates 
of other Tier 1 constituents were placed into Tier 1 to allow for 
monitoring of degradation processes. 

Prioritization methods and results, an evaluation of feasi-
bility with respect to laboratory methods, and additional infor-
mation for the pesticides in water (Group B1) and pesticides 
in sediment (Group B2) are described by Norman and others 
(2012) and are presented more briefly in the “Supplemental 
Information B1” and “Supplemental Information B2” sections, 
respectively, which can be cited as follows:
Norman, J.E., Nowell, L.H., Kuivila, K.M., Hladik, M.L., and 

Wydoski, D.S., 2013, Supplemental information B1. Priori-
tization of pesticides in water (Group B1), in Olsen, L.D., 
Valder, J.F., Carter, J.M., and Zogorski, J.S., Prioritization 
of constituents for national- and regional-scale ambient 
monitoring of water and sediment in the United States: 
U.S. Geological Survey Scientific Investigations Report 
2012–5218, 203 p. (Also available at http://pubs.usgs.gov/
sir/2012/5218/downloads/supplementalinformationB1.)

Norman, J.E., Nowell, L.H., Kuivila, K.M., Van Metre, P.C., 
Pankow, J.F., and Wydoski, D.S., 2013, Supplemental 
information B2. Prioritization of pesticides in sediment 
(Group B2), in Olsen, L.D., Valder, J.F., Carter, J.M., and 
Zogorski, J.S., Prioritization of constituents for national- 
and regional-scale ambient monitoring of water and 
sediment in the United States: U.S. Geological Survey 
Scientific Investigations Report 2012–5218, 203 p. (Also 
available at http://pubs.usgs.gov/sir/2012/5218/downloads/
supplementalinformationB2.)

Prioritization Methods for Pharmaceuticals and 
Hormones in Water or Sediment (Group C)

The pharmaceuticals and hormones in water or sedi-
ment group (Group C) included constituents on several USGS 
LSs, including schedules 1433, 2434, 5433, 6434, 8058, and 
the proposed replacement for LS 2080 from the NWQL, and 
schedules LCAB and LCAS from the USGS Organic Geo-
chemistry Laboratory at the Kansas Water Science Center. 
This constituent group also included constituents identified 
from lists of human-health and aquatic-life concern, and by the 
Toxics Program as being of potential interest for monitoring in 
water or sediment.

A total of 406 pharmaceutical constituents were priori-
tized using criteria for likelihood of occurrence (from occur-
rence data or predicted occurrence) and reason for concern 
(including potential effects to human health or aquatic life) 
using the prioritization process and information sources 
described in the “Supplemental Information C” section. Most 
pharmaceuticals have little or no USGS monitoring data, so 
external literature references documenting actual or predicted 
occurrence were used to supplement the USGS data. No 
benchmarks were available for pharmaceuticals at the time of 
the prioritization, so qualitative criteria were applied to most 
constituents. Constituents were evaluated for partitioning 
between water and sediment to determine whether each con-
stituent was likely to occur predominantly in water (unfiltered 
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samples) or sediment (suspended or streambed sediment) or 
have substantial proportions in both matrixes.

Prioritization methods and results, an evaluation of 
feasibility with respect to laboratory methods, and additional 
information for the pharmaceuticals and hormones in water or 
sediment (Group C) are provided in the “Supplemental Infor-
mation C” section, which can be cited as follows:
Olsen, L.D., Wydoski, D.S., Furlong, E.T., and Focazio, 

M.J., 2013, Supplemental information C. Prioritization of 
pharmaceuticals and hormones in water or sediment (Group 
C), in Olsen, L.D., Valder, J.F., Carter, J.M., and Zogor-
ski, J.S., Prioritization of constituents for national- and 
regional-scale ambient monitoring of water and sediment 
in the United States: U.S. Geological Survey Scientific 
Investigations Report 2012–5218, 203 p. (Also avail-
able at http://pubs.usgs.gov/sir/2012/5218/downloads/
supplementalinformationC.)

Prioritization Methods for Trace Elements 
and Other Inorganic Constituents in Water or 
Sediment (Group D)

For the trace elements and other inorganic constituents 
in water or sediment group (Group D), separate prioritization 
approaches were used for water (Group D1) and sediment 
(Group D2). A total of 38 trace elements and other inorganic 
constituents were prioritized for water, and a subset of 10 of 
these trace elements was prioritized for sediment (suspended 
and streambed sediment). 

For water, constituents that were prioritized consisted of 
the 22 trace elements on USGS NWQL LS 2710, plus iron, for 
which NAWQA monitoring data were available, and 15 addi-
tional inorganic constituents that are regulated or are being 
considered for regulation in drinking water by the USEPA 
or that are of interest because of their potential usefulness as 
indicators of geochemical processes. Constituents with moni-
toring data were prioritized by comparing concentrations from 
NAWQA monitoring data for groundwater to human-health 
benchmarks from the USEPA regulations for drinking water or 
the USEPA ACToR database. Constituents without NAWQA 
monitoring data were prioritized by using toxicity information 
from the USEPA ACToR database and information from peer-
reviewed literature sources.

For sediment, 10 trace elements were selected for priori-
tization largely on the basis of availability of sediment-quality 
benchmarks for aquatic-life effects, including the consensus-
based probable effect concentration and threshold effect 
concentration from MacDonald and others (2000). Concentra-
tions from occurrence data collected through the NAWQA 
Program and through NAWQA’s Contaminant Trends in Lake 
Sediments study were compared to these sediment-quality 
benchmarks to determine which trace elements were of highest 
concern with respect to aquatic life.

Prioritization methods and results, an evaluation of feasi-
bility with respect to laboratory methods, and additional infor-
mation for the trace elements and other inorganic constituents 
in water or sediment (Group D) are provided in the “Supple-
mental Information D” section, which can be cited as follows:

Focazio, M.J., Van Metre, P.C., Valder, J.F., Ayotte, J.D., 
Desimone, L.A., Dubrovsky, N.M., Norman, J.E., Rosen, 
M.R., and Zogorski, J.S., 2013, Supplemental informa-
tion D. Prioritization of trace elements and other inorganic 
constituents in water or sediment (Group D), in Olsen, L.D., 
Valder, J.F., Carter, J.M., and Zogorski, J.S., Prioritization 
of constituents for national- and regional-scale ambient 
monitoring of water and sediment in the United States: 
U.S. Geological Survey Scientific Investigations Report 
2012–5218, 203 p. (Also available at http://pubs.usgs.gov/
sir/2012/5218/downloads/supplementalinformationD.)

Prioritization Methods for Cyanotoxins in Surface 
Water (Group E)

For the cyanotoxins in surface water group (Group E), 15 
cyanotoxins with analyses available from the USGS Organic 
Geochemistry Research Laboratory in Kansas on LS LCTX 
were considered for prioritization. Benchmarks and toxicity 
information are unavailable or sparse for these 15 constituents 
(except for microcystin LR). Constituents were prioritized on 
the basis of sparse occurrence data available from analyses 
done for the 2006 USGS Midwestern Cyanotoxin Reconnais-
sance (Graham and others, 2010) and nonspecific enzyme-
linked immunosorbent assay tests done for the USEPA 
National Lakes Assessment (U.S. Environmental Protection 
Agency, 2009d), and 12 of the 15 cyanotoxins were placed 
into NTAS Tier 1. Despite increasing interest in the effects of 
cyanotoxins on human health and aquatic life, no nationwide, 
systematic monitoring has been conducted to date (2011) for 
specific cyanotoxin variants in surface-water bodies used for 
drinking water or recreation.

Prioritization methods and results, an evaluation of 
feasibility with respect to laboratory methods, and additional 
information for the cyanotoxins in surface water (Group E) are 
provided in the “Supplemental Information E” section, which 
can be cited as follows:

Zogorski, J.S., Wydoski, D.S., and Valder, J.F., 2013, Supple-
mental information E. Prioritization of cyanotoxins in 
surface water (Group E), in Olsen, L.D., Valder, J.F., Carter, 
J.M., and Zogorski, J.S., Prioritization of constituents for 
national- and regional-scale ambient monitoring of water 
and sediment in the United States: U.S. Geological Survey 
Scientific Investigations Report 2012–5218, 203 p. (Also 
available at http://pubs.usgs.gov/sir/2012/5218/downloads/
supplementalinformationE.)
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Prioritization Methods for Lipophilic Organic 
Compounds in Sediment (Group F)

The lipophilic organic compounds in sediment group 
had 699 constituents that were prioritized on the basis of 
likelihood of occurrence and potential effects to aquatic life. 
Criteria for likelihood of occurrence were met if a constituent 
had a large detection frequency (≥ 10 percent) based on USGS 
NAWQA monitoring data or studies in the peer-reviewed 
literature or if the constituent satisfied thresholds for both 
(a) persistence (half-life in soil greater than 30 days, half-life 
in water or sediment greater than 60 days, or persistence score 
greater than 1) and (b) predicted hydrophobicity (log KOW 
greater than 3 or water solubility less than 1 mg/L). Criteria 
for potential effects to aquatic life were met if a constituent 
had concentrations greater than sediment-quality benchmarks 
in the NAWQA monitoring dataset, or if the constituent had 
observed or predicted aquatic-life toxicity (acute or chronic) 
that meets aquatic toxicity thresholds (through the use of 
aquatic-life “bins”) for that constituent or for constituents that 
are structurally similar.

More details about the prioritization methods and results, 
an evaluation of feasibility with respect to laboratory methods, 
and additional information for the lipophilic organic com-
pounds in sediment (Group F) are provided in the “Supple-
mental Information F” section, which can be cited as follows:
Nowell, L.H., Pankow, J.F., Van Metre, P.C., Wydoski, 

D.S., and Hladik, M.L., 2013, Supplemental informa-
tion F. Prioritization of lipophilic organic compounds in 
sediment (Group F), in Olsen, L.D., Valder, J.F., Carter, 
J.M., and Zogorski, J.S., Prioritization of constituents for 
national- and regional-scale ambient monitoring of water 
and sediment in the United States: U.S. Geological Survey 
Scientific Investigations Report 2012–5218, 203 p. (Also 
available at http://pubs.usgs.gov/sir/2012/5218/downloads/
supplementalinformationF.)

Prioritization Methods for Disinfection 
By-Products in Water (Group G)

The disinfection by-products in water group (Group G) 
had 93 constituents that were prioritized for monitoring in 
water. Water was the matrix of interest for these constituents 
because disinfection by-products can form in treated (disin-
fected) drinking water or wastewater, including treated water 
that has leaked or been intentionally applied to the landscape. 
Precursors of disinfection by-products (for example, dissolved 
organic carbon and naturally occurring organic acids) were not 
considered in this prioritization because they are not consid-
ered contaminants, although these precursors are important 
for understanding and mitigating the formation of disinfection 
by-products.

Constituents predicted to occur in water and that were 
of human-health concern were placed into NTAS Tier 1. If a 
constituent had been part of a national monitoring program 

and had a large detection frequency (≥ 10 percent), the con-
stituent was placed into Tier 1. Constituents on NWQL LSs 
with human-health thresholds below the detection levels were 
placed into Tier 1 because additional data collection using ana-
lytical methods that provide lower detection levels is needed 
for these constituents. Constituents identified in the literature 
as having been detected in treated water were placed into 
Tier 2. Constituents with evidence of nonoccurrence (detected 
in less than 1 percent of samples) or insufficient information to 
justify placement into Tier 1 or Tier 2 were placed into Tier 3. 

Prioritization methods and results, an evaluation of 
feasibility with respect to laboratory methods, and additional 
information for the disinfection by-products in water (Group 
G) are provided in the “Supplemental Information G” section, 
which can be cited as follows:
Hladik, M.L., Focazio, M.J., Delzer, G.C., and Rostad, C.E., 

2013, Supplemental information G. Prioritization of dis-
infection by-products in water (Group G), in Olsen, L.D., 
Valder, J.F., Carter, J.M., and Zogorski, J.S., 2013, Prioriti-
zation of constituents for national- and regional-scale ambi-
ent monitoring of water and sediment in the United States: 
U.S. Geological Survey Scientific Investigations Report 
2012–5218, 203 p. (Also available at http://pubs.usgs.gov/
sir/2012/5218/downloads/supplementalinformationG.)

Prioritization Methods for High-Production-
Volume Chemicals in Water (Group H)

A total of 318 constituents were prioritized as high-pro-
duction-volume chemicals in water (Group H). These constitu-
ents were selected from the 2,782 entries on the USEPA’s list 
of HPVs (U.S. Environmental Protection Agency, 2010g) at 
the time of this prioritization. Constituents were selected by 
first removing those HPVs that were poorly characterized or 
broadly defined as mixtures (for example, “petroleum distil-
lates” fractions), organic polymers, and inorganic salts; this 
step removed many redundant entries for chemicals listed in 
multiple forms (for example, a complex acid and its salts), 
leaving 1,689 constituents. This list was further screened 
based on likelihood of occurrence by applying an algorithm 
that used information about constituents’ production volumes, 
end uses (whether in original form, used as an intermediary, 
or chemically changed before use), persistence, and physical 
properties (log KOW). A distinct breakpoint in likelihood of 
occurrence was observed between the top 379 constituents and 
the remaining constituents, and of these, 61 constituents were 
removed from Group H because they were already identified 
for one or more other NTAS constituent groups.

The remaining 318 constituents were prioritized on the 
basis of a combination of (1) likelihood of effects to human 
health or aquatic life, and (2) likelihood of occurrence in 
water, as determined based on log KOW. Log KOW was used as 
an indicator of the tendency of a compound to partition into 
water (lower values) or sediment (higher values). A criterion 
of log KOW less than 4 was used to identify the constituents 
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most likely to occur in water. Constituents not found on any 
NTAS lists of human-health or aquatic-life concern, or with 
log KOW ≥ 4, were placed into Tier 3. Constituents with no 
known human-health or aquatic-life concern (including those 
with insufficient information) and log KOW less than 4 were 
placed into Tier 2. Constituents with human-health or aquatic-
life concern and log KOW less than 4 were placed into Tier 1. 
More details about the prioritization methods and results, an 
evaluation of feasibility with respect to laboratory methods, 
and additional information for the high-production-volume 
chemicals in water (Group H) are provided in the “Supple-
mental Information H” section, which can be cited as follows:
Pankow, J.F., Norman, J.E., Valder, J.F., Zogorski, J.S., and 

Olsen, L.D., 2013, Supplemental information H. Prioritiza-
tion of high-production-volume chemicals in water (Group 
H), in Olsen, L.D., Valder, J.F., Carter, J.M., and Zogor-
ski, J.S., Prioritization of constituents for national- and 
regional-scale ambient monitoring of water and sediment 
in the United States: U.S. Geological Survey Scientific 
Investigations Report 2012–5218, 203 p. (Also avail-
able at http://pubs.usgs.gov/sir/2012/5218/downloads/
supplementalinformationH.)

Prioritization Methods for Wastewater-Indicator 
and Industrial Compounds in Water (Group I)

A total of 470 constituents were prioritized for monitor-
ing as wastewater-indicator and industrial compounds in 
water (Group I). These constituents include semivolatile and 
nonvolatile organic compounds that can enter the environment 
through wastewater effluent, other intentional or unintentional 
discharge, air pollution, combustion, or through the routine 
use of consumer products. Group I also includes many organic 
compounds that were evaluated for sediment (Group F); these 
overlapping constituents have properties that support their 
occurrence in water as well as in suspended or bed sediment. 
A comparison of LSs from the NWQL—LS 1433 (wastewater 
compounds in filtered water), LS 4433 (wastewater com-
pounds in unfiltered water), LS 1383 (semivolatile organic 
compounds in unfiltered water), and LS 2502 (semivolatile 
organic compounds in sediment)—showed that several constit-
uents with log KOW greater than 4, including some constituents 
with log KOW greater than 6, frequently have been detected 
(detection frequency ≥ 10 percent) in filtered water, whereas 
other constituents with log KOW values less than 4 have been 
found in the unfiltered water or sediment samples. Therefore, 
it is important to monitor the aqueous phase (filtered water) as 
well as the particulate phase (suspended sediment) for those 
constituents that overlap between Group I and Group F.

Constituents were prioritized on the basis of likelihood 
of occurrence and reason for concern. Likelihood of occur-
rence was determined on the basis of occurrence data from 
USGS sources (monitoring data) or external literature, or from 
literature sources describing simulated or predicted occur-
rence. Reasons for concern included human-health effects, 

aquatic-life effects (including chronic toxicity to fish), and 
usefulness as a tracer. Constituents that are unstable in water, 
that had evidence of likely nonoccurrence (for example, those 
banned or discontinued for use in the United States), or that 
were considered to be “safe” (those on the U.S. Food and 
Drug Administration’s (2010) “Generally Recognized As 
Safe” list) were assigned to Tier 3. 

More details about the prioritization methods and results, 
an evaluation of feasibility with respect to laboratory methods, 
and additional information for the wastewater-indicator and 
industrial compounds in water (Group I) are provided in the 
“Supplemental Information I” section, which can be cited as 
follows:
Olsen, L.D., Wydoski, D.S., and Valder, J.F., 2013, Supple-

mental information I. Prioritization of wastewater-indicator 
and industrial compounds in water (Group I), in Olsen, 
L.D., Valder, J.F., Carter, J.M., and Zogorski, J.S., Prioriti-
zation of constituents for national- and regional-scale ambi-
ent monitoring of water and sediment in the United States: 
U.S. Geological Survey Scientific Investigations Report 
2012–5218, 203 p. (Also available at http://pubs.usgs.gov/
sir/2012/5218/downloads/supplementalinformationI.)

Prioritization Methods for Radionuclides in 
Water (Group J)

The radionuclides in water group (Group J) was com-
posed of 14 constituents—12 naturally occurring isotopic 
radionuclides, plus gross alpha-particle activity and gross beta-
particle activity, which could be of human-health concern in 
water through inhalation and ingestion. All of the radionuclide 
constituents are carcinogenic and many have USEPA MCLs. 

USGS monitoring data were available from NAWQA 
Cycles 1 and 2 for gross alpha- and beta-particle activities, 
radium (-224, -226, and -228), radon, and elemental ura-
nium for groundwater, and from the National Stream Quality 
Accounting Network (NASQAN) Program (U.S. Geologi-
cal Survey, 2010c) for elemental uranium for surface water. 
Although elemental uranium was prioritized for Group D1 
(trace elements and other inorganic constituents in water) 
rather than for Group J, information about the occurrence and 
distribution of elemental uranium in ambient water was useful 
toward understanding the likelihood of occurrence for uranium 
isotopes and other radionuclide constituents in Group J. Data 
from a targeted reconnaissance of groundwater used for 
drinking-water supply (Focazio and others, 2001) were used 
to improve the understanding of occurrence for radionuclides 
that were not monitored through the NAWQA or NASQAN 
Programs.

On the basis of occurrence data and human-health 
concerns for the radionuclides, 11 of the constituents were 
placed into Tier 1, and 3 were placed into Tier 2. More details 
about the prioritization methods and results, an evaluation 
of feasibility with respect to laboratory methods, and addi-
tional information for the radionuclides in water (Group J) are 
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provided in the “Supplemental Information J” section, which 
can be cited as follows:
Rosen, M.R., Szabo, Zoltan, and Olsen, L.D., 2013, Supple-

mental information J. Prioritization of radionuclides 
in water (Group J), in Olsen, L.D., Valder, J.F., Carter, 
J.M., and Zogorski, J.S., Prioritization of constituents for 
national- and regional-scale ambient monitoring of water 
and sediment in the United States: U.S. Geological Survey 
Scientific Investigations Report 2012–5218, 203 p. (Also 
available at http://pubs.usgs.gov/sir/2012/5218/downloads/
supplementalinformationJ.)

Results of Prioritization
Of the 2,541 constituents evaluated by the NTAS work 

group for national- and regional-scale ambient monitoring of 
water and sediment in the United States, 89 were evaluated 
for Group A (volatile organic compounds in water), 646 were 
evaluated for Group B (pesticides in water or sediment), 406 
constituents were evaluated for Group C (pharmaceuticals and 
hormones in water or sediment), 38 were evaluated for Group 
D (trace elements and other inorganic constituents in water 
or sediment), 15 were evaluated for Group E (cyanotoxins in 
surface water), 699 were evaluated for Group F (lipophilic 
organic compounds in sediment), 93 were evaluated for Group 
G (disinfection by-products in water), 318 were evaluated for 
Group H (high-production-volume chemicals in water), 470 
were evaluated for Group I (wastewater-indicator and indus-
trial compounds in water), and 14 were evaluated for Group J 
(radionuclides in water). Because several constituents were 
evaluated for more than one constituent group, the numbers of 
constituents in all groups do not total to 2,541. 

Constituents identified as having the highest priority for 
ambient monitoring in water or sediment (NTAS Tier 1) are 
listed in table 1 and summarized briefly in the following sec-
tion. Constituents that were of intermediate priority (Tier 2) 
or low or no priority (Tier 3) for ambient monitoring also are 
summarized, and these constituents are listed in the “Supple-
mental Information K” section. An Excel spreadsheet database 
with all of the constituents that were prioritized is available at 
http://pubs.usgs.gov/sir/2013/5218/downloads/NTASdatabase.
xlsx. More detailed results of the prioritization process can be 
found in the “Supplemental Information” sections for each 
constituent group. 

Constituents Identified as Having Highest 
Priority (Tier 1) for Ambient Monitoring

Of the 2,541 constituents evaluated by the NTAS work 
group for ambient monitoring in the United States, 1,081 con-
stituents were identified as being of high priority (Tier 1) for 
water or sediment (table 1). Of these, 602 constituents were 
of high priority for water, and 686 constituents were of high 

priority for sediment. Table 1 provides the constituent name, 
Chemical Abstracts Service Registry Number® (CASRN), 
NTAS prioritization tiers for water and sediment, and the 
constituent group(s) for each constituent that was identified 
as having high priority for monitoring in water or sediment. 
Constituents in Tier 1 are being considered by the NAWQA 
Program for method development (if methods are not already 
available) and future monitoring as part of NAWQA Cycle 3.

Constituents Identified as Having Intermediate 
Priority (Tier 2) or Low or No Priority (Tier 3) for 
Ambient Monitoring

Of the 2,541 constituents evaluated by the NTAS work 
group for ambient monitoring in the United States, 1,460 were 
identified as having intermediate priority (Tier 2) or low or no 
priority (Tier 3) for water or sediment, including 436 in Tier 2 
for water, 246 in Tier 2 for sediment, 979 in Tier 3 for water, 
and 779 in Tier 3 for sediment. The “Supplemental Informa-
tion K” section provides the names, CASRNs, NTAS priori-
tization tiers for water and sediment, and constituent groups 
for constituents that were identified as having intermediate, 
low, or no priority for ambient monitoring. These constituents 
range in importance from those that are of low or no prior-
ity because they are unlikely to occur in water or sediment 
or are unlikely to have effects on human health or aquatic 
life, to those that are not of intermediate priority for ambient 
monitoring but that could be important for studies of heavily 
contaminated settings or that could become more important in 
the future if use patterns change or if they become more wide-
spread in the environment. Some constituents were placed into 
NTAS Tier 3 because of scarceness of information and could 
become important if additional information about occurrence 
or effects to human health or aquatic life were to become 
available. 

Many constituents were placed into NTAS Tier 2 (436 
for water and 246 for sediment) because they have informa-
tion that indicates some degree of effects to human health or 
aquatic life or some likelihood of occurrence in the environ-
mental matrixes of interest (water or sediment). Constituents 
in Tier 2 are not being considered for ambient monitoring by 
the NAWQA Program at this time because of resource limita-
tions but could be of interest to other programs that focus 
on targeted sampling of contaminated sites, such as animal 
feeding operations, landfills, or wastewater effluent discharge 
points. If additional resources were to become available to 
increase the number of constituents that can be monitored in 
ambient water or sediment in the United States, some of the 
Tier 2 constituents in the “Supplemental Information K” sec-
tion may warrant reconsideration for Tier 1.
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

Acenaphthene 83–32–9 1 1 F, I
Acenaphthylene 208–96–8 1 1 F, I
Acephate 30560–19–1 1 3 B1, B2
Acetaldehyde 75–07–0 1 -- G, I

2-[[5-Acetamido-4-[(2,4-dinitrophenyl)azo]-2-methoxyphenyl]benzylamino]ethyl 
acetate

16421–41–3 -- 1 F

Acetamide 60–35–5 1 -- I
2-[[5-Acetamide-4-[(2-chloro-4,6-dinitrophenyl)azo]-2-methoxyphenyl]benzylamino]

ethyl acetate
16421–40–2 -- 1 F

Acetaminophen 103–90–2 1 3 C
Acetochlor 34256–82–1 1 2 B1, B2
Acetochlor / Metolachlor ethanesulfonic acid, secondary amide Not available 1 3 B1, B2
Acetochlor ethane sulfonic acid {Acetochlor ESA} 187022–11–3 1 3 B1, B2
Acetochlor oxanilic acid {Acetochlor OA} 184992–44–4 1 3 B1, B2
Acetochlor sulfynilacetic acid Not available 1 3 B1, B2
Acetonitrile 75–05–8 1 -- H
Acetophenone 98–86–2 1 3 F, I
Acetyl hexamethyl tetrahydronaphthalene {AHTN} 21145–77–7 1 1 F, I
5-Acetyl-3-isopropyl-1,1,2,6-tetramethylindane {Traseolide} 68140–48–7 -- 1 F
Acridine 260–94–6 1 1 F, I
Acrolein 107–02–8 1 -- I
Alachlor 15972–60–8 1 1 B1, B2
Alachlor ethane sulfonic acid {Alachlor ESA} 142363–53–9 1 3 B1, B2
Alachlor ethanesulfonic acid, secondary amide Not available 1 1 B1, B2
Alachlor oxanilic acid {Alachlor OA} 171262–17–2 1 3 B1, B2
Alachlor sulfynilacetic acid 140939–16–8 1 1 B1, B2
Albuterol {Salbutamol} 18559–94–9 1 3 C
Aldicarb 116–06–3 1 3 B1, B2
Aldicarb sulfone 1646–88–4 1 3 B1, B2
Aldicarb sulfoxide 1646–87–3 1 3 B1, B2
Aldrin 309–00–2 3 1 B1, B2
C18-22-tert-Alkyl (chloromethyl)phosphonate (2:1) amines 79357–73–6 -- 1 F
C18-22-tert-Alkyl ethoxylated amines 68443–10–7 -- 1 F
C12- and C18-30-Alkylphenol, calcium salts, sulfurized, overbased 73758–62–0 -- 1 F
Allethrin 584–79–2 -- 1 B2
Alprazolam 28981–97–7 1 3 C
Aluminum 7429–90–5 1 -- D1
Ametryn 834–12–8 1 3 B1, B2
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

2-[[2-Amino-6-[[4′-[(3-carboxy-4-hydroxyphenyl)azo]-3,3′-dimethoxy[1,1′-biphenyl]-
4-yl]azo]-5-hydroxy-7-sulfo-1-naphthalenyl]azo]-5-nitrobenzoic acid

25255–00–9 -- 1 F

1-Amino-2,4-dibromoanthraquinone 81–49–2 -- 1 F
4-Amino-5-hydroxy-3,6-bis[2-[4-[[2-(sulfooxy)ethyl]sulfonyl]phenyl]diazenyl]-2,7-

naphthalenedisulfonic acid 
55909–92–7 -- 1 F

2-Amino-N-isopropylbenzamide 30391–89–0 1 3 B1, B2
1-Amino-2-methylanthraquinone 82–28–0 -- 1 F
Aminomethylphosphonic acid 1066–51–9 1 1 B1, B2
Amiodarone / Amiodarone hydrochloride 1951–25–3 / 

199774–82–4
3 1 C

Amitriptyline / Amitriptyline hydrochloride 50–48–6 / 
549–18–8

1 1 C

Ammonium perfluorooctane sulfonate 29081–56–9 -- 1 F
Amoxicillin / Amoxicillin trihydrate 26787–78–0 / 

81030–75–3
1 3 C

Amphetamine 300–62–9 1 3 C
Anatoxin-a {ANTa} 64285–06–9 1 -- E
cis-Androsterone 53–41–8 1 3 C
Anthanthrene {Dibenzo[def,mno]chrysene} 191–26–4 -- 1 F
Anthracene 120–12–7 1 1 F, I
Anthraquinone 84–65–1 1 1 F, I
Antimony 7440–36–0 1 -- D1
Aroclor 1254 11097–69–1 -- 1 F
Aroclor 1260 11096–82–5 -- 1 F
Aroclor 5442 {Polychlorinated triphenyl} 12642–23–8 -- 1 F
Aroclors 1016 / 1242 12674–11–2 / 

53469–21–9
-- 1 F

Arsenic 7440–38–2 1 2 D1, D2
Asulam 3337–71–1 1 3 B1, B2
Atenolol 29122–68–7 1 3 C
Atorvastatin 134523–00–5 2 1 C
Atrazine 1912–24–9 1 1 B1, B2
Azinphos-methyl 86–50–0 1 3 B1, B2
Azinphos-methyl oxon 961–22–8 1 3 B1, B2
Azithromycin 83905–01–5 1 1 C
Azobenzene 103–33–3 3 1 F, I
Azoxystrobin 131860–33–8 1 3 B1, B2
Barium 7440–39–3 1 -- D1
BDE 28 {2,4,4′-Tribromodiphenyl ether} 41318–75–6 -- 1 F
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

BDE 47 {2,2′,4,4′-Tetrabromodiphenyl ether} 5436–43–1 -- 1 F
BDE 66 {2,3′,4,4′-Tetrabromodiphenyl ether} 189084–61–5 -- 1 F
BDE 85 {2,2′,3,4,4′-Pentabromodiphenyl ether} 182346–21–0 -- 1 F
BDE 99 {2,2′,4,4′,5-Pentabromodiphenyl ether} 60348–60–9 -- 1 F
BDE 100 {2,2′,4,4′,6-Pentabromodiphenyl ether} 189084–64–8 -- 1 F
BDE 119 {2,3′,4,4′,6-Pentabromodiphenyl ether} 189084–66–0 -- 1 F
BDE 153 {2,2′,4,4′,5,5′-Hexabromodiphenyl ether} 68631–49–2 -- 1 F
BDE 154 {2,2′,4,4′,5,6′-Hexabromodiphenyl ether} 207122–15–4 -- 1 F
BDE 183 {2,2′,3,4,4′,5′,6-Heptabromodiphenyl ether} 207122–16–5 -- 1 F
BDE 209 {2,2′,3,3′,4,4′,5,5′,6,6′-Decabromodiphenyl ether} 1163–19–5 3 1 F, H
Benfluralin 1861–40–1 1 1 B1, B2
Benomyl 17804–35–2 1 1 B1, B2
Bensulide 741–58–2 2 1 B1, B2
Bentazon 25057–89–0 1 3 B1, B2
11H-Benz[b,c]aceanthrylene 202–94–8 -- 1 F
Benz[e]aceanthrylene 199–54–2 -- 1 F
Benz[j]aceanthrylene 202–33–5 -- 1 F
Benz[l]aceanthrylene 211–91–6 -- 1 F
Benz[a]anthracene 56–55–3 1 1 F, I
Benzenamine 62–53–3 1 -- H
Benzene 71–43–2 1 -- A
Benzo[c]cinnoline 230–17–1 3 1 F, I
Benzo[b]fluoranthene 205–99–2 1 1 F, I
Benzo[ghi]fluoranthene 203–12–3 -- 1 F
Benzo[j]fluoranthene 205–82–3 1 1 F, I
Benzo[k]fluoranthene 207–08–9 1 1 F, I
Benzo[c]fluorene 205–12–9 -- 1 F
Benzo[ghi]perylene 191–24–2 1 1 F, I
Benzophenone 119–61–9 1 1 F, I
Benzo[a]pyrene 50–32–8 1 1 F, I
Benzo[e]pyrene 192–97–2 1 1 F, I
Benzotriazole 95–14–7 1 -- I
2-(2H-Benzotriazol-2-yl)-4,6-bis(1,1-dimethylpropyl)phenol 25973–55–1 -- 1 F
Benztropine {Benzatropine} 86–13–5 1 1 C
Benzyladenine 1214–39–7 3 1 B1, B2
Benzyl alcohol 100–51–6 1 -- H
Benzyltriphenylphosphonium {BTP} 15853–35–7 -- 1 F
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

Beryllium 7440–41–7 1 -- D1
Bifenazate 149877–41–8 1 3 B1, B2
Bifenthrin 82657–04–3 1 1 B1, B2
1,1′-Biphenyl-2-ol 90–43–7 1 -- H
2,2′-Biquinoline 119–91–5 1 1 F, I
Bis(tert-butyldioxyisopropyl)benzene 25155–25–3 -- 1 F
1,1-Bis(tert-butylperoxy)-3,3,5-trimethylcyclohexane 6731–36–8 -- 1 F
Bis(2-chloroethoxy)methane  111–91–1 3 1 F, I
Bis(2,4-Dichloro-5-nitrophenyl) carbonate 39489–75–3 -- 1 F
2,6-Bis(1,1-dimethylethyl)-4-(1-methylpropyl)phenol 17540–75–9 -- 1 F
Bis(2-ethylhexyl) phthalate {DEHP} 117–81–7 -- 1 F
Bis(2-ethylhexyl) tetrabromophthalate 26040–51–7 -- 1 F
Bis(2-hydroxybenzoato-O1,O2)magnesium ar,ar′-di(C>13)alkyl derivatives 84929–98–6 -- 1 F
Bis[3-(hydroxy-κO)-4-[[2-(hydroxy-κO)-1-naphthalenyl]azo-κN1]-7-nitro-1-

naphthalenesulfonato(-3-)] chromate (3-) {Anion of Acid Black 172 / 57693–14–8}
139460–45–0 -- 1 F

2,2-Bis(4-hydroxyphenyl)hexafluoropropane {Bisphenol AF} 1478–61–1 -- 1 F
1,2-Bis(pentabromophenyl) ethane 84852–53–9 -- 1 F
Bis(1,2,2,6,6-pentamethyl-4-piperidinyl) sebacate 41556–26–7 -- 1 F
Bisphenol A 80–05–7 1 1 F, I
1,2-Bis(2,4,6-tribromophenoxy)ethane {Firemaster 680} 37853–59–1 -- 1 F
Boron 7440–42–8 1 -- D1
Bromacil 314–40–9 1 3 B1, B2
Bromate 15541–45–4 1 -- D1, G
Bromate salts / Potassium bromate 15541–45–4 / 

7758–01–2
1 -- I

Bromobenzylbromotoluene (mixed isomers) 99688–47–8 -- 1 F
Bromodichloromethane 75–27–4 1 -- A, G
Bromomethane 74–83–9 1 3 A, B1, B2
Bromopentafluorobenzene 344–04–7 -- 1 F
4-Bromophenylphenylether 101–55–3 2 1 F, I
Bromoxynil 1689–84–5 1 3 B1, B2
Bromuconazole 116255–48–2 -- 1 B2
Buprofezin 69327–76–0 3 1 B1, B2
Bupropion / Bupropion hydrochloride 34841–39–9 / 

34911–55–2
1 1 C

1,3-Butadiene 106–99–0 1 -- I
Butanal 123–72–8 1 -- G
Butane 106–97–8 1 -- H
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

1-Butanol 71–36–3 1 -- I
tert-Butanol {tert-Butyl alcohol} 75–65–0 1 -- A
2-(2-Butoxyethoxy)ethanol 112–34–5 1 -- H
Butralin 33629–47–9 1 1 B1, B2
Butylated triphenyl phosphate 220352–35–2 -- 1 F
Butylbenzyl phthalate {BBP} 85–68–7 1 1 F, I
1-(6-tert-Butyl-1,1-dimethyl-2,3-dihydroinden-4-yl)ethanone {Celestolide} 13171–00–1 -- 1 F
2- and 3-tert-Butyl-4-hydroxy anisole {BHA} (mixture) 25013–16–5 1 1 F, I
2-(4-tert-Butylphenoxy)cyclohexanol 1942–71–8 1 1 B1, B2
C.I. Acid Black 172 57693–14–8 2 1 F, H
C.I. Direct Black 22 6473–13–8 -- 1 F
C.I. Direct Black 91 6739–62–4 -- 1 F
C.I. Direct Blue 15 (acid / tetrasodium salt / tetralithium salt) 16780–27–1 / 

2429–74–5 / 
71550–22–6

1 1 F, H

C.I. Direct Orange 10 (acid / salt) 749784–96–1 / 
6405–94–3

-- 1 F

C.I. Direct Red 39 (acid / disodium salt) 748705–55–7 / 
6358–29–8

-- 1 F

C.I. Disperse Blue 79 12239–34–8 -- 1 F
C.I. Disperse Brown 4 17464–91–4 -- 1 F
C.I. Disperse Orange 13 6253–10–7 -- 1 F
C.I. Disperse Orange 29 19800–42–1 -- 1 F
C.I. Disperse Orange 30 5261–31–4 -- 1 F
C.I. Disperse Red 179 16586–42–8 -- 1 F
C.I. Disperse Violet 93 press cake 52697–38–8 -- 1 F
C.I. Disperse Yellow 7 6300–37–4 -- 1 F
C.I. Food Red 17 {FD&C Red No. 40} (acid / salt) 149440–01–7 /  

25956–17–6
3 1 F, H

C.I. Pigment Orange 2 6410–09–9 -- 1 F
C.I. Pigment Orange 5 3468–63–1 -- 1 F
C.I. Pigment Red 3 2425–85–6 -- 1 F
C.I. Pigment Red 4 2814–77–9 -- 1 F
C.I. Pigment Red 5 6410–41–9 -- 1 F
C.I. Pigment Red 6 6410–13–5 -- 1 F
C.I. Pigment Red 48 (acid / calcium salt) 16013–44–8 / 

7023–61–2
3 1 F, H

C.I. Pigment Red 49 1103–38–4 3 1 F, H
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

C.I. Pigment Red 53 (strontium salt) 15958–19–7 -- 1 F
C.I. Pigment Red 53 (barium salt / sodium salt) 5160–02–1 / 

2092–56–0
3 1 F, H, I

C.I. Pigment Red 57:1 {D&C Red No. 7} 5281–04–9 3 1 F, H
C.I. Pigment Red 88 14295–43–3 -- 1 F
C.I. Pigment Red 181 2379–74–0 -- 1 F
C.I. Pigment Red 187 59487–23–9 -- 1 F
C.I. Pigment Yellow 12 6358–85–6 3 1 F, H
C.I. Pigment Yellow 13 5102–83–0 -- 1 F
C.I. Pigment Yellow 14 5468–75–7 3 1 F, H
C.I. Pigment Yellow 60 6407–74–5 -- 1 F
C.I. Pigment Yellow 83 5567–15–7 -- 1 F
C.I. Reactive Black 5 17095–24–8 2 1 F, H
C.I. Solvent Blue 4 6786–83–0 -- 1 F
C.I. Solvent Orange 7 3118–97–6 -- 1 F
C.I. Solvent Red 1 1229–55–6 3 1 F, I
C.I. Solvent Red 23 85–86–9 -- 1 F
C.I. Solvent Red 80 6358–53–8 -- 1 F
C.I. Solvent Yellow 14 842–07–9 -- 1 F
C.I. Solvent Yellow 18 6407–78–9 -- 1 F
Cadmium 7440–43–9 1 2 D1, D2
Caffeine 58–08–2 1 3 C, I
Calcium long-chain alkyl salicylates 83846–43–9 -- 1 F
Calcium thiobis[dodecylphenolate] {Salt form of 28575–91–1} 26998–97–0 -- 1 F
Camphor 76–22–2 2 1 F, I
Caprolactam {Hexahydro-2H-azepin-2-one} 105–60–2 1 -- H
Carbamazapine 298–46–4 1 3 C
1-Carbamoyl-3-cyano-4-hydroxy-2,5,6-trichlorobenzene Not available 1 1 B1, B2
Carbaryl 63–25–2 1 2 B1, B2
Carbazole 86–74–8 1 1 F, I
Carbendazim 10605–21–7 1 3 B1, B2
Carbofuran 1563–66–2 1 2 B1, B2
Carbofuran phenol 1563–38–8 1 -- H
Carbon disulfide 75–15–0 1 3 A, B2
Catechol {1,2-Benzenediol} 120–80–9 1 -- I
Cephalexin 15686–71–2 1 3 C
Cetrimonium chloride 112–02–7 1 -- H
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

Chlorate 14866–68–3 1 -- D1, G
Chlordane 57–74–9 2 1 B1, B2
cis-Chlordane 5103–71–9 2 1 B1, B2
trans-Chlordane 5103–74–2 2 1 B1, B2
Chlorimuron-ethyl 90982–32–4 1 3 B1, B2
Chlorinated olefins (C12-24) 68527–02–6 -- 1 F
Chlorinated paraffins (C12-average chain length; approximately 60 percent chlorine by 

weight)
108171–26–2 -- 1 F

Chlorite 14998–27–7 1 -- D1, G
Chloroacetaldehyde 107–20–0 1 -- G
4-Chlorobenzylmethyl sulfone 98–57–7 1 3 B1, B2
5-Chloro-2-(2,4-dichlorophenoxy)aniline 56966–52–0 3 1 F, I
2-Chloro-2,6-diethylacetanilide 6967–29–9 1 1 B1, B2
1-Chloro-1,1-difluoroethane {Freon 142b} 75–68–3 1 -- H
Chlorodifluoromethane 75–45–6 1 -- H
4-Chloro-3,5-dinitrobenzotrifluoride 393–75–9 -- 1 F
3-Chloro-2,6-dinitro-N,N-dipropyl-4-(trifluoromethyl)benzenamine 29091–20–1 -- 1 F
Chloroethene {Vinyl chloride} 75–01–4 1 -- A
2-Chloro-N-(2-ethyl-6-methylphenyl)acetamide 32428–71–0 1 1 B1, B2
Chloromethane 74–87–3 1 -- A
Chloro(methoxy)methane 107–30–2 1 -- H
4-Chloro-2-methylphenol 1570–64–5 1 3 B1, B2
(4-Chloro-2-methylphenoxy)acetic acid {MCPA} 94–74–6 1 3 B1, B2
2-Chloronaphthalene 91–58–7 2 1 F, I
2-Chloronitrobenzene 88–73–3 1 -- I
1-Chloro-2-nitro-4-(trifluoromethyl)benzene 121–17–5 -- 1 F
1,1′-(Chlorophenylmethylene)bis[4-methoxybenzene] 40615–36–9 -- 1 F
4-Chloro-2-(phenylmethyl)phenol {Chlorophene} 120–32–1 1 -- I
4-Chlorophenyl phenyl ether 7005–72–3 2 1 F, I
Chloropicrin 76–06–2 1 3 B1, B2, G
Chlorothalonil 1897–45–6 1 1 B1, B2
Chlorotrianisene 569–57–3 -- 1 F
3-[2-Chloro-4-(trifluoromethyl)phenoxy]phenyl acetate 50594–77–9 -- 1 F
Chlorpyrifos 2921–88–2 1 1 B1, B2
Chlorpyrifos oxon 5598–15–2 1 3 B1, B2
Chlorsulfuron 64902–72–3 1 3 B1, B2
Cholesterol 57–88–5 1 1 C
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

Chromium 7440–47–3 1 1 D1, D2
Chromium(III) 16065–83–1 1 -- D1
Chromium(VI) {Hexavalent chromium} 18540–29–9 1 -- D1
Chrysene 218–01–9 1 1 F, I
Cimetidine 51481–61–9 1 3 C
Clofentezine 74115–24–5 3 1 B1, B2
Cobalt 7440–48–4 1 -- D1
Codeine / Codeine phosphate 76–57–3 / 

52–28–8
1 3 C

Copper ion {Also copper hydroxide and copper sulfate, as copper ion} 7440–50–8 
{20427–59–2 / 

7758–98–7}

1 1 B1, B2, 
D1, D2

3β-Coprostanol 360–68–9 1 1 C
Coronene 1910–70–1 -- 1 F
Cotinine 486–56–6 1 3 C
Coumafos 56–72–4 3 1 B1, B2
p-Cresol 106–44–5 1 1 F, I
Cresyl diphenyl phosphate 26444–49–5 -- 1 F
Crotonaldehyde 123–73–9 1 -- G
Cumene hydroperoxide 80–15–9 1 -- I
4-Cumylphenol 599–64–4 2 1 F, I
Cyanazine 21725–46–2 1 3 B1, B2
Cyanazine acid Not available 1 3 B1, B2
Cyanazine amide Not available 1 3 B1, B2
N-Cyanocarbamodithioic acid {Acid form of 138–93–2} 108–04–3 -- 1 F
Cyanogen bromide {CNBr} 506–68–3 1 -- G
Cyanogen chloride {CNCl} 506–77–4 1 -- G
Cyclododecane 294–62–2 2 1 F, I
Cyclohexanone 108–94–1 1 -- H
[[4-[[2-(4-Cyclohexylphenoxy)ethyl]ethylamino]-2-methylphenyl]methylene]malono-

nitrile
54079–53–7 -- 1 F

4H-Cyclopenta[d,e,f]chrysene 202–98–2 -- 1 F
4H-Cyclopenta[d,e,f]phenanthrene 203–64–5 1 1 F, I
Cyclopenta[c,d]pyrene 27208–37–3 -- 1 F
Cyfluthrin 68359–37–5 1 1 B1, B2
γ-Cyhalothrin 76703–62–3 1 1 B1, B2
λ-Cyhalothrin 91465–08–6 1 1 B1, B2
Cylindrospermopsin {CYLS} 143545–90–8 1 -- E
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

Cypermethrin 52315–07–8 1 1 B1, B2
ζ-Cypermethrin {zeta-Cypermethrin} 69865–47–0 1 1 B1, B2
Cyproconazole 94361–06–5 -- 1 B2
Cyprodinil 121552–61–2 2 1 B1, B2
Cytokinins 525–79–1 3 1 B1, B2
Dacthal {DCPA} 1861–32–1 1 1 B1, B2
Dacthal monoacid 887–54–7 1 1 B1, B2
Decamethylcyclopentasiloxane 541–02–6 2 1 F, H, I
Dechloroacetochlor Not available 1 3 B1, B2
Dechloroalachlor Not available 1 1 B1, B2
Dechlorodimethenamid Not available 1 3 B1, B2
Dechlorometolachlor Not available 1 1 B1, B2
Deethylatrazine 6190–65–4 1 3 B1, B2
Deethylcyanazine Not available 1 3 B1, B2
Deethylcyanazine acid Not available 1 3 B1, B2
Deethylcyanazine amide Not available 1 3 B1, B2
Deethylhydroxyatrazine {2-Hydroxy-4-isopropylamino-6-amino-s-triazine} Not available 1 1 B1, B2
Dehydronifedipine 67035–22–7 1 3 C
Deisopropylatrazine 1007–28–9 1 3 B1, B2
Deisopropylhydroxyatrazine 7313–54–4 1 3 B1, B2
Deisopropyl prometryn Not available 1 1 B1, B2
Deltamethrin 52918–63–5 1 3 B1, B2
Demethyl fluometuron Not available 1 3 B1, B2
Demethyl norflurazon Not available 1 3 B1, B2
Deoxycylindrospermopsin {DCYL} 344941–42–0 1 -- E
Desmethyldiltiazem 130606–60–9 1 3 C
Desulfinylfipronil {MB46513} Not available 1 1 B1, B2
Desulfinylfipronil amide {RPA 105048} Not available 1 1 B1, B2
6-((2,4-Diaminophenyl)azo)-3-((4-((4-((7-((2,4-diaminophenyl)azo)-1-hydroxy-3-

sulfo-2-naphthyl)azo)phenyl)amino)-3-sulfophenyl)azo)-4-hydroxynaphthalene-
2-sulfonic acid

76186–07–7 -- 1 F

5-[[4′-[(2,4-Diamino-5-sulfophenyl)azo]-3,3′-dimethyl[1,1′-biphenyl]-4-yl]azo]-2-hy-
droxybenzoic acid (acid / disodium salt)

739317–02–3 / 
 67893–48–5

-- 1 F

2,4- and 2,6-Diaminotoluene {Mixture of 95–80–7 and 823–40–5} 25376–45–8 1 -- H
Diaryl (mixed) p-phenylenediamines 68478–45–5 -- 1 F
Diazinon 333–41–5 1 1 B1, B2
Diazinon oxon 962–58–3 1 3 B1, B2
Dibenz[a,h]acridine 226–36–8 -- 1 F
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

Dibenz[a,j]acridine 224–42–0 -- 1 F
Dibenz[a,c]anthracene 215–58–7 -- 1 F
Dibenz[a,h]anthracene 53–70–3 1 1 F, I
7H-Dibenzo[c,g]carbazole 194–59–2 -- 1 F
Dibenzo[a,e]fluoranthene 5385–75–1 -- 1 F
Dibenzo[a,e]pyrene 192–65–4 -- 1 F
Dibenzo[a,h]pyrene 189–64–0 -- 1 F
Dibenzo[a,i]pyrene 189–55–9 -- 1 F
Dibenzo[a,l]pyrene 191–30–0 -- 1 F
2,6-Di-tert-p-benzoquinone 719–22–2 1 -- I
Dibenzothiophene 132–65–0 1 1 F, I
Dibromoacetic acid 631–64–1 1 -- G
Dibromochloromethane 124–48–1 1 -- A, G
1,2-Dibromo-3-chloropropane 96–12–8 1 3 A, B2
1,2-Dibromo-4-(1,2-dibromoethyl)cyclohexane 3322–93–8 -- 1 F
1,2-Dibromoethane 106–93–4 1 3 A, B2
4,6-Di-tert-butyl-m-cresol {DTBC} 497–39–2 -- 1 F
Dibutyl 1,2,3,4,7,7-hexachlorobicyclo[2.2.1]hept-2-ene-5,6-dicarboxylate 1770–80–5 -- 1 F
(3,5-Di-tert-butyl-4-hydroxyphenyl)methyl ethoxyphosphinic acid 66165–37–5 -- 1 F
2,6-Di-tert-butyl-4-methylphenol {Butylated hydroxytoluene, BHT} 128–37–0 2 1 F, I
2,5-Di(tert-butylperoxy)-2,5-dimethyl-3-hexyne 1068–27–5 -- 1 F
2,4-Di-tert-butylphenol {2,4-DTBP} 96–76–4 -- 1 F
2,6-Di-tert-butylphenol {2,6-DTBP} 128–39–2 1 1 F, I
Di-n-butyl phthalate {DBP} 84–74–2 1 1 F, I
Dicamba 1918–00–9 1 3 B1, B2
1,3-Dicarbamoyl-2,4,5,6-tetrachlorobenzene 1786–86–3 1 1 B1, B2
Dichlobenil {2,6-Dichlorobenzonitrile} 1194–65–6 1 3 B1, B2
Dichloroacetaldehyde 79–02–7 1 -- G
Dichloroacetamide 683–72–7 1 -- G
Dichloroacetic acid 79–43–6 1 -- G
3,4-Dichloroaniline 95–76–1 1 1 B1, B2
3,5-Dichloroaniline 626–43–7 1 1 B1, B2
1,2-Dichlorobenzene 95–50–1 2 1 A, F
1,4-Dichlorobenzene 106–46–7 2 1 A, F
4,4′-Dichlorobenzophenone 90–98–2 1 1 B1, B2
3-[[4-[(5,6-Dichloro-2-benzothiazolyl)azo]phenyl]ethylamino]propanenitrile 25176–89–0 -- 1 F
3,4-Dichlorobenzotrifluoride 328–84–7 3 1 F, I
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

o,p′-Dichlorodiphenyldichloroethane {o,p′-DDD} 53–19–0 -- 1 B2
p,p′-Dichlorodiphenyldichloroethane {p,p′-DDD} 72–54–8 3 1 B1, B2
o,p′-Dichlorodiphenyldichloroethylene {o,p′-DDE} 3424–82–6 -- 1 B2
p,p′-Dichlorodiphenyldichloroethylene {p,p′-DDE} 72–55–9 1 1 B1, B2
4,4′-Dichlorodiphenyl sulfone 80–07–9 3 1 F, I
o,p′-Dichlorodiphenyltrichloroethane {o,p′-DDT} 789–02–6 -- 1 B2
p,p′-Dichlorodiphenyltrichloroethane {p,p′-DDT} 50–29–3 2 1 B1, B2
1,1-Dichloroethane 75–34–3 1 -- A
1,1-Dichloroethene 75–35–4 1 -- A
cis-1,2-Dichloroethene 156–59–2 1 -- A
Dichloromethane {Methylene chloride} 75–09–2 1 -- A, G
3,4-Dichloromethyphenylurea 3567–62–2 1 3 B1, B2
4-[(2,6-Dichloro-4-nitrophenyl)azo]-N-(4-nitrophenyl)aniline 72927–94–7 -- 1 F
2,4-Dichlorophenol 120–83–2 1 1 F, I
2,4-Dichlorophenoxyacetic acid plus methyl-2,4-dichlorophenoxyacetate (summed on 

molar basis) {2,4-D plus 2,4-D methyl ester}
94–75–7 and 
1928–38–7

1 2 B1, B2

4-[1-[[(2,4-Dichlorophenyl)amino]carbonyl]-3,3-dimethyl-2-oxobutoxy]benzoic acid  58161–93–6 -- 1 F
3,4-Dichlorophenylurea 2327–02–8 1 3 B1, B2
1,2-Dichloropropane 78–87–5 1 3 A, B2
Dichloropropanone 513–88–2 1 -- G
1,3-Dichloropropene (mixture of isomers) 542–75–6 1 3 B1, B2
cis-1,3-Dichloropropene 10061–01–5 1 3 A, B2
trans-1,3-Dichloropropene 10061–02–6 1 -- A
1,2-Dichloro-1,1,2,2-tetrafluoroethane {Freon 114} 76–14–2 1 -- H
2,2-Dichloro-1,1,1-trifluoroethane {Freon 123} 306–83–2 1 -- H
Dichlorvos 62–73–7 1 3 B1, B2
Diclofenac 15307–86–5 1 1 C
Dicofol 115–32–2 1 1 B1, B2
Dicrotophos 141–66–2 1 3 B1, B2
Didealkylatrazine 3397–62–4 1 3 B1, B2
Didecyl dimethyl ammonium chloride {DDAC} 7173–51–5 2 1 F, I
Dieldrin 60–57–1 1 1 B1, B2
2,6-Diethylaniline 579–66–8 1 1 B1, B2
Diethylene glycol {2,2′-Oxybisethanol} 111–46–6 1 -- H
N,N-Diethylethanamine {Triethylamine} 121–44–8 1 -- H
Di(2-ethylhexyl)adipate 103–23–1 -- 1 F
2-Diethylhexyl diphenyl phosphate 1241–94–7 -- 1 F
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

Diethyl phthalate 84–66–2 1 1 F, I
N,N-Diethyl-m-toluamide {DEET} 134–62–3 1 2 F, I
Difenconazole 119446–68–3 -- 1 B2
Difenzoquat 49866–87–7 3 1 B1, B2
Diflubenzuron 35367–38–5 1 3 B1, B2
Diflufenzopyr 109293–97–2 1 3 B1, B2
1,1-Difluoroethane 75–37–6 1 -- H
Diglyme {Bis(2-methoxyethyl) ether} 111–96–6 1 -- H
Di-n-hexyl phthalate {DnHP} 84–75–3 -- 1 F
Diisobuyl phthalate {DIBP} 84–69–5 -- 1 F
Diisodecyl phthalate {DIDP} 26761–40–0 / 

68515–49–1
-- 1 F

Diisononyl phthalate {DINP} 28553–12–0 / 
68515–48–0

-- 1 F

Diltiazem 33286–22–5 / 
42399–41–7

1 3 C

Dimethenamid 87674–68–8 1 3 B1, B2
Dimethenamid ethanesulfonic acid {Dimethenamid ESA} Not available 1 3 B1, B2
Dimethenamid oxanilic acid {Dimethenamid OA} Not available 1 3 B1, B2
Dimethenamid-P 163515–14–8 1 3 B1, B2
Dimethoate 60–51–5 1 3 B1, B2
2,2′-[(3,3′-Dimethoxy[1,1′-biphenyl]-4,4′-diyl)bis(azo)]bis[N-(2-methylphenyl)-

3-oxobutanamide
7147–42–4 -- 1 F

Dimethoxymethane 109–87–5 1 -- H
N,N-Dimethylacetamide 127–19–5 1 -- H
(4-(Dimethylamino)phenyl)bis(4-(ethylamino)-3-methylphenyl)methylium acetate 72102–55–7 -- 1 F
7,12-Dimethylbenz[a]anthracene 57–97–6 -- 1 F
2,5-Dimethyl-2,5-di(tert-butylperoxy)hexane 78–63–7 2 1 F, I
N,N-Dimethylformamide 68–12–2 1 -- H
2,6-Dimethyl-4-heptanone 108–83–8 1 -- H
Dimethyl methylphosphonate 756–79–6 1 -- H
1,2-Dimethylnaphthalene 573–98–8 1 1 F, I
1,6-Dimethylnaphthalene 575–43–9 1 1 F, I
2,6-Dimethylnaphthalene 581–42–0 1 1 F, I
2,4-Dimethylphenol 105–67–9 1 -- I
3,5-Dimethylphenol 108–68–9 3 1 F, I
4-[1-(3,4-Dimethylphenyl)ethyl]-1,2-dimethylbenzene 1742–14–9 -- 1 F
Dimethyl phthalate 131–11–3 1 1 F, I
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

Dimethylsiloxane / Tetramethyldisiloxane / Methyl siloxanes (mixture) 69430–47–3 -- 1 F
Dimethyl siloxanes, hydrogen-terminated 70900–21–9 -- 1 F
1,7-Dimethylxanthine 611–59–6 1 3 C
1,3-Dinitrobenzene 99–65–0 1 -- I
3,7-Dinitrofluoranthene 105735–71–5 -- 1 F
3,9-Dinitrofluoranthene 22506–53–2 -- 1 F
4,6-Dinitro-2-methylphenol {DNOC} 534–52–1 1 3 B2, I
2,4-Dinitrophenol 51–28–5 1 2 F, I
1,6-Dinitropyrene 42397–64–8 -- 1 F
1,8-Dinitropyrene 42397–65–9 -- 1 F
2,6-Dinitrotoluene 606–20–2 1 1 F, I
Dinonylphenol (mixture of isomers) 1323–65–5 -- 1 F
Dioctadecyl-3,3′-thiodipropionate 693–36–7 -- 1 F
Di-n-octyl phthalate 117–84–0 -- 1 F
Diosgenin 512–04–9 -- 1 F
1,4-Dioxane 123–91–1 1 -- A, I
1,3-Dioxolane 646–06–0 1 -- H
Di-n-pentyl phthalate {DnPP} 131–18–0 3 1 F, I
Diphenhydramine 147–24–0 / 

58–73–1
1 3 C

N,N′-Diphenyl-1,4-benzenediamine 74–31–7 2 1 F, I
Dipropylene glycol dibenzoate   27138–31–4 1 -- H
Dipropylene glycol monomethyl ether 34590–94–8 1 -- H
Diquat / diquat bromide 2764–72–9 / 

85–00–7
1 1 B1, B2

N,N′-Di-sec-butylbenzene-1,4-diamine 101–96–2 1 -- H
Disodium cyanodithioimidocarbonate {Salt form of 108–04–3} 138–93–2 2 1 F, I
Disperse Blue 79:1 {2-[5-acetamido-N-(2-acetyloxyethyl)-4-(2-bromo-4,6-dinitrophe-

nyl)diazenyl-2-methoxyanilino]ethyl acetate}
3618–72–2 3 1 F, H

Disperse Brown 1 {2,2′-[[3-chloro-4-[(2,6-dichloro-4-nitrophenyl)azo]phenyl]imino]
bisethanol

23355–64–8 -- 1 F

Disperse Orange 5 {2-[[4-[(2,6-Dichloro-4-nitrophenyl)azo]phenyl]methylamino]
ethanol}

6232–56–0 -- 1 F

Disperse Orange 61 55281–26–0 -- 1 F
Disperse Yellow 68 {4,4′-[p-Phenylenebis(azo)]diphenol} 21811–64–3 -- 1 F
Distearyl dimethyl ammonium chloride {DSDMAC} 107–64–2 -- 1 F
Disulfoton 298–04–4 1 1 B1, B2
Disulfoton sulfone 2497–06–5 1 3 B1, B2
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

Disulfoton sulfoxide 2497–07–6 1 3 B1, B2
Dithiopyr 97886–45–8 3 1 B1, B2
Diuron 330–54–1 1 1 B1, B2
Dodecachlorododecahydrodimethanodibenzocyclooctene {Dechlorane plus} 13560–89–9 -- 1 F
Dodecamethylcylohexasiloxane 540–97–6 -- 1 F
Dodecane 93685–81–5 -- 1 F
Dodecylbenzene sodium sulfonate    25155–30–0 1 -- H
3-Dodecyl-4-(2-dodecyl-4-hydroxyphenyl)sulfanylphenol {Thiobis((tetrapropylene)

phenol)}
68815–67–8 -- 1 F

Dodecylphenol, calcium salt, sulfurized 68855–45–8 -- 1 F
Dodecylphenol, calcium salt, sulfurized, overbased, carbonated 68784–26–9 -- 1 F
Emamectin 155569–91–8 3 1 B1, B2
Endosulfan 115–29–7 1 1 B1, B2
α-Endosulfan 959–98–8 1 1 B1, B2
β-Endosulfan 33213–65–9 1 1 B1, B2
Endosulfan ether 3369–52–6 1 1 B1, B2
Endosulfan sulfate 1031–07–8 1 1 B1, B2
Endothall 145–73–3 1 3 B1, B2
Enrofloxacin 93106–60–6 1 3 C
Epichlorohydrin {2-(Chloromethyl)oxirane} 106–89–8 1 -- H
Equilenin 517–09–9 1 1 C
Equilin 474–86–2 1 3 C
Erythromycin / Erythromycin dihydrate 114–07–8 / 

59319–72–1
1 3 C

Esfenvalerate 66230–04–4 1 1 B1, B2
17α-Estradiol 57–91–0 1 1 C
17β-Estradiol 50–28–2 1 1 C
Estriol 50–27–1 1 3 C
Estrone 53–16–7 1 3 C
Ethalfluralin 55283–68–6 1 1 B1, B2
Ethoprop {Ethoprophos} 13194–48–4 1 3 B1, B2
2-Ethoxyethanol 110–80–5 1 -- H
2-(2-Ethoxyethoxy)ethanol 111–90–0 1 -- H
2-Ethoxyethyl acetate 111–15–9 1 -- H
Ethyl acetate 141–78–6 1 -- H
S-Ethyl dipropylthiocarbamate {EPTC} 759–94–4 1 1 B1, B2
N,N-Ethylene-bis(tetrabromophthalimide) 32588–76–4 -- 1 F
Ethylenediaminetetraacetic acid {EDTA} 60–00–4 1 -- H
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

Ethylenethiourea {ETU} 96–45–7 1 3 B1, B2
2-Ethyl-1-hexanol 104–76–7 1 -- H
2-Ethyl-6-methylaniline 24549–06–2 1 3 B1, B2
2-[(2-Ethyl-6-methylphenyl)amino]-1-propanol 61520–53–4 1 1 B1, B2
O-Ethyl-O-methyl-S-propylphosphorothioate 76960–87–7 1 3 B1, B2
2-Ethylnaphthalene 939–27–5 2 1 F, I
N-Ethyl perfluorooctylsulfonamide ethanol{N-EtFOSE alcohol} 1691–99–2 3 1 F, I
17α-Ethynylestradiol 57–63–6 1 1 C
Etoxazole 153233–91–1 1 3 B1, B2
Famoxadone 131807–57–3 1 3 B1, B2
FD&C Yellow No. 6 {Disodium (5E)-6-oxo-5-[(4-sulfonatophenyl)hydrazinylidene]

naphthalene-2-sulfonate}
2783–94–0 3 1 F, H

Fenamiphos 22224–92–6 1 3 B1, B2
Fenamiphos sulfone 31972–44–8 1 3 B1, B2
Fenamiphos sulfoxide 31972–43–7 1 3 B1, B2
Fenarimol 60168–88–9 3 1 B1, B2
Fenbuconazole 114369–43–6 3 1 B1, B2
Fenbutatin oxide 13356–08–6 1 1 B1, B2
Fenpropathrin 39515–41–8 1 1 B1, B2
Fenpyroximate 134098–61–6 3 1 B1, B2
Fenthion 55–38–9 3 1 B1, B2
Fenthion oxon sulfone 14086–35–2 3 1 B1, B2
Fentin / Triphenyltin hydroxide 668–34–8 / 

76–87–9
1 1 B1, B2

Fenvalerate 51630–58–1 3 1 B1, B2
Fipronil 120068–37–3 1 1 B1, B2
Fipronil sulfide 120067–83–6 1 1 B1, B2
Fipronil sulfone 120068–36–2 1 1 B1, B2
Fluazinam 79622–59–6 2 1 B1, B2
Fludioxonil 131341–86–1 3 1 B1, B2
Flufenacet 142459–58–3 2 1 B1, B2
Flufenacet ethanesulfonic acid {Flufenacet ESA} 201668–32–8 2 1 B1, B2
Flufenacet oxanilic acid {Flufenacet OA} Not available 2 1 B1, B2
Flumetralin 62924–70–3 3 1 B1, B2
Flumetsulam 98967–40–9 1 3 B1, B2
Flumiclorac 87546–18–7 1 3 B1, B2
Fluometuron 2164–17–2 1 3 B1, B2
Fluoranthene 206–44–0 1 1 F, I
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

Fluorene 86–73–7 1 1 F, I
Fluoride 7782–41–4 1 -- D1
Fluoxetine / Fluoxetine hydrochloride 54910–89–3 / 

59333–67–4
1 1 C

Flutolanil 66332–96–5 3 1 B1, B2
Fonofos 944–22–9 1 2 B1, B2
Fonofos oxon 944–21–8 1 3 B1, B2
Formaldehyde 50–00–0 1 -- G
Formetanate 23422–53–9 1 3 B1, B2
Furosemide 54–31–9 1 3 C
Gemfibrozil 25812–30–0 1 1 C
Glipizide 29094–61–9 1 3 C
Glyburide 10238–21–8 1 1 C
Glyphosate 1071–83–6 1 1 B1, B2
Gross alpha-particle activity 12587–46–1 1 -- J
Gross beta-particle activity 12587–47–2 1 -- J
Halosulfuron-methyl 100784–20–1 1 3 B1, B2
1,2,3,4,6,7,8-Heptabromodibenzofuran {1,2,3,4,6,7,8-HpBDF} 107555–95–3 -- 1 F
1,2,3,4,6,7,8-Heptabromoodibenzo-p-dioxin {1,2,3,4,6,7,8-HpBDD} 110999–47–8 -- 1 F
Heptachlor 76–44–8 2 1 B1, B2
Heptachlor epoxide 1024–57–3 2 1 B1, B2
2,2′,3,4′,5,5,6′-Heptachloro-4-biphenylol {4-Hydroxy-PCB187} 158076–64–3 -- 1 F
Heptachlorocyclopentane 68258–90–2 -- 1 F
Heptachlorocyclopentene 62111–47–1 -- 1 F
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin {1,2,3,4,6,7,8-HpCDD} 35822–46–9 -- 1 F
1,2,3,4,6,7,8-Heptachlorodibenzofuran {1,2,3,4,6,7,8-HpCDF}    67562–39–4 -- 1 F
1,2,3,4,7,8,9-Heptachlorodibenzofuran {1,2,3,4,7,8,9-HpCDF} 55673–89–7 -- 1 F
Heptachloronaphthalene 32241–08–0 -- 1 F
Heptachloro-2-norbornene (mixture of isomers) 28680–45–7 -- 1 F
1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-Heptadecafluoro-N-(2-hydroxyethyl)-methyl-1-octane-

sulfonamide {N-MeFOSE alcohol}
24448–09–7 3 1 F, H

Heptadecafluorooctane-1-sulfonic acid; 2-(2-hydroxyethylamino)ethanol {PFOS 
diethanolamine salt}

70225–14–8 -- 1 F

Heptamethylphenylcyclotetrasiloxane 10448–09–6 -- 1 F
Hexabromobenzene 87–82–1 -- 1 F
1,2,5,6,9,10-Hexabromocyclodecane 3194–55–6 3 1 F, H
Hexabromocyclododecane (mixture of isomers) 25637–99–4 -- 1 F
α-Hexabromocyclododecane 134237–50–6 -- 1 F
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

β-Hexabromocyclododecane 134237–51–7 -- 1 F
γ-Hexabromocyclododecane 134237–52–8 -- 1 F
1,2,3,4,7,8-Hexabromodibenzo-p-dioxin {1,2,3,4,7,8-HxBDD} 110999–44–5 -- 1 F
1,2,3,6,7,8-Hexabromodibenzo-p-dioxin {1,2,3,6,7,8-HxBDD} 110999–45–6 -- 1 F
1,2,3,7,8,9-Hexabromodibenzo-p-dioxin {1,2,3,7,8,9-HxBDD} 110999–46–7 -- 1 F
1,2,3,4,7,8-Hexabromodibenzofuran {1,2,3,4,7,8-HxBDF} 129880–08–6 -- 1 F
Hexachlorobenzene {HCB} 118–74–1 2 1 B2, F, I
2,2′,3,4′,5,5′-Hexachloro-4-biphenylol {4-Hydroxy-PCB 146} 145413–90–7 -- 1 F
α-Hexachlorocyclohexane {α-HCH} 319–84–6 1 1 B1, B2
β-Hexachlorocyclohexane {β-HCH} 319–85–7 1 1 B1, B2
γ-Hexachlorocyclohexane {Lindane} 58–89–9 1 1 B1, B2
δ-Hexachlorocyclohexane {δ-HCH} 319–86–8 1 1 B1, B2
Hexachlorocyclopentadiene 77–47–4 2 1 F, I
Hexachlorodibenzo-p-dioxin (mixture of isomers) 34465–46–8 -- 1 F
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin {1,2,3,4,7,8-HxCDD} 39227–28–6 -- 1 F
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin {1,2,3,6,7,8-HxCDD} 57653–85–7 -- 1 F
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin {1,2,3,7,8,9-HxCDD} 19408–74–3 -- 1 F
1,2,3,4,7,8-Hexachlorodibenzofuran {1,2,3,4,7,8-HxCDF} 70648–26–9 -- 1 F
1,2,3,6,7,8-Hexachlorodibenzofuran {1,2,3,6,7,8-HxCDF} 57117–44–9 -- 1 F
1,2,3,7,8,9-Hexachlorodibenzofuran {1,2,3,7,8,9-HxCDF} 72918–21–9 -- 1 F
2,3,4,6,7,8-Hexachlorodibenzofuran {2,3,4,6,7,8-HxCDF} 60851–34–5 -- 1 F
Hexachloroethane 67–72–1 3 1 A, F
Hexachloronaphthalene (mixture of isomers) 1335–87–1 -- 1 F
1,2,3,4,5,7-Hexachloronaphthalene {PCN 64} 67922–27–4 -- 1 F
Hexahydrohexamethylcyclopentabenzopyran {HHCB} 1222–05–5 1 1 F, I
Hexamethyldisilazane, hexamethylcyclotrisiloxane, diethylhydroxylamine, silica 

condensate {HMSSA}
68583–58–4 -- 1 F

Hexamethyldisiloxane {HMDS} 107–46–0 3 1 F, I
Hexamine {1,3,5,7-Tetraazatricyclo [3.3.1.13,7] decane} 100–97–0 1 -- H
Hexane 110–54–3 1 -- H
Hexazinone 51235–04–2 1 2 B1, B2
Hydrazine 302–01–2 1 -- I
Hydrochlorothiazide 58–93–5 / 

8049–49–8
1 3 C

Hydrocodone / Hydrocodone bitartrate 125–29–1 / 
143–71–5

1 3 C

Hydrogenated rosin 65997–06–0 -- 1 F
Hydrogenated rosin, glycerol ester 65997–13–9 -- 1 F
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

Hydrogenated rosin, pentaerythritol ester 64365–17–9 -- 1 F
Hydrogenated rosin, triethylene glycol ester 68648–53–3 -- 1 F
Hydroxyacetochlor 60090–47–3 1 3 B1, B2
Hydroxyalachlor 56681–55–1 1 1 B1, B2
10-Hydroxyamitriptyline 64520–05–4 1 3 C
2-Hydroxyatrazine 2163–68–0 1 1 B1, B2
3-Hydroxycarbofuran 16655–82–6 1 3 B1, B2
Hydroxydimethanamid Not available 1 3 B1, B2
1-Hydroxyethylidene diphosphonic acid 2809–21–4 1 -- H
3-Hydroxyfluorene 6344–67–8 3 1 F, I
2-Hydroxyibuprofen 51146–55–5 1 3 C
4-(Hydroxymethyl)pendimethalin 56750–76–6 1 1 B1, B2
4-Hydroxy-4-methyl-2-pentanone 123–42–2 1 -- H
2-Hydroxy-2-methylpropanenitrile {Acetone cyanohydrin} 75–86–5 1 -- H
Hydroxymetolachlor 131068–72–9 1 1 B1, B2
2-[(2-Hydroxy-1-naphthyl)azo]naphthalenesulfonic acid 29128–55–0 -- 1 F
2-Hydroxyphenanthrene 605–55–0 3 1 F, I
3-Hydroxyphenanthrene 605–87–8 3 1 F, I
4-Hydroxyphenanthrene 7651–86–7 3 1 F, I
9-Hydroxyphenanthrene 484–17–3 3 1 F, I
Hydroxysimazine 2599–11–3 1 3 B1, B2
6-Hydroxy-5-[2-(4-sulfophenyl)diazenyl]naphthalene-2-sulfonic acid 5859–11–0 -- 1 F
4-Hydroxy-2,5,6-trichloroisophthalonitrile Not available 1 1 B1, B2
Hydroxyzine 68–88–2 1 3 C
Ibuprofen 15687–27–1 1 1 C
Imazamox 114311–32–9 1 1 B1, B2
Imazaquin 81335–37–7 1 3 B1, B2
Imazethapyr 81335–77–5 1 3 B1, B2
Imidacloprid 138261–41–3 1 3 B1, B2
Indeno[1,2,3-cd]pyrene 193–39–5 1 1 F, I
Indoxacarb 173584–44–6 1 3 B1, B2
3-Iodo-2-propynyl butylcarbamate 55406–53–6 1 -- H
Iprodione 36734–19–7 1 1 B1, B2
Iron 7439–89–6 1 -- D1
Isobutylacetate {2-Methylpropyl acetate} 110–19–0 1 -- H
Isodecyl diphenyl phosphate 29761–21–5 -- 1 F
Isophorone 78–59–1 1 1 F, I
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

Isopropyl acetate {1-Methylethyl acetate} 108–21–4 1 -- H
Isopropylbenzene {(1-Methylethyl)benzene} 98–82–8 2 1 A, F
Isopropyl phenyl diphenyl phosphate 28108–99–8 -- 1 F
Isoquinoline 119–65–3 2 1 F, I
Isoxaben 82558–50–7 3 1 B1, B2
Isoxaflutole 141112–29–0 1 3 B1, B2
Isoxaflutole metabolite RPA 202248 {1-(2-Methylsulfonyl-4-trifluoromethylphenyl)-

2-cyano-3-cyclopropyl propan-1,3-dione}
143701–75–1 1 3 B1, B2

Isoxaflutole metabolite RPA 203328 {2-Methylsulfonyl-4-trifluoromethyl benzoic 
acid}

142994–06–7 1 3 B1, B2

3-Ketocarbofuran 16709–30–1 1 3 B1, B2
11-Ketotestosterone 53187–98–7 / 

564–35–2
1 3 C

Kresoxim-methyl 143390–89–0 1 1 B1, B2
Lead 7439–92–1 1 1 D1, D2
Lead-210 {210Pb} 14255–04–0 1 -- J
D-Limonene 5989–27–5 3 1 F, I
Lincomycin 154–21–2 1 3 C
Linuron 330–55–2 1 2 B1, B2
Lisinopril 76547–98–3 1 3 C
Lithium 7439–93–2 1 -- D1
Lithium perfluorooctane sulfonate 29457–72–5 -- 1 F
Malaoxon 1634–78–2 1 3 B1, B2
Malathion 121–75–5 1 3 B1, B2
Maneb 12427–38–2 1 3 B1, B2
Manganese 7439–96–5 1 -- D1
Menthol 89–78–1 2 1 F, I
Mercury 7439–97–6 2 1 D1, D2
Mestranol 72–33–3 1 1 C
Metalaxyl 57837–19–1 1 3 B1, B2
Metam sodium 137–42–8 1 3 B1, B2
Metconazole 125116–23–6 1 1 B1, B2
Metformin hydrochloride 657–24–9 1 3 C
Methamidophos 10265–92–6 1 3 B1, B2
Methidathion 950–37–8 1 3 B1, B2
Methocarbamol 532–03–6 1 3 C
Methomyl 16752–77–5 1 3 B1, B2
Methomyl oxime 13749–94–5 1 3 B1, B2
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

Methoxychlor 72–43–5 1 1 B1, B2
2-Methoxyethanol 109–86–4 1 -- H
2-(2-Methoxyethoxy)ethanol 111–77–3 1 -- H
Methoxyfenozide 161050–58–4 1 1 B1, B2
4-[[2-Methoxy-4-[(2-methoxyphenyl)azo]-5-methylphenyl]azo]phenol {MMMP} 93805–00–6 -- 1 F
1-Methoxy-2-propanol 107–98–2 1 -- H
Methyl acetate 79–20–9 1 -- A
2-Methylanthracene 613–12–7 1 1 F, I
5-Methyl-1H-benzotriazole 136–85–6 1 -- I
Methyl tert-butyl ether 1634–04–4 1 -- A
3-Methylcholanthrene 56–49–5 -- 1 F
5-Methylchrysene 3697–24–3 -- 1 F
cis-Methyl-3-(2,2-dichlorovinyl)-2,2-dimethyl-(1-cyclopropane)-carboxylate 61898–95–1 1 1 B1, B2
trans-Methyl-3-(2,2-dichlorovinyl)-2,2-dimethyl-(1-cyclopropane)-carboxylate 61898–95–1 1 1 B1, B2
4,4-(1-Methylethylidene)bisphenol reaction products with hexakis(methoxymethyl)

melamine
125328–28–1 -- 1 F

1-Methyl-9H-fluorene 1730–37–6 1 1 F, I
Methyl glyoxal 78–98–8 1 -- G
5-Methyl-2-hexanone 110–12–3 1 -- H
1-Methyl-7-(1-methylethyl)phenanthrene {Retene} 483–65–8 -- 1 F
1-Methylnaphthalene 90–12–0 3 1 F, I
2-Methylnaphthalene 91–57–6 2 1 F, I
Methyl oxirane {Propylene oxide} 75–56–9 1 -- H
4-Methyl-2-pentanol 108–11–2 1 -- H
1-Methylphenanthrene 832–69–9 1 1 F, I
1-Methylpyrene 2381–21–7 1 1 F, I
1-Methyl-2-pyrrolidone 872–50–4 1 -- H
Methyl salicylate 119–36–8 1 -- I
(4E)-4-[(4-Methyl-2-sulfophenyl)hydrazinylidene]-3-oxonaphthalene-2-carboxylic 

acid
16014–23–6 -- 1 F

Methyltin trichloride 993–16–8 1 -- H
Methyl triclosan 4640–01–1 2 1 F, I
Metolachlor 51218–45–2 1 1 B1, B2
S-Metolachlor 87392–12–9 1 1 B1, B2
Metolachlor ethane sulfonic acid {Metolachlor ESA} 171118–09–5 1 3 B1, B2
Metolachlor oxanilic acid {Metolachlor OA} 152019–73–3 1 3 B1, B2
Metoprolol / Metoprolol tartrate 37350–58–6 or 

51384–51–1 / 
56392–17–7

1 3 C
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

Metribuzin 21087–64–9 1 3 B1, B2
Microcystin-LA {MCLA} 96180–79–9 1 -- E
Microcystin-LF {MCLF} 154037–70–4 1 -- E
Microsystin-LR {MCLR}  101043–37–2 1 -- E
Microcystin-LW {MCLW} 157622–02–1 1 -- E
Microcystin-LY {MCLY} 123304–10–9 1 -- E
Microsystin-RR {MCRR} 111755–37–4 1 -- E
Microcystin-YR {MCYR} 101064–48–6 1 -- E
Mirex 2385–85–5 2 1 B1, B2
Molinate 2212–67–1 1 2 B1, B2
Molybdenum 7439–98–7 1 -- D1
Monobenzyl phthalate 2528–16–7 2 1 F, I
Monobromoacetic acid 79–08–3 1 -- G
Monochloroacetic acid 79–11–8 1 -- G
Mono(2-ethyl-5-carboxypentyl) phthalate 40809–41–4 2 1 F, I
Mono-2-ethylhexyl phthalate 4376–20–9 2 1 F, I
Mono(2-ethyl-5-hydroxyhexyl) phthalate 40321–99–1 2 1 F, I
Mono(2-ethyl-5-oxohexyl) phthalate 40321–98–0 2 1 F, I
Mono-isononyl phthalate 519056–28–1 -- 1 F
Mono-n-octyl phthalate 5393–19–1 -- 1 F
Morpholine 110–91–8 1 -- H
Musk xylene 81–15–2 1 1 F, I
Myclobutanil 88671–89–0 1 1 B1, B2
Nadalol 42200–33–9 1 3 C
Naled 300–76–5 1 3 B1, B2
Naphthalene 91–20–3 1 1 A, B2, F, I
1-Naphthol 90–15–3 1 3 B1, B2
2-Naphthol {2-Hydroxynaphthalene} 135–19–3 2 1 F, I
Naphthylacetamide 86–86–2 3 1 B1, B2
2-Naphthylamine 91–59–8 3 1 F, I
Napropamide 15299–99–7 2 1 B1, B2
Naptho[2,3-e]pyrene 196–42–9 -- 1 F
Nickel 7440–02–0 1 1 D1, D2
Nicosulfuron 111991–09–4 1 3 B1, B2
Nitrapyrin 1929–82–4 1 -- H
5-Nitroacenaphthene 602–87–9 3 1 F, I
Nitrobenzene 98–95–3 1 1 F, I
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

4-Nitrobiphenyl 92–93–3 3 1 F, I
6-Nitrochrysene 7496–02–8 -- 1 F
2-Nitrofluorene 607–57–8 2 1 F, I
Nitroglycerin 55–63–0 1 -- H, I
2-Nitrophenol 88–75–5 1 2 F, I
4-Nitrophenol 100–02–7 1 2 F, I
2-Nitropropane 79–46–9 1 -- H
1-Nitropyrene 5522–43–0 -- 1 F
4-Nitropyrene 57835–92–4 -- 1 F
N-Nitrosodiethanolamine {NDELA} 1116–54–7 1 -- I
N-Nitrosodiethylamine {NDEA} 55–18–5 1 3 F, G, I
N-Nitrosodimethylamine {NDMA} 62–75–9 1 -- G, I
N-Nitrosodiphenylamine 86–30–6 1 1 F, G, I
N-Nitrosodi-n-propylamine {NDPA} 621–64–7 1 3 F, G, I
N-Nitrosopyrrolidine {NPYR} 930–55–2 1 3 F, G, I
Nodularian {NDLR} 118399–22–7 1 -- E
cis-Nonachlor 5103–73–1 -- 1 B2
trans-Nonachlor 39765–80–5 -- 1 B2
4-Nonylphenol (linear) 104–40–5 -- 1 F
Nonylphenols (linear, mixed isomers) 25152–52–3 -- 1 F
4-Nonylphenols (branched, mixed isomers) 84852–15–3 1 1 F, I
Nonylphenol derivatives sulfides 68515–93–5 -- 1 F
4-Nonylphenol diethoxylates (mixed isomers) {NP2EO} 26027–38–2 1 1 F, I
α-(Nonylphenyl)-ω-hydroxy-poly(oxy-1,2-ethanediyl) (branched) 127087–87–0 -- 1 F
Norethindrone {19-Norethindrone} 68–22–4 1 3 C
Norfluoxetine 56161–73–0 / 

83891–03–6
1 1 C

Norflurazon 27314–13–2 1 3 B1, B2
Norverapamil 67814–42–4 / 

67018–85–3
1 1 C

Novaluron 116714–46–6 1 1 B1, B2
1,2,3,4,6,7,8,9-Octabromodibenzo-p-dioxin {OBDD} 2170–45–8 -- 1 F
1,2,3,4,6,7,8,9-Octabromodibenzofuran {OBDF} 103582–29–2 -- 1 F
Octabromo-1,3,3-trimethyl-1-phenylindane 155613–93–7 -- 1 F
1,2,3,4,6,7,8,9-Octachlorodibenzo-p-dioxin {OCDD} 3268–67–9 -- 1 F
1,2,3,4,6,7,8,9-Octachlorodibenzofuran {OCDF} 39001–02–0 -- 1 F
Octadecamethyloctasiloxane 556–69–4 -- 1 F
Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine 2691–41–0 1 -- H
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

Octamethylcyclotetrasiloxane 556–67–2 3 1 F, I
Octamethylcyclotetrasiloxane, silica, ammonia, and hexamethyldisilazane reaction 

product {OMSSA}
68937–51–9 -- 1 F

Octamethyltrisiloxane 107–51–7 3 1 F, I
1-Octanol 111–87–5 1 -- H
Nonylphenol monoethoxylates (mixed isomers) {NP1EO} 27986–36–3 / 

104–35–8
1 1 F, I

4-Octylphenols (mixed isomers) 140–66–9 and 
1806–26–4

1 1 F, I

4-n-Octylphenols (linear) 1806–26–4 2 1 F, I
4-tert-Octylphenols (branched) 140–66–9 1 1 F, I
4-tert-Octylphenol diethoxylates {OP2EO} 2315–61–9 / 

51437–90–2
1 1 F, I

4-tert-Octylphenol monoethoxylates {OP1EO} 2315–67–5 / 
51437–89–9

1 1 F, I

α-Olefins (C20-24, linear) 93924–10–8 -- 1 F
Oryzalin 19044–88–3 1 1 B1, B2
Oxadiazon 19666–30–9 3 1 B1, B2
Oxamyl 23135–22–0 1 3 B1, B2
Oxamyl oxime 30558–43–1 1 3 B1, B2
Oxirane 75–21–8 1 -- H
5-Oxo-1-(4-sulfophenyl)-4-[2-(4-sulfophenyl)diazen-1-yl]-4,5-dihydro-1H-pyrazole-

3-carboxylic acid 
34175–08–1 -- 1 F

Oxychlordane 27304–13–8 -- 1 B2
Oxycodone / Oxycodone hydrochloride 76–42–6 / 

124–90–3
1 3 C

Oxyfluorfen 42874–03–3 1 1 B1, B2
Paclobutrazol 76738–62–0 3 1 B1, B2
Paraoxon-methyl 950–35–6 1 3 B1, B2
Paraquat 4685–14–7 1 1 B1, B2
Parathion-methyl 298–00–0 1 1 B1, B2
Paroxetine hydrochloride / Paroxetine hydrochloride hemihydrate 61869–08–7 /  

110429–35–1
1 1 C

PCB 22 {2,3,4′-Trichlorobiphenyl} 38444–85–8 -- 1 F
PCB 28 {2,4,4′-Trichlorobiphenyl} 7012–37–5 -- 1 F
PCB 44 {2,2′,3,5′-Tetrachlorobiphenyl} 41464–39–5 -- 1 F
PCB 49 {2,2′,4,5′-Tetrachlorobiphenyl} 41464–40–8 -- 1 F
PCB 52 {2,2′,5,5′-Tetrachlorobiphenyl} 35693–99–3 -- 1 F
PCB 60 {2,3′,4,4′-Tetrachlorobiphenyl} 32598–10–0 -- 1 F
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

PCB 70 {2,3′,4′,5-Tetrachlorobiphenyl} 32598–11–1 -- 1 F
PCB 74 {2,4,4′,5-Tetrachlorobiphenyl} 32690–93–0 -- 1 F
PCB 77 {3,3′,4,4′-Tetrachlorobiphenyl} 32598–13–3 -- 1 F
PCB 81 {3,4,4′,5-Tetrachlorobiphenyl} 70362–50–4 -- 1 F
PCB 87 {2,2′,3,4,5′-Pentachlorobiphenyl} 38380–02–8 -- 1 F
PCB 95 {2,2′,3,5′,6-Pentachlorobiphenyl} 38379–99–6 -- 1 F
PCB 99 {2,2′,4,4′,5-Pentachlorobiphenyl} 38380–01–7 -- 1 F
PCB 101 {2,2′,4,5,5′-Pentachlorobiphenyl} 37680–73–2 -- 1 F
PCB 105 {2,3,3′,4,4′-Pentachlorobiphenyl} 32598–14–4 -- 1 F
PCB 110 {2,3,3′,4′,6-Pentachlorobiphenyl} 38380–03–9 -- 1 F
PCB 114 {2,3,4,4′,5-Pentachlorobiphenyl} 74472–37–0 -- 1 F
PCB 118 {2,3′,4,4′,5-Pentachlorobiphenyl} 31508–00–6 -- 1 F
PCB 123 {2,3′,4,4′,5′-Pentachlorobiphenyl} 65510–44–3 -- 1 F
PCB 126 {3,3′,4,4′,5-Pentachlorobiphenyl} 57465–28–8 -- 1 F
PCB 128 {2,2′,3,3′,4,4′-Hexachlorobiphenyl}  38380–07–3 -- 1 F
PCB 138 {2,2′,3,4,4′,5′ Hexachlorobiphenyl} 35065–28–2 -- 1 F
PCB 146 {2,2′,3,4′,5,5′-Hexachlorobiphenyl} 51908–16–8 -- 1 F
PCB 149 {2,2′,3,4′,5′,6-Hexachlorobiphenyl} 38380–04–0 -- 1 F
PCB 151 {2,2′,3,5,5′,6-Hexachlorobiphenyl} 52663–63–5 -- 1 F
PCB 153 {2,2′,4,4′,5,5′-Hexachlorobiphenyl} 35065–27–1 -- 1 F
PCB 156 {2,3,3′,4,4′,5-Hexachlorobiphenyl} 38380–08–4 -- 1 F
PCB 157 {2,3,3′,4,4′,5′-Hexachlorobiphenyl} 69782–90–7 -- 1 F
PCB 158 {2,3,3′,4,4′,6-Hexachlorobiphenyl} 74472–42–7 -- 1 F
PCB 167 {2,3′,4,4′,5,5′-Hexachlorobiphenyl} 52663–72–6 -- 1 F
PCB 169 {3,3′,4,4′,5,5′-Hexachlorobiphenyl} 32774–16–6 -- 1 F
PCB 170 {2,2′,3,3′,4,4′,5-Heptachlorobiphenyl} 35065–30–6 -- 1 F
PCB 174 {2,2′,3,3′,4,5,6′-Heptachlorobiphenyl} 38411–25–5 -- 1 F
PCB 177 {2,2′,3,3′,4,5′,6′-Heptachlorobiphenyl} 52663–70–4 -- 1 F
PCB 178 {2,2′,3,3′,5,5′,6-Heptachlorobiphenyl} 52663–67–9 -- 1 F
PCB 180 {2,2′,3,4,4′,5,5′-Heptachlorobiphenyl} 35065–29–3 -- 1 F
PCB 183 {2,2′,3,4,4′,5′,6-Heptachlorobiphenyl} 52663–69–1 -- 1 F
PCB 187 {2,2′,3,4′,5,5′,6-Heptachlorobiphenyl} 52663–68–0 -- 1 F
PCB 189 {2,3,3′,4,4′,5,5′-Heptachlorobiphenyl} 39635–31–9 -- 1 F
PCB 194 {2,2′,3,3′,4,4′,5,5′-Octachlorobiphenyl} 35694–08–7 -- 1 F
PCB 196 {2,2′,3,3′,4,4′,5,6′-Octachlorobiphenyl} 42740–50–1 -- 1 F
PCB 199 {2,2′,3,3′,4,5,5′,6′-Octachlorobiphenyl} 52663–75–9 -- 1 F
PCB 206 {2,2′,3,3′,4,4′,5,5′,6-Nonachlorobiphenyl} 40186–72–9 -- 1 F
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

Pebulate {S-Propyl butylethylthiocarbamate} 1114–71–2 3 1 B1, B2
Pendimethalin 40487–42–1 1 1 B1, B2
1,2,3,4,5-Pentabromo-6-chloro-cyclohexane 87–84–3 3 1 F, I
1,2,3,7,8-Pentabromodibenzo-p-dioxin {PeBDD} 109333–34–8 -- 1 F
1,2,3,7,8-Pentabromodibenzofuran {1,2,3,7,8-PeBDF} 107555–93–1 -- 1 F
2,3,4,7,8-Pentabromodibenzofuran {2,3,4,7,8-PeBDF} 131166–92–2 -- 1 F
Pentabromoethylbenzene 85–22–3 -- 1 F
Pentabromophenol 608–71–9 -- 1 F
Pentabromotoluene 87–83–2 -- 1 F
Pentachloroanisole {PCA} 1825–21–4 -- 1 B2, F
Pentachlorobenzenethiol 133–49–3 -- 1 F
2,3,3′,4′,5-Pentachloro-4-biphenylol {4-Hydroxy-PCB 107} 152969–11–4 -- 1 F
1,2,3,7,8-Pentachlorodibenzo-p-dioxin {1,2,3,7,8-PeCDD} 40321–76–4 -- 1 F
1,2,3,7,8-Pentachlorodibenzofuran {1,2,3,7,8-PeCDF} 57117–41–6 -- 1 F
2,3,4,7,8-Pentachlorodibenzofuran {2,3,4,7,8-PeCDF} 57117–31–4 -- 1 F
Pentachloronaphthalene (mixture of isomers) 1321–64–8 -- 1 F
1,2,3,5,7-Pentachloronaphthalene {PCN 52} 53555–65–0 -- 1 F
1,2,4,6,7-Pentachloronaphthalene {PCN 60} 150224–17–2 -- 1 F
Pentachloronitrobenzene {PCNB} 82–68–8 3 1 B1, B2
Pentachlorophenol 87–86–5 1 1 F, I
2,3,4,5,6-Pentachloropyridine 2176–62–7 3 1 F, H
Pentanal  110–62–3 1 -- G
Pentane 109–66–0 1 -- H
4-tert Pentylphenol 80–46–6 -- 1 F
Perchlorate 14797–73–0 1 -- D1, G, I
1H,1H,2H,2H-Perfluoro-1-dodecanol {10:2 FTOH} 865–86–1 -- 1 F
1H,1H,2H,2H-Perfluorodecanol {8:2 FTOH} 678–39–7 -- 1 F
Perfluoroheptanoic acid {PFHpA} 375–85–9 -- 1 F
Perfluorooctane sulfonamide 754–91–6 -- 1 F
Perfluorooctane sulfonic acid {PFOS} 1763–23–1 1 1 F, I
Perfluorooctanoic acid {PFOA} 335–67–1 1 1 F, I
1H,1H,2H,2H-Perfluorooctanol {6:2 FTOH} 647–42–7 -- 1 F
Permethrin (mixture of isomers) 52645–53–1 1 1 B1, B2
cis-Permethrin 61949–76–6 1 1 B1, B2
trans-Permethrin 61949–77–7 1 1 B1, B2
Perylene 198–55–0 -- 1 F
Phenanthrene 85–01–8 1 1 F, I
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

Phenanthridine 229–87–8 1 1 F, I
Phenmedipham 13684–63–4 3 1 B1, B2
Phenol 108–95–2 1 1 F, I
3-Phenoxybenzoic acid 3739–38–6 1 1 B1, B2
3-Phenoxybenzyl alcohol 13826–35–2 2 1 B1, B2
N-Phenylaniline 122–39–4 1 -- H
1-Phenyl-2,3-di(propan-2-yl)benzene 69009–90–1 -- 1 F
N-Phenyl-2-naphthylamine 135–88–6 2 1 F, I
Phorate 298–02–2 1 1 B1, B2
Phorate oxon 2600–69–3 1 3 B1, B2
Phosmet 732–11–6 1 2 B1, B2
Phosmet oxon 3735–33–9 1 3 B1, B2
Pigment Brown 22 {N, N′-Bis(2,4-dinitrophenyl)-3,3′-dimethoxy-[1,1′-biphenyl]-4,4′-

diamine}
29398–96–7 -- 1 F

Piperonyl butoxide 51–03–6 1 3 B1, B2
Polonium-210 {210Po} 13981–52–7 1 -- J
Polybrominated biphenyls (mixture of isomers) 59536–65–1 -- 1 F
Polychlorinated biphenyls (total) {total PCBs} 1336–36–3 1 1 F, I
Potassium perfluorooctane sulfonate 2795–39–3 -- 1 F
Prodiamine 29091–21–2 3 1 B1, B2
Profenofos 41198–08–7 1 3 B1, B2
Promethazine 60–87–7 / 

58–33–3
1 1 C

Prometon 1610–18–0 1 3 B1, B2
Prometryn 7287–19–6 1 1 B1, B2
Pronamide 23950–58–5 1 1 B1, B2
Propanil 709–98–8 1 3 B1, B2
2-Propanol 67–63–0 1 -- H
2-Propanone with diphenylamine 68412–48–6 -- 1 F
Propargite 2312–35–8 1 1 B1, B2
Propazine 139–40–2 1 3 B1, B2
2-Propen-1-ol {Allyl alcohol} 107–18–6 1 -- I
cis-Propiconazole 60207–90–1 1 1 B1, B2
trans-Propiconazole 60207–90–1 1 1 B1, B2
Propoxur 114–26–1 1 3 B1, B2
Propoxyphene / Propoxyphene hydrochloride 469–62–5 / 

1639–60–7
1 1 C

Propranolol hydrochloride 318–98–9 / 
3506–09–0

1 3 C
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

n-Propyl acetate 109–60–4 1 -- H
Propylated triphenyl phosphate 68937–41–7 -- 1 F
Prosulfuron 94125–34–5 1 3 B1, B2
Pymetrozine 123312–89–0 1 1 B1, B2
Pyraclostrobin 175013–18–0 1 1 B1, B2
Pyrene 129–00–0 1 1 F, I
Pyrethrins (mixture) 8003–34–7 1 3 B1, B2
Pyridaben 96489–71–3 1 1 B1, B2
Pyridine 110–86–1 1 -- H
Quinclorac 84087–01–4 3 1 B1, B2
Quinoline 91–22–5 1 1 F, I
Quinoxyfen 124495–18–7 3 1 B1, B2
Radium-224 {224Ra} 13233–32–4 1 -- J
Radium-226 {226Ra} 13982–63–3 1 -- J
Radium-228 {228Ra} 15262–20–1 1 -- J
Radon-222 {222Rn} 14859–67–7 1 -- J
Ranitidine 66357–35–5 1 3 C
Resin and rosin acids, fumarated, barium salts 124751–15–1 -- 1 F
Resin and rosin acids, fumarated, decyl esters 258342–84–6 -- 1 F
Roxithromycin 80214–83–1 1 3 C
Saxitoxins 55803–44–6 1 -- E
Selenium 7782–49–2 1 2 D1, D2
Sertraline / Sertraline hydrochloride 79617–96–2 / 

79559–97–0
1 1 C

Short-chain (C10-13) chlorinated paraffins {SCCPs} 85535–84–8 -- 1 F
Siduron 1982–49–6 1 3 B1, B2
Simazine 122–34–9 1 3 B1, B2
β-Sitosterol 83–46–5 1 1 C
Sodium 3,3′-[(3,3′-dimethoxy[1,1′-biphenyl]-4,4′-diyl)bis(azo)]bis[5-amino-4-hy-

droxy-2,7-naphthalenedisulfonate
68966–50–7 -- 1 F

Sodium N,N-dimethylcarbamodithioate 128–04–1 1 -- H
Sodium lauryl sulfate 151–21–3 1 -- H
Sodium mercaptobenzothiazole 2492–26–4 1 -- H
Solvent Blue 5 {α,α-Bis[4-(diethylamino)phenyl]-4-(ethylamino)-1-naphthalenemeth-

anol}
1325–86–6 3 1 F, I

Solvent Red 3 {4-((4-Ethoxyphenyl)azo)-1-naphthalenol} 6535–42–8 -- 1 F
3β-Stigmastanol 19466–47–8 1 1 C
Strontium 7440–24–6 1 -- D1
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

Styrenated phenols (mixture) 61788–44–1 3 1 F, I
Sulfamethazine 57–68–1 1 3 C
Sulfamethoxazole 723–46–6 1 3 C
Sulfometuron-methyl 74222–97–2 1 3 B1, B2
Sulfosulfuron 141776–32–1 1 3 B1, B2
Tallow alkyl ethoxylated phosphate amines 68308–48–5 -- 1 F
Tartrazine {FD&C Yellow No. 5} 1934–21–0 3 1 F, H
Tebuconazole 107534–96–3 1 1 B1, B2
Tebufenozide 112410–23–8 2 1 B1, B2
Tebupirimfos 96182–53–5 1 1 B1, B2
Tebupirimfos oxon Not available 1 1 B1, B2
Tebuthiuron 34014–18–1 1 3 B1, B2
Tefluthrin 79538–32–2 1 1 B1, B2
Tefluthrin metabolite [R 119364] Not available 1 1 B1, B2
Tefluthrin metabolite [R 152912] Not available 1 1 B1, B2
Tellurium 13494–80–9 1 -- D1
Terbacil 5902–51–2 1 3 B1, B2
Terbufos 13071–79–9 1 3 B1, B2
Terbufos-oxon-sulfone 56070–15–6 1 3 B1, B2
Terbufos sulfone 56070–16–7 1 3 B1, B2
Terbuthylazine 5915–41–3 1 1 B1, B2
Terbutylphenyl diphenyl phosphate 56803–37–3 -- 1 F
Terphenyl 26140–60–3 -- 1 F
α-Terpinol {2-(4-Methyl-1-cyclohex-3-enyl) propan-2-ol} 98–55–5 1 -- H
Tertiary dodecyl mercaptan {TDM} 25103–58–6 -- 1 F
1,2,4,5-Tetrabromo-3,6-bis(pentabromophenoxy)benzene 58965–66–5 -- 1 F
Tetrabromobisphenol-A {TBBPA} 79–94–7 -- 1 F
2,3,7,8-Tetrabromodibenzofuran {TBDF} 67733–57–7 -- 1 F
Tetrabromodichlorocyclohexane 30554–72–4 -- 1 F
Tetrabromophenolphthalein ethyl ester {Malachite green oxalate} 1176–74–5 3 1 F, I
1,3,6,8-Tetrabromopyrene 128–63–2 -- 1 F
2,3,7,8-Tetrabromodibenzo-p-dioxin {TBDD} 50585–41–6 -- 1 F
Tetrabutyltin 1461–25–2 -- 1 F
2,3,7,8-Tetrachlorodibenzo-p-dioxin {TCDD} 1746–01–6 1 1 F, I
2,3,7,8-Tetrachlorodibenzofuran {TCDF} 51207–31–9 -- 1 F
Tetrachloroethene {Perchloroethene} 127–18–4 1 -- A
Tetrachloromethane {Carbon tetrachloride} 56–23–5 1 3 A, B2, G
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

Tetrachloronaphthalene (mixture of isomers) 1335–88–2 -- 1 F
1,2,3,4-Tetrachloronaphthalene {PCN 27} 20020–02–4 -- 1 F
2,3,4,6-Tetrachlorophenol 58–90–2 2 1 F, I
3,3′,4′,5-Tetrachlorosalicylanilide 1154–59–2 3 1 F, I
Tetrachloroveratrole {1,2,3,4-Tetrachloro-5,6-dimethoxybenzene} 944–61–6 2 1 F, I
Tetraconazole 112281–77–3 1 1 B1, B2
Tetradifon 116–29–0 -- 1 B2
Tetraethyl lead 78–00–2 2 1 F, I
1,2,3,4-Tetrahydronaphthalene 119–64–2 1 -- H
2,2,4,4-Tetramethyl-7-oxa-3.20-diazadispiro[5.1.11.2]-henicosan-21-one 64338–16–5 -- 1 F
Tetraoctyltin 3590–84–9 -- 1 F
Tetrapropenylphenol {TPP} 74499–35–7 -- 1 F
2,4,6,8-Tetravinyl-2,4,6,8-tetramethylcyclotetrasiloxane 2554–06–5 -- 1 F
Thallium 7440–28–0 1 -- D1
Thiazopyr 117718–60–2 2 1 B1, B2
Thiobencarb 28249–77–6 1 1 B1, B2
Thiobis[dodecylphenol] {Anion form of 26998–97–0} 28575–93–1 -- 1 F
Toluene {Methylbenzene} 108–88–3 1 -- A
Toluene diisocyanate {2,4- and 2,6-Toluenediisocyanate mixture} 26471–62–5 1 -- I
o-Toluidine 95–53–4 1 -- I
Tolyltriazole {Methyl-1H-benzotriazole} 29385–43–1 1 -- I
Tramadol 27203–92–5 1 3 C
Triadimenol 55219–65–3 3 1 B1, B2
Triallate 2303–17–5 1 1 B1, B2
Triamterene 396–01–0 1 3 C
Tribenuron-methyl 101200–48–0 1 3 B1, B2
Tribromomethane {Bromoform} 75–25–2 1 -- A, G
Tribufos {Tribuphos} 78–48–8 1 1 B1, B2
Tributyl phosphate 126–73–8 2 1 F, I
Tributyltin 688–73–3 -- 1 F
Tributyltin chloride (Salt form of 688–73–3) 1461–22–9 -- 1 F
Trichloroacetamide 594–65–0 1 -- G
Trichloroacetic acid 76–03–9 1 -- G
2,4,6-Trichloroaniline 634–93–5 3 1 F, I
1,1,1-Trichloroethane {1,1,1-TCA} 71–55–6 1 -- A
Trichloroethene 79–01–6 1 -- A
Trichloromethane {Chloroform} 67–66–3 1 -- A, G
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

Trichloronaphthalene 1321–65–9 -- 1 F
Trichloro-2-phenoxyphenol 64111–81–5 -- 1 F
1,2,3-Trichloropropane 96–18–4 1 3 A, B2
Trichloropropene sulfonic acid {TCPSA} 65600–62–6 1 1 B1, B2
Trichloroveratrole 16766–29–3 3 1 F, I
Triclocarban {3-(4-Chlorophenyl)-1-(3,4-dichlorophenyl)urea} 101–20–2 3 1 F, H
Triclopyr 55335–06–3 1 1 B1, B2
Triclosan 3380–34–5 1 1 F, I
Tricresyl phosphate 1330–78–5 -- 1 F
Tri(dichlorisopropyl) phosphate 13674–87–8 1 -- I
Trifloxystrobin 141517–21–7 1 3 B1, B2
3-(Trifluoromethyl)aniline 98–16–8 1 3 B1, B2
3-(Trifluoromethyl)phenylurea 13114–87–9 1 3 B1, B2
Trifluralin 1582–09–8 1 1 B1, B2
Trimethoprim 738–70–5 1 3 C
S-(3-Trimethoxysilyl)propyl 19-isocyanato-11-(6-isocyanatohexyl)-10,12-dioxo-

2,9,11,13-tetraazanonadecanethioate 
85702–90–5 -- 1 F

1,2,4-Trimethylbenzene 95–63–6 1 -- A
2,3,6-Trimethylnaphthalene 829–26–5 1 1 F, I
2,2,4-Trimethyl-1,3-pentanediolmono(2-methylpropanoate) 25265–77–4 1 -- H
2,4,6-Trimethyl-2,4,6-tris(3,3,3-trifluoropropyl)-cyclotrisiloxane 2374–14–3 -- 1 F
1,3,5-Trinitroperhydro-1,3,5-triazine 121–82–4 1 -- H
2,4,6-Trinitrotoluene {TNT} 118–96–7 1 -- I
Triphenylbismuthine 603–33–8 -- 1 F
Triphenyl phosphate 115–86–6 1 1 B2, F, I
Triphenylphosphine 603–35–0 -- 1 F
Triphenyl phosphite 101–02–0 -- 1 F
Tris(2-butoxyethyl)phosphate 78–51–3 1 1 F, I
Tris(2-chloroethyl) phosphate 115–96–8 1 3 F, I
Tris(2,4-di-tert-butylphenyl) phosphite 31570–04–4 -- 1 F
2,4,6-Tris(1,1-dimethylethyl)phenol 732–26–3 -- 1 F
Tris(4-nonylphenyl) phosphite {TNPP} 26523–78–4 -- 1 F
2-[[4-[1,2,2-Tris[4-(oxiran-2-ylmethoxy)phenyl]ethyl]phenoxy]methyl]oxirane 7328–97–4 -- 1 F
Tri-o-tolyl phosphate 78–30–8 2 1 F, I
Trixylenyl phosphate 25155–23–1 -- 1 F
Tylosin 1401–69–0 1 3 C
Uniconazole / Uniconazole-P 83657–22–1 / 

83657–17–4
3 1 B1, B2
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Table 1.  Constituents identified as having high priority (Tier 1) for national- or regional-scale ambient monitoring of water or sediment 
in the United States.—Continued

[Tiers used to prioritize constituents are defined in the main body of the report; those identified as Tier 1 have a higher priority for monitoring than those identi-
fied as Tier 2 or Tier 3. An underlined constituent group is the preferred group in cases of differences in prioritization for the same matrix. Constituent groups: 
volatile organic compounds in water (A); pesticides in water (B1) or sediment (B2); pharmaceuticals and hormones in water or sediment (C); trace elements 
and other inorganic constituents in water (D1) or sediment (D2); cyanotoxins in surface water (E); lipophilic organic compounds in sediment (F); disinfection 
by-products in water (G); high-production-volume chemicals in water (H); wastewater-indicator and industrial compounds in water (I); and radionuclides in 
groundwater (J). CASRN, Chemical Abstracts Service Registry Number; --, constituent not evaluated for specified matrix; BDE, brominated diphenyl ether; 
C.I., Colour Index Constitution; FD&C, U.S. Food and Drug Administration Food, Drug, and Cosmetic Act; PCB, polychlorinated biphenyl]

Constituent name {abbreviation or other name} CASRN1 Tier for 
water

Tier for 
sediment

Constituent 
group(s)

Uranium 7440–61–1 1 -- D1
Uranium-234 {234U} 13966–29–5 1 -- J
Uranium-235 {235U} 15117–96–1 1 -- J
Uranium-238 {238U} 24678–82–8 1 -- J
Urethane 51–79–6 1 3 F, I
Valsartan 137862–53–4 1 3 C
Vanadium 7440–62–2 1 -- D1
Venlafaxine 93413–69–5 1 3 C
Verapamil / Verapamil hydrochloride 52–53–9 / 

152–11–4
1 1 C

Veratrine {Sabadilla total alkaloids} 8051–02–3 3 1 B1, B2
Vinclozolin 50471–44–8 2 1 B1, B2
Vinyl neodecanoate 51000–52–3 2 1 F, I
Warfarin 81–81–2 1 3 C
o-Xylene {1,2-Dimethylbenzene} 95–47–6 1 -- A
m- and p-Xylenes {1,3- and 1,4-Dimethylbenzene} 108–38–3 & 

106–42–3 / 
179601–23–1

1 -- A, H

Zinc 7440–66–6 1 1 B1, B2, 
D1, D2

Zinc bis[bis(tetrapropylenephenyl)] bis(hydrogen dithiophosphate) 11059–65–7 -- 1 F
Zinc bis(1,3-dimethylbutyl) dithiophosphate 2215–35–2 -- 1 F
Zinc bis[O-(6-methylheptyl)] bis[O-(sec-butyl)] bis(dithiophosphate) 93819–94–4 -- 1 F
Ziram 137–30–4 1 3 B1, B2

1This report contains Chemical Abstracts Service Registry Numbers (CASRN)®, which is a registered trademark of the American Chemical Society. The 
CASRN online database provides the latest registry number information: http://www.cas.org/. Chemical Abstracts Service recommends the verification of the 
CASRNs through CAS Client ServicesSM.
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Summary
A total of 2,541 constituents were evaluated and priori-

tized for national- and regional-scale ambient monitoring of 
water and sediment in the United States. This prioritization 
was done for the U.S. Geological Survey (USGS) in prepara-
tion for the upcoming third decade (Cycle 3; 2013–23) of 
the National Water-Quality Assessment (NAWQA) Program. 
The results from this prioritization could be useful to other 
agencies or organizations that seek to monitor ambient water 
or sediment for constituents that are of potential concern with 
respect to human health or aquatic life.

Constituents were prioritized by the NAWQA National 
Target Analyte Strategy (NTAS) work group within constituent 
groups that were identified on the basis of chemical class or 
use. Constituent groups included volatile organic compounds 
in water (Group A); pesticides in water or sediment (Group B); 
pharmaceuticals and hormones in water or sediment (Group 
C); trace elements and other inorganic constituents in water or 
sediment (Group D); cyanotoxins in surface water (Group E); 
lipophilic organic compounds in sediment (Group F); disinfec-
tion by-products in water (Group G); high-production-volume 
chemicals in water (Group H); wastewater-indicator and 
industrial compounds in water (Group I); and radionuclides 
in water (Group J). Methods of prioritization for all of the 
constituent groups generally relied on two factors: (1) the like-
lihood of a constituent to occur in the matrix of interest, and 
(2) the likelihood of that constituent to have effects on human 
health or aquatic life. Thus, a constituent that could occur 
widely in a matrix of interest, but which is unlikely to affect 
human health or aquatic life, was considered a low priority for 
ambient monitoring. Likewise, a constituent that could affect 
human health or aquatic life, but which is unlikely to occur in 
a matrix of interest (water or sediment), also was considered 
a low priority for ambient monitoring. Constituents that could 
occur widely in the environment and that are likely to affect 
human health or aquatic life were considered a high priority 
for ambient monitoring. Information to support an evaluation 
of the likelihood of occurrence or the likelihood of effects was 
not consistently available for all constituents; therefore, meth-
ods of prioritization were customized for the different NTAS 
constituent groups. 

Sources of information used to support the prioritization 
of constituents included USGS monitoring data collected for 
the NAWQA Program, the Toxic Substances Hydrology Pro-
gram, and other studies, as well as data documenting observed 
or predicted occurrence available in the scientific literature. 
Information about potential effects to aquatic life or human 
health was obtained from lists of constituents of concern to 
human health or aquatic life compiled from numerous refer-
ences from the U.S. Environmental Protection Agency and 
other agencies, lists of constituents of international concern, 
large national and international databases of information on 
the toxicity and chemical properties of candidate constitu-
ents, and regulatory and nonregulatory standards for water 

and sediment. These numerous resources and references 
were documented in the report and in specific “Supplemental 
Information” sections that correspond to each of the NTAS 
constituent groups. 

As a result of this prioritization, 1,081 constituents were 
identified as being of high priority (NTAS Tier 1) for ambient 
monitoring in water or sediment. An additional 1,460 constitu-
ents were identified as being of intermediate, low, or no prior-
ity (NTAS Tier 2 or Tier 3, respectively) for ambient monitor-
ing in water or sediment. These included 436 constituents in 
Tier 2 for water, 246 in Tier 2 for sediment, 979 in Tier 3 for 
water, and 779 in Tier 3 for sediment. Constituents in Tier 2 
are not being considered for ambient monitoring at this time 
because of resource limitations but could be of interest for tar-
geted sampling of contaminated sites, such as animal feeding 
operations, landfills, or wastewater effluent discharge points. 
Constituents in Tier 1 are being considered by the USGS for 
method development (if methods are not already available) 
and for future monitoring as part of NAWQA Cycle 3 and for 
other programs. 
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Supplemental Information A.

Prioritization of Volatile Organic Compounds in Water (Group A)

By John S. Zogorski, Duane S. Wydoski, and Joshua F. Valder

Abbreviations and Acronyms Used in Supplemental Information A
1,2,3-TCP	 1,2,3-trichloropropane

BQ	 benchmark quotient (USGS)

CCL3	 Contaminant Candidate List 3 (USEPA)

DBCP	 1,2-dibromo-3-chloropropane 

EDB	 1,2-dibromoethane 

GC/ECD	 gas chromatography with electron-capture detection

GC/MS	 gas chromatography with mass spectrometry

HBSL	 Health-Based Screening Level (water-quality benchmark, USGS)

HH	 human health

HPV	 high-production volume or high-production-volume chemical

HPV-VOC	 high-production-volume volatile organic compound

log KOW	 base-10 logarithm of the octanol-water partition coefficient

LS	 laboratory schedule

LT-MDL	 long-term method detection level (USGS NWQL)

MCL	 Maximum Contaminant Level (drinking-water-quality benchmark, USEPA)

NAWQA	 National Water-Quality Assessment (USGS)

NIA	 no information available

NTAS	 National Target Analyte Strategy

NWQL	 National Water Quality Laboratory (USGS)

SIM	 selected-ion monitoring

SWQA	 Source Water-Quality Assessment (USGS NAWQA)

USEPA	 U. S. Environmental Protection Agency

USGS	 U.S. Geological Survey

VOC	 volatile organic compound



Supplemental Information A.    59

This supplemental information section of the report 
describes the prioritization of 89 volatile organic compounds 
in water (Group A) by the U.S. Geological Survey (USGS) 
National Target Analyte Strategy (NTAS) work group, for 
national- and regional-scale ambient monitoring in the United 
States, in support of planning for the third decade (Cycle 3) 
of the National Water-Quality Assessment (NAWQA) Pro-
gram. The feasibility of implementing analytical methods for 
high-priority volatile organic compounds (VOCs) and knowl-
edge and concerns of VOCs as a constituent group also are 
described in this section.

Constituents in Group A were limited to 85 compounds 
currently (2011) analyzed by the USGS National Water Qual-
ity Laboratory (NWQL) on laboratory schedule (LS) 2020 
(purge-and-trap gas chromatography with mass spectrometry; 
Connor and others, 1997) for which national-scale data are 
available, and 4 constituents on LS 4024 (heated purge-and-
trap gas chromatography with mass spectrometry; Rose and 
Sandstrom, 2003) for which national-scale data are not avail-
able. Additional VOCs that also are high-production-volume 
chemicals (HPVs) were prioritized under Group H and were 
not included in Group A, and additional VOCs that are not 
HPVs were prioritized under Group I and were not included in 
Group A. 

Of the 13 constituents in Group A that overlap with other 
NTAS constituent groups for water, 2 were pesticides in Group 
B1 (bromomethane and iodomethane); 7 were disinfection 
by-products in Group G (the four trihalomethanes, bromodi-
chloromethane, dibromochloromethane, tribromomethane, and 
trichloromethane, plus dibromomethane, dichloromethane, and 
tetrachloromethane); 1 was an HPV in Group H (m- and p- 
xylenes, treated as a single constituent because they coelute); 
and 3 were wastewater-indicator and industrial compounds in 
Group I (1,4-dioxane, hexachlorobutadiene, and naphthalene). 
In addition, cis- and trans-1,3-dichloropropene, which were 
evaluated separately for Group A, were evaluated together as 
“1,3-dichloropropene (mixture of isomers)” for Group B. All 
of the constituents in Group A that overlapped with Groups 
B, H, or I were prioritized using methods from both constitu-
ent groups and were found to have equivalent results; priori-
tization methods for these other groups are provided in the 
“Supplemental Information” sections B, H, and I. All of the 
VOCs that overlapped between Group A and Group G were 
prioritized using only the prioritization methods for Group A, 
described in the following section. 

An additional 12 constituents in Group A overlap with 
other NTAS constituent groups for sediment, namely with 
Group B2 (pesticides in sediment) and Group F (lipophilic 
organic compounds in sediment); however, these overlaps 
do not represent potential conflicts because the prioritization 
methods and results for Group A apply to water only and not 
to sediment.

Prioritization of Volatile Organic Compounds in 
Water

The prioritization of VOCs in Group A applies to surface 
water and groundwater. The VOCs (as a constituent group) 
were not prioritized for sediment because the large solubility 
and low octanol-water partition coefficients of many of the 
VOCs indicate that VOCs favor partitioning into the aqueous 
phase (dissolved in water) rather than to sediment (Rathbun, 
1998); however, selected VOCs that are relevant to sedi-
ment were prioritized in Group B2 or Group F, as mentioned 
previously. 

Detection frequency and concentration information from 
six NAWQA datasets that used LS 2020—three for surface 
water and three for groundwater—were considered in this 
process. Data for surface water came from (1) surface-water 
sources to public water systems (Kingsbury and others, 
2008); (2) NAWQA integrator sites located at the outlets of 
major streams with relatively large drainage areas (David 
Bender, U.S. Geological Survey, written commun., 2010; 
data available from the USGS National Water Information 
System at http://waterdata.usgs.gov/nwis); and (3) NAWQA 
urban intensive fixed sites with increased sampling frequency 
during selected periods (Bender and others, 2009). Data for 
groundwater came from (1) groundwater sources to public 
water systems (Hopple and others, 2009); (2) NAWQA urban 
land-use studies (Squillace and others, 2004); and (3) ambient 
groundwater from domestic and public wells (Zogorski and 
others, 2006; data available at http://water.usgs.gov/nawqa/
vocs/national_assessment/data/index.html). 

Three fuel-related constituents on LS 4024 were consid-
ered for prioritization on the basis of occurrence data collected 
in NAWQA Source Water-Quality Assessments (SWQAs)—
methyl acetate, 2-methyl-2-butanol (tert-amyl alcohol), and 
tert-butanol (tert-butyl alcohol). These three constituents 
were analyzed to obtain information about the occurrence 
of selected degradates of ether gasoline oxygenates. An 
additional constituent on LS 4024 (available as a custom 
addition)—1,4-dioxane, a solvent and by-product of the manu-
facturing of some detergents and cosmetics—also was consid-
ered for prioritization. Because the SWQAs focused on a small 
number of rivers and a small number of communities supplied 
from public wells, the occurrence data for these VOCs are not 
available at a national scale. As such, these four VOCs were 
prioritized in a similar manner to the approach used for HPVs 
that currently are not routinely analyzed by the USGS NQWL 
(see the “Supplemental Information H” section for details).

The initial screening of VOCs was done during the 
summer of 2009. The prioritization was subsequently refined 
in October 2009 to incorporate new information from 
(1) the NTAS lists of human-health concern, including the 
release of the final U.S. Environmental Protection Agency 
(USEPA) Contaminant Candidate List 3 (CCL3; U.S. Envi-
ronmental Protection Agency, 2010a); (2) newly available 
or revised human-health information for three constituents 

http://waterdata.usgs.gov/nwis
http://water.usgs.gov/nawqa/vocs/national_assessment/data/index.html
http://water.usgs.gov/nawqa/vocs/national_assessment/data/index.html
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(bromobenzene, 2-hexanone, and 1,2,3-trichloropropane); and 
(3) an analysis of benchmark quotients (BQs), defined as the 
ratio of a constituent concentration to a human-health bench-
mark concentration for water. For example, new information 
about concentrations of human-health concern for 1,2,3-tri-
chloropropane (U.S. Environmental Protection Agency, 2010a) 
resulted in its placement into Tier 1 because this constituent 
warrants a lower long-term method detection level (LT-MDL) 
than was used for previous NAWQA studies documenting its 
occurrence in environmental waters.

Prioritization Methods for Volatile Organic 
Compounds in Water

A consistent prioritization procedure was developed 
and used for the VOCs, as shown in the flow chart in figure 
A.1. The VOCs on LS 2020 met one or more of seven crite-
ria for inclusion in NTAS Tier 1: (1) having a large detection 
frequency, defined as greater than or equal to 10 percent; 
(2) being a component of a mixture of known human-health 
concern; (3) having at least 20 percent of detections within 
two orders of magnitude of a USEPA Maximum Contaminant 
Level (MCL) or USGS Health-Based Screening Level (HBSL; 
Toccalino and others, 2008); (4) having a large detection fre-
quency in USEPA studies; (5) having a 99-percentile concen-
tration greater than 0.01 of an MCL or HBSL (that is, having 
a BQ greater than 0.01); (6) having a benchmark, but not a 
detection limit that is low enough to provide an understand-
ing of occurrence relative to that benchmark; or (7) useful-
ness as an indicator of constituent’s source or degradation 
pathway. As previously mentioned, the four constituents on 
LS 4024—methyl acetate, 2-methyl-2-butanol, tert-butanol, 
and 1,4-dioxane—were prioritized in a manner similar to the 
approach used for HPVs that are not currently analyzed by the 
USGS NWQL (see the “Supplemental Information H” section 
for details). 

Results of Prioritization of Volatile Organic 
Compounds in Water

A total of 32 VOCs are included in NTAS Tier 1 and 
24 in Tier 2 (table A.1 at http://pubs.usgs.gov/sir/2012/5218/
downloads/tableA.xls). Of the 85 VOCs on LS 2020, 52 were 
placed into NTAS Tier 1 or Tier 2. Of these, 29 are included in 
Tier 1 and are considered to be of highest priority for ambient 
monitoring and warrant inclusion in NAWQA Cycle 3. The 
23 compounds in Tier 2 would warrant inclusion in Cycle 3 
if NAWQA seeks to enhance monitoring of constituents with 
some human-health concern or of priority to other agencies; 
however, based on past monitoring, most of these constituents 
are not expected to occur frequently in ambient waters or at 
concentrations near a benchmark. Of the four VOCs on LS 
4024, three were placed in Tier 1 and one was placed in Tier 2.

The fumigants bromomethane, cis-1,3-dichloropropene, 
and trans-1,3-dichloropropene were included in Tier 1 based 

on the results of predicted occurrence in surface water with 
agricultural land use obtained as part of the prioritization of 
pesticides in water (Group B1) described in the “Supplemental 
Information B” section. The review of their NAWQA occur-
rence data as part of the VOC screening approach initially 
placed these three compounds in a lower prioritization tier; 
however, NAWQA monitoring for VOCs has not targeted 
land-use settings where these fumigants are anticipated to 
occur frequently. As such, the prioritization process used for 
pesticides in water was considered more appropriate for these 
fumigants.

Similarly, naphthalene, a VOC with relatively low vapor 
pressure, was included in Tier 1 based on the prioritization 
process used for wastewater-indicator and industrial com-
pounds in water (Group I) described in the “Supplemental 
Information I” section. This decision was based, in part, on the 
enhanced analytical method performance for naphthalene by 
using solid-phase extraction gas chromatography with mass 
spectrometry, in comparison to purge-and-trap gas chromatog-
raphy with mass spectrometry, which is used for LS 2020. 

For the four VOCs analyzed on LS 4024, a prioritization 
process equivalent to the process described for high-produc-
tion-volume chemicals in water (Group H) in the “Supple-
mental Information H” section was adopted for Group A. Two 
constituents, methyl acetate and tert-butanol, were placed into 
Tier 1 on the basis of having a base-10 logarithm of the octa-
nol-water partition coefficient (log KOW) less than 4, indicating 
that it is soluble in water (occurrence concern) and being in 
NTAS human-health (HH) bin of 1 (human-health concern). A 
third constituent, 2-methyl-2-butanol, was placed into Tier 2 
on the basis of having a log KOW less than 4 (occurrence con-
cern) and HH bin of NIA (no information available for human 
toxicity). A fourth constituent, 1,4-dioxane, a high-production-
volume volatile organic compound (HPV-VOC), was placed 
into Tier 1 based on its high predicted occurrence in water and 
an HH bin of 1; this constituent also was placed into Tier 1 
based on the prioritization process used for wastewater-indica-
tor and industrial compounds in water (Group I) described in 
the “Supplemental Information I” section.

In addition to the VOCs that were prioritized for Group 
A, 20 high-priority HPV-VOCs that were identified as high-
production-volume chemicals in water (Group H) that are not 
currently analyzed could be considered as potential additions 
to LS 2020 or LS4024 for the future. These constituents were 
prioritized using the process described for the high-produc-
tion-volume chemicals in water (Group H) in the “Supplemen-
tal Information H” section. 

From the results of the VOC prioritization procedure, it 
appears that as many as 33 constituents could be dropped from 
routine analysis. These constituents have not been detected 
or were rarely detected (less than 0.5 percent) in NAWQA 
water samples and do not have concentrations near bench-
marks (if such exist). Constituents identified as being of low 
or no priority (Tier 3) for national- and regional-scale ambi-
ent monitoring are listed in table A.2 at http://pubs.usgs.gov/
sir/2012/5218/downloads/tableA.xls).
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Screening of VOCs for detection frequency and other considerations

All constituents on laboratory 
schedule 2020 (NAWQA studies)

DF <1.0 percent
(infrequently detected) 

DF >10 percent
(frequently
detected) 

Comparison to drinking- 
water benchmarkMixture

Comparison to NTAS
human-health list 

Tracer/source
indicator 

Characterize 
mixtures and 

trends

Is the constituent a
component of a 

mixture of known 
human-health concern 

or one of several 
constituents included

 in a benchmark? 

Do 20 percent of 
detections occur 

within two orders of 
magnitude of a
benchmark? 

Is the constituent 
included on NTAS
human-health list? 

Value as an indicator 
of a constituent’s 
origin or source, 

and/or its 
degradation 

(by-products)? 
Detected 

>>1 percent? 

YES

YES YES NO YES NO NO

NO

NO

YES

YES

[All processes are considered in parallel and not in sequence to identify if multiple reasons would result in a Tier 1 designation. If parallel processes resulted in different 
prioritization results, the higher priority tier was retained. BQ, benchmark quotient; DF, detection frequency; DW, drinking water; HBSL, Health-Based Screening Level; 

LTMDL, long-term method detection level; MCL, Maximum Contaminant Level; NAWQA, National Water-Quality Assessment Program; NTAS, National Target Analyte Strategy; 
PHBSL, Provisional Health-Based Screening Level; USEPA, U.S. Environmental Protection Agency; >, greater than; >>, much greater than; ≥; greater than or equal to; <, less than]

Criteria resulting in a Tier 1 designation

Screening category

Screening criteria

Tier designation

EXPLANATION

Screening of LTMDL compared 
to benchmark concentrations

Screening for 
priority to other agencies

A more sensitive
analytical method

is needed 

Screening of VOCs 
with a benchmark–BQ analysis

NTAS
Tier 1 

Groundwater Surface water

YES

YES

YES

YES NO
NO

NO NO

Is the 99th 
percentile BQ
value ≥ 0.01?

Continue
screening 

Criteria not resulting in a Tier 1 designation

All constituents on
schedule 2020

YES NO

NO

YES

All constituents on
schedule 2020

NTAS
Tier 1 

NTAS
Tier 1 

NTAS
Tier 2 

Does the constituent have a 
benchmark (MCL, HBSL, PHBSL)?

If a constituent has a benchmark, 
was the LTMDL < 0.1 (1/10th) 

of that benchmark?
Is the constituent included on

a regulatory list by other
agencies? 

Is the maximum average
concentration BQ

value ≥ 0.01? 

Continue
screening 

Continue
screening 

Continue
screening 

Continue
screening 

Is constituent included in 
four USEPA VOC DW

studies?

DF 1–10 percent (moderately detected)
Each constituent goes through the 

4 screening criteria below

NTAS
Tier 1 

NTAS
Tier 1 

NTAS
Tier 1 

NTAS
Tier 1 

NTAS
Tier 1 

NTAS
Tier 3 

NTAS
Tier 3 

NTAS
Tier 3 

NTAS
Tier 3 

NTAS
Tier 3 

NTAS
Tier 2 

NTAS
Tier 2 

All constituents on
schedule 2020

Figure A.1.  Flow chart for prioritizing volatile organic compounds (VOCs) for national- and regional-scale monitoring in water in the 
United States (used for constituents on National Water Quality Laboratory schedule 2020).
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Basis for Prioritization of Volatile Organic 
Compounds in Water

One or more of seven criteria were the basis for inclu-
sion of VOCs on LS 2020 in NTAS Tier 1: (1) having a large 
detection frequency (greater than or equal to 10 percent) 
in NAWQA studies; (2) being a component of a mixture of 
known human-health concern; (3) having at least 20 percent 
of detections within two orders of magnitude of a MCL or 
HBSL; (4) having a large detection frequency in one or more 
USEPA studies; (5) having a BQ greater than 0.01 for the 
99th-percentile concentration in source waters sampled for 
NAWQA studies; (6) having a benchmark, but the LT-MDL is 
not low enough relative to that benchmark, such that a com-
plete understanding of the human-health significance cannot 
be determined; or (7) usefulness as an indicator of constitu-
ent’s source or degradation pathway. The bases for inclusion 
in Tier 1 for constituents on LS 2020 are listed in table A.3 at 
http://pubs.usgs.gov/sir/2012/5218/downloads/tableA.xls), and 
those in Tier 2 are listed in table A.4 at http://pubs.usgs.gov/
sir/2012/5218/downloads/tableA.xls).

Many of the Tier 1 constituents are included in national 
programs, including monitoring programs, pollutant lists, and 
agency reviews. Several VOCs in Tier 1 are included on the 
USEPA’s Priority Pollutants list (U.S. Environmental Protec-
tion Agency, 2011), the USEPA’s drinking-water standards 
and health advisories (U.S. Environmental Protection Agency, 
2009), Centers for Disease Control and Prevention’s National 
Health and Nutrition Examination Survey monitoring of 
human blood, serum, or urine (Centers for Disease Control 
and Prevention, 2010), and the USEPA’s review of HPVs (U.S. 
Environmental Protection Agency, 2010b). National programs 
in which high-priority (Tier 1) and intermediate-priority 
(Tier 2) VOCs are included are listed in tables A.3 and A.4, 
respectively.

Feasibility of Implementation for High-Priority 
Volatile Organic Compounds

Traditionally, VOC analysis for the USGS NAWQA 
Program has been accomplished by purge-and-trap gas chro-
matography with full-scan mass spectrometry (GC/MS) using 
LS 2020 or LS 4024. This technology has proven reliable, 
with good performance for most compounds, and a change 
in technology is not warranted. The NWQL capacity is about 
3,000 samples per year for LS 2020 and for LS 4024. Three 
constituents were identified that do not have low enough 
LT-MDLs relative to benchmarks using these methods: 
1,2-dibromo-3-chloropropane (DBCP), 1,2-dibromoeth-
ane (EDB), and 1,2,3-trichloropropane (1,2,3-TCP). These 
constituents might be amenable to using a micro-extraction 
method and gas chromatography with electron-capture detec-
tion (GC/ECD) that achieves lower detection levels. Similarly, 
state-of-the art electronics to allow for simultaneous collec-
tion of full-scan and selected-ion monitoring (SIM) for the 

compounds that need lower detection limits and expanded use 
of the heated purge-and-trap method might negate the need 
for a separate analysis by GC/ECD to meet the need for lower 
detection limits for DBCP, EDB, and 1,2,3-TCP. 

The NTAS work group has identified approximately 
20 new HPV-VOC constituents (see the “Supplemental 
Information H” section) that are being tested by NWQL staff 
as possible additions to LS 2020 or LS 4024. If constituents 
are added to the existing schedules, some additional method 
approval will be needed. Through the VOC screening proce-
dure, the NTAS work group also identified 33 constituents that 
have proven to be infrequently detected in routine monitoring 
studies, and these constituents (table A.2) could be omitted 
from NAWQA Cycle 3 monitoring. 

Based on NAWQA monitoring data, field blanks have 
been susceptible to low-level contamination for some VOCs 
(for example, toluene and 1,2,4-trimethylbenzene) through 
processes that do not necessarily or equally affect the envi-
ronmental samples, causing the results of such field blanks to 
be nonrepresentative of the environmental samples (Bender 
and others, 2011). Strict adherence to the USGS protocols 
for equipment cleaning and sample collection in the National 
Field Manual (U.S. Geological Survey, 2011) is necessary 
to prevent or minimize contamination in the field blanks and 
thus obtain adequate quality-control data for these constituents 
(Thiros and others, 2011). 

Knowledge and Concerns of Volatile Organic 
Compounds as a Constituent Group

A well-developed understanding of the occurrence of the 
VOCs on LS 2020 exists for ambient groundwater (Zogorski 
and others, 2006), urban streams (Bender and others, 2009), 
surface-water and groundwater sources of public water sys-
tems (Kingsbury and others, 2008; Hopple and others, 2009), 
and domestic wells (Rowe and others, 2007). Four constituents 
on LS 4024—1,4-dioxane, methyl acetate, 2-methyl-2-butanol 
(tert-amyl alcohol), and tert-butanol (tert-butyl alcohol)—
have not been widely monitored and warrant additional 
monitoring to establish a national-scale understanding of their 
occurrence.

Many of the VOCs are widely used in industry and in 
commercial and household products. A total of 60 of the 
constituents currently on LS 2020 and 2 constituents on LS 
4024 are classified by the USEPA (U.S. Environmental Protec-
tion Agency, 2010b) as HPVs, and other HPV-VOCs that are 
not on these schedules are described in the “Supplemental 
Information H” section. Because these constituents come from 
manmade sources, they can be used as indicators of water that 
has been affected by human activities.

For ambient waters, one main concern for VOCs is their 
presence in sources of drinking water. The presence of VOCs 
is an important consideration in source-water protection 
strategies and plans. The USEPA MCLs for drinking water 
supplied from public water systems are available for 29 VOCs 
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(U.S. Environmental Protection Agency, 2006, 2009), and 
HBSLs (Toccalino and others, 2008) have been developed 
for an additional 28 VOCs that are routinely analyzed on LS 
2020. Some aquatic-life criteria are available for VOCs; how-
ever, the concentrations for these aquatic-life benchmarks are 
very large compared to those found in ambient waters. For this 
reason, aquatic-life criteria were not included in the prioritiza-
tion approach for VOCs. Concentrations of VOCs at spill sites 
and in industrial discharges, for example, can be very large 
and represent a potential concern to aquatic life and wildlife; 
however, such highly contaminated sites generally are not a 
focus in ambient monitoring programs, including the NAWQA 
Program.

Monitoring objectives concerning VOCs, within the 
scope of a national- or regional-scale ambient monitoring pro-
gram such the NAWQA Program, could include (1) document-
ing occurrence and human exposure by way of domestic wells 
and public water systems; (2) assessing occurrence in major 
aquifers as an indicator of aquifer vulnerability, including 
the use of trihalomethanes as indicators of potential presence 
of other disinfection by-products; (3) evaluating factors that 
affect the transport of VOCs to supply wells, and (4) evaluat-
ing the degree of persistence in ambient groundwater under 
various oxidation-reduction (redox) conditions. Long-term 
trends in VOC occurrence, including trends for the gasoline 
additives and oxygenates and their degradates, also could be 
monitored.
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Prioritization of Pesticides in Water (Group B1)

By Julia E. Norman, Lisa H. Nowell, Kathryn M. Kuivila, Michelle L. Hladik, and Duane S. Wydoski

Abbreviations and Acronyms Used in Supplemental Information B1
BQ	 benchmark quotient

CCL3	 Contaminant Candidate List 3 (USEPA)

ECOSAR	 Ecological Structure Activity Relationships (toxicity estimation software, USEPA)

ECOTOX	 ECOTOXicology (database, USEPA)

EPI Suite™	 Estimation Program Interface Suite (screening software, USEPA)

FIFRA	 Federal Insecticide, Fungicide, and Rodenticide Act

GC/MS	 gas chromatography with mass spectrometry 

HBSL	 Health-Based Screening Level (water-quality benchmark, USGS)

LC/MS	 liquid chromatography with mass spectrometry

LC/MS/MS	 liquid chromatography with tandem mass spectrometry

LS	 laboratory schedule

MCL	 Maximum Contaminant Level (drinking-water-quality benchmark, USEPA)

NAWQA	 National Water-Quality Assessment (USGS)

NTAS	 National Target Analyte Strategy (USGS NAWQA)

NWQL	 National Water Quality Laboratory (USGS)

OPP	 Office of Pesticide Programs (USEPA)

SFIREG	 State FIFRA Issues Research and Evaluation Group

UCMR	 Unregulated Contaminant Monitoring Rule; UCMR 2, second round of UCMR sampling (USEPA)

USEPA	 U.S. Environmental Protection Agency

USGS	 U.S. Geological Survey

WARP	 Watershed Regressions for Pesticides (USGS NAWQA)
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This supplemental information section of the report 
describes the prioritization of pesticides in water (Group 
B1) by the U.S. Geological Survey (USGS) National Tar-
get Analyte Strategy (NTAS) work group for national- and 
regional-scale ambient monitoring in the United States. This 
prioritization of pesticides in water was done in support of 
planning for the third decade (Cycle 3) of the National Water-
Quality Assessment (NAWQA) Program. The prioritization of 
pesticides in sediment (Group B2) is presented in Supplemen-
tal Information B2. The feasibility of implementing analytical 
methods for high-priority pesticides in water and knowledge 
and concerns of pesticides in water as a constituent group also 
are described in this section. This supplemental information 
section was prepared concurrently with a USGS Scientific 
Investigations Report (Norman and others, 2012) that docu-
ments in more detail the prioritization of pesticide constituents 
for analytical methods development.

A total of 615 constituents (pesticides and pesticide 
degradates) were considered for prioritization for water. Of 
these, 11 constituents overlap with other NTAS constituent 
groups for water, including 3 volatile organic compounds in 
Group A (bromomethane, 1,3-dichloropropene (mixture of cis- 
and trans-isomers), and iodomethane); 3 pharmaceuticals or 
hormones in Group C (oxytetracycline, penicillin G, and thia-
bendazole); 2 trace elements in Group D, (copper and zinc); 
1 disinfection by-product in Group G (chloropicrin); 2 high-
production-volume chemicals in Group H, (sulfcarbamide and 
thiram); and 2 wastewater-indicator and industrial compounds 
in Group I (cinnamaldehyde and 2,4,6-trichlorophenol). 
Several additional pesticides in Group B1 have properties or 
other uses that are consistent with other constituents groups; 
however, only the 11 constituents listed in this section as over-
lapping were prioritized for multiple constituent groups.

The overlapping constituents in Groups A and G were 
prioritized using the procedures (described in the following 
section “Prioritization of Pesticides in Water”) for Group B1 
and were placed into NTAS Tier 1, except for iodomethane, 
which was placed into Tier 2 on the basis of the prioritization 
procedures used for Group A (described in the “Supplemen-
tal Information A” section). Two trace elements in Group D, 
copper and zinc, can be used (in various forms) as pesticides 
and were initially evaluated as such; however, preference was 
given to their placement into Tier 1 as trace elements using 
the procedures described in the “Supplemental Information 
D” section. Copper hydroxide and copper sulfate were not 
evaluated as distinct constituents because their predominant 
form in water would be as dissolved copper; however, other 
copper salts (copper octanoate, copper oxychloride, copper 
oxychloride sulfate, copper sulfate tribasic, and cuprous oxide) 
were prioritized using the procedures for Group B1. The two 
pesticides that overlap with Group H, sulfcarbamide and thi-
ram, were prioritized using the procedures for Group B1 and 
were placed into Tier 2 on the basis of having “other agency 
priority” because they are high-production-volume chemicals. 
Although these two constituents have nonpesticide uses, the 
understanding of their environmental fate as pesticides did not 

support placement into Tier 1. All other overlapping constitu-
ents (three pharmaceuticals and two wastewater-indicator 
or industrial compounds) were prioritized using procedures 
developed for their other respective constituent groups (C and 
I) and were assigned to Tier 2, except for cinnamaldehyde, 
which was assigned to Tier 3.

Prioritization of Pesticides in Water

This section describes the methods used to prioritize 
pesticide constituents in water and the results of that prioritiza-
tion. The prioritization of pesticide constituents was performed 
in parallel for surface water and groundwater, and the results 
apply to “water” as a single matrix. Constituents that were pri-
oritized include those currently (2011) available on laboratory 
schedules from the USGS National Water Quality Laboratory 
(NWQL) and other selected USGS laboratories, as well as new 
constituents that do not yet have USGS laboratory methods. 

Prioritization Methods for Pesticides in Water
A screening procedure was developed to prioritize pesti-

cide constituents using (1) observed concentrations in streams 
and groundwater from previous NAWQA monitoring during 
1993–2000, (2) detection frequencies for constituents ana-
lyzed in streams and groundwater for the NAWQA Program 
during 1993–2006, and (3) predicted concentrations in streams 
and groundwater based on agricultural-use estimates (when 
available) and on chemical and physical properties for those 
constituents without NAWQA monitoring data. Constituents 
were further evaluated for their regulatory and nonregulatory 
importance to other agencies or organizations. 

Benchmark quotients (BQs), defined as the ratio of a con-
stituent concentration to an appropriate aquatic-life or human-
health benchmark, were used in the prioritization procedure. 
Aquatic-life benchmarks used, in order of priority, were the 
U.S. Environmental Protection Agency (USEPA) Office 
of Pesticide Programs’ (OPP) aquatic-life benchmarks for 
freshwater (U.S. Environmental Protection Agency, 2009a), 
aquatic-life benchmarks developed for constituents without 
OPP benchmarks using OPP methodology and aquatic-life 
toxicity data (U.S. Environmental Protection Agency, 2010a), 
and USEPA National Recommended Water-Quality Criteria 
for the protection of aquatic life (U.S. Environmental Protec-
tion Agency, 2010b). The most conservative benchmark value 
(lowest concentration) for the most sensitive taxonomic group 
was selected for each constituent. For constituents that lacked 
benchmarks, aquatic-life toxicity data were obtained from 
USEPA OPP ecological-risk-assessment or Reregistration Eli-
gibility Decision documents (U.S. Environmental Protection 
Agency, 2010a), the USEPA ECOTOXicology (ECOTOX) 
database (U.S. Environmental Protection Agency, 2007), or 
the USEPA OPP Pesticide Ecotoxicity Database (U.S. Envi-
ronmental Protection Agency, 2009b), or, in the absence of 
other data, predicted toxicity values were obtained from the 
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USEPA’s Ecological Structure Activity Relationships (ECO-
SAR) program, a part of the EPI Suite™ software (Estima-
tion Program Interface Suite; U.S. Environmental Protection 
Agency, 2009c). A level-of-concern factor of 0.5 was used to 
convert acute fish and invertebrate toxicity values to values 
comparable to acute aquatic-life benchmarks, consistent with 
OPP methodology (U.S. Environmental Protection Agency, 
2009a). Human-health benchmarks included USEPA Maxi-
mum Contaminant Levels (MCLs) for drinking water (U.S. 
Environmental Protection Agency, 2006, 2009d) and USGS 
Health-Based Screening Levels (HBSLs) or provisional 
HBSLs developed for the NTAS prioritization effort using 
methods described by Toccalino and others (2008). Maximum 
Acceptable Concentrations developed by Health Canada 
(2010) were used for a few constituents without MCLs or 
HBSLs.

A flow chart of the prioritization procedure is given in 
figure B1.1, with details described in the following subsec-
tions. This procedure was developed on the basis of input 
from a working group that included Bob Gilliom, Lisa 
Nowell, Patty Toccalino, Gail Thelin, Naomi Nakagaki, Jack 
Barbash, Jeff Martin, Mark Sandstrom, Kathy Kuivila, Jim 
Orlando, and others (from the NAWQA Program’s Pesticide 
National Synthesis group, the NWQL, and the Toxic Sub-
stances Hydrology Program) and from the NTAS work group. 
Predicted pesticide concentrations in streams and groundwater 
were determined and provided by Wes Stone and Paul Stack-
elberg, of the NAWQA Program, using methods described 
within this section.

Observed pesticide concentrations in surface water 
(streams) and groundwater from NAWQA monitoring during 
1993–2000 (Gilliom and others, 2006; Norman and others, 
2012) were compared to benchmarks, through the use of BQ 
values, as one component of the procedure used to prioritize 
pesticide constituents (fig. B1.1). Data for 83 constituents in 
surface water and groundwater were used to calculate concen-
tration statistics. Pesticide concentrations from surface water 
(agricultural and urban land-use streams) were compared to 
aquatic-life and human-health benchmarks, when available; 
concentrations for groundwater (agricultural, urban, and mixed 
land-use well networks) were compared only to human-health 
benchmarks. The maximum of the 95th-percentile concentra-
tions among streams sites for each constituent was compared 
to an aquatic-life benchmark, and the maximum annual mean 
concentration was compared to the human-health benchmark, 
producing BQ values for evaluating pesticides in surface 
water. Similarly, the 99th-percentile concentration in ground-
water for each constituent was compared to the human-health 
benchmark, producing BQ values for evaluating pesticides in 
groundwater.

Evaluation of pesticide detection frequency data col-
lected for the NAWQA Program was a second component of 
the prioritization process for pesticides for surface water and 
groundwater, using procedures shown in figure B1.1. This 
additional screening was applied to 218 pesticide constituents 
analyzed in agricultural and urban streams and groundwater 

during 1993–2006 (Jeffrey D. Martin, U.S. Geological Survey, 
written commun., 2009; Norman and others, 2012). This 
procedure captured additional constituents that did not have 
aquatic-life or human-health benchmarks for the calculation 
of BQ values, or that had BQ values that were low (less than 
0.01) but that might be detected frequently in water. 

For current-use pesticides that had agricultural-use esti-
mates (proprietary data from DMRkynetec (2007), currently 
(2012) GfK Kynetec), including constituents with or without 
NAWQA monitoring data, a third component of the prioritiza-
tion process was the comparison of predicted concentrations 
for streams to aquatic-life and human-health benchmarks (figs. 
B1.1 and B1.2) and predicted concentrations for groundwater 
to human-health benchmarks through the use of BQ values 
(fig. B1.1). 

For surface water, the Watershed Regressions for Pes-
ticides (WARP) model designed to predict atrazine concen-
trations in streams (Stone and others, 2008; Stone and Gil-
liom, 2009) was adapted to predict concentrations for other 
pesticides by substituting their agricultural-use estimates 
and physical-chemical properties as described in Norman 
and others (2012). Data for parent compounds were used to 
predict concentrations for their corresponding degradates. If 
physical-chemical properties were not available for a constitu-
ent, atrazine properties were used to provide an estimate of 
the predicted concentration; this estimate was considered to be 
conservative (presumed higher) for most pesticides because 
atrazine is relatively persistent and mobile in water (Gilliom 
and others, 2006). For each constituent, the maximums of 
the predicted 95th-percentiles were divided by aquatic-life 
benchmarks (fig. B1.2), and predicted annual mean concentra-
tions were divided by human-health benchmarks to determine 
BQs that were used to identify constituents with the potential 
to occur in surface water at concentrations of aquatic-life or 
human-health concern. 

For groundwater, a regression model for predicting atra-
zine and deethylatrazine concentrations in shallow groundwa-
ter (Stackelberg and others, 2006) was used to predict pesti-
cide concentrations on the basis of agricultural-use estimates 
from DMRkynetec (2007) as described in Norman and others 
(2012). This model was used without adjusting for differences 
in physical-chemical properties among pesticides (compared 
to atrazine and deethylatrazine), and thus, provides predicted 
concentrations that are conservative for most pesticides. This 
method was chosen because a multiconstituent model has not 
yet been developed for groundwater. Predicted concentrations 
(99th-percentiles) were generated for more than 300 pesticide 
constituents and were divided by each constituent’s human-
health benchmark, if available, to calculate BQs used to iden-
tify constituents with the potential to occur in groundwater at 
concentrations of human-health concern (Norman and others, 
2012).

The pesticide prioritization procedure also considered 
other agency or organizational priorities as a fourth compo-
nent (fig. B.1.1). These priorities could be used to elevate a 
constituent to a higher-priority tier than was assigned using 
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YES NO

Degradate of Tier 1
or Tier 2 constituent? 

NO

NO

greater than 0.01 in streams
 (for AL or HH) or 

groundwater (for HH only)?

Observed DF 3 greater than 
or equal to 10 percent in

streams or groundwater? 

NO

YES NO

EXPLANATION

NTAS
Tier 1

NTAS
Tier 1

NTAS
Tier 1

NTAS
Tier 2

NTAS
Tier 3

NTAS
Tier 2

Observed1 or predicted2 BQ

[BQ, benchmark quotient; AL, aquatic-life; HH, human-health; 
DF, detection frequency; NTAS, National Target Analyte Strategy]

Criteria resulting in a Tier 1 designation

Screening category

Screening criteria

Tier designation

Criteria not resulting in a Tier 1 designation

1BQs for observed concentrations in streams are the maximum of the 95th-percentile concentrations (among stream sites) divided by the AL benchmark, and the 
maximum of the annual mean concentrations divided by the HH benchmark. BQs for observed concentrations in groundwater are the 99th-percentile concentration
(of wells) divided by the HH benchmark.  Observed concentration statistics are for agricultural and urban land-use streams and agricultural, urban, and mixed land- 
use wells.

2BQs for predicted concentrations in streams are the maximum of the 95th-percentile concentrations (among stream reaches) divided by the AL benchmark, and the 
maximum of the annual mean concentrations divided by the HH benchmark. BQs for predicted concentrations in groundwater are the 99th-percentile concentration 
divided by the HH benchmark. Predicted concentration statistics in streams and groundwater are for current (2007) agricultural-use pesticides.

3Observed DFs are for pesticide constituents measured in streams and groundwater in agricultural and urban land-use areas.

Figure B1.1.  Flow chart for prioritizing pesticide constituents for national- and regional-scale monitoring of surface water 
(streams) and groundwater in the United States.
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EXPLANATION

Benchmark quotient = 0.1
Benchmark quotient = 1

Aquatic-life benchmark quotient calculated for each 
constituent from the maximum 95th-percentile 
concentrations predicted at stream sites

Percentile of aquatic-life benchmark quotient  for each constituent (number of constituents is 345)
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Figure B1.2. Distribution 
of aquatic-life benchmark 
quotient values for 
predicted pesticide 
concentrations in surface 
water using the maximum 
of the 95th-percentile 
concentrations among 
stream sites for each 
constituent.

the criteria outlined in the first three components described 
previously. Constituents were considered to be of priority to 
other agencies if they have USEPA National Recommended 
Water-Quality Criteria for aquatic life (U.S. Environmental 
Protection Agency, 2010b); have Canadian water-quality 
guidelines for aquatic life (Health Canada, 2010); have spe-
cific objectives for aquatic life from the Great Lakes Water 
Quality Agreement of 1978 (U.S. Environmental Protection 
Agency, 2009e); are on the Association of American Pesticide 
Control Officials’ State Federal Insecticide, Fungicide, and 
Rodenticide Act (FIFRA) Issues Research and Evaluation 
Group’s (SFIREG) list of pesticides of water-quality concern 
(Association of American Pesticide Control Officials, 2005); 
have recent active ingredient registrations with the USEPA 
(1997–2008; U.S. Environmental Protection Agency, 2010a); 
are on the USEPA Contaminant Candidate List 3 (CCL3; U.S. 
Environmental Protection Agency, 2010c); are included in 
USEPA’s second cycle of the Unregulated Contaminant Moni-
toring Rule sampling (UCMR 2; U.S. Environmental Protec-
tion Agency, 2010d); or have USEPA MCLs for drinking 
water (U.S. Environmental Protection Agency, 2006, 2009d).

Pesticide degradates that fell into a lower priority tier 
than their parent compound (commonly because of a lack of 
toxicity information or monitoring data) were placed into the 
same tier as their parent compound to allow monitoring of 
degradation processes. Monitoring degradates also can be use-
ful in quantifying toxicity from multiple forms of a pesticide 
for those degradates that are themselves toxic. 

Results of Prioritization for Pesticides in Water
A total of 251 pesticide constituents (not counting 

copper) were placed into NTAS Tier 1 for water and war-
rant consideration for national- or regional-scale monitoring 
(table B1.1 at http://pubs.usgs.gov/sir/2012/5218/downloads/
tableB1.xls). Of these, 211 constituents are currently avail-
able on USGS laboratory schedules (as of 2011), and an 
additional 40 constituents warrant consideration for methods 
development for NAWQA Cycle 3 monitoring. An additional 
95 pesticide constituents (not counting zinc) were placed into 
Tier 2, of which 36 are on existing USGS laboratory schedules 
(table B1.2 at http://pubs.usgs.gov/sir/2012/5218/downloads/
tableB1.xls). 

On the basis of the pesticide screening procedure, moni-
toring for some of the 52 Tier 3 pesticide constituents on cur-
rent (2011) USGS laboratory schedules could be discontinued 
(table B1.3 at http://pubs.usgs.gov/sir/2012/5218/downloads/
tableB1.xls) unless rationale to retain these constituents 
emerges. More than 200 additional pesticide constituents 
that are not on current USGS laboratory schedules were 
placed into Tier 3 on the basis of the prioritization procedure, 
including several pesticide constituents that are mixtures or 
microorganisms.

Basis for Prioritization of Pesticides in Water
A flow chart summarizing the prioritization process and 

placement of pesticide constituents into tiers is shown in fig-
ure B1.1. For the constituents that were placed into Tier 1, the 
reasons for prioritization are provided in table B1.1; some con-
stituents had multiple reasons to justify placement into Tier 1.
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For the evaluation for surface water, pesticide constitu-
ents with observed or predicted concentrations and aquatic-life 
or human-health benchmarks resulting in BQ values greater 
than 0.01 were placed into Tier 1; this criterion was met by 
152 of the 251 Tier 1 constituents (excluding copper). For 
groundwater, pesticide constituents with observed or predicted 
concentrations and human-health benchmarks resulting in BQ 
values greater than 0.01 also were placed into Tier 1; this crite-
rion was met by 17 of the 251 Tier 1 constituents (table B1.1). 
A BQ greater than 0.01 indicates a constituent concentration 
that is greater than one-hundredth (1/100) of the benchmark 
value. This threshold was chosen to be more conservative than 
those commonly used in evaluating water quality; for exam-
ple, concentrations greater than one-tenth (1/10) of a respec-
tive human-health benchmark commonly are used to identify 
constituents that warrant additional monitoring to identify 
trends in occurrence or to provide an early indication of con-
centrations that are approaching their respective benchmarks 
(Toccalino, 2007; Toccalino and others, 2008).

Detection frequency of greater than or equal to 10 percent 
in surface water or groundwater datasets was used as an addi-
tional criterion for placing pesticides into Tier 1; this criterion 
was met by 71 of the 251 Tier 1 constituents (table B1.1). Fig-
ure B1.3 shows the distribution of pesticide detection frequen-
cies in the four datasets (agricultural land use for surface water 
and groundwater, and urban land use for surface water and 
groundwater) used for the prioritization. The 10-percent detec-
tion frequency criterion captured approximately 25 percent of 
the most frequently occurring constituents in surface water; 
the same criterion was used for groundwater. 

Many of the Tier 1 constituents are included in several 
national regulatory programs related to drinking water—
12 Tier 1 constituents are regulated in drinking water and 
have USEPA MCLs (U.S. Environmental Protection Agency, 
2009d), 29 constituents are included on the USEPA CCL3 
(U.S. Environmental Protection Agency, 2010c), and 23 con-
stituents have been monitored under the USEPA UCMR (U.S. 
Environmental Protection Agency, 2011). Of those constitu-
ents in Tier 1, 144 (including copper) were identified as high 
priority because of potential aquatic-life concerns; some of 
these constituents also were identified as high priority for 
human-health reasons (table B1.1). Of these 144 constituents, 
79 were placed into Tier 1 on the basis of BQ values calcu-
lated from aquatic-life benchmarks from the USEPA OPP 
(U.S. Environmental Protection Agency, 2009a). Two constitu-
ents in Tier 1 have USEPA national recommended water-
quality criteria for aquatic life (U.S. Environmental Protection 
Agency, 2010b). An additional 95 pesticide constituents (not 
counting zinc) that did not qualify for Tier 1 were placed into 
Tier 2 on the basis of other priorities relevant to aquatic life or 
human health (table B1.2).

In contrast to most other constituent groups, most 
pesticides are anthropogenic compounds that, by definition, 
are biologically active compounds designed to be toxic to 
target organisms. Information on toxicity (aquatic and human) 
generally is more abundant for this constituent group than for 
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Figure B1.3.  Distribution of detection frequencies for surface-
water and groundwater pesticide datasets collected for the 
�National Water-Quality Assessment Program during 1993–2006.

other groups; however, data are lacking for some constituents, 
particularly for pesticide degradates. Pesticide concentrations 
relevant to aquatic life and human health were used as the 
primary tool for prioritizing constituents for this evaluation; 
thus, specific concerns to aquatic life and human health are not 
further summarized here.

Feasibility of Implementation for High-Priority 
Pesticides in Water

Information on current (2011) analytical methods for pesti-
cide constituents is listed in table B1.4 at http://pubs.usgs.gov/
sir/2012/5218/downloads/tableB1.xls. An improved method 
using high-performance liquid chromatography with tandem 
mass spectrometry (LC/MS/MS) and direct aqueous injection 
to replace laboratory schedule (LS) 2060 is under develop-
ment by the NWQL. The method for LS 2060 uses solid-phase-
extraction sample preparation and liquid chromatography with 
mass spectrometry (LC/MS) analysis for the determination of 
polar pesticides in filtered water. The replacement LC/MS/MS 
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method should improve analytical performance because it 
allows for direct aqueous injection of the filtered-water sample 
and, thus, bypasses the solid-phase-extraction steps where pro-
cedural losses in analyte recovery might occur. This method 
change will allow for reduced sample volumes required for 
analysis compared to LS 2060. The use of tandem mass spec-
trometry should improve the specificity in identifying constitu-
ents. The LC/MS/MS method will be used to accommodate as 
many Tier 1 pesticide constituents as possible.

Laboratory detection levels for the analytical methods 
under consideration for pesticides were compared to human-
health benchmarks to ensure that the methods are capable of 
detecting constituents at concentrations relevant to human 
health; benchmarks for human health were used because they 
tend to be lower than benchmarks used for aquatic life. A data-
quality objective for the NTAS prioritization process was for 
detection levels to be less than 1/10 (0.10) of the respective 
benchmarks for each constituent. Ratios of detection levels to 
human-health benchmarks for constituents on current (2011) 
laboratory schedules used for the determination of pesti-
cides in water are listed in table B1.5 at http://pubs.usgs.gov/
sir/2012/5218/downloads/tableB1.xls. Nearly all constituents 
had ratios less than 0.10, and many were less than 0.010. Only 
two pesticides were identified as having current detection 
levels that are too high relative to a human-health benchmark. 
These were dicrotophos (ratio of 0.80) and dieldrin (ratio of 
2.25) for analyses by method LS 2033, which uses gas chro-
matography with mass spectrometry (GC/MS) operated in the 
electron-impact ionization and selected-ion monitoring modes. 
This method warrants additional evaluation to determine if 
detection levels for these compounds can be improved or if an 
alternative method (for example, electron-capture negative-ion 
mass spectrometry) could be used, especially for dieldrin.

The 39 new pesticide constituents placed into Tier 1 
(table B1.1) will warrant evaluation for feasibility of integra-
tion into existing laboratory schedules or into the development 
of new methods, such as the LC/MS/MS method described 
previously. The 59 new constituents placed into Tier 2 (table 
B1.2) also may warrant evaluation for analytical feasibility, 
depending on availability of resources and whether a decision 
is made to monitor for constituents from Tier 2.

Additional method validation will be necessary if 
improvements in the GC/MS method used for LS 2033 are 
required in order to accommodate additional constituents. 
These improvements might include the use of simultaneous 
data acquisition using selected-ion monitoring and full-scan 
modes, which would allow for the reporting of tentatively 
identified compounds, similar to data provided for volatile 
organic compounds using LS 2020. Alternatively, tandem 
mass spectrometry might be used to provide lower reporting 
levels. Another improvement that could be explored is the use 
of large-volume injection, which could lower detection levels 
or reduce the required sample volume. Table B1.4 summarizes 
the status of current analytical methods for pesticides in water. 

For the two pesticide methods from the Sacramento Pesti-
cide Fate Research Laboratory in California, the CAPYRWAT 

method for pyrethroids in water (Hladik and others, 2009a) 
has been approved, but the CAPEST method for pesticides 
in filtered water has not been approved. When monitoring for 
pyrethroid insecticides in water, the field sampling procedures 
outlined in Hladik and others (2009b) also would warrant con-
sideration, because these constituents tend to associate with 
the surfaces of sampling equipment and require modified field 
methods to achieve good recoveries in field samples.

Knowledge and Concerns of Pesticides in Water 
as a Constituent Group

Occurrence and concentration data for pesticide constitu-
ents in surface water and groundwater are of high interest for 
water-resource management from aquatic-life and human-
health perspectives. Occurrence and concentrations in streams 
and groundwater have been characterized in national- and 
regional-scale assessments of major hydrologic systems (Gil-
liom and others, 2006). The USEPA’s regulatory programs 
document the occurrence of regulated pesticides in public 
water systems; however, relatively few pesticides are regu-
lated in drinking water. 

The presence of pesticides in drinking-water supplies is 
a concern for surface water and groundwater resources. The 
USEPA has established MCLs for drinking water supplied 
from public water systems for 20 pesticide constituents evalu-
ated by the NTAS work group. USGS HBSL values, although 
not regulatory, have been developed for 129 pesticide constitu-
ents that are on current (2011) USGS laboratory schedules.

For ambient surface waters, one major concern is to 
aquatic organisms in streams affected by agricultural and non-
agricultural pesticide application. The USEPA OPP recently 
began publishing aquatic-life benchmarks for freshwater spe-
cies (U.S. Environmental Protection Agency, 2009a), available 
at http://www.epa.gov/oppefed1/ecorisk_ders/aquatic_life_
benchmark.htm. These benchmarks, although not regulatory, 
are based on USEPA-reviewed toxicity values used in their 
most recent risk assessments that are developed as part of the 
pesticide registration process. Each USEPA aquatic-life bench-
mark is based on the most sensitive, scientifically acceptable 
toxicity endpoint available to USEPA for a given taxon (for 
example, freshwater fish and invertebrates).

NAWQA’s roles in pesticide studies have included deter-
mining the (1) occurrence in (and potential human exposure 
from) water from domestic wells, (2) occurrence in ambi-
ent source waters of public water systems, (3) occurrence in 
streams and potential exposure to aquatic organisms, (4) fac-
tors that affect the fate and transport of pesticides to streams 
and groundwater, and (5) long-term trends in occurrence 
related to land use. Additional areas of current interest for 
pesticides include monitoring the occurrence, persistence, tox-
icity, and fate of pesticide degradation products in streams and 
groundwater, relative to their respective parent compounds. 

http://www.epa.gov/oppefed1/ecorisk_ders/aquatic_life_benchmark.htm
http://www.epa.gov/oppefed1/ecorisk_ders/aquatic_life_benchmark.htm
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Supplemental Information B2.

Prioritization of Pesticides in Sediment (Group B2)

By Julia E. Norman, Lisa H. Nowell, Kathryn M. Kuivila, Peter C. Van Metre, James F. Pankow, and Duane S. 
Wydoski

Abbreviations and Acronyms Used in Supplemental Information B2
AL bins	 aquatic-life “bins” 

DEG	 degradation pathway

DF	 detection frequency

ECOSAR	 Ecological Structure Activity Relationships (toxicity estimation software, USEPA)

ECOTOX	 ECOTOXicology (database, USEPA)

EPI Suite™	 Estimation Program Interface Suite (screening software, USEPA)

FIFRA	 Federal Insecticide, Fungicide, and Rodenticide Act

GC/MS	 gas chromatography with mass spectrometry

KOC	 organic carbon-water partition coefficient

LC/MS	 liquid-chromatography with mass spectrometry

NAWQA	 National Water-Quality Assessment (USGS)

NIA	 no information available

NTAS	 National Target Analyte Strategy (USGS NAWQA)

OPP	 Office of Pesticide Programs (USEPA)

PPDB	 Pesticide Properties Database (European Commission)

SFIREG	 State FIFRA (Federal Insecticide, Fungicide, and Rodenticide Act) Issues Research and Evaluation Group

USEPA	 U.S. Environmental Protection Agency

USGS	 U.S. Geological Survey
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This supplemental section of the report describes the 
prioritization of pesticides in sediment (Group B2) by the U.S. 
Geological Survey (USGS) National Target Analyte Strategy 
(NTAS) work group for national- and regional-scale ambient 
monitoring in the United States. This prioritization of pesti-
cides in sediment was done in support of planning for the third 
decade (Cycle 3) of the National Water-Quality Assessment 
(NAWQA) Program. The prioritization of pesticides in water 
(Group B1) is presented in the “Supplemental Information B1” 
section. The feasibility of implementing laboratory methods 
for high-priority pesticides in sediment, and knowledge and 
concerns about pesticides in sediment as a constituent group, 
also are described in this section. This supplemental informa-
tion section was prepared concurrently with a USGS Scientific 
Investigations Report (Norman and others, 2012) that docu-
ments in more detail the prioritization of pesticide constituents 
for analytical methods development.

A total of 605 pesticide constituents (pesticides and pes-
ticide degradates) were considered for prioritization for sedi-
ment. Of these, eight constituents overlap with other NTAS 
constituent groups for sediment, including three pharmaceu-
ticals or hormones in Group C (oxytetracycline, penicillin G, 
and thiabendazole); two trace elements in Group D (copper 
and zinc); and four lipophilic organic compounds in Group 
F (hexachlorobenzene, naphthalene, pentachloroanisole, and 
triphenyl phosphate). 

The three pesticide constituents that also are pharmaceu-
ticals were prioritized using the procedures used for Group B2 
(described later in this section) and Group C (described in the 
“Supplemental Information C” section); oxytetracycline and 
thiabendazole were determined to be of intermediate priority 
and placed into NTAS Tier 2, and penicillin G was placed into 
Tier 3. For the two trace elements that also are used (in various 
forms) as pesticides, copper and zinc, preference was given to 
their prioritizations as trace elements (Group D) using the pro-
cedure described in the “Supplemental Information D” section, 
which resulted in placement into Tier 1 for both constituents. 
Copper and zinc are considered as “trace elements” for ana-
lytical purposes. For the four pesticide constituents that also 
are considered lipophilic organic compounds, all were placed 
into Tier 1: hexachlorobenzene and pentachloroanisole on 
the basis of the prioritization procedures used for both Group 
B2 and Group F, and naphthalene and triphenyl phosphate 
on the basis of the prioritization procedure used for Group F 
described in the “Supplemental Information F” section, which 
was preferred for these two constituents because of their likely 
entry into the environment through nonagricultural uses. 

Prioritization of Pesticides in Sediment

This section describes the generalized methods used for 
prioritization of pesticide constituents in sediment (stream-
bed sediment and suspended sediment) and the results of that 
prioritization. Constituents prioritized include those currently 
(2011) available on laboratory schedules from the USGS 

National Water Quality Laboratory and other selected USGS 
laboratories, as well as new constituents that do not yet have 
USGS laboratory methods.

Prioritization Methods for Pesticides in Sediment
A screening procedure was developed to prioritize 

pesticide constituents using (1) detection frequencies for 
pesticide constituents analyzed for selected USGS programs, 
(2) observed concentrations compared to sediment bench-
marks for aquatic life (when available) or aquatic-life toxic-
ity, and (3) predicted occurrence in sediment on the basis of 
pesticide properties and agricultural-use information. Pesticide 
constituents were further evaluated for their regulatory and 
nonregulatory importance to other agencies or organizations. 

Benchmark quotients, defined as the ratio of a constitu-
ent concentration to an appropriate aquatic-life or human-
health benchmark, were used in the prioritization procedure. 
Benchmarks used, in order of priority, were draft equilibrium-
partitioning sediment guidelines from the U.S. Environmental 
Protection Agency (U.S. Environmental Protection Agency, 
2004), Canadian sediment-quality guidelines for the protection 
of aquatic life (Canadian Council of Ministers of the Environ-
ment, 2002), and consensus-based sediment-quality guidelines 
for freshwater ecosystems from MacDonald and others (2000). 
For each of these sources, the most conservative value (lowest 
concentration) for the most sensitive taxonomic group was 
selected for each constituent. Each of these benchmark sources 
has a high and low value, corresponding to acute and chronic 
toxicity. If sediment-quality benchmarks were not available, 
aquatic-life toxicity data were used from, in order of priority, 
USEPA Office of Pesticide Programs (OPP) ecological risk 
assessment or Reregistration Eligibility Decision documents 
(U.S. Environmental Protection Agency, 2010a), the USEPA 
Ecotoxicology (ECOTOX) database (U.S. Environmental Pro-
tection Agency, 2007), the USEPA OPP Pesticide Ecotoxicity 
Database (U.S. Environmental Protection Agency, 2009a), 
or predicted toxicity values from the USEPA’s Ecological 
Structure Activity Relationships (ECOSAR) program, a part 
of the EPI Suite™ software (Estimation Program Interface 
Suite; U.S. Environmental Protection Agency, 2009c). The 
most conservative toxicity value (lowest concentration using 
standard test species and durations) from the chosen source 
was selected for each constituent. A level-of-concern of 0.5 
was used to convert acute fish and invertebrate toxicity values 
to values comparable to acute aquatic-life benchmarks, con-
sistent with OPP methodology (U.S. Environmental Protection 
Agency, 2009b). This toxicity information was used in defin-
ing three NTAS aquatic-life “bins” (AL bins), as described 
in Norman and others (2012) and shown in table B2.1 at 
http://pubs.usgs.gov/sir/2012/5218/downloads/tableB2_1-3.
pdf). These AL bins are consistent with those described in the 
“Human-Health Effects Information from the ACToR Data-
base” section in the main body of the report, although the con-
centration criteria for acute toxicity appear to differ because 
of the application of the level-of-concern of 0.5; for example, 
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the threshold of less than 50 micrograms per liter for AL bin 
1 in table B2.1 is equivalent to the criterion of less than 100 
micrograms per liter for AL bin 1 used in the main body of the 
report.

A flow chart of the prioritization procedure is given 
in figure B2.1 with screening pathways (for example, P1, 
OF2, DEG3) described in table B2.2 at http://pubs.usgs.gov/
sir/2012/5218/downloads/tableB2_1-3.pdf). This procedure 
was developed using the procedure for lipophilic organic com-
pounds in sediment (Group F) as a starting point and revising 
as appropriate for pesticides in sediment. Input on this process 
was provided by members of the NTAS work group and 
Robert Gilliom of the USGS NAWQA Program’s Pesticide 
National Synthesis group. 

Evaluation of detection frequency data from selected 
USGS programs was one component of the procedure used 
to prioritize pesticide constituents for sediment, as shown in 
figure B2.1. Data were obtained from the following sources: 

•	 NAWQA streambed-sediment data for 34 organo-
chlorine pesticides and degradates collected during 
1992–2001 from streams draining multiple land uses 
(176–242 samples from agricultural, 71–125 samples 
from urban, and 235–361 samples from mixed land 
use) (Gilliom and others, 2006); 

•	 NAWQA sediment-core data (155 samples) for 14 
organochlorine pesticides and degradates collected dur-
ing 1994–2001 from 38 urban and reference lakes in 
the United States (Van Metre and Mahler, 2005); and 

•	 USGS Toxic Substances Hydrology Program stream-
bed and suspended-sediment data for 67 constituents 
(including legacy and current-use pesticide constitu-
ents) collected during 2001–08 from streams draining 
agricultural (California) and urban (national) land uses 
(Norman and others, 2012).

Constituents with detection frequency (DF) greater than 
10 percent were placed into the highest-priority tier, NTAS 
Tier 1, by pathway P1 in the flow chart (fig. B2.1); this assign-
ment based on DF is coupled with the understanding that pes-
ticides generally are designed to have some degree of toxicity. 
Infrequently detected constituents (DF less than 1 percent) 
were placed into the lowest-priority tier, NTAS Tier 3, by 
pathway P9 (fig. B2.1), unless other factors (that is, pathways 
OF1 or OF2) subsequently elevated them to a higher tier. Con-
stituents of intermediate occurrence (DF of 1 to 10 percent) 
were further evaluated through the use of AL bins.

Evaluation of pesticide concentrations from the afore-
mentioned data sources, by comparison to benchmarks and 
the use of AL bins, was a second component of the procedure 
used to prioritize constituents (fig. B2.1; table B2.2). If the 
detection frequency for a constituent was greater than 1 per-
cent and constituent concentrations were greater than the 
sediment benchmark for that constituent, that constituent was 
determined to have “high” toxicity and was placed into Tier 1 
(fig. B.2.1; table B.2.1); this criterion was consistent with the 

criteria used for evaluating lipophilic organic compounds in 
sediment (Group F). Similarly, constituents in AL bins 1 and 2 
were determined to have “high” toxicity and were placed into 
Tier 1 or Tier 2, depending on subsequent evaluation of pesti-
cide use and persistence (fig. B2.1; table B2.2). Constituents 
with “high” aquatic-life toxicity (AL bins 1 or 2) and a DF 
of less than 5 percent that are no longer used and that are not 
overly persistent (soil half-life less than 1 year) were placed 
into Tier 2. Constituents in AL bin 3 or with no information 
available (NIA) were determined to have “low” toxicity and 
were placed into Tier 1 or Tier 2, depending on a subsequent 
evaluation of pesticide use. Constituents with “low” aquatic-
life toxicity (AL bin 3) were placed into Tier 2, unless they 
had high (within top 10th percentile of use by volume) or 
increasing pesticide use, in which case they would have been 
placed into Tier 1; however, no constituents actually met this 
combination of criteria.

Evaluation of predicted pesticide occurrence, on the basis 
of physical-chemical properties or agricultural and nonagri-
cultural use data, was a third component of the prioritization 
procedure. Sources of measured or estimated physical-chem-
ical properties—persistence, hydrophobicity, and soil organic 
carbon-water partition coefficient (KOC)—were the Pesticide 
Properties Database (PPDB) from the European Commission 
FOOTPRINT project (European Commission, 2011), literature 
sources compiled by the NAWQA Pesticide National Synthe-
sis Project (Norman and others, 2012), and experimental and 
estimated data from EPI Suite (U.S. Environmental Protec-
tion Agency, 2009c). The properties and thresholds used to 
predict likelihood of occurrence in sediment are summarized 
in table B2.3 at http://pubs.usgs.gov/sir/2012/5218/downloads/
tableB2_1-3.pdf). Constituents that were found to be persis-
tent and hydrophobic, or stable with a high tendency to sorb 
to organic matter, were evaluated for aquatic-life toxicity, as 
described previously. Constituents that did not meet thresh-
olds for persistence and hydrophobicity or sorption to organic 
matter were placed into NTAS Tier 3 (fig. B2.1). Estimates of 
agricultural pesticide use for 2007 were obtained from a pro-
prietary database developed by DMRkynetec (2007), currently 
(2012) GfK Kynetec, and estimates of nonagricultural use col-
lected during 2000–07 were obtained from the USEPA (Gail P. 
Thelin, U.S. Geological Survey, written commun., December 
15, 2009). Trends in agricultural and nonagricultural pesticide 
use—increasing or decreasing—from the most recent 5 years 
of data (2003–07) were used qualitatively in the screening 
procedure for pesticide constituents in sediment. Conceptually, 
the flow chart allows for constituents with low aquatic toxicity 
but high or increasing pesticide use to be placed in Tier 1 (fig. 
B2.1); however, in practice, no constituents met both of these 
criteria.

The pesticide prioritization procedure also considered 
other agency or organizational priorities as a fourth compo-
nent (fig. B2.1), and these priorities could be used to elevate a 
constituent to a higher-priority tier. Constituents were con-
sidered to be of priority to other agencies if they were on the 
State FIFRA (Federal Insecticide, Fungicide, and Rodenticide 
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Act) Issues Research and Evaluation Group’s (SFIREG) list of 
pesticides of water-quality concern (Association of American 
Pesticide Control Officials, 2005), were on the USEPA list 
of High Production Volume chemicals (U.S. Environmen-
tal Protection Agency, 2010b), were on the USEPA Toxics 
Release Inventory Persistent Bioaccumulative and Toxic list 
(U.S. Environmental Protection Agency, 2010c), or were on 
the USEPA Great Lakes Initiative list of bioaccumulative 
chemicals of concern (U.S. Environmental Protection Agency, 
2000).

Pesticide degradates that could not be evaluated by the 
screening procedure because of a lack of data were placed in 
the same NTAS Tier as their parent compound. Degradates 
that were evaluated on the basis of their own data and placed 
into a lower NTAS Tier than their parent compound (for 
example, were not predicted to be persistent or hydrophobic) 
were reevaluated to determine if other factors indicated that 
they should be elevated to the same NTAS Tier as their parent 
compound. Degradates placed into an NTAS Tier to match 
their parent compound(s) were indicated by the various deg-
radate (DEG) pathways (that is, DEG1, DEG2, or DEG3) (fig. 
B2.1; table B2.2).

Results of Prioritization of Pesticides in Sediment

A total of 173 pesticide constituents (not counting naph-
thalene, triphenyl phosphate, and zinc, which were prioritized 
using procedures for other constituent groups) were placed 
into NTAS Tier 1 for sediment and warrant consideration for 
national- or regional-scale monitoring (table B2.4 at http://
pubs.usgs.gov/sir/2012/5218/downloads/tableB2_4-7.xls). Of 
these, 106 constituents are on USGS laboratory schedules cur-
rently available (2011) for sediment, and an additional 67 con-
stituents warrant consideration for methods development for 
NAWQA Cycle 3 monitoring. Constituents that were placed 
into either Tier 2 (65 constituents of intermediate priority) or 
Tier 3 (364 constituents of low or no priority) do not warrant 
consideration for ambient monitoring in sediment (table B2.5 
at http://pubs.usgs.gov/sir/2012/5218/downloads/tableB2_4-7.
xls).

Modifications to the prioritization criteria could be con-
sidered to reduce the number of Tier 1 constituents, if neces-
sary to conserve resources, or to allow greater focus on certain 
objectives, such as monitoring trends in legacy constituents, 
characterizing sediment toxicity, or documenting fate and 
occurrence of high-use pesticides. Three modifications that 
could be considered (and numbers of constituents that would 
be affected) are as follows:
1.	 Modify stability threshold for predicted occurrence from 

soil half-life greater than 30 days to soil half-life greater 
than 60 days (affects 19 constituents).

2.	 Modify hydrophobicity threshold for predicted occurrence 
from log KOW greater than 3 to log KOW greater than 4 
(affects 27 constituents).

3.	 Modify aquatic toxicity threshold to include only the most 
toxic compounds (AL bin = 1) (affects 51 constituents).

Collectively, if all three changes were made, the number of 
Tier 1 constituents could be reduced to the 107 constituents 
that are the most persistent, hydrophobic, and toxic.

Basis for Prioritization for Pesticides in Sediment
A simplified flow chart illustrating the placement of 

pesticide constituents into NTAS Tier 1 for sediment is shown 
in figure B2.2 (see fig. B2.1 for the complete flow chart and 
table B2.2 for pathway descriptions). Including naphtha-
lene, triphenyl phosphate, and zinc, which were prioritized 
using procedures for other constituent groups, a total of 
176 (29 percent of the 605 constituents evaluated) pesticide 
constituents were placed into Tier 1. Of the 173 constituents 
evaluated using the procedures for pesticides in sediment, 
30 are organochlorine pesticides or degradates, most of 
which are legacy compounds without current use. Broken 
down by their main pathways, 36 percent (62) of the Tier 1 
constituents were identified on the basis of frequent detec-
tion in USGS monitoring studies (observed) or a combination 
of intermediate occurrence (observed), potential toxicity to 
aquatic life, and pesticide use; 42 percent (72) were placed 
into Tier 1 on the basis of predicted likelihood of occur-
rence, aquatic-life toxicity, and pesticide use; and 22 percent 
(39) constituents were placed into Tier 1 on the basis of other 
factors or because they are degradates of parent compounds 
in Tier 1 (fig. B2.2). A more detailed illustration of results for 
Tier 1, broken down by prioritization pathway, is shown in 
figure B2.3.

Some of the Tier 1 pesticide constituents for sediment 
are included in national regulatory programs or other pro-
grams not necessarily specific to sediment (table B2.4). These 
include 6 constituents that are listed as persistent, bioac-
cumulative, and toxic by the USEPA Toxics Release Inven-
tory (U.S. Environmental Protection Agency, 2010c), and 
15 constituents that are listed as bioaccumulative chemicals 
of concern for the Great Lakes Initiative (U.S. Environmen-
tal Protection Agency, 2000). Additionally, 23 constituents 
are listed on the SFIREG list of pesticides of water-quality 
concern (Association of American Pesticide Control Offi-
cials, 2005), and 7 constituents are considered to be high-
production-volume chemicals (U.S. Environmental Protection 
Agency, 2010b).

In contrast to most other constituent groups, most pes-
ticides are anthropogenic compounds that, by definition, are 
biologically active and designed to be toxic to target organ-
isms. Information on toxicity to aquatic organisms generally 
is more abundant for this NTAS constituent group than the 
other groups; however, data are lacking for some pesticide 
constituents, particularly for pesticide degradates. Of the 173 
constituents in Tier 1 for sediment, 45 percent are very highly 
toxic to aquatic organisms, as defined by the USEPA (U.S. 
Environmental Protection Agency, 2011); these correspond to 
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Detection frequency 1–9 percent AND
• Exceeds sediment benchmarks or moderate 

to high aquatic-life toxicity, and current
pesticide use, or

• Low or unknown aquatic-life toxicity, but high
or increasing use 

(26 constituents)

Degradate of  an NTAS Tier 1 parent 
compound or other factors

(39 constituents)

Persistent and hydrophobic AND
• Moderate to high aquatic-life toxicity and current

pesticide use, or

• Low or unknown aquatic-life toxicity, but high or
increasing use

(72 constituents)

OBSERVED
OCCURRENCE 

Detection frequency
greater than 10 percent

(36 compounds) 

PREDICTED
OCCURRENCE 

NTAS Tier 1: high-priority constituents 
(173 constituents, not including 3 constituents prioritized in other constituent groups) 

[NTAS, National Target Analyte Strategy]   

EXPLANATION

Figure B2.2.  Simplified flow chart for prioritzing pesticide constituents of high priority for national- and regional-scale monitoring of 
sediment in the United States.

Observed
occurrence
(36 percent) 

Pathways to NTAS Tier 1 (173 constituents)—
Pathways defined in table B2.2

P1 Detection frequency greater than 10 percent

P2 Intermediate detection frequency, moderate or high
aquatic toxicity, current use or long half-life 

P4 Moderate or high aquatic toxicity, current use or long
half-life 

P5 Low aquatic toxicity, high or increasing use

DEG1 Degradate of NTAS Tier 1 parent compound

OF1 Other factors

Predicted
occurrence
(42 percent) 

Degradates or
other factors 
(22 percent)

P1 

P2 

P4 

DEG1 

OF1 

P5 

EXPLANATION

Figure B2.3.  Detailed breakdown of pesticide constituents in sediment prioritized for National Target Analyte Strategy (NTAS) 
Tier 1 by prioritization pathway.
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constituents in AL bin 1. An additional 32 percent are in AL 
bin 2. Together, more than three-quarters of the Tier 1 pesti-
cide constituents were classified as “high” toxicity, as defined 
for this prioritization (fig. B2.1).

Feasibility of Implementation for High-Priority 
Pesticides for Sediment

A summary of information on analytical methods 
available in 2011 for pesticides in sediment is provided on 
table B2.6 at http://pubs.usgs.gov/sir/2012/5218/downloads/
tableB2_4-7.xls), and reporting levels are provided on table 
B2.7 at http://pubs.usgs.gov/sir/2012/5218/downloads/
tableB2_4-7.xls). These tables summarize pesticides that are 
included on 11 USGS laboratory schedules for sediment, 
representing methods from the National Water Quality Labo-
ratory, the California Water Science Center Pesticide Fate 
Research Laboratory, and the Kansas Water Science Center 
Organic Geochemistry Research Laboratory. The 106 pesti-
cide constituents in Tier 1 that are currently available on one 
or more of these schedules (table B2.4) will need to be evalu-
ated to determine which constituents could be combined into 
fewer methods. The 69 new pesticide constituents in Tier 1 
that are not available on existing USGS laboratory schedules 
will need to be evaluated for feasibility of integrating into 
existing analytical methods or development of new methods, 
as needed.

One implementation approach for the analysis of 
pesticides in sediment is to split the list of constituents into 
two groups with different analytical methods. Several USGS 
methods using gas chromatography with mass spectrometry 
(GC/MS) are available, and new constituents could be added 
to an existing laboratory schedule. The most comprehensive 
USGS laboratory schedule that could be used for Tier 1 pes-
ticides in sediment is for a GC/MS method with microwave-
assisted extraction and sample clean-up using gel-permeation 
chromatography and either stacked carbon and alumina solid-
phase extraction cartridges or a deactivated Florisil column 
(Smalling and Kuivila, 2008); this method has been refined 
to achieve good recovery of pyrethroids (Hladik and others, 
2009) and could be used as a base technology for revision to 
include additional constituents. 

Many of the pesticide degradates are more amenable 
to high-performance liquid-chromatography with mass 
spectrometry (LC/MS) compared to GC/MS because of 
their chemical and physical properties or thermal instabil-
ity. Although several USGS LC/MS methods have been 
developed for sediment, none can accommodate the number 
of constituents or chemical classes that would be required. 
New methods may be needed to capture the additional Tier 1 
pesticides, including the more chemically polar constituents 
(molecules with an electric dipole or separation of charge), 
many of which are not on current USGS laboratory schedules.

Knowledge and Concerns of Pesticides in 
Sediment as a Constituent Group 

Occurrence and concentration data for pesticides in sedi-
ment are of interest to resource managers from an aquatic-life 
perspective. Pesticides have the potential to cause unintended 
adverse effects to nontarget organisms that come into contact 
with contaminated suspended or streambed sediment. Exten-
sive pesticide use and the nonpoint-source nature of releases 
from pest-management applications can result in widespread 
occurrence of these constituents in the environment. For 
streambed sediment, one pressing concern is to benthic organ-
isms in streams affected by agricultural or nonagricultural 
pesticide application or that have an accumulation of legacy 
pesticides. An understanding of pesticide occurrence can be 
useful toward improving the management of pesticides in the 
future. 

Several benchmarks are available for pesticides in 
sediment (including those considered in this prioritization); 
however, these benchmarks are guidelines and are not used in 
the same regulatory context as are benchmarks for water. This 
lower level of regulatory emphasis, compared to regulations 
concerning water, can result in less attention to monitoring of 
sediment, even though the effects of pesticides in sediment on 
aquatic life can have underappreciated and poorly understood 
long-term consequences, including potential effects on endan-
gered species. Sediments can interact with the water column 
and act as a continual source of sorbed legacy and current-use 
contaminants. Pesticide occurrence and concentrations in 
streambed sediment and lake cores have been characterized to 
some degree in large-scale assessments of major hydrologic 
systems (Gilliom and others, 2006; Van Metre and Mahler, 
2005; Lopes and Furlong, 2001). Despite uses being discontin-
ued 20–30 years ago, some legacy organochlorine pesticides 
and degradates have been found to occur widely in streambed 
sediment across various land-use settings, sometimes at con-
centrations greater than aquatic-life benchmarks for sediment, 
which demonstrates their persistence in the environment.

Areas of scientific interest for pesticides in sediment 
include (1) characterizing how occurrence relates to vari-
ous land uses, as well as to agricultural and nonagricultural 
pesticide use; (2) determining factors that affect transport to 
streams; (3) characterizing the partitioning of constituents 
between streambed sediment and the water column (including 
suspended sediment); (4) characterizing the occurrence, toxic-
ity, and fate of legacy pesticides and degradates in streambed 
sediment; (5) characterizing the toxicity of degradates relative 
to their parent compounds, and (6) determining potential expo-
sure and effects of pesticides on benthic organisms through 
comparison to sediment-quality benchmarks. NAWQA’s role 
in pesticide studies in sediment could include monitoring for 
legacy pesticides and degradates and for current-use pesticides 
and degradates that have not yet been studied, but which are 
likely to occur and contribute to adverse effects on nontarget 
aquatic organisms. Long-term trends in pesticide occurrence 
in streambed sediment are of interest, and the potential for 



82    Prioritization of Constituents for National- and Regional-Scale Ambient Monitoring of Water and Sediment

combined toxic effects from mixtures of legacy compounds 
with frequent occurrence and current-use compounds that 
enter into aquatic ecosystems is an area of study to which 
NAWQA could contribute. In addition, the USGS Toxic Sub-
stances Hydrology Program (http://toxics.usgs.gov/) conducts 
targeted studies of current-use and understudied pesticide 
constituents, including pyrethroids, fungicides, and pesticide 
degradates in suspended and streambed sediment in agricul-
tural and urban environments on regional and national scales. 

References for Pesticides in Sediment (Group 
B2)

Association of American Pesticide Control Officials, 2005, 
State FIFRA (Federal Insecticide, Fungicide, and Roden-
ticide Act) Issues Research and Evaluation Group’s 
(SFIREG) State List of Pesticides of Water Quality Con-
cern: accessed May 12, 2012, at http://www.epa.gov/
compliance/resources/policies/state/grants/fifra/08-10-
appendix11.pdf.

Burkhardt, M.R., Zaugg, S.D., Smith, S.G., and ReVello, R.C., 
2006, Determination of wastewater compounds in sedi-
ment and soil by pressurized solvent extraction, solid-phase 
extraction, and capillary-column gas chromatography/
mass spectrometry: U.S. Geological Survey Techniques and 
Methods, book 5, chap. B2, 33 p.

Canadian Council of Ministers of the Environment, 2002, 
Canadian sediment quality guidelines for the protection of 
aquatic life, summary tables, in Canadian Environmental 
Quality Guidelines: Winnipeg, Canada, Canadian Council 
of Ministers of the Environment, 7 p., accessed August 3, 
2009, at http://ceqg-rcqe.ccme.ca/.

DMRkynetec, 2007, Proprietary agricultural pesticide-use data 
from DMRkynetec (known as GfK Kynetec after January 
19, 2010).

European Commission, 2011, The FOOTPRINT Pesticide 
Properties Database (Functional TOOls for Pesticide RIsk 
assessmenNt and managemenT) (funded by the European 
Commission as part of its 6th Framework Programme for 
Research and Technological Development): accessed on 
January 10, 2011, at http://www.eu-footprint.org/ppdb.html. 

Furlong, E.T., Vaught, D.G., Merten, L.M., Foreman, W.T., 
and Gates, P.M., 1996, Methods of analysis by the U.S. 
Geological Survey National Water Quality Laboratory—
Determination of semivolatile organic compounds in bottom 
sediment by solvent extraction, gel permeation chromato-
graphic fractionation, and capillary-column gas chromatog-
raphy/mass spectrometry: U.S. Geological Survey Open-
File Report 95–719, 67 p.

Gilliom, R.J., Barbash, J.E., Crawford, C.G., Hamilton, P.A., 
Martin, J.D., Nakagaki, Naomi, Nowell, L.H., Scott, J.C., 
Stackelberg, P.E., Thelin, G.P., and Wolock, D.M., 2006, 
The quality of our Nation’s waters—Pesticides in the 
Nation’s streams and ground water, 1992–2001, Supporting 
information, appendix 7C: U.S. Geological Survey Circular 
1291, accessed March 19, 2012, at http://water.usgs.gov/
nawqa/pnsp/pubs/circ1291/appendix7/7c.html.

Hladik, M.L., and Kuivila, K.M., 2008, Analysis of chloro-
thalonil and three degradates in sediment and soil: Journal 
of Agricultural and Food Chemistry, v. 56, no. 7, p. 2,310–
2,314.

Hladik, M.L., Smalling, K.L., and Kuivila, K.M., 2009, 
Methods of analysis—Determination of pyrethroid insec-
ticides in water and sediment using gas chromatography/
mass spectrometry: U.S. Geological Survey Techniques and 
Methods 5–C2, 18 p., accessed April 7, 2011, at http://pubs.
usgs.gov/tm/tm5c2/.

Jha, V.K., and Wydoski, D.S., 2003, Methods of analysis by 
the U.S. Geological Survey National Water Quality Labo-
ratory—Determination of organophosphate pesticides in 
bottom sediment by gas chromatography with flame photo-
metric detection: U.S. Geological Survey Water-Resources 
Investigations Report 02–4222, 30 p.

Lopes, T.J., and Furlong, E.T., 2001, Occurrence and poten-
tial adverse effects of semivolatile organic compounds in 
streambed sediment, United States, 1992–1995: Environ-
mental Toxicology and Chemistry, v. 20, no. 4, p. 727–737.

MacDonald, D.D., Ingersoll, C.G., and Berger, T.A., 2000, 
Development and evaluation of consensus-based sediment 
quality guidelines for freshwater ecosystems: Archives of 
Environmental Contamination and Toxicology, v. 39, p. 
20–31.

Noriega, M.C., Wydoski, D.S., and Foreman, W.T., 2004, 
Methods of analysis by the U.S. Geological Survey National 
Water Quality Laboratory—Determination of organochlo-
rine pesticides and polychlorinated biphenyls in bottom and 
suspended sediment by gas chromatography with electron-
capture detection: U.S. Geological Survey Water-Resources 
Investigations Report 03–4293, 46 p.

Norman, J.E., Kuivila, K.M., and Nowell, L.H., 2012, Priori-
tizing pesticide compounds for analytical methods devel-
opment: U.S. Geological Survey Scientific Investigations 
Report 2012–5045, 206 p. (Also available at http://pubs.
usgs.gov/sir/2012/5045/pdf/sir20125045.pdf.) 

Smalling, K.L., and Kuivila, K.M., 2008, Multi-residue 
method for the analysis of 85 current-use and legacy pesti-
cides in bed and suspended sediments: Journal of Chroma-
tography A, v. 1210, no. 1, p. 8–18.

http://toxics.usgs.gov/
http://www.epa.gov/compliance/resources/policies/state/grants/fifra/08-10-appendix11.pdf
http://www.epa.gov/compliance/resources/policies/state/grants/fifra/08-10-appendix11.pdf
http://www.epa.gov/compliance/resources/policies/state/grants/fifra/08-10-appendix11.pdf
http://ceqg-rcqe.ccme.ca/
http://www.eu-footprint.org/ppdb.html
http://water.usgs.gov/nawqa/pnsp/pubs/circ1291/appendix7/7c.html
http://water.usgs.gov/nawqa/pnsp/pubs/circ1291/appendix7/7c.html
http://pubs.usgs.gov/tm/tm5c2/
http://pubs.usgs.gov/tm/tm5c2/
http://pubs.usgs.gov/sir/2012/5045/pdf/sir20125045.pdf
http://pubs.usgs.gov/sir/2012/5045/pdf/sir20125045.pdf


Supplemental Information B2.    83

U.S. Environmental Protection Agency, 2000, Great Lakes 
Initiative—Bioaccumulative chemicals of concern affected 
by the ban on mixing zones in the Great Lakes (updated 
October 9, 2009): U.S. Environmental Protection Agency, 
accessed January 10, 2010, at http://water.epa.gov/lawsregs/
lawsguidance/cwa/criteria/gli/chemicals.cfm.

U.S. Environmental Protection Agency, 2004, The incidence 
and severity of sediment contamination in surface waters 
of the United States, National Sediment Quality Survey (2d 
ed.), Appendix C—Values used for chemicals evaluated: 
U.S. Environmental Protection Agency, Office of Science 
and Technology, EPA–823–R–04–007, 280 p. 

U.S. Environmental Protection Agency, 2007, ECOTOXicol-
ogy Database System, version 4.0: U.S. Environmental Pro-
tection Agency, Office of Research and Development and 
the National Health and Environmental Effects Research 
Laboratory’s Mid-Continent Ecology Division, accessed 
May 12, 2010, at http://www.epa.gov/ecotox/.

U.S. Environmental Protection Agency, 2009a, OPP Pesticide 
Ecotoxicity Database (database version April 10, 2009): 
U.S. Environmental Protection Agency, Office of Pesti-
cide Programs, accessed January 22, 2010, at http://www.
ipmcenters.org/Ecotox/index.cfm.

U.S. Environmental Protection Agency, 2009b, Office of 
Pesticide Programs’ aquatic life benchmarks (freshwater) 
(updated April 9, 2009): U.S. Environmental Protection 
Agency, Office of Pesticide Programs, accessed May 
12, 2010, at http://www.epa.gov/oppefed1/ecorisk_ders/
aquatic_life_benchmark.htm.

U.S. Environmental Protection Agency, 2009c, EPI Suite™ 
version 4.0: U.S. Environmental Protection Agency, Office 
of Pollution Prevention and Toxics and Syracuse Research 
Corporation.

U.S. Environmental Protection Agency, 2010a, Pesticide 
reregistration status (main page and decision documents and 
fact sheets for individual chemicals): accessed December 
27, 2010, at http://www.epa.gov/pesticides/reregistration/
status.htm.

U.S. Environmental Protection Agency, 2010b, High Produc-
tion Volume (HPV) Challenge: accessed December 28, 
2010, at http://www.epa.gov/HPV/. 

U.S. Environmental Protection Agency, 2010c, Toxics Release 
Inventory TRI PBT Chemical List: accessed December 28, 
2010, at http://www.epa.gov/tri/trichemicals/pbt chemicals/
pbt_chem_list.htm.

U.S. Environmental Protection Agency, 2011, Pesticides—
Environmental effects, technical overview of ecological risk 
assessment analysis phase—Ecological effects character-
ization: accessed January 10, 2011, at http://www.epa.gov/
oppefed1/ecorisk_ders/toera_analysis_eco.htm. 

Van Metre, P.C., and Mahler, B.J., 2005, Trends in hydropho-
bic organic contaminants in urban and reference lake sedi-
ments across the United States, 1970–2001: Environmental 
Science and Technology, v. 39, no. 5, p. 5,567–5,574.

Zaugg, S.D., Burkhardt, M.R., Burbank, T.L., Olsen, M.C., 
Iverson, J.L., and Schroeder, M.P., 2006, Determination of 
semivolatile organic compounds and polycyclic aromatic 
hydrocarbons in solids by gas chromatography/mass spec-
trometry: U.S. Geological Survey Techniques and Methods, 
book 5, chap. B3, 44 p.

http://water.epa.gov/lawsregs/lawsguidance/cwa/criteria/gli/chemicals.cfm
http://water.epa.gov/lawsregs/lawsguidance/cwa/criteria/gli/chemicals.cfm
http://www.epa.gov/ecotox/
http://www.ipmcenters.org/Ecotox/index.cfm
http://www.ipmcenters.org/Ecotox/index.cfm
http://www.epa.gov/oppefed1/ecorisk_ders/aquatic_life_benchmark.htm
http://www.epa.gov/oppefed1/ecorisk_ders/aquatic_life_benchmark.htm
http://www.epa.gov/pesticides/reregistration/status.htm
http://www.epa.gov/pesticides/reregistration/status.htm
http://www.epa.gov/HPV/
http://www.epa.gov/tri/trichemicals/pbt%20chemicals/pbt_chem_list.htm
http://www.epa.gov/tri/trichemicals/pbt%20chemicals/pbt_chem_list.htm
http://www.epa.gov/oppefed1/ecorisk_ders/toera_analysis_eco.htm
http://www.epa.gov/oppefed1/ecorisk_ders/toera_analysis_eco.htm


84    Prioritization of Constituents for National- and Regional-Scale Ambient Monitoring of Water and Sediment

Supplemental Information C.

Prioritization of Pharmaceuticals and Hormones in Water or Sediment (Group C)

By Lisa D. Olsen, Duane S. Wydoski, Ed T. Furlong, and Michael J. Focazio

Abbreviations and Acronyms Used in Supplemental Information C
AL bins	 aquatic-life toxicity “bins” (USGS NAWQA)

CCL3	 Contaminant Candidate List 3 (USEPA)

ECOTOX	 ECOTOXicology (database, USEPA)

EPI Suite™	 Estimation Program Interface Suite (screening software, USEPA)

GC/MS	 gas chromatography with mass spectrometry

GC/MS/MS	 gas chromatography with tandem mass spectrometry 

LC/MS	 liquid chromatography with mass spectrometry 

LC/MS/MS	 liquid chromatography with tandem mass spectrometry

LS	 laboratory schedule

log KOW	 base-10 logarithm of the octanol-water partition coefficient

NAWQA	 National Water-Quality Assessment (USGS)

NTAS	 National Target Analyte Strategy (USGS NAWQA)

NWQL	 National Water Quality Laboratory (USGS)

PBT Profiler	 Persistent, Bioaccumulative, and Toxic Profiles Estimated for Organic Chemicals (USEPA) 

SPE	 solid-phase extraction 

Toxics Program	 Toxic Substances Hydrology Program (USGS)

USEPA	 U.S. Environmental Protection Agency

USGS	 U.S. Geological Survey
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This supplemental information section of the report 
describes the prioritization of pharmaceuticals and hormones 
in water or sediment (Group C) by the U.S. Geological Survey 
(USGS) National Target Analyte Strategy (NTAS) work 
group for national- and regional-scale ambient monitoring in 
the United States. This prioritization was done in support of 
planning for the third decade (Cycle 3) of the National Water-
Quality Assessment (NAWQA) Program. The feasibility of 
implementing analytical methods for high-priority pharmaceu-
tical constituents, and knowledge and concerns about pharma-
ceutical constituents also are described in this section.

A total of 406 pharmaceuticals and hormones were 
considered for prioritization for water and sediment. These 
pharmaceutical constituents included selected analytes from 
several USGS National Water Quality Laboratory (NWQL) 
laboratory schedules (LS)—1433, 2434, 4433, 5433, 6434, 
8058, and the proposed replacement for 2080—as well as ana-
lytes on laboratory schedules LCAB and LCAS from the Kan-
sas Organic Geochemistry Research Laboratory. Additional 
constituents were prioritized that are not on current (2011) 
USGS laboratory schedules. These constituents were identi-
fied as being of potential concern with respect to human health 
or aquatic life, are of interest to other Federal agencies, are of 
international concern, or otherwise were found or predicted 
to have a high likelihood of occurrence in the environmental 
matrixes of interest (water or sediment). The set of constitu-
ents prioritized in this report might omit human or veterinary 
pharmaceutical constituents that are very new or that have not 
yet been identified as being important with respect to potential 
occurrence in the environment; therefore, additional phar-
maceutical constituents might warrant consideration as new 
information becomes available.

Of the 406 pharmaceuticals or hormones that were evalu-
ated as pharmaceutical constituents in water or sediment, 
4 constituents overlap with other NTAS constituent groups. 
These were three pesticides in water or sediment for Group B 
(oxytetracycline, penicillin G, and thiabendazole) and one 
wastewater-indicator compound in water for Group I (caf-
feine). The three pharmaceutical constituents that also are used 
as pesticides were prioritized using the procedures for both 
groups (Group B described in the “Supplemental Informa-
tion B” section, and Group C described later in this section); 
results for Group C were given preference because this 
process resulted in equal- or higher-priority tier placements as 
those obtained for Group B. The pharmaceutical that also is 
a wastewater-indicator compound (caffeine) was retained in 
both groups (Groups C and I), and this constituent was placed 
into NTAS Tier 1 through both prioritization processes.

Prioritization of Pharmaceutical Constituents in 
Water or Sediment

This section describes the methods used for prioritiza-
tion of pharmaceutical constituents in water or sediment, the 
results of the prioritization, and the basis for the prioritization, 

using specific examples from the results. The predominant 
mechanism of entry into the environment for the pharmaceuti-
cal constituents is understood to be through wastewater, as 
indicated from a review of scientific literature (described in 
subsequent sections). Subsequent partitioning between water 
and sediment, however, can cause specific constituents to be 
found (1) predominantly in the aqueous phase (monitored 
as filtered-water samples), (2) predominantly adsorbed to 
sediment particles (monitored as suspended-sediment or bed-
sediment samples), or (3) distributed between both of these 
matrixes. For these reasons, pharmaceutical constituents were 
prioritized by evaluating their likelihood of occurrence in 
environmental waters or sediment, coupled with their likeli-
hood of effects to human health or aquatic life, and then their 
physical-chemical characteristics were reviewed to determine 
whether partitioning to additional phases was likely.

Prioritization Methods for Pharmaceutical 
Constituents in Water or Sediment

Pharmaceutical constituents were prioritized into NTAS 
Tiers 1, 2, or 3 using criteria described in this section of the 
report and illustrated in the flow chart in figure C.1. The priori-
tization relied heavily on literature sources, which are identi-
fied for each constituent in the results tables and referenced 
at the end of this supplemental information section. Some of 
these literature sources (Kostich and Lazorchak, 2008; Besse 
and Garric, 2008) reported the results of robust prioritization 
methods that incorporated factors such as sales or use volumes 
and the effects of water treatment for many constituents. For 
the NTAS prioritization process, the results of these studies 
were used for the constituents that they addressed rather than 
attempt to repeat their work, which spared resources. For other 
constituents, a compound-by-compound literature search was 
necessary to obtain the information needed for prioritization.

The prioritization approach for the pharmaceutical 
constituents in water or sediment took into consideration the 
relative lack of benchmarks for these constituents, and the 
possibility that long-term exposure to low concentrations (for 
example, nanograms per liter in water) could have effects on 
human health and aquatic life that are not yet fully understood 
(Purdom and others, 1994; Goodbred and others, 1997; Bar-
onti and others, 2000). For this reason, concentrations relative 
to benchmarks could not be used consistently as a basis for 
prioritization, and a more qualitative approach was used to 
assign constituents to one of the three NTAS prioritization 
tiers: 

•	 Tier 1. This tier includes pharmaceutical constituents 
that have the highest priority for ambient monitoring 
at the national or regional scale. Tier 1 constituents 
are those with the highest likelihood of occurrence in 
ambient water or sediment, and that have reason for 
concern based on human-health or aquatic-life effects, 
as indicated in the literature or other information 
sources described later.
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Evaluate constituent for likelihood of  occurrence

Does constituent have USGS occurrence data?

YES NO

Does the constituent have a benchmark?

YES NO

Have concentrations
(other than the
maximum) been

observed at or above
0.1 of benchmark? 

YES NO

Is detection limit low
enough (0.1) relative

to benchmark? 

YES NO

Further evaluate
constituent for effects,

usefulness as tracer, and
other considerations 

YES NO

Is the detection frequency
1% or higher? 

Is the detection
frequency 10%

or higher? 

YES NO

NTAS Tier 1:
effects 

NTAS Tier 1:
occurrence 

Does constituent have predicted occurrence
based on literature reference of model? 

YES NO

Is constituent
considered a top

priority based on the
reference or model

used? 

YES NO Does constituent have
evidence of occurrence

based on literature
reference(s)? 

YES NO

Is constituent found
widely or frequently
(in 10% or more of

samples analyzed? 

YES

Tier 2: 

Does constituent have
evidence of

moderate or high
toxicity or effects on

aquatic life? 

YES NO

Is constituent on  the 
USFDA GRAS list?

YES NO

Is constituent resistent
to water treament and

of human-health
concern?

YES NO

Is constituent useful as a
tracer of compounds or 
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Figure C.1.  Flow chart for prioritizing pharmaceuticals and hormones for national- and regional-scale monitoring of water or sediment 
in the United States.
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•	 Tier 2. This tier includes pharmaceutical constituents 
that are of intermediate priority for ambient monitor-
ing at the national or regional scale. For the pharma-
ceuticals, Tier 2 constituents have some evidence of 
possible occurrence, but not of widespread occurrence, 
and have reason for concern based on human-health 
or aquatic-life effects, as indicated in the literature or 
other information sources described later.

•	 Tier 3. This tier includes pharmaceutical constituents 
that have no evidence of occurrence in ambient water 
or sediment or that have evidence of nonoccurrence. 
This tier also includes constituents that lack evidence 
of effects on human health or aquatic life. Tier 3 con-
stituents with evidence of likely nonoccurrence include 
those that are unstable in water, extensively metabo-
lized by the body, or discontinued for use in the United 
States. Although it is not impossible for some Tier 3 
constituents to occur in localized areas of concentrated 
wastewater effluent or animal wastes, it is anticipated 
that they would not be found (or would be rarely 
found) in the ambient environment through a routine 
national or regional-scale monitoring program. 

Criteria for prioritization were divided into two catego-
ries: (1) likelihood of occurrence, and (2) reasons for concern 
(including potential effects to human health or aquatic life) 
(fig. C.1). A constituent was required to meet criteria in both 
categories in order to be assigned to Tiers 1 or 2; however, 
a constituent that failed to meet the criteria for likelihood of 
occurrence could be placed into Tier 3 without being evaluated 
for reasons for concern because an understanding of potential 
human-health or aquatic-life effects was not needed for com-
pounds that are unlikely to occur and thus are unlikely to be 
detected through ambient monitoring. The references used to 
support the prioritization are listed in tables C.1A, B; C.2A, B, 
and C.3 at http://pubs.usgs.gov/sir/2012/5218/downloads/
tableC.xls.

Likelihood of occurrence (right section of flow chart, 
fig. C.1) was documented either on the basis of occurrence 
data from USGS sources or external sources, or on the basis 
of predicted or modeled occurrence from internal or exter-
nal sources. A constituent could be assigned to Tier 3 if no 
evidence was found to support its potential occurrence in the 
environment or if the constituent had evidence of likely non-
occurrence because of instability in water, lack of persistence, 
rapid or extensive metabolism by the body, or nonrelease (for 
example, if a constituent is used only for laboratory research 
in a controlled setting); these Tier 3 constituents were not 
evaluated further. Constituents with detection frequencies of 
10 percent or higher in water or sediment were placed into 
Tier 1 without requiring further evaluation for reasons for con-
cern on the basis that pharmaceuticals are explicitly designed 
to have biological effects; only a few pharmaceuticals met 
this criterion. Constituents with detection frequencies less 
that 1 percent based on USGS occurrence data, or for which 
occurrence in the literature was limited to point discharges of 

wastewater, sewage lagoons, landfill leachate, or other such 
heavily contaminated sites, were placed into Tier 2. Constitu-
ents with an intermediate likelihood of occurrence—those 
with detection frequencies of 1–10 percent or with a literature 
designation of “top” or “high” priority on the basis of pre-
dicted or modeled occurrence—were evaluated further for 
reasons for concern before assigning them to a tier. 

Reasons for concern (left section of flow chart, fig. C.1) 
included human-health effects, aquatic-life effects, and useful-
ness as a tracer. Constituents with observed concentrations 
equal to or greater than a factor of 0.01 of a human-health 
benchmark (for drinking water) or aquatic-life benchmark 
(for sediment) would have been placed into Tier 1; however, 
none of the pharmaceutical constituents had benchmarks at 
the time of this prioritization. Constituents were considered to 
have sufficient reason for concern for placement into Tier 1 if 
the chronic toxicity value for fish obtained from the USEPA’s 
Persistent, Bioaccumulative, and Toxic Profiles Estimated for 
Organic Chemicals (PBT Profiler) screening tool (http://www.
pbtprofiler.net/) was less than 10,000 micrograms per liter or if 
information from the U.S. Environmental Protection Agen-
cy’s (USEPA) ECOTOXicology (ECOTOX) database (U.S. 
Environmental Protection Agency, 2007) placed them into 
a moderate or high NTAS aquatic-life “bin” (AL bin 1 or 2) 
(information on file with the NTAS work group). Constitu-
ents also could be placed into Tier 1 on the basis of literature 
sources documenting predicted or modeled occurrence if that 
source included toxicity or aquatic effects in its prioritiza-
tion process, or if a constituent was considered particularly 
useful as a tracer of wastewater or leachate within the ambient 
environment. In addition, because pharmaceuticals generally 
are known to be biologically and potentially estrogenically 
active, constituents could be placed into Tier 1 if there was a 
clear mechanism of entry into the environment (based on the 
literature) and if persistence in water was 30 days or longer, 
or in sediment was 120 days or longer, based on information 
obtained from the PBT Profiler (U.S. Environmental Protec-
tion Agency, 2011). Interest in a constituent by other agencies 
or the international community (for example, presence on the 
USEPA Contaminant Candidate List 3 (CCL3); U.S. Environ-
mental Protection Agency, 2010) was not by itself considered 
a reason for concern but was used as a starting point for iden-
tifying constituents with reason for concern based on toxicity, 
aquatic-life effects, persistence, or usefulness as a tracer. 

After all constituents were initially evaluated, partitioning 
between water and sediment was considered. Constituents that 
were initially assigned to Tiers 1 and 2 for a particular matrix 
(water or sediment) were evaluated to determine whether 
occurrence was as likely for the other matrix, in which case, 
the constituent would be assigned to the same tier for both 
matrixes. If occurrence in the other matrix was less likely or 
unlikely, the constituent was assigned to a lower-priority tier 
for that other matrix. If occurrence in the other matrix was 
more likely, the constituent would be assigned to a higher-
priority tier; however, in practice, this circumstance did not 
happen. Constituents that had been initially placed into Tier 3 

http://www.pbtprofiler.net/
http://www.pbtprofiler.net/
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were retained in Tier 3 for both water and sediment. Sources 
of information used to evaluate constituents for partitioning 
included the following: 

•	 The base-10 logarithm of the octanol-water partition 
coefficient (log KOW) obtained from literature sources 
used in the prioritization process or as estimated values 
from the PBT Profiler, which come from the USEPA’s 
EPI Suite™ software (Estimation Program Interface 
Suite; U.S. Environmental Protection Agency, 2009a) 
calculated using the estimation method described by 
Meylan and Howard (1996); 

•	 Estimated percentage in each matrix relative to the total 
amount in the environment obtained from the PBT Pro-
filer, calculated using the default settings of the Level 
III fugacity model from Mackay and others (1992); and 

•	 Documented occurrence in reconnaissance studies, 
particularly if occurrence was documented in a matrix 
that was not predicted on the basis of log KOW or fugac-
ity model information; for example, cholesterol and 
some other natural sterols with log KOW values greater 
than 6 have been observed in unfiltered water samples 
(Kolpin and others, 2002; Barnes and others, 2008; 
Focazio and others, 2008) and were included in Tier 
1 for water because occurrence in the aqueous phase 
cannot be ruled out.

Generally, a constituent was determined to be of concern 
predominantly for water if the log KOW was less than 3.6, for 
both water and sediment if the log KOW was between 3.6 and 
6.0, and predominantly for sediment if the log KOW was greater 
than 6.0, except in cases in which the matrix information from 
the PBT Profiler or literature sources indicated a likelihood of 
occurrence in the nonpreferred matrix. 

Results of Prioritization of Pharmaceutical 
Constituents in Water or Sediment

Reasons for each pharmaceutical constituent’s placement 
into a particular NTAS tier and literature sources used in the 
prioritization process are provided or cited on tables C.1A, B; 
C.2A, B, and C.3. Of the 406 pharmaceutical constituents 
evaluated, 78 were assigned to Tier 1 (76 for water and 27 
for sediment), 136 were assigned to Tier 2 (133 for water and 
33 for sediment), and 349 were assigned to Tier 3 (197 for 
water and 346 for sediment); these numbers do not sum to 
406 because of overlapping constituents between water and 
sediment. Of the 349 constituents assigned to Tier 3 for water 
or sediment, 193 constituents were identified as Tier 3 in both 
water and sediment (table C3).

Basis for Prioritization of Pharmaceutical 
Constituents in Water or Sediment

This section describes the resources that were used as the 
basis for the prioritization of pharmaceutical constituents by 
the NTAS work group. Constituents addressed in a national 
reconnaissance of pharmaceuticals and other organic waste-
water contaminants in the United States (Barnes and others, 
2008; Focazio and others, 2008) and those addressed in earlier 
large-scale USGS studies (Kolpin and others, 2002; Barnes 
and others, 2002) were reviewed for occurrence and detection 
frequency to assist in prioritization using the criteria described 
previously (fig. C.1). Constituents assigned to Tiers 2 or 3 on 
the basis of information from these large-scale studies were 
further evaluated for factors that could support an assignment 
to a higher-priority tier, as described later in this section. All 
but two constituents addressed in the national reconnais-
sance studies were assigned to Tier 1 or 2 after all steps of the 
evaluation.

Constituents presented in Batt and others (2008) also 
were evaluated. Constituents in this study were selected on the 
basis of a risk-based prioritization of 371 active pharmaceuti-
cal ingredients, as described in Kostich and Lazorchak (2008), 
which considered human drug sales, potency, metabolic inac-
tivation, and ability to persist through wastewater treatment. 
Kostich and Lazorchak (2008) and Batt and others (2008) 
include some major metabolites of drugs that are mostly 
metabolized before elimination but might enter the environ-
ment through wastewater. Because these literature sources 
considered factors that directly relate to likelihood of occur-
rence and reason for concern, constituents detected in waste-
water (from seven wastewater effluent sites) or surface-water 
samples (one stream) collected for Batt and others (2008) were 
assigned to Tier 1. Constituents listed, but not detected, in the 
study were assigned to Tier 2, unless additional information 
sources were identified to support an assignment to Tier 1. 
All constituents identified by Batt and others (2008) warrant 
method development (as Tier 1 constituents) or already have 
existing USGS methods or methods in development. 

Constituents of interest to the USGS Toxic Substances 
Hydrology Program (hereafter abbreviated as Toxics Program) 
included 58 constituents in Tier 1 for water and 20 constituents 
in Tier 1 for sediment, and 89 constituents in Tier 2 for water 
and 19 constituents in Tier 2 for sediment. Since 1998, the 
Toxics Program’s Emerging Contaminants Research project 
has prioritized analytes for method development using criteria 
that include usage or prescription data (where available), docu-
mented or suspected occurrence in the environment (for exam-
ple, in water, wastewater, or sediment), anticipated persistence 
based on chemical and physical properties, compatibility with 
existing methods, potential for ecological effects, stakeholder 
input, and other criteria such as potential use as environmental 
tracers. Information to support this prioritization comes from 
contacts in other Federal agencies (for example, USEPA, U.S. 
Food and Drug Administration, and U.S. Department of Agri-
culture), external scientists, published literature, publically 
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accessible databases, and from previous experience gained 
through ongoing research. Objectives of the NAWQA Program 
and the Toxics Program lead to some overlap in the prioriti-
zation of constituents for environmental matrixes that are of 
interest to NAWQA (water and sediment); however, the Toxics 
Program has interests in additional matrixes (for example, raw 
wastewater and source-affected environmental compartments) 
and in additional constituents that may be less likely to be 
detected through a routine ambient monitoring program, but 
that are important in pursuing their research goals. Occurrence 
information and literature sources provided by the Toxics 
Program were considered in the NTAS prioritization process. 
Method development activities for the Toxics Program likely 
will include constituents that were not placed into Tiers 1 or 
2 because, as stated previously, the Toxics Program’s objec-
tives differ from those of the NAWQA Program. Methods for 
these additional constituents for the Toxics Program might 
be available at production-scale by the start of Cycle 3, and 
future research involving these constituents might provide new 
information at a later date that could warrant their inclusion in 
NAWQA monitoring.

 Constituents on the USEPA Contaminant Candidate 
List 3 (CCL3) were prioritized on the basis of likelihood of 
occurrence and reason for concern as described previously 
in the section “Prioritization Methods for Pharmaceutical 
Constituents in Water or Sediment.” Of the 10 pharmaceutical 
constituents on the CCL3, 9 are hormones and 1 is an antibi-
otic, and all have USGS analytical methods. USGS occurrence 
data were used in the prioritization process, along with toxicity 
information from the literature and the PBT Profiler. All 10 
of the CCL3 constituents were assigned to Tier 1 on the basis 
of these sources and are identified as “CCL3” in the reference 
columns on tables C.1 A, B.

Constituent-by-constituent Internet searches were per-
formed, in addition to using the aforementioned sources, using 
a search strategy shown in table C.4 at http://pubs.usgs.gov/
sir/2012/5218/downloads/tableC.xls. Searching stopped when 
one or more references were found to support the likelihood 
of occurrence for a constituent or when all of the search-
strategy options were exhausted for a constituent; therefore, 
not all search terms were used for all constituents and not all 
possible references were provided for a given constituent. 
References supporting nonoccurrence were used only after 
all other search-strategy options were exhausted, and refer-
ences supporting occurrence were considered to disprove 
those supporting nonoccurrence. In addition to using standard 
search engines, unpublished materials (for example, Wikipedia 
and manufacturer’s Material Safety Data Sheets) sometimes 
were used as a source of references to more quickly target 
searches onto published sources or databases. Many of the 
constituents considered for prioritization had little informa-
tion about environmental occurrence or effects on aquatic 
life. Compounds for which no evidence of occurrence could 
be found were assigned to Tier 3. Constituents with evidence 
supporting occurrence (Tier 1 or 2) were evaluated further, as 
described previously. A low threshold of evidence was set for 

likelihood of occurrence for assigning constituents into Tier 2; 
any documented detection of a compound within an environ-
mental compartment that could allow transfer to matrixes of 
interest for the NAWQA Program was considered sufficient, 
including detections as tentatively identified compounds and 
detections in samples of wastewater effluent or leachate from 
landfills or animal feeding operations. References from larger-
scale studies were preferred over those from smaller-scale 
studies, and Government-agency Web sites and databases and 
peer-reviewed publications were favored over nonpublished 
sources. For some constituents, the only information found 
was in nonpublished sources (excluding product marketing 
literature, which was not considered). References used to 
support the prioritization into Tiers 1, 2, or 3 are provided in 
tables C.1–C.3.

Feasibility of Implementation for High-Priority 
Pharmaceutical Constituents

Of the 78 constituents in Tier 1 (tables C.1A, B), 56 are 
on USGS laboratory schedules or have methods in the late 
stages of development and are high-priority constituents for 
continuation in NAWQA Cycle 3. A total of 88 of the 134 
constituents in Tier 2 (tables C.2A, B) are on existing USGS 
laboratory schedules or have methods in the late stages of 
development. The 22 Tier 1 constituents without USGS 
analytical methods would require method development and 
validation to the extent that this is feasible. Analytical methods 
for pharmaceuticals and hormones are still in development at 
the NWQL (Duane S. Wydoski, U.S. Geological Survey, writ-
ten commun., 2010) and the Organic Geochemistry Research 
Laboratory at the Kansas Water Science Center (Michael T. 
Meyer, U.S. Geological Survey, written commun., 2009). 

The older methods in use for pharmaceutical constituents 
warrant improvement or replacement. Previously, NAWQA 
and other USGS programs used LS 2080, which uses solid-
phase extraction (SPE) and liquid chromatography with mass 
spectrometry (LC/MS), for determining 14 pharmaceuticals 
in water (Furlong and others, 2008). This technique is prone 
to sample-preparation problems and lacks specificity needed 
for evaluation of additional pharmaceutical constituents. The 
NWQL is evaluating a combination of two techniques—gas 
chromatography with mass spectrometry (GC/MS) and high-
pressure liquid chromatography with tandem mass spectrom-
etry (LC/MS/MS)—for the determination of pharmaceuticals 
in water (Duane S. Wydoski, U.S. Geological Survey, written 
commun., 2010). The use of negative-ion LC/MS/MS can be 
evaluated as a means of extending the instrument capabil-
ity to add more high-priority constituents. The LC/MS/MS 
technique has greatly improved specificity in identification of 
compounds and uses direct aqueous injection, which circum-
vents problematic extraction steps and reduces the potential 
for cross-contamination. This new technique uses more 
expensive instrumentation, but requires less total labor and 
lower sample volumes (which can lower shipping costs) and 
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has improved analytical performance. The planned suite of 
analytical techniques can be modified to accommodate most of 
the new Tier 1 constituents.

Antibiotic constituents can be analyzed using methods 
in development at the NWQL and Kansas Organic Geochem-
istry Research Laboratory. The method in development at 
the Kansas laboratory for the determination of antibiotics in 
water (LS “LCAB”) uses LC/MS/MS and SPE, and a compa-
rable method is in development for sediment (LS “LCAS”). 
These methods have been used successfully on a limited basis 
(Michael T. Meyer, U.S. Geological Survey, written commun., 
2009), but additional method validation would be needed if 
these methods are adopted for the analysis of constituents 
for NAWQA Cycle 3 monitoring of water and sediment. The 
NWQL has developed a method for the determination of 
hormones in water and sediment using gas chromatography 
with tandem mass spectrometry (GC/MS/MS), using isotopic 
dilution and isolation by SPE; this method currently (2011) 
is undergoing review and approval. This technique shows 
adequate specificity; however, additional evaluation of the 
sample-preparation procedure is needed. This technique cov-
ers all of the hormones on the USEPA CCL3, some of which 
are new constituents in Tier 1 that have not previously been 
monitored by NAWQA. Both the NWQL and Kansas Organic 
Geochemistry Research Laboratory also are planning hor-
mone analysis using LC/MS/MS. The LC/MS/MS method is 
preferred over the current (2011) GC/MS/MS method because 
the current method requires complicated derivatization for the 
analytical standards and environmental samples, and because 
the compounds are not compatible with gas chromatography 
unless they are first derivatized (Duane S. Wydoski, U.S. Geo-
logical Survey, written commun., 2010). 

From the prioritization procedure used for the pharma-
ceutical constituents, it appears that as many as 20 constituents 
on existing laboratory schedules, including 11 constituents on 
the proposed replacement for LS 2080, could be dropped from 
the laboratory schedules used for national- or regional-scale 
ambient monitoring. These Tier 3 compounds (table C.3) have 
a low likelihood of occurring in the environmental matrixes 
of interest to NAWQA, and some might not be found even 
in wastewater effluent because of disuse, low mass load-
ing, chemical instability, or extent of metabolism by persons 
or animals that use them. Some of these constituents are of 
interest for future research by the Toxics Program; therefore, 
any changes to existing or planned laboratory schedules will 
be made after incorporating input from the Toxics Program 
to ensure that ongoing and future research needs can be met. 
Similarly, 88 Tier 2 constituents on existing USGS labora-
tory schedules or with methods in development might be of 
lesser importance with respect to NAWQA objectives. Most 
of these constituents are likely to occur only in wastewater or 
in streams or sediment in areas that are highly contaminated 
by wastewater, animal feeding operations (including aquacul-
ture), or disposal activities and probably are not appropriate 
candidates for routine, ambient water-quality monitoring. 
If future studies show wider occurrence of any of the Tier 2 

constituents than was anticipated at the time of this prioritiza-
tion, those constituents would warrant reevaluation for inclu-
sion in NAWQA Cycle 3 monitoring.

Future method development for pharmaceutical con-
stituents is focused on filtered water and sediment rather than 
on whole water. It is preferable to analyze whole water as 
the combination of a filtered water sample and a suspended-
sediment sample (sediment fraction), rather than perform 
labor-intensive liquid-liquid extractions on variable mixtures 
of water and sediment; this preferred approach would provide 
a more accurate understanding of contaminant fate in water 
and sediment than the analysis of unfiltered (whole) water and 
would reduce the potential for cross-contamination through 
the liquid-liquid extraction equipment. 

Also, given the disparate requirements for routine ambi-
ent monitoring on a national or regional scale compared to 
targeted monitoring of contaminated resources at specific 
locations, use of a single laboratory schedule is unlikely to 
meet the needs of all study types for pharmaceutical con-
stituents. The NWQL could modularize the pharmaceuticals 
into two complementary schedules: (1) a “core” schedule 
for routine ambient monitoring (Tier 1 constituents) and (2) 
an “add-on” schedule for highly contaminated environments 
(selected Tier 2 constituents). The modularized approach 
would result in reduced costs and easier data management for 
those doing routine ambient monitoring than offering a fixed 
set of Tier 1 and 2 constituents to all customers. For filtered 
water samples, capacity for the NWQL for a “core” sched-
ule of approximately 75 constituents would be about 3,000 
samples per year; an “add-on” schedule of approximately 150 
constituents would be about 1,500 samples per year (Duane S. 
Wydoski, U.S. Geological Survey, written commun., 2010). 
For sediment samples, capacity for the NWQL for comparable 
schedules likely would be one-third to one-half of the capac-
ity for filtered water samples because of the additional labor 
required for sample preparation and extraction. Capacity for 
the Kansas Organic Geochemistry Research Laboratory would 
be about 1,500 samples per year for water samples and about 
750 samples per year for sediment samples (Michael T. Meyer, 
U.S. Geological Survey, written commun., 2009).

Knowledge and Concerns of Pharmaceutical 
Constituents in Water or Sediment as a 
Constituent Group

Information on the occurrence and concentrations of 
pharmaceutical constituents in water and sediment generally 
is lacking, and additional information would be beneficial to 
the NAWQA Program and its stakeholders. The inclusion of 
high-priority (Tier 1) pharmaceutical constituents in NAWQA 
Cycle 3 monitoring would improve the understanding of the 
occurrence and fate of these constituents in ambient water and 
sediment. 

With the implementation of analytical methods that have 
cleaner preparation steps and higher sensitivity, it is likely 
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that future field quality-control samples will reveal a need 
for improved field-sampling methods. Field contamination 
that might not have been detected using less-sensitive meth-
ods, or that was masked by concurrent laboratory contami-
nation, could become more apparent. It will be important 
during method validation to closely monitor the quality of 
field blanks collected using the full assortment of NAWQA 
protocols, equipment, and staff, so that potential problems can 
be addressed before the new methods are fully and officially 
implemented. Precautions that have been adopted for non-
USGS sampling programs, including wearing a full-face 
shield or particle mask or avoiding breathing directly over 
the equipment while collecting samples to avoid the risk of 
cross-contamination from field staff (Richard Zimmer, MWH 
Laboratories, written commun., 2010; Carrithers and others, 
2008), could be warranted when updating NAWQA field-sam-
pling protocols for pharmaceutical constituents. In addition, 
with the smaller sample volumes that are expected for the new 
analytical methods, it would be feasible to include routine col-
lection of a “spare” sample bottle to cover all organic analyses 
in case of breakage or need for an analytical rerun or for use in 
quality-assurance monitoring or method development. 

One final issue of importance for pharmaceuticals as a 
constituent group is the shift away from collecting whole-
water samples towards a more robust representation of whole 
water by the collection and analysis of filtered water and a 
corresponding sample of the sediment fraction (suspended 
sediment). Current analytical method development is focused 
on filtered water and sediment. If whole-water analyses are 
of interest, a separate suite of sample-preparation methods 
and laboratory schedules for unfiltered water would need to 
be developed and put through the method development and 
validation process. A shift away from whole-water analyses to 
the paired sampling of filtered water and suspended-sediment 
samples likely will warrant some review and modification of 
NAWQA field-sampling protocols and training.
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Abbreviations and Acronyms Used in Supplemental Information D
mg/kg	 milligram per kilogram

μg/L	 micrograms per liter

ACToR	 Aggregated Computational Toxicology Resource (database, USEPA)

BQ	 benchmark quotient (USGS)

CCL3	 Contaminant Candidate List 3 (USEPA)

CTLS	 Contaminant Trends in Lake Sediments (USGS NAWQA)

ERM	 effects range—median (sediment-quality benchmark, National Oceanic and Atmospheric Administration)

HBSL	 Health-Based Screening Level (water-quality benchmark, USGS)

HH	 human health

ICP/MS	 inductively coupled plasma with mass spectrometry 

LS	 laboratory schedule 

LT-MDL	 long-term method detection level

MCL	 Maximum Contaminant Level (drinking-water-quality benchmark, USEPA)

NAWQA	 National Water-Quality Assessment (USGS)

NIA	 no information available

NTAS	 National Target Analyte Strategy (USGS NAWQA)

NWQL	 National Water Quality Laboratory (USGS)

PEC	 probable effect concentration (consensus-based sediment-quality benchmark)

PECQ	 probable-effect-concentration quotient (similar to “benchmark quotient”)
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TEL	 threshold effect level (sediment-quality benchmark)
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This supplemental information section of the report 
describes the prioritization of trace elements and other 
inorganic constituents (Group D) in water (Group D1) and 
sediment (Group D2) by the U.S. Geological Survey (USGS) 
National Target Analyte Strategy (NTAS) work group for 
national- and regional-scale ambient monitoring in the United 
States, in support of planning for the third decade (Cycle 3) 
of the National Water-Quality Assessment (NAWQA) Pro-
gram. Water, for the purpose of the NTAS prioritization, is 
understood to mean filtered water samples (operationally, 
the dissolved phase). The emphasis for the prioritization for 
water (Group D1) was on groundwater resources; however, the 
results also are applicable to filtered surface water within the 
context of drinking-water sources. Constituents in streambed 
or suspended sediment are addressed separately in the sections 
on sediment. The emphasis for the prioritization for sediment 
(Group D2) was on potential effects to aquatic life, includ-
ing effects from exposure to suspended sediment in unfiltered 
water. The feasibility of implementing analytical methods for 
high-priority trace elements, and knowledge and concerns of 
trace elements as a constituent group, also are described in this 
section.

A total of 38 trace elements and other inorganic con-
stituents were prioritized, including 38 constituents for water, 
and 10 constituents for sediment. Most of the prioritization 
effort for trace elements focused on 23 constituents from the 
USGS National Water Quality Laboratory (NWQL) labora-
tory schedule (LS) used for filtered water samples in previous 
NAWQA cycles (except where noted), which was LS 2710 
with iron added. Additional constituents were considered, such 
as mercury, selected species (valences) of arsenic, chromium, 
and iron, and selected inorganic disinfection by-products 
(water only), in response to concerns about effects to human 
health, chiefly through exposure by way of drinking water 
or because of their potential use as indicators of geochemi-
cal processes. Nutrients, such as nitrate, nitrite, phosphate, 
and sulfate, are known to be important with respect to human 
health and aquatic life (Dubrovsky and others, 2010) and will 
continue to be monitored for NAWQA Cycle 3; therefore, 
nutrients were omitted from this prioritization. Although many 
other additional trace elements are listed on the periodic table 
of elements, only those that were identified as NTAS candidate 
constituents through the lists of human-health or aquatic-life 
concern or other documentation (described in the “Sources 
of Information Used to Identify and Prioritize Constituents” 
section in the main body of this report) were prioritized; this 
practice is consistent with those of other NTAS constituent 
groups, as it was impractical to prioritize the entire universe of 
possible candidate constituents. 

 Six constituents that were evaluated as trace elements 
or other inorganic constituents (Group D) overlap with other 
NTAS constituent groups. These include three inorganic 
constituents in water (Group D1) that also were disinfection 
by-products in Group G (bromate, chlorate, and chlorite); 
one inorganic constituent in water (Group D1) that also was 
evaluated as a disinfection by-product in Group G and as a 

wastewater-indicator and industrial compound in Group I 
(perchlorate); and two trace elements in water (Group D1) and 
sediment (Group D2) that also were evaluated as pesticides in 
Groups B1 and B2 (copper and zinc). For all of these overlap-
ping constituents, the prioritization performed for Group D 
matched the prioritization performed for the other constituent 
groups (as was the case for bromate, chlorate, chlorite, and 
perchlorate) or superseded the prioritization performed for the 
other constituent group (as was the case for copper and zinc).

Prioritization of Trace Elements and Other 
Inorganic Constituents in Water (Group D1)

This section describes the methods used for prioritization 
of trace elements and other inorganic constituents in water and 
the results of that prioritization. Benchmark quotients (BQs) 
for constituents in water were calculated as the ratio of a con-
stituent concentration to an appropriate human-health bench-
mark, such as the U.S. Environmental Protection Agency’s 
(USEPA) Maximum Contaminant Level (MCL) or other type 
of national recommended water-quality criteria (U.S. Environ-
mental Protection Agency, 2010a), or the USGS Health-Based 
Screening Level (HBSL; Toccalino, 2007). For constituents 
that did not have sufficient occurrence data or benchmarks to 
allow calculation of BQs, the prioritization relied on the NTAS 
human-health (HH) “bins” defined in the “Human-Health 
Effects Information from the ACToR Database” section in the 
main body of this report (the ACToR database is the USEPA 
Aggregated Computational Toxicology Resource database) 
or on other information, as described in this supplemental 
section. 

Prioritization Methods for Trace Elements and 
Other Inorganic Constituents in Water

The prioritization of trace elements and other inor-
ganic constituents in water considered occurrence, toxicity, 
adequacy of current analytical methods, and other potentially 
valuable factors, such as the use of the constituent as an envi-
ronmental tracer. Traditional toxicological endpoints and data 
(for example, cancer endpoints) for human-health screening 
were used in the prioritization of constituents; this approach 
does not completely reflect the role of nontraditional biologi-
cal endpoints, such as endocrine disruption, or the effects of 
mixtures.

Of the 38 trace elements and other inorganic constituents 
considered for prioritization, 23 constituents comprised the 
22 trace elements on LS 2710 (table D1.1 at http://pubs.usgs.
gov/sir/2012/5218/downloads/tableD1.xls) plus iron; NAWQA 
data for these constituents were available from previous cycles 
of monitoring (fig. D1.1). NAWQA data used for prioritiza-
tion (DeSimone, 2009; Toccalino and others, 2010) were 
limited to groundwater data because trace elements were 
not consistently monitored in surface water during previous 
cycles of NAWQA, and because surface-water data can be 
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more difficult to interpret than groundwater data because of 
the varying degrees of sorption of trace elements to suspended 
sediment in the water. The dataset for public-supply wells had 
distributions of concentrations similar to those in the dataset 
for domestic wells (fig. D1.1); therefore, data from both well 
types were combined for the prioritization of constituents. An 
additional 15 constituents (table D1.1) were considered for 
prioritization because they are regulated in drinking water by 
the U.S. Environmental Protection Agency (2009a, 2010a) or 
are being considered for regulation by the USEPA as part of 
the Contaminant Candidate List 3 (CCL3; U.S. Environmen-
tal Protection Agency, 2010b), or for enhanced monitoring in 
drinking water (U.S. Environmental Protection Agency, 2011), 
or because of their potential usefulness as environmental trac-
ers or indicators of geochemical processes. 

Consistent with approaches used by the NTAS work 
group for other constituent groups, percentile concentrations 
(50th and 99th percentiles) for constituents with occurrence 
data for drinking water (domestic and public-supply wells) 
were compared with human-health benchmarks, if available 
(table D1.2 at http://pubs.usgs.gov/sir/2012/5218/downloads/
tableD1.xls; figs. D1.2 and D1.3). Constituents with 99th 
percentiles greater than 1/10 of their respective benchmark 

concentrations, corresponding to a BQ of 0.1, were considered 
to be of high priority for monitoring and were placed into 
NTAS Tier 1. 

For constituents that did not warrant placement into 
Tier 1 (cobalt, lithium, silver, and vanadium on LS 2710 and 
the additional 15 constituents that have not been monitored as 
widely) on the basis of their BQ values or because they lacked 
available human-health benchmarks, additional factors, such 
as human-health concern and usefulness as a tracer, were con-
sidered. Constituents with HH bins of 1 or 2 were placed into 
Tier 1, and all other constituents had evidence of usefulness as 
a tracer and were placed into Tier 2.

Results of Prioritization of Trace Elements and 
Other Inorganic Constituents in Water

All constituents on the widely used laboratory sched-
ule for trace elements, LS 2710, plus iron (table D1.1), were 
placed into NTAS Tier 1, except for silver, which was placed 
into Tier 2. Silver did not meet criteria for Tier 1 because of 
its low detection frequency in water (table D1.2) and low BQ 
values (figs. D1.2 and D1.3). Additional constituents were 
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Figure D1.1.  Percentile concentrations of trace elements for public-supply wells sampled from 1991–94 and domestic wells sampled 
from 1993–2007 by the National Water-Quality Assessment Program.
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Figure D1.2.  50th-percentile concentration benchmark quotients for trace elements and other inorganic constituents in water.
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Figure D1.3.  99th-percentile concentration benchmark quotients for trace elements and other inorganic constituents in water.

prioritized, including some that were evaluated for other 
NTAS constituent groups: 

•	 Bromate, chlorite, fluoride, and mercury were consid-
ered for prioritization on the basis of their inclusion 
in USEPA national primary drinking-water regula-
tions (U.S. Environmental Protection Agency, 2009a). 
Bromate, chlorite, and fluoride were placed into Tier 1 
because each had been assigned to HH bin 1. Fluo-
ride has been detected at concentrations greater than 
a 0.1 of a benchmark (Toccalino and others, 2010). 
Mercury was placed into Tier 2 (intermediate priority 
for ambient monitoring) because it generally has not 
been detected in ambient groundwater at concentra-

tions greater than human-health benchmarks—BQs for 
mercury in water generally are less than 0.1—however, 
mercury could be an important constituent for studies 
of heavily contaminated settings.

•	 Chlorate, germanium, perchlorate, and tellurium were 
considered for prioritization on the basis of their 
inclusion on the USEPA CCL3 (U.S. Environmental 
Protection Agency, 2010b). Chlorate, perchlorate, and 
tellurium were placed into Tier 1 because each had 
been assigned to HH bin 1 or 2. Germanium had been 
assigned to HH bin NIA (no information available) and 
was placed into Tier 2 because of its potential useful-
ness as a tracer (Kurtz and others, 2011). 
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•	 Chromium (III) and chromium (VI) were placed into 
Tier 1 because each had been assigned to HH bin 2 
based on toxicological reviews (U.S. Environmental 
Protection Agency, 1998, 2010c) and because of recent 
concerns about potential presence in drinking water 
(U.S. Environmental Protection Agency, 2011).

•	 Species of selected trace elements, including arsenic 
(III), arsenic (V), iron (II), and iron (III), and the trace 
element gadolinium were considered for prioritization 
on the basis of their potential usefulness as tracers or 
indicators of geochemical or environmental processes 
and were placed into Tier 2.

None of the constituents considered for prioritization 
were placed into Tier 3. For example, although the 99th-per-
centile concentrations of silver did not approach the bench-
mark concentration (table D1.2), silver was placed into Tier 2. 
Although silver was in HH bin 1 and placement into Tier 3 
could not be justified, silver’s concentrations and detection 
frequency were too low to justify placement into Tier 1. 

Basis for Prioritization of Trace Elements and 
Other Inorganic Constituents in Water

With the exception of silver, all of the trace elements on 
LS 2710, plus iron, were placed into NTAS Tier 1 for reasons 
described previously, including their BQ values obtained 
from occurrence data (DeSimone, 2009; Toccalino and others, 
2010) and USEPA benchmarks. Several additional constitu-
ents—bromate, chlorate, chlorite, chromium (III), chromium 
(VI), fluoride, perchlorate, and tellurium—were placed into 
Tier 1 on the basis of their assigned NTAS HH bins or BQ 
values; these constituents also are of interest to the USEPA as 
being of concern with respect to drinking water. These eight 
new constituents that were included in Tier 1 for monitoring 
are anticipated to occur in ambient water and are of human-
health concern with respect to drinking water. 

Arsenic (III), arsenic (V), gadolinium, germanium, iron 
(II), and iron (III) were placed into Tier 2 because of their 
potential use as environmental tracers or in fate and transport 
studies related to key human-health questions. Mercury was 
placed into Tier 2 because concentrations in ambient water 
generally are at least an order of magnitude less than the 
USEPA MCL of 2 micrograms per liter (µg/L) (Krabbenhoft 
and others, 1999), resulting in low BQ values. Silver was 
placed into Tier 2 because concentrations in ambient water 
generally are several orders of magnitude less than the HBSL 
of 100 µg/L (table D1.2). 

Feasibility of Implementation for High-
Priority Trace Elements and Other Inorganic 
Constituents in Water

The NWQL laboratory schedule currently (2011) used 
for trace elements, LS 2710, uses inductively-coupled plasma 
with mass spectrometry (ICP/MS; Fishman and Friedman, 
1989; Garbarino, 1999; Garbarino and others, 2006) and is 
suitable for analysis of trace elements in filtered water samples 
because current detection levels are adequately below human-
health benchmarks (table D1.2). Constituents measured using 
LS 2710 in previous cycles of the NAWQA Program do not 
require any modification of laboratory methods. Dropping 
silver from LS 2710 is not warranted despite its placement 
into Tier 2, because the potential cost saving is very small, and 
because likelihood of occurrence or importance of silver in 
groundwater could change in the future. The current NWQL 
capacity for LS 2710 is approximately 3,000 samples per year 
(Duane S. Wydoski, U.S. Geological Survey, written com-
mun., 2010).

Constituents that have not been part of previous USGS 
monitoring will require method validation, determination of 
detection and reporting levels, and evaluation of performance 
data for environmental matrixes. Laboratory schedule 2710 
could be modified to include gadolinium, germanium, and 
tellurium; performance for these constituents would need to 
be validated. Bromate, chlorate, and chlorite could be added 
to existing ion-chromatography methods or may require minor 
method development with existing equipment; the result-
ing methods would have to be validated, and costs would be 
similar to those of other ion-chromatography methods (Duane 
S. Wydoski, U.S. Geological Survey, written commun., 2010). 
Species of arsenic, chromium, and iron could require new 
methods or expansion and validation of existing research 
or custom methods (table D1.1) if these constituents are of 
interest for monitoring. An approved method exists for the 
separation and determination of arsenic species by collision/
reaction cell ICP-MS (Garbarino and others, 2006). Methods 
would have to be validated and approved for chromium and 
iron species. 

Several options are available for perchlorate, including 
USEPA Methods 314.0 (Hautman and others, 1999), 331.0 
(Wendelken and others, 2005), 332.0 (Hedrick and others, 
2005), and 6850 (U.S. Environmental Protection Agency, 
2007). Determination of perchlorate in water by commercial 
laboratories relies on ion chromatography with mass spec-
trometry or high-performance liquid chromatography with 
mass spectrometry. One of the USEPA methods could be 
implemented at the NWQL but would require validation by 
the NWQL. Analysis of perchlorate using liquid chromatogra-
phy with tandem mass spectrometry, similar to methods being 
developed for pesticides and pharmaceuticals, also may be 
feasible.

When monitoring for disinfection by-products (for exam-
ple, bromate, chlorate, and chlorite), residual chlorine might 
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need to be quenched with additives at the time of sample col-
lection (see details in the “Supplemental Information G” sec-
tion). This practice could interfere with the analysis of other 
inorganic constituents by producing a source of contamination 
during sample collection and warrants further investigation of 
sampling protocols and quality assurance and quality control. 
Separate sample bottles may be needed for certain analyses. 
In addition, the disposable nitrile gloves used as part of USGS 
field sampling protocols can act as a source of certain constitu-
ents, such as phosphorus and nitrosamines (Alfred J. Driscoll, 
U.S. Geological Survey, written commun., December 2008; 
Lisa D. Olsen, U.S. Geological Survey, written commun., 
December 2010). It would be important to evaluate possible 
contamination by nitrile gloves and other potential sources of 
low-level contamination in the field (for example, sampling 
lines and fittings) for any new trace elements or other inor-
ganic constituents that are added to laboratory schedules.

Knowledge and Concerns of Trace Elements 
and Other Inorganic Constituents in Water as a 
Constituent Group

Because trace elements are naturally occurring, they are 
known to occur in ambient water resources. However, many 
also have anthropogenic sources from industry, manufactur-
ing, and use in consumer goods. In addition, some land-use 
activities can enhance the mobilization and transport of 
some inorganic constituents and increase their presence and 
magnitude in the aquifers as well as at the wellhead (Jurgens 
and others, 2010). Indeed, the very act of water withdrawal 
for public or domestic supply can mobilize some inorganic 
constituents (Ayotte and others, 2011). The USGS has a role 
in leading large-scale investigations of the occurrence of these 
constituents and their relation to natural sources, anthropo-
genic sources, or anthropogenically enhanced transport. The 
USGS has a unique role in assessing the spatial and temporal 
trends of these constituents in drinking-water sources over 
time, including the effects of land use and climate change. 
Organizations that manage natural resources, such as water 
supplies, would benefit from an improved understanding of 
the natural factors compared to anthropogenic factors in the 
transport of these contaminants. The USGS also has a role 
in understanding environmental water chemistry (including 
ambient, source, and finished water) in terms of background 
concentrations likely to occur bcause of the natural processes, 
such as weathering, erosion, or dissolution of aquifer materi-
als. The role of inorganic constituents as environmental tracers 
is of scientific interest; for example, gadolinium has been used 
as a tracer for hospital waste (Verplanck and others, 2005), and 
germanium can be used in conjunction with silicon as a tracer 
of groundwater-flow paths (Kurtz and others, 2011). 

Inorganic constituents, such as arsenic and uranium, are 
important contaminants because of their tendency to occur at 
concentrations equal to or greater than levels of human-health 
concern, such as MCLs or HBSLs. As a group, trace elements 

and other inorganic constituents tend to have widespread 
occurrence in environmental sources of drinking water and are 
frequently detected at concentrations greater than benchmarks 
(Toccalino and others, 2010). Current research is documenting 
previously understudied health effects of inorganic constitu-
ents (for example, arsenic, cadmium, and manganese) at low 
concentrations in vertebrate animals, including humans. For 
example, using age-specific exposure assessments and hazard 
quotients, researchers from the National Institutes of Health 
and USEPA have elevated concern of manganese in drinking 
waters used by infants and children (Wasserman and others, 
2006; Bouchard and others, 2007). Cadmium has been found 
to act as an endocrine disruptor (Takiguchi and Yoshihara, 
2006). Regulators may focus on nontraditional toxicological 
endpoints in the future and, in concert, seek analytical meth-
ods with lower detection levels, which would likely change 
the understanding of the occurrence and distribution of these 
constituents in water.

Prioritization of Trace Elements in Sediment 
(Group D2)

This section describes the methods used for prioritiza-
tion of trace elements in suspended sediment and streambed 
sediment and describes the results and basis of that prioritiza-
tion. For sediment, the concern is potential effects on aquatic 
life. Ten trace elements were considered for prioritization for 
sediment: arsenic, cadmium, chromium, copper, lead, mercury, 
nickel, selenium, silver, and zinc. These elements were consid-
ered because they are widely recognized as being potentially 
toxic to aquatic life, as indicated by their inclusion in several 
sets of sediment-quality guidelines (MacDonald and others, 
2000) or because they have been identified as toxic contami-
nants of concern in selected settings, as is the case for silver 
(Flegal and others, 2007) and selenium (He and others, 2005). 
The prioritization of these trace elements for sediment was 
based on the following information:
1.	 More than 1,200 streambed-sediment samples collected 

for NAWQA Cycle 1 monitoring (Horowitz and Stephens, 
2008) and

2.	 Age-dated sediment cores from 35 lakes from across 
the United States collected during NAWQA Cycle 1 and 
Cycle 2 for the Contaminant Trends in Lake Sediments 
(CTLS) study (Mahler and others, 2006; Van Metre and 
others, 2006).
Copper and zinc were the only trace elements in Group 

D2 that overlapped with other NTAS constituent groups for 
sediment, specifically with pesticides in sediment (Group B2). 
For both of these constituents, the prioritization approach 
for Group D2 (described in the following section) was given 
preference over the approach used for Group B2 (described in 
the “Supplemental Information B2” section).
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Prioritization Methods for Trace Elements in 
Sediment

Eight of the 10 trace elements in sediment (arsenic, 
cadmium, chromium, copper, lead, mercury, nickel, and zinc) 
were evaluated by comparing USGS monitoring data from 
the aforementioned sources to sediment-quality benchmarks 
designed for the protection of aquatic life. Trace elements 
were prioritized on the basis of the ratio of each elemen-
tal concentration to its respective aquatic-life benchmark, 
which is a type of benchmark quotient. A BQ of 1.0 or higher 
indicates a concentration that is equal to, or greater than, 
the benchmark concentration. Aquatic-life benchmarks used 
for these comparisons were the probable effect level (PEL), 
developed by Environment Canada and others (Smith and oth-
ers, 1996), and the consensus-based guideline probable effect 
concentration (PEC) (MacDonald and others, 2000). The con-
sensus-based guidelines are statistical summaries of six sets 
of sediment-quality guidelines (including PELs) developed 
by various Federal, State, and provincial agencies in North 
America (MacDonald and others, 2000). The PELs and PECs 
are the higher-level benchmarks for each set of guidelines and 
represent the concentration above which adverse effects on 
aquatic biota are likely to occur. The lower-level benchmarks 
are the threshold effect level (TEL) (Smith and others, 1996) 
and threshold effect concentration (TEC) (MacDonald and 
others, 2000), the concentrations below which no adverse 
effects are likely to occur. The TELs and TECs were not used 
as prioritization benchmarks because they are frequently 
exceeded, even at reference sites in areas of undeveloped land 
use. For seven trace elements reported by Mahler and others 
(2006), for example, the median concentration in 9 reference 
lakes exceeded the TEL or the TEC in 9 of 14 cases. 

The NAWQA Cycle 1 streambed-sediment data used by 
Horowitz and Stephens (2008) included data from 100 refer-
ence sites in undeveloped areas. Among these sites, 0 per-
cent (cadmium and copper) to 13 percent (chromium) of the 
samples had concentrations greater than their respective PECs. 
Baseline concentrations determined from these reference sites 
compared well with other published estimates of baseline 
concentrations (Horowitz and Stephens, 2008). For ambient 
monitoring, it is useful to focus on trace elements that tend 
to occur at concentrations greater than their baseline concen-
trations as a result of human activity. With the exception of 
mining areas for some metals, the highest concentrations of 
trace elements typically are found in urban settings; therefore, 
NAWQA Cycle 1 sediment samples from urban settings were 
compared to those from the undeveloped reference sites to 
determine which trace elements were frequently elevated as 
a result of human (urban) activities. Trace elements that had 
at least 10 percent more samples with concentrations greater 
than their PEC or PEL for the urban sites than the percentage 
of samples greater than the PEC or PEL for the reference sites 
were placed into NTAS Tier 1. This approach was used to 
identify trace elements that were most likely to be affected by 
anthropogenic activity as a result of their proximity to urban 

locations. A limitation of this approach, however, is that the 
NAWQA streambed sediments were sieved at 63 microns and 
analyzed as total digestions; both of these steps could result in 
higher concentrations than were observed in many of the sedi-
ment samples used to develop the sediment-quality guidelines, 
indicating that BQs developed from these data might overesti-
mate potential toxicity.

A different prioritization approach was used with the 
CTLS data. BQs based on the PEC (the probable-effect-
concentration quotient or PECQ) were evaluated for sediments 
deposited in the lakes after 1990. If the median PECQ for a 
trace element in the 13 urban lakes studied by Mahler and oth-
ers (2006) for sediments deposited after 1990 was greater than 
0.5, that trace element was placed into Tier 1. This is equiva-
lent to 50 percent or more of the samples exceeding one-half 
of the PEC. As shown by MacDonald and others (2000) and 
Ingersoll and others (2001), a mean PECQ (mean of the indi-
vidual PECQ values) greater than 0.5 has been shown to be a 
reliable predictor of increased toxicity and adverse biological 
effects. 

If the criteria used for the NAWQA Cycle 1 streambed-
sediment data or the criteria used for the CTLS data did not 
cause a trace element to be placed into Tier 1, it was placed 
into Tier 2, with the exception of mercury. None of the 10 
trace elements that were prioritized for ambient monitoring 
in sediment and NAQWA Cycle 3 were assigned to Tier 3 
because all 10 have toxicity concerns and have been detected 
in streams or lakes.

Mercury was prioritized differently than the other 
seven trace elements with sediment-quality guidelines. The 
sediment-quality guidelines used here are primarily based on 
toxicity to benthic organisms and do not consider the poten-
tial for bioaccumulation and adverse biological effects on 
higher trophic levels (MacDonald and others, 2000), which is 
the primary concern for mercury. Mercury, particularly in its 
methylated form (methylmercury), poses well-documented 
risks to wildlife and humans (U.S. Environmental Protection 
Agency, 1997; Holmes and others, 2009). Therefore, mercury 
was evaluated qualitatively on the basis of studies of relations 
between sediment concentrations and fish-tissue concentra-
tions (Scudder and others, 2009), in addition to comparison to 
sediment-quality guidelines.

Selenium and silver, which do not have sediment-quality 
guidelines and which have sparse USGS monitoring data, 
were prioritized differently than the other eight trace elements. 
Selenium was monitored in NAWQA Cycle 1 at streambed 
sediment sites but not in analyses for the CTLS cores. Sele-
nium is of concern for wildlife, especially in the western 
United States (Seiler and others, 2003). The U.S. Department 
of the Interior Bureau of Reclamation’s National Irrigation 
Water Quality Program (U.S. Department of Interior, 1998) 
has a screening level of 4 milligrams per kilogram (mg/kg) 
for selenium. Selenium was prioritized by comparing the 
NAWQA Cycle 1 streambed-sediment data to this screening 
level. Silver was included in CTLS core analyses beginning in 
2001, with a method reporting level ranging from 1 to 3 mg/kg. 
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The National Oceanic and Atmospheric Administration has 
an “effects range—median” (ERM) sediment-quality guide-
line for silver of 3.7 mg/kg (Long and others, 1995), which 
is analogous to the PEL and PEC. Silver was prioritized by 
comparing the CTLS data to this guideline.

Results of Prioritization of Trace Elements in 
Sediment

Chromium, copper, lead, nickel, and zinc were placed 
into NTAS Tier 1 on the basis of their potential adverse effects 
to aquatic biota, as indicated by comparison to sediment-
quality guidelines. Mercury was placed into Tier 1 because of 
widespread concerns for aquatic life and human health associ-
ated with mercury contamination and its strong association 
with sediment. Arsenic, cadmium, selenium, and silver were 
placed into Tier 2 because these constituents are less likely to 
occur at concentrations greater than their respective bench-
marks but still have toxicity concerns and typically occur in 
sediment. 

Basis for Prioritization of Trace Elements in 
Sediment

The prioritization of trace elements was based on 
streambed-sediment data from NAWQA Cycle 1 monitoring 
(Horowitz and Stephens, 2008) and NAWQA lake-sediment 
data collected for the CTLS study during Cycle 1 and Cycle 2 
(Van Metre and others, 2006). Although trends in trace ele-
ment concentrations are of interest to the USGS and could 
be relevant to study design, trends were not considered in the 
prioritization approach. Trace element concentrations were 
compared to benchmarks, as described previously. Seven of 
the eight constituents with consensus-based sediment-quality 

guidelines (MacDonald and others, 2000) were prioritized 
using these guidelines. One of these eight trace elements 
(mercury) and two other elements (selenium and silver) were 
prioritized using alternative evaluations or screening levels, 
as described previously. More details about these datasets and 
comparisons follow.

Comparison of NAWQA Data to Sediment-Quality 
Benchmarks for Eight Trace Elements

NAWQA streambed-sediment data from Cycle 1 monitor-
ing, compiled and analyzed by Horowitz and Stephens (2008), 
were used to evaluate trace-element occurrence relative to 
sediment-quality benchmarks. Horowitz and Stephens (2008) 
evaluated trace-element data by land-use type. Undeveloped 
reference sites were used to describe baseline concentrations, 
and agricultural sites showed “little or no impact” relative to 
these baseline concentrations. However, in their words, “urban 
land use appears to exert a substantial influence on down-
stream sediment chemistry.” The percentages of samples from 
urban and reference streams that had concentrations greater 
than the PEL or PEC are listed in table D2.1 for eight trace 
elements. Four of these eight elements were placed into NTAS 
Tier 1 because the percentage of samples with concentrations 
greater than the PEC or PEL for the urban sites was at least 
10 percent greater than the percentage of samples with con-
centrations above the PEC or PEL for the reference sites. 

Trace-element concentrations and trends also were inter-
preted in sediment cores from 35 lakes for the NAWQA CTLS 
study (Mahler and others, 2006). Thirteen of the 35 lakes were 
in densely urban watersheds, those with 50 percent or more 
urban land use, with predominantly commercial and residen-
tial land uses. Core samples of sediment deposited after 1990 
in these 13 urban lakes were used in the prioritization pre-
sented in this report. The median PECQs for these lakes, based 

Table D2.1.  Percentages of streambed-sediment samples collected for Cycle 1 of the National Water-Quality Assessment Program from 
urban streams with trace-element concentrations greater than the probable effect level (PEL) or probable effect concentration (PEC). 

[The PEL and PEC differences are differences between the urban sites and reference sites in percentages of samples with concentrations greater than the respec-
tive sediment-quality benchmark. A PEL or PEC difference greater than 10 percent (bold-faced type) resulted in placement into Tier 1; NTAS, National Target 
Analyte Strategy] 

Benchmark
Percentage of samples with concentrations greater than benchmark

Arsenic Cadmium Chromium Copper Mercury Nickel Lead Zinc

PEL for reference sites 23.0 2.0 21.0 0.0 5.0 -- 6.0 3.0
PEL for urban sites 14.5 6.4 41.8 10.0 12.7 -- 47.3 40.9
PEC for reference sites 10.0 0.0 13.0 0.0 0.0 21.0 5.0 2.0
PEC for urban sites 5.5 3.6 26.4 15.5 2.7 30.0 25.5 19.1
PEL difference -8.5 4.4 20.8 10.0 7.7 -- 41.3 37.9
PEC difference -4.5 3.6 13.4 15.5 2.7 9.0 20.5 17.1
NTAS tier assigned 2 2 1 1 12 22 1 1

1Mercury was subsequently assigned to NTAS Tier 1 through consideration of additional information.
2Nickel was subsequently assigned to NTAS Tier 1 on the basis of core data from the Contaminant Trends in Lake sediments (CTLS) study.
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on the mean PECQ for post-1990 samples from each lake, are 
shown in table D2.2. Five trace elements had a median PECQ 
greater than the 0.5 threshold: the four elements classified 
as Tier 1 using the NAWQA streambed-sediment data (table 
D2.1), plus nickel.

Additional Evaluation for Mercury, Selenium, and Silver

Because the widely used sediment-quality guidelines do 
not adequately represent the range of concerns about mercury, 
mercury received additional evaluation. Similarly, because 
widely used sediment-quality guidelines were not available for 
selenium and silver, these trace elements received additional 
evaluation. 

Mercury is not only of concern to aquatic life, but also to 
human health from exposure through fish tissue; 80 percent of 
all fish consumption advisories in the United States as of 2008 
were based at least in part on mercury (U.S. Environmental 
Protection Agency, 2009b). Sediment is a primary reservoir 
of mercury in aquatic systems. Mercury transformation into 
methylmercury and its subsequent accumulation in biota 
involve complex processes that can result in a lack of a strong 
correlation between total mercury in streambed sediment and 
fish; however, Scudder and others (2009) found a significant 
relation between methylmercury concentrations in sediment 
and mercury concentrations in fish. Mercury generally enters 
aquatic systems through atmospheric deposition (Fitzger-
ald and others, 1998), but the understanding of atmospheric 
deposition patterns, trends, and links to emission sources 
remains incomplete (Lindberg and others, 2007). To improve 
the understanding of emissions-to-deposition processes for 
mercury, sediment cores collected from reference lakes for 
the NAWQA CTLS study were used to reconstruct mercury 
deposition histories (Van Metre and Fuller, 2009). For these 
reasons, mercury and, for some studies, methylmercury, will 
continue to be priority constituents for ambient monitoring in 
sediment, and mercury has been placed into Tier 1.

Selenium was monitored in streambed sediments during 
NAWQA Cycle 1 but not in CTLS cores. Selenium concentra-
tions were low in streambed sediment, with no land-use cat-
egory having more than 5 percent of samples greater than the 
screening level of 4 mg/kg for the National Irrigation Water 
Quality Program (U.S. Department of Interior, 1998). Because 
selenium rarely exceeded this screening level and because it 

is of local interest and generally not of national concern, sele-
nium was placed into Tier 2.

Silver has been detected in only a few samples collected 
for the NAWQA CTLS study since 2000. These samples 
were analyzed using reporting levels ranging from 1 to 
3 mg/kg, which are only slightly less than the ERM guideline 
of 3.7 mg/kg (Long and others, 1995). None of the CTLS 
samples had concentrations greater than the ERM. Even in the 
most densely urban watersheds in the CTLS study in which 
other metals were detected at relatively high concentrations, 
for example, Lake Whitney in New Haven, Connecticut (num-
ber of samples (n)=17), and Echo Lake in Fort Worth, Texas 
(n=18), silver was not detected at a concentration greater 
than a reporting level of 3 mg/kg (data on file in the USGS 
Texas Water Science Center). Although ideally the laboratory 
reporting level would be one-tenth of the benchmark or lower, 
the lack of detections at concentrations less than 3.7 mg/kg 
in some of the more heavily urbanized lakes sampled for the 
CTLS study indicates that silver contamination is not a con-
cern for aquatic life in most streams and lakes. Silver, there-
fore, was placed into Tier 2.

Feasibility of Implementation for High-Priority 
Trace Elements in Sediment

The USGS Minerals Program Denver Laboratory oper-
ated by Geologic Discipline scientists in Colorado analyzes 40 
major and trace elements in sediment by inductively coupled 
plasma with mass spectrometry (ICP/MS) (schedule 1631). 
This laboratory schedule includes 8 of the 10 trace elements 
prioritized for this report. Mercury and selenium would need 
to be analyzed separately. Currently (2011), the NWQL and 
Minerals Program Denver Laboratory do not offer methyl-
mercury analyses, but the USGS Mercury Laboratory at the 
Wisconsin Water Science Center does. Methylmercury and 
total mercury analyses could be performed there.

Methods for individual trace elements are available; how-
ever, they generally are not cost-effective relative to the ICP/
MS method, if more than a few trace elements are determined. 
Considering the wealth of information that can be obtained 
by determining a large number of major and trace elements 
together, the 40-element ICP/MS method (or its equivalent) is 
a feasible analytical method for NAWQA Cycle 3 monitoring.

Table D2.2.  Median probable-effect-concentration quotient (PECQ) for selected trace elements in sediment deposited after 1990 in 13 
urban lakes. 

[Data from Mahler and others, 2006]

Median probable effect concentration quotient

Arsenic Cadmium Chromium Copper Lead Mercury Nickel Zinc

0.44 0.33 0.67 0.55 1.67 0.28 0.68 0.75
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Knowledge and Concerns of Trace Elements in 
Sediment as a Constituent Group

The long-term downward trends in sediment concen-
trations of most of the trace elements in Tier 1 or 2 warrant 
consideration in future monitoring; however, low-frequency 
sampling might be sufficient to monitor and verify trends. 
Concentration trends of the eight trace elements (except 
for arsenic and zinc) monitored in streambed sediment for 
NAWQA Cycle 1 were predominantly downward in urban and 
reference lakes from 1970–2001 (Mahler and others, 2006). 
An ongoing collaborative study between the CTLS study and 
the University of Texas at El Paso is using zinc isotopes to 
identify zinc sources to urban lakes. The isotopic results indi-
cate that over the last approximately 40 years, the dominant 
zinc source has shifted away from atmospheric deposition of 
industrial emissions to runoff that contains tire dust (Thapalia 
and others, 2010). In addition to the direct concerns posed 
by trace elements to aquatic biota, the relative proportions 
of major and trace element analyses in sediments also have 
explanatory value and can be used to improve the understand-
ing of sediment provenance and transport processes. 
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Supplemental Information E.

Prioritization of Cyanotoxins in Surface Water (Group E)

By John S. Zogorski, Duane S. Wydoski, and Joshua F. Valder

Abbreviations and Acronyms Used in Supplemental Information E
µg/L	 micrograms per liter

ACToR	 Aggregated Computational Toxicology Resource (database. USEPA)

CASRN	 Chemical Abstracts Service Registry Number® (American Chemical Society)

CCL3	 Contaminant Candidate List 3 (USEPA)

ECOTOX 	 ECOTOXicology (database, USEPA)

ELISA 	 enzyme-linked immunosorbent assay

EPI Suite™	 Estimation Program Interface Suite (screening software, USEPA) 

HAB	 harmful algal bloom 

LC/MS	 liquid chromatography with mass spectrometry 

LC/MS/MS	 liquid chromatography with tandem mass spectrometry 

log KOW	 base-10 logarithm of the octanol-water partition coefficient

MAC	 Maximum Acceptable Concentration (drinking-water-quality benchmark, Health Canada)

NAWQA	 National Water-Quality Assessment (USGS)

NTAS	 National Target Analyte Strategy (USGS NAWQA)

OGRL	 Organic Geochemistry Research Laboratory (USGS Kansas Water Science Center)

TOXNET 	 Toxicology Data Network (database, U.S. National Library of Medicine)

USEPA	 U.S. Environmental Protection Agency

USGS	 U.S. Geological Survey
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This supplemental information section of the report 
describes the prioritization of cyanotoxins in surface water 
(Group E) by the U.S. Geological Survey (USGS) National 
Target Analyte Strategy (NTAS) work group for national- and 
regional-scale ambient monitoring in the United States. This 
prioritization was done in support of planning for the third 
decade (Cycle 3) of the National Water-Quality Assessment 
(NAWQA) Program. The feasibility of implementing analyti-
cal methods for high-priority cyanotoxins, as well as knowl-
edge and concerns of cyanotoxins as a constituent group, also 
are described in this section. The prioritization focused on 15 
cyanotoxins (also known as “cyanobacterial toxins”) available 
on laboratory methods that were developed and used by the 
USGS Organic Geochemistry Research Laboratory (OGRL) 
in the Kansas Water Science Center. The term “algal toxins” 
sometimes is used to refer to cyanotoxins; however, this term 
is a misnomer because the toxins of interest are produced by 
cyanobacteria rather than by algae, though both may be pres-
ent in an algal bloom. 

Cyanotoxins are produced by cyanobacteria or 
Cyanophyta (a taxonomic group of phototrophic bacteria that 
produce oxygen), which are the primary cause of freshwater 
harmful algal blooms (HABs). Cyanobacteria are a natural 
component of aquatic ecosystems and are found in various 
environments throughout the world. Between 2005 and 2009, 
at least 19 U.S. States have issued health advisories or closed 
recreational areas because of cyanobacterial blooms (Graham 
and others, 2009). Concentrations of cyanotoxins greater than 
levels of human-health concern can occur in water, espe-
cially during periods of high bacterial biomass. Cyanotoxins 
are known to cause lethal, sub-lethal, and chronic effects in 
humans, domestic animals, wildlife, and aquatic organisms 
(Hudnell, 2009). Short-term effects from exposure can include 
gastrointestinal problems, liver inflammation and hemorrhage, 
dermatitis, tingling, numbness, drowsiness, incoherent speech, 
and respiratory paralysis leading to death (Lopez and others, 
2008). Long-term health effects can include liver failure, car-
diac arrhythmia, anorexia, and skin tumors (Lopez and others, 
2008). Cyanobacteria also can cause taste and odor problems 
in drinking-water sources (Graham and others, 2010; Izaguirre 
and others, 1982). Because cyanotoxins are associated with 
cyanobacterial blooms in lakes and reservoirs, the prioritiza-
tion of these constituents was limited to surface water. 

All 15 of the cyanotoxins prioritized for the NTAS effort 
are of human-health concern; however, toxicity studies are 
incomplete for all but possibly microcystin-LR. Microcystin-
LR is one of more than 80 microcystin variants that have been 
identified (Welker and Von Döhren, 2006) and is one of the 
variants that is most commonly found in water supplies around 
the world (Health Canada, 2011). The U.S. Environmental 
Protection Agency (2010) Contaminant Candidate List 3 
(CCL3) for drinking water includes anatoxin-a, cylindrosper-
mopsin, and microcystin-LR. The World Health Organization 
(2003) has established a health-based provisional guideline 
of 1 microgram per liter (µg/L) for microcystin-LR in drink-
ing water. Health Canada (2011) has established a Maximum 

Allowable Concentration (MAC) of 1.5 µg/L for total micro-
cystins for Canadian drinking-water supplies based on the tox-
icity of microcystin-LR. For recreational exposure, the World 
Health Organization (Chorus and Bartram, 1999) has estab-
lished guidance values for acute health effects for microcystin-
LR of less than 10 µg/L for low risk, 10–20 µg/L for moderate 
risk, and 20–2,000 µg/L for high risk. 

Prioritization of Cyanotoxins in Surface Water 
(Group E)

This section describes the methods used for prioritiza-
tion of 15 cyanotoxins and the results of that prioritization. 
Emphasis was placed on cyanotoxins that could be produced 
in lakes and reservoirs that could be used for public drinking-
water supply. Information sources used for this prioritization 
included (1) USGS occurrence data for cyanotoxin constitu-
ents in water samples collected from lakes during the 2006 
USGS Midwestern Cyanotoxin Reconnaissance (Graham 
and others, 2010); (2) study summaries provided by Jennifer 
Graham, Keith Loftin, and Mike Meyer of the Kansas Water 
Science Center (U.S. Geological Survey, 2011); and (3) lit-
erature for several of the cyanotoxins, including the U.S. 
Environmental Protection Agency (USEPA) National Lakes 
Assessment (U.S. Environmental Protection Agency, 2009a; 
2011), a review by Hudnell (2009) covering occurrence, risk 
assessment, and U.S. legislation to address cyanotoxin issues, 
and a review of the state of the science by Carmichael (2008). 
Likelihood of occurrence in water was confirmed through con-
sideration of the base-10 logarithms of the octanol-water parti-
tion coefficients (log KOW) estimated by using the “SPARC” 
calculator (http://ibmlc2.chem.uga.edu/sparc/) developed by 
the USEPA and University of Georgia with methods described 
in Hilal and others (2004) or from the EPI Suite™ (Estima-
tion Program Interface Suite) set of estimation models (U.S. 
Environmental Protection Agency, 2009b).

In addition, information on human-health effects was 
used from the USEPA Aggregated Computational Toxicology 
Resource (ACToR) database (http://actor.epa.gov), the U.S. 
National Library of Medicine’s TOXNET (Toxicology Data 
Network) database (http://toxnet.nlm.nih.gov/), and USEPA 
toxicological profiles (U.S. Environmental Protection Agency, 
2006a, 2006b, 2006c). With the exception of studies for micro-
cystin LR, few studies were listed and typically were limited 
to short-term median lethal-dose studies of rodents. Informa-
tion on aquatic-life effects was not available in the USEPA’s 
ECOTOXicoloogy (ECOTOX) database (U.S. Environmental 
Protection Agency, 2007) for the 15 constituents but was 
found for some of the microcystin variants in California’s 
Office of Environmental Health Hazard Assessment (Butler 
and others, 2009). The sparse information on effects limited 
comparisons of concentrations to benchmarks or thresholds.

http://ibmlc2.chem.uga.edu/sparc/
http://actor.epa.gov
http://toxnet.nlm.nih.gov/
http://(U.S
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Prioritization Methods for Cyanotoxins in Surface 
Water

Cyanotoxins were not included in previous NAWQA 
studies (Cycle 1 and Cycle 2); however, laboratory methods 
developed by the OGRL in Kansas for cyanotoxins have 
been used for several studies (U.S. Geological Survey, 2011) 
in the past 10 years, including the 2006 USGS Midwestern 
Cyanotoxin Reconnaissance (Graham and others, 2010) and 
to confirm findings from enzyme-linked immunosorbent 
assay (ELISA) tests for the USEPA National Lakes Assess-
ment (U.S. Environmental Protection Agency, 2009a, 2011). 
Constituents analyzed in filtered water by the OGRL are listed 
in table E.1 at http://pubs.usgs.gov/sir/2012/5218/downloads/
tableE.xlsx with their Chemical Abstracts Service Registry 
Numbers® (CASRN), methods available, reporting levels, and 
log KOW values. 

Because all 15 constituents are considered to be of 
human-health concern through potential drinking water or 
recreational exposure, the prioritization of these constituents 
focused on the likelihood of occurrence in surface water 
(fresh, not marine), on the basis of the aforementioned infor-
mation sources. Generally, constituents with occurrence fre-
quency of greater than 1 percent of surface-water samples in 
one or more studies were placed into NTAS Tier 1 and are of 
highest priority for ambient monitoring. Constituents with the 
potential to occur in freshwaters (but no documented occur-
rence) were placed into NTAS Tier 2 (intermediate priority 
for ambient monitoring), and constituents that are unlikely to 
occur in freshwaters were placed into NTAS Tier 3 (low or no 
priority for ambient monitoring).

Results of Prioritization of Cyanotoxins in Surface 
Water

Twelve of the cyanotoxin constituents were placed into 
NTAS Tier 1—anatoxin-a, cylindrospermopsin, deoxycylin-
drospermopsin, nodularian, saxitoxins, and seven microcystin 
variants (LA, LF, LR, LW, LY, RR, and YR). One constituent 
was placed into Tier 2 (lyngbyatoxin-a), and two constitu-
ents were placed into Tier 3 (domoic acid and okadaic acid). 
Among the 12 constituents in Tier 1, anatoxin-a, cylindrosper-
mopsin, and microcystin-LR could warrant special priority 
for national- or regional-scale ambient monitoring of surface 
water because of their presence on the CCL3 (U.S. Environ-
mental Protection Agency, 2010). Results of the prioritiza-
tion and reasons used to assign cyanotoxin constituents to 
Tiers 1, 2, or 3 are given in table E.2 at http://pubs.usgs.gov/
sir/2012/5218/downloads/tableE.xlsx

Basis for Prioritization of Cyanotoxins in Surface 
Water

Occurrence data from the 2006 USGS Midwestern 
Cyanotoxin Reconnaissance, a study of 23 eutrophic lakes 

and reservoirs in Iowa, Kansas, Minnesota, and Missouri 
(Graham and others, 2010), were used to determine detection 
frequencies for the constituents. Occurrence data documented 
from other literature (Carmichael, 2008; Hudnell, 2009; 
U.S. Environmental Protection Agency, 2009a, 2011; U.S. 
Geological Survey, 2011) also were considered. In addition, 
concentrations were compared to U.S. Environmental Protec-
tion Agency provisional Health Reference Levels for three 
constituents—anatoxin-a, cylindrospermopsin, and microcys-
tin-LR (U.S. Environmental Protection Agency, 2006a, 2006b, 
2006c). The prioritization approach emphasized determining 
whether a toxin has evidence of occurrence in freshwaters; this 
was the case for 11 of the 12 Tier 1 constituents. The excep-
tion was deoxycylindrospermopsin, which was placed into 
Tier 1 on the basis of its occurrence in freshwater lake samples 
(Everson and others, 2009) and the fact that it is an analog 
of cylindrospermopsin, which has been detected in USGS 
monitoring studies, including the 2006 USGS Midwestern 
Cyanotoxin Reconnaissance (Graham and others, 2010). Tier 1 
constituent microcystin-LR could warrant special attention on 
the basis of its frequent occurrence (detected in 21 of the 23 
lakes in 2006 [Graham and others, 2010]) and increasing State 
and Federal regulatory interest. 

At the time of this prioritization (2011), no comprehen-
sive, national-scale set of monitoring data was available for 
the specific cyanotoxin variants in freshwater lakes, reservoirs, 
and streams. (The USEPA National Lakes Assessment was 
limited to ELISA tests.) As such, it seems prudent to include 
all 15 of the cyanotoxins currently (2011) analyzed by the 
USGS OGRL in future NAWQA studies of surface-water bod-
ies (particularly those used for drinking water or recreation) 
until comprehensive occurrence data have been collected. 

Feasibility of Implementation for High-Priority 
Cyanotoxins in Surface Water

Analytical methods used by the USGS OGRL in Kansas 
for the cyanotoxins have included liquid chromatography 
with mass spectrometry (LC/MS); however, direct-aqueous-
injection liquid chromatography with tandem mass spectrom-
etry (LC/MS/MS) and ELISA are techniques that are prov-
ing to work well in studies (Graham and others, 2010). The 
LC/MS/MS method can be used for water samples that have 
undergone cell lysis and filtration (Loftin and others, 2008). 
This method has higher specificity and will likely result in 
increased analytical sensitivity compared to LC/MS. The labo-
ratory capacity for the LC/MS/MS method has been estimated 
as several hundred samples per year, and method approval is 
tentatively planned for 2012 (Mike Meyer, U.S. Geological 
Survey, written commun., 2011). The ELISA method, on the 
other hand, is nonspecific and provides results that can include 
multiple variants of a toxin (for example, total microcystins). 
ELISA tests are relatively inexpensive and could be used 
as a screening tool in advance of (or in conjunction with) 
collection of surface-water samples in locations where algal 
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blooms could be present. ELISA tests also could be used for 
the saxitoxins, which currently (2011) are not available on 
the LC/MS/MS method.

Field methods for the cyanotoxins require consideration 
of optimal sampling locations, depths, and timing. The ante-
cedent conditions of algal blooms, including which ancillary 
data should be collected (for example, water temperature and 
nutrient concentrations) warrant consideration in order to more 
fully understand what is controlling the blooms. The sampling 
of lakes and reservoirs for cyanotoxins would likely best be 
approached by targeting individual regions during times of 
year when blooms are most likely to occur. Cyanotoxins are 
expected to have both a large spatial and temporal variability 
because of environmental conditions than can promote algal 
growth (for example, sunlight, temperature, nutrients, and 
turbulence), which warrants consideration in the sampling 
design. In addition, it is important that field staff receive the 
proper training and guidance in sample collection and process-
ing, including potential safety issues. USGS sampling guid-
ance for cyanotoxins and cyanobacteria in lakes and reservoirs 
is provided by Graham and others (2008a, 2008b). The lake 
sampling equipment needed for organics is available in most 
USGS Water Science Centers. Field protocols for the sam-
pling of cyanotoxins in streams and rivers have not yet been 
developed. 

Finally, it has not yet been determined whether analysis 
of a whole (unfiltered) water sample, a dissolved-phase (fil-
tered) water sample, or analysis of both phases for cyanotox-
ins is most appropriate. Jennifer Graham of the Kansas Water 
Science Center has advised the NTAS work group that both 
analyses are potentially important and that a sound approach 
would be to routinely collect samples for both analyses, but 
request the dissolved-phase analysis only after the whole-
water analysis indicates that cyanotoxins are present in a 
sample. 

Knowledge and Concerns of Cyanotoxins in 
Surface Water as a Constituent Group

Cyanotoxins are an area of emerging international scien-
tific interest and regulatory concern because of their potential 
effects to human health and aquatic life. Future research is 
needed for the development and refinement of robust and 
quantitative analytical methods for a variety of cyanotoxins, 
improvement of the understanding of the spatial and temporal 
distribution of these toxins in ambient waters, identification of 
the antecedent environmental conditions that can lead to algal 
blooms or the presence of cyanotoxins, and the development 
of predictive models to help determine when unhealthful algal 
blooms are imminent or occurring. 

The USEPA notes that primary public exposure to cya-
notoxins can come from drinking water or recreational water 
(through ingestion and inhalation of water, cells, or aerosols). 
Secondary human exposure can come from algal biotoxin resi-
due on fruit and vegetables from contaminated irrigation water 

and by consumption of animal tissue (U.S. Environmental 
Protection Agency, 2001). Cyanotoxins include neurotoxins, 
dermatoxins, cytotoxins (can cause cell abnormalities), and 
hepatotoxins (can affect the liver) and are considered a known 
threat to public health because of their potency and associa-
tion with human disease (Lopez and others, 2008). No Federal 
programs have been identified (to date) that focus on effects to 
aquatic life.

Growth in the number of published articles concerning 
cyanobacterial HABs has been large during the past three 
decades, in part attributed to the widely held belief that the 
incidence of HABs and associated cyanotoxins has increased 
during this period as a result of cultural eutrophication (Car-
michael, 2008). The frequency of HABs in the United States 
is not well documented; however, cyanobacterial HABs are 
considered by some experts to be an “infrequent but repeated 
occurrence in all areas of the United States” (Carmichael, 
2008). The only national-scale study completed to date, the 
2007 USEPA National Lakes Assessment (U.S. Environmental 
Protection Agency, 2009a), used ELISA tests for total micro-
cystins, rather than the more sensitive and reliable LC/MS/MS 
method that can measure specific variants. An awareness 
exists that a national-scale study of cyanotoxins should be 
undertaken, as expressed by Fristachi and Sinclair (2008):

“There is an immediate need for a nation-wide 
survey(s) on the occurrence and distribution of 
toxigenic cyanobacteria and their toxins throughout 
the US. Some surveys of cyanobacterial toxins have 
been conducted; however, information on cyano-
toxin occurrence is still fragmented and limited. Any 
information of cyanotoxin occurrence is useful, but 
in particular, national surveys, consistently con-
ducted, are needed to assess cyanotoxin occurrence 
on a large scale.”
The 2006 USGS Midwestern Cyanotoxin Reconnaissance 

(Graham and others, 2010) targeted 23 lakes and reservoirs 
with a history of late summer cyanobacterial blooms and 
found that microcystins were detected in all blooms. The most 
commonly occurring microcystin variant was microcystin-LR, 
which was detected at 21 sites, with a median concentration of 
1.6 µg/L. Anatoxin-a was detected at 30 percent of the sites. 
Multiple toxin classes co-occurred in 48 percent of blooms, 
and toxins and taste-and-odor compounds co-occurred in 
91 percent of blooms. All blooms with detectable taste-and-
odor compounds also had detectable toxins, but toxins also 
occurred without taste-and-odor compounds. 

 As of 2010, no USEPA drinking-water standards were 
available for cyanotoxins and no Federal freshwater aquatic-
life criteria were available. Only microcystin-LR has a World 
Health Organization guideline for drinking water and estab-
lished risk categories for recreational exposure (Chorus and 
Bartram, 1999; World Health Organization, 2003). Graham 
and others (2009) noted that at least 36 States have had issues 
with cyanotoxins, and that at least 11 States have established 
values for beach advisories or closures based on cell counts or 
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concentrations of microcystin. State guidance or action levels 
for recreational exposure for microcystin range from 6 µg/L 
(Vermont and Washington) to 20 µg/L (Iowa, Nebraska, and 
Indiana). In 1998, the Harmful Algal Blooms and Hypoxia 
Research and Control Act was passed in the United States 
(16 U.S.C. 1451 note), with the National Oceanic and Atmo-
spheric Administration as the lead Federal agency. Programs 
stemming from this Act have focused on coastal waters, estu-
aries, and the Great Lakes.

Future monitoring for NAWQA Cycle 3 could focus 
on lakes and reservoirs that supply drinking water. Monitor-
ing also could target slow-moving rivers (near water supply 
intakes), where cyanotoxins also might be expected to occur, 
or focus on development of national-scale occurrence datas-
ets for raw waters in comparison to finished waters, because 
knowledge about treatment and removal for these constituents 
is very limited. 
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Supplemental Information F.

Prioritization of Lipophilic Organic Compounds in Sediment (Group F)

By Lisa H. Nowell, James F. Pankow, Peter C. Van Metre, Duane S. Wydoski, and Michelle L. Hladik

Abbreviations and Acronyms Used in Supplemental Information F
mg/L	 milligrams per liter

µg/kg	 micrograms per kilogram

AP	 alkylphenol

APEO	 alkylphenol ethoxylate

BCF	 bioconcentration factor 

BDE	 polybrominated diphenyl ether

CASRN	 Chemical Abstracts Service Registry Number® (American Chemical Society)

CCL3	 Contaminant Candidate List 3 (USEPA)

C.I.	 Colour Index Constitution (Colour Index International)

DEET	 N,N-diethyl-m-toluamide

EPI Suite™	 Estimation Program Interface Suite (screening software, USEPA)

GC/MS	 gas chromatography with mass spectrometry 

HBCD	 hexabromocyclododecane

HPV	 high-production volume or high-production-volume chemical

LC	 laboratory code

LC50	 median lethal concentration (aquatic-life benchmark)

log KOW	 base-10 logarithm of the octanol-water partition coefficient

log KOC	 base-10 logarithm of the organic carbon-water partition coefficient

LS	 laboratory schedule 

NAWQA	 National Water-Quality Assessment (USGS)

NTAS	 National Target Analyte Strategy (USGS NAWQA)

NWQL	 National Water Quality Laboratory (USGS)

PAH	 polycyclic aromatic hydrocarbon

PBT	 persistent, bioaccumulative, and toxic

PBT Profiler	 Persistent, Bioaccumulative, and Toxic Profiles Estimated for Organic Chemicals (USEPA) 

PCB	 polychlorinated biphenyl

PEC	 probable effect concentration (consensus-based sediment-quality guideline)

PEL	 probable effect level (sediment-quality benchmark)

PFOS	 perfluorooctane sulfonic acid
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PVC	 polyvinyl chloride 

RPF	 relative potency factor 

2,3,7,8-TCDD	 2,3,7,8-tetrachlorodibenzo-p-dioxin

TEC	 threshold effect concentration (consensus-based sediment-quality benchmark)

TEF	 toxic equivalency factor

TEL	 threshold effect level (sediment-quality benchmark)

TEQ	 toxic-equivalent index

TSCA 	 Toxic Substances Control Act

UKCSF	 UK Chemicals Stakeholder Forum 

USEPA	 U.S. Environmental Protection Agency

USGS	 U.S. Geological Survey
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This supplemental information section of the report 
describes the prioritization of lipophilic organic compounds 
in sediment (Group F) by the U.S. Geological Survey (USGS) 
National Target Analyte Strategy (NTAS) work group, for 
national- and regional-scale ambient monitoring in the United 
States, in support of planning for the third decade (Cycle 3) of 
the National Water-Quality Assessment (NAWQA) Program. 
The feasibility of implementing analytical methods for high-
priority lipophilic organic compounds, and the knowledge and 
concerns of these constituents in sediment, also are described 
in this section. 

Lipophilic organic compounds tend to accumulate in 
aquatic sediment, where they might adversely affect aquatic 
organisms (for example, benthic invertebrates) (Nowell and 
others, 1999). If not readily metabolized, these constituents 
could bioaccumulate in the tissues of those organisms, where 
they could subsequently adversely affect other aquatic organ-
isms, wildlife, or humans that consume them. Lipophilic 
organic compounds have water solubility values (for pure 
compounds) that typically are less than 0.1 milligram per liter 
(mg/L). Most of the constituents prioritized for this effort 
are characterized by values of the base-10 logarithm of the 
octanol-water partition coefficient (log KOW) that are greater 
than 3. 

A total of 699 lipophilic organic compounds that could 
be relevant to sediment were prioritized. Constituents evalu-
ated for Group F included those that had been identified on the 
NTAS lists of human-health and aquatic-life concern, on lists 
of constituents of regulatory interest, and through the scientific 
literature. Some of the constituents are mixtures of com-
pounds, isomers, or congeners; for example, pentachloronaph-
thalene, with Chemical Abstracts Service Registry Number® 
(CASRN) 1321–64–8, is a mixture of multiple isomers. Con-
sequently, when a statement appears in this section regarding, 
for example, “four constituents,” one or more of those four 
might be a mixture. Several constituents that were prioritized 
for this effort are on laboratory schedules (LS) available 
from the USGS National Water Quality Laboratory (NWQL), 
including LS 2502, LS 5433, LS 5504, LS 5506, and a custom 
(unpublished) method identified as laboratory code (LC) 8093 
for sediment, and LS 2101 and LS 8079 for tissue. Additional 
constituents were prioritized that are not on current (2011) 
USGS laboratory schedules; these constituents were identi-
fied as being of potential concern to human health, aquatic 
life, or wildlife, are of interest to other Federal agencies or to 
the international community, or otherwise were anticipated to 
have a high likelihood of occurrence in sediment.

Many of the constituents in Group F also can be found in 
water, resulting in numerous overlaps with Groups A (vola-
tile organic compounds in water), B1 (pesticides in water), 
G (disinfection by-products in water), H (high-production-
volume chemicals in water), and I (wastewater-indicator and 
industrial compounds in water); however, these overlaps were 
inconsequential to the prioritization process because they 
apply to a different matrix. On the other hand, four constitu-
ents overlap with Group B2 (pesticides in sediment). Of these, 

naphthalene and triphenyl phosphate were placed into NTAS 
Tier 1 (of highest priority for monitoring) on the basis of the 
prioritization procedure used for Group F, which was preferred 
for these constituents because of their likely entry into the 
environment through nonagricultural uses. Hexachlorobenzene 
and pentachloroanisole were placed into Tier 1 on the basis of 
the prioritization procedures used for Group B2 and Group F. 

The Group F constituents were divided into 16 subgroups 
based on chemical structure and use (table F.1 at http://pubs.
usgs.gov/sir/2012/5218/downloads/tableF1.pdf) to facilitate 
the prioritization process. Chemical characteristics, uses, 
physical-chemical properties, environmental occurrence, and 
potential environmental effects of each subgroup are briefly 
described in the section “Knowledge and Concerns of Lipo-
philic Organic Compounds by Subgroup.” Constituents in 
each subgroup were evaluated together because constituents 
within each subgroup had similar or related characteristics, 
and because information in the scientific literature also tends 
to be organized in this fashion. Example chemical structures 
are provided in table F.1 for each of the 16 subgroups. 

Prioritization of Lipophilic Organic Compounds 
in Sediment

This section describes the methods used for prioritization 
of lipophilic organic compounds in sediment and the results of 
the prioritization for each of the 16 subgroups of constituents. 
Constituents were prioritized on the basis of likelihood of 
occurrence in ambient sediment, using information indicating 
evidence of occurrence, and potential effects to aquatic life 
using comparisons to sediment-quality benchmarks designed 
for the protection of sediment-dwelling aquatic life. Two types 
of sediment-quality benchmarks were used: lower screening 
values (indicating concentrations below which effects are 
rare or not expected) and upper screening values (designat-
ing concentrations above which adverse effects are probable 
or frequently observed). The threshold effect level (TEL) and 
probable effect level (PEL) described by the Canadian Council 
of Ministers of the Environment (2002) and the threshold 
effect concentration (TEC) and probable effect concentration 
(PEC) described by MacDonald and others (2000) were used, 
if available; if not available, other benchmarks were used from 
Lopes and Furlong (2001).

USGS monitoring data from Cycle 1 of the NAWQA Pro-
gram were available for many lipophilic organic compounds, 
including (1) polycyclic aromatic hydrocarbons (PAHs) in 
streambed sediment and lake-sediment cores; (2) polychlori-
nated biphenyls (PCBs) in streambed sediment, lake-sediment 
cores, and (for a few sites) suspended sediment, (3) phthalates 
in streambed sediment; and (4) some semivolatile organic 
compounds from subgroups F-4, F-9, F-12, F-13, and F-16 
in streambed sediment (described in the “Basis for Prioritiza-
tion of Lipophilic Organic Compounds in Sediment” section). 
The prioritization process also used observed or predicted 
values compiled for production volumes (where available), 
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physical-chemical properties representing hydrophobicity (log 
KOW and water solubility), persistence, and toxicity to aquatic 
organisms. For constituents with little or no USGS monitor-
ing data, these additional data were valuable in estimating the 
likelihood of occurrence and potential effects to aquatic life. 
Information on use and production of lipophilic organic com-
pounds was obtained from the U.S. Environmental Protection 
Agency (USEPA) High Production Volume Information Sys-
tem (http://www.epa.gov/hpv/hpvis/index.html) and the USEPA 
2006 Inventory Update Reporting data compilation (http://
cfpub.epa.gov/iursearch/). These information sources were 
supplemented, as needed, with additional scientific literature 
documenting contaminant occurrence in sediment.

The lipophilic organic compounds in sediment (Group F) 
were prioritized using the procedure shown in figure F.1. This 
procedure was consistent with those used for other NTAS 
constituent groups; for example, thresholds used to evaluate 
constituents for detection frequency and toxicity to aquatic life 
were similar to those used for other groups. Constituents were 
evaluated relative to criteria in five categories: (1) observed 
or reported occurrence (if available), (2) predicted likelihood 
of occurrence based on physical or chemical properties, (3) 
production volume/use/trends/regulation, (4) potential effects 
(toxicity) to aquatic life, and (5) other factors. 

Prioritization Methods for Lipophilic Organic 
Compounds in Sediment

Details of the prioritization method for sediment are 
shown in figure F.1. Criteria for likelihood of occurrence 
in sediment were met if a constituent had a sufficiently high 
detection frequency based on USGS monitoring data or studies 
in the literature (fig. F.1) or else satisfied thresholds for both 
(1) persistence (half-life in soil greater than 30 days, half-life 
in water or sediment greater than 60 days, or persistence score 
greater than 1, and (2) hydrophobicity (log KOW greater than 3 
or water solubility less than 1 mg/L). These thresholds were 
consistent with those used by the USEPA’s “Persistent, Bioac-
cumulative, and Toxic Profiles Estimated for Organic Chemi-
cals” (PBT Profiler) available at http://www.pbtprofiler.net/ 
(U.S. Environmental Protection Agency, 2011a), and Nowell 
and others (1999). Criteria for potential effects to aquatic life 
were met if a constituent (1) had concentrations in NAWQA 
monitoring data greater than sediment-quality benchmarks at a 
sufficient percentage of streams of any land-use type (greater 
than 50 percent of sites for lower screening values or greater 
than 5 percent for upper screening values); (2) has a measured 
or estimated toxicity (acute or chronic) that meets aquatic 
toxicity thresholds that are consistent with USEPA ecotoxic-
ity categories for aquatic organisms (U.S. Environmental 
Protection Agency, 2011b) or thresholds from the Pesticides 
Properties Database (University of Hertfordshire, 2010); or 
(3) is structurally similar to other constituents that meet these 
aquatic toxicity thresholds. These aquatic toxicity thresholds 
are used to define aquatic-life (AL) “bins” 1 and 2 (fig. F.1), 

which indicate high and moderate toxicity, respectively, as 
described in the “Human-Health Effects Information from the 
ACToR Database” section in the main body of the report.

Constituents were assigned to NTAS Tier 1 (highest 
priority) if they had:
1.	 High observed occurrence in streambed or lake-core sedi-

ment samples (detection frequency greater than 10 per-
cent) collected for any land-use type for the NAWQA 
Program (pathway P1 in fig. F.1); 

2.	 Intermediate observed occurrence (detection frequency 
of 1–9 percent) in samples collected for the NAWQA 
Program and either moderate toxicity (AL bin 2) or high 
toxicity (AL bin 1) (pathway P2); 

3.	 Intermediate observed occurrence (detection frequency 
of 1–9 percent) in samples collected for the NAWQA 
Program and high or increasing use/production volume 
(pathway P3); 

4.	 Been reported in the literature to be widely detected and 
of moderate to high toxicity (AL bins 1 or 2) (pathway 
P4); 

5.	 High predicted likelihood of occurrence (based on 
physical-chemical properties) and moderate to high toxic-
ity (AL bins 1 or 2) (pathway P4); or 

6.	 High predicted likelihood of occurrence and high or 
increasing use/production volume and high end use (path-
way P5). 

Constituents were assigned to NTAS Tier 2 (intermediate 
priority) if they had:
1.	 Intermediate occurrence in samples collected for the 

NAWQA Program and low or unknown toxicity and no 
evidence of increasing use/production (pathway P6); or

2.	 High predicted likelihood of occurrence (based on physi-
cal-chemical properties), but low use (pathway P8) or low 
“end use” (that is, largely used as a chemical intermediate 
that is destroyed during the production process) (pathway 
P7) and low or unknown (that is, data not available) toxic-
ity. 

Constituents were assigned to NTAS Tier 3 (low or no prior-
ity) if they had:
1.	 Low observed occurrence in samples collected for the 

NAWQA Program (detection frequency of less than 1 per-
cent) (pathway P9); or

2.	 Low predicted likelihood of occurrence in sediment by 
failing to meet either (or both) the hydrophobicity (path-
way P10) or persistence (pathway P11) thresholds for 
high predicted likelihood of occurrence; or

3.	 Been widely monitored but reported in the literature to 
occur infrequently (pathway P12).

http://www.epa.gov/hpv/hpvis/index.html
http://cfpub.epa.gov/iursearch/
http://cfpub.epa.gov/iursearch/
http://www.pbtprofiler.net/


122    Prioritization of Constituents for National- and Regional-Scale Ambient Monitoring of Water and Sediment

P1
1

P1
2

OF
5

M
od

er
at

e/
hi

gh

M
od

er
at

e/
hi

gh

Lo
w

 o
r n

a
Hi

gh

Hi
gh

Lo
w

Lo
w

Lo
w

 o
r

na
 

N
TA

S 
Ti

er
 1

: (
i) 

hi
gh

 o
cc

ur
re

nc
e;

 (i
i) 

in
te

rm
ed

ia
te

oc
cu

rr
en

ce
 a

nd
 m

od
er

at
e/

hi
gh

 to
xi

ci
ty

; (
iii

) i
nt

er
-

m
ed

ia
te

 o
cc

ur
re

nc
e 

an
d 

hi
gh

 o
r i

nc
re

as
in

g 
us

e;
 (i

v)
 

hi
gh

 p
re

di
ct

ed
 o

cc
ur

re
nc

e 
an

d 
m

od
er

at
e/

hi
gh

 to
xi

ci
ty

; 
or

 (v
) h

ig
h 

pr
ed

ic
te

d 
oc

cu
rr

en
ce

 a
nd

 h
ig

h 
us

e

N
TA

S 
Ti

er
 3

: (
i) 

lo
w

oc
cu

rr
en

ce
; o

r (
ii)

 lo
w

pr
ed

ic
te

d 
oc

cu
rr

en
ce

 (l
ow

pe
rs

is
te

nc
e 

or
 h

yd
ro

ph
ob

ic
ity

N
TA

S 
Ti

er
 2

: (
i) 

in
te

rm
ed

ia
te

 o
cc

ur
re

nc
e 

an
d 

lo
w

 
(o

r n
a)

 to
xi

ci
ty

; o
r (

ii)
 h

ig
h 

pr
ed

ic
te

d 
oc

cu
rr

en
ce

 
an

d 
lo

w
 (o

r n
a)

 to
xi

ci
ty

 a
nd

 lo
w

 u
se

OT
HE

R
FA

CT
O

RS
 

Fa
ct

or
s t

o 
EL

EV
A

TE
:  

Co
ns

tit
ue

nt
 is

 a
n 

im
po

rta
nt

 s
ou

rc
e 

or
 p

ro
ce

ss
 id

en
tif

ie
r, 

tra
ce

r, 
or

 d
eg

ra
da

te
 o

f a
 h

ig
h-

us
e/

pr
od

uc
tio

n 
co

ns
tit

ue
nt

; 
is

 in
 a

 h
ig

h-
us

e 
fo

rm
ul

at
io

n 
w

ith
 s

im
ila

r T
ie

r 1
 c

on
st

itu
en

ts
; o

f c
on

ce
rn

 to
 U

SE
PA

 o
r o

th
er

 a
ge

nc
ie

s;
 is

 a
n 

io
ni

za
bl

e 
or

 c
ha

rg
ed

 m
ol

ec
ul

e 
w

ith
 lo

g 
K oc

 >
 3

; o
r i

s 
st

ru
ct

ur
al

ly
 s

im
ila

r t
o 

hi
gh

er
 p

rio
rit

y 
co

ns
tit

ue
nt

s.
Fa

ct
or

 to
 D

O
W

N
G

RA
D

E:
  C

on
st

itu
en

t h
as

 n
o 

to
xi

c 
ef

fe
ct

s 
ex

pe
ct

ed
 a

t s
at

ur
at

io
n;

 o
r i

ts
 u

se
 is

 d
ec

lin
in

g 
or

 re
st

ric
te

d 
an

d 
its

 h
al

f-l
ife

 in
 s

oi
l o

r 
se

di
m

en
t i

s 
le

ss
 th

an
 1

 y
ea

r.

O
B

SE
RV

ED
O

CC
U

RR
EN

CE
 

D
F 

≥ 
10

%
D

F 
1–

9%
 

D
F 

< 
1%

PR
ED

IC
TE

D
O

CC
U

RR
EN

CE
 

St
ab

il
ity

: H
ig

h 
if 

PS
 >

 1
; o

r s
oi

l H
L 

> 
30

 d
ay

s 
or

se
di

m
en

t H
L 

> 
60

 d
ay

s 
or

 w
at

er
 H

L 
> 

60
 d

ay
s 

Hy
dr

op
ho

bi
ci

ty
: H

ig
h 

if 
lo

g 
K o

w
 >

 3
 o

r S
w

 <
 1

 m
g/

L

To
xi

ci
ty

: M
od

er
at

e/
hi

gh
 

if 
ex

ce
ed

s 
AL

 s
ed

im
en

t
be

nc
hm

ar
ks

 o
r i

f i
n 

AL
bi

n 
1 

or
 2

; e
ls

e 
lo

w
 o

r n
a

Ha
s c

om
po

un
d 

be
en

 w
id

el
y 

m
on

ito
re

d?

Hi
gh

 o
r

in
cr

ea
si

ng
 u

se
/

pr
od

uc
tio

n?
 

YE
S

YE
S

US
GS

 
N

O
YE

S
Li

te
ra

tu
re

 

W
id

el
y

de
te

ct
ed

? 

YE
S

N
O

YE
S

Hi
gh

 e
nd

us
e?

 To
xi

ci
ty

: M
od

er
at

e/
hi

gh
 if

 A
L 

bi
ns

 1
 o

r 2
; o

r i
f 

ex
ce

ed
s 

AL
 b

en
ch

m
ar

ks
 o

r i
f t

ox
ic

ity
 is

 
m

od
er

at
e/

hi
gh

 fo
r s

tru
ct

ur
al

ly
 s

im
ila

r c
om

po
un

ds

P1
YE

S
N

O
P2

P3

P6N
O

 o
r

na
 

P4

P5
P7

P8
P1

0
P9

AQ
UA

TI
C 

TO
XI

CI
TY

US
E/

PR
O

D
U

CT
IO

N

OF
3

OF
4

OF
1 

OF
2

[ A
L,

 a
qu

at
ic

 lif
e;

 D
F,

 d
et

ec
tio

n 
fre

qu
en

cy
; H

L,
 h

al
f-l

ife
; K

oc
, o

rg
an

ic
 c

ar
bo

n-
w

at
er

 p
ar

tit
io

n 
co

ef
fic

ie
nt

; K
ow

, o
ct

an
ol

-w
at

er
 p

ar
tit

io
n 

co
ef

fic
ie

nt
; m

g/
L,

 m
ill

ig
ra

m
s 

pe
r l

ite
r; 

na
, n

ot
 a

va
ila

bl
e;

 N
TA

S,
 N

at
io

na
l T

ar
ge

t A
na

ly
te

 S
tr

at
eg

y;
 

OF
, o

th
er

 fa
ct

or
 p

at
hw

ay
 a

s 
sh

ow
n 

in
 ta

bl
e 

F.
2.

; P
, p

at
hw

ay
; P

S,
 p

er
si

st
en

ce
 s

co
re

; S
w

, w
at

er
 s

ol
ub

ili
ty

; U
SE

PA
, U

.S
. E

nv
iro

nm
en

ta
l P

ro
te

ct
io

n 
Ag

en
cy

; U
SG

S,
 U

.S
. G

eo
lo

gi
ca

l S
ur

ve
y;

 %
, p

er
ce

nt
; ≥
, g

re
at

er
 th

an
 o

r e
qu

al
 to

; >
, g

re
at

er
 th

an
; <

, l
es

s 
th

an
] 

Hi
gh

 o
r

in
cr

ea
si

ng
 u

se
/

pr
od

uc
tio

n?
 N

O
 o

r
na

 

EX
PL

A
N

AT
IO

N

Cr
ite

ri
a 

re
su

lti
ng

 in
 a

 T
ie

r 1
 d

es
ig

na
tio

n

Sc
re

en
in

g 
ca

te
go

ry

Sc
re

en
in

g 
cr

ite
ria

O
bs

er
ve

d 
oc

cu
rr

en
ce

 c
ri

te
ri

a

O
th

er
 fa

ct
or

 c
ri

te
ri

a
A

qu
at

ic
 to

xi
ci

ty
 c

ri
te

ri
a

U
se

 o
r p

ro
du

ct
io

n 
cr

ite
ri

a
Pr

ed
ic

te
d 

oc
cu

rr
en

ce
 c

ri
te

ri
a

Ti
er

 d
es

ig
na

tio
n

Cr
ite

ri
a 

no
t r

es
ul

tin
g 

in
 a

 T
ie

r 1
 d

es
ig

na
tio

n

Fi
gu

re
 F.

1.
 

Fl
ow

 c
ha

rt 
fo

r p
rio

rit
izi

ng
 li

po
ph

ili
c 

or
ga

ni
c 

co
m

po
un

ds
 fo

r n
at

io
na

l- 
an

d 
re

gi
on

al
-s

ca
le

 m
on

ito
rin

g 
of

 s
ed

im
en

t i
n 

th
e 

Un
ite

d 
St

at
es

. 



Supplemental Information F.    123

In some cases, adjustments to these assignments were 
made on the basis of other factors (OF1–5 in fig. F.1). For 
example, a constituent could be moved to a higher-priority tier 
(from Tier 3 to Tier 2 or from Tier 2 to Tier 1) if one or more 
of the following other factors was met: 

•	 The constituent is a degradate of one or more high-use 
compounds; 

•	 The constituent is found in a high-use formulation with 
other Tier 1 constituents; 

•	 The constituent is important in the identification of 
contaminant sources; 

•	 The constituent is a charged or ionizable molecule with 
a base-10 logarithm of the organic carbon-water parti-
tion coefficient (log KOC) greater than 3; or

•	 The constituent has been designated by the USEPA as 
a priority pollutant (U.S. Environmental Protection 
Agency, 2011b) or as a persistent, bioaccumulative, 
and toxic (PBT) chemical (U.S. Environmental Protec-
tion Agency, 2011a) or is on the Contaminant Can-
didate List 3 (CCL3; U.S. Environmental Protection 
Agency, 2010a) (these considerations alone would be 
sufficient to move a constituent from Tier 3 to Tier 2, 
but not to Tier 1). 

Similarly, a constituent could be moved to a lower-priority tier 
if one or more of the following other factors was met:

•	 The constituent is not expected to have toxic effects 
when present in water at its saturation concentration; 

•	 The constituent has a half-life less than 1 year;

•	 The constituent has been discontinued or is declining in 
use in the United States; or

•	 The constituent is no longer a preferred analytical 
target for monitoring, for example, congener-specific 
analyses of PCBs now are preferred over Aroclor 
mixtures.

Results of Prioritization of Lipophilic Organic 
Compounds in Sediment

A total of 699 lipophilic organic compounds in sediment 
were prioritized for Group F (table F.2 at http://pubs.usgs.
gov/sir/2012/5218/downloads/tableF2.xlsx). The tier assign-
ments for a few of the Group F constituents that are mixtures 
could warrant reconsideration if additional compositional 
information is obtained about these mixtures. If one or more 
individual constituents within a mixture are determined to be 
adequately representative of the whole mixture, or are deter-
mined to be of greater importance than the rest of the mixture, 
it is likely that the laboratory analyses would be performed for 
those individual constituents rather than for the whole mixture. 

More details about current and prospective laboratory methods 
for Group F are provided in the “Feasibility of Implementation 
for High-Priority Lipophilic Organic Compounds” section.

A summary of the prioritization results by subgroup is 
provided in table F.3 at http://pubs.usgs.gov/sir/2012/5218/
downloads/tableF3.pdf. Of the total of 699 Group F constitu-
ents, 96 had been monitored in sediment during NAWQA 
Cycle 1, and of these, 85 were placed into NTAS Tier 1 
(table F.3). One constituent was placed into Tier 2 (4-chloro-
3-methylphenol), and 10 were placed into Tier 3. The 10 
constituents in Tier 3 consist of five semivolatile organic 
compounds (2-chlorophenol, 1,3-dichlorobenzene, 2,4-dini-
trotoluene, N-nitrosodi-n-propylamine, and 1,2,4-trichloro-
benzene) and five PCB congeners. These constituents had 
been detected in less than 1 percent of samples of streambed 
or lake sediment collected during Cycle 1. Although “total 
PCBs” (CASRN 1336–36–3) was monitored in sediment dur-
ing NAWQA Cycle 1 and was placed into Tier 1, the NTAS 
work group recommends that future monitoring focus on the 
specific PCB congeners that also are in Tier 1. A total of 483 
lipophilic organic constituents were assigned to NTAS Tier 
1, including 398 constituents that were not monitored during 
NAWQA Cycle 1. 

Basis for Prioritization of Lipophilic Organic 
Compounds in Sediment

This section presents the basis of prioritization for the 
16 subgroups of lipophilic organic compounds that are listed 
in table F.1. Information sources used in the prioritization 
process, including NAWQA Cycle 1 monitoring data (tables 
F.4.A–D at http://pubs.usgs.gov/sir/2012/5218/downloads/
tableF4.xlsx) from NWQL schedule LS 2502, also are 
described in this section. Table F.2 shows the screening path-
ways, which correspond to those in figure F.1, that led to the 
final tier placements for each of the 699 Group F constituents. 

Polychlorinated Biphenyls (Subgroup F-1)

Of the 64 PCBs in subgroup F-1, 50 constituents were 
placed into NTAS Tier 1 and 14 constituents were placed in 
NTAS Tier 3 (table F.2). The Tier 1 assignments were made as 
follows: 26 PCBs were placed into Tier 1 based on NAWQA 
Cycle 1 monitoring data (including “total PCBs”) and 24 were 
placed into Tier 1 based on predicted occurrence. The Tier 3 
assignments were made as follows: 5 were prioritized based 
on low detection frequencies in NAWQA data for urban lakes 
(Peter C. Van Metre, U.S. Geological Survey, written com-
mun., March 2010), and 4 were prioritized based on literature 
information that indicated infrequent environmental occur-
rence. In addition, 5 Aroclor mixtures of PCB compounds 
(described in the “Knowledge and Concerns of Lipophilic 
Organic Constituents by Subgroup” section) were moved from 
their initial placement into Tier 1 to Tier 3 using the “other 
factors” pathway because quantification of the individual con-
geners is preferred to quantification of the mixtures. 
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Polycyclic Aromatic Hydrocarbons (Subgroup F-2)

Of the 70 PAHs in subgroup F-2 (table F.2), 32 are on 
laboratory schedules used by the NWQL, including all but one 
of the PAHs with benchmarks or on the USEPA Priority Pol-
lutant list (U.S. Environmental Protection Agency, 2011c). Of 
these 70 PAHs, 69 were placed into Tier 1, including 29 con-
stituents on the basis of NAWQA monitoring data for stream-
bed or lake sediment (tables F.4A–D; Van Metre and Mahler, 
2005). The remaining 40 were placed into Tier 1 on the basis 
of high predicted occurrence with moderate to high toxicity 
(AL bins 1 or 2) or high use/production volume. Predictions 
for most of these 40 PAHs were based on estimated properties 
from the USEPA’s EPI Suite™ (Estimation Program Interface 
Suite) screening software (U.S. Environmental Protection 
Agency, 2009a) or the USEPA’s PBT Profiler. Nine of the 40 
are identified by the PBT Profiler as persistent, bioaccumula-
tive, and toxic (PBT) organic chemicals (U.S. Environmental 
Protection Agency, 2011a). The PBT Profiler was not used for 
the 29 PAHs that have NAWQA monitoring data, 9 of which 
also are PBTs. The 1 PAH constituent (a PAH degradate) that 
was placed into Tier 3 was placed in that tier because of its 
low log KOW.

Phthalates (Subgroup F-3) 

A total of 27 phthalates were prioritized for subgroup 
F-3, and of these, 18 were placed into Tier 1 (table F.2). These 
included six phthalates that were monitored in streambed-sedi-
ment samples collected during NAWQA Cycle 1 (1992–2001). 
All six phthalates were detected in samples from 25 to 90 
percent of urban sites and 17 to 72 percent of mixed land-use 
sites, even after four constituents with chronic laboratory 
blank contamination were censored at the 95th-percentile con-
centration of laboratory blanks (tables F.4A, B). The remaining 
12 phthalates in Tier 1 consist of 5 phthalates (di-esters) with 
high predicted occurrence and moderate to high toxicity (AL 
bins 1 or 2), and 7 persistent, hydrophobic mono-esters that 
are degradates of Tier 1 phthalates. Six other phthalates were 
assigned to Tier 2—dicyclohexylphthalate, a persistent, hydro-
phobic, and toxic di-ester phthalate that has low use in the 
United States (Silva and others, 2004); its mono-ester metabo-
lite; and four mono-ester metabolites of other di-ester phthal-
ates that are in Tier 1. Although the latter four metabolites are 
characterized by log KOW less than 3 (which normally would 
result in assignment to Tier 3 because of low hydrophobicity), 
these metabolites were placed into Tier 2 because the par-
ent di-esters are high-production-volume chemicals (HPVs). 
Three phthalates were placed into Tier 3; all three are charac-
terized by log KOW less than 2 and are unlikely to accumulate 
in sediment. 

Azo Dyes (Subgroup F-4)

A total of 142 azo dyes, which include a number of salts 
and their conjugate acids, were prioritized for subgroup F-4 
(table F.2). Salts and conjugate acids were prioritized together 

because (1) a salt and its conjugate acid are two forms of the 
same constituent, related by acid dissociation; and (2) some 
information (such as production volume) is available for salts 
whereas other information (such as toxicity or log KOW values) 
tends to be available for the conjugate acids. Of the 142 azo 
dyes prioritized, 64 were placed into Tier 1, 77 into Tier 2, and 
1 into Tier 3. One azo dye (azobenzene) that was observed in 
NAWQA streambed-sediment samples (tables F.4A–D) was 
placed into Tier 1 because of its intermediate occurrence and 
high predicted toxicity (AL bin 1). The 63 remaining azo dyes 
in Tier 1 have high predicted occurrence and moderate to high 
toxicity (AL bins 1 or 2) or high-production volume. The azo 
dyes in Tier 2 also have high predicted occurrence but are not 
HPVs and are not expected to be toxic at saturation, or they 
have low toxicity or no toxicity data. 

Brominated Flame Retardants (Subgroup F-5)

The 53 brominated flame retardants in subgroup F-5 
(table F.2) include polybrominated biphenyls, polybrominated 
diphenyl ethers (BDEs), and the HPVs hexabromocyclodo-
decane, tetrabromobisphenol-A, and 1,2-bis(2,4,6-tribromo-
phenoxy)ethane (Firemaster 680). Of these 53 brominated 
flame retardants, 29 were placed into Tier 1. All but one 
of these 29 Tier 1 constituents were assigned on the basis 
of either reported occurrence in the scientific literature or 
predicted occurrence and moderate to high toxicity (AL bins 
1 or 2) or high-production volume. The last of these 29 con-
stituents (4-bromophenylphenylether) was assigned to Tier 1 
despite a low detection frequency (less than 1 percent) in 
streambed-sediment samples because (1) it was detected in 
1 to 10 percent of NAWQA water samples during Cycle 1 
even though the USEPA PBT Profiler predicts that 22 percent 
of this constituent is likely to be found in sediment compared 
to 11 percent in water, (2) its laboratory reporting level in sedi-
ment was fairly high (50 micrograms per kilogram [µg/kg]), 
and (3) it has high predicted occurrence and moderate toxicity 
to aquatic life (AL bin 2). Ten constituents were placed into 
Tier 2 for sediment, including four constituents with no effects 
at saturation or no toxicity data, plus six BDE congeners that 
are reported to be components of commercial products, but 
that have not been reported to occur in the environment and 
have no reported or predicted toxicity. In addition, 14 bromi-
nated flame retardants were placed into Tier 3 for sediment; 
these constituents either are not predicted to be PBTs or are 
BDE congeners that are not reported to occur in the environ-
ment or in commercial products, and they have no reported or 
predicted toxicity. 

Chlorinated Naphthalenes (Subgroup F-6)

Of the 17 chlorinated naphthalenes in subgroup F-6 
(table F.2), 10 were placed into NTAS Tier 1: one constituent 
(2-chloronaphthalene) was assigned on the basis of intermedi-
ate occurrence in sediment and moderate toxicity (AL bin 2), 
and the rest were assigned on the basis of high predicted 
occurrence and moderate to high predicted toxicity (AL bins 
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1 or 2). Six chlorinated naphthalene constituents were placed 
into Tier 2 on the basis of low toxicity or an absence of toxic-
ity information. One constituent, polychlorinated naphthalenes 
(mixture of isomers), was placed into Tier 3 because it consists 
of a mixture not amenable to direct analysis and is redundant 
to other chlorinated naphthalene constituents. 

 Chlorinated Paraffins (Subgroup F-7)

 Four chlorinated paraffin constituents were prioritized 
for subgroup F-7 (table F.2), and two of these are mixtures 
of short-chain chlorinated paraffins that differ by degree of 
chlorination. The two short-chain chlorinated paraffin mix-
tures were placed into Tier 1 on the basis of their persistence, 
toxicity, and potential for accumulation in sediment. Some evi-
dence indicates that medium-chain or long-chain chlorinated 
paraffins also might be important but not enough is known at 
present (2010) to justify placement in Tier 1, and these con-
stituents were placed into Tier 2. 

Perfluorinated Compounds (Subgroup F-8)

The 24 perfluorinated compounds in subgroup F-8 (table 
F.2) have not been systematically monitored in ambient sedi-
ment on a national or regional scale; therefore, the prioritiza-
tion of constituents in this subgroup was based on predicted 
occurrence. Like other halogenated compounds, the perfluori-
nated constituents tend to be persistent in the environment. Of 
the 24 perfluorinated compounds, 13 were assigned to Tier 1 
based on predicted occurrence and moderate to high toxicity 
(AL bins 1 or 2) or high-production volume. Seven constitu-
ents were assigned to Tier 2 because they have high predicted 
occurrence but are not expected to be toxic at their saturation 
concentrations or have no toxicity information. Four con-
stituents were assigned to Tier 3, of which three are unstable 
precursors of perfluorooctane sulfonic acid (PFOS), and one is 
declining in use. 

Alkylphenols, Alkylphenol Ethoxylates, and other Phenols 
(Subgroup F-9)

Subgroup F-9 consists of 51 constituents (table F.2). 
These 27 alkylphenols (APs), 6 alkylphenol ethoxylates 
(APEOs), and 18 other phenols. The APs and APEOs include 
nonylphenols and octylphenols, along with some of their 
degradates. The other phenols include three nitrophenols, six 
chlorophenols, three cresols (methylphenols), and six other 
phenol constituents. 

Of the 33 APs and APEOs in this subgroup, 29 constitu-
ents were placed into Tier 1 on the basis of either observed 
intermediate occurrence in streambed sediment from urban 
streams sampled by the NAWQA Program (1 constituent, 
C8-alkylphenols, which consists of mixed isomers of octyl-
phenols; table F.4A), reported occurrence in the scientific 
literature (nonylphenol and 2 of its ethoxylates, which have 
been found in rivers, lakes, and sediment cores; Ahel and 
others, 1994b; Kolpin and others, 2002; Li and others, 2004; 

Mibu and others, 2004), or high predicted occurrence (25 con-
stituents) and either moderate to high toxicity (AL bins 1 or 2) 
or high-production volumes. Three of the 33 APs and APEOs 
were placed into Tier 2—one because of its low hydrophobic-
ity and two for low aquatic toxicity. The last one of the 33 AP 
and APEO constituents was placed into Tier 3 because it did 
not meet the persistence threshold. Although some of the AP 
and APEO constituents have been analyzed by the USGS in 
sediment on a limited basis, USGS monitoring data for all but 
one of these constituents (mixed isomers of 4-octylphenols in 
Tier 1, CASRNs 140–66–9 and 1806–26–4) were too sparse or 
sporadic to be used in the prioritization process. 

Of the 18 other phenols in this subgroup, 11 were placed 
into Tier 1, either for a combination of moderate to high 
observed occurrence and moderate toxicity (AL bin 2; 3 
constituents) or a combination of high predicted occurrence 
and moderate to high toxicity (AL bins 1 or 2) or high use 
(8 constituents). Six of the other phenols were placed into 
Tier 2 because of low observed occurrence in NAWQA stream 
samples (one constituent), no toxicity expected at saturation 
(one constituent), or other factors (four constituents), and one 
was placed into Tier 3 on the basis of low hydrophobicity. Five 
of the 18 other phenols were previously analyzed in sediment 
by the NAWQA Program and had sufficient monitoring for use 
in the prioritization process (tables F.4A–D). 

Organophosphorous Compounds (Subgroup F-10) 

Subgroup F-10 consists of 22 organophosphorus com-
pounds (table F.2). Four of these constituents can be analyzed 
in sediment by the NWQL (on LS 5433; tributyl phosphate, 
triphenyl phosphate, tris(2-butoxyethyl)phosphate, and tris(2-
chloroethyl)phosphate); however, USGS monitoring data were 
too sparse to be used in the prioritization process. Because 
most of these constituents have not been widely monitored in 
the environment, all 22 were prioritized on the basis of pre-
dicted occurrence in sediment, inferred from physical-chem-
ical properties. Sixteen organophosphorus compounds were 
assigned to Tier 1 on the basis of high persistence and hydro-
phobicity, combined with moderate to high toxicity (AL bins 
1 or 2) or high-production volume, except for one constituent 
(propylated triphenyl phosphate) that is a persistent degradate 
of an HPV. Four organophosphorus compounds were placed 
into Tier 2 because no aquatic toxicity was expected at satura-
tion or because toxicity data were lacking, and two compounds 
with low hydrophobicity were placed into Tier 3. 

Halogenated Dioxins and Furans (Subgroup F-11)

Subgroup F-11 consists of 31 halogenated dioxins and 
furans (15 halogenated dioxins and 16 halogenated furans; 
table F.2). On the basis of the prioritization procedures shown 
in figure F.1 and pathways listed in table F.2 and as supported 
by widespread observed occurrence (U.S. Environmental 
Protection Agency, 2007), all 31 halogenated dioxins and 
furans were placed into NTAS Tier 1 for sediment. How-
ever, chlorinated dioxins and furans have been the subject of 
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numerous Federal and State regulations and clean-up actions, 
and environmental dioxin residues have been declining since 
the 1970s (U.S. Environmental Protection Agency, 2010b). 
Previous and ongoing studies of dioxins warrant consideration 
for any monitoring effort planned for these constituents.

Other Organohalogens (Subgroup F-12) 
Of the 47 other organohalogens that make up subgroup 

F-12 (table F.2), 37 constituents were assigned to NTAS 
Tier 1. Of these Tier 1 constituents, 31 were assigned to Tier 1 
because of high predicted occurrence and moderate to high 
toxicity (AL bins 1 or 2) or high-production volume, and 6 
were assigned to Tier 1 because of intermediate observed 
occurrence in sediment samples collected during NAWQA 
Cycle 1 and moderate to high toxicity or high-production 
volume. Five constituents in subgroup F-12 were assigned to 
Tier 2 for sediment because of missing data or other factors, 
such as declining or restricted use or reported occurrence lim-
ited to areas near certain types of point sources. Five constitu-
ents in subgroup F-12 were assigned to Tier 3 for sediment: 
two constituents because of their low observed occurrence in 
streambed sediment during NAWQA Cycle 1 (less than 1 per-
cent of samples), and three constituents because they are not 
predicted to occur in sediment. 

Azaarenes (Subgroup F-13) 
All 10 azaarenes in subgroup F-13 (table F.2) were placed 

into NTAS Tier 1 on the basis of frequent observed occur-
rence in sediment samples collected during NAWQA Cycle 1 
(6 constituents), intermediate occurrence in sediment samples 
collected during NAWQA Cycle 1 and moderate toxicity (AL 
bin 2; 1 constituent), or predicted occurrence and moderate 
toxicity (3 constituents). 

Siloxanes (Subgroup F-14)
Of the 18 siloxanes in subgroup F-14 (table F.2), 13 con-

stituents were assigned to NTAS Tier 1 on the basis of high 
predicted stability in sediment or log KOW, and moderate to 
high toxicity (AL bins 1 or 2) or high-production volume. The 
five remaining siloxanes were assigned to Tier 2 because the 
predicted toxicity levels were more than five times greater 
than the predicted water solubility levels, indicating no effects 
are likely at saturation. The factor of five for the relation 
between predicted toxicity and water solubility was selected 
on the basis of recommendations from Christopher G. Inger-
soll of the USGS Columbia Environmental Research Center 
and David R. Mount of the USEPA Environmental Effects 
Research Laboratory, and provides a reasonable margin for 
uncertainties in the predicted toxicity and predicted solubility 
levels. 

Resin and Rosin Acids (Subgroup F-15)
Subgroup F-15 consists of eight resin and rosin acids 

(table F.2), all of which are complex mixtures. Of these, six 

constituents were assigned to NTAS Tier 1 on the basis of 
high predicted occurrence in sediment and moderate to high 
predicted toxicity (AL bins 1 or 2) or high-production vol-
ume. For two of these Tier 1 constituents—hydrogenated 
rosin, glycerol ester (CASRN 65997–13–9) and hydrogenated 
rosin, pentaerythritol ester (CASRN 64365–17–9)—measured 
toxicity tests submitted to the U.S. Environmental Protec-
tion Agency (2011f) indicated no acute toxicity to aquatic 
organisms at the water solubility concentrations (that is, at 
saturation concentration) for these substances. However, the 
measured solubilities for these substances were very low 
(less than 0.22 and 0.15 mg/L, respectively) and have a high 
degree of uncertainty, potentially underestimating exposure 
and confounding the test results; therefore, the acute toxic-
ity values were assumed to be equal to the water solubilities 
for these two substances, which put them into the AL bin 2 
and therefore into Tier 1. The two remaining constituents in 
subgroup F-15 were assigned to Tier 2 because although they 
are HPVs in Europe (Organisation for Economic Co-operation 
and Development, 2009) and their physical and chemical 
properties were assumed to be similar to structurally similar 
compounds within subgroup F-15, they were downgraded in 
priority because they are not HPVs in the United States (U.S. 
Environmental Protection Agency, 2011f) and their use is 
likely to be limited. 

Miscellaneous Compounds (Subgroup F-16)

Subgroup F-16 consists of 111 lipophilic organic con-
stituents that could not be categorized with any of the other 
subgroups, 75 of which were assigned to NTAS Tier 1 
(table F.2). One of these miscellaneous compounds (anthra-
quinone) was assigned to Tier 1 because of its high observed 
occurrence (detection frequency greater than 10 percent) in 
NAWQA streambed-sediment samples; four constituents 
because of their intermediate observed occurrence in NAWQA 
samples (detection frequency of 1 to 9 percent) and moderate 
aquatic toxicity (AL bin 2) or high-production volume; and 70 
constituents because they have high predicted occurrence and 
moderate to high aquatic toxicity or high-production volumes. 
Thirteen constituents were assigned to Tier 2 for sediment—of 
these, 10 compounds had low expected aquatic toxicity or no 
toxicity data. Three compounds—indole, a component of fra-
grances and precursor to pharmaceuticals; skatole, a compo-
nent of feces; and the insect repellant N,N-diethyl-m-toluamide 
(DEET)—were assigned to Tier 2 despite having fairly low 
log KOW values (between 2 and 3) because they are wastewater 
indicators that have been found in sediment near point-source 
inputs. One of these, DEET, also is an HPV. Twenty-three con-
stituents were assigned to Tier 3 for sediment; of these, 2 con-
stituents have log KOW values less than 3 and were monitored 
but not detected in NAWQA streambed-sediment samples, 
17 constituents have low predicted occurrence because they do 
not meet thresholds for persistence (3 compounds) or hydro-
phobicity (14 compounds), and 4 constituents are hemoglobin 



Supplemental Information F.    127

adducts (formed in blood) and so are not relevant to determi-
nation in ambient suspended or streambed sediment. 

Feasibility of Implementation for High-Priority 
Lipophilic Organic Compounds

The feasibility of implementation for laboratory analysis 
of the high-priority lipophilic organic compounds is presented 
in this section. Determination of Group F constituents in sedi-
ment (483 constituents in NTAS Tier 1) will require a combi-
nation of currently approved methods and new methods that 
would need to be developed, tested, and approved before the 
start of NAWQA Cycle 3 sampling. For example, the NWQL 
does not currently (2011) have a method for determination of 
perfluorinated compounds (subgroup F-8), although numerous 
methods are described in the scientific literature. 

Table F.5 at http://pubs.usgs.gov/sir/2012/5218/
downloads/tableF5.pdf summarizes the methods that are 
available or currently (2011) in development at the NWQL 
for Group F constituents (Duane S. Wydoski, U.S. Geological 
Survey, written commun., 2010). These methods cover many 
(but not all) of the constituents from 10 of the 16 Group F 
subgroups: polychlorinated biphenyls (F-1); polycyclic aro-
matic hydrocarbons (F-2); phthalates (F-3); brominated flame 
retardants (F-5); chlorinated naphthalenes (F-6); alkylphenols, 
alkylphenol ethoxylates, and other phenols (F-9); organophos-
phorous compounds (F-10); other organohalogens (F-12); 
azaarenes (F-13); and miscellaneous compounds (F-16). 
Some of these methods can cover constituents from multiple 
subgroups. For example, laboratory code (LC) 8093 (organo-
halogenated compounds) includes several PCB congeners, 
brominated flame retardants, organochlorine pesticides, and 
other organohalogenated compounds. Because most of these 
methods use accelerated solvent extraction, sample prepara-
tion steps might be combined for multiple methods, which 
would reduce analytical costs and thus might allow better 
coverage of the Group F constituents.

Some of the NTAS Tier 1 constituents from the above 
subgroups potentially could be added to schedules that are not 
yet approved for those constituents. For example, although a 
newly developed specialized method for phenols might pro-
vide superior analytical performance, analysis of some phenols 
of interest might have adequate performance with some of 
the existing methods listed in table F.5. Similarly, it might be 
possible to add more PCB congeners to LC 8093; this is being 
evaluated by the NWQL. A potential complementary method 
to chemical analysis for PCB congeners and similar constitu-
ents is the H4IIE rat hepatoma cell line bioassay (Tillitt and 
others, 1991), which measures enzyme induction originating 
from planar halogenated hydrocarbons (which include PCBs, 
chlorinated dioxins and furans, and some PAHs). Chlorinated 
naphthalenes and organophosphorous compounds are expected 
to have good analytical performance in sediment analyses 
using GC/MS with negative chemical ionization or electron-
impact ionization.

For constituents for which the NWQL does not have 
adequate resources for new method development, other USGS 
laboratories, such as the Columbia Environmental Research 
Center in Columbia, Missouri, or commercial laboratories, 
could be considered provided that project-specific data-quality 
objectives can be met. Additional method development would 
be needed for new Tier 1 constituents from the following 
subgroups: 

•	 Polychlorinated biphenyls (subgroup F-1): Of the 209 
possible PCB congeners, those of high priority were 
used mainly in well-characterized mixtures under the 
trade name “Aroclors.” As a result, a smaller suite of 
representative PCB congeners can be used to screen 
sediment samples for the presence of Aroclor mixtures. 
If substantial contamination is found at sites that have 
not been previously characterized, those sites could be 
targeted for future studies of the full suite of 209 PCB 
congeners. Analysis of the full suite of PCB congeners 
could be provided by the Columbia Environmental 
Research Center laboratory, or a commercial labora-
tory that uses gas chromatography with high-resolution 
mass spectrometry could be used on a contract basis.

•	 Azo dyes (subgroup F-4): Liquid chromatography with 
mass spectrometry and gas chromatography with mass 
spectrometry (GC/MS) are the preferred approaches 
for determining these constituents. Some of the azo 
dyes might be determinable with existing or proposed 
methods. Alternatively, it might be more effective to 
develop a class-specific method for the 64 azo dye 
constituents in NTAS Tier 1. Complex azo dyes might 
require special attention to method development to 
control for their reactivity, large log KOW values, and 
tendency to adhere to surfaces. 

•	 Chlorinated paraffins (subgroup F-7): This subclass is 
composed of n-alkanes with chains of 10 to 22 carbon 
atoms and different degrees of chlorination (typically 
40–70 percent). The two constituents in NTAS Tier 1 
(both of which are mixtures of short-chain chlorinated 
paraffins with 10 to 13 carbon atoms) could potentially 
be integrated into existing methods; however, a main 
problem with this subgroup is that the chlorinated 
paraffins are complex mixtures and consequently 
represent a large (unknown) number of discrete com-
pounds. Unfortunately, the compound distributions in 
these mixtures are poorly understood, and some 4,000 
individual compounds are considered possible. 

•	 Perfluorinated compounds (subgroup F-8): The NWQL 
has plans to develop a method for the determination 
of “surfactants,” which would include some of the 
perfluorinated compounds. As an alternative, if the 
planned method does not become available in time 
for NAWQA Cycle 3 monitoring, several commercial 
laboratories are available that provide analyses of 
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perfluorinated compounds, including several of the 
constituents that were prioritized as NTAS Tier 1.

•	 Halogenated dioxins and furans (subgroup F-11): Sub-
stantial laboratory costs would be associated with any 
method for dioxins and furans, including the high cost 
of analytical standards, emissions control, and waste 
disposal. Methods to distinguish between specific 
dioxins typically rely upon high-resolution mass spec-
trometry, which would have to be added at the NWQL. 
As an alternative, the USGS Columbia Environmental 
Research Center and several commercial laboratories 
can perform these analyses using gas chromatography 
with high-resolution mass spectrometry and could be 
used on a contract basis. 

•	 Siloxanes (subgroup F-14): Most individual siloxanes 
are amenable to determination by GC/MS. Some 
constituents in this subgroup are mixtures (for exam-
ple, “dimethyl siloxanes, hydrogen-terminated” with 
CASRN of 70900–21–9). Important components in a 
given mixture potentially could be determined, their 
concentrations summed, and the results reported as the 
equivalent concentration of the mixture. Two con-
stituents in NTAS Tier 1 (CASRNs 68937–51–9 and 
68583–58–4) are synthetic amorphous silica surface-
treated with organosilicones to form reaction products, 
dimethylsilyl- and trimethylsilyl-end-capped silica. 
These reaction products are examples of constituents 
whose compositions may not be well characterized. In 
such cases, obtaining relevant analytical standards will 
be problematic. Lastly, some chromatography columns 
contain siloxanes, which can “bleed” and generate 
siloxane breakdown products, which could interfere 
with the determination of target siloxanes.

•	 Resin and rosin acids (subgroup F-15): The NWQL 
currently (2011) does nto have methods for the com-
plex mixtures of resin acids and rosin acids in sub-
group F-15. Some individual resin acids are amenable 
to analysis by GC/MS. The more polar compounds 
must be determined by high-performance liquid chro-
matography with tandem mass spectrometry. In some 
published studies, individual resin acids have been 
quantified in sediment or tissue samples using Soxhlet 
extraction and fractionation, followed by GC/MS 
(Rediske and others, 2001). Free and conjugated forms 
of resin acids have been determined in fish tissue by 
Niimi and Lee (1992). For constituents that are poorly 
characterized and variable mixtures of resin and rosin 
acid reaction products, the major components will 
need to be identified before method development can 
proceed. Sample stability and chemical properties pres-
ent additional challenges for these constituents. Resin 
acids and rosin acids are subject to binding to surfaces, 
especially to clay substrates, and also to degradation. 
Protocols for field sampling, sample preservation, and 

sample preparation would need to be developed to 
address these issues.

The large number of lipophilic organic compounds in 
NTAS Tier 1 for sediment represents a potential obstacle to 
implementation. The cost per sample could be very high. If 
laboratory or fiscal resources are limited, it could be neces-
sary to select a subset of Tier 1 constituents that are of higher 
priority than the others or representative of the other Tier 1 
constituents. Several approaches can be envisioned for select-
ing such a subset of Tier 1 constituents, including (1) adjusting 
the criteria for likelihood of occurrence, persistence, and (or) 
toxicity used in the prioritization process to identify a smaller 
number of highest-priority constituents; (2) adding informa-
tion for use volumes and patterns, to identify and eliminate 
from consideration those constituents that are least likely to 
have widespread occurrence in ambient sediment; (3) elimi-
nating from consideration certain subgroups on the basis of 
NAWQA Cycle 3 study objectives; (4) identifying one or more 
constituents within a subgroup that can be used as “indicators” 
of contamination from that subgroup; or (5) a combination of 
two or more of these approaches.

 Finally, it is important to note that the physical and 
chemical properties of the lipophilic organic compounds (for 
example, relatively high log KOW values) can cause these 
constituents to adhere to surfaces and thus be prone to cross-
contamination in the field and in the laboratory. Protocols for 
sample handling and preparation, including extraction steps, 
will have to be evaluated to ensure that they minimize the 
potential for cross-contamination of high-priority constitu-
ents. If cross-contamination cannot be eliminated, it will be 
important to collect a sufficient number of field and laboratory 
quality-control samples (blanks) to permit a robust character-
ization of the background contaminant concentrations that can 
be used to adjust reporting levels to minimize the reporting of 
false positives from the laboratory and (if necessary) the field.

Knowledge and Concerns of Lipophilic Organic 
Compounds by Subgroup

This section describes the knowledge and concerns of 
lipophilic organic compounds in sediment, which were catego-
rized into 16 different subgroups.

Knowledge and Concerns of Polychlorinated 
Biphenyls (Subgroup F-1)

 PCBs once were used in hundreds of industrial and 
commercial applications but were placed under voluntary 
control in 1971 (Hickey and others, 2006) and banned from 
manufacturing in the United States in 1979 (U.S. Environmen-
tal Protection Agency, 2011d). PCBs include 209 variations 
in geometry and positions of chlorine substitution, which 
are called “congeners.” Congeners vary widely in toxicity 
and persistence. The trade name “Aroclor” refers to a series 
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of technical mixtures of PCBs made by Monsanto during 
the 1930s through 1977. Although phased out over much of 
the developed world, PCBs continue to enter the environ-
ment through incineration of municipal and industrial waste, 
leaks or releases from electrical transformers, emissions from 
landfills that received PCB-containing consumer products, and 
poorly maintained hazardous waste sites (U.S. Environmental 
Protection Agency, 2011d). Continuing sources of PCBs to 
water bodies include the disturbance of historically contami-
nated sediment and soils and cycling of PCBs between depos-
ited sediment, the water column, and atmosphere. Volatiliza-
tion of PCBs to the atmosphere results in continued dispersal 
throughout the environment, including transport and deposi-
tion to cold climates in northern latitudes and high elevations 
(Bard, 1999). 

PCBs are internationally recognized as persistent, bioac-
cumulative, and toxic (PBT) compounds. Some PCB conge-
ners are known animal carcinogens and probable human car-
cinogens. Some congeners can cause serious noncancer effects 
on the immune, reproductive, nervous, and endocrine systems 
in animals (U.S. Environmental Protection Agency, 2011e). 
Toxicity of PCBs to humans can be expressed using the toxic-
equivalent (TEQ) index, which represents toxicity relative to 
2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD), a highly 
toxic planar halogenated hydrocarbon. The 2,3,7,8-TCDD 
equivalents for a PCB mixture can be calculated by summing 
weighted concentrations of 12 congeners (PCBs 77, 81, 105, 
114, 118, 123, 126, 156, 157, 167, 169, and 189) using the 
toxic-equivalency factors (TEFs) for humans (Van den Berg 
and others, 1998).

In NAWQA streambed-sediment sampling (1992–2001), 
37 percent of samples from urban sites and 18 percent of 
samples from mixed land-use sites had detectable concentra-
tions of total PCBs (tables F.4A–D). In comparison to aquatic-
life benchmarks, 3 percent of urban streams had concentra-
tions greater than the probable-effect concentration (PEC), 
and 9 percent of urban streams had concentrations greater than 
the probable-effect level (PEL). Both of these benchmarks are 
upper screening values, so they indicate concentrations above 
which adverse effects are likely; however, they are primarily 
based on toxicity to benthic invertebrates and do not consider 
bioaccumulation, which is a concern for PCBs. Because of 
potential human-health effects from consuming contaminated 
fish, 1,025 active fish consumption advisories were issued 
as of 2008 for PCBs that affected more than 6 million lake 
acres and 130,000 river miles (U.S. Environmental Protection 
Agency, 2009b).

PCB concentrations in the environment have decreased 
substantially since their manufacture was banned in the United 
States in 1979. In 38 age-dated lake and reservoir sediment 
cores collected by NAWQA, trends in total PCB concen-
trations since 1970 were significantly downward in about 
one-third of urban lakes, and no lakes had upward concentra-
tion trends (Van Metre and Mahler, 2005). Median concentra-
tions in these cores decreased 47 percent from 1965–75 to 

1990–2001; the decrease was 59 percent for lakes in densely 
urban areas. First-order rate models fitted to PCB profiles in 
these cores indicate a median half-life of 9.6 years (Van Metre 
and Mahler, 2005). However, in some lakes (including Lake 
Michigan) the rate of decline has decreased, and models with 
first-order kinetics must include an asymptote (constant) in the 
rate equation. As concentrations in fish decline exponentially, 
they appear to approach an “irreducible concentration,” postu-
lated to be an effect of stable contaminant sources (Hickey and 
others, 2006). Moreover, although total PCBs in fish appear to 
be decreasing in most of the Great Lakes, the TEQ index is not 
decreasing—driven in part by recent (although not significant) 
increases within four lakes of a highly toxic congener (PCB-
126) that is especially persistent and resistant to degradation 
(Hickey and others, 2006).

PCBs typically occur at higher concentrations in sus-
pended sediment than in deposited bottom sediment, as was 
observed by Van Metre and Mahler (2004) for suspended-
sediment samples from 11 tributary locations relative to 3 urban 
lakes where fish consumption advisories or bans are in effect 
for PCBs. In another study, moderate concentrations of PCBs 
(30–120 µg/kg) were found in suspended sediment in the Donna 
Canal and Donna Reservoir, a Superfund site in southern Texas 
with very high concentrations in fish (Mahler and Van Metre, 
2003). PCBs were rarely detected, however, in bottom sediment 
in the canal and reservoir, indicating that suspended sediment 
can be an effective pathway for fish exposure to PCBs. 

Since PCB monitoring began in the 1960s, substantial 
changes and improvements have been made in the analytical 
methods used to determine PCBs. Early monitoring reported 
PCBs as “Aroclors” or “total PCBs.” More recently, congener-
specific determination of PCBs has become preferred. As 
demonstrated by the Great Lakes fish trends study (Hickey and 
others, 2006), congener-specific determination can provide 
important information about potential toxicity. Congener-
specific determination also can provide chemical profiles 
(“fingerprints”) for source analyses (Johnson and others, 2000). 
The recently developed halogenated compound method of the 
NWQL (Mark Burkhardt, U.S. Geological Survey, written 
commun., 2008; currently custom method LC 8093) quantifies 
18 PCB congeners; however, it only includes 1 of the 12 conge-
ners used to calculate the TEQ. 

Knowledge and Concerns of Polycyclic Aromatic 
Hydrocarbons (Subgroup F-2) 

PAHs are a large group of chemically related compounds, 
each of which is composed of two or more fused benzene 
rings. Many PAHs are toxic, mutagenic, and teratogenic (Bau-
mann and Harshbarger, 1995; Lewtas, 2007). Six of the PAH 
constituents evaluated by the NTAS work group are listed as 
probable human carcinogens (U.S. Environmental Protection 
Agency, 2009c), and 15 have been identified by the USEPA as 
“Priority Pollutants” (U.S. Environmental Protection Agency, 
2011c). 
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PAHs in the environment largely are a consequence of 
the incomplete combustion of petroleum, coal, and wood 
(Edwards, 1983). Such “pyrogenic” PAHs are dominated by 
higher molecular weight and unsubstituted parent compounds, 
such as benzo[a]pyrene. Pyrogenic sources include industrial 
emissions (Marvin and others, 2000); home heating with fuel 
oil, wood, and coal; power plants (Sims and Overcash, 1983); 
and vehicles (Rogge and others, 1993; Takada and others, 
1990). One important source of pyrogenic PAHs is coal tar, 
which is the base of most pavement sealants (“sealcoats”) used 
east of the Continental Divide (Mahler and others, 2005). In 
addition to pyrogenic sources, there are “petrogenic” sources 
of PAHs that are related to the acquisition or use of petroleum 
(for example, production or transportation of fossil fuels), 
characterized by a higher proportion of lower molecular 
weight and alkylated PAHs (Baumard and others, 1998; Silli-
man and others, 1998). 

PAHs have been detected widely in stream sediment 
(Lopes and others, 1997; tables F.4A–D), and relatively high 
concentrations have been found in sediment from most of 
the urban lakes sampled by the Contaminant Trends in Lake 
Sediments study of the NAWQA Program (Van Metre and 
Mahler, 2005). Detection frequencies of PAHs in the Con-
taminant Trends in Lake Sediments study approached 100 
percent; the lowest detection frequency for the 12 PAHs used 
in receptor modeling of PAH sources was 96 percent (Van 
Metre and Mahler, 2010). Mean total PAH concentrations in 
dated sediment cores collected in the 1990s from 31 urban 
lakes exceeded the PEC in 13 percent of lakes and the TEC 
in 65 percent of lakes. For streambed sediment, one or more 
PAHs was detected at 89 percent of the (more than 1,000) 
sites sampled by the NAWQA Program (1992–2010), and 
concentrations were greater than their respective PECs for one 
or more PAHs at 8 percent of those sites. Of those sites with 
urban land use, PAHs were detected in 98 percent of samples, 
and at concentrations greater than the PECs in 30 percent of 
samples (Lisa H. Nowell, U.S. Geological Survey, written 
commun., March 2010). 

PAHs, like PCBs, typically occur at higher concentrations 
in suspended sediment than in deposited bottom sediment (Van 
Metre and Mahler, 2004). PAH concentrations in 47  samples 
of suspended sediment collected during runoff events from 
11 streams in Fort Worth, Texas (about four events per 
stream), indicate higher PAH concentrations on average than 
were observed in bottom (streambed) sediment in the streams 
or in downstream reservoirs. 

PAHs are of increasing regulatory interest following 
recent USGS studies that identified coal-tar-based sealcoat as a 
major, previously unrecognized urban source of PAHs (Mahler 
and others, 2005). These studies found high PAH concentra-
tions in dust from coal-tar sealed pavement dust and showed 
a link to lake-sediment PAH contamination in U.S. cities (Van 
Metre and others, 2009), and reported elevated PAH concen-
trations in house dust in apartments near sealcoated park-
ing lots (Mahler and others, 2010). Coal-tar-based sealcoat 
has been shown to be toxic to benthic organisms (Bryer and 

others, 2006) and to cause impairments to stream communities 
(Scoggins and others, 2007). Since 2006, eight jurisdictions 
have banned use of coal-tar-based sealcoat and four, including 
the State of Minnesota, have restricted its use. 

PAH concentrations have increased significantly since 
1970 in most of the urban lakes sampled by the NAWQA 
Program (Van Metre and Mahler, 2005). A recent evaluation of 
PAH sources to 40 urban lakes (distributed nationally) using 
a mass-balance receptor model indicated that coal-tar-based 
sealcoat is, on average, the largest PAH source, accounting 
for about one-half of all PAH loading to the lakes (Van Metre 
and Mahler, 2010). Lakes in the central and eastern United 
States had higher PAH concentrations and a larger propor-
tional contribution of PAHs from coal-tar-based sealcoat than 
lakes in the western United States, consistent with sealcoat use 
patterns. The Spearman’s rank-correlation coefficient between 
total PAH concentration and estimated PAH mass loading 
from sealcoat for the 40 lakes is 0.98 (Van Metre and Mahler, 
2010). Trends in PAH sources to eight lakes (spanning 40–100 
years) also were evaluated using the model. Seven of the eight 
lakes had upward trends in PAH concentrations since about 
1960, and in six of those seven lakes, model results indicated 
that increases in PAH loading from coal-tar-based sealcoat are 
the primary cause of the upward trends. 

PAHs occur as mixtures, and the USEPA benchmarks for 
evaluating sediment toxicity from PAHs assume that their tox-
icities are additive, indicating that the determination of a large 
number of PAHs is optimal (U.S. Environmental Protection 
Agency, 2009d). Nine individual PAHs have PEC values, and 
the PEC for “total” PAHs is based on the sum of 13 individual 
PAHs (MacDonald and others, 2000). Information on human-
health effects can be found for many individual PAHs and for 
various sums of PAHs. Six parent PAHs are identified as “B2” 
(probable human carcinogens) by the USEPA (U.S. Envi-
ronmental Protection Agency, 2009c). In February 2010, the 
USEPA released a draft report for comment that presents a rel-
ative potency factor (RPF) approach for evaluating cancer risk 
from exposure to PAH mixtures. The RPF is computed using 
concentrations of 25 PAHs, most of which currently (2011) are 
not on USGS laboratory schedules. Initial work is underway 
at NWQL (2010) to evaluate the potential for expanding PAH 
coverage to include more of the compounds used in the RPF. 

Knowledge and Concerns of Phthalates 
(Subgroup F-3)

Phthalates are a group of chemicals used to soften and 
increase the flexibility of plastic and vinyl. National and 
international concerns regarding phthalates focus on human 
exposure by way of food, consumer products, and indoor 
air, rather than on aquatic organisms exposed to sediment. 
The ubiquitous detection of phthalates in stream sediment 
is indicative of their widespread environmental occurrence. 
Phthalates can enter the environment by way of municipal or 
industrial wastewater, burning of plastic products, transport 
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from landfills into soil or water including groundwater, or 
directly from consumer products. Phthalates can accumulate 
in the sediment of urban or developed streams and can affect 
benthic organisms. If the USEPA takes future action to ban or 
restrict phthalate use, monitoring will be important to establish 
trends. 

Several phthalates, including bis(2-ethylhexyl) phthal-
ate, butylbenzyl phthalate, di-n-butyl phthalate, and diisodecyl 
phthalate, are produced and used in large volumes. High 
molecular-weight phthalates, such as bis(2-ethylhexyl) phthal-
ate, are used as plasticizers in flexible vinyl plastic, such as 
polyvinyl chloride (PVC), and are found in consumer prod-
ucts such as construction materials, wall and floor coverings, 
shower curtains, rainwear, upholstery, toys, packaging and 
film, and medical devices (Meeker and others, 2009). Low 
molecular-weight phthalates, such as diethylphthalate and 
di-n-butyl phthalate, can be found in insect sprays, coatings on 
pharmaceuticals, solvents, and in some personal-care products, 
such as perfumes, lotions, and cosmetics (Agency for Toxic 
Substances and Disease Registry, 1995, 2001). Some phthal-
ates, such as diisononyl phthalate, have different isomeric 
forms with distinct CASRNs, with compositions depending on 
the production method (European Commission, 2003). 

Because phthalates are not covalently bound to the plastic 
matrixes in which they are used, they can leach out of plas-
tics over time. Toxics Release Inventory data available for 
two constituents, di-n-butyl phthalate and bis(2-ethylhexyl) 
phthalate, indicate that releases to all primary environmental 
media can be expected but will be highest to terrestrial media, 
followed by air, then water (U.S. Environmental Protection 
Agency, 2009e). The primary pathway by which phthalates 
can reach stream sediment is probably by off-gassing from 
PVC products into the atmosphere, sorption to particulates in 
air (including dust), deposition to soils and surfaces, and then 
transport by runoff into storm drains and streams (Sediment 
Phthalates Work Group, 2007). PVC and other phthalate-con-
taining materials constitute a long-term, dispersive, nonpoint 
source of phthalates (U.S. Environmental Protection Agency, 
2009e). 

The widespread use of phthalates, including use in plastic 
laboratory equipment, contributes to their presence in labora-
tory settings, which can increase the likelihood of their detec-
tion in laboratory blanks that are analyzed for quality-control 
purposes. Four of the six phthalates analyzed in streambed 
sediment by the NAWQA Program were found to be chronic 
laboratory blank contaminants (detected in more than 10 per-
cent of laboratory blanks; Teresa L. Burbank, U.S. Geological 
Survey National Water Quality Laboratory, written commun., 
September 2006). Thus, concentrations observed in field 
samples for these constituents could be attributable, in part or 
in whole, to laboratory sources of contamination. To account 
for the potential bias indicated by the laboratory blanks, the 
environmental data were censored at the 95th-percentile 
concentration of the laboratory blanks, as described in Lopes 
and Furlong (2001), before using the data to calculate detec-
tion frequencies. After this adjustment, detection frequencies 

ranged from 25 to 90 percent for the six phthalates in urban 
sediment samples, and one phthalate (bis(2-ethylhexyl)phthal-
ate) had concentrations greater than its upper screening value 
in about 10 percent of samples (table F.4A). 

Several phthalates are of human-health concern (Agency 
for Toxic Substances and Disease Registry, 1995, 2001, 2002), 
especially for possible effects on children’s health (http://
edocket.access.gpo.gov/2010/2010-13389.htm). Phthal-
ate metabolites (the monoesters) are prevalent in urine, and 
elevated concentrations of metabolites from constituents 
such as bis(2-ethylhexyl) phthalate in pregnant women have 
been associated with preterm birth (Meeker and others, 
2009). Frequent detection of seven phthalate metabolites (the 
monoesters) in urine samples from the general U.S. popula-
tion (1999–2000) indicates widespread exposure to diethyl 
phthalate, diisobutyl phthalate, benzylbutyl phthalate, and 
bis(2-ethylhexyl) phthalate (Silva and others, 2004). Phthal-
ates are weakly estrogenic (Agency for Toxic Substances and 
Disease Registry, 2001). Recent studies in animals found that 
all phthalate mixtures showed cumulative effects on testoster-
one production, fetal mortality, and male and female reproduc-
tive development later in life (U.S. Environmental Protection 
Agency, 2009e). 

In December 2009, the USEPA designated eight phthal-
ates as “chemicals of concern,” and issued a phthalates action 
plan to investigate concerns related to human exposure from 
contact with plastic products and potential adverse effects, 
especially on reproduction and development (U.S. Environ-
mental Protection Agency, 2009e). According to the action 
plan, the USEPA will consider initiating rulemaking under 
the Toxic Substances Control Act (TSCA) to ban or restrict 
phthalates. In coordination with this action plan, and in sup-
port of the Consumer Product Safety Improvement Act of 
2008, the Consumer Product Safety Commission is investigat-
ing the effects of phthalates used in toys and child-care articles 
on children’s health. 

Water solubility values for phthalates generally are low 
but vary inversely over 12 orders of magnitude as the alkyl 
chain length increases from 1 to 13 carbons. Similarly, as alkyl 
chain length increases over this range, the KOW values increase 
by eight orders of magnitude, and vapor pressure values 
decrease by four orders of magnitude (Staples and others, 
1997). Many values reported in the literature for water solubil-
ity and log KOW for higher-molecular-weight phthalates may 
be erroneous (too high and too low, respectively) because of 
experimental difficulties at very low solubility and very high 
log KOW (Staples and others, 1997).

Because phthalates are metabolized and excreted by 
organisms within the higher trophic levels, they have not 
been thought to pose much risk to such organisms (Sedi-
ment Phthalates Work Group, 2007). Some studies show 
that metabolism by aquatic organisms increases with trophic 
level (Staples and others, 1997). This causes bioconcentration 
factors (BCFs) to decrease with increasing trophic level, all 
other factors being equal. For example, mean BCFs in algae, 
crustaceans, and fish were observed to be 3,399, 662, and 167, 

http://edocket.access.gpo.gov/2010/2010-13389.htm
http://edocket.access.gpo.gov/2010/2010-13389.htm
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respectively, for di-n-butyl phthalate, and 3,173, 1,164, and 
280 for bis(2-ethylhexyl) phthalate (Staples and others, 1997). 
BCFs for “total phthalates” (including metabolites) in fish in 
radiotracer studies were observed to be between 50 and 2,000, 
but BCFs for the parent compounds were lower by a factor 
of about 2 to 50 (Staples and others, 1997). Although bioac-
cumulation in aquatic organisms is limited by metabolism, 
phthalates have been reported in fish and shellfish tissues at 
concentrations in the part-per-billion to part-per-million range 
(Agency for Toxic Substances and Disease Registry, 1995, 
2001, 2002), although much of this information is more than 
20 years old (Agency for Toxic Substances and Disease Regis-
try, 2001). Fish and other aquatic biota living in contaminated 
waters are expected to contain phthalates and their degradation 
products in their tissues (Agency for Toxic Substances and 
Disease Registry, 1995), although relatively rapid depuration 
is expected for organisms subsequently placed in uncontami-
nated water.

Knowledge and Concerns of Azo Dyes (Subgroup 
F-4) 

Azo compounds contain the linkage sequence, R-N=N-
R′, where R and R′ may be alkyl or aryl groups. The prefix 
“azo” refers to the N=N linkage. Aryl azo compounds tend to 
have vivid colors and commonly are used as dyes. Azoben-
zene, in which R and R′ are phenyl groups, is the simplest 
aromatic azo compound. Thousands of azo dyes are used in 
the textile, paper, and food industries, and many are ultimately 
released into the environment (Chung and Stevens, 1993). 
Some azobenzenes are not expected to be toxic, based on 
available toxicity tests for Colour Index Constitution (C.I.) 
Pigments Yellow 12 and 83 (European Chemicals Bureau, 
2008a,b). However, dyes that are metabolized to benzidine 
(H2N-φ-φ-NH2, where φ is a benzene ring) are carcinogenic 
to animals (U.S. Department of Health and Human Services, 
2005). Some azo dyes have been restricted in the European 
Union from uses in which they can come in contact with skin 
(Püntener and Page, 2004). Recently, the U.S. Environmental 
Protection Agency (2010c) issued an action plan for azo dyes 
that are derived from benzidine and its congeners. This action 
plan focuses on human exposure and carcinogenicity issues 
and is restricted to azo dyes that may be metabolized in the 
human body to benzidine or its congeners.

Azo dyes have high estimated log KOW values (between 
4.0 and 9.6) and are predicted to be persistent (European 
Chemicals Bureau, 2008a-e). Indeed, azo dyes have been 
observed to be resistant to aerobic degradation but may be 
degraded in activated sludge in wastewater-treatment plants 
(Chung and Stevens, 1993). Azo dyes have some potential to 
accumulate in sediment because of their high log KOW values 
and resistance to degradation, although no monitoring studies 
targeting azo dyes in sediment were available. Azobenzene, 
analyzed in streambed-sediment samples at NAWQA sites 
during Cycle 1 (using NWQL schedule 2502), was detected 

at 4 percent of urban sites and at 2 percent of mixed land-
use sites (tables F.4A, B). In anaerobic soils, some azo dyes 
(depending on their structure) may undergo azo reduction to 
benzidine or its congeners (U.S. Environmental Protection 
Agency, 2010c). Benzidine itself (CASRN 92–87–5) is not 
hydrophobic (log KOW = 1.9), and was evaluated as part of 
Group I (wastewater-indicator and industrial compounds in 
water) rather than for Group F (lipophilic organic compounds 
in sediment). 

Knowledge and Concerns of Brominated Flame 
Retardants (Subgroup F-5)

Brominated flame retardants are of international concern, 
as recognized by the Stockholm Convention on Persistent 
Organic Pollutants (2009a) and the Rotterdam Convention on 
the Prior Informed Consent Procedure for Certain Hazardous 
Chemicals and Pesticides in International Trade (2011). Sev-
eral brominated flame retardants are included in long-range 
atmospheric sampling networks such as the United Nations’ 
Regionally Based Assessment of Persistent Toxic Substances 
(2003), the Arctic Council’s Arctic Monitoring and Assess-
ment Programme (2012), and the Monitoring Network in the 
European Union’s Monitoring Network in the Alpine Region 
for Persistent and other Organic Pollutants (MONARPOP, 
2011). 

Brominated flame retardants are used in fabrics, plas-
tics, and fire-fighting foams and include polybrominated 
biphenyls, polybrominated diphenyl ethers (or “brominated 
diphenyl ethers” BDEs), and other compounds. Polybromi-
nated biphenyls are the brominated analogs of polychlorinated 
biphenyls (PCBs). The BDEs are structurally similar to the 
polybrominated biphenyls, except that an ether linkage con-
nects the two aromatic rings rather than a direct carbon-carbon 
bond. Similar to the PCBs and polybrominated biphenyls, 209 
BDE congeners are possible, although relatively few are found 
in commercial products or the environment. Hexabromocy-
clododecane (HBCD) is another category of brominated flame 
retardants, consisting of 16 possible stereo-isomers. HBCD is 
an HPV and is widely used in polystyrene foam for building 
and construction, textiles used for upholstery, and electric and 
electronic appliances. Four HBCD constituents were evaluated 
for Group F, consisting of HBCD (undefined mixture of iso-
mers) and its three main stereo-isomers (α-, β-, and γ-HBCD).

 Polybrominated biphenyls bind strongly to soil and 
sediment, which reduces their mobilities in terrestrial systems 
and affects their mobilities in air (by sorption to airborne 
particles). Polybrominated biphenyls have been detected in 
air, sediments, surface water, fish, and higher marine animals 
(U.S. Environmental Protection Agency, 2008). Polybromi-
nated biphenyls have not been produced in the United States 
since 1976, when they were banned following their accidental 
introduction into animal feed in 1973 (U.S. Environmental 
Protection Agency, 2008). 
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BDEs also bind to sediment and tend to persist. Two of 
the three commercial formulations of BDEs (penta-BDE and 
octa-BDE) have not been produced in North America and 
Europe since 2004 because of PBT concerns; the third type 
(deca-BDE) remains in worldwide commercial use. Although 
penta-BDE and octa-BDE are no longer produced, they can 
continue to be released to the environment from recycling 
facilities, incineration plants, and from landfill disposal of 
older BDE-containing equipment. Deca-BDE is highly persis-
tent, has a low water solubility and volatility, sorbs to particu-
lates, and tends to accumulate in soils, sediments, and sewage 
sludge (Hale and others, 2001; Hale and others, 2006). Rela-
tively low bioaccumulation has been observed in rats, likely 
because of its low sorption from the gut and rapid elimination 
in feces. Despite its relatively low bioaccumulation potential, 
deca-BDE frequently has been measured in fish, birds, polar 
bears, cats, and humans (blood and breast milk) (Oregon 
Department of Health Services, 2008). Because occurrence 
of deca-BDEs in biota is driven by recent exposures (Oregon 
Department of Health Services, 2008), when it is observed in 
biota, the data indicate generally continuous exposure (Thures-
son and others, 2006). From 1981 to 2000, concentrations of 
penta-BDE and hexa-BDE increased exponentially in Cana-
dian Arctic seals (doubling time of approximately 5 years), 
whereas trends for deca-BDE have not yet been identified 
(an important data gap). On a contaminant mass basis, BDEs 
are projected to surpass PCBs as the most prevalent organo-
halogen compounds in Canadian arctic ringed seals by 2050 
(Ikonomou and others, 2002). 

HBCD has been detected in air, sediment, marine mam-
mals, freshwater and marine fish, aquatic invertebrates, birds 
and bird eggs, as well as in human adipose tissue, milk, and 
blood (U.S. Environmental Protection Agency, 2010d). The 
U.S. Environmental Protection Agency (2010d) recently 
issued an action plan for HBCD on the basis of human-health 
and environmental concerns because of long-range trans-
port, potential bioaccumulation, reproductive and neurologic 
effects, and aquatic toxicity. Sparse data from laboratory 
studies show that HBCD can be degraded, with a half-life 
of 2 months or less. Nonetheless, HBCD has been detected 
widely in biota, including in remote locations where no 
demonstrable local sources have been shown to account for 
the exposure. 

A single constituent in subgroup F-5 (4-bromophenyl-
phenylether) was analyzed in NAWQA streambed sediment 
during Cycle 1. This constituent was rarely detected (in less 
than 1 percent of samples), and concentrations were less than 
the applicable benchmark (a lower screening value), indicating 
that adverse effects are not expected (tables F.4A–D).

Knowledge and Concerns of Chlorinated 
Naphthalenes (Subgroup F-6) 

Chlorinated naphthalenes, including polychlorinated 
naphthalenes, are used as industrial feedstock chemicals in the 

production of cable insulation, wood preservatives, engine oil 
additives, electroplating masking compounds, and capacitor 
fluids. Large-scale production of polychlorinated naphthalenes 
in the United States ceased in 1980 (World Health Organi-
zation, 2001). Past sources of release to the environment 
included the use of polychlorinated naphthalene pesticides 
and emissions from manufacturing sites. Currently (2011), the 
primary means of release is likely to be from waste incinera-
tion and disposal of items containing chlorinated naphtha-
lenes. Formation of polychlorinated naphthalenes also has 
been shown to occur during chlorination of drinking water 
and might occur during the chlor-alkali process, as inferred 
from the reported presence of these compounds in sediment 
and biota near a chlor-alkali plant (World Health Organization, 
2001).

Including the monochloronaphthalene congeners, 
75 chlorinated naphthalene congeners are possible, each with 
varying numbers of chlorine atoms. Polychlorinated naphtha-
lenes can sorb strongly to soils and sediments, with log KOW 
and log KOC values increasing with degree of chlorination. 
The World Health Organization (2001) reported that mono-
chloronaphthalenes appear to be readily biodegradable under 
aerobic conditions but did not find information on biodegrada-
tion of polychlorinated naphthalenes. Some polychlorinated 
naphthalenes (pentachloro and hexachloro congeners) have 
large BCFs and are persistent in humans (half-lives of several 
years). Polychlorinated naphthalenes can bioaccumulate in fish 
(less so in invertebrates), and bioaccumulation increases as the 
degree of chlorination increases, except that very highly chlo-
rinated molecules (for example, octachloronaphthalene) do 
not bioaccumulate substantially, because very large molecules 
cannot pass through cell membranes (World Health Organiza-
tion, 2001). Residues of polychlorinated naphthalenes have 
been detected widely in fish, fish-eating birds, and mammals. 
When polychlorinated naphthalenes are found in fish, the con-
gener distribution generally is dominated by tetrachloro and 
pentachloro congeners (World Health Organization, 2001). 
When found in humans, the congener distribution almost 
always is dominated by two pentachloro and two hexachloro 
congeners (World Health Organization, 2001). In humans, 
dioxin-like congeners have been detected in adipose tissue, 
liver, blood, and breast milk, at lipid concentrations in the 
nanogram per kilogram range.

The few polychlorinated naphthalenes that have been 
tested for mutagenicity have not been found to be mutagenic. 
Polychlorinated naphthalenes can induce the cytochrome 
P-450 enzymes to a degree dependent on the relative num-
ber and positions of chlorine substituents. The congeners 
1,2,3,4,6,7- and 1,2,3,5,6,7-hexachloronaphthalene, and 
1,2,3,4,5,6,7-heptachloronaphthalene have been found to be 
potent inducers of ethoxyresorufin-O-deethylase and aryl 
hydrocarbon hydroxylase activity in several test systems 
(World Health Organization, 2001). Some of the effects of 
polychlorinated naphthalenes (for example, enzyme induction, 
hormonal changes, weight loss, hepatotoxicity, and reproduc-
tive toxicity) are thought to be mediated through the cytosolic 



134    Prioritization of Constituents for National- and Regional-Scale Ambient Monitoring of Water and Sediment

Ah receptor, which is similar to the mechanism operating 
with chlorinated dioxins and other halogenated hydrocarbons. 
Congeners with four lateral chlorines at the 2,3,6,7 positions 
may have comparable toxicity to the more toxic PCBs (World 
Health Organization, 2001). However, because of insufficient 
experimental data, polychlorinated naphthalenes have not been 
included in the toxic-equivalency factor (TEF) system that 
provides toxicity factors relative to 2,3,7,8-TCDD (Van den 
Berg and others, 1998). 

In acute aquatic toxicity tests, chlorinated naphthalenes 
range from practically nontoxic (for example, octachloronaph-
thalene) to moderately to highly toxic (for example, the mono-
chloro congeners). The 48-hour median lethal concentration 
(LC50—a concentration expected to cause death in 50 percent 
of test animals) values for daphnids are 1 to 2 mg/L for the 
monochloro congeners, compared to greater than 530 mg/L for 
the octachloro congener. Results for fish were similar (96-hour 
LC50 values of 2 mg/L and greater than 560 mg/L, respec-
tively). Some Halowax products (technical mixtures) have 
been found to be highly toxic to marine shrimp, with 96-hour 
LC50 concentrations ranging from 0.0075 to 0.4 mg/L (World 
Health Organization, 2001). 

One constituent in subgroup F-6 (2-chloronaphthalene) 
has been determined in NAWQA streambed-sediment samples 
as part of NWQL schedule 2502 (tables F.4A–D), but rarely 
was detected (found in 3 percent of urban streams and less 
than 1 percent of streams in other land-use settings). No 
sediment-quality benchmarks are available for this compound. 
Currently (2011), analyses for other chlorinated naphtha-
lenes are not available on NWQL schedules. Analysis of total 
polychlorinated naphthalenes by gas chromatography with 
electron-capture detection was offered until approximately 
1990 by the NWQL but was discontinued primarily because of 
cost, infrequency of detections, and lack of requests for analy-
ses (Duane S. Wydoski, U.S. Geological Survey, written com-
mun., 2010). It would be possible to add selected chlorinated 
naphthalene congeners to the halogenated sediment methods 
that are in development.

Knowledge and Concerns of Chlorinated 
Paraffins (Subgroup F-7)

The chlorinated paraffins are complex mixtures of 
chlorinated n-alkanes (30–70 percent chlorine, by weight) 
that are used as flame retardants, plasticizers, and as addi-
tives in sealants, paints, and coatings (European Chemical 
Agency, 2008). Chlorinated paraffins of various chain lengths 
currently (2011) are produced in the United States, European 
Union, India, China, Japan, Brazil, and Slovakia. These are 
short-chain chlorinated paraffins (approximately 10–13 carbon 
atoms), medium-chain chlorinated paraffins (approximately 
14–17 carbon atoms), and long-chain chlorinated paraffins 
(approximately 18–28 carbon atoms). Generally, little speci-
ficity in the chlorine content is available, and the chlorinated 
paraffins, as described in the previous sentence, probably 

include 4,000–6,000 possible individual compounds. The U.S. 
Environmental Protection Agency (2009f) has developed an 
action plan to address the manufacturing, processing, distribu-
tion in commerce, and use of short-chain chlorinated paraffins 
in the United States. Additionally, USEPA is considering a 
possible ban on short-chain chlorinated paraffins under TSCA 
section 6(a). Data on production volumes of chlorinated paraf-
fins are sparse, and USEPA plans to collect such data under 
TSCA section 5.

Short-chain chlorinated paraffins can be released dur-
ing production (including manufacturing of PVC plastics), 
storage, transportation, and use in metalworking (Stockholm 
Convention on Persistent Organic Pollutants, 2009b). Short-
chain chlorinated paraffins are subject to long-range atmo-
spheric transport, as evidenced by their detection in Arctic 
sediments, fish, and marine mammals (European Chemical 
Agency, 2008). They also have been detected in surface waters 
(including the Great Lakes), lake sediment cores, river bottom 
sediment, fish, invertebrates, marine mammals, and terrestrial 
wildlife (Stockholm Convention on Persistent Organic Pollut-
ants, 2009b).

Short-chain chlorinated paraffins are very persistent 
(predicted half-lives of 1,630 days in freshwater sediment), 
with considerable potential for bioaccumulation. Depending 
on the chlorine content and chain length, log KOW values for 
these constituents range from 4.4 to 8.0 (European Chemi-
cal Agency, 2008). Water solubilities of chlorinated paraffins 
with 10–12 carbons range from 0.40 to 0.96 mg/L (Stock-
holm Convention on Persistent Organic Pollutants, 2009b). 
In laboratory bioaccumulation studies with rainbow trout, 
the depuration half-lives of two 12-carbon highly chlorinated 
paraffins with the chemical formulas C12H16Cl10 and C12H20Cll6 
were greater than 1,000 days; less-chlorinated compounds can 
be metabolized by such fish (Stockholm Convention on Persis-
tent Organic Pollutants, 2009b). The report of the Stockholm 
Convention on Persistent Organic Pollutants (2009b) provides 
the following toxicity information: (1) the lowest no-observed-
effect concentrations that have been reported are for daphnids 
in freshwater (5 micrograms per liter); (2) the lowest reported 
no-observed-effect concentration for fish is 9.6 micrograms 
per liter for the Japanese medaka; and (3) the lowest-observed-
effect concentration in sediment for benthic organisms is 
35.5 milligrams per kilogram dry weight (obtained using an 
equilibrium-partitioning method).

Unfortunately, the best available analytical standards for 
chlorinated paraffins are technical mixtures of chlorinated 
alkanes (U.S. Environmental Protection Agency, 2009f). 
This greatly complicates congener-specific quantitation. At 
the same time, attempts to quantitate chlorinated paraffins in 
environmental samples as mixtures would be complicated by 
the fact that the various congeners vary in the degree to which 
they degrade, are metabolized, or partition between solid and 
aqueous phases. Thus, the congener patterns in environmental 
samples are altered relative to the patterns in the technical 
mixtures used as standards. This makes quantitation of the 
mass concentration of a mixture in an environmental sample 
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an imperfect pattern-recognition exercise. One alternative to 
quantitation as a mixture would be to select and obtain specific 
congeners for use as standard compounds that are representa-
tive of the types of compounds in the commercial chlorinated 
paraffin products and then base quantitation on those specific 
compounds. High-resolution mass spectrometry could provide 
an attractive means to verify the specific chemical formulas 
for chlorinated paraffin molecules in samples. Unfortunately, 
obtaining standards for the large number of individual com-
pounds is likely to be difficult and costly.

Knowledge and Concerns of Perfluorinated 
Compounds (Subgroup F-8)

The perfluorinated compounds tend to be highly fluo-
rinated. One of the most widely recognized constituents in 
this subgroup is perfluorooctane sulfonic acid (PFOS), which 
commonly has been incorporated into high-molecular-weight 
polymers used for surface treatments, paper protection, and 
performance-enhancing chemicals such as surfactants, sham-
poos, chemical intermediates, and fire-fighting foams (Organ-
isation for Economic Co-operation and Development, 2002). 
PFOS is a PBT chemical and has been linked to endocrine 
disruption. In 2009, PFOS was added to the Stockholm Con-
vention Annex B list of Persistent Organic Pollutants slated 
for restriction (Stockholm Convention press release, May 9, 
2009, http://chm.pops.int/Convention/Media/PressReleases/
COP4Geneva9May2009/tabid/542/Default.aspx). PFOS is 
highly resistant to hydrolysis, photolysis, and biodegradation 
under environmental conditions. It has potential for long-range 
atmospheric transport. The log KOW value for PFOS is not 
easily measured because of its surface-active properties. PFOS 
has been detected in drinking water, landfill leachate, sewage 
sludge, sediment downstream from a production site, vari-
ous foods (including fish, milk, and meat), fish and bivalves, 
fish-eating birds and mammals, and marine mammals (Organ-
isation for Economic Co-operation and Development, 2002; 
Woldegiorgis and others, 2006). 

In humans, PFOS has been measured in serum of workers 
with occupational exposure. Relative to those levels, PFOS 
is found at much lower concentrations in the general popula-
tion (Organisation for Economic Co-operation and Develop-
ment, 2002). Repeated exposure results in hepatotoxicity 
and mortality, and the dose-response curve for mortality 
is steep. Epidemiologic studies have shown an association 
between PFOS exposure and bladder cancer. PFOS appears 
to cause reproductive and developmental effects. The low-
est no-observed-adverse-effect level for aquatic organisms is 
0.25 mg/L for mysid shrimp (Swedish Chemicals Inspectorate 
(KemI), 2005). The Organisation for Economic Co-operation 
and Development (2002) hazard assessment indicated a need 
for a national or regional exposure assessment. In 2000, 3M, 
then the primary producer of PFOS and related compounds 
in the United States, began a phaseout of the manufacture of 
PFOS, perfluorooctanoic acid (PFOA), and related compounds 

because of concerns for widespread environmental distribution 
and toxicity (Organisation for Economic Co-operation and 
Development, 2002). In 2006, USEPA established a voluntary 
2010/2015 PFOA Stewardship Program in cooperation with 
eight chemical manufacturing companies; the goals were to 
reduce facility emissions and product content of long-chain 
perfluorinated chemicals, including PFOA, by 95 percent 
by 2010, and to work towards complete elimination of these 
chemicals by 2015 (U.S. Environmental Protection Agency, 
2012a). Four companies have met the intermediate goal of 
reducing global emissions and product content by 95 percent 
(DuPont, Daikin America, Inc., 3M/Dyneon, and Solvay 
Solexis), although the USEPA remains concerned about long-
chain perfluorinated chemicals still being produced by other 
companies not participating in the stewardship program (U.S. 
Environmental Protection Agency, 2012a). A ban on PFOS 
in Canada was proposed in 2004, and its use is restricted in 
Europe (Swedish Chemicals Inspectorate, 2005).

Knowledge and Concerns of Alkylphenols, 
Alkylphenol Ethoxylates, and Other Phenols 
(Subgroup F-9) 

The alkylphenol ethoxylates (APEOs) are nonionic 
surfactants used in textiles, paper and pulp production, plastic 
manufacturing, detergents, cleaners, household and personal-
care products, and other commercial applications (Staples 
and others, 1998). Alkylphenols are used in some industries 
and are degradates of APEOs. The alkylphenol structures in 
APEOs most commonly are variations of octylphenol and 
nonylphenol. 

Nonylphenol ethoxylates and nonylphenols are produced 
in large volumes, with uses that can lead to widespread envi-
ronmental release (U.S. Environmental Protection Agency, 
2010e). They are complex mixtures because the nonyl group 
may be linear or branched and may be positioned at various 
locations on the aromatic ring (usually para-substituted, with 
small amounts of ortho- and di-substituted nonylphenols). 
Constituent names and CASRNs are not reliably used by 
manufacturers, so it is difficult to quantify the use of these 
constituents. However, the U.S. demand for nonylphenols 
(production plus imports minus exports) in 2010 was esti-
mated to be about 380 million pounds, and U.S. consumption 
of nonylphenol ethoxylates is about 270 to 370 million pounds 
per year (U.S. Environmental Protection Agency, 2010e). 
Nonylphenols are released during production of nonylphe-
nol ethoxylates, epoxy resins, and plastics, and during use of 
cleaning products. Nonylphenol ethoxylates can be released 
from paper and textile processes and other industrial processes 
such as use of deicer formulations and cleaning products. 

In aquatic environments and during aerobic treatment of 
wastewater, APEOs can degrade by cleaving or oxidation of 
ethoxy groups, leaving relatively persistent products including 
alkylphenol mono- and di-ethoxylates, alkylphenoxy acetic 
acid, alkylphenoxypolyethoxy acetic acid, and ultimately 

http://chm.pops.int/Convention/Media/PressReleases/COP4Geneva9May2009/tabid/542/Default.aspx
http://chm.pops.int/Convention/Media/PressReleases/COP4Geneva9May2009/tabid/542/Default.aspx
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the alkylphenols. These metabolites are poorly degraded in 
wastewater- treatment plants and in rivers (Ahel and others, 
1994a,b; Kolpin and others, 2002); anaerobic conditions 
generally lead to accumulation of the alkylphenols. Nonyl-
phenol mono- and di-ethoxylates are characterized by small to 
moderate BCFs, ranging from 87 to 344 in fish and from 14 to 
3,400 in mussels (Ahel and others, 1993; U.S. Environmental 
Protection Agency, 2010e). Nonylphenols are highly toxic to 
fish, aquatic invertebrates, and aquatic plants (U.S. Environ-
mental Protection Agency, 2010e). The toxicity of nonylphe-
nol ethoxylates to aquatic organisms tends to decrease with 
increasing degree of ethoxylation. For example, Environment 
Canada (2002) estimates that nonylphenols are twice as toxic 
as nonylphenol monoethoxylate and nonylphenol diethoxyl-
ate. Alkylphenols and other metabolites are weakly estrogenic 
in fish (Jobling and Sumpter, 1993). ). Only one alkylphenol 
was determined in stream sediments as part of NAWQA Cycle 
1, namely “C8-alkyl phenol,” which is shown in this report 
as “4-octylphenol (mixed isomers).” This mixture is thought 
to consist predominantly of the branched isomer (4-tert-
octylphenol) relative to the linear isomer (4-n-octylphenol). 
This constituent (4-octylphenol (mixed isomers)) was detected 
in stream sediment at approximately 2 percent of sites (tables 
F.4A-D).

The USEPA announced new water-quality criteria for 
nonylphenols in 2006. A study in 2006–07 by USEPA and the 
USGS National Research Program laboratories in Boulder, 
Colo., found relatively large, seasonally variable concentra-
tions of APEOs in effluent and effluent-dominated stream 
waters and some indications of estrogenic effects in fish (Todd 
Nettesheim, U.S. Environmental Protection Agency, writ-
ten commun., November 14, 2007). The U.S. Environmental 
Protection Agency (2010e) recently issued an action plan for 
nonylphenols and nonylphenol ethoxylates, announcing its 
intention to initiate actions to reduce exposure to these chemi-
cals. Possible actions include voluntary phaseout of some uses, 
TSCA rulemaking, and other regulatory actions. 

The other phenols in subgroup F-9 are three nitrophe-
nols, six chlorophenols, three cresols (methylphenols), and 
six other phenols. Nitrophenols are used as intermediates 
in industrial manufacturing and processing. Environmental 
sources of nitrophenols include industrial releases to air, 
landfills, disposal by underground injection, vehicle exhausts, 
photodegradation in air of other anthropogenic aromatics 
(Agency for Toxic Substances and Disease Registry, 1992). 
Chlorophenols have been used as biocides (for example, as 
disinfectants and wood preservatives), and mono- and di-
chlorinated phenols have been used as industrial intermediates. 
Environmental sources of chlorinated phenols include indus-
trial waste discharges, landfills, application of pesticides made 
from chlorinated phenols, and chlorination of water containing 
phenols. Increasing the degree of chlorine-substitution tends to 
decrease water solubility, increase the tendency to sorb to sedi-
ments and to bioaccumulate, and increase toxicity (Agency for 
Toxic Substances and Disease Registry, 1999). 

Simple cresols (methylphenols without additional alkyl 
substituents), although technically alkylphenols, are consid-
ered separately from the alkylphenols with longer alkyl sub-
stituents described previously because they have different uses 
and are less lipophilic and tend to behave differently in the 
environment. Cresols include natural products and manufac-
tured chemicals. They are used as solvents in the manufactur-
ing of other chemicals and as disinfectants in soaps. Sources 
of cresols to the environment include disposal of manufactur-
ing wastes and burning of wood, coal, and fossil fuels (Agency 
for Toxic Substances and Disease Registry, 2008). Four of 
the six other phenols evaluated by the NTAS work group are 
HPVs, including two constituents—bisphenol A and phenol—
with production volumes in excess of 1 billion pounds in 2006 
(U.S. Environmental Protection Agency, 2011f). Bisphenol A 
is a plasticizer and has been shown to have estrogenic effects; 
the USEPA is considering regulating bisphenol A under the 
TSCA (Hogue, 2009). Phenol is toxic to humans and is used 
primarily in production of phenolic resins, which are used in 
construction, automotive and appliance industries; in produc-
tion of other reaction intermediates (including bisphenol A); 
and as a disinfectant and in medicinal products (U.S. Environ-
mental Protection Agency, 2002).

Five simple mono- or di-substituted phenols were deter-
mined in streambed sediment as part of NAWQA Cycle 1. 
The most widely detected phenols were p-cresol (detected in 
samples from more than 70 percent of urban and mixed land-
use streams) and phenol (detected in samples from 61 percent 
of urban streams and 40 percent of mixed land-use streams) 
(tables F.4A, B). Both p-cresol and phenol have aquatic-life 
benchmarks, and concentrations greater than these bench-
marks were observed at some sites. After accounting for back-
ground concentrations observed in laboratory blanks, phenol 
concentrations greater than its benchmark were observed in 
less than 1 percent of the sampled streams. Concentrations of 
p-cresol greater than the lower screening value were observed 
in samples from 18 percent of urban streams and 7 percent of 
mixed land-use streams. Detection frequencies for the three 
other simple phenols ranged from 0 to 4 percent of streams of 
all land-use types (tables F.4A, B). 

Knowledge and Concerns of Organophosphorous 
Compounds (Subgroup F-10)

Organophosphorous compounds are used as flame retar-
dants, plasticizers, antifoaming agents, and as components 
in lubricants and hydraulic fluids. Organophosphorous flame 
retardants have been replacing BDEs in the United States since 
the phaseout of the penta-BDEs and octa-BDEs began in 2002. 
Twelve of the 22 constituents in subgroup F-10 are HPVs in 
the United States, and some are HPVs in Europe (Marklund 
and others, 2005). Many organophosphorous compounds are 
chlorinated, for example, tris(2-chloroisopropyl)phosphate 
and tris(2-chloroethyl) phosphate. Examples of nonchlorinated 
organophosphorous compounds are triphenyl phosphate and 
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tris(2-butoxyethyl) phosphate. One of the 22 constituents in 
the subgroup F-10 is a mixture, namely butylated triphenyl 
phosphate.

Direct entry of organophosphorous compounds to the 
environment can occur during use (such as with flame retar-
dants applied to forest and grass fires) or indirectly because 
of volatilization and leaching from products that contain 
organophosphorous compounds (Marklund and others, 2005). 
Organophosphorous compounds have been detected in dry and 
wet deposition and in surface waters from streams across the 
United States (Kolpin and others, 2002), and are prevalent in 
sewage-treatment-plant effluents. Several studies show that 
organophosphorous compounds, especially chlorinated ones, 
tend to pass through sewage-treatment plants without being 
removed (Meyer and Bester, 2004; Marklund and others, 
2005). Some organophosphorous compounds are reported 
to be neurotoxic, and others are carcinogenic to animals. 
Some organophosphorous compounds, especially chlorinated 
organophosphorous compounds, are being reevaluated by the 
European regulatory bodies on environmental issues (Meyer 
and Bester, 2004). 

Individual organophosphorous compounds appear to vary 
in their biodegradability—for example, aerobic degradation 
occurs rapidly for triphenyl phosphate but is slow for tris(1,3-
dichloro-2-propyl) phosphate (U.S. Environmental Protection 
Agency, 2005). The generally high log KOW values for these 
constituents indicate potential for bioaccumulation. However, 
some organophosphorous compounds are metabolized by fish 
(for example, triphenyl phosphate), which limits their bioaccu-
mulation. Some constituents, such as triphenyl phosphate have 
been found (or predicted) to be moderately to highly toxic to 
aquatic organisms. Triphenylphosphine was selected as one 
of the 50 top priority chemicals recommended by Muir and 
others (2009) for consideration in Great Lakes sampling on the 
basis of potential persistence and bioaccumulation. However, 
opinions on this compound vary; for example, the European 
Chemicals Bureau (2008f) has concluded that it is not a PBT 
chemical. 

Knowledge and Concerns of Halogenated 
Dioxins and Furans (Subgroup F-11)

Most of the halogenated dioxins and furans evaluated 
by the NTAS work group are polychlorinated, and a few are 
polybrominated. When substitution with just one type of halo-
gen is considered, 75 polyhalogenated dibenzo-p-dioxins and 
135 polyhalogenated dibenzo-p-furans, including the monoha-
logenated congeners, are possible. Of the chlorinated com-
pounds, the most toxic to mammals is 2,3,7,8-TCDD (Agency 
for Toxic Substances and Disease Registry, 1998). 

Halogenated dioxins and furans can form as by-products 
of incineration and combustion processes, synthesis of vari-
ous chlorinated organic chemicals, and chlorine bleaching in 
pulp and paper mills. Their semivolatility and resistance to 
degradation have led to wide distribution in the environment. 

Halogenated dioxins have never been intentionally produced, 
except as pure compounds in small quantities for research 
(Agency for Toxic Substances and Disease Registry, 1998).

Halogenated dioxins and furans can bioaccumulate in 
aquatic organisms living in surface water and sediment and 
can be biomagnified through terrestrial and aquatic food 
chains. For the general human population, 90 percent of expo-
sure to these constituents occurs through consumption of meat, 
dairy products, and fish (Agency for Toxic Substances and 
Disease Registry, 1998). Occurrence in sediment can result 
from the same atmospheric deposition processes that lead to 
contamination of meat and dairy products. Chlorinated dioxins 
have been characterized as likely human carcinogens and are 
anticipated to increase the risk of cancer even at background 
levels of exposure (U.S. Environmental Protection Agency, 
1984). Because of their toxicities at very low concentrations 
and their tendencies to persist, chlorinated dioxin and furan 
compounds are among the “dirty dozen” Persistent Organic 
Pollutants identified by the Stockholm Convention. Regulatory 
agencies in North America and Europe have made long-term 
efforts to reduce incidental releases and human exposure that 
have resulted in downward trends in human dietary exposure 
of 9–12 percent per year in Europe (Buckley-Golder, 1999).

Knowledge and Concerns of Other 
Organohalogens (Subgroup F-12)

An organohalogen compound is defined as containing 
one or more covalent carbon-halogen bonds. In addition to the 
constituents in subgroup F-12, organohalogen compounds are 
in subgroups F-1 (PCBs), F-5 (brominated flame retardants), 
F-6 (chlorinated naphthalenes), F-7 (chlorinated paraffins), F-8 
(perfluorinated compounds), F-9 (alkylphenols, alkylphenol 
ethoxylates, and other phenols), F-10 (organophosphorus com-
pounds), and F-11 (halogenated dioxins and furans). Subgroup 
F-12 contains a variety of chlorinated aromatics, chlorinated 
anisoles, chlorinated alkenes, brominated aromatics, and 
halogenated ethers that do not fit into the other (more specific) 
Group F subgroups. 

As a general rule, increasing the degree of halogenation 
on an organohalogen causes decreasing water solubility and 
increasing lipophilicity, log KOW, resistance to microbial deg-
radation, and toxicity. For chlorinated benzenes, for example, 
the acute and chronic toxicity to fathead minnows increases 
as the number of chlorines increases from two to four; BCFs 
increase as the number of chlorines increases from two to six 
(Carlson and Kosian, 1987). 

Eight of the 47 constituents in subgroup F-12 were 
determined in streambed-sediment samples during NAWQA 
Cycle 1 (tables F.4A–D). Of these eight constituents, detection 
frequencies were highest for 1,4-dichlorobenzene (8 percent 
in samples from mixed land-use streams and 6 percent in sam-
ples from urban streams) and hexachlorobenzene (3 percent 
in mixed land-use streams and 8 percent in urban streams), 
although these constituents have different reporting levels 
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(50 µg/kg for 1,4-dichlorobenzene and 1 µg/kg for hexachlo-
robenzene). Five of the eight subgroup F-12 constituents that 
were analyzed by the NAWQA Program have aquatic-life 
benchmarks for sediment, but concentrations rarely exceeded 
benchmark values (1 percent of sites or less); the benchmarks 
exceeded were lower screening values, except for 1,4-dichlo-
robenzene at one urban site (table F.4A). 

Knowledge and Concerns of Azaarenes 
(Subgroup F-13) 

Azaarenes are PAHs in which one carbon atom in one of 
the aromatic rings is substituted with a nitrogen atom. Some 
azaarenes are produced naturally by organisms, and some 
are released into the environment from coal tar and oil shale 
processing, wood preservation, and some types of chemical 
manufacturing. Azaarenes are widely observed in water and 
sediment samples but at lower concentrations than PAHs (de 
Voogt and Lane, 2009). Azaarenes are more water soluble than 
their PAH analogues and may be more bioavailable. Two- and 
three-ringed azaarenes can be relatively easily transformed 
by bacteria, fungi, invertebrates, and vertebrates (Bleeker and 
others, 2002). As with their PAH analogues, the toxicity of 
azaarenes generally increases as the number of rings increases 
(Black and others, 1983). Baseline toxicity models, based on 
the PAH analogues, apply to azaarenes (Bleeker and others, 
2002). Mutagenicity of azaarenes generally proceeds through 
pathways similar to the PAH analogue pathways. For a given 
ring system, the position of the nitrogen atom affects the toxic-
ity. The mechanisms by which the PAHs and azaarenes lead to 
cancer are similar, except that naphthalene (two-ringed PAH) 
does not induce liver cancer but quinoline (analogous two-
ringed azaarene) does (Bleeker and others, 2002). Like PAHs, 
the azaarenes tend to photodegrade and have photoenhanced 
toxicity to algae (Wiegman and others, 2001).

Seven of the 10 azaarenes in subgroup F-13 were 
determined in streambed-sediment samples collected during 
Cycle 1, of which six were detected in samples collected from 
10 percent or more of the sites in urban or mixed land-use 
settings (tables F.4A, B). Of these, carbazole and acridine 
were widely detected (observed in more than 60 percent of 
samples from urban stream sites and in more than 30 percent 
of samples from mixed land-use sites). 

Knowledge and Concerns of Siloxanes 
(Subgroup F-14)

Siloxanes are compounds composed of repeating units 
of −Si(R′R″)−O−, wherein R′ and R″ can be a hydrogen atom 
or a hydrocarbon group (see example structure in table F.1). If 
R′ and R″ are methyl groups, the result is a dimethyl silox-
ane. The repeating units can extend to form a linear chain 
or can form a ring. The term “silicones” refers to products 
or materials containing one or more types of siloxanes. The 
physical and chemical properties of siloxanes are affected by 

(1) molecular weight, (2) the nature of the R′ and R″ groups, 
(3) whether cross-linking exists (that is, connection to another 
–Si-O– chain rather than to the R′ or R″ groups), and (4) for 
linear siloxanes, the nature of the terminal (chain-ending) 
groups. Oxidative stability is achieved when R′ and R″ are 
phenyl groups, water repellency is achieved when R′ and R″ 
are alkyl groups, and water solubility is enhanced when R′ and 
R″ are aminopropyl or polyether groups (Danish Environmen-
tal Protection Agency, 2005).

Siloxanes are used in building and construction; as addi-
tives in fuels, car polish, and cleaners; in biomedical products; 
and in personal-care products (Nordic Council of Ministers, 
2005). Cyclotetrasiloxane, cyclopentasiloxane, and cyclohex-
asiloxane are HPV chemicals in the United States. In 2002, 
the annual import/production volume was between 100 and 
500 million pounds for cyclotetrasiloxane and cyclopentasi-
loxane, respectively, and between 10 and 50 million pounds 
for cyclohexasiloxane (California Office of Environmental 
Health Hazard Assessment, 2008). Cyclopentasiloxane is 
used as a drycleaning agent and has been marketed as a safer 
alternative to tetrachloroethene (“perchloroethylene”). Silox-
anes can enter the environment upon volatilization of cyclosi-
loxanes from cosmetics; incineration or landfill disposal of 
construction materials, paints, plastic additives, and paper 
coatings; discharge of wastewaters containing cleaning agents, 
waxes, polishes, textile sizings, cosmetics, and toiletries; and 
disposal of industrial wastes (for example, heat-transfer fluids) 
and medical wastes (Danish Environmental Protection Agency, 
2005). Some siloxanes are resistant to oxidation, reduction, 
and photodegradation; reports vary regarding resistance to 
hydrolysis (Nordic Council of Ministers, 2005). In general, 
it is reasonable to conclude that siloxanes have considerable 
stability in the environment. 

Cyclic siloxanes have been found in sediment of Lake 
Ontario near Toronto (at concentrations greater than 700 
µg/kg) but not elsewhere in the lake (D. Powell, Dow Corn-
ing, unpublished data, cited by Muir and others, 2007). Studies 
covering six Nordic countries (2004−05) identified siloxanes 
in sediment, sludge, soil, water, air, fish, and mussels (Nor-
dic Council of Ministers, 2005; Schlabach and others, 2007). 
Concentrations of siloxanes typically were in the range of 
less than 5 to 100 µg/kg in sediment, freshwater fish livers, 
and marine fish livers sampled at urban/diffuse (nonpoint-
source) sites, although concentrations greater than 2,000 µg/kg 
were detected at one site each for sediment (in Denmark) 
and marine fish livers (in the Inner Oslofjord, Norway). 
Cyclic siloxanes were present at higher concentrations than 
linear siloxanes in all sampling media (Nordic Council of 
Ministers, 2005; Schlabach and others, 2007). In the Nagara 
River, Japan, siloxanes have been found in water, sediment 
(300−6,000 µg/kg), and muscle tissue of fish (360−890 µg/kg) 
(Watanabe and others, 1988). 

Siloxanes are recognized as international analytes of 
concern. Ten siloxanes were identified by Howard and Muir 
(2010) as high priority, emerging PBT chemicals of concern 
on the basis of their high predicted BCF values, persistence, 
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and high-production volumes. Bioaccumulation studies with 
goldfish and guppies (Opperhuizen and others, 1987) indicated 
rapid uptake of cyclic and linear siloxanes with 14 or fewer 
silicon units after dietary exposure and aqueous exposure. 
However, although uptake efficiencies were similar to those of 
some PCBs, the maximum amounts of the siloxanes observed 
in fish tissue never exceeded three times the daily exposure 
dose, probably because of rapid elimination. Elimination half-
lives were estimated to range from less than 1 day to less than 
5 days. Linear siloxanes with more than 14 silicon units were 
not detected in fish, probably because of reduced membrane 
permeability (Opperhuizen and others, 1987). Cyclohexasi-
loxane is expected to be less bioavailable to aquatic organisms 
than cyclotetrasiloxane and cyclopentasiloxane because of its 
high log KOW value (Environment Canada and Health Canada, 
2008a−c). 

Siloxanes are predicted to have moderate to high toxic-
ity to aquatic organisms, although in some cases (including 
cyclopentasiloxane and cyclohexasiloxane) water solubility 
values are lower than chronic toxicity values predicted by 
the USEPA’s PBT Profiler. Environment Canada and Health 
Canada (2008a−c) conducted screening assessments for 
cyclotetrasiloxane, cyclopentasiloxane, and cyclohexasiloxane 
as part of their Challenge Program. Cyclotetrasiloxane was 
identified as being toxic to sensitive pelagic aquatic organ-
isms at concentrations that are less than the measured water 
solubility of this constituent (0.056 mg/L). Cyclopentasiloxane 
caused no adverse effects on pelagic organisms in experimen-
tal studies at concentrations as much as its measured water 
solubility, although the possibility is acknowledged that “tox-
icity may manifest at the solubility limit if sufficient exposure 
and sensitive species were present” (Environment Canada and 
Health Canada, 2008a). Toxicity to benthic organisms living 
in sediment contaminated with cyclotetrasiloxane and cyclo-
pentasiloxane has been observed experimentally (Environment 
Canada and Health Canada, 2008a,c). For cyclohexasiloxane, 
no adverse effects were observed on pelagic organisms at con-
centrations as much as the measured water solubility. Because 
cyclohexasiloxane is less bioavailable than cyclotetrasiloxane 
and cyclopentasiloxane, Environment Canada and Health Can-
ada (2008b) concluded that cyclohexasiloxane is not expected 
to have adverse effects at its water solubility limit; however, 
cyclotetrasiloxane and cyclopentasiloxane might adversely 
affect fish and aquatic organisms because of their wide use and 
environmental persistence. 

Knowledge and Concerns of Resin and Rosin 
Acids (Subgroup F-15)

As used here, the term “resins” refers to hydrocarbon 
secretions of plants (especially coniferous trees) or synthetic 
versions of such secretions. (“Amber” is fossilized tree resin.) 
Typically, resins are viscous liquids composed mostly of 
terpenes plus dissolved nonvolatile solids and resin acids. 
“Rosins” are solid forms of resins, from which the volatile 

terpenes have been lost or removed. “Resin acids” typically 
have a three-ring fused skeleton with double bonds and one 
carboxyl group. They commonly have the molecular for-
mula C19H29COOH and occur in several isomeric forms. The 
most prevalent types of resin acids are abietic-type acids and 
pimaric-type acids (Baldwin and others, 1958). 

Resin and rosin acids (particularly abietic-type acids) are 
released from coniferous wood during manufacture of wood 
pulp by the kraft pulping processes. Individual resin acids have 
been measured in sediment near kraft pulp mills (Wilkins, 
Singh-Thandi, and Langdon, 1996; Wilkins, Davidson, Lang-
don, and Hendy, 1996; Travendale and others, 1995). Resin 
acids and their biodegradation products have been detected in 
sediments from shallow streams in remote forested areas (Judd 
and others, 1998). Resin acids also have been observed to bio-
accumulate in caged fish (Niimi and Lee, 1992) and freshwater 
mussels exposed to kraft mill effluent (Burggraaf and others, 
1996). In Manistee Lake (near a Superfund site) in Michigan, 
resin acids were detected in lake sediment cores, although not 
in the fish that were sampled; thermal stratification of the lake 
was a possible means of isolation of the fish from the contami-
nated sediments (Rediske and others, 2001).

The eight constituents in subgroup F-15 are complex 
mixtures of specific resin and rosin acids that have been hydro-
genated, fumarated, or reacted with alcohols or polyalcohols. 
Under TSCA, the general classification “unknown or variable 
composition, complex reaction products, or biological materi-
als” has been used to refer to the resin and rosin acids (U.S. 
Environmental Protection Agency, 2012b). Resin acids and 
rosin acids are used in a variety of products including pig-
ments, dyes, adhesives, binders, sealants, colorants, solvents, 
and strippers/de-inkers (Environment Canada and Health 
Canada, 2009a–e). Some of these substances are HPVs (U.S. 
Environmental Protection Agency, 2011f; Organisation for 
Economic Co-operation and Development, 2009). 

In chemical profiles for five of the eight constituents 
in subgroup F-15, Environment Canada and Health Canada 
(2009a–e) estimated physical and chemical properties, degrada-
tion rates, and toxicity characteristics using representative com-
pounds for each mixture. These constituents were estimated to 
have low water solubilities, low vapor pressures, low Henry’s 
Law constants, high BCFs, and high log KOC values (Environ-
ment Canada and Health Canada, 2009a–e). The resin acids 
were predicted to undergo substantial partitioning into soil and 
sediment, where they are likely to persist (sediment half-life 
greater than 700 days). These five constituents also were pre-
dicted by Environment Canada and Health Canada (2009a–e) 
to have acute toxicity to aquatic organisms at concentrations 
less than 1 mg/L. For two of these substances (CASRNs 
64365–17–9 and 65997–13–9), information submitted under 
the HPV Challenge Program reported that no acute toxicity 
was observed for either substance at nominal (that is, calcu-
lated, not measured) concentrations ranging from 1 to 1,000 
mg/L in toxicity tests with fathead minnow and daphnids (U.S. 
Environmental Protection Agency, 2011f). However, exposure 
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levels in these tests exceeded the water solubilities of the test 
substances, which were measured in the same study (less than 
0.22 and 0.15 mg/L, respectively); the nominal exposure levels 
therefore have a high degree of uncertainty and might overesti-
mate actual exposure, confounding the test results.

Resin acid compounds in wastewaters from wood process-
ing have been found to be toxic to fish at concentrations of 
200–800 μg/L (McFarlane and Clark, 1988). The most com-
monly monitored resin acids in discharges from aqueous pulp-
ing processes include abietic acid, dehydroabietic acid, neoa-
bietic acid, pimaric acid, isopimaric acid, sandaracopimaric 
acid, levopimaric acid, and palustric acid. Isopimaric acid is 
considered to be the most toxic of all the resin acids (Wilson 
and others, 1996; as reviewed by Ali and Sreekrishnan, 2001). 
In sediment, the bioavailability of these substances (similar 
to most Group F constituents with low water solubilities) will 
depend on the organism and on factors such as ambient levels 
of dissolved and particulate organic carbon; benthic organisms 
may be exposed to both dissolved and particulate-associated 
contaminants (for example, by ingestion) (Nowell and others, 
1999). 

Knowledge and Concerns of Miscellaneous 
Compounds (Subgroup F-16) 

Miscellaneous compounds not included in the previously 
described 15 subgroups in Group F span a variety of constitu-
ents, including nitroaromatic compounds, nitrosoamines, aro-
matic amines, hemoglobin adducts, organometallics, and xan-
thene dyes. Seven of the constituents in subgroup F-16 were 
determined in NAWQA streambed-sediment samples during 
Cycle 1: three nitroaromatic compounds (detected at 2 percent 
or less of urban sites), two nitrosoamine compounds (detected 
at 0 and 10 percent of urban sites), one cyclic ketone (detected 
at 1 percent of urban sites), and one quinone (anthraquinone, 
detected at 79 percent of urban sites) (table F.4A). Only one 
of these seven constituents (N-nitrosodiphenylamine) has an 
aquatic-life benchmark (a lower screening value), which was 
exceeded at 5.8 percent of urban stream sites (table F.4A). 
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Prioritization of Disinfection By-Products in Water (Group G)
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Abbreviations and Acronyms Used in Supplemental Information G
CCL3	 Contaminant Candidate List 3 (USEPA)

DBP	 disinfection by-product

GC/MS 	 gas chromatography with mass spectrometry

GC/MS/MS	 gas chromatography with tandem mass spectrometry

HH	 human health

HPV	 high production volume

LC/MS/MS	 high-performance liquid chromatography with tandem mass spectrometry

LS	 laboratory schedule

LT-MDL	 long-term method detection level (USGS NWQL)

MCL	 Maximum Contaminant Level (drinking-water-quality benchmark, USEPA)

NAWQA	 National Water-Quality Assessment (USGS)

NDMA	 N-nitrosodimethylamine

NDPA	 N-nitrosodi-n-propylamine

NTAS	 National Target Analyte Strategy (USGS NAWQA)

NWQL	 National Water Quality Laboratory (USGS)
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Toxics Program	 Toxic Substances Hydrology Program (USGS)

UCMR	 Unregulated Contaminant Monitoring Rule; UCMR 2, second cycle of UCMR sampling (USEPA)

USEPA	 U.S. Environmental Protection Agency
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VOC	 volatile organic compound
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This supplemental information section of the report 
describes the prioritization of disinfection by-products in water 
(Group G) by the U.S. Geological Survey (USGS) National 
Target Analyte Strategy (NTAS) work group for national- and 
regional-scale ambient monitoring in the United States. This 
prioritization was done in support of planning for the third 
decade (Cycle 3) of the National Water-Quality Assessment 
(NAWQA) Program. The feasibility of implementing analyti-
cal methods for high-priority disinfection by-products, and 
knowledge and concerns about these constituents as a group, 
also are described in this section.

A total of 93 disinfection by-products (DBPs) were 
considered for prioritization for ambient monitoring in water. 
These constituents were identified through current monitoring 
programs and literature, as well as through the NTAS lists of 
human-health concern and other documentation described in 
the “Sources of Information Used to Identify and Prioritize 
Constituents” section of this report. Water was the matrix 
of interest for these constituents because DBPs can form as 
by-products of disinfection and treatment of drinking water 
or wastewater, and because these constituents generally are 
volatile or small molecules (aldehydes, acids, amides, and 
ketones) that do not tend to partition to sediment. DBPs also 
can form in ambient environmental waters if disinfectants such 
as chlorine, chlorine dioxide, or chloramine in treated water 
that has leaked or been intentionally applied (or injected) react 
with naturally occurring substances, such as organic carbon 
(U.S. Environmental Protection Agency, 2012). 

Of the 21 constituents in Group G that overlap with other 
NTAS constituent groups for water, most were prioritized 
by using the procedures described for the other constituent 
groups. Of these, seven were volatile organic compounds 
(VOCs) in Group A—bromodichloromethane, dibromochlo-
romethane, dibromomethane, dichloromethane (methylene 
chloride), tetrachloromethane (carbon tetrachloride), tribro-
momethane (bromoform), and trichloromethane (chloroform); 
all seven were prioritized using procedures described in the 
“Supplemental Information A” section. Two of the DBPs also 
are used as pesticides (Group B)—chloropicrin, which was 
prioritized using the process described for Group B1 (“Supple-
mental Information B1” section), and tetrachloromethane, 
which was prioritized as a pesticide only for sediment (Group 
B2; “Supplemental Information B2” section); the water 
prioritization for tetrachloromethane was done in Group A, 
as mentioned previously. Four DBP constituents overlap with 
Group D1 (trace elements and other inorganic constituents in 
water)—bromate, chlorate, chlorite, and perchlorate—all were 
prioritized using the procedures described in the “Supple-
mental Information D” section; of these, perchlorate also was 
prioritized using the procedures for Group I (wastewater-indi-
cators and industrial compounds in water) described in the 
“Supplemental Information I” section. In addition to perchlo-
rate, nine other constituents overlap with Group I—acetalde-
hyde, 2-chlorophenol, and seven nitrosamines (nitroso-di-n-
butylamine, N-nitrosodiethylamine, N-nitrosodimethylamine, 
N-nitrosodiphenylamine, N-nitrosodi-n-propylamine, 

N-nitrosomorpholine, and N-nitrosopyrrolidine). Of these, 
all were prioritized using the procedures for Group G and 
Group I (with equivalent outcomes) except for acetaldehyde, 
which was prioritized using the procedures for Group G 
(described in this section of the report), and 2-chlorophenol, 
N-nitrosodiphenylamine, N-nitrosodi-n-propylamine, and 
N-nitrosomorpholine, which are thought to originate pre-
dominantly from wastewater or industrial sources and were 
prioritized using the procedures for Group I (“Supplemental 
Information I” section). Several constituents also overlap with 
Group F (lipophilic organic compounds in sediment), but these 
overlaps do not present conflicts in prioritization because they 
apply to different matrixes (sediment matrix rather than the 
water matrix).

Prioritization of Disinfection By-Products in 
Water

This section describes the methods used for prioritization 
of DBP constituents in water and the results of the prioritiza-
tion. The constituents prioritized included compounds that 
currently (2011) have drinking-water standards such as Maxi-
mum Contaminant Levels (MCLs) or Health-Advisory Levels 
as those promulgated by the U.S. Environmental Protection 
Agency (2009a), as well as those that could be of future 
regulatory concern as indicated by their inclusion in the U.S. 
Environmental Protection Agency (USEPA) Contaminant Can-
didate List 3 (CCL3; U.S. Environmental Protection Agency, 
2010a), Unregulated Contaminant Monitoring Rule 2 (UCMR 
2; U.S. Environmental Protection Agency, 2010b), or High 
Production Volume (HPV) Challenge (U.S. Environmental 
Protection Agency, 2010c). 

Because the USGS Toxic Substances Hydrology Program 
(hereafter termed Toxics Program) was in the early stages of 
developing a plan for DBP research, the methods of prioritiza-
tion for DBPs were based in part on identifying collaborative 
roles for three different USGS programs—the NAWQA Pro-
gram, the National Research Program, and the Toxics Pro-
gram. The NAWQA Program aims to assess water quality on a 
national scale through routine monitoring of water (groundwa-
ter and surface water) and sediment (suspended sediment and 
streambed sediment) under ambient conditions, the National 
Research Program aims to explore emerging water-resources 
problems and provide insights into complex hydrologic pro-
cesses that are not well understood, and the Toxics Program 
aims to provide information on environmental contamination 
in order to protect human and environmental health. The meth-
ods of prioritization documented in this report were designed 
chiefly to support the objectives of the NAWQA Program and 
do not necessarily cover all of the DBP constituents that could 
be important at sites that are known or suspected to be heavily 
contaminated, such as wastewater-treatment ponds, landfills, 
or spill sites. The priorities identified in this report largely 
are focused on drinking water, where potential human-health 
effects, rather than aquatic-life effects, are of paramount 
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importance. The constituents that were prioritized were limited 
to the DBPs themselves and not their precursors (for example, 
dissolved organic carbon and organic acids), although these 
latter compounds are crucial to understanding and mitigating 
DBP formation. 

Prioritization Methods for Disinfection 
By-Products in Water

After starting with 93 constituents and eliminating those 
that were prioritized using the procedures for other constituent 
groups, the remaining 72 constituents were identified as being 
of high priority (NTAS Tier 1), intermediate priority (NTAS 
Tier 2), or low or no priority (NTAS Tier 3) by the procedure 
shown in the flow chart (fig. G.1). Constituents that are of pri-
ority to other agencies or of regulatory interest—for example, 
those listed on the USEPA’s National Primary Drinking Water 
Regulations, Unregulated Contaminant Monitoring Rule 
(UCMR), or Contaminant Candidate List 3 (CCL3)—were not 
automatically placed into Tier 1 (part A, fig. G.1); constituents 
also had to have a high human-health (HH) ranking (NTAS 
HH “bin” of 1 or 2) to be considered of high priority. Constitu-
ents on National Water Quality Laboratory (NWQL) schedules 
for which monitoring data are available, but that had long-term 
method detection levels (LT-MDLs) higher than the concen-
trations used for human-health benchmarks, were placed into 
Tier 1 (part B, figure G.1); additional data collection at rel-
evant concentrations (as low as 0.1 of their respective bench-
marks) is needed for these constituents. Constituents predicted 
to occur in water and also to be of human-health concern were 
placed into Tier 1 (part C, fig. G.1). If a constituent had been 
part of a national monitoring program, such as the second 
cycle of Unregulated Contaminant Monitoring Rule sam-
pling (UCMR 2), and was frequently detected (in greater than 
10 percent of samples) and was of human-health concern, it 
was placed into Tier 1 (part D, fig. G.1). In contrast, constitu-
ents that had evidence of nonoccurrence (detected in less than 
1 percent of samples) were placed into Tier 3, even if they met 
the criteria for a higher tier in parts A, B, or C. 

Additional evidence from scientific literature was used 
to aid in prioritizing constituents that could not be placed into 
NTAS Tier 1 or Tier 2 on the basis of information consid-
ered for parts A–D, described in the previous paragraph. For 
example, if a DBP constituent has been detected in treated 
water (Krasner and others, 2009), that constituent was placed 
no lower than Tier 2, on the basis of likelihood of occurrence. 
Many of the constituents that were placed into Tier 2 or Tier 3 
and that have no occurrence information will undergo addi-
tional review and research through the Toxics Program. 

Results of Prioritization of Disinfection 
By-Products in Water

Of the 93 constituents that were prioritized by the NTAS 
work group, 34 DBPs were placed into Tier 1, 14 were placed 

into Tier 2, and 45 were placed into Tier 3 (table G.1 at http://
pubs.usgs.gov/sir/2012/5218/downloads/tableG.xlsx). Con-
stituents that were prioritized using procedures from other 
NTAS constituent groups are identified in the first column of 
table G.1.

Basis for Prioritization of Disinfection 
By-Products in Water

One or more of the following three factors were used 
as the basis for placing DBP constituents into NTAS Tier 1: 
(1) the constituent has a human-health benchmark, but the 
constituent’s current LT-MDL is higher than this benchmark; 
(2) the constituent is expected to occur in water and is toxic 
to humans (HH bin 1 or 2); or (3) the constituent is frequently 
detected (in greater than 10 percent of samples) based on large 
monitoring datasets. A diagram illustrating the criteria for 
inclusion for each constituent in Tier 1 is shown in figure G.1. 
Information supporting the prioritization of each DBP, includ-
ing supplemental information for DBPs prioritized for other 
NTAS constituent groups, is provided in table G.2 at http://
pubs.usgs.gov/sir/2012/5218/downloads/tableG.xlsx.

In addition to constituents that have MCLs set by the 
USEPA, the constituents that are included in the USEPA’s 
UCMR 2 and CCL3 programs are of potential concern to 
human health and are being considered for future regulation. 
These and other national regulatory programs that include 
DBP constituents are listed in table G.2. The USEPA cur-
rently (2011) regulates drinking water for four trihalomethanes 
(THMs; bromodichloromethane, dibromochloromethane, 
tribromomethane, and trichloromethane) and two other Tier 1 
volatile organic compounds (VOCs) that are DBPs (dichloro-
methane and tetrachloromethane), as well as five haloacetic 
acids (dibromoacetic acid, dichloroacetic acid, monobromo-
acetic acid, monochloroacetic acid, and trichloroacetic acid), 
and two inorganic anions (bromate and chlorite). Additionally, 
the six nitrosamines that are in Tier 1 are on the UCMR 2 list, 
and five of the Tier 1 nitrosamines, two of the Tier 1 alde-
hydes, and chlorate are on the CCL3. Most of these constitu-
ents have shown mammalian carcinogenicity, genotoxicity, 
or both (Bull and others, 2007; Muellner and others, 2007; 
Richardson and others, 2007). 

Feasibility of Implementation for High-Priority 
Disinfection By-Products

DBPs have not been considered (as a class) by previous 
NAWQA (Cycle 1 and Cycle 2) studies; however, several 
DBPs are available on current NWQL laboratory schedules 
(table G.1). For example, laboratory schedule (LS) 2020—
VOCs by purge-and-trap gas chromatography with mass 
spectrometry (GC/MS)—includes dichloromethane, tetrachlo-
romethane, and the four THMs, with adequate performance 
and reporting levels. Several other DBPs are available on 
LS 1383 (GC/MS) and LS 8384 (gas chromatography with 
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Part B.
Screening of LTMDL compared
to benchmark concentrations

Part A.
Screening for priority to 

other agencies

Continue 
screening

Constituents for
potential monitoring

Continue 
screening

Constituents for potential monitoring that have 
little or no occurrence data

Part C.
Screening for predicted occurrence and human-health concerns

(Note: Persistence is not considered because some NAWQA studies 
focus on treated drinking water; that is, finished water) 

NO

NTAS
Tier 1

NTAS
Tier 1 

NTAS
Tier 3

Does the constituent have 
a USEPA drinking 

water standard (MCL or HA) 

If a constituent has a benchmark, 
was the LTMDL < 0.1 (1/10th) 

of that benchmark?

NO YES

YES

NO

YES NO

NO

Log Kow < 4 or solubility in water > 01 mol/L?

Does constituent fall in 
NTAS HH bin 1 or 2?

YES

Constituents for
potential monitoring

NTAS
Tier 2 

NTAS
Tier 1 

NTAS
Tier 3

Criteria resulting in a Tier 1 designation Screening criteria

EXPLANATION

Criteria not resulting in a Tier 1 designation

Constituents for potential monitoring that have 
occurrence data based on UCMR 2

DF < 1% (infrequently
detected) 

DF >10% (frequently
detected)

DF 1–10% (moderately
detected) 
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[All processes were considered in parallel to identify if multiple reasons would result in a Tier 1 designation. If parallel processes resulted in different prioritization results, the higher 
priority tier was retained, except where evidence of nonoccurrence (DF<1) warranted a Tier 3 designation. ACToR, Aggregated Computational Toxicology Resource database; 

DF, detection frequency; HH, human-health; NAWQA, National Water-Quality Assessment Program; NTAS, National Target Analyte Strategy; P, pathway; 
UCMR, Unregulated Contaminant Monitoring Rule; >, greater than; <, less than; %, percent; log Kow, base-10 logarithm of the octanol-water partition coefficient; 

LTMDL, long-term method detection level; mol/L, mole per liter; MCL, Maximum Contaminant Level; HA, health advisory; USEPA, U.S. Environmental Protection Agency]
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Figure G.1.  Flow chart for prioritizing disinfection by-products (DBPs) for national- and regional-scale ambient monitoring of water in 
the United States.
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electron-capture detection, with derivatization of the alde-
hydes); however, three of the Tier 1 DBPs that are on LS 
1383—N-nitrosodimethylamine (NDMA), N-nitrosodi-n-
propylamine (NDPA), and N-nitrosodiphenylamine—have 
benchmarks that are less than current (2011) reporting levels, 
so analyses of these constituents would require a change or 
modification of methods. Additional Tier 1 DBPs that are 
not available on USGS laboratory schedules would require 
method development if they are to be monitored in Cycle 3. 
The USGS Toxics Program’s research plan for DBPs also has 
identified these constituents for method development. 

Some DBPs that are not on current NWQL laboratory 
schedules might be amenable to inclusion in laboratory sched-
ules used by the NAWQA Program (for example, LS 2020) 
or could be grouped into one or more schedules that target 
constituents with similar structures (for example, haloacetic 
acids or nitrosamines). A standard method for determination of 
nitrosamines using solid-phase extraction and large-volume-
injection gas chromatography with tandem mass spectrometry 
(GC/MS/MS) has been developed (USEPA Method 521; U.S. 
Environmental Protection Agency, 2004) and could be used as 
a starting point for USGS method development and valida-
tion. The DBP N-nitrosodiphenylamine, however, is not stable 
under analysis by GC/MS/MS, which is used for USEPA 
Method 521, so this constituent would need to be analyzed by 
using high-performance liquid chromatography with tandem 
mass spectrometry (LC/MS/MS). For the remaining high-pri-
ority constituents, new methods would need to be developed 
as resources permit. Although it might be possible to combine 
several constituents into a single analytical method (for exam-
ple, haloacetic acids or nitrosamines), it is unlikely that all of 
the constituents that cannot be added to existing LSs could be 
combined in a single method (not counting the inorganic ions, 
bromate, and chlorite, which would need their own method) 
because of differences in chemical properties. 

Samples for DBP analyses will be focused on treated 
drinking water with little or no anticipated matrix interfer-
ences. Sample preservation is a concern because the current 
VOC method (LS 2020) uses hydrochloric acid as a preserva-
tive. Although the addition of hydrochloric acid to samples 
might not affect the current schedule of constituents, other 
DBPs that may be of interest can be formed by the addition of 
hydrochloric acid. Any potential interference between addi-
tional constituents and added preservatives would warrant 
evaluation as part of method validation for any DBP additions 
to LS 2020. DBPs that might be amenable to addition to LS 
2020 or LS 4024 (heated purge-and-trap with GC/MS) include 
acetaldehyde, formaldehyde, cyanogen chloride, cyanogen 
bromide, dichloroacetonitrile, and dibromoacetonitrile.

Sample-collection methods warrant consideration when 
evaluating the feasibility of monitoring for DBPs. Although 
the NAWQA Program traditionally has focused on ambient 
environmental matrixes, the occurrence of DBPs, at the tap 
or in the environment, is intrinsically related to the treatment 
(usually chlorination) of drinking water or wastewater. A suit-
able dechlorination reagent must be added to any samples of 

finished (treated) water collected in the field in order to quench 
any residual chlorine. The USEPA recommends ascorbic acid 
and maleic acid, as part of Method 524.3 for the determination 
of purgeable organic compounds in finished drinking waters 
(U.S. Environmental Protection Agency, 2009b). USGS data 
show that constituents currently (2011) included in LS 2020 
are not degraded by the addition of ascorbic acid (Valder and 
others, 2008), but additional testing would be needed to deter-
mine that dechlorination reagent(s) do not interfere with other 
constituents added to LS 2020.

Knowledge and Concerns of Disinfection 
By-Products as a Constituent Group

DBPs can form in treated drinking water or wastewater 
and can enter ambient surface-water or groundwater resources 
by way of irrigation with reclaimed wastewater or treated 
drinking water. DBPs also can form in the ambient environ-
ment when treated water leaks or is intentionally applied to 
the landscape for infiltration into aquifers, if organic carbon 
is present (U.S. Environmental Protection Agency, 2012). 
DBP precursors (for example, dissolved organic carbon and 
naturally occurring organic acids) were not considered in this 
prioritization because they are not considered contaminants, 
although these precursors are important for understanding 
and mitigating the formation of DBPs. Ambient monitoring 
of common DBP precursors in raw source waters would be of 
great interest to water-resource managers.

Some DBPs have regulatory benchmarks for drinking 
water (U.S. Environmental Protection Agency, 2009a), and 
inclusion of these constituents in U.S. regulatory and monitor-
ing programs is shown in table G.2. Compliance monitoring 
data are available for some of these constituents for drinking 
water; however, monitoring data are sparse or unavailable for 
most DBPs in ambient water resources. The increasing use of 
treated reclaimed water and wastewater from municipal and 
agricultural sources, including the increasing practice of arti-
ficial storage and recovery (particularly in the western United 
States), and leakage of treated drinking water from aging 
distribution systems, represent sources of these constituents 
to ambient groundwater and surface waters. Programmati-
cally, it would be efficient for NAWQA Cycle 3 monitoring 
to focus on those DBPs that are available on current (2011) 
NWQL laboratory schedules (for example, the THMs) or that 
are known to occur in ambient water (for example, NDMA; 
California Department of Public Health, 2009), whereas the 
Toxics Program could focus on additional DBPs that are of 
potential concern, but for which occurrence in ambient water 
has not yet been widely documented.

Although drinking-water standards have been established 
for a few DBPs, recent research (Richardson and others, 
2007) indicates that other known or suspected DBPs might be 
more toxic to humans than those currently regulated. DBPs 
with MCLs for drinking water supplied from public sys-
tems include the four THMs, five haloacetic acids, and two 
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inorganic anions (bromate and chlorite) (U.S. Environmental 
Protection Agency, 2009a). Some DBPs are included in the 
Centers for Disease Control and Prevention National Health 
and Nutrition Examination Survey (2010). Additional con-
stituents are included on USEPA’s UCMR 2 list and CCL3 
(U.S. Environmental Protection Agency, 2010a,b); these 
constituents may undergo future regulations. Concentrations 
of concern for NDMA and other nitrosamines are particularly 
low; Health-Based Screening Levels developed by the USGS 
for NDMA and NDPA are 0.0007–0.0700 microgram per liter 
and 0.005–0.500 microgram per liter, respectively (table G.1). 
Only the potential effects to human health, and not potential 
effects to aquatic life, were considered in prioritizing these 
constituents as part of the NTAS effort; however, where DBPs 
are found in the aquatic environment, their effects on aquatic 
life might be of interest to the NAWQA Program.

Largely because of the increases in the understanding of 
DBP toxicity and occurrence as a result of disinfection by free 
chlorine, some drinking-water treatment plants have experi-
mented with or implemented alternative disinfection proce-
dures (for example, ozonation) (Richardson and others, 2007), 
which might produce DBPs other than those considered for 
this report. Because disinfection of drinking water is important 
to public health, drinking-water managers have an interest in 
the relations between DBP precursors, disinfection methods, 
and DBP formation. Examples of current interest for DBPs 
include: (1) identifying DBP precursors and mitigating DBP 
formation (2) DBPs entering the environment from wastewa-
ter, (3) DBPs entering the environment through the irrigation 
of lawns, golf courses, and parks with finished drinking water 
or reclaimed wastewater, and (4) occurrence and concentra-
tions in finished drinking water.
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Abbreviations and Acronyms Used in Supplemental Information H
~	 approximately

°C	 degrees Celsius

AL	 aquatic life

atm 	 atmospheres

atm-m3/mol	 atmosphere-cubic meters per mole

CASRN	 Chemical Abstracts Service Registry Number® (American Chemical Society)

DTPA	 diethylenetriaminepentaacetic acid

EDTA	 ethylenediaminetetraacetic acid

GC/MS 	 gas chromatography with mass spectrometry

GRAS	 “Generally Recognized as Safe” list (U.S. Food and Drug Administration)

HH	 human health

HPV	 high-production volume or high-production-volume chemical

log H	 base-10 logarithm of Henry’s Gas Law constant

log KOW	 base-10 logarithm of the octanol-water partition coefficient

log pL
o 	 base-10 logarithm of vapor pressure

LS	 laboratory schedule

µg/L	 microgram per liter

MDL	 method detection limit

MTBE	 methyl tert-butyl ether

NAWQA	 National Water-Quality Assessment (USGS)

NIA	 no information available

NTAS	 National Target Analyte Strategy (USGS NAWQA)

NWQL	 National Water Quality Laboratory (USGS)

USEPA	 U.S. Environmental Protection Agency

USGS	 U.S. Geological Survey

VOC	 volatile organic compound
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This supplemental information section of the report 
describes the prioritization of high-production-volume 
chemicals in water (Group H) by the U.S. Geological Sur-
vey (USGS) National Target Analyte Strategy (NTAS) work 
group for national- and regional-scale ambient monitor-
ing in the United States in support of planning for the third 
decade (Cycle 3) of the National Water-Quality Assessment 
(NAWQA) Program. The feasibility of implementing analyti-
cal methods for high-priority high-production-volume chemi-
cals (HPVs), and knowledge and concerns of HPV chemicals 
as a constituent group, also are described in this section.

HPVs are those chemicals that are produced in or 
imported into the United States in quantities of 1 million 
pounds or more per year. HPVs span a wide range of con-
stituent classes and uses. As of the time of this prioritization 
(2011), the U.S. Environmental Protection Agency’s (USEPA) 
list of HPVs had a total of 2,782 entries, a subset of which 
were evaluated by the NTAS work group. In addition to 
discrete compounds of known identity, some of the entries on 
the USEPA’s HPV list are (1) mixtures that include only a few 
compounds (for example, xylenes, which can include ortho-, 
meta-, and para-xylenes); (2) mixtures of organic compounds 
that are poorly characterized or only very broadly defined (for 
example, various “petroleum distillate” fractions); (3) organic 
polymers; or (4) inorganic salts. 

Some chemicals appear as HPVs in multiple forms as 
separate entries. For example, ethylenediaminetetraacetic 
acid (EDTA) appears six times on the USEPA HPV list, first 
and foremost as the tetrasodium salt (Chemical Abstracts 
Services Registry Number (CASRN) 64–02–8), as the neutral 
acid (CASRN 60–00–4), and in four other forms. Entries in 
categories 2–4 in the previous paragraph were consolidated 
to reduce the number of closely related entries. This pro-
cess left 1,689 entries, which the NTAS work group called 
the “HPV1689 list.” Additional criteria were applied to the 
HPV1689 list using the screening algorithm described in the 
next section to identify those constituents with the highest 
likelihood of occurrence in ambient water, and the resulting 
list of 379 HPVs, representing 384 constituents, was priori-
tized by the NTAS work group (table H.1 at http://pubs.usgs.
gov/sir/2012/5218/downloads/tableH.xlsx). Of these 384 con-
stituents, 66 were already addressed by other NTAS constitu-
ent groups for water and did not require prioritization under 
Group H; these are listed on table H.1 with their constituent 
groups so that readers can refer to the prioritization procedures 
for those groups. 

Of the 318 constituents that were prioritized using the 
methods described for Group H, six were identified that over-
lap between Group H and other NTAS constituent groups: (1) 
one volatile organic compound (VOC) for Group A (m- and 
p-xylenes), (2) two pesticides in water for Group B1 (sulf-
carbamide and thiram), and (3) three wastewater-indicator or 
industrial compounds in water for Group I (C.I. Pigment Red 
53 [barium salt or sodium salt], decamethylcyclopentasilox-
ane, and nitroglycerin). The “m- and p-xylenes” were priori-
tized as a single constituent for Group A, as described in the 

“Supplemental Information A” section, but were prioritized 
separately as 1,3-dimethylbenzene and 1,4-dimethylbenzene 
for Group H with equivalent results. Because these two iso-
mers coelute and are not easily resolved, “m- and p-xylenes” 
are listed as a single constituent in the body of this report. 
The two pesticide HPVs were prioritized using the approach 
for Group B, described in the “Supplemental Information B” 
section because entry into the environment for these sub-
stances is thought to be mainly as pesticides; however, the 
procedure for Group B also took into account their status as 
HPVs. The constituents C.I. Pigment Red 53 and nitroglyc-
erin were prioritized using approaches for Group I (described 
in the “Supplemental Information I” section) and Group H 
(described in the following section) with equivalent results; 
the initial duplication of these constituents had resulted from 
naming differences in the literature. Decamethylcyclopentasi-
loxane was prioritized using the approach for Group I, which 
resulted in a higher tier placement (Tier 2 instead of Tier 3) 
on the basis of additional lines of evidence used for Group I. 
Several additional constituents were prioritized as lipophilic 
organic constituents in sediment (Group F) but do not rep-
resent true “overlaps,” because Groups H and F pertain to 
different matrixes (water matrix for Group H in contrast to the 
sediment matrix for Group F).

Additional constituents in other constituent groups also 
could be HPVs, beyond the 379 HPVs (representing 384 con-
stituents in table H.1) that were identified through the process 
used for Group H. The process used to identify constituents 
for Group H focused on production volumes, uses, and physi-
cal properties; whereas additional HPVs could have been 
captured by other constituent groups on the basis of additional 
information sources that were particular to a specific constitu-
ent class or use. 

Prioritization of High-Production-Volume 
Chemicals in Water

This section describes the methods used for prioritization 
of HPVs in water and the results of the prioritization. The pri-
oritization of HPVs followed the process shown in figure H.1. 
This process included reducing the HPV1689 list to the set of 
318 constituents that were prioritized for Group H, followed 
by applying criteria relating to likelihood of occurrence and 
likelihood of human-health or aquatic-life concern. Constitu-
ents were placed into one of three NTAS prioritization tiers—
Tier 1 (highest priority), Tier 2 (intermediate priority), or 
Tier 3 (low or no priority)—for ambient monitoring in water.

Prioritization Methods for High-Production-
Volume Chemicals in Water

 The prioritization of HPVs focused on a set of 318 
constituents from the HPV1689 list that were identified as 
having the highest likelihood of occurrence in ambient water. 
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1,689 HPVs

1Score rank was determined using equation 1 from
the “Prioritization Methods for High-Production
Volume Chemicals in Water” section in the text. 
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[AL, aquatic life; HH, human health; HPV, high-production volume chemical; log Kow, base-10 
logarithm of the octanol-water partition coefficient; NTAS, National Target Analyte Strategy]
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Criteria not resulting in a Tier 1 designation

Figure H.1.  Flow chart for prioritizing high-production-volume chemicals (HPVs) for national- and regional-scale monitoring 
of water in the United States.
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Information considered in ranking the constituents on the 
HPV1689 list included the following:
1.	 Upper and lower bounds for production (pounds per 

year);

2.	 End-use score (from 1 to 3, with values of 1 assigned 
to constituents used as feedstock chemicals that are not 
intentionally released directly into the environment and 
values of 3 assigned to constituents with final uses as their 
listed form, such as surfactant chemicals and methyl tert-
butyl ether);

3.	 Persistence score (1 to 3, with values of 1 assigned to the 
least persistent chemicals and values of 3 assigned to the 
most persistent chemicals);

4.	 Physical property information, including the base-10 loga-
rithm of the octanol-water partition coefficient, log KOW.
Large “scores” or values for production, end-use, per-

sistence, or negative (−) log KOW for a constituent can indi-
vidually contribute to that constituent’s tendency to occur in 
ambient waters. Constituents on the HPV1689 list were ranked 
for expected occurrence in water by use of an algorithm 
formulated by an ad hoc group at Portland State University 
(Oregon) (James F. Pankow, Portland State Univeristy, written 
commun., 2009):

Score = ½log [Production (low end)] + 1.0 × End-Use Score + 
1.0 × Persistence Score – ½ log KOW (binned 1–6). 	 (1) 

Constituents with high scores from equation 1 tend to be 
those that are heavily produced, found unchanged in industrial 
and consumer products, persistent, or soluble in water. For 
the HPV1689 list, the maximum score was 9.5, the minimum 
score was 2.5, and several HPVs were tied at various scores. 
For example, methyl tert-butyl ether (MTBE) shared third 
place with six other constituents with a score of 9.0. The top 
379 constituents had scores ranging from 9.50 to 6.85. The 
380th-ranked constituent had a score of 6.52; this natural 
break in the scores was selected as cutoff for defining the set 
of Group H constituents. The top 379-ranked HPVs (table H.1) 
comprised the top 22.4 percent of the HPV1689 list. 

The 384 constituents in the “top 379” list were screened 
to identify those that were already covered by other NTAS 
constituent groups; for example, some of the HPVs are VOCs 
that were prioritized for Group A. The prioritization process 
for Group H was designed to focus on those constituents that 
were not already under consideration by other groups; how-
ever, a few overlapping constituents not initially recognized as 
such were prioritized for Group H as well as for other NTAS 
constituent groups (table H.1). The 318 constituents prioritized 
for Group H were divided into two sets—constituents with a 
score rank of 100 or less and constituents with a score rank of 
101 to 379 (fig. H.1). Constituents were further evaluated on 
the basis of additional criteria, including log KOW and concern 
to human health or aquatic life on the basis of the NTAS lists 

of human-health or aquatic-life concern, or the human-health 
(HH) or aquatic-life (AL) “bins” determined by the NTAS 
work group, as described in the “Human-Health Effects Infor-
mation from the ACToR Database” section in the main body 
of the report.

Constituents that were determined to be unstable in water 
or that were considered “safe” because they were included 
on the U.S. Food and Drug Administration’s (2010) “Gener-
ally Recognized as Safe” (GRAS) list were placed into NTAS 
Tier 3. Constituents ranked 101 to 379 that were not found on 
the NTAS lists of human-health concern or aquatic-life con-
cern also were placed into Tier 3. Those that were not placed 
into Tier 3 were evaluated further as shown in figure H.1 and 
tables H.2, H.3, and H4 at http://pubs.usgs.gov/sir/2012/5218/
downloads/tableH.xlsx, on the basis of the following criteria: 

•	  NTAS Tier 1: Log KOW less than 4 and of known 
human-health concern (HH bin 1 or 2) or known 
aquatic-life concern (AL bin 1 or 2);

•	 NTAS Tier 2: Log KOW less than 4 but with no known 
human-health concern (HH bin NIA [no information 
available]) or no known aquatic-life concern (AL bin 3 
or NIA);

•	 NTAS Tier 3: Log KOW greater than 4, regardless of the 
level of human-health concern or aquatic-life concern. 
(This criterion applies only to HPVs in water and is 
not an appropriate criterion for sediment.)

The criteria of log KOW greater than 4 was used to iden-
tify constituents that would not be of high priority for water 
because of their tendency to partition into sediment rather 
than into the aqueous phase. (A similar ranking algorithm and 
prioritization process could be used for HPVs that might be 
found in sediment; however, the log KOW term of the equation 
would have to be changed so that higher partitioning to sedi-
ment would lead to higher rankings, with higher priority going 
to constituents with higher log KOW values.) 

Results of Prioritization of High-Production-
Volume Chemicals in Water

Of the 318 HPV constituents that were identified for 
Group H as described in the previous section, 74 constitu-
ents were placed into NTAS Tier 1 (table H.2). These Tier 1 
constituents represent those HPVs that have a high likelihood 
of occurrence in water and that are of concern with respect 
to human health or aquatic life. An additional 54 constituents 
were placed into Tier 2 (table H.3), including three overlap-
ping constituents (two pesticides and one wastewater-indicator 
or industrial compound) that were prioritized using approaches 
described for other constituent groups (Group B and Group I). 
A total of 190 constituents were placed into Tier 3 (table H.4). 
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Feasibility of Implementation for High-Priority 
High-Production-Volume Chemicals in Water

Physical and chemical properties for those HPVs that 
were identified as being of high priority (Tier 1) for ambi-
ent monitoring are listed in table H.2, which also shows the 
constituents that currently (2011) are not on laboratory sched-
ules (LSs) at the USGS National Water Quality Laboratory 
(NWQL). Many of the HPVs that were prioritized for constitu-
ent groups other than Group H already have analytical meth-
ods and would not require additional method development by 
the start of NAWQA Cycle 3 monitoring. In contrast, more 
than one-half of the 74 Tier 1 HPV constituents that were pri-
oritized for Group H are not available on current (2011) LSs 
and would require some degree of method development by the 
start of NAWQA Cycle 3 monitoring. The Methods Research 
and Development Program group at the NWQL is examining 
the feasibility of adding 22 HPVs that are VOCs to LS 2020 
(table H.5 at http://pubs.usgs.gov/sir/2012/5218/downloads/
tableH.xlsx) for analysis by purge-and-trap gas chromatogra-
phy with mass spectrometry (GC/MS) and 21 HPVs that are 
VOCs to LS 4024 or 4025 (table H.6 at http://pubs.usgs.gov/
sir/2012/5218/downloads/tableH.xlsx) for analysis by heated 
purge-and-trap GC/MS (Duane S. Wydoski, U.S. Geological 
Survey, written commun., 2010). 

A strategy for determining which analytical method 
might be appropriate for a given constituent was developed 
by considering properties such as log KOW, base-10 logarithm 
of vapor pressure (log pL

o ) in atmospheres (atm), and base-10 
logarithm of Henry’s Gas Law constant (log H) in atmosphere-
cubic meters per mole (atm-m3/mol), as well as the general 
relations that exist among such properties. For example, it can 
be shown that in a plot of log pL

o
to log KOW, compounds with 

a given Henry’s Gas Law constant H tend to plot along a line 
with a slope of –1. The relevant relation is

log log log .p H Ki i i,liq
o 3

,ow(atm) (atm-m /mol)= − + 3 9 	 (2)

The derivation of equation (2) is provided in Appendix 
H.1. Because compounds that can be purged from water 
require a certain minimum H value, all “purgeable” com-
pounds plot above the log pL

o
: log KOW line for that H value. 

For example, MTBE is a compound that is on the cusp of 
being purgeable at room temperature, and its H value from 
the Scorecard Web site (http://www.scorecard.org/chemical-
profiles/html/mtbe.html) is approximately (~) 6 x 10-4 atm-m3/
mol at 20–25 degrees Celsius (°C). In contrast, tert-butyl alco-
hol with H of ~1 x 10-5 atm-m3/mol at 20–25°C (http://www.
scorecard.org/chemical-profiles/html/terbutyl_alcohol.html) 
requires heated purging. 

Figure H.2 shows relations between log pL
o (atm) and log 

KOW for two subsets of the HPV constituents. A red line for 
H = ~6 × 10-4 atm-m3/mol at 25°C (for example, for MTBE) 
and an orange line for H = ~1 × 10-5 atm-m3/mol at 25°C (for 
example, for tert-butyl alcohol) are shown in both figures. 
Constituents plotting above the red line might be analyzed by 

purge-and-trap GC/MS as in LS 2020, and constituents plot-
ting above the orange line might be analyzed by heated purge-
and-trap GC/MS as in LS 4024. It also should be noted that (1) 
log pL

o
 ≈ −11 atm is an approximate lower limit for analysis 

by gas chromatography; and (2) log KOW ≈ 4 can be considered 
an approximate upper relevance bound for dissolved constitu-
ents. In terms of water solubility, compounds with log KOW > 
greater than 4 would not be expected to occur to a substantial 
extent as dissolved constituents in natural water samples.

In addition to those HPVs that are VOCs and that could 
be amenable to analysis by purge-and-trap GC/MS or heated 
purge-and-trap GC/MS, the NWQL has considered method 
development for the HPVs that are chelates (Duane S. 
Wydoski, U.S. Geological Survey, written commun., 2010). 
For one of the HPVs that is a chelate, namely EDTA (Tier 1), a 
working method exists at Portland State University with a cur-
rent method detection limit (MDL) of about 1 microgram per 
liter (µg/L) (James F. Pankow, Portland State University, writ-
ten commun., 2010). Efforts are underway to lower this MDL 
to 0.1 µg/L. Work is proceeding at Portland State University to 
incorporate two other chelate HPVs, namely disodium imino-
diacetate and trisodium nitrilotriacetate (both Tier 2) into this 
method. Implementation of this method by the NWQL would 
require method validation and approval. 

With the addition of any new constituents to current 
laboratory schedules or with the development of new methods 
to accommodate high-priority HPVs, a comprehensive field 
and laboratory blank study will be needed to ensure that the 
field and laboratory methods do not result in contamination of 
environmental samples from the materials used in the field or 
laboratory. 

Knowledge and Concerns of High-Production-
Volume Chemicals in Water

The idea of considering production volume as a criterion 
when selecting constituents for monitoring in the ambient 
environment is not new; however, the launch by the USEPA 
and industry trade associations of the HPV Challenge Pro-
gram (U.S. Environmental Protection Agency, 2011) to collect 
basic hazard data for HPVs (1998) postdates the start of the 
NAWQA Program (1992). The defining characteristic of the 
HPVs as a constituent class is their production or importa-
tion into the United States in quantities of 1 million pounds 
or more per year. The likelihood of any specific HPV entering 
the environment can be only roughly estimated on the basis 
of that constituent’s end use; however, some HPVs already 
have manifested themselves in the environment; for example, 
MTBE has been widely detected by the NAWQA Program 
(Moran and others, 2005). Literature references documenting 
occurrence for many of the HPVs are provided in table H.2 
(for those in Tier 1) and table H.3 (for those in Tier 2).

Several of the high-priority HPVs that were identified 
through the NTAS prioritization process for Group H were 
already included on laboratory schedules used at the USGS 

http://www.scorecard.org/chemical-profiles/html/mtbe.html
http://www.scorecard.org/chemical-profiles/html/mtbe.html
http://www.scorecard.org/chemical-profiles/html/terbutyl_alcohol.html
http://www.scorecard.org/chemical-profiles/html/terbutyl_alcohol.html
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Benzene

Anthracene

[GC/MS, gas chromatography with mass spectrometry; 
H, Henry's Law constant in atmosphere-cubic meters per mole; 

MTBE, methyl tert-butyl ether; TBA, tert-butyl alcohol] 

EXPLANATION

Constituents that illustrate plotting positions for different 
      values of log p and log Kow
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Figure H.2.  Relation between vapor pressure (log p) and log Kow for A, 59 high-production-volume chemicals from those ranked 1 to 
100, and B, 49 high-production-volume chemicals of human-health or aquatic-life concern from those ranked 101 to 379, on the basis 
of equation 1 in the “Supplemental Information H” section.
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NWQL or were included in other NTAS constituent groups 
(table H.1). Nonetheless, several other HPVs were identified 
by the process used for Group H that had not been other-
wise identified; these constituents represent an opportunity 
for the NAWQA Program to fill a potential gap in providing 
monitoring data for these constituents. Because the Tier 1 
HPVs include many constituents that are unfamiliar to the 
water monitoring community, it is useful to list some of these 
constituents and their uses. The following discussion includes 
only a dozen of the HPVs that are considered of high priority 
for monitoring.

Hexamine (CASRN 100–97–0) is a heterocyclic organic 
compound that is used in the synthesis of plastics (particularly, 
phenolic resins), adhesives, and pharmaceuticals. Cyclohexa-
none (CASRN 108–94–1) is a cyclic ketone that is used as 
a precursor to nylon, through the production of adipic acid. 
The constituent 4-hydroxy-4-methyl-2-pentanone (CASRN 
123–42–2) is a ketone that is used in lacquers and lacquer 
thinners, and in wood stains and preservatives. The chemi-
cal N,N-dimethylformamide (CASRN 68–12–2) is an organic 
solvent used by the petrochemical sector and in the manu-
facturing of pharmaceuticals, dyes and pigments, polyvinyl 
chloride, pesticides, and other products. The constituent 
1-methoxy-2-propanol (CASRN 107–98–2) is used as a 
solvent for paints, inks, lacquers, and cleaners, and as an inert 
ingredient in some pesticides. The chemicals 2-(2-butoxye-
thoxy)ethanol (CASRN 112–34–5) and 2-(2-methoxyethoxy)
ethanol (CASRN 111–77–3) are alkoxy ethers that commonly 
are used as solvents in paints, dyes, and soaps. Dipropylene 
glycol monomethyl ether (CASRN 34590–94–8, a mixture of 
isomers) is another alkoxy ether that is used in paints, coat-
ings, inks, and cleaners. The chemical 1-methyl-2-pyrrolidone 
(CASRN 872–50–4) is a small lactam molecule that is used as 
a polar solvent by the petrochemical industry and as an inter-
mediate in the synthesis of pesticides, pharmaceuticals, and 
artificial textile fibers. The chemical 2-ethoxyethanol (CASRN 
110–80–5) is a solvent that is used in some varnish remov-
ers, degreasing solutions, and multi-purpose cleaners. EDTA 
(CASRN 60–00–4) is a chelating agent that is widely used in 
industry to sequester metal ions from aqueous solutions and in 
medicine to bind metal ions as therapy for mercury and lead 
poisoning. Oxirane (CASRN 75–21–8) is a cyclic ether that is 
used in the synthesis of glycols and other chemicals that are 
important for the production of antifreeze, brake fluids, plastic 
bottles, detergents, surfactants, and cosmetics. This partial 
recitation of HPVs and their uses illustrates the wide variety 
of chemical structures and properties in this constituent group, 
which makes these constituents difficult to classify other than 
as “HPVs.”

References for High-Production-Volume 
Chemicals in Water (Group H)

Ábalos, Manuela; Bayona, J.M.; and Ventura, Francesc; 1999, 
Development of a solid-phase microextraction GC-NPD 
procedure for the determination of free volatile amines in 
wastewater and sewage-polluted waters: Analytical Chemis-
try, v. 71, no. 16, p. 3,531–3,537.

Abbasi, Shahryar; Khani, Hossein; Gholivand, M.B.; Naghi-
pour, Ali; Farmany, Abbas; and Abbasi, Freshteh; 2009, 
A kinetic method for the determination of thiourea by its 
catalytic effect in micellar media: Spectrochimica Acta, Part 
A—Molecular and Biomolecular Spectroscopy, v. 72A, no. 
2, p. 327–331. 

Albaiges, J., Casado, F., and Ventura, F., 1986, Organic indica-
tors of groundwater pollution by a sanitary landfill: Water 
Research, v. 20, no. 9, p. 1,153–1,159.

Alonso, A., Fernández-Torroba, M.A., Tena, M.T., and Pons, 
B., 2003, Development and validation of a solid-phase 
microextraction method for the analysis of volatile organic 
compounds in groundwater samples: Chromatographia, v. 
57, no. 5–6, p. 369–378.

Biziuk, Merek; Namiesnik, J.; Czerwinski, J.; Gorlo, D.; 
Makuch, B.; Janicki, W.; Polkowska, Zaneta.; and Wolska, 
L.; 1996, Occurrence and determination of organic pollut-
ants in tap and surface waters of the Gdansk district: Journal 
of Chromatography, v. 733, no. 1–2, p. 171–183. 

Cao, Xu-N; Li, Jin-Hua; Xu, Hai-Hong; Zhan, Jia-Rong; Lin, 
Li; Yamamoto, Katsunobu; and Jin, Li-Tong; 2004, Simulta-
neous determination of aromatic amines by liquid chroma-
tography coupled with carbon nanotubes/poly (3-methyl-
thiophene) modified dual-electrode: Chromatographia, v. 
49, no. 3–4, p. 167–172.

Cappiello, Achille; Famiglini, Giorgio; Palma, Pierangela; 
Pierini, Elisabetta; Trufelli, Helga; Maggi, Chiara; Manfra, 
Loredana; and Mannozzi, Michela; 2007, Application of 
nano-FIA-Direct-EI-MS to determine diethylene glycol in 
produced formation water discharges and seawater samples: 
Chemosphere, v. 69, p. 554–560. 

Castillo, Monserrat, and Barceló, Damià, 2001, Characteriza-
tion of organic pollutants in textile wastewaters and landfill 
leachate by using toxicity-based fractionation methods 
followed by liquid and gas chromatography coupled to mass 
spectrometric detection: Analytica Chimica Acta, v. 426, no. 
2, p. 253–264. 

Clara, Manfred; Scharf, Sigrid; Scheffknecht, Christoph; and 
Gans, Oliver; 2007, Occurrence of selected surfactants in 
untreated and treated sewage: Water Research, v. 41, no. 19, 
p. 4,339–4,348.



162    Prioritization of Constituents for National- and Regional-Scale Ambient Monitoring of Water and Sediment

Clausen, Jay; Robb, Joe; Curry, Diane; and Korte, Nic; 2004, 
A case study of contaminants on military ranges—Camp 
Edwards, Massachusetts, USA: Environmental Pollution, v. 
129, no. 1, p. 13–21.

Di Marzio, W.D., Sáenz, M., Alberdi, J., Tortorelli, M., and 
Silvana, Galassi, 2005, Risk assessment of domestic and 
industrial effluents unloaded into a freshwater environment: 
Ecotoxicology and Environmental Safety, v. 61, no. 3, p. 
380–391. 

Ding, W.-H., and Pei-Chuan, T., 2003, Determination of 
alkyltrimethylammonium chlorides in river water by gas 
chromatography/ion trap mass spectrometry with electron 
impact and chemical ionization: Analytical Chemistry, v. 75, 
no. 8, p. 1,792–1,797.

Dorgerloh, Ute; Ehrhardt, Ulla; Nehls, Irene; Schmieder, 
Rosemarie; Walter, Wolfgang; Win, Tin; Hilbert, Sabine; 
and Mechler, Michaela; 2004, Interlaboratory comparison 
for the determination of highly volatile halogenated hydro-
carbons (VHHC), vinyl chloride (VC) and chlorofluorocar-
bons (CFC) in groundwater samples: Vom Wasser, v. 102, 
no. 2, p. 12–16.

Drzyzga, Oliver, 2003, Diphenylamine and derivatives in 
the environment—A review: Chemosphere, v. 53, no. 8, p. 
809–818. 

Dsikowitzky, Larissa; Schwarzbauer, Jan; Kronimus, Alexan-
der; and Littke, Ralf; 2004, The anthropogenic contribution 
to the organic load of the Lippe River (Germany)—Part 
I, Qualitative characterisation of low-molecular weight 
organic compounds: Chemosphere, v. 57, no. 10, p. 1,275–
1,288. 

Ellis, D.D., Jone, C.M., Larson, R.A., and Schaeffer, D.J., 
1982, Organic constituents of mutagenic secondary effluents 
from wastewater treatment plants: Archives of Environmen-
tal Contamination and Toxicology, v. 11, no. 3, p. 373–382.

Fedonina, V.F., Fedyainov, N.V., and Agapova, S.A., 1981, 
Determination of N-methylpyrrolidinone in river water: 
Khimiya i Tekhnologiya Vody, v. 3, no. 3, p. 237–240. 

Gaca, Jerzy, and Wejnerowska, Grazyna, 2005, Determination 
of propane chloroderivatives in environmental samples: 
Analytica Chimica Acta, v. 540, no. 1, p. 55–60.

Godejohann, Markus; Heintz, Lea; Daolio, Cristina; Berset, 
J.D.; and Muff, Daniel; 2009, Comprehensive non-targeted 
analysis of contaminated groundwater of a former ammuni-
tion destruction site using 1H-NMR and HPLC-SPE-NMR/
TOF-MS: Environmental Science and Technology, v. 43, 
no. 18, p. 7,055–7,061. 

Hendricks, A.J., Maas-Diepeveen, J.L., Noordsij, A., and 
van der Gaag, M.A., 1994, Monitoring response of XAD-
concentrated water in the Rhine delta—A major part of the 
toxic compounds remains unidentified: Water Research, v. 
28, no. 3, p. 581–198.

Hirayama, Yuichi; Ikegami, Hiroshi; Machida, Motoi; and 
Tatsumoto, Hideki; 2006, Simple and rapid determination of 
linear alkylbenzene sulfonates by in-tube solid-phase micro-
extraction coupled with liquid chromatography: Journal of 
Health Science, v. 52, no. 3, p. 228–236. 

Inoue, Norikazu; Chida, Chiyoko; Yoshida, Ken-ichi; Koike, 
Jun-ichi; Chimuro, Mayuko; and Nishimura, Kazuhiko; 
2007, Investigation of chemicals in environmental water in 
Kawasaki City: Kawasaki-shi Kogai Kenkyusho Nenpo, v. 
34, p. 35–39.

Jenkins, T.F., Leggett, D.C., Grant, C.L., and Bauer, C.F., 
1986, Reversed-phase high-performance liquid chromato-
graphic determination of nitroorganics in munitions waste-
water: Analytical Chemistry, v. 58, no. 1, p. 170–175. 

Ježová, Věra; Skládal, Jan; Eisner, Aleš; Bajerová, Petra; 
and Ventura, Karel; 2007, Determination of nitrate esters 
in water samples comparison of efficiency of solid-phase 
extraction and solid-phase microextraction: Journal of Chro-
matography, v. 1174, no. 1–2, p. 13–19. 

Jinno, K., Shimizu, T., and Uehara, N., 2007, Determination 
of hydrophilic organic compounds in river water by GC/MS 
coupled with solid-phase extraction using activated carbon 
cartridge: Bunseki Kagaku, v. 56, no. 12, p. 1,141–1,146.

Kadokami, K., 1991, Trace analysis of water-soluble com-
pounds using activated carbon extraction method: PPM, v. 
22, no. 7, p. 37–43.

Kadokami, K., Koga, M., and Otsuki, A., 1990, Gas chro-
matography/mass spectrometric determination of traces of 
hydrophilic and volatile organic compounds in water after 
preconcentration with activated carbon: Analytical Sciences, 
v. 6, no. 6, p. 843–849. 

Kawamoto, Tatsuhiko; Makihata, Nobuko; Tsuji, Hidetaka; 
and Teranishi, Kiyoshi; 1999, Annual variation in the con-
centration levels and frequency of detection of pesticides 
in water sources in Hyogo prefecture: Journal of Health 
Science, v. 45, no. 6, p. 401–411. 

Kawata, Kuniaki; Ibaraki, Tsuyoshi; Tanabe, Akiko; and 
Yasuhara, Akio; 2003, Distribution of 1,4-dioxane and N, 
N-dimethylformamide in river water from Niigata, Japan: 
Bulletin of Environmental Contamination and Toxicology, 
v. 70, no. 5, p. 876–882. 



Supplemental Information H.    163

Kawata, Kuniaki; Ibaraki, Tsuyoshi; Tanabe, Akiko; Yagoh, 
Hiroaki; Shinoda, Akiko; Suzuki, Hiroshi; and Yasuhara, 
Akio; 2001, Gas chromatographic-mass spectrometric deter-
mination of hydrophilic compounds in environmental water 
by solid-phase extraction with activated carbon fiber felt: 
Journal of Chromatography, v. 911, no. 1, p. 75–83.

Kawata, Kuniaki, and Tanabe, Akiko, 2009, Distribution and 
variation of 1,4-dioxane in water from rivers in Niigata 
including the Shinano River: Bulletin of Environmental 
Contamination and Toxicology, v. 82, no. 6, p. 673–677.

Kemmei, Tomoko; Kodama, Shuji; Muramoto, Tatsuya; 
Fujishima, Hironori; Yamamoto, Atsushi; Inoue, Yoshi-
nori; and Hayakawa, Kazuichi; 2009, Study of solid-phase 
extraction for the determination of sequestering agents in 
river water by high-performance liquid chromatography: 
Journal of Chromatography A, v. 1,216, no. 7, p. 1,109–
1,114. 

Knepper, T.P., 2003, Synthetic chelating agents and com-
pounds exhibiting complexing properties in the aquatic 
environment: Trends in Analytical Chemistry, v. 22, no. 10, 
p. 708–724.

Kolpin, D.W., Barbash, J.E., and Gilliom, R.J., 2000, Pes-
ticides in ground water of the United States, 1992–1996: 
Ground Water, v. 38, no. 6, p. 858–863. 

Koziel, J.A., and Corsi, R.L., 1998, VOC emissions from 
municipal sewers—Hot spots: Proceedings, Annual Meet-
ing of the Air and Waste Management Association, 91st, 
RP104A01/1–RP104A01/14.

Lasa, M., Garcia, R., and Millán, E., 2006, A convenient 
method for epichlorohydrin determination in water using 
headspace-solid phase microextraction and gas chromatog-
raphy: Journal of Chromatographic Science, v. 44, no. 7, p. 
438–443.

Lee, H.-B., Peart, T.E., and Svoboda, M.L., 2005, Determina-
tion of endocrine-disrupting phenols, acidic pharmaceuti-
cals, and personal-care products in sewage by solid-phase 
extraction and gas chromatography-mass spectrometry: 
Journal of Chromatography A, v. 1,094, no. 1–2, p. 122–
129. 

Leets, K., and Raudoja, H., 1979, Determination of the total 
quantity of formaldehyde and hexamethylenetetramine in 
wastewater from the manufacture of synthetic citral: Eesti 
NSV Teaduste Akadeemia Toimetised, Keemia, v. 28, no. 3, 
p. 210–211.

Ludvigsen, G.H., and Lode, Olav, 2002, Trends of pesticides 
in Norwegian streams and rivers (1996–2000): International 
Journal of Environmental Analytical Chemistry, v. 82, no. 
8–9, p. 631–643. 

Majzik, E.S., Toth, F., Benke, L., and Kiss, Zs., 2006, SPE-
LC-MS-MS determination of phenoxy acid herbicides in 
surface and ground water: Chromatographia, v. 63 (Suppl.), 
S105–S109. 

Martínez-Carballo, Elena; Sitka, Andrea; González-Barreiro, 
Carmen; Kreuzinger, Norbert; Fürhacker, Maria; Scharf, 
Sigrid; and Gans, Oliver; 2007, Determination of selected 
quaternary ammonium compounds by liquid chromatogra-
phy with mass spectrometry—Part I, Application to surface, 
waste, and indirect discharge water samples in Austria: 
Environmental Pollution, v. 145, no. 2, p. 489–496.

Merriman, J.C., Anthony, D.H.J., Kraft, J.A., and Wilkinson, 
R.J., 1991, Rainy River water quality in the vicinity of 
bleached kraft mills: Chemosphere, v. 23, no. 11–12, p. 
1,605–1,615. 

Michalowicz, Jaromir, and Duda, R.O.W., 2005, Analysis of 
chlorophenols, chlorocatechols, chlorinated methoxyphe-
nols and monoterpenes in communal sewage of Lodz and in 
the Ner River in 1999–2000: Water, Air, and Soil Pollution, 
v. 164, no. 1–4, p. 205–222. 

Miles, C.J., 2001, Determination of national survey of pes-
ticides analytes in groundwater by liquid chromatography 
with postcolumn reaction detection: Journal of Chromatog-
raphy A, v. 592, no. 1–2, p. 283–290.

Miyazaki, Terumi; Kadokami, Kiwao; and Tsukamoto, 
Hideyuki; 2001, Simultaneous determination of traces of 
hydrophilic and volatile compounds in water by solid-phase 
microextraction and GC/MS: Bunseki Kagaku, v. 50, no. 
10, p. 685–693.

Monteil-Rivera, Fanny; Beaulieu, Chantale; Deschamps, 
Stéphane; Paquet, Louise; and Hawari, Jalal; 2004, Deter-
mination of explosives in environmental water samples by 
solid-phase microextraction-liquid chromatography: Journal 
of Chromatography, v. 1048, no. 2, p. 213–221. 

Moran, M.J., Zogorski, J.S., and Squillace, P.J., 2005, MTBE 
and gasoline hydrocarbons in ground water of the United 
States: Ground Water, v. 43, no. 4, p. 615–627.

Mrklas, O., Chu, A., and Lunn, S., 2003, Determination of 
ethanolamine, ethylene glycol and triethylene glycol by ion 
chromatography for laboratory and field biodegradation 
studies: Journal of Environmental Monitoring, v. 5, no. 2, p. 
336–340. 

Nishigaki, A., Kuroiwa, C., and Shibukawa, M., 2004, Char-
acterization and determination of linear alkylbenzenesulfo-
nates in environmental water samples by high-performance 
liquid chromatography with a hydrophilic polymer column 
and electrospray ionization mass spectrometric detection: 
Analytical Sciences, v. 20, no. 1, p. 143–147. 



164    Prioritization of Constituents for National- and Regional-Scale Ambient Monitoring of Water and Sediment

Nishikawa, Yoshinori, and Okumura, Tameo, 1995, Determi-
nation of nitrilotriacetic acid and ethylenediaminetetraacetic 
acid in environmental samples as their methyl ester deriva-
tives by gas chromatography-mass spectrometry: Journal of 
Chromatography A, v. 690, no. 1, p. 109–118.

Nomura, Yoko; Ikebukuro, Kazunori; Yokoyama, Kenji; 
Takeuchi, Toshifumi; Arikawa, Yoshiko; Ohno, Shizue; and 
Karube, Isao; 1998, Application of a linear alkylbenzene 
sulfonate biosensor to river water monitoring: Biosensors 
and Bioelectronics, v. 13, no. 9, p. 1,047–1,053. 

Nowack, Bernd, 1997, Determination of phosphonates in 
natural waters by ion-pair high-performance liquid chroma-
tography: Journal of Chromatography, v. 773, no. 1–2, p. 
139–146. 

Nowack, Bernd; Kari, F.G.; Hilger, S.U.; and Sigg, Laura; 
1996, Determination of dissolved and adsorbed EDTA spe-
cies in water and sediments by HPLC: Analytical Chemis-
try, v. 68, no. 3, p. 561–566.

Nowack, Bernd; Xue, H.-B.; and Sigg, Laura; 1997, Influence 
of natural and anthropogenic ligands on metal transport dur-
ing infiltration of river water to groundwater: Environmen-
tal Science and Technology, v. 31, no. 3, p. 866–872.

Ochsenbein, Ueli; Zeh, Markus; and Berset, J.D.; 2008, Com-
paring solid phase extraction and direct injection for the 
analysis of ultra-trace levels of relevant explosives in lake 
water and tributaries using liquid chromatography-electro-
spray tandem mass spectrometry: Chemosphere, v. 72, no. 
6, p. 974–980. 

Oviedo, Claudia, and Rodríguez, Jaime, 2003, EDTA—The 
chelating agent under environmental scrutiny: Renewable 
Resources Laboratory, Universidad de Concepción Casilla 
160–C, v. 26, no. 6, p. 901–905.

Parnis, Craig, and Brooks, Peter, 2001, Semi-volatile organic 
compounds in the Campaspe River system (Victoria, Aus-
tralia): Water Research, v. 35, no. 8, p. 1,861–1,868. 

Patel, Rajmani, and Patel, K.S., 1998, Flow injection deter-
mination of anionic surfactants with cationic dyes in water 
bodies of central India: Analyst, v. 123, no. 8, p. 1,691–
1,695. 

Paune, F., Caixach, J., Espadaler, I., Om, J., and Rivera, J., 
1998, Assessment on the removal of organic chemicals 
from raw and drinking water at a Llobregat River water 
works plant using GAC: Water Research, v. 32, no. 11, p. 
3,313–3,324. 

Paxéus, Nicklas, 1996, Organic pollutants in the effluents 
of large wastewater treatment plants in Sweden: Water 
Research, v. 30, no. 5, p. 1,115–1,122.

Paxéus, Nicklas, and Schroeder, H.F., 1996, Screening for 
non-regulated organic compounds in municipal wastewater 
in Goteborg, Sweden: Water Science and Technology, v. 33, 
no. 6, p. 9–15. 

Philippaerts, J., Vanhoof, C., and Vansant, E.F., 1992, Waste-
water analysis by purge and trap capillary GC-FTIR spec-
trometry: Talanta, no. 39, v. 6, p. 681–685. 

Pietsch, J., Schmidt, W., Sacher, F., Brauch, H.J., and Worch, 
E., 1997, Flüssigchromatographische Bestimmung von 
polaren organischen Stickstoffverbindungen und deren 
Verhalten im Prozess der Trinkwasseraufbereitung [Liquid 
chromatographic determination of polar organic nitrogen 
compounds and their behaviour during drinking water treat-
ment]: Vom Wasser, v. 88, p. 119–135.

Pilipenko, A.T., Milyukin, M.V., Kuzema, A.S., and Tulyupa, 
F.M., 1988, Use of headspace analysis for determining 
volatile organic substances in liquid media by combined 
chromatography–mass spectrometry: Zhurnal Analitiches-
koi Khimii, v. 43, no. 1, p. 136–142.

Pirkko-Leena, L., Antti, M., and Rose, M., 2005, Simultane-
ous determination of DTPA, EDTA, and NTA by capillary 
electrophoresis after complexation with copper: Analytical 
and Bioanalytical Chemistry, v. 381, p. 1,264–1,271.

Puig, A., Ormad, P., Roche, P., Sarasa, J., Gimeno, E., and 
Ovelleiro, J.L., 1996, Wastewater from the manufacture 
of rubber vulcanization accelerators—Characterization, 
downstream monitoring and chemical treatment: Journal of 
Chromatography A, v. 733, no. 1–2, p. 511–522.

Quintana, J.B., and Reemtsma, Thorsten, 2007, Rapid and 
sensitive determination of ethylenediaminetetraacetic acid 
and diethylenetriaminepentaacetic acid in water samples by 
ion-pair reversed-phase liquid chromatography-electrospray 
tandem mass spectrometry: Journal of Chromatography A, 
v. 1,145, no. 1–2, p. 110–117.

Rahul, K., and Pradnva, K., 1997, Simultaneous determination 
of ε-caprolactam and ε-aminocaproic acid by high-perfor-
mance liquid chromatography: Process Control and Quality, 
v. 9, no. 1–3, p. 31–37.

Rehorek, Astrid, and Plum, Alexander, 2007, Characterization 
of sulfonated azo dyes and aromatic amines by pyrolysis 
gas chromatography/mass spectrometry: Analytical and 
Bioanalytical Chemistry, v. 388, no. 8, p. 1,653–1,662.

Rudel, R.A., Melly, S.J., Geno, P.W., Sun, Gang, and Brody, 
J.G., 1998, Identification of alkylphenols and other estro-
genic phenolic compounds in wastewater, septage, and 
groundwater on Cape Cod, Massachusetts: Environmental 
Science and Technology, v. 32, no. 7, p. 861–869.



Supplemental Information H.    165

Sacher, Frank; Lenz, Steffen; and Brauch, Heinz-Jürgen; 1997, 
Analysis of primary and secondary aliphatic amines in 
waste water and surface water by gas chromatography–mass 
spectrometry after derivatization with 2,4-dinitrofluoroben-
zene or benzenesulfonyl chloride: Journal of Chromatogra-
phy, v. 764, no. 1, p. 85–93. 

Sacher, Frank; Lochow, Erik; and Brauch, Heinz-Jürgen; 
1998, Synthetic organic complexing agents—Analysis and 
occurrence in surface waters: Vom Wasser, v. 90, p. 31–41.

Sar, S.K., Verma, Chanda, and Pandey, P.K., 2008, Spectro-
photometric determination of sodium lauryl sulphate as a 
prime anionic surfactant and contaminant in central east 
Chhattisgarh (Durg-Bhilai region): Rasayan Journal of 
Chemistry, v. 1, no. 2, p. 236–245. 

Schwarzbauer, Jan, and Heim, Sabine, 2005, Lipophilic 
organic contaminants in the Rhine River, Germany: Water 
Research, v. 39, no. 19, p. 4,735–4,748. 

Schwarzbauer, Jan; Heim, Sabine; Brinker, Sabine; and Littke, 
Ralf; 2002, Occurrence and alteration of organic contami-
nants in seepage and leakage water from a waste deposit 
landfill: Water Research, v. 36, no. 9, p. 2,275–2,287.

Semard, Gaëlle; Bruchet, Auguste; Cardinaël, Pascal; and 
Bouillon, J.P.; 2008, Use of comprehensive two-dimen-
sional gas chromatography for the broad screening of haz-
ardous contaminants in urban wastewaters: Water Science 
and Technology, v. 57, no. 12, p. 1,983–1,989.

Shiraishi, H., Yasuhara, A., and Otsuki, Akira; 1984, Uncon-
firmed organic compounds in polluted river water: Koku-
ritsu Kogai Kenkyusho Kenkyu Hokoku, v. 58, p. 66–70. 

Shiraishi, H., Yasuhara, A., and Otsuki, A., 1982, Analysis of 
organic pollutants in river waters by mass spectrometry: 
Kokuritsu Kogai Kenkyusho Kenkyu Hokoku, v. 36, p. 
177–195.

Sillanpää, M., Sorvari, J., and Sihvonen, M.L., 1996, Low-
level determination of EDTA and DTPA in natural waters by 
gas chromatography: Chromatographia, v. 42, no. 9–10.

Singh, K.P.; Basant, Nikita; Malik, Amrita; Singh, V.K.; and 
Mohan, Dinesh; 2008, Chemometrics assisted spectropho-
tometric determination of pyridine in water and wastewater: 
Analytica Chimica Acta, v. 630, no. 1, p. 10–18. 

Soliman, M.A., Pedersen, J.A., and Suffet, I.H., 2004, Rapid 
gas chromatography-mass spectrometry screening method 
for human pharmaceuticals, hormones, antioxidants and 
plasticizers in water: Journal of Chromatography A, v. 1029, 
no. 1–2, p. 223–227.

Sparham, Chris; Van Egmond, Roger; O’Connor, Sean; Hastie, 
Colin; Whelan, Mick; Kanda, Rakesh; and Franklin, Oliver; 
2008, Determination of decamethylcyclopentasiloxane in 
river water and final effluent by headspace gas chromatog-
raphy/mass spectrometry: Journal of Chromatography, v. 
1212, no. 1–2, p. 124–129. 

Sree, Usha; Bauer, Heidi; Fuerhacker, Maria; Ellinger, Rein-
hard; Schmidt, Heidrun; and Puxbaum, Hans; 2000, Hydro-
carbons emissions from a municipal wastewater treatment 
pilot plant in Vienna: Water, Air, and Soil Pollution, v. 124, 
no. 1–2, p. 177–186.

Szymanski, A., Wyrwas, B., Szymanowska, M., and 
Lukaszewski, Z., 2001, Determination of short-chained 
poly(ethylene glycols) and ethylene glycol in environmental 
samples: Water Research, v. 35, no. 15, p. 3,599–3,604. 

Thruston, A.D., Jr., Richardson, S.D., McGuire, J.M., Collette, 
T.W., and Trusty, C.D., 1991, Multispectral identification of 
alkyl and chloroalkyl phosphates from an industrial effluent: 
Journal of the American Society for Mass Spectrometry, v. 
2, no. 5, p. 419–426.

Thurman, E.M., Zimmerman, L.R., Aga, D.S., and Gilliom, 
R.J., 2001, Regional water-quality analysis of 2,4-D and 
dicamba in river water using gas chromatography-isotope 
dilution mass spectrometry: International Journal of Envi-
ronmental Analytical Chemistry, v. 79, no. 3, p. 185–198.

Trenholm, R.A., Vanderford, B.J., Drewes, J.E., and Snyder, 
S.A., 2008, Determination of household chemicals using 
gas chromatography and liquid chromatography with tan-
dem mass spectrometry: Journal of Chromatography A, v. 
1,190, no. 1–2, p. 253–262.

Tsukamoto, Masakazu, Murata, Yoshiyuki, Tada, Mikiro, and 
Shimoishi, Yasuaki, 2004, Simple determination of trace 
amounts of anionic surfactants in river water by spectropho-
tometry combined with solid-phase extraction: Bioscience, 
Biotechnology, and Biochemistry, v. 68, no. 4, p. 920–923.

Tsukioka, T., and Murakami, T., 1987, Capillary gas chromato-
graphic-mass spectrometric determination of pyridine bases 
in environmental samples: Journal of Chromatography, v. 
396, p. 319–326. 

Tsukioka, T., Ozawa, H., and Murakami, T., 1993, Gas 
chromatographic-mass spectrometric determination of lower 
aliphatic tertiary amines in environmental samples: Journal 
of Chromatography, v. 642, no. 1–2, p. 395–400.

U.S. Food and Drug Administration, 2010, Generally Rec-
ognized as Safe (GRAS): accessed February 18, 2011, at 
http://www.fda.gov/Food/IngredientsPackagingLabeling/
GRAS/ucm2006850.htm.

http://www.fda.gov/Food/IngredientsPackagingLabeling/GRAS/ucm2006850.htm
http://www.fda.gov/Food/IngredientsPackagingLabeling/GRAS/ucm2006850.htm


166    Prioritization of Constituents for National- and Regional-Scale Ambient Monitoring of Water and Sediment

U.S. Environmental Protection Agency, 2011, High Production 
Volume (HPV) Challenge—Basic information: accessed 
February 18, 2011, at http://www.epa.gov/hpv/pubs/general/
basicinfo.htm. 

Van Langenhove, H., Roelstraete, K., Schamp, N., and Hout-
meyers, J., 1985, GC-MS identification of odorous volatiles 
in wastewater: Water Research, v. 19, no. 5, p. 597–603. 

Van Stee, L.L.P., Leonards, P.E.G., Vreuls, R.J.J., and Brink-
man, U.A.T., 1999, Identification of non-target compounds 
using gas chromatography with simultaneous atomic emis-
sion and mass spectrometric detection (GC-AED/MS)—
Analysis of municipal wastewater: Cambridge, United 
Kingdom, Analyst, v. 124, no. 11, p. 1,547–1,552.

Wan, M.T., Kuo, J.-N., McPerson, B., and Pasternak, J., 
2006, Agricultural pesticide residues in farm ditches of the 
Lower Fraser Valley, British Columbia, Canada: Journal 
of Environmental Science and Health, Part B—Pesticides, 
Food Contaminants, and Agricultural Wastes, v. 41, no. 5, p. 
647–669. 

Wang, Chunxia, Wang, Yi, Kiefer, F., Yediler, A., Wang, 
Zijian, and Kettrup, A., 2003, Ecotoxicological and chemi-
cal characterization of selected treatment process effluents 
of municipal sewage treatment plant: Ecotoxicology and 
Environmental Safety, v. 56, no. 2, p. 211–217. 

Williams, G.M., Smith, B., and Ross, C.A.M., 2001, The 
migration and degradation of waste organic compounds 
in groundwater: Organic Geochemistry, v. 19, no. 4–6, p. 
531–543. 

Wu, Yuqin, Zheng, Hong, Chen, Jinlong, Zhuo, Shujuan, 
Wang, Lun, Li, Yongxin, and Zhu, Changqing, 2004, 
Spectrophotometric Method for the direct determination 
of anionic surfactant sodium dodecyl benzene sulfonate 
(SDBS) using a hydrophobic near-infrared (NIR) cationic 
cyanine dye without solvent extraction: Analytical Letters, 
v. 37, no. 4, p. 711–723. 

Yasuhara, Akio, Shiraishi, Hiroaki, Tsuji, Masahiko, and 
Okuno, Toshihide, 1981, Analysis of organic substances in 
highly polluted river water by mass spectrometry: Environ-
mental Science and Technology, v. 15, no. 5, p. 570–573. 

Yasuhara, A., Uno, Y., and Nakasugi, O., 1993, Analysis of 
chemical components in landfill leachate, Part 3: Kankyo 
Kagaku, v. 3, no. 3, p. 539–547.

Yasuhara, A., Uno, Y., Nakasugi, O., and Hosomi, M., 1992, 
Analysis of chemical components in landfill leachate, Part 
2: Kankyo Kagaku, v. 2, no. 3, p. 541–546.

You, J., Lao, W., and Wang, G., 1999, Analysis of organic pol-
lutants in sewage by supercritical fluid extraction: Chro-
matographia, v. 49, no. 7–8, p. 399–405.

http://www.epa.gov/hpv/pubs/general/basicinfo.htm
http://www.epa.gov/hpv/pubs/general/basicinfo.htm


Supplemental Information H.    167

Appendix H.1

	 When a chemical constituent i is at partitioning equilibrium between water (wat) and liquid octanol (oct), there is an 
equality of chemical activities, a, in the two liquid phases:

		  a ai i, ,wat oct= .					    (1)

With the chemical activities expressed on the mole-fraction scale, equation 1 is rewritten using the mole-fraction-scale concen-
tration values (x) and mole-fraction-scale activity coefficients (ζ):

		  x xi i i i, , , ,wat wat oct oct = .				    (2)

(Mole-fractions and activity coefficients are usually considered dimensionless.) As an example, if 0.01 mole (mol) of a constitu-
ent is present in 1 liter (L) of a water solution, the molar concentration is 0.01 mol/L. Furthermore, 1 L of such a solution weighs 
approximately (~) 1,000 grams (g), and most of the molecules are water. The molecular weight (MW) of water is 18 g/mol, so 
the liter of solution represents ~55.6 mol, and the mole fraction of the constituent in the solution is ~0.01/55.6 = 1.80 × 10-4. 

	 The activity coefficients ζi, wat and ζi, oct are measures of the interactions between a molecule of constituent i and its sur-
rounding solution (water or octanol, respectively) relative to its interactions with itself as a pure liquid. If these interactions are 
about the same, then ζi ≈ 1. If constituent i is less active in solution than in its pure liquid, then ζi is greater than 1. If constituent 
i is more active in solution than in its pure liquid, then ζi is less than 1. For most constituents of interest, octanol is relatively 
similar to pure liquid i, so that zoct

i »1 . This then gives:
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x
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,
.						      (3)

The right-hand side of equation 3 is an octanol-water partition coefficient with concentrations expressed on the mole-fraction 
scale. 

	 Now, by definition, the conventional octanol-water partition coefficient Kow gives the ratio of the concentrations, c, in 
octanol and water at equilibrium in units of grams per milliliter (g/mL):
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Noting that the total number of moles in the water phase is approximately given by the number of moles of water, and similarly 
for the octanol phase, expansion of the right-hand side of equation 3 gives: 
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» K
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where rwat is the ratio of moles of water per milliliter of water, and roct is the ratio of moles of octanol of per milliliter of octanol.

Equations (3) and (7) can be combined to give:
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Note that based on the densities, ρ, of water and octanol,
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Equations (8), (9) and (10) can be combined to give: 
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For the purposes of this derivation, the densities of water and octanol are sufficiently similar, and one can approximate that 
r rwat oct» » 1 , yielding
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An expression is needed for ζi,wat and can be obtained by considering the case of solubility (sol) equilibrium between the 
pure organic compound and water. For this case, xi,oct ≈ 1 and ζi,wat ≈ 1, and equation 2 becomes

		  xi i, ,wat
sol

watz » 1 	 (13)

so that

		  zi ix, ,/wat wat
sol» 1 .	 (14)

In general, for any concentration Ci in units of mol of i per cubic meter (m3) of water, 
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which for the case of solubility equilibrium gives:
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and so by equation 14
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and so
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Now, the Henry’s Gas Law constant Hi in units of atmospheres (atm)-m3/mol relates the gas pressure of i to the correspond-
ing aqueous concentration Ci (mol of i /m3 of wat):
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Henry’s Law equilibrium will apply under the particular conditions when the pure compound i is present so that the gas-
phase pressure p pi i= ,liq

o (atm)  (the saturation vapor pressure of pure liquid i) and the aqueous concentration is at solubility 
saturation so thatC Ci i= sol and thus obtain:
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Combining equations 19 and 21 gives:
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Combining equations 12 and 22 gives:
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Rearranging equation 23 gives:

		  p H K H Ki i i i i,liq
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,ow ,ow(atm) 55,600 7= =/ ( ) , /8 000 .	 (24)

Taking the logarithm of both sides of equation 24 gives:

		  log p H Ki i i,liq
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Supplemental Information I.

Prioritization of Wastewater-Indicator and Industrial Compounds in Water 
(Group I)

By Lisa D. Olsen, Duane S. Wydoski, and Joshua F. Valder

Abbreviations and Acronyms Used in Supplemental Information I
ACToR 	 Aggregated Computational Toxicology Resource (database, USEPA)

BHT	 butylated hydroxytoluene

CASRN	 Chemical Abstracts Service Registry Number® (American Chemical Society)

CCL3	 Contaminant Candidate List 3 (UESPA)

C.I.	 Colour Index Constitution (Colour Index International)

DF	 detection frequency

ECOTOX 	 ECOTOXicology (database, USEPA) 

GC/MS 	 gas chromatography with mass spectrometry

GRAS	 “Generally Recognized as Safe” list (U.S. Food and Drug Administration)

LC/MS/MS	 high-performance liquid chromatography with tandem mass spectrometry

log KOW	 base-10 logarithm of the octanol-water partition coefficient

LS	 laboratory schedule

NAWQA	 National Water-Quality Assessment (USGS)

NDMA	 N-nitrosodimethylamine

NDPA	 N-nitrosodi-n-propylamine

NTAS	 National Target Analyte Strategy (USGS NAWQA)

NWQL	 National Water Quality Laboratory (USGS)

PBT	 persistent, bioaccumulative, and toxic

SIM	 selected-ion monitoring

SPE	 solid-phase extraction

USEPA	 U.S. Environmental Protection Agency

USGS	 U.S. Geological Survey
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This supplemental information section of the report 
describes the prioritization of 470 wastewater-indicator and 
industrial compounds in water (Group I) by the U.S. Geologi-
cal Survey (USGS) National Target Analyte Strategy (NTAS) 
work group for national- and regional-scale ambient monitor-
ing in the United States in support of the third cycle (Cycle 3) 
of the National Water-Quality Assessment (NAWQA) Pro-
gram. The feasibility of implementing analytical methods for 
high-priority wastewater-indicator and industrial compounds, 
and knowledge and concerns of this constituent group, also 
are described in this section. Constituents evaluated for Group 
I included those that had been identified on the NTAS lists of 
human-health and aquatic-life concern, on lists of constituents 
of regulatory interest, through the scientific literature, and on 
USGS National Water Quality Laboratory (NWQL) schedules 
of wastewater-indicator or industrial compounds that could 
occur in water. They include semivolatile and nonvolatile 
organic compounds that can enter the environment through 
wastewater effluent, discharge, air pollution, or combustion, or 
through the routine use of consumer products. 

Group I excludes volatile organic compounds that were 
evaluated for Group A, except for naphthalene, a semivolatile 
organic compound that can have poor recoveries with purge-
and-trap methods, and 1,4-dioxane, a volatile compound that 
can have poor performance with unmodified purge-and-trap 
methods; these constituents were evaluated using the methods 
described in this supplemental information section, as well as 
those for Group A (as described in the “Supplemental Informa-
tion A” section). Group I also excludes constituents evaluated 
as pesticides in water (Group B1), except for 2,4,6-trichlo-
rophenol, which has nonpesticide uses and was prioritized 
using the methods described in this supplemental information 
section. Caffeine was prioritized using methods for Group C 
(pharmaceuticals and hormones in water or sediment) and 
Group I with equivalent results. Similarly, perchlorate was 
considered for Group D (trace elements and other inorganic 
constituents) and Group I and was prioritized using methods 
for both groups with equivalent results. Additional Group I 
constituents that are salts of metals prioritized for Group D 
were designated as “low priority” (NTAS Tier 3) for Group I 
because the preferred analytical approach for these constitu-
ents is to target the metals rather than their salts. Group I also 
includes nine constituents that can enter the environment from 
industrial sources or as disinfection by-products (Group G: 
disinfection by-products in water); these constituents were 
prioritized using the methods for both groups (with equivalent 
outcomes), except for acetaldehyde, which was prioritized 
using methods for Group G (as described in the “Supplemental 
Information G” section), and 2-chlorophenol, N-nitrosodi-
phenylamine, N-nitrosodi-n-propylamine, and N-nitrosomor-
pholine, which are thought to originate predominantly from 
wastewater or industrial sources and were prioritized using 
methods for Group I (described in this supplemental informa-
tion section). In addition, C.I. Pigment Red 53, decamethylcy-
clopentasiloxane, and nitroglycerin overlapped with Group H 
(high-production volume chemicals in water; described in the 

“Supplemental Information H” section). These constituents 
were prioritized using methods for both groups with equiva-
lent results for C.I. Pigment Red 53 and nitroglycerin, but with 
different results for decamethylcyclopentasiloxane, which 
was placed into a higher-priority tier for Group I (Tier 2) than 
would have been decided for Group H (Tier 3) on the basis of 
additional lines of evidence used for Group I. 

Group I also includes many lipophilic organic compounds 
that were evaluated for sediment (Group F: lipophilic organic 
compounds in sediment); these overlapping constituents have 
properties that support their occurrence in filtered water and 
in sediment. Constituents of potential interest to Groups I and 
F were evaluated using the base-10 logarithm of its octanol-
water partition coefficient (log KOW). Constituents with log 
KOW values less than 5 were considered as candidates for 
Group I because of the potential for these constituents to parti-
tion into water. Constituents with log KOW values between 5 
and 7 were considered as candidates for Group I if there was 
regulatory interest, monitoring data, or literature evidence 
supporting their occurrence in filtered water; otherwise, these 
constituents were considered only for Group F. Constituents 
with KOW values in the range of 5 to 7 are less likely to parti-
tion into water than into sediment; however, presence in water 
can occur if a contaminant has recently entered the environ-
ment through water or if a contaminant occurs in sediment that 
is in contact with water (for example, streambed sediment) 
and a small proportion of its concentration partitions into the 
water. Constituents with log KOW values of 7 or higher are not 
expected to occur in filtered water and were not evaluated 
for Group I. The Group I constituents that overlapped with 
Group F were evaluated separately for each group with criteria 
appropriate for each matrix; therefore, a constituent might be 
prioritized differently for water (Group I) than for sediment 
(Group F). Constituents in unfiltered (whole or “raw”) water 
can be represented by the combination of priorities for Group 
I for the aqueous (dissolved) fraction in the water and Group F 
for the suspended-sediment (particulate) fraction in the water. 

Prioritization of Wastewater-Indicator and 
Industrial Compounds in Water

This section describes the methods used for prioritiza-
tion of 470 wastewater-indicator and industrial compounds 
in water and describes the results and basis of that prioritiza-
tion. This prioritization was performed using information on 
constituent occurrence from USGS monitoring studies and the 
NAWQA Program, information on regulatory benchmarks, 
toxicity, physical and chemical properties from the U.S. 
Environmental Protection Agency (USEPA), and information 
on likelihood of occurrence and reasons for concern from the 
scientific literature. Constituents evaluated for Group I include 
compounds that have been analyzed by the USGS on NWQL 
laboratory schedule (LS) 1383 (priority pollutants in unfiltered 
water), LS 1433/4433 (wastewater-indicator compounds in 
filtered/unfiltered water), and LS 2502 (polycyclic aromatic 
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hydrocarbons and industrial compounds in sediment), as well 
as constituents that do not have USGS laboratory schedules. 
Some constituents can occur in multiple forms, of which 
one or more forms might be considered more important than 
the others; as is the case with some sets of isomers and with 
certain salts and their respective ions (for example, perchlorate 
ion in comparison to lithium perchlorate or other perchlorate 
salts). Constituents were prioritized into one of three NTAS 
prioritization tiers—Tier 1 (high priority for monitoring), 
Tier 2 (intermediate priority for monitoring), or Tier 3 (low 
or no priority for monitoring)—using the criteria described in 
subsequent sections and illustrated in the flow chart (fig. I.1).

Prioritization Methods for Wastewater-Indicator 
and Industrial Compounds in Water

Criteria for prioritization were divided into two cat-
egories: likelihood of occurrence and reason for concern. A 
constituent was required to meet criteria in both categories in 
order to be assigned to Tier 1 or 2. Constituents that did not 
meet the criteria for Tier 1 or 2, or that had evidence of likely 
nonoccurrence, including those that are intermediates used 
only in closed systems (limited release, if any), those that have 
been discontinued or have little documented use in the United 
States, and those that are unstable in water were placed into 
Tier 3. In addition, constituents that were on the U.S. Food 
and Drug Administration’s “Generally Recognized As Safe” 
(GRAS) list (U.S. Food and Drug Administration, 2010) were 
placed into Tier 3 as having little or no reason for concern. 

Likelihood of occurrence (fig. I.1) was determined 
on the basis of USGS or external monitoring data or from 
literature sources describing simulated or predicted occur-
rence. Constituents with detection frequencies of greater than 
1 percent were considered for placement into Tiers 1 or 2, 
after additional evaluation for reason for concern. Constituents 
without large sets of monitoring data also could be considered 
for placement into Tiers 1 or 2, pending additional evaluation 
for reason for concern, if they were identified in the literature 
as being likely to occur in the environment. Constituents with 
detection frequencies of less than 1 percent were assigned 
to Tier 3 unless other factors warranted assigning them to a 
higher-priority tier, including consideration of other datasets. 
A constituent also could be placed into Tier 3 if no evidence 
was found to support its occurrence in ambient water or if 
the constituent had evidence of likely nonoccurrence because 
of chemical instability in water, lack of persistence, or 
non-release (for example, if the constituent is used only for 
research in a controlled setting or use has been discontinued in 
the United States). 

Reasons for concern (fig. I.1) included human-health 
effects, aquatic-life effects (including chronic toxicity to fish), 
and usefulness as a tracer. Constituents with detection frequen-
cies of 10 percent or higher, or with observed concentrations 
equal to or greater than a factor of 0.1 of their respective 
regulatory benchmarks used for drinking-water quality, such 

as a USEPA Maximum Contaminant Level (U.S. Environmen-
tal Protection Agency, 2009a, 2010a) or USGS Health-Based 
Screening Level, were not required to meet additional criteria 
for reason for concern and were placed into Tier 1; otherwise, 
additional factors were considered. Constituents also were 
placed into Tier 1 if information from the USEPA ACToR 
(Aggregated Computational Toxicology Resource, http://actor.
epa.gov) database or ECOTOXicology (ECOTOX; U.S. Envi-
ronmental Protection Agency, 2011a) database placed them 
into a moderate or high NTAS “toxicity bin” or if the chronic 
value for fish obtained from the USEPA’s Persistent, Bioaccu-
mulative, and Toxic Profiles Estimated for Organic Chemicals 
(PBT Profiler) screening tool (U.S. Environmental Protection 
Agency, 2011b) was less than 10 milligrams per liter. Con-
stituents also were considered to have reason for concern if 
they were determined to be useful as a tracer of wastewater, 
leachate, or spills. Constituents that met criteria for likelihood 
of occurrence, but had little or no evidence of reason for con-
cern, were placed into Tier 2. Constituents that met criteria for 
likelihood of occurrence, but were on the U.S. Food and Drug 
Administration’s GRAS list (U.S. Food and Drug Administra-
tion, 2010), were placed into Tier 3 on the basis of having little 
or no reason for concern. Interest in a constituent by regulatory 
agencies—for example, presence on the USEPA Contami-
nant Candidate List 3 (CCL3; U.S. Environmental Protection 
Agency, 2010b)—or the international community was not by 
itself considered a reason for concern, but was used as a means 
of identifying constituents to be evaluated further on the basis 
of human-health effects, aquatic-life effects (including toxicity 
to fish), or usefulness as a tracer. 

The prioritization for the wastewater-indicator and 
industrial compounds in water took into consideration the 
lack of occurrence data and benchmarks for many of these 
constituents; thus, comparisons of concentrations relative to 
benchmarks were not used as the sole basis for prioritization. 
Supporting evidence from the aforementioned literature and 
database sources also was used in assigning constituents to one 
of the three NTAS tiers. Examples of reasons used to assign 
constituents to Tiers 1, 2, or 3 for the wastewater-indicators and 
industrial compounds in water are listed in table I.1 at http://
pubs.usgs.gov/sir/2012/5218/downloads/tableI.xls; reasons for 
prioritizations are provided for each constituent in tables I.2, 
I.3, and I.4 at http://pubs.usgs.gov/sir/2012/5218/downloads/
tableI.xls). References used to support the prioritizations are 
listed in tables I.2, I.3, and I.4 and are provided in the “Refer-
ences Cited” section of this Supplemental Information section. 

Results of Prioritization of Wastewater-Indicator 
and Industrial Compounds in Water

Of the 470 constituents evaluated for wastewater-
indicators and industrial compounds in water, 107 were 
assigned to Tier 1, 112 were assigned to Tier 2, and 251 were 
assigned to Tier 3. Constituents and information to support the 

http://actor.epa.gov
http://actor.epa.gov
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Criteria resulting in a Tier 1 designation

Screening category

Screening criteria

Tier designation

Criteria not resulting in a Tier 1 designation

Evaluate constituent for likelihood of  occurrence

Does constituent have USGS occurrence data?

YES NO

Does the constituent have a benchmark?

YES NO

Have concentrations
(other than the
maximum) been

observed at or above
0.1 of benchmark? 

YES NO

Is detection limit low
enogh (0.1) relative

to benchmark? 

YES NO

Further evaluate
constituent for effects,

usefulness as tracer, and
other considerations 

YES NO

Is the detection frequency 
1% or higher?

Is the detection
frequency 10%

or higher? 

YES NO

NTAS Tier 1:
effects 

NTAS Tier 1:
occurrence 

Does constituent have predicted occurrence
based on literature reference or model? 

YES NO

Is constituent
considered a top

priority based on the
reference or model

used?

YES NO Does constituent have
evidence of occurrence

based on literature
reference(s)? 

YES NO

Is constituent found 
widely or frequently

(that is, in 10% or
more of samples

analyzed)?

YES NO

Does compound have
evidence of

moderate or high
toxicity or effects on

aquatic life? 

YES NO

Is constituent on 
the FDA GRAS list?

YES NO

Is constituent resistent
to water treatment and

of human-health
concern?

YES NO

Is constituent useful as a
tracer of constituent or
processes of interest? 

YES NO

NTAS Tier 2:
insufficient
information 

NTAS Tier 1:
usefulness 
as a tracer

Does constituent have
evidence of instability

in water, lack of
persistence, 

nonrelease, or rapid
or extensive 

metabolism  by the
body?

YES NO

[FDA, U.S. Food and Drug Administration; GRAS, Generally Regarded As Safe; 
NTAS, National Target Analyte Strategy; %, percent] 

NTAS 
Tier 3:
lack of
effects

NTAS
Tier 1:

effects 

NTAS 
Tier 3:

lack of 
effects 

NTAS
Tier 1:

effects 

NTAS
Tier 2:

low
occur-
rence 

NTAS
Tier 3:
non-

occur-
rence 

NTAS
Tier 3:
lack of
infor-

mation

REASON FOR
CONCERN

LIKELIHOOD OF 
OCCURRENCE

EXPLANATION

Figure I.1.  Flow chart for prioritizing wastewater-indicator and industrial compounds for national- and regional-scale monitoring of 
water in the United States.
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prioritizations are provided in tables I.2 (Tier 1), I.3 (Tier 2), 
and I.4 (Tier 3).

Basis for Prioritization of Wastewater-Indicator 
and Industrial Compounds in Water

Few sources of national- or regional-scale monitoring 
data were available for the constituents in Group I. The basis 
of prioritization for those constituents with monitoring data 
is described first, followed by the basis for those constituents 
without monitoring data, which used predicted occurrence 
from literature sources and physical/chemical properties. 

Data from a USGS national reconnaissance of phar-
maceuticals and organic wastewater contaminants in the 
United States (Barnes and others, 2008; Focazio and others, 
2008) were used to assist in the prioritization of constituents 
included in NWQL LS 1433 and in the research methods 
documented in those publications. Data from this reconnais-
sance were preferred over other references because the study 
design did not explicitly target wastewater effluent as have 
many other studies for wastewater-indicator constituents 
in water. Data from these publications were reviewed for 
detection frequency and concentration. Of the 45 constituents 
evaluated using published monitoring data for LS 1433, 34 
were assigned to Tier 1, 7 were assigned to Tier 2, and 4 were 
assigned to Tier 3. One of the Tier 1 constituents, 4-tert-octyl-
phenol, with a Chemical Abstracts Service Registry Number 
(CASRN) of 140–66–9, appears in a second entry for the 
mixture of isomers (CASRNs 140–66–9 and 1806–26–4). The 
branched isomer (4-tert-octylphenol, CASRN 140–66–9) of 
this compound is likely to predominate over the linear isomer 
(4-n-octylphenol, CASRN 1806–26–4) in the environment; 
however, some laboratory methods cannot resolve the two 
isomers (Duane S. Wydoski, U.S. Geological Survey, written 
commun., 2010), so it might be necessary to report the sum of 
both isomers rather than just the 4-tert-octylphenol.

Additional constituents that were not included in the 
national reconnaissance were analyzed less systematically for 
several USGS studies using LS 1383. This dataset included 
approximately 1,360 environmental samples (Duane S. 
Wydoski, U.S. Geological Survey, written commun., Febru-
ary 2011) collected from 2003 through 2010, although several 
constituents were not analyzed in all samples and had fewer 
than 1,360 analyses. Because these data were not collected 
using a systematic spatially distributed study design, they 
might not represent the range of conditions that would be 
observed in a national- or regional-scale monitoring program. 
For this reason, constituents lacking evidence of occurrence 
in this dataset were carefully considered for other factors that 
could justify assigning them to a higher-priority tier. Constitu-
ents with detection frequencies greater than 10 percent were 
assigned to Tier 1 if they had a benchmark or other reason for 
concern. Constituents with detection frequencies between 1 
and 10 percent also were assigned to Tier 1 if the constituent 
had reason for concern, as described previously. Constituents 

with detection frequencies greater than 1 percent that did 
not meet the criteria for reason for concern were assigned to 
Tier 2 as having some evidence of occurrence in the environ-
ment. Constituents with detection frequencies of less than 1 
percent were assigned to Tier 3 unless other factors warranted 
assigning them to a higher-priority tier, including consider-
ation of other datasets or literature sources. Of 45 constituents 
evaluated on the basis of the LS 1383 data, 33 were assigned 
to Tier 1, 9 were assigned to Tier 2, and 3 were assigned to 
Tier 3.

Data from streambed-sediment samples collected by the 
NAWQA Program from 1,023 sites during 1992–2001, ana-
lyzed by using NWQL LS 2502, were used to supplement data 
from the aforementioned sources because streambed sediment 
represents a potential source of constituents to the aqueous 
phase (dissolved in water). Because whole-water sediment 
composition varies and partitioning between dissolved and 
adsorbed phases is a dynamic process, it was not possible to 
use log KOW values and detection frequencies to develop corre-
lations with constituents detected with LS 1433 or LS 1383 to 
predict which LS 2502 constituents are most likely to be found 
in water. Instead, a semi-quantitative approach was used, 
using detection frequencies (DFs) for concentrations greater 
than 50 micrograms per kilogram. The LS 2502 constituents 
were placed into Tier 1 if the constituent had a DF greater than 
1 percent and reason for concern, Tier 2 if the constituent had 
a DF greater than 1 percent and no known reason for concern, 
or Tier 3 if the constituent had a DF less than 1 percent. Each 
constituent that had previously been assigned to a tier using 
one or more of the criteria presented previously was given 
the highest-priority tier from all lines of reasoning that were 
considered (for example, a constituent considered to be Tier 1 
based on the LS 2502 data and Tier 2 based on LS 1383 data 
would be assigned to Tier 1).

Constituents on the USEPA CCL3 were prioritized using 
the criteria that were used for the other constituents. Of 27 
CCL3 constituents evaluated, 22 were assigned to Tier 1. The 
other 5 CCL3 constituents were assigned to Tier 3—benzyl 
chloride was assigned to Tier 3 because it hydrolyzes rapidly 
in water to form benzyl alcohol and is not expected to be 
found in water samples; the four perchlorate salts (ammo-
nium perchlorate, lithium perchlorate, potassium perchlorate, 
and sodium perchlorate) were assigned to Tier 3 because the 
preferred analytical approach for these constituents would be 
as perchlorate, which was assigned to Tier 1. The decision to 
place these five constituents into Tier 3 was discussed with 
USEPA CCL3 staff (Tom Carpenter, U.S. Environmental Pro-
tection Agency, Office of Groundwater and Drinking Water, 
oral commun., April 29, 2010) to ensure that information 
available from the USEPA that would have led to a different 
decision had not been overlooked.

Of the 470 constituents considered for prioritization, 
many had sparse information about environmental occurrence. 
Compound-by-compound Internet searches, using an Internet 
search strategy documented in table I.5 at http://pubs.usgs.
gov/sir/2012/5218/downloads/tableI.xls, were performed for 
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constituents that did not have information from one of the 
aforementioned sources. The search strategy was used to iden-
tify constituents with evidence of likelihood of occurrence, 
which were then evaluated further for reason for concern for 
placement into Tiers 1 or 2. Those with no evidence of likeli-
hood of occurrence were assigned to Tier 3. Each constituent 
was searched until sufficient references were found to inform 
whether the constituent is found (or is likely to be found) in 
the environment (Tier 1 or 2) or the constituent is unlikely to 
be found in the environment (Tier 3). Searching stopped when 
one or more references were found for a constituent, so not 
all search terms were used for all constituents. Unpublished 
materials sometimes were used to identify reference citations 
to help target subsequent searches onto published sources. 
USGS reports, peer-reviewed journal articles, and Government 
agency databases or Internet sites were favored over nonpub-
lished sources; however, for some constituents, the only infor-
mation that could be found was contained in non-published 
sources. These nonpublished sources omitted product market-
ing literature and were deemed to be credible for the purpose 
of determining whether a constituent was likely to occur 
widely in the environment or only in limited areas. Constitu-
ents that tend to be rapidly hydrolyzed or that had evidence 
that release to the environment is unlikely to be substantial 
(for example, compounds banned or discontinued for use in 
the United States) were assigned to Tier 3. Salts of compounds 
that warranted placement into Tier 1 or 2 (for example, salts of 
trace elements and perchlorate) were assigned to Tier 3 after 
confirming that the common ion or element had been assigned 
to the highest-priority tier supported by the combined data for 
all related compounds. References used to support the priori-
tization of constituents into Tiers 1, 2, and 3 are provided in 
tables I.2, I.3, and I.4, respectively.

Feasibility of Implementation for High-
Priority Wastewater-Indicator and Industrial 
Compounds in Water

Of the 107 constituents in Tier 1 (table I.2), 74 are avail-
able on current USGS laboratory schedules (as of 2011) or 
are in the late stages of method development. Improvements 
to analytical methods might be needed for a few compounds 
in order to achieve detection limits sufficiently less than 
USEPA Maximum Contaminant Limits or other benchmarks. 
Of the 112 constituents in Tier 2 (table I.3), 24 are available 
on USGS laboratory schedules or are in method develop-
ment and could be retained or discontinued, depending upon 
available resources. Because NAWQA previously has not 
routinely sampled for wastewater-indicators and industrial 
compounds, the schedules currently available from the NWQL 
for these constituents have not been evaluated with respect 
to NAWQA priorities. Some repackaging of schedules might 
be needed to accommodate the high-priority constituents in 
Group I. The 33 Tier 1 constituents without USGS analytical 
methods, including several CCL3 compounds with little or no 

monitoring data, warrant method development and validation, 
to the extent that this is feasible.

The 88 constituents in Tier 2 that do not currently have 
methods do not warrant method development for the purpose 
of ambient monitoring; however, these constituents might 
be reasonable additions for targeted studies that focus on 
wastewater-indicator or industrial compounds in water and 
might be of interest to the USGS Toxic Substances Hydrology 
Program. An additional eight constituents in Tier 3 that are 
on current laboratory schedules could be dropped from those 
used for NAWQA monitoring because these constituents have 
a low likelihood of occurrence in ambient waters or have little 
or no reason for concern because of their disuse, chemical 
instability, or lack of human-health or aquatic-life effects. For 
example, one of these Tier 3 constituents, butylated hydroxy-
toluene (BHT), is found on the U.S. Food and Drug Adminis-
tration GRAS list (U.S. Food and Drug Administration, 2010). 
Similarly, the 24 constituents in Tier 2 on current laboratory 
schedules could be discontinued from those schedules used for 
NAWQA monitoring if necessary to conserve resources.

The suitability of analytical methods for wastewater-indi-
cators and industrial compounds in water (Group I) will need 
to be determined after the Tier 1 and Tier 2 constituent lists 
have been shared with the NWQL and their Methods Research 
and Development Program staff. Based on a preliminary scan 
of the Tier 1 constituents by the NWQL and their Methods 
Research and Development Program staff, along with their 
current knowledge of analytical methods, a combination of gas 
chromatography with mass spectrometry (GC/MS) and high-
performance liquid chromatography with tandem mass spec-
trometry (LC/MS/MS) is the likely approach for many of these 
constituents. Several of the Tier 1 constituents are included in 
LS 1433, LS 4433, and LS 1383; however, some constituents 
in these schedules would need lower detection limits based 
on current regulatory levels, such as N-nitrosodimethylamine 
(NDMA) and N-nitrosodi-n-propylamine (NDPA). Many 
of the Tier 1 constituents in Group I that do not have USGS 
methods can be determined using GC/MS analysis coupled 
with isolation using continuous liquid-liquid extraction or 
solid-phase extraction (SPE). Some of these new constituents 
that are chemically similar to those on existing NWQL labora-
tory schedules might be amenable to addition to those sched-
ules. However, some important compound classes, such as 
organometallics and surfactants, would require development 
of more substantial methods. Recent advances in analytical 
technology warrant evaluation in order to meet the regulatory 
levels and to meet the data-quality objectives of NAWQA 
Cycle 3; these include using full-scan or selected-ion monitor-
ing (SIM) or large-volume injection for GC/MS-based analyti-
cal approaches, and direct aqueous injection for LC/MS/MS-
based analytical approaches. Some constituents likely will 
perform better using LC/MS/MS (compared to GC/MS), and 
this technique warrants consideration for developing methods 
for NAWQA Cycle 3. 

The NWQL sample capacity is about 3,000 samples 
per year for analyses in filtered water for LS 1433 (SPE with 
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GC/MS; Zaugg and others, 2002). The NWQL sample capac-
ity is about 1,000 to 1,500 samples per year for analyses of 
whole (unfiltered) water or for analyses requiring continuous 
liquid-liquid extraction or other complex sample-prepara-
tion steps; for example, LS 1383, LS 4433, or comparable 
methods. Analytical throughput is generally much higher 
for filtered water samples than for unfiltered water samples 
because of the additional labor required for the complex 
extraction steps needed for unfiltered samples. The extraction 
steps required for unfiltered samples can be more prone to 
cross-contamination compared to those used for filtered-water 
samples; the presence of sediment particles can make the 
extraction apparatus difficult to clean. For these reasons, the 
NTAS work group recommends that the Group I constituents 
be analyzed as filtered water samples. 

Several Group I constituents overlap with those in Group 
B2 (pesticides in sediment) and Group F (lipophilic organic 
constituents in sediment) and are expected to occur in both 
phases (water and sediment); therefore, the analysis of both 
water and suspended sediment would be needed to adequately 
characterize this subset of Group I constituents in the aquatic 
environment. Unfiltered (whole) water can be represented by 
the combination of a filtered-water sample and a suspended-
sediment sample if the concentration of suspended sediment 
also is measured. The sediment methods developed for Tier 1 
constituents in Groups B2 and F likely will be adequate for the 
analysis of suspended sediment in water and would comple-
ment the methods used for monitoring filtered water samples 
for Tier 1 constituents in Group I.

Knowledge and Concerns of Wastewater-
Indicator and Industrial Compounds in Water

The USGS is perceived to be a leader in documenting the 
presence of wastewater-indicator and industrial compounds 
in the environment. Monitoring for the Tier 1 constituents in 
Group I, including the CCL3 compounds that are of interest 
with respect to drinking-water regulation and that have not yet 
been routinely monitored in ambient water, would be appropri-
ate for NAWQA Cycle 3. In addition, the increasing scarcity 
of freshwater supplies for household, commercial, agricul-
tural, and industrial use has prompted an increased interest 
in wastewater recycling and reuse. For example, in 2009, the 
California State Water Resources Control Board approved 
a Recycled Water Policy that includes a goal to increase the 
use of recycled water on the basis of 2002 levels by at least 
1 million acre-feet per year by 2020 and by at least 2 million 
acre-feet per year by 2030 (California State Water Resources 
Control Board, 2011). Monitoring for the constituents with the 
highest likelihood of occurrence and reason for concern would 
provide valuable information about the quality of ambient 
water resources that could be affected by unintentional leak-
age of wastewater or by the intentional application of treated 
wastewater for which the public may have concerns about the 
efficacy of treatment. 

One issue that must be resolved for the Group I constitu-
ents is whether whole water will be represented by collecting 
paired samples of filtered water and corresponding suspended-
sediment fraction (preferred) or by collecting a single sample 
of unfiltered water. It is important for laboratories to know 
early in their planning process whether they can limit their 
method development to filtered water and sediment for these 
constituents or whether unfiltered-water methods also will be 
needed. For some analytical methods (for example, LC/MS/
MS), the analysis of unfiltered water is impractical or difficult; 
potentially labor-intensive sample-extraction methods (and 
equipment-cleaning methods) would need to be developed. 

Based on the initial review of data from LS 1433 (waste-
water compounds in filtered water), LS 1383 (semivolatile 
compounds in unfiltered water), and LS 2502 (semivolatile 
compounds in sediment), some constituents with log KOW 
values greater than 5, including some with log KOW values 
greater than 6, frequently have been detected (DF greater than 
10 percent) in filtered water, whereas other constituents with 
low log KOW values have been found in the unfiltered water or 
sediment samples. Thus, some constituents might occur in an 
environmental matrix other than the one most predicted on the 
basis of physical and chemical properties. For those constitu-
ents that overlap between Group I and Group B2 (pesticides 
in sediment) or Group F (lipophilic organic constituents in 
sediment or fish tissue), it is important to monitor the aqueous 
phase (water) concurrently with the particulate phase (sus-
pended sediment).

For those Group I constituents that tend to also occur in 
sediment, for the best results in terms of analytical practical-
ity, data quality, and scientific understanding of how these 
constituents are distributed in the environment, the use of 
in-field filtration to collect paired samples of filtered water 
and suspended sediment, is warranted. This approach, coupled 
with measurement of suspended-sediment concentration in 
the water, would provide a quantitative measure of constitu-
ent occurrence in the aqueous and particulate phases. If the 
NAWQA Cycle 3 Planning Team adopts this approach, some 
review and modification of NAWQA field protocols and addi-
tional field training likely will be needed. 

On the other hand, if the collection and analysis of 
unfiltered water samples is selected instead of the analysis of 
paired samples of filtered water and suspended sediment, the 
NWQL would need to develop additional suites of laboratory 
methods for unfiltered water to accommodate the varied (and 
likely uncharacterized) mixtures of water and sediment for 
those Group I constituents that overlap with Groups B2 and F. 
Methods for unfiltered water tend to be more labor-intensive 
and prone to cross-contamination than those for filtered 
water, and close attention to data-quality would be needed. 
If this option is selected, laboratory methods for unfiltered 
water would be needed for the high-priority constituents from 
Group  I, Group B2, and Group F.
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Abbreviations and Acronyms Used in Supplemental Information J 
AMCL	 alternative Maximum Contaminant Level (drinking-water-quality benchmark, USEPA)

CASRN	 Chemical Abstracts Service Registry Number® (American Chemical Society)

ICP/MS	 inductively coupled plasma with mass spectrometry

L	 liter

MCL	 Maximum Contaminant Level (drinking-water-quality benchmark, USEPA)

µg/L	 microgram per liter

NASQAN 	 National Stream Quality Accounting Network (USGS)

NAWQA	 National Water-Quality Assessment (USGS)

NTAS	 National Target Analyte Strategy (USGS NAWQA)

NWIS	 National Water Information System (USGS)

pCi/L	 picocurie per liter

Pb	 lead

Po	 polonium

Ra	 radium

Rn	 radon

Th	 thorium

U	 uranium

UCMR	 Unregulated Contaminant Monitoring Rule (USEPA)

USEPA	 U.S. Environmental Protection Agency

USGS	 U.S. Geological Survey
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This supplemental information section of the report 
describes the prioritization of 14 radionuclide constituents 
in water (Group J) by the U.S. Geological Survey (USGS) 
National Target Analyte Strategy (NTAS) work group for 
national- and regional-scale ambient monitoring in the United 
States in support of planning for the third decade (Cycle 3) 
of the National Water-Quality Assessment (NAWQA) Pro-
gram. The prioritization in this report addresses only naturally 
occurring radioactive isotopes because human-made radioac-
tive isotopes typically are associated with known localized 
point-source releases and are not of high priority for ambient 
water. The feasibility of implementing analytical methods for 
high-priority radionuclides, and knowledge and concerns of 
radionuclides as a constituent group, also are described in this 
section.

One radionuclide was prioritized for another NTAS 
constituent group—elemental uranium (U) was prioritized 
for Group D1 (trace metals and other inorganic constituents 
in water). However, no constituents overlapped between 
Group J and Group D1 because the prioritization in Group 
J was for the specific isotopes of uranium (234U, 235U, and 
238U) rather than for elemental uranium. Elemental uranium 
in Group D1, with a Chemical Abstracts Service Registry 
Number® (CASRN) of 7440–61–1, is a mixture composed 
predominantly of 238U (typically about 99.7 percent), with 
lesser amounts of other isotopes. In circumstances in which 
radionuclides (or their contributions to overall radioactivity) 
are of interest, it is usually preferable to monitor for specific 
isotopes; however, occurrence data for elemental uranium can 
be useful in identifying sites where uranium is present and 
where monitoring of specific isotopes would likely yield valu-
able information. The presence of 234U or 235U can contribute 
to overall radioactivity and can result in activities in water 
that are greater than benchmarks for human health (table J.1 at 
http://pubs.usgs.gov/sir/2012/5218/downloads/tableJ.xlsx). 

Prioritization of Radionuclides in Water

This section describes the methods used to prioritize 
radionuclides in water and the results of the prioritization. 
USGS monitoring data for nine isotopic radionuclides are 
available and include data from NAWQA Cycles 1 and 2 for 
groundwater (table J.1); these include three radium isotopes 
(224Ra, 226Ra, 228Ra), three uranium isotopes (234U, 235U, and 
238U), and one radioisotope each of radon (222Rn), lead (210Pb), 
and polonium (210Po). Data also are available for gross alpha-
particle activity and gross beta-particle activity (table J.1), 
which can be used as bulk measures of radioactivity from all 
radionuclides that emit alpha or beta radioactivity. In addition, 
elemental uranium was monitored in groundwater (5,850 sam-
ples) and surface water (4,726 samples) by the NAWQA and 
National Stream Quality Accounting Network (NASQAN) 
Programs. Detection frequencies and activities for constituents 
listed in table J.1 from Ayotte, Gronberg, and Apodaca (2011); 
Szabo and others (2012); and the USGS National Water 

Information System (NWIS; U.S. Geological Survey, 2011a) 
were considered in prioritizing these nine isotopic radionu-
clides plus gross alpha-particle activity and gross beta-particle 
activity in water.

Data also are available for selected radionuclides 
analyzed for a targeted reconnaissance in 1998 of ground-
water sources used for drinking water (Focazio and oth-
ers, 2001), including 210Pb, 210Po, 224Ra, 226Ra, and 228Ra (99 
samples), and 3 thorium isotopes (228Th, 230Th, and 232Th) (33 
samples). Because sufficient national-scale data were avail-
able (table J.1) for the radium isotopes, only data for 210Po 
and 210Pb, and 228Th, 230Th, and 232Th were used from the 1998 
targeted reconnaissance in the prioritization of constituents. 
Thorium isotopes were only analyzed in the subset of samples 
with 224Ra activities greater than 4 pCi/L (Focazio and others, 
2001) because thorium is extremely insoluble in water (Coth-
ern and Rebers, 1990) and was not expected to be observed in 
groundwater samples. 

For groundwater, the most frequently sampled isotope 
(about 4,800 samples) has been 222Rn (table J.1), which occurs 
as a dissolved gas. Isotopes of radium (226Ra and 228Ra) were 
analyzed in about 15 percent of NAWQA groundwater sam-
ples (about 1,100 samples). The prioritization of radionuclides 
was performed using only the monitoring data for ground-
water because comparable data for specific isotopes were not 
available for surface water; however, many of the geochemical 
processes that can cause radionuclides to occur in groundwa-
ter can be relevant for surface water, depending upon stream 
geochemistry (Zielinski and others, 1997), because of the ero-
sion of radionuclide-containing mineral deposits and inputs of 
groundwater into gaining streams.

For surface water, samples analyzed for elemental 
uranium represented more than 400 river sites as part of the 
NAWQA and NASQAN Programs (fig. J.1), and less than 
1 percent had concentrations greater than the U.S. Environ-
mental Protection Agency (USEPA) Maximum Contaminant 
Level (MCL) of 30 micrograms per liter (µg/L; U.S. Environ-
mental Protection Agency, 2010). Approximately 27 percent 
had concentrations greater than or equal to one-tenth of the 
MCL. Elemental uranium was placed into NTAS Tier 1 (high 
priority for monitoring) using methods described for Group 
D1 in the “Supplemental Information D1” section.

Prioritization Methods for Radionuclides in 
Water

Radionuclides in water were prioritized by evaluat-
ing their potential for occurrence in ambient water and their 
potential to affect human health. Toxicity was not explicitly 
considered in the evaluation (that is, benchmark quotients 
were not used) because all of the radionuclides considered are 
Class A human carcinogens (U.S. Environmental Protection 
Agency, 1999a) and occur naturally. Concentrations (activities 
in picocuries per liter [pCi/L]) from USGS monitoring data 
were compared to human-health benchmarks promulgated by 
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Figure J.1.  The distribution of uranium concentrations in surface-water samples at National Water-Quality Assessment 
(NAWQA) and National Stream Quality Accounting Network (NASQAN) sites in the United States.
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the USEPA and comparable concentrations of human-health 
concern selected by the NTAS work group (table J.1).

The USEPA Radionuclides Rule, effective December 
2003 (U.S. Environmental Protection Agency, 2000a), final-
ized the MCLs for several radionuclides, some of which have 
had preliminary regulations (MCLs) since 1976. For gross 
alpha-particle activity, the MCL of 15 pCi/L applies to all 
alpha emitters, minus the alpha activity of uranium isotopes 
and radon, but including that of 226Ra. Almost every laboratory 
method used for gross alpha-particle activity removes radon 
from the sample before measurement. Gross alpha-particle 
and beta-particle activity measurements represent the overall 
activity of all radionuclides present in a sample over a speci-
fied period of time (typically 72 hours or 20 or 30 days). If 
gross alpha-particle activity is not measured within 72 hours 
after sample collection, it may underreport the activity result-
ing from the presence of 224Ra; the current MCL for gross 
alpha-particle activity does not specify a sample holding time 
(U.S. Environmental Protection Agency, 2010). The MCL for 
radium of 5 pCi/L applies to the sum of two isotopes, 226Ra 
plus 228Ra. Activities of 5.0−5.5 pCi/L for 224Ra, although this 
constituent is not included in the MCL for radium, can result 
in gross alpha-particle activities of about 15 pCi/L (the MCL) 
within 36 to 48 hours after sample collection (Szabo and oth-
ers, 2005); therefore, a benchmark of 5 pCi/L was selected for 
224Ra for purposes of this prioritization (table J.1). A bench-
mark of 15 pCi/L for gross beta-particle activity was selected 
as a screening level for NTAS purposes. Gross beta-particle 
activity has an MCL of 4 millirem per year (U.S. Environmen-
tal Protection Agency, 2000a).

The USEPA Radionuclides Rule also finalized a new 
MCL of 30 µg/L for uranium, which previously had not been 
regulated (U.S. Environmental Protection Agency, 2000a). 
The risk from chemical exposure at 30 µg/L of uranium in 
drinking water is comparable to the risk from a radiologi-
cal exposure of 15 pCi/L of uranium (U.S. Environmental 
Protection Agency, 2000a), but the chemical analysis for 
elemental uranium concentration is faster, less expensive, and 
more widely available than the radiological analysis for the 
isotopes. If the isotopic composition of uranium has not been 
determined, a generalized formula can be used to estimate the 
expected activity on the basis of the mass measurement. If one 
presumes that the isotopes are present in the natural activity 
ratios (1:1 for 238U: 234U), a concentration of 1 µg/L of uranium 
yields an activity of 0.68 pCi/L; however, in most groundwa-
ters, 234U can become enriched relative to 238U (Osmond and 
Cowart, 1976), thereby increasing the uranium activity relative 
to its concentration. Thus, a commonly used activity ratio for 
238U: 234U is 1:1.65, which yields an activity of 0.9 pCi/L per 
1 µg/L of uranium. This approach can be helpful in compar-
ing gross alpha-particle activity with the MCL by subtracting 
the activity attributable to uranium. If uranium isotopes are 
present in ratios outside of the bounds assumed by the general-
ized formula, a situation that has been documented in nature 
(Osmond and Cowart, 1976; Gilkeson and Cowart, 1987; 
Zielinski and others, 1997; Arndt, 2010; Rosen, 2010), it is 

possible that not all alpha-particle activity will be accounted. 
In such cases, direct determination of uranium isotopes is 
needed. 

For 210Po, the USEPA has determined an activity level 
of concern on the basis of a lifetime total cancer risk of 10-4 
(1 in 10,000) of 1.1 pCi/L (U.S. Environmental Protection 
Agency, 1999a). This level is similar to the MCL for 226Ra plus 
228Ra of 5 pCi/L, which assumes a lifetime total cancer risk of 
2×10-4 (1 in 20,000). A gross alpha-particle activity MCL of 
15 pCi/L is intended to limit risk from ingestion by presuming 
a “worst-case” scenario of a water sample with a combination 
of 5 pCi/L of 226Ra, 5 pCi/L of progeny of 226Ra, and 5 pCi/L 
of 210Po; other combinations of radionuclides, even if emitting 
alpha-particle activity totaling 15 pCi/L, would carry less risk 
than this scenario because other radionuclides pose some-
what less ingestion risk. Because no MCL exists for 210Po, a 
benchmark of 5 pCi/L was used for the NTAS prioritization 
process (table J.1). Similarly, for the thorium isotopes, which 
also are alpha-emitters, no USEPA benchmarks were available, 
so an activity of 5 pCi/L was selected as a benchmark for the 
purpose of prioritization.

For 210Pb, a naturally occurring beta-emitter, the MCL 
for gross beta-particle activity of 4 millirem per year can 
be exceeded at a concentration of 50 pCi/L, and the USEPA 
has determined that a concentration of 2.2 pCi/L for 210Pb 
equates to a cancer risk of 10-4 (U.S. Environmental Protec-
tion Agency, 1999a). Because no MCL exists for 210Pb itself, 
a benchmark of 5 pCi/L was used for the NTAS prioritization 
process (table J.1), and an activity of 2.2 pCi/L also was used 
for comparison in the prioritization process.

For radon, the proposed alternative Maximum Contami-
nant Level (AMCL) was used (table J.1). The proposed MCL 
(300 pCi/L) and proposed AMCL (4,000 pCi/L) for radon 
were assigned by the National Research Council (1999) on the 
basis of risk from both ingestion and inhalation exposure. The 
proposed AMCL applies to States or water supplies that have 
developed a multimedia mitigation program to address radon 
in indoor air (U.S. Environmental Protection Agency, 1999b). 
Most States or communities with high radon concentrations 
use the proposed AMCL rather than the proposed MCL. Activ-
ities greater than the proposed AMCL of 4,000 pCi/L were 
observed in 2.6 percent of NAWQA groundwater samples. 
By comparison, 64 percent of samples were greater than the 
proposed MCL of 300 pCi/L.

Results of Prioritization of Radionuclides in 
Water

On the basis of the information sources described in 
the previous subsections, radionuclide activities greater than 
MCLs or proposed MCLs (or greater than human-health 
benchmarks for those constituents without MCLs or proposed 
MCLs) likely would occur for all of the radionuclides except 
for the thorium isotopes. Therefore, all of the Group J con-
stituents were placed into Tier 1 (high priority), except for the 
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thorium isotopes, which were placed into Tier 2 (intermediate 
priority). In addition, Milvy and Cothern (1989) showed that 
the risk of cancer mortality for exposure to radionuclides from 
drinking-water supplies is highest for 222Rn, which accounts 
for 80 percent of the potential mortality risk that can be attrib-
uted to radionuclides (primarily as a result of inhalation of 
the released gas). For a lifetime exposure (70 years), as many 
as 50,000 potential deaths might be attributable to 222Rn (700 
annually) on the basis of the assumed risk from the possible 
exposure. Similarly, natural uranium and radium isotopes 
(226Ra and 228Ra) might account for between 100 and 4,000 
potential deaths on the basis of the assumed risk from possible 
exposure over a 70-year lifetime. Therefore, these radionu-
clides warrant inclusion in Tier 1 to meet NAWQA Cycle 3 
objectives related to human health and drinking water and are 
appropriate for ambient monitoring of water on national and 
regional scales. 

Basis of Prioritization of Radionuclides in Water
Some of the radionuclide constituents evaluated for 

Group J are of high priority (Tier 1) because previous moni-
toring data document their occurrence at concentrations of 
human-health concern, and others are of high priority because 
they are likely to occur at concentrations of human-health 
concern but have relatively little monitoring data. Some of 
the radionuclides in Tier 1 currently (2011) are monitored in 
public-supply wells under the Safe Drinking Water Act; how-
ever, those radionuclides commonly are bundled within other 
surrogate measurements (such as gross alpha-particle activity) 
and, therefore, individual radionuclides have not been widely 
monitored even though some have MCLs. 

New constituents that are of concern because of potential 
human-health risks (Focazio and others, 2001) are 210Pb, 210Po, 
and 224Ra. A major aquifer study in the summer of 2009 in 
the Mississippi Embayment NAWQA study unit showed that 
210Po was detected in 30 percent of samples from wells (9 of 
30 wells) at low activities (less than 0.12 pCi/L) (NAWQA 
Data Warehouse, U.S. Geological Survey 2011b). These activ-
ities were low compared to MCLs for similar radionuclides 
(for example, 5 pCi/L for radium) and were observed at the 
discharge end of the aquifer (near the Gulf of Mexico) where 
dissolved oxygen is low (fig. J.2). These newly documented 
210Po occurrence data are consistent with a current working 
hypothesis for polonium mobilization under reducing condi-
tions (most likely sulfate-reducing conditions). The 210Po con-
centrations that were higher than those previously observed 
might occur in groundwater in locations with strongly reduc-
ing conditions. In addition, a sample from one well out of 30 
sampled wells had a detectable activity of 210Pb (0.2 pCi/L). 
In the 1998 targeted reconnaissance of groundwater used for 
drinking-water supply (Focazio and others, 2001), approxi-
mately 2 percent of the 99 samples analyzed for 210Pb had 
activities greater than 2.2 pCi/L. The radionuclides 210Po and 
210Pb potentially are of regulatory interest and were included 
in the USEPA’s Unregulated Contaminant Monitoring Rule 
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Assessment data collected in the Mississippi Embayment study 
unit in 2009.  Activities less than 0.02 picocurie per liter are less 
than the detection limit for the analytical method.  One sample 
that did not have a dissolved-oxygen measurement had a 
polonium-210 activity that was less than the detection limit.

(UCMR) list 3 (U.S. Environmental Protection Agency, 2001). 
These isotopes are considered to be of human-health concern 
based on potential ingestion exposure at relatively low activi-
ties, although no MCLs have been set.

Similarly, radium isotopes were less than 3 pCi/L in sam-
ples from most of the 30 wells in the Mississippi Embayment 
study unit, but concentrations of 226Ra plus 228Ra (combined) 
were greater than the MCL of 5 pCi/L in 4 of 30 samples 
(13.3 percent). This frequency of detections greater than the 
MCL is high in comparison to that documented for the United 
States as a whole, based on NAWQA monitoring data from 
Cycles 1 and 2 (table J.1). All the samples with radium activi-
ties greater than the MCL were acidic, with pH values ranging 
from about 4.0 to 4.5. The trend was most readily identifi-
able for 226Ra, with activities generally less than 0.2 pCi/L 
when pH was greater than 5, but with an increase in activity 
at pH values less than 5 and the highest activities occurring 
at pH values less than 4.5 (fig. J.3). These newly documented 
radium occurrence data are consistent with a current working 
hypothesis regarding one of the geochemical conditions for 
radium mobilization, namely acidic waters (Szabo and others, 
2005). Radon was detected in samples from all 30 wells, with 
more than 25 percent of the samples having activities greater 
than the proposed MCL of 300 pCi/L; however, no sample 
had activities greater than the 4,000 pCi/L proposed AMCL. 
Radium and gross alpha-particle activity were greater than 
their MCLs in 3 to 13 percent of samples. (Gross beta-particle 
activity was measured only in terms of activity and not in 
terms of tissue exposure in millirems per year as needed to 
determine MCL exceedance). 
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Figure J.3.  Relation between radium-226 activity and pH for 
groundwater samples collected for the National Water-Quality 
Assessment Program in the Mississippi Embayment study unit 
in 2009.

Given the results from this one NAWQA major aquifer 
study and detection frequencies based on limited national sam-
pling by NAWQA Cycles 1 and 2 and by Focazio and others 
(2001), all of the Tier 1 constituents, including 210Po and 210Pb, 
warrant inclusion in future monitoring of ambient groundwa-
ter, and possibly surface water. If cost is of concern, historical 
data coupled with measurements of gross alpha-particle activ-
ity, gross beta-particle activity, and elemental uranium could 
be used to identify those settings that are of highest priority for 
monitoring for the full suite of radionuclide constituents.

Thorium isotopes (228Th, 230Th, and 232Th) were placed 
into Tier 2 (intermediate priority) because they are practically 
insoluble and are unlikely to be mobilized in groundwater 
(Cothern and Rebers, 1990; Focazio and others, 2001). Of the 
33 samples collected in the 1998 targeted reconnaissance, for 
which sites were selected on the basis of known or suspected 
occurrence of radium (224Ra is a member of the 232Th decay 
series), samples from only one site had activities for 228Th, 
230Th, and 232Th greater than the benchmark of 5 pCi/L used for 
the NTAS prioritization (Focazio and others, 2001). Although 
analyses of thorium isotopes can be useful in the study of the 
geochemical history and movement of old groundwater (Cut-
tell and others, 1986), routine monitoring of these constituents 
in ambient water is not warranted.

Feasibility of Implementation for High-Priority 
Radionuclides

Laboratory methods are available for most of the Tier 1 
radionuclides (table J.2 at http://pubs.usgs.gov/sir/2012/5218/
downloads/tableJ.xlsx). Current (2011) USGS laboratory 
methods—uranium by inductively coupled plasma with mass 

spectrometry (ICP/MS); gross alpha-particle and beta-particle 
activities by low-background gas-proportional counting; 224Ra, 
226Ra, and 228Ra by alpha-spectrometry, radon de-emanation, 
and beta-counting, respectively (all after barium sulfate 
coprecipitation), and 222Rn by liquid scintillation—are suitable 
for continuation for these previously analyzed constituents 
because detection limits are less than human-health bench-
marks. These methods do not require modification, except 
perhaps for the method used for 224Ra, which has not been 
approved by the American Society for Testing and Materials 
(1999) and has had problems with precision, contamination 
bias, and sensitivity (Duane S. Wydoski, U.S. Geological 
Survey, written commun., 2010). The gamma spectroscopy 
technique for 224Ra analysis is an approved standard method 
by the American Public Health Association (2005). 

New constituents (that is, those not previously monitored 
for the NAWQA Program) placed into Tier 1 are 210Po and 
210Pb. Although standard techniques for determining 210Po are 
adequate, minor improvements are warranted. The radionu-
clide 210Po is analyzed by alpha spectrometry after spontane-
ous deposition onto silver disks. Because 210Po is particle-
reactive, the sample container must be soaked in strong acid 
to remove any 210Po that could sorb to the container walls and 
the acid-wash aliquot from the sample bottle combined with 
the sample before deposition of the 210Po onto the silver disks 
(Vesterbacka and Ikaheiomenen, 2005). Analysis of 210Pb is by 
beta-counting the ingrown isotope of bismuth, 210Bi, progeny 
after separation of the lead from the sample with lead-specific 
cation-exchange columns or disks that have high specific-
ity for lead in complex matrixes (Woittiez and others, 1995). 
Beta-counting can result in high imprecision (about or greater 
than plus or minus 25 percent) and poor quantification at 
concentrations of environmental interest (at or about 1 pCi/L). 
Isotopes of uranium can be quantified with considerable 
expense using alpha-spectrometry, but low-cost quantification 
using ICP/MS may soon be available (Kraemer and others, 
2002) and would improve understanding of uranium occur-
rence and understanding of sources of gross alpha-particle 
activity. 

Improvements in extraction procedures could improve 
low-level quantification for some of the radioisotopes. For 
example, the current practice of coprecipitation with barium 
sulfate limits the effectiveness of alpha spectrometry for 
analysis of 224Ra; approaches have been tested to improve 
performance of this step, including using ethylenediaminetet-
raacetic acid as a complexing agent to allow for more com-
plete purification of the sample and precipitation of a more 
uniform barite crystal (Arndt and West, 2007; Arndt, 2010) or 
using a bed of previously precipitated microcrystalline barite 
as the seeding agent for formation of the radium-bearing barite 
separate (Ganzerli and others, 1999). These improvements 
could be implemented at commercial laboratories in the future. 

Improvements in counting are possible but would require 
research. Thermal-ionization mass spectrometry has been 
found to be effective for determination of 226Ra after electro-
plating (Cohen and O’Nions, 1991), but the technique in its 
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current form cannot be used for the other isotopes of radium 
or for 210Po and 210Pb, although it might work for uranium iso-
topes. The USGS Geologic Discipline Laboratory in Denver 
has this instrumentation; however, it has only been used for 
research to date. Exceptionally low detection limits, possible 
by this approach, could allow for a lower level of quantifica-
tion for (at least) 226Ra. Alpha-, beta-, or gamma-coincidence 
counting methods (Moore and Arnold, 1996) are highly 
accurate, radionuclide-specific, and have low detection limits; 
however, the equipment used for these methods is expen-
sive and was not available to USGS at the time of the NTAS 
prioritization effort (2011). Gamma spectroscopy might be 
used instead of beta counting for beta-emitters 228Ra and 210Pb 
if field sample preconcentration methods can be improved 
(described later in this section); however, the equipment is 
bulky and samples require long counting times. Perhaps more 
innovative is the use of alpha spectroscopy of alpha-emitting 
progeny of the beta-emitter 228Ra and 210Pb, which might sub-
stantially improve precision and detection capability (Vester-
backa and Ikaheiomenen, 2005), although drawbacks of this 
approach are that a long ingrowth time is required and sample 
preconcentration might be needed. 

New constituents 210Po and 210Pb might require some 
method development and validation. The National Water 
Quality Laboratory maintains a contract with a commercial 
laboratory for analysis of 224Ra, 210Po, and 210Pb, ensuring 
adequate analytical capability. Although the methods used by 
this laboratory have not undergone approval within the USGS 
(Duane S. Wydoski, U.S. Geological Survey, written com-
mun., 2010), they are standard for the radionuclide-analytical 
community and can achieve detection limits of 1 pCi/L (with 
higher sensitivity possible for individual samples on the basis 
of composition). Potential improvements would require col-
laboration with a fully equipped radiochemical laboratory. 
Recent guidance on the storage and reporting of the results 
and measurement uncertainty associated with the counting of 
radioactive decay (McCurdy and others, 2008) for USGS data 
can be adapted to the expected refinements with the associated 
field and laboratory methods.

Field collection for the radionuclides requires 1 to 2 liters 
(L) of water to be filtered and acidified with nitric acid to pH 
less than 2. For short-lived 224Ra and gross alpha- and beta-
particle activities, samples are shipped overnight to the labora-
tory to arrive within 24 hours of collection; these samples 
must be collected early in the week to allow time to complete 
the analysis in the same week. Detection limits for the radio-
nuclides are a function of sample volume, so sensitivity can be 
improved if larger volumes of water can be collected. Several 
preconcentration methods have been tested that might allow 
for infield extraction of radionuclides from large volumes of 
sample (50–200 L), thereby substantially improving detection 
and quantification capability. One documented approach is the 
use of manganese-impregnated fibers initially tested by Moore 
and Reid (1973) that can extract radium with almost 100-per-
cent efficiency from large volumes of water under alkaline 
oxic conditions; this technique has been used by Eikenberg 

and others (2001) and Nour and others (2004). Because 
radium concentrations tend to be lowest in alkaline oxic water 
(Szabo and dePaul, 1998), this technique could help improve 
understanding of environmental concentrations specifically in 
that water type. The efficiency of the manganese coatings is 
substantially reduced in acidic (pH less than 5.5) and reducing 
(dissolved oxygen less than 0.5 milligram per liter) waters; 
however, radium concentrations tend to be highest under these 
geochemical conditions (Szabo and Zapecza, 1991; Szabo and 
others, 2005) under which quantification by standard proce-
dures is less problematic. Similarly, radium-specific extraction 
discs or lead rhodizonate-coated filters have been tested in 
laboratory settings but not in the field (Ganzerli and others, 
1999). 

Knowledge and Concerns of Radionuclides in 
Water as a Constituent Group

Uranium isotopes, 210Po, 210Pb, 226Ra, and 224Ra are 
established human carcinogens (International Agency for 
Research on Cancer, 1988), and their presence in drinking 
water is a cause for concern. Although naturally occurring 
radionuclides can occur in groundwater at concentrations 
greater than human-health benchmarks because of weathering 
and dissolution of minerals, routine monitoring commonly has 
excluded individual radionuclides because not all have MCLs 
and analyses are expensive. Consequently, monitoring data for 
individual radionuclides are sparse, and the understanding of 
the occurrence and distribution of radionuclides in drinking-
water sources, including groundwater, is incomplete.

Studies have shown natural and human-induced elevated 
concentrations of uranium in ambient waters in the United 
States. For example, Spalding and Sackett (1972) showed that 
uranium concentrations in the Mississippi River watershed 
system (surface water, drainage canals, and shallow ground-
water) have increased from the use of uranium-containing 
phosphate-based fertilizer throughout the watershed. Hess 
and others (1985) found elevated concentrations of uranium 
in public-water supplies from surface water and groundwa-
ter in the United States. Snow and Spalding (1994) showed 
that the North and South Platte Rivers have naturally high 
uranium concentrations because of weathering of uranifer-
ous rocks within their headwater watershed areas. Ayotte, 
Gronberg, and Apodaca (2011), Ayotte, Szabo, and others 
(2011), and DeSimone (2009) identified concentrations greater 
than MCLs for about 30 percent of samples collected from 
observation wells for the NAWQA Program and analyzed for 
trace elements (including uranium) (table J.3 at http://pubs.
usgs.gov/sir/2012/5218/downloads/tableJ.xlsx), compared 
to concentrations greater than MCLs fewer than 5 percent of 
samples analyzed for volatile organic compounds and pesti-
cides. Uranium concentrations were greater than the MCL in 9 
percent of samples collected from wells completed in uncon-
solidated sand and gravel aquifers and crystalline rock aquifers 
(Ayotte, Gronberg, and Apodaca, 2011), representing more 
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than one-half of the samples analyzed, but not quite one-half 
of the geographic area studied. Almost 8 percent of samples 
from wells in the arid parts of the United States had uranium 
concentrations greater than the MCL, compared to less than 
3 percent of the wells in humid areas (Ayotte, Gronberg, and 
Apodaca, 2011). 

Further complicating the issue is that human-induced 
changes to the redox state of an aquifer can make certain 
elements and radioactive isotopes more mobile than oth-
ers (Szabo and Zapecza, 1991; Ayotte, Szabo, and others, 
2011). In NAWQA Cycles 1 and 2 monitoring data, uranium 
concentrations correlated positively with dissolved oxygen 
concentrations and inversely with iron concentrations, whereas 
226Ra correlated inversely with dissolved oxygen concentra-
tions but positively with iron concentrations. The application 
of uranium-bearing minerals in fertilizers, infiltration or runoff 
of irrigation water, or degradation of concrete may increase 
concentrations of radioactive isotopes in shallow groundwa-
ter (Spalding and Sackett, 1972; Zielinski and others, 1997; 
Szabo and others, 2005; Jurgens and others, 2009). Therefore, 
monitoring of radionuclides could provide an indication of 
human-induced changes in water quality. 

In addition to elemental uranium and gross alpha-particle 
and beta-particle activity, specific radionuclides could warrant 
ambient monitoring on a national or regional scale:

•	 Uranium isotopes tend to be mobile in oxidizing 
alkaline waters (Szabo and Zapecza, 1991). To date 
(2010), only one State, California, regulates and 
requires characterization of uranium isotopes (Wong 
and others, 1999); for a sample bearing only uranium 
isotopes, the sum of activities from uranium isotopes 
should not exceed 15 pCi/L. The presence of uranium 
isotopes can affect gross alpha-particle activities 
(Szabo and Zapecza, 1991; Szabo and others, 2007). 
In some cases, uranium isotopes account for almost 
all of the gross alpha-particle activity; in other cases, 
excess gross alpha-particle activity may be attribut-
able to other isotopes, such as radium or polonium (fig. 
J.4). Measurements of uranium isotopes can be used to 
assess geochemical conditions in aquifers or to assess 
the causes of excess gross alpha-particle activity and 
where it occurs. If enrichment of 234U relative to 238U 
is not taken into account, a misleading interpretation 
of the gross alpha-particle activity may be that other 
isotopes such as radium or polonium are present (when 
they are not) or that activities are greater than an MCL 
when, if properly corrected for uranium activity, they 
are not. The process of alpha recoil (movement of 
the nucleus in the opposite direction when an alpha 
particle is emitted) can release 234U directly into water-
filled pore spaces at an enhanced rate relative to dis-
solution alone for the uranium isotopes (Osmond and 
Cowart, 1976) resulting in excess 234U relative to 238U 
in some groundwaters (234U: 238U activity ratio greater 
than 1). Because the half-life of 234U is shorter than 
that of 238U, and its rate of radioactive decay is greater 

(by nearly a factor of 104), a very small amount of 234U 
can result in a substantial increase in the gross alpha-
particle activity emitted by uranium in a sample. The 
excess activity from a small amount of excess 234U can 
cause substantial variability in the gross alpha-particle 
activity that might be derived from a quantified “mass” 
of total uranium because most techniques of mass 
measurement only effectively measure the mass of the 
238U isotope. Analysis by using ICP/MS may become 
the accepted exception to this analytical issue (Krae-
mer and others, 2002). The isotopes responsible for 
“excess” gross alpha-particle activity might be more 
readily defined if the variations in the isotopic ratios of 
uranium were known. 

•	 The polonium isotope, 210Po, binds to sediment 
(Balistrieri and others, 1995) but has been found in 
groundwater at activities greater than 1 pCi/L (Focazio 
and others, 2001). Activities of 5 pCi/L or greater have 
been reported for samples from wells in California, 
Florida, Louisiana, Nevada, and Maryland (Harada 
and others, 1989; LaRock and others, 1996; Seiler, 
2011; Seiler and others, 2011). In 2007, the USGS 
analyzed samples from 25 wells that provide drinking 
water for human and animal consumption in Lahontan 
Valley, Nevada (Seiler, 2007); samples from 13 of the 
wells had 210Po activities greater than 15 pCi/L, and 
samples from 3 of the wells had activities greater than 
60 pCi/L. In 2009, a sample with an activity greater 
than 170 pCi/L was collected from a domestic well 
in the same area (Seiler, 2011). These activities are 
higher than the World Health Organization drinking-
water guideline of 2.7 pCi/L (World Health Organiza-
tion, 2006) and the Canadian Maximum Acceptable 
Concentration for drinking water of 5.4 pCi/L (Health 
Canada, 2010). Polonium occurs as a natural decay 
product of uranium and radon, which are widespread 
in aquifers in the United States; thus 210Po can occur in 
groundwater. Geochemical and microbiological studies 
of 210Po in Florida groundwater indicate that it can be 
mobilized in sulfate-reducing environments following 
incorporation into bacterial tissue (Harada and others, 
1989; LaRock and others, 1996), and sulfur isotope 
data indicate that similar processes could be occur-
ring in Lahontan Valley, Nevada (Seiler, 2011). The 
USEPA has not promulgated drinking-water standards 
specifically for 210Po (U.S. Environmental Protection 
Agency, 2000a); however, the USEPA has determined 
that an activity of 1.1 pCi/L corresponds to a lifetime 
total cancer risk of 10-4 (U.S. Environmental Protection 
Agency, 2000b). Information on 210Po occurrence is 
needed by the USEPA to determine whether a specific 
regulatory standard should be set (U.S. Environmental 
Protection Agency, 2000b); it is not yet known whether 
occurrence is widespread enough to justify the moni-
toring requirements associated with setting a standard. 
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Figure J.4.  Correlation between gross alpha-particle activity (unadjusted for uranium acitivity) and the sum of uranium activity.

•	 Radium is similar to polonium and is mobile in 
reducing or acidic waters. Its presence can affect 
gross alpha-particle measurements over time (Szabo 
and others, 2005, 2007; Arndt and West, 2007; Arndt, 
2010). Concentrations of 224Ra can be affected by the 
physical process of alpha recoil, which can cause slight 
increases in the concentrations of progeny farther 
from the original long-lived parent in the decay chain 
(dePaul and Szabo, 2007; Szabo and others, 2005). 
Knowledge of radium activities might help identify 
environments in which reducing geochemical condi-
tions are coupled with radionuclide mobility, and the 
ratios of radium isotopes might further identify those 
areas where alpha recoil is prominent. For example, 
because 210Po is near the end of the 238U decay chain, 
alpha recoil might be expected to affect 210Po concen-
trations.

•	 The lead isotope, 210Pb, sorbs onto aquifer solids 
(Krishnaswami and others, 1982) and in moderately 
acidic conditions is less soluble than radium and more 
difficult to extract from sediment (Paulson, 1997; 
Centeno and others, 2004; Szabo and others, 2005). In 
a 1998 targeted reconnaissance of groundwater sources 
of drinking water (Focazio and others, 2001), 10 
percent of 99 samples analyzed for 210Pb had activities 

greater than 1 pCi/L, and 2 percent were greater than 
2.2 pCi/L, a level that corresponds to a lifetime cancer 
risk of 10-4 (U.S. Environmental Protection Agency, 
1999a). One sample had a 210Pb activity greater than 
4 pCi/L (Focazio and others, 2001). The isotope 210Pb 
was detected most frequently in the Appalachian 
Physiographic Province, especially in Connecticut and 
Pennsylvania. Geochemical mechanisms that con-
trol 210Pb dissolution are not established and warrant 
additional research. Szabo and others (2005) showed 
that although 224Ra activities in drinking-water samples 
from the strongly acidic Kirkwood-Cohansey aquifer 
system in New Jersey (median pH of 4.8) were larger 
than expected based on previous analyses of gross 
alpha-particle activity, the same could not be stated for 
210Pb. In 20 samples from community water supplies 
(Szabo and others, 2005), 210Pb was detected at activi-
ties of about 1 pCi/L in about one-half of the wells, but 
activities were less than 2.2 pCi/L in all samples. The 
greatest detection frequency of 210Pb in Finland was in 
regions with the highest 222Rn activities (Vesterbacka 
and others, 2005). Correlations of 222Rn with elemental 
lead have been noted in granitic terranes by Ayotte and 
others (2007). In groundwater from granitic terranes 
in New Jersey in areas with high 222Rn activities, one 
sample had a 210Pb activity greater than 4 pCi/L (Zoltan 
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Szabo, U.S. Geological Survey, written commun., 
2010). Gross beta-particle activity has been analyzed in 
many USGS studies throughout the Nation but likely 
would not provide much insight regarding 210Pb occur-
rence. Concentrations of naturally occurring potas-
sium isotope 40K account for most gross beta-particle 
activity in samples with activities less than 10 pCi/L 
(Welch and others, 1995), and 228Ra or progeny of 238U 
account for most gross beta-particle activity where the 
activity is greater than 10 pCi/L or where groundwaters 
are acidic (Welch and others, 1995; Szabo and others, 
2005). Unlike the alpha-particle emissions from 224Ra 
(and 210Po), which are extremely energetic and effi-
ciently detected, beta particles from 210Pb are lower in 
energy and difficult to detect (Welch and others, 1995). 
In the absence of other data, areas where 210Pb could be 
important might be initially identified by elevated 222Rn 
as a crude screening mechanism. The USEPA also has 
not promulgated drinking-water standards for 210Pb, 
although a proposed standard at 1 pCi/L, assuming a 
lifetime cancer risk of 5.65×10-5, has been discussed 
(U.S. Environmental Protection Agency, 2000a). 

•	 Radon is of human-health concern by way of inhala-
tion and ingestion. The National Research Council 
(1999) evaluated intake rates, radon fate in the body 
(biokinetic model), and the fate of decay products 
to determine a dose-conversion factor (to convert an 
ingested amount into a radiation dose). Inhalation of 
radon and its decay products, which can volatilize from 
drinking water, comprises the major route of residential 
exposure (89 percent), followed by ingestion (11 per-
cent). Because the relation between radon in water and 
radon volatilized into residential air is approximately 
an additional 1 pCi/L of indoor air per 10,000 pCi/L 
in water in an “average” home, the proposed AMCL 
of 4,000 pCi/L in water would result in an increase 
of 0.4 pCi/L in indoor air compared to background 
concentrations in outdoor air (approximately 0.4 pCi/L 
of air). Radon activities collected during NAWQA 
Cycles 1 and 2 were highest in groundwater samples 
from the New York and New England crystalline-rock 
aquifers. The 90th-percentile activity in groundwater 
samples collected for all of the NAWQA study units 
(combined) was 1,500 pCi/L, but the 90th percentile in 
samples from the crystalline rock aquifers was 8,600 
pCi/L (Ayotte, Gronberg, and Apodaca, 2011), which 
is greater than the proposed AMCL of 4,000 pCi/L. 
Some groundwater samples collected from the crystal-
line bedrock aquifers had radon activities greater than 
100,000 pCi/L. Radon is an inert gas with a half-life 
of 3.8 days, so occurrence is indicative of hydrological 
processes that affect radon activities. In samples from 
wells completed in several different lithologies, radon 
activities were shown to correlate with geochemical 

properties such as redox and pH. In New England, for 
example, high radon activities commonly occurred in 
oxic samples with low pH, indicating high groundwa-
ter flux (short residence time) (Ayotte, Gronberg, and 
Apodaca, 2011). Uranium also correlated with radon in 
the igneous and metamorphic-rock aquifers, but radon 
correlated with no other elements in this lithology. 
However, in New York and New England crystalline-
rock aquifers, radon correlated with lead (Ayotte and 
others, 2007). 
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Supplemental Information K.

Constituents Identified as Having Intermediate Priority (Tier 2) or Low or No 
Priority (Tier 3) for Water or Sediment

This supplemental information section of the report pres-
ents the constituents that were evaluated by the U.S. Geologi-
cal Survey (USGS) National Target Analyte Strategy (NTAS) 
work group for national- and regional-scale ambient monitor-
ing in the United States in support of planning for the third 
decade (Cycle 3) of the National Water-Quality Assessment 
Program, but were determined to be of intermediate priority 
(Tier 2) or low or no priority (Tier 3). The 1,460 constituents 
in table K.1 at http://pubs.usgs.gov/sir/2012/5218/downloads/

tableK.xlsx are not of high priority for monitoring because 
they are of low or no concern with respect to human health 
or aquatic life, or they are not expected to be widely found 
in ambient groundwater, surface water, suspended sediment, 
or streambed sediment. Constituents that are identified as 
being of intermediate priority (Tier 2) might be of interest for 
targeted studies of contaminated sites, such as animal feeding 
operations, landfills, or wastewater effluent discharge points.
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