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Nutrients, Organic Compounds, and Mercury in the 
Meduxnekeag River Watershed, Maine, 2003
By Charles W. Schalk and Lan Tornes

Abstract

In 2003, the U.S. Geological Survey, in cooperation 
with the Houlton Band of Maliseet Indians, sampled          
streambed sediments and surface water of the Meduxnekeag 
River watershed in northeastern Maine under various hydro-
logic conditions for nutrients, hydrophobic organic 
compounds, and mercury.  Nutrients were sampled to 
address concerns related to summer algal blooms, and 
organic compounds and mercury were sampled to address 
concerns about regional depositional patterns and overall 
watershed quality. In most surface-water samples, phos-
phorus was not detected or was detected at concentrations 
below the minimum reporting limit. Nitrate and organic 
nitrogen were detected in every surface-water sample for 
which they were analyzed; the highest concentration of total 
nitrogen was 0.75 milligrams per liter during low flow.  
Instantaneous nitrogen loads and yields were calculated at 
four stations for two sampling events. These data indicate 
that the part of the watershed that includes Houlton, its 
wastewater-treatment plant, and four small urban brooks 
may have contributed high concentrations of nitrate to 
Meduxnekeag River during the high flows on April 23-24 
and high concentrations of both organic and nitrate nitrogen 
on June 2-3. Mercury was detected in all three bed-sediment 
samples for which it was analyzed; concentrations were 
similar to those reported from regional studies. Notable 
organic compounds detected in bed sediments included p,p’-
DDE and p,p’-DDT (pesticides of the DDT family) and 
several polycyclic aromatic hydrocarbons. Polychlorinated 
biphenyls (PCBs) and phthalates were not detected in any 
sample, whereas p-cresol was the only phenolic compound 
detected. Phosphorus was detected at concentrations below 
700 milligrams per kilogram in each bed-sediment sample 
for which it was analyzed. Data were insufficient to establish 
whether the lack of large algal blooms in 2003 was related to 
low concentrations of phosphorus.

Introduction

The Houlton Band of Maliseet Indians (HBMI) lives 
in the Meduxnekeag River watershed near Houlton, Maine.  
HBMI is actively involved in land- and water-resource 
management programs to improve the quality of water in the 
Meduxnekeag River watershed. They have documented 

several seasonal problems with Meduxnekeag River and its 
tributaries, including high sediment loads during runoff 
events, occasional algal blooms, and increased concentra-
tions of phosphorus during low flows (unpublished data on 
file with the HBMI). In response to these observations, 
HBMI and the U.S. Geological Survey (USGS) began a 
cooperative program to investigate the seasonal occurrence 
of nutrients in surface water and bed sediments of Medux-
nekeag River. USGS hypothesized that nutrient-enriched 
sediments in the streams are the source of persistent phos-
phorus that feeds the algae during summer months. USGS 
and HBMI designed a study to investigate the relations 
among streamflow, water quality, and bed-sediment quality 
in the Meduxnekeag River watershed. Because of HBMI’s 
concerns about regional depositional patterns and the effects 
of urbanization and agriculture on stream quality, mercury 
and hydrophobic organic compounds were included in the 
bed-sediment analyte list.

Purpose and Scope

This report presents surface-water and bed-sediment 
data and analysis from sampling efforts in the Meduxnekeag 
River watershed during the 2003 growing season. These data 
serve three purposes: (1) to establish a baseline of nutrient, 
organic compound, and mercury data that can be used in 
future studies; (2) to show the response of nutrient concen-
trations to changing seasons and flow conditions in 2003; 
and (3) to show spatial variations in bed-sediment chemistry 
during a single sampling event. Samples were collected from 
April 2003 to September 2003 to target spring runoff, 
summer storms, and summer low flows. Summary tables of 
field parameters, nutrients, organic compounds, suspended 
sediment, and mercury are presented, along with secondary 
data, including loads and yields. The data collected during 
this study are compared with those from a New England 
regional study so that they can be placed in a regional 
context. Because this study was conducted during a single 
open-water season, the results may not be representative of 
those that might occur during a longer study period. 

Description of the Study Area

Meduxnekeag River flows through predominantly 
agricultural and forested areas in northeastern Maine (fig. 1)
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Figure 1.  The Meduxnekeag River watershed in northeastern Maine.
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to its confluence with St. John River in Canada.  The watershed 
encompasses 289 mi2 (square miles) to the Canadian border. 
Tributaries included in the study area are South Branch Medux-
nekeag River, B Stream, and smaller streams. The downstream 
extent of the study area is near the Maine-Canada border. 

Land Use

Forests cover about 79 percent of the Meduxnekeag 
River watershed; agricultural lands, about 17 percent; and 
urban areas and open water, about 4 percent (Southern Aroos-
took County Soil and Water Conservation District, 1993). 
Primary crops include potatoes and grains. About 50 dairy and 
beef farms are present in the wateshed. The general trend in 
land use is toward gradual increases in urban and suburban 
areas at the expense of agricultural and forested land (Southern 
Aroostook County Soil and Water Conservation District, 
1993).

Soils

Thickness of unconsolidated deposits in the Medux-
nekeag River watershed is variable. In general, the overburden 
is calcareous till derived from weathered bedrock (Thompson 
and Borns, 1985). Much of the soil is classified as highly erod-
ible or potentially highly erodible (U.S. Department of Agri-
culture, 1994). Most of the arable soils are in agricultural 
production and the steep, stony, and poorly drained soils are in 
forests. Land surface is rolling, with hills reaching an elevation 
of 200 to 500 ft (feet) above valley floors. 

Climate

Northeastern Maine is characterized by cold winters and 
short, warm summers. The growing season is 100 to 125 days. 
Average annual precipitation is about 39 in. (inches) (National 
Climatic Data Center, 1999), which includes the water equiva-
lent from 95 in. of snow. Average temperatures range from 
12° F in January to 68° F in July. 

Surface Water

Although precipitation is distributed fairly evenly 
throughout the year, most of the annual streamflow is spring 
snowmelt. Snowmelt runoff has been observed to cause severe 
erosion in late winter and early spring (Southern Aroostook 
County Soil and Water Conservation District, 1993).   

USGS maintains two streamflow-gaging stations in the 
study area (fig. 2). Station 01018000, Meduxnekeag River near 
Houlton, was active from 1940 to 1982, during which time 
rating curves were established and periodic measurements of 
water temperature, specific conductance, and streamflow were 
made (appendix 1). Station 01018000 was reactivated in 2003, 
in cooperation with HBMI, for additional streamflow measure-

ments and water-quality monitoring. The rating curves are on 
file with the USGS in Augusta, Maine. Of 56 measurements of 
streamflow on record at station 01018000, 35 are in spring 
months (March to May), with a median measured streamflow 
of 1,760 ft3/s (cubic feet per second). Median measured stream-
flow during the rest of the year was 101 ft3/s. Peak recorded 
flow at station 01018000 was 6,010 ft3/s on April 4, 1976, 
probably in response to snowmelt runoff. Mean daily flow at 
station 01018000 for the period of record, 1940-82 and 2003, is 
shown in figure 3, and mean and maximum monthly flows are 
shown in figure 4. Station 01017960, Meduxnekeag River 
above South Branch, was established in 2003 to provide Maine 
Department of Environmental Protection with streamflow data 
for total maximum daily load (TMDL) calculations. Because 
its period of record is short, streamflow statistics are not 
presented.

One municipality (Houlton, population 5,270 in 2000) 
and one industry (A.E. Staley Manufacturing, Inc.) have 
permitted outfalls to Meduxnekeag River (Maine Department 
of Environmental Protection, 1998a, 2003). Houlton’s munic-
ipal wastewater outfall is just downstream from the city limits. 
The A.E. Staley plant, which processes food starch (Town of 
Houlton, 2004), is adjacent to station 01017960 and upstream 
from the confluence of Meduxnekeag River with South  
Branch. 

Most irrigation of agricultural fields is by withdrawals 
from Meduxnekeag River, including impoundments (Matthew 
Williams, University of Maine Extension, written commun., 
2004). The demand for irrigation water, however, puts stress on 
aquatic habitat during low-flow periods (Aroostook Water and 
Soil Management Board, 1996). 

Several organizations have documented stream-water-
quality problems in Meduxnekeag River. Maine Department of 
Environmental Protection sampled for total phosphorus and 
other indicators of stream quality and identified point sources 
that could be contributing to impairment of the river (Maine 
Department of Environmental Protection, 2000). A consulting 
firm found that algal mats cover as much as 90 percent of the 
stream bottom during the summer at sites they monitored 
(William Ball, Acheron Engineering, Environmental & 
Geologic Consultants, written commun., 2001). Fish-
consumption advisories have been issued for Meduxnekeag 
River for elevated levels of the pesticide DDT in fish tissue 
(Maine Department of Environmental Protection, 2002) and for 
all Maine rivers because of elevated levels of mercury in fish 
tissue (Maine Department of Environmental Protection, 
1998b).

Ground Water

The most recent regional survey of ground water is 
reported in Prescott (1971). Most wells surveyed by Prescott 
(1971) were used for domestic supplies of ground water, but 
other uses included commercial, industrial, and agricultural. 
Houlton Water Company (HWC) (2004) is the only municipal
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Figure 2.  Locations of sampling stations in the Meduxnekeag River watershed, Maine.
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Figure 3.  Mean daily flow at station 01018000, Meduxnekeag River near Houlton, Maine (period of record 1940-82 and 2003).

Figure 4. Mean and maximum monthly flows at station 01018000, Meduxnekeag River near Houlton, Maine (period of record 
1940-82 and 2003). 
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supplier of ground water in the study area, producing about 
750,000 gal/d (gallons per day) from two well fields; this pro-
duction is about 34 percent less than the daily volume pro-
duced in 1970 (Prescott, 1971). 

Methods of Data Collection and Analysis

This study was designed primarily to assess the pres-
ence and transport of nutrients during seasonal flows and relate 
concentrations of nutrients to the presence of filamentous algal 
blooms in Meduxnekeag River during low-flow periods. To 
improve understanding of water quality in the Meduxnekeag 
River watershed, USGS collected samples for analysis of other 
constituents also. Suspended-sediment samples were collected 
at high and medium flows. Bottom sediments were collected 
from depositional areas along the river and tributaries during a 
low-flow period; these samples were analyzed for hydrophobic 
organic compounds, particle-size distribution, mercury, and 
phosphorus. 

Site Selection

Five surface-water and four bed-sediment sampling 
stations were established for this study. Two stations— 
01017970 and 01018035—were established to monitor 
upstream and downstream concentrations in Meduxnekeag 
River (fig. 2 and table 1) and provide estimates of concentra-
tion gradients along the stream reach. Station 01017970 is 
above the confluence of South Branch and Meduxnekeag 
River, and station 01018035 is at Lowery Road near HBMI 
headquarters north of Houlton.  Two major tributaries, South 
Branch (01017980) and B Stream (01018010), were sampled 
frequently for estimates of inputs from adjacent areas. Bed-

sediment stations were established on smaller tributaries and 
station 01018015 (Meduxnekeag River at Highland Avenue); 
these stations were sampled to identify bed-sediment chem-
istry along the entire reach of the study area. Timing of 
sampling was designed to optimize the possibility of sampling 
a large range of flows and nutrient concentrations during the 
spring and summer months. 

Sample Collection

Surface water and bed sediments were sampled during 
the spring and summer of 2003. Surface water was sampled in 
downstream order under stable flow conditions at one to four 
stations during eight sampling events and bed sediments were 
sampled at nine stations during a single 2-day event. Surface-
water sampling spanned 2 days in two events (April 23-24 and 
June 2-3, 2003). The earliest samples were collected in April 
when snowmelt runoff was high. Samples were collected four 
times in the spring, four times during low flows in the summer, 
and one time during high flow in the summer. Dates and loca-
tion of samples collected are presented in table 2. 

Two protocols for sampling surface water were used. 
USGS used an equal-width increment method and a D-59, DH-
48, or D-77 sampler (U.S. Geological Survey, variously 
dated); samples for nutrients and suspended sediment were 
split into bottles by use of a polyethylene churn splitter. 
Members of HBMI sampled surface water by a centroid-of-
flow method; samples were split by decanting from the grab 
bucket into bottles. Samples for dissolved nutrients (see table 
2D, appendix 2) were filtered through 0.45-micron disk- or 
capsule-type filters, preserved as required, and chilled; whole-
water samples were preserved, chilled, and shipped without

Table 1.  Characteristics of sampling locations, Meduxnekeag River watershed, Maine.

1Drainage areas were calculated at given coordinates; sampling locations differed slightly.

Station identifier Station name Latitude Longitude

Drainage 
area 

(square 
miles)

01017970 Meduxnekeag River at Porter Settlement Road 46°06’07” 67°52’22” 106

01017980 South Branch Meduxnekeag River 46°06’08” 67°52’18” 69

01018010 B Stream at Route 2, Houlton 46°07’48” 67°50’53” 45

01018012 Pearce Brook at Houlton1 46°07’32” 67°50’44” 8.04

01018015 Meduxnekeag River at Highland Avenue, Houlton 46°07’43” 67°50’21” 231

01018018 Jimmy Brook at Houlton1 46°08’08” 67°49’39” 0.91

01018020 Cook Brook at Houlton1 46°08’33” 67°49’25” 8.09

01018034 Smith Brook at Houlton1 46°10’51” 67°48’22” 8.01

01018035 Meduxnekeag River at Lowery Road 46°10’52” 67°48’16” 257
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having been filtered. All samples for chemical analysis were 
shipped by overnight courier using established chain-of-cus-
tody protocols to the USGS National Water-Quality Labora-
tory (NWQL) in Lakewood, Colo. Samples of suspended 
sediment were shipped to the USGS Iowa District Sediment 
Laboratory (IDSL) for analysis.  

Samples of the top 1 in. of bed sediment were collected 
and composited from multiple depositional zones across the 
stream at each site, mixed, and sieved through a 2-mm (milli-

meter) stainless-steel sieve (Shelton and Capel, 1994). Back-
water areas that might have represented only localized 
deposition were not sampled; instead, fine sediments were 
collected from behind small islands and (or) obstructions such 
as rocks. After collection and processing, sieved samples were 
stored in a refrigerator for a minimum of 3 days to allow the 
sediments to settle because the NWQL requires that each sedi-
ment sample have a minimal amount of water. The settled sedi-
ments were shipped to the NWQL as bed-sediment samples. 

aQuality-assurance sample also collected
bStation 01018010 only
cPhosphorus only

Date Station identifier Sampling 
personnel Target analytes Medium Flow condition

April 23, 2003 01017970a 
01017980

USGS Field measurements
Suspended sediment 
Nutrients

Surface water High-snowmelt 
runoff

April 24, 2003 01018010
01018035a

USGS Field measurements
Suspended sediment 
Nutrients

Surface water High-snowmelt 
runoff

May 30, 2003 01017970
01018035 

HBMI Field measurements 
Nutrients

Surface water Medium

June 2, 2003 01017970
01017980

USGS Field measurements 
Suspended sediment 
Nutrients

Surface water Medium

June 3, 2003 01018010 
01018035

USGS Field measurements
Suspended sedimentb 
Nutrients

Surface water Medium

June 18, 2003 01017970
01018010
01018035

HBMI Nutrients Surface water Low

July 7, 2003 01017970
01017980
01018010
01018035a

HBMI Field measurements 
Nutrients
Mercury 
Carbon 
Organic compounds

Surface water Low

July 16, 2003 01017970
01017980c

USGS Nutrients 
Mercury 
Carbon 
Organic compounds

Bed sediment Low

July 17, 2003 01018010c

01018012c

01018015
01018018c

01018020c

01018034c

01018035

USGS Nutrients 
Mercury 
Carbon
Organic compounds

Bed sediment Low

July 24, 2003 01017970
01017980
01018010
01018035

HBMI Nutrients Surface water Low

August 6, 2003 01018035 HBMI Nutrients Surface water High
September 3, 2003 01017970

01017980
01018010

HBMI Nutrients Surface water Low

Table 2.  Dates and locations of samples collected in Meduxnekeag River watershed, Maine, 2003. 
[USGS, U.S. Geological Survey; HBMI, Houlton Gand of Maliseet Indians].
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Splits of the bed-sediment samples were analyzed for particle-
size distribution by the IDSL. 

Notes of field activities were kept during sample collec-
tion. Included in these notes were records of measured field 
values (water temperature, pH, dissolved oxygen concentra-
tion, and specific conductance), instrument calibrations, 
sampling techniques, conditions of the stream and weather, 
and number of bottles collected for analysis. Field notes are on 
file with the USGS in Augusta, Maine. 

Discharge measurements were made at most stations 
during the April 23-24 and June 2-3 events. Measurements 
were used to calculate instantaneous loads of sediment and 
chemical constituents. During some sampling events, stream-
flow was estimated by use of stage measurements and applica-
tion of established streamflow ratings. Of particular interest 
was the South Branch station (01017980). Streamflow could 
not be measured at South Branch because of the presence of 
rapids, but flow was estimated by subtracting streamflow at the 
Porter Settlement Road station (01017960, just above the 
confluence of South Branch and Meduxnekeag River) from 
streamflow at gaging station 01018000 (just below confluence 
of South Branch and Meduxnekeag River) under the assump-
tion that South Branch provided the difference in streamflow. 
Gage height was recorded at gaging station 01018000 during 
sampling, and streamflow was estimated from the historical 
rating.

Sample Analysis

Chemical analyses of the samples collected for this 
study were done by the USGS NWQL in Lakewood, Colo. 
Samples for suspended sediment and particle-size distribution 
were analyzed at the USGS IDSL. Bed-sediment samples were 
processed through a 2-mm stainless-steel mesh sieve for anal-
ysis of organic compounds and through a 0.063-mm nylon-
cloth sieve for analysis of total mercury. Method references 
and reporting limits for analytes are presented in appendix 2.

Quality Assurance

Quality-assurance samples are designed to provide 
information on the bias and representativeness of samples. 
During this study, two types of quality-assurance samples, 
blanks and replicates, were collected.  The blanks were 
collected by different organizations: USGS collected the blank 
on April 23 and HBMI collected the blank on July 7. Neither 
of the blanks contained detectable concentrations of the nutri-
ents for which they were analyzed, indicating that sample 
results were not biased by equipment contamination or 
sampling method. 

Nutrients, organic compounds, and 
mercury in Meduxnekeag River

Although a primary purpose of this study was to relate 
nutrient concentrations to the presence of algal blooms in 
Meduxnekeag River, no large algal mats were observed during 
the 2003 sample-collection period, possibly because of 
seasonal variations and flushing related to summer storm 
events. The data described in this section, therefore, will 
provide a baseline for future studies and are discussed in rela-
tion to various flow conditions and spatial distributions.

Surface Water

This section contains discussion about concentrations 
of suspended sediment and nutrients in surface water, physical 
properties of surface water, and estimates of nutrient loads and 
yields. Assumptions used in the estimates of nutrient loads and 
yields are described.

Suspended Sediment and Nutrient Concentrations 

Concentrations of suspended sediment ranged from 7 to 
18 mg/L (milligrams per liter) during April 23-24 (snowmelt 
runoff) and from 3.2 to 10 mg/L during June 2-3 (table 3). 
Suspended-sediment concentrations in samples  decreased 
between the two events. During both sampling events, concen-
trations of suspended sediment were higher in samples from 
downstream locations than from upstream locations.

Table 3.  Concentrations of suspended sediment at selected 
stations, Meduxnekeag River watershed, Maine, April and 
June 2003.

Concentrations of nitrate (NO3) and organic nitrogen, 
the forms of nitrogen present in streamwater samples, ranged 
from 0.04 (estimated) to 0.50 mg/L and from 0.19 to 0.62 
mg/L, respectively (table 4). No sample contained a concentra-
tion of NO3 higher than 10 mg/L as NO3, the maximum 
contaminant level for drinking water (U.S. Environmental 

Station 
identifier 
(Figure 2)

Sample date
Concentration, 
in milligrams 
per liter

01017970 4/23/2003 7

01017970 6/02/2003 5.8

01017980 4/23/2003 18

01017980 6/02/2003 10

01018010 4/24/2003 9

01018010 6/03/2003 3.2

01018035 4/24/2003 11
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Protection Agency, 2004). Ammonia (NH3) and nitrite (NO2) 
were not detected in any sample for which they were analyzed 
and, on the basis of those nondetections, probably contributed 
little or nothing to total nitrogen in any other sample. Organic 
nitrogen, primarily from anthropogenic sources but possibly 
also from microbial processes, contributed more than half of 
the total nitrogen in 17 of 26 samples. Organic nitrogen is 
mineralized to nitrate and other forms of inorganic nitrogen in 
the presence of oxygen. Total nitrogen concentrations 
increased in samples from South Branch (01017980), B 
Stream (01018010), and Lowery Road (01018035) throughout 
the summer but were nearly constant in samples from Porter 
Settlement Road (01017970). Organic nitrogen concentrations 
were highest in early June and early August, which was when 
NO3 concentrations were least. Median concentrations of total 
nitrogen from all sampling events were higher in samples from 
downstream stations than upstream stations, but median 
concentrations of organic nitrogen and NO3 were not as consis-
tent among the stations (fig. 5). Concentrations of nitrite + 
nitrate and filtered phosphorus in the replicate sample on April 
24 were similar to those of the same constituents in the regular 
sample, indicating that concentrations observed in the regular 
sample were representative of concentrations in the stream at 
the time of sampling (table 5).  

Meybeck (1982), as reported in Hem (1992), estimated 
that naturally occurring dissolved phosphorus in river water 
should average about 0.025 mg/L. Concentrations of dissolved 
(filtered) phosphorus in Meduxnekeag River and tributaries 
were 0.004 to 0.012 mg/L, with highest concentrations in 
samples from South Branch and Lowery Road (table 4). Peak 
concentrations of phosphorus were observed for all stations on 

July 24 (the concentration in the sample from B Stream was 
estimated).

Data collected during this study indicate that Medux-
nekeag River and tributaries were not seriously impaired 
during 2003 with respect to depletion of dissolved oxygen. 
Dissolved oxygen generally was near saturation, above 9 
mg/L, during daylight hours when the samples were collected 
(table 6). Data on file with HBMI indicated reductions in 
dissolved oxygen during early morning or night hours when 
the photosynthetic production of aquatic plants is minimal but 
respiration is high (David Joseph, Houlton Band of Maliseet 
Indians, oral commun., 2002). 

Measured pH was near neutral for all samples at all 
locations (table 6). The lowest pH recorded, 6.3, was measured 
during snowmelt runoff. During the rest of the spring and 
summer, pH was between 7.0 and 8.0. 

In general, specific conductance increased at each 
station during the summer. The inverse relation between 
specific conductance and streamflow is common (Hem, 1992). 
Specific conductance was less at the B Stream station 
(01018010) than at the other three sampling stations.

Nutrient Loads and Yields

Instantaneous phosphorus load during the April 23-24 
event was estimated as the sum of waterborne, filtered, total 
phosphorus (table 4) and phosphorus adsorbed to suspended 
sediment. Oliver and others (1999) showed that mechanisms of 
phosphorus adsorption to bed sediments and suspended 

Figure 5.  Median concentrations of nitrogen (N) in surface-water samples from Meduxnekeag River watershed, Maine, April-
September 2003.
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Table 4. Concentrations of selected nutrients in surface water, Meduxnekeag River watershed, Maine, April-September 2003.
[N, nitrogen; NH3, ammonia; NO2, nitrite; NO3, nitrate; <, less than; E, estimated concentration; --, no data]

aRegarded as equal to the concentration of nitrate+nitrite on the basis of nondetections of nitrite during the study.
bRegarded as equal to the concentration of ammonia+organic nitrogen on the basis of nondetections of ammonia during the study.

Sample 
date

Concentration, in mlligrams per liter as N (nitrogen) or P (phosphorus)

Total N 
unfiltered

Total N 
filtered

NH3 NO2 

NH3+
organic 

N 
filtered

NH3+
organic N 
unfiltered

NO3
a Organic 

Nb
Phosphorus 
unfiltered

Phosphorus 
filtered

Ortho-
phosphate 

Station 01017970, Meduxnekeag River at Porter Settlement Road

4/23/2003 0.54 -- <0.04 <0.008 -- 0.23 0.31 0.23 <0.04 <0.04 <0.02

5/30/2003 -- 0.39 -- -- 0.19 -- .20 .19 -- E.004 --

6/2/2003 .42 -- <.04 <.008 -- .31 .10 .31 <.04 <.04 <.02

6/18/2003 -- .38 -- -- .26 -- .13 .26 -- .005 --

7/7/2003 -- .44 -- -- .26 -- .17 .26 -- .005 --

7/24/2003 -- .40 -- -- .30 -- .10 .30 -- .008 --

9/3/2003 -- .40 -- -- .24 -- .16 .24 -- .005 --

Station 01017980, South Branch Meduxnekeag River

4/23/2003 0.37 -- <0.04 <0.008 -- 0.26 0.11 0.26 <0.04 <0.04 <0.02

6/2/2003 .48 -- <.04 <.008 -- .39 .09 .39 <.04 <.04 <.02

7/7/2003 -- 0.60 -- -- 0.37 -- .24 .37 -- .008 --

7/24/2003 -- .47 -- -- .43 -- E.04 .43 -- .010 --

9/3/2003 -- .64 -- -- .48 -- .16 .48 -- .009 --

Station 01018010, B Stream

4/24/2003 0.44 -- <0.04 <0.008 -- 0.26 0.18 0.26 <0.04 <0.04 <0.02

6/3/2003 .45 -- <.04 <.008 -- .35 .10 .35 <.04 <.04 <.02

6/18/2003 -- 0.51 -- -- 0.26 -- .25 .26 -- E.004 --

7/7/2003 -- .63 -- -- .29 -- .33 .29 -- .004 --

7/24/2003 -- .61 -- -- .24 -- .37 .24 -- E.004 --

9/3/2003 -- .75 -- -- .25 -- .50 .25 -- E.003 --

Station 01018035, Meduxnekeag River at Lowery Road

4/24/2003 0.52 -- <0.04 <0.008 -- 0.24 0.28 0.24 E0.02 <0.04 <.02

5/30/2003 -- 0.54 -- -- 0.22 -- .32 .22 -- .008 --

6/3/2003 .58 -- <.04 <.008 -- .46 .12 .46 <.04 <.04 <.02

6/18/2003 -- .50 -- -- .28 -- .22 .28 -- .008 --

7/7/2003 -- .57 -- -- .27 -- .30 .27 -- .005 --

7/24/2003 -- .59 -- -- .42 -- .18 .42 -- .012 --

8/6/2003 .67 -- <.04 <.008 -- .62 E.05 .62 E.02 <.04 <.02

9/3/2003 -- .73 -- -- .30 -- .43 .30 -- .006 --
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sediment are similar, although total amounts of phosphorus in 
bed sediments are generally higher than those in suspended 
sediment because of the number of soil grains available for 
binding. Instantaneous phosphorus load bound to suspended 

sediment (PLss, in kg/d (kilograms per day)) can be calculated 
from equation 1:

       PLss = Ss * Pss * Q * Css, (1)

where Ss is the concentration of suspended sediment (mg/L), 
Pss is the concentration of phosphorus adsorbed to suspended 
sediment (mg/kg (milligrams per kilogram)), Q is the flow rate 
(ft3/s), and Css is a unit-conversion factor of value 2.447 x 

10-6.  Waterborne phosphorus load (PLw, in kg/d) is calculated 
from a similar equation:

PLw = Pw * Q * Cw, (2)

where Pw is the concentration of phosphorus in water (mg/L) 
and Cw is a unit-conversion factor of value  2.447.

If it can be assumed (a) that phosphorus binds to 
suspended sediment at about the same concentrations as to bed 
sediment (that is, in the range of 200-600 mg/kg, table 7) and 
(b) the concentrations of phosphorus in bed sediment in July, 
when bed sediment was sampled, were representative of those 
at other times the year, then at Lowery Road (01018035) on 
April 24, the instantaneous phosphorus load bound to 
suspended sediment was about 24 kg/d by equation 1:

        11 mg/L Ss (table 3) * 230 mg/kg Pss (table 7) * 3,820 
ft3/s (table 6) * 2.447x10-6 = 24 kg/d PLss

Waterborne phosphorus load during high flow at Lowery Road 
was about 187 kg/d total phosphorus:

       0.02 mg/L Pw (table 4) * 3,820 ft3/s (table 6) * 2.447 
= 190 kg/d PLw

Instantaneous phosphorus load during high flow, then, 
was about 210 kg/d, of which 89 percent was not bound to 
suspended sediment. Similar analyses were done for stations at 
Porter Settlement Road, South Branch, and B Stream on April 
23-24; using estimated concentrations of total phosphorus 
equal to one-half the detection limit (Hornung and Reed, 1990) 
(table 4), instantaneous phosphorus loads were from 43 to 71 
kg/d, of which 86 to 93 percent were not bound to suspended 
sediment.

Nitrogen loads and yields in surface water also were 
estimated similarly to phosphorus loads and yields; these esti-
mates did not include sediment-bound nitrogen loads because 
nitrogen concentrations in sediment were not measured during 
the study. In these calculations, it was assumed that nitrogen 
concentrations were conservative and did not account for any 
in-stream processes that can affect nitrogen concentrations, 
such as plant uptake and denitrification. Instantaneous loads of 
organic nitrogen and NO3 were calculated by an equation anal-
ogous to equation 2 for the April 23-24 and June 2-3 sampling 
events (table 8) for four watersheds: B Stream (LB, using flows 
and concentrations measured at 01018010), South Branch 
(LSB, using flows and concentrations measured at 01017980), 
Meduxnekeag River above Porter Settlement Road (LPS, using 
flows and concentrations measured at 01017970), and Medux-
nekeag River above Lowery Road (LLR, using flows and 
concentrations measured at 01018035). Loads were calculated 
for Meduxnekeag River between Porter Settlement 

Table 5. Concentrations of selected nutrients in quality-assurance samples, Meduxnekeag River 
watershed, Maine, April and July 2003.
[NH3, ammonia; N, nitrogen; NO2, nitrite; NO3, nitrate; P, phosphorus; mg/L, milligrams per liter; <, less than]

Station 
identifier 
(Figure 2)

Date Sample 
type Nutrient Concentration Units

01017970 4/23/2003 Blank NH3 <0.04 mg/L as N

01017970 4/23/2003 Blank NO2 <.008 mg/L as N

01017970 4/23/2003 Blank NH3+organic N <.1 mg/L as N

01017970 4/23/2003 Blank NO2+NO3 <.06 mg/L as N

01017970 4/23/2003 Blank Phosphorus <.04 mg/L

01017970 4/23/2003 Blank Phosphorus <.04 mg/L

01017970 4/23/2003 Blank Orthophosphate <.02 mg/L as P

01018035 4/24/2003 Replicate NO2+NO3 .27 mg/L as N

01018035 4/24/2003 Replicate Phosphorus .017 mg/L

01018035 7/07/2003 Blank NH3+organic N <.1 mg/L as N

01018035 7/07/2003 Blank NO2+NO3 <.06 mg/L as N

01018035 7/07/2003 Blank Phosphorus <.004 mg/L
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Table 6. Streamflow and physical properties, Meduxnekeag River watershed, Maine, April-September 2003.
[oC, Celsius; --, no data]

aStreamflow on 6/4/2003 is assumed to be about equal to streamflow on 6/2/2003 or 6/3/2003 at the respective stations.

Sample 
date

Instant-
aneous 

discharge, 
in cubic 
feet per 
second

Gage 
height, in 
feet (tape-

down value 
from 

reference 
mark)

Water 
temper-
ature, in 

oC

Air 
temper-

ature), in 

oC

Barometric  
pressure, in 
millimeters 
of mercury

Specific 
conduct-
ance, in 
micro-

siemens 
per 

centimeter 
at 25 oC

Dissolved 
oxygen, in 
milligrams 

per liter

Dissolved 
oxygen, in 
percent of 
saturation

pH, in 
standard 

units

Station 01017970, Meduxnekeag River at Porter Settlement Road

4/23/2003 1,340 -11.00 2 -- 742 87 12.2 91 6.8

5/30/2003 -- -14.91 15.3 18.2 -- 177 9.8 -- 7.5

6/2/2003 -- -13.81 15.4 -- 740 160 9.9 100 7.6

6/4/2003a 184 -14.39 -- -- -- -- -- -- --

6/18/2003 -- -14.75 -- -- -- -- -- -- --

7/7/2003 -- -15.4 -- -- -- 216 -- -- 7.8

7/24/2003 -- -15.10 -- -- -- -- -- -- --

Station 01017980, South Branch Meduxnekeag River

4/23/2003 963 -- 0.6 -- 742 48 13.3 95 6.9

6/2/2003 -- -- 16.1 -- 740 107 9.7 101 7.5

6/4/2003a 195 -- -- -- -- -- -- -- --

7/7/2003 -- 0.71 -- -- -- 169 -- -- 7.6

7/24/2003 -- .00 -- -- -- -- -- -- --

9/3/2003 -- .07 -- -- -- -- -- -- --

Station 01018010, B Stream

4/24/2003 791 -19.49 1.1 -- 740 53 13 95 6.5

6/3/2003 135 -21.87 12.2 -- 748 82 10.5 100 7.4

6/18/2003 -- -22.5 -- -- -- -- -- -- --

7/7/2003 -- -22.8 -- -- -- 164 -- -- 7.4

7/24/2003 -- -23.30 -- -- -- -- -- -- --

9/3/2003 -- -22.85 -- -- -- -- -- -- --

Station 01018035, Meduxnekeag River at Lowery Road

4/24/2003 3,820 -16.46 1.6 -- 740 80 12.9 95 6.3

5/30/2003 -- -21.03 15 18.8 -- 204 10.4 -- 7.5

6/3/2003 -- -19.98 14.8 15.6 747 127 10.9 -- 7.6

6/4/2003a 586 -20.37 -- -- -- -- -- -- --

6/18/2003 -- -21.19 -- -- -- -- -- -- --

7/7/2003 -- -21.77 -- -- -- 220 -- -- 8.2

7/17/2003 -- -21.95 -- -- -- -- -- -- --

7/24/2003 -- -20.85 -- -- -- -- -- -- --

8/6/2003 -- -16.86 -- -- -- -- -- -- --

9/3/2003 -- -21.78 -- -- -- -- -- -- --
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Table 7. Concentrations of phosphorus in bed sediment, 
Meduxnekeag River watershed, Maine, July 2003.

Road and Lowery Road (LPL), hereafter called the Houlton 
area for convenience, by subtraction:

       LPL = LLR - LPS - LSB - LB.  (3)

The Houlton area includes Houlton’s wastewater-treatment 
facility and Pearce, Jimmy, Cook, and Smith Brooks (fig. 2).

During the April 23-24 event, combined loads of 
organic and NO3 nitrogen at Porter Settlement Road 
(01017970), South Branch (01017980), and B Stream 
(01018010) were about 83 and 67 percent, respectively, of the 
loads at Lowery Road (01018035), whereas combined stream-
flow at the three upstream stations was about 81 percent of the 
streamflow at Lowery Road and combined drainage area about 

86 percent. By equation 3, 33 percent of the NO3 load at 
Lowery Road came from the Houlton area, which represents 
14 percent of the total drainage area. These data indicate that 
the Houlton area contributed high concentrations of NO3 to 
Meduxnekeag River at Lowery Road during the high flows on 
April 23-24. 

During the June 2-3 sampling event (using streamflows 
measured on June 4), the same subwatersheds contributed 67 
and 70 percent of the loads of organic and NO3 nitrogen, 
respectively, to Lowery Road but 87 percent of its streamflow 
(table 8, figure 6). At medium flow, then, the Houlton area 
contributed high loads of both organic and NO3 nitrogen. 
Minimally changing flow conditions during the 2 to 3 days of 
data collection may have affected the results of this analysis. 

Nutrient yields are loads that are normalized for 
drainage area. Because drainage area frequently is a primary 
contributor to streamflow (see, for example, Dudley, 2004), 
this normalization process provides estimates of the contribu-
tion of nutrients from a subwatershed that are not dependent 
upon the size of the stream or its watershed. Nitrogen yields 
were higher on April 23-24 than on June 2-3 (table 8). During 
the April 23-24 event, total nitrogen yields were lowest at the 
South Branch station, whereas during the June 2-3 event, 
yields were lowest at the Porter Settlement Road station. 
During both events, total nitrogen yields at B Stream were 
similar to those from the entire watershed, as measured at 
Lowery Road, and organic nitrogen yields at B Stream were 
greatest. Research has shown that nitrogen yields often are 
higher in early spring than during other times of the year 

Station identifier 
(Figure 2) Sample date

Concentration, 
in milligrams 
per kilogram

01017970 7/16/2003 230

01017980 7/16/2003 180

01018010 7/17/2003 270

01018012 7/17/2003 490

01018015 7/17/2003 210

01018018 7/17/2003 660

01018020 7/17/2003 530

01018034 7/17/2003 630

01018035 7/17/2003 230

Station 
identifier 
(Figure 2)

Drainage 
area 
(mi2)

Stream-
flow 
(ft3/s)

Concentration (mg/L as N) Load (kg/d) Yield (kg/d-mi2)
Total 

N
Organic 

N
Nitrate 

N
Total 

N
Organic 

N
Nitrate 

N
Total 

N
Organic 

N
Nitrate 

N

April 23-24, 2003

01017970 106 1,340 0.54 0.23 0.31 1,770 750 1,020 16.7 7.1 9.6

01017980 69 963 .37 .26 .11 870 610 260 12.6 8.9 3.8

01018010 45 791 .44 .26 .18 850 500 350 18.9 11.2 7.7

01018035 257 3,820 .52 .24 .26 4,860 2,240 2,430 18.9 8.7 9.5

June 2-3, 2003

01017970 106 184 0.42 0.31 0.10 190 140 45 1.8 1.3 0.42

01017980 69 195 .48 .39 .09 230 190 43 3.3 2.7 .62

01018010 45 135 .45 .35 .10 150 120 33 3.3 2.6 .73

01018035 257 586 .58 .46 .12 830 660 170 3.2 2.6 .67

Table 8. Instantaneous nitrogen loads and yields at selected stations in Meduxnekeag River watershed, Maine, April and June 2003.
[mi2, square miles; ft3/s, cubic feet per second; mg/L, milligrams per liter; kg/d, kilograms per day; N, nitrogen]
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Figure 6 . Streamflows and nitrogen (N) loads, Meduxnekeag River subwatershed, Maine, June 2-3, 2003.
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because of high runoff volumes from snowmelt (Kaushal and 
Lewis, 2003; U.S. Geological Survey, 1999).

Bed Sediments

Bed sediments were sampled at three main-stem 
stations (01017970, 01018015, and 01018035) and selected 
tributaries to infer potential nutrient flux from sediments to 
Meduxnekeag River. Fine-grained bed sediments were 
uncommon in the river. U.S. Department of Agriculture classi-
fies particles with diameters less than 0.002 mm  as clays, 
particles with diameters from 0.002 mm to 0.05 mm as silts, 
and particles with diameters from 0.05 mm to 2 mm as sands 
(Hillel, 1982). Sediments at all three stations were classified as 
sands, containing more than 95 percent particles greater than 
0.063 mm diameter (table 9). Chemicals such as nutrients and 
organic compounds generally bond readily to clays because of 
their electrochemical nature and available surface area; in 
comparison to clays, sands and silts are relatively inert. 
Because of the high percentage of sand present in samples, the 
sediments at the seven sampling stations probably do not retain 
chemicals at concentrations as high as those that might be 
found in silty or muddy streams.

Phosphorus was detected in all nine bed-sediment 
samples at concentrations from 180 to 660 mg/kg (table 7). 
The lowest concentration was in the sample from South 
Branch, whereas the highest concentrations—2 to 3 times as 
high as the others—were in the samples from the small tribu-
taries of Pearce, Jimmy, Cook, and Smith Brooks (which were 
not analyzed for particle-size distribution). Given that stream-
beds in the study area contain generally large-diameter sands, 
which are less mobile than silts and clays, and that the brooks 

each have small drainage basins (table 1), phosphorus may 
accumulate in the sediments of these tributaries because of 
insufficient scouring events. 

According to recent studies, phosphorus concentrations 
in bed sediments of Meduxnekeag River generally were lower 
than those in sediments of rivers nearby. Median concentra-
tions of phosphorus in sediments of the lower Charles and 
upper Mystic Rivers in Massachusetts were 1,500 mg/kg and 
1,200 mg/kg, respectively (Breault and others, 2000; Breault 
and others, 2004).  The relatively low concentrations of phos-
phorus in sediments of Meduxnekeag River, combined with 
the high concentrations of dissolved oxygen observed 
throughout the study, inhibited the release of phosphorus from 
the streambed. If release of phosphorus from sediments is a 
source of nutrients that supports algal blooms, as presented as 
a working hypothesis in the introduction to this report, the 
optimal conditions for this to occur were not observed during 
the summer of 2003.

Concentrations of mercury and carbon in bed sediment 
decreased with distance downstream from Porter Settlement 
Road (01017970). Mercury was detected in all three bed-sedi-
ment samples for which it was analyzed at concentrations from 
0.06 to 0.2 µg/g (table 10, back of report). Fish-consumption 
advisories have been issued for mercury in Meduxnekeag 
River (Maine Department of Inland Fisheries and Wildlife, 
2003). Concentrations of organic and inorganic carbon also 
were detected in all three samples, and concentrations of 
organic carbon were greater than those of inorganic carbon.  
Concentrations of mercury increased with concentrations of 
organic carbon in samples (fig. 7).

Table 9. Bed-sediment particle-size distributions, Meduxnekeag River, Maine, July 2003.
[mm, millimeters; <, less than; >, greater than; %, percent. Samples were field-sieved to <2 mm.] 

Station 
identifier 
(Figure 2)

Percent by 
weight
<1 mm 

Percent by 
weight
<0.5 mm 

Percent by 
weight
<0.25 mm 

Percent by 
weight
<0.125 mm 

Percent by 
weight
<0.063 mm 

Percent by 
weight
<0.004 mm 

Percent 
sand by 
weight, 
>0.063 mm

01017970 29.93 38.43 18.11 5.84 3.03 1.1 95.9

01018015 34.78 39.96 16.96 4.40 1.41 .5 98.1

01018035 52.24 36.60 6.78 1.67 .94 .4 98.7
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Bed-sediment samples did not contain detectable 
concentrations of PCBs or phthalate esters (table 10). The only 
phenolic compound detected was p-cresol, at concentrations 
ranging from 130E to 140E µg/kg (micrograms per kilogram). 
Metabolites of the DDT pesticide family, p,p’-DDE and p,p’-
DDT, were detected in samples from Porter Settlement Road 
and Highland Avenue at concentrations from 4 (estimated) to 
13 µg/kg. No other pesticides were detected. Fish-consumption 
advisories for DDT in Meduxnekeag River have been issued 
(Maine Department of Inland Fisheries and Wildlife, 2003). 

Polycyclic aromatic hydrocarbons (PAHs) detected in 
bed-sediment samples included pyrene, fluorene, fluoranthene, 
naphthalene, phenanthrene, anthracene, and many of their 
derivatives (table 10). The sum of concentrations of PAHs in 
the sample from Highland Avenue (01018015) was nearly 
three times as high as that in the sample from Porter Settlement 
Road and nearly four times as high as that in the sample from 
Lowery Road (fig. 8), possibly reflecting the proximity of 
Highland Avenue to urban processes that generate many of 
these organic compounds. The eight highest concentrations of

Figure 7 . Concentrations of carbon and mercury at stations on Meduxnekeag River, Maine, July 2003.

Figure 8.  Sum of concentrations of polycyclic aromatic hydrocarbons in bed-sediment samples from Meduxnekeag River,  July 2003.
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Station identifier and sample date Median from 
NECB 
NAWQA 
 (n=14 for 
organics and 
carbon, n=63 
for mercury)

01017970
7/16/2003

01018015
7/17/2003

01018035
7/17/2003

Compound Units Concentration

Mercury µg/g 0.2 0.12 0.06 0.12

Inorganic carbon g/kg 2.2 2.4 .5 <2

Organic carbon g/kg 6.5 4.9 4.1 62

Total carbon g/kg 8.7 7.3 4.6 62

Organic surrogates

a-HCH-d6 percent 71 77 61 72

Terphenyl-d14 percent 110 90 87 72

2-Fluorobiphenyl percent 94 83 72 60

Nitrobenzene-d5 percent 110 88 96 61

Pesticides

cis-Nonachlor µg/kg <5 <5 <5 2

trans-Nonachlor µg/kg <5 <5 <5 6

Oxychlordane µg/kg <5 <5 <5 <2

Aldrin µg/kg <5 <5 <5 <2

cis-Chlordane µg/kg <5 <5 <5 7

trans-Chlordane µg/kg <5 <5 <5 5

Chloroneb µg/kg <25 <25 <25 <10

Dacthal µg/kg <25 <25 <25 <10

o,p’-DDD µg/kg <5 <5 <5 <2

p,p’-DDD µg/kg <5 <5 <5 13

o,p’-DDE µg/kg <5 <5 <5 <2

p,p’-DDE µg/kg E4 5 <5 8

o,p’-DDT µg/kg <10 <10 <10 <4

p,p’-DDT µg/kg 13 <10 <10 6

Dieldrin µg/kg <5 <5 <5 2

alpha-Endosulfan µg/kg <5 <5 <5 <2

Endrin µg/kg <10 <10 <10 <4

alpha-Hexachlorocyclohexane µg/kg <5 <5 <5 <2

beta-Hexachlorocyclohexane µg/kg <5 <5 <5 <2

Heptachlor µg/kg <5 <5 <5 <2

Heptachlor epoxide µg/kg <5 <5 <5 <2

Hexachlorobenzene µg/kg <5 <5 <5 <2

Isodrin µg/kg <5 <5 <5 <2

Lindane µg/kg <5 <5 <5 <2

p,p’-Methoxychlor µg/kg <25 <25 <25 <10

o,p’-Methoxychlor µg/kg <25 <25 <25 <10

Mirex µg/kg <5 <5 <5 <2

cis-Permethrin µg/kg <25 <25 <25 <10

trans-Permethrin µg/kg <25 <25 <25 <10

Toxaphene µg/kg <1,000 <1,000 <1,000 <400

Table 10. Concentrations of mercury, carbon, and hydrophobic organic compounds in bed sediment, 
Meduxnekeag River, Maine, July 2003.
[µg/kg, micrograms per kilogram; µg/g, micrograms per gram; g/kg, grams per kilogram; <, less than; n, number of samples; 
E, estimated; --, no data; NECB NAWQA, New England Coastal Basins National Water-Quality Assessment]
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Phthalate esters

Dibutyl phthalate µg/kg <300 <300 <300 94

Dioctyl phthalate µg/kg <300 <300 <300 <100

Diethyl phthalate µg/kg <300 <300 <300 <100

Dimethyl Phthalate µg/kg <300 <300 <300 <100

2-Ethylhexylphthalate µg/kg <300 <300 <300 1,300

Butylbenzylphthalate µg/kg <300 <300 <300 150

Polycyclic aromatic hydrocarbons

Acenaphthylene µg/kg 320 360 E180 210

Acenaphthene µg/kg E51 E130 E39 <100

Anthracene µg/kg 330 790 E200 425

2-Methylanthracene µg/kg E130 E230 E96 100

Benz[a]anthracene µg/kg 830 2,400 660 1,550

Chrysene µg/kg 880 2,600 640 205

Pyrene µg/kg 1,500 4,400 880 3,100

1-Methylpyrene µg/kg E190 310 E120 160

Benzo[a]pyrene µg/kg 680 2,000 520 1,400

Dibenz[ah]anthracene µg/kg E260 480 E240 220

Fluoranthene µg/kg 1,600 5,400 1,100 3,750

Indenopyrene µg/kg 620 1,400 520 870

Benzo[k]fluoranthene µg/kg 630 1,900 560 1,450

1-Methylfluorene µg/kg E68 E100 E62 <100

Fluorene µg/kg E93 E220 E72 150

Naphthalene µg/kg E62 E92 E60 <100

1,2-Dimethlnaphthalene µg/kg <300 <300 <300 <100

1,6-Dimethlnaphthalene µg/kg E44 E63 <300 47

2,3,6-Trimethnaphthalene µg/kg E50 E61 <300 75

2,6-Dimethlnaphthalene µg/kg E70 E91 E59 115

2-Chloronaphthalene µg/kg <300 <300 <300 <100

2-Ethylnaphthalene µg/kg <300 <300 <300 48

Benzo[b]fluoranthene µg/kg 700 1,800 570 1,850

Benz[ghi]perylene µg/kg E230 590 E220 845

Phenanthrene µg/kg 700 2,500 390 1,650

1-Methylphenanthrene µg/kg E140 <300 E66 155

Benzo[def]fluorene µg/kg E140 400 E69 305

Acridine µg/kg <300 E130 <300 100

Station identifier and sample date Median from 
NECB 
NAWQA 
 (n=14 for 
organics and 
carbon, n=63 
for mercury)

01017970
7/16/2003

01018015
7/17/2003

01018035
7/17/2003

Compound Units Concentration

Table 10. Concentrations of mercury, carbon, and hydrophobic organic compounds in bed sediment, 
Meduxnekeag River, Maine, July 2003.—Continued
[µg/kg, micrograms per kilogram; µg/g, micrograms per gram; g/kg, grams per kilogram; <, less than; n, number of samples; 
E, estimated; --, no data; NECB NAWQA, New England Coastal Basins National Water-Quality Assessment]
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Phenols

Phenol µg/kg <300 <300 <300 75

3,5-Dimethylphenol µg/kg <300 <300 <300 <100

4-Chloro-3-methylphenol µg/kg <300 <300 <300 <100

C8-Alkylphenol µg/kg <300 <300 <300 --

2-Chlorophenol µg/kg <300 <300 <300 <100

p-Cresol µg/kg E130 E140 E140 790

Other compounds

Polychlorinated biphenyls (PCBs) µg/kg <250 <250 <250 155

Benzo[c]cinnoline µg/kg <300 <300 <300 <100

2,4-Dinitrotoluene µg/kg <300 <300 <300 <100

2,6-Dinitrotoluene µg/kg <300 <300 <300 <100

Isophorone µg/kg <300 <300 <300 <100

2,2’-Biquinoline µg/kg <300 <300 <300 <100

Quinoline µg/kg <300 <300 <300 <100

Phenanthridine µg/kg <300 <300 <300 99

Isoquinoline µg/kg <300 <300 <300 <100

9,10-Anthraquinone µg/kg E130 320 E60 490

2-Chloroethoxymethane µg/kg <300 <300 <300 <100

Nitrosodipropylamine µg/kg <300 <300 <300 100

Nitrosodiphenylamine µg/kg <300 <300 <300 <100

1,2,4-Trichlorobenzene µg/kg <300 <300 <300 <100

1,2-Dichlorobenzene µg/kg <300 <300 <300 <100

1,3-Dichlorobenzene µg/kg <300 <300 <300 <100

1,4-Dichlorobenzene µg/kg <300 <300 <300 <100

Azobenzene µg/kg <300 <300 <300 <100

Nitrobenzene µg/kg <300 <300 <300 <100

Pentachloronitrobenzene µg/kg <300 <300 <300 <100

Carbazole µg/kg E42 E160 E39 220

Dibenzothiophene µg/kg E94 E180 E83 100

4-Bromodiphenyl ether µg/kg <300 <300 <300 <100

4-Chlorodiphenylether µg/kg <300 <300 <300 <100

2-Chloroethylether µg/kg <300 <300 <300 <100

Pentachloroanisole µg/kg <5 <5 <5 <2

Station identifier and sample date Median from 
NECB 
NAWQA 
 (n=14 for 
organics and 
carbon, n=63 
for mercury)

01017970
7/16/2003

01018015
7/17/2003

01018035
7/17/2003

Compound Units Concentration

Table 10. Concentrations of mercury, carbon, and hydrophobic organic compounds in bed sediment, 
Meduxnekeag River, Maine, July 2003.—Continued
[µg/kg, micrograms per kilogram; µg/g, micrograms per gram; g/kg, grams per kilogram; <, less than; n, number of samples; 
E, estimated; --, no data; NECB NAWQA, New England Coastal Basins National Water-Quality Assessment]
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PAHs—fluoranthene, pyrene, chrysene, phenanthrene, 
benzo(a)anthracene, benzo(a)pyrene, benzo(k)fluoranthene, 
and benzo(b)fluoranthene—were in the sample from Highland 
Avenue. PAHs are thought to be derived primarily from anthro-
pogenic sources such as municipal incineration or other com-
bustion processes, although some are manufactured directly 
and are used in dye and (or) plastics manufacturing (Smith and 
others, 1988). Some PAHs of low molecular weight, such as 
naphthalene and acenaphthene, are known to degrade rapidly, 
whereas other PAHs of high molecular weight, such as fluoran-
thene, chrysene, and anthracene, are resistant to biodegradation 
(Smith and others, 1988). PAHs have low solubilities and par-
tition strongly to sediment organic matter. Larsen and others 
(1983) found concentrations of benzo(a)pyrene (maximum 805 
µg/kg) , benzo(k)fluoranthene (193 µg/kg), and acenaphthene 
(1,150 µg/kg) in samples from Casco Bay, Maine.

Comparisons with Data from Other Studies

The data collected during this study were compared with 
those of the New England Coastal Basins (NECB) National 
Water Quality Assessment (NAWQA) study. The NECB 
NAWQA collected water- and bed-sediment- quality data at 
nine fixed stations, eight in Massachusetts and one in Maine 
(Campo and others, 2003). NAWQA data from station 
01049265 (Kennebec River at North Sidney, Maine) were used 
for in-state comparisons in this report, whereas data from 
station 01095220 (Stillwater River near Sterling, Mass.) were 
used for land-use comparisons because land use in the Still-
water River watershed (forestry and agriculture) is similar to 
that in the Meduxnekeag River watershed.  All NECB 
NAWQA data are available on the World Wide Web at URL 
http://nh.water.usgs.gov/CurrentProjects/nawqa/sw.htm.

Low concentrations of suspended sediment in samples 
from Meduxnekeag River watershed were similar to those in 
samples from Stillwater and Kennebec Rivers, but high 
concentrations were not as great as those in samples from Still-
water and Kennebec Rivers (table 11). In samples from all 
three watersheds, however, highest concentrations of 
suspended sediment were measured in April, probably in rela-
tion to snowmelt runoff.

Summary statistics of nutrient concentrations in samples 
from the three rivers are in table 12. Phosphorus concentrations 

in samples from Kennebec River were higher than those in 
samples from Stillwater and Meduxnekeag Rivers. Nitrogen 
concentrations in samples from Kennebec and Stillwater 
Rivers were similar, whereas those in samples from Medux-
nekeag River (total nitrogen) generally were higher than both. 

The NECB NAWQA study collected 63 samples for 
mercury in bed sediment at 56 stations.  Mercury concentra-
tions were 0.01 to 3.11 µg/g and the median concentration was 
0.12 µg/g. Concentrations higher than 0.2 µg/g, which was the 
maximum concentration detected in the Meduxnekeag River 
watershed during this study, were found in about one-third of 
the NAWQA samples (Campo and others, 2003).

The NECB NAWQA study also sampled for organic 
compounds in bed sediment at 14 stations. Four pesticides 
(p,p’-DDD, nonachlor, chlordane, and dieldrin), three phtha-
lates, and phenol were found in bed sediments during the 
NAWQA study but were not found in bed-sediment samples 
during this study. Concentrations of p-cresol detected during 
the NAWQA study were higher than those detected during this 
study, but concentrations of all other organic compounds were 
similar in both studies.

Summary and Conclusions

Seasonal problems have been documented with Medux-
nekeag River and its tributaries, including high sediment loads 
during runoff events, occasional algal blooms, and increased 
phosphorus concentrations during low flow. In response to 
these problems, U.S. Geological Survey, in cooperation with 
the Houlton Band of Maliseet Indians, studied the quality of 
surface water and bed sediments in the Meduxnekeag River 
watershed, Maine in 2003. The primary purpose of the study 
was to investigate the source of nutrients that may contribute to 
algal blooms in Meduxnekeag River during summer months of 
low flow. Surface water and bed sediments were sampled for 
nutrients, hydrophobic organic compounds, total carbon, and 
mercury during the spring and summer of 2003. Nitrate (NO3) 
and organic nitrogen were detected in stream-water samples at 
concentrations from 0.04 (estimated) to 0.50 mg/L (milligrams

Table 11.  Range of suspended-sediment concentrations in samples from three New England rivers, 1998-2003.
[Concentrations in milligrams per liter; n, number of samples.]

River
Range of suspended
sediments concentrations 
in April

Range of suspended
sediments concentrations in 
June

Range of suspended
sediments concentrations all 
months

Meduxnekeag River 7-8 (n=3) 3-10 (n=2) 3-18 (n=5)
Kennebec River 3-63 (n=3) 1-4 (n=2) 1-63 (n=28)
Stillwater River 2-58 (n=4) 3-7 (n=3) 2-58 (n=39)
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per liter) and from 0.19 to 0.62 mg/L, respectively. Organic 
nitrogen contributed more than half of the total nitrogen in 
most of the samples. Median concentrations of total nitrogen 
from all sampling events were higher in samples from down-
stream stations than from upstream stations. Concentrations of 
dissolved phosphorus were from 0.003 (estimated) to 0.012 
mg/L, with highest concentrations in samples from South 
Branch and the station furthest downstream, Meduxnekeag 
River at Lowery Road (01018035). Peak concentrations of 
phosphorus were observed for all stations on July 24 during 
low flow.

Total instantaneous phosphorus load during high flow 
(April 23-24) was estimated to be 211 kg/d (kilograms per day) 
at Lowery Road, of which 89 percent was in water and 11 
percent bound to suspended sediment. At the B Stream 
(01018010), South Branch (01017980), and Porter Settlement 
Road (01017970) stations, total instantaneous phosphorus 
loads were from 43 to 71 kg/d, of which 86 to 93 percent were 
in water. 

Drainage areas of B Stream, South Branch, and Medux-
nekeag River above Porter Settlement Road include 86 percent 
of the drainage area at Lowery Road; however, loads of total, 
organic, and NO3 nitrogen at those stations on June 2-3 were 
equal to only 68, 67, and 70 percent of the total, organic, and 
NO3 nitrogen loads, respectively, observed at Lowery Road. 
These and other data indicate that the part of the watershed that 
includes Houlton and several small urban brooks contributed 
high concentrations of nitrate to Meduxnekeag River during 
the high flows on April 23-24 and high concentrations of both 
organic and nitrate nitrogen on June 2-3. On a per unit area 
basis, B Stream  contributed more organic nitrogen to Medux-

nekeag River at Lowery Road than either South Branch or 
Meduxnekeag River above Porter Settlement Road. 

Samples of bed sediments from nine stations along the 
river were analyzed for phosphorus; concentrations were from 
180 to 660 mg/kg (milligrams per kilogram), with highest 
concentrations in samples from small tributaries to Medux-
nekeag River.  In comparison with data from studies in Massa-
chusetts, the observed concentrations of phosphorus from the 
Meduxnekeag River watershed during this study were low. 
These low concentrations of phosphorus, combined with high 
concentrations of dissolved oxygen observed throughout the 
study, restricted release of phosphorus from sediments during 
2003. No large algal blooms were observed in the study area 
during 2003, but a cause-and-effect relation between the 
impedance of phosphorus release from bed sediments and the 
lack of large algal blooms could not be established from the 
data.

Samples of bed sediment from three main-stem stations 
were analyzed for hydrophobic organic compounds, mercury, 
and total organic and inorganic carbon. Concentrations of 
mercury ranged from 0.06 to 0.2 µg/g (micrograms per gram). 
Bed-sediment samples from the three stations did not contain 
detectable concentrations of polychlorinated biphenyls (PCBs) 
or phthalates.  The only phenolic compound detected was p-
cresol. Metabolites of the pesticide DDT were detected in two 
of the three samples in concentrations as high as 13 µg/kg. 
Highest concentrations of polycyclic aromatic hydrocarbons 
were in the sample from Meduxnekeag River at Highland 
Avenue in Houlton (01018015).

Results of this study in the Meduxnekeag River water-
shed were compared to those of the New England Coastal 

Table 12. Summary of nutrient concentrations in samples from Stillwater River, Massachusetts, and Kennebec and 
Meduxnekeag Rivers, Maine, 1998-2003.
[N, nitrogen; P, phosphorus; E, estimated; <, less than; <, less than or equal to; n, number of samples. Data for the Stillwater and Kennebec Rivers were 
summarized from tables available on the Web at URL http://nh.water.usgs.gov/CurrentProjects/nawqa/sw.htm. All concentrations are in milligrams per liter.] 

Statistic Ammonia

Ammonia 
+ organic 

N, 
dissolved

Total 
ammonia 
+ organic 

N

Nitrate + 
nitrite, 
dissolved

Nitrite, 
dissolved Total N P, 

dissolved Ortho P Total P

Stillwater River, Massachusetts, station 01095220 (n=39)

Median 0.02 0.2 0.27 0.15 0.01 0.43 0.006 0.01 0.016

Minimum <.02 E.06 E.06 .06 E.003 .25 E.003 E.009 E.005

Maximum .053 .38 .53 .31 .02 .64 .05 .02 .145

Kennebec River, Maine, station 010149265 (n=24)

Median 0.02 0.24 0.29 0.12 <0.01 0.41 0.026 0.021 0.036

Minimum <.02 <.1 <.1 .06 <.01 .25 .006 <.01 .019

Maximum .14 .34 .38 .16 .02 .55 .06 .054 .077

Meduxnekeag River, Maine, several stations (9 < n < 26)

Median <0.04 <0.008 0.31 0.18 <0.008 0.54 0.008 <0.02 <0.04

Minimum <.04 <.008 .23 .04 <.008 .38 .003 <.02 <.04

Maximum <.04 <.008 .62 .50 <.008 .75 <.04 <.02 <.04
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Basins study of the National Water-Quality Assessment 
(NECB NAWQA). Phosphorus concentrations in samples from 
Meduxnekeag River were lower than those in samples from 
Kennebec River, Maine, but similar to those in samples from 
Stillwater River, Massachusetts. Nitrogen concentrations, 
however, generally were higher in samples from Meduxnekeag 
River than those in samples from Kennebec and Stillwater 
Rivers.  About one-third of the concentrations of mercury in 
bed-sediment samples collected during the NECB NAWQA 
were higher than 0.2 µg/g, which was the maximum concentra-
tion detected during this study. Four pesticides, three phtha-
lates, and phenol were found in bed-sediment samples during 
the NECB NAWQA study but were not found in bed-sediment 
samples during this study. Concentrations of most organic 
compounds found in both studies were similar.

Although a goal of the study was to relate the quality of 
the river to the presence of algal blooms, no large algal blooms 
were observed in the study area during spring and summer 
2003. Concentrations of phosphorus in surface waters of 
Meduxnekeag River were lower than those detected in the 
NECB NAWQA study. It may be that the algae growth was less 
in 2003 than that observed in previous years because phos-
phorus concentrations were relatively low. 
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Appendix 1. Historical streamflow, temperature, and specific conductance at station 
01018000, Meduxnekeag River near Houlton, Maine
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Table 1.  Historical streamflow, temperature, and specific conductance at station 01018000, Meduxnekeag 
River near Houlton, Maine 
[°C, Celsius; --, no data]

Date

Instantaneous 
streamflow, in 
cubic feet per 

second

Water 
temperature, in 

°C

Air temperature, 
in °C

Specific 
conductance, in 

microsiemens per 
centimeter at 25 °C

10/04/1976 -- 11 16 148

11/16/1976 -- 0 -1.5 119

12/14/1976 -- 0 -17 89

01/17/1977 -- 0 13 94

02/22/1977 -- 0 -6 198

04/11/1977 -- 0 4 139

04/23/1977 -- 2 11 169

05/31/1977 -- 17 22 143

07/18/1977 -- 20 24 120

08/22/1977 -- 16 20 180

09/26/1977 -- 14 14 170

10/06/1977 486 9.5 -- 102

11/07/1977 234 7 -- 148

10/10/1978 19 8.5 13 162

11/14/1978 31 2 6 168

12/18/1978 39 0 -4 125

01/29/1979 423 .5 2 143

02/26/1979 122 0 -4 180

03/26/1979 5,590 1 5 64

05/01/1979 1,950 7.5 12 68

06/25/1979 183 16.5 14.5 140

09/18/1979 136 16 18.5 125

10/23/1979 151 12 17 144

12/11/1979 158 0 -4 140

01/28/1980 66 0 -6.5 170

02/25/1980 25 0 9 185

07/15/1980 144 19 27 130

08/15/1980 124 19 21 130

10/07/1980 296 9 8 125

11/13/1980 415 2 2 135

12/16/1980 330 0 -20 86

02/02/1981 82 0 5.5 90

03/20/1981 195 0 2 175

04/08/1981 1820 2 10 100

02/09/1982 191 0 -5 120

03/29/1982 470 0 2 135

05/06/1982 636 10.5 13 92

06/09/1982 75 18 19 134

07/30/1982 71 19 18 160
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Appendix 2. Analytical schedules and detection limits
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Table 2A. Constituents in bed-sediment analysis, U.S. Geological Survey National Water-
Quality Laboratory Schedule 2500.
[CAS, Chemical Abstracts Service; RL, reporting limit; µg/kg, micrograms per kilogram; g/kg, grams per kilogram; --, 
not applicable] 

Constituent Parameter code CAS number RL Units

alpha-HCH 49338 319-84-6 1 µg/kg

beta-HCH 49339 319-85-7 1 µg/kg

Dibenz[a,h]anthracene 49461 53-70-3 50 µg/kg

Chrysene 49450 218-01-9 50 µg/kg

2-Methylanthracene 49435 613-12-7 50 µg/kg

3,5-Dimethylphenol 49421 108-68-9 50 µg/kg

4H-cyclopenta[def]phenanthrene 49411 203-64-5 50 µg/kg

4,6-Dinitro-2-methylphenol 49419 534-52-1 50 µg/kg

4-Bromodiphenyl ether 49454 101-55-3 50 µg/kg

4-Chlorodiphenyl ether 49455 7005-72-3 50 µg/kg

Anthraquinone 49437 84-65-1 50 µg/kg

Fluorene 49399 86-73-7 50 µg/kg

1-Methyl-9H-fluorene 49398 1730-37-6 50 µg/kg

Acenaphthene 49429 83-32-9 50 µg/kg

Acenaphthylene 49428 208-96-8 50 µg/kg

Acridine 49430 260-94-6 50 µg/kg

Aldrin 49319 309-00-2 1 µg/kg

Pentachloroanisole 49460 1825-21-4 5 µg/kg

Anthracene 49434 120-12-7 50 µg/kg

Azobenzene 49443 103-33-3 50 µg/kg

Benz[a]anthracene 49436 56-55-3 50 µg/kg

1,2,4-Trichlorobenzene 49438 120-82-1 50 µg/kg

Hexachlorobenzene 49343 118-74-1 5 µg/kg

1,3-Dichlorobenzene 49441 541-73-1 50 µg/kg

Nitrobenzene 49444 98-95-3 50 µg/kg

1,2-Dichlorobenzene 49439 95-50-1 50 µg/kg

1,4-Dichlorobenzene 49442 106-46-7 50 µg/kg

Pentachloronitrobenzene 49446 82-68-8 50 µg/kg

Benzo[a]pyrene 49389 50-32-8 50 µg/kg

Benzo[b]fluoranthene 49458 205-99-2 50 µg/kg

Benzo[ghi]perylene 49408 191-24-2 50 µg/kg

Benzo[k]fluoranthene 49397 207-08-9 50 µg/kg

Benzo[c]cinnoline 49468 230-17-1 50 µg/kg

2,2'-Biquinoline 49391 119-91-5 50 µg/kg

bis(2-Chloroisopropyl) ether 49457 108-60-1 50 µg/kg

bis(2-Chloroethyl)ether 49456 111-44-4 50 µg/kg

Hexachlorobutadiene 49448 87-68-3 50 µg/kg

Carbazole 49449 86-74-8 50 µg/kg

Chloroneb 49322 2675-77-6 5 µg/kg

cis-Chlordane 49320 5103-71-9 1 µg/kg

cis-Nonachlor 49316 5103-73-1 1 µg/kg

cis-Permethrin 49349 54774-45-7 5 µg/kg

Hexachlorocyclopentadiene 49489 77-47-4 50 µg/kg

Dacthal 49324 1861-32-1 5 µg/kg

N-Nitrosodi-n-propylamine 49431 621-64-7 50 µg/kg
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Dieldrin 49331 60-57-1 1 µg/kg

N-Nitrosodiphenylamine 49433 86-30-6 50 µg/kg

alpha-Endosulfan 49332 959-98-8 1 µg/kg

Endrin 49335 72-20-8 2 µg/kg

Hexachloroethane 49453 67-72-1 50 µg/kg

Fluoranthene 49466 206-44-0 50 µg/kg

Heptachlor 49341 76-44-8 1 µg/kg

Heptachlor epoxide 49342 1024-57-3 1 µg/kg

Indeno[1,2,3-cd]pyrene 49390 193-39-5 50 µg/kg

Isodrin 49344 465-73-6 1 µg/kg

Isophorone 49400 78-59-1 50 µg/kg

Isoquinoline 49394 119-65-3 50 µg/kg

Lindane 49345 58-89-9 1 µg/kg

4-Chloro-3-methylphenol 49422 59-50-7 50 µg/kg

2,4,6-Trimethylphenol 49416 527-60-6 50 µg/kg

bis(2-Chloroethoxy)methane 49401 111-91-1 50 µg/kg

o,p'-Methoxychlor 49347 30667-99-3 5 µg/kg

p,p'-Methoxychlor 49346 72-43-5 5 µg/kg

Mirex 49348 2385-85-5 1 µg/kg

Naphthalene 49402 91-20-3 50 µg/kg

1,2-Dimethylnaphthalene 49403 573-98-8 50 µg/kg

1,6-Dimethylnaphthalene 49404 575-43-9 50 µg/kg

2,3,6-Trimethylnaphthalene 49405 829-26-5 50 µg/kg

2,6-Dimethylnaphthalene 49406 581-42-0 50 µg/kg

2-Chloronaphthalene 49407 91-58-7 50 µg/kg

2-Ethylnaphthalene 49948 939-27-5 50 µg/kg

o,p'-DDD 49325 53-19-0 1 µg/kg

o,p'-DDE 49327 3424-82-6 1 µg/kg

o,p'-DDT 49329 789-02-6 2 µg/kg

Oxychlordane 49318 27304-13-8 1 µg/kg

p,p'-DDD 49326 72-54-8 1 µg/kg

p,p'-DDE 49328 72-55-9 1 µg/kg

p,p'-DDT 49330 50-29-3 2 µg/kg

p-Cresol 49451 106-44-5 50 µg/kg

Polychlorinated biphenyls 49459 1336-36-3 50 µg/kg

Phenanthrene 49409 85-01-8 50 µg/kg

1-Methylphenanthrene 49410 832-69-9 50 µg/kg

Phenanthridine 49393 229-87-8 50 µg/kg

Phenol 49413 108-95-2 50 µg/kg

2,4,6-Trichlorophenol 49415 88-06-2 50 µg/kg

2,4-Dichlorophenol 49417 120-83-2 50 µg/kg

2,4-Dinitrophenol 49418 51-28-5 50 µg/kg

C8-Alkylphenol 49424 -- 50 µg/kg

2-Chlorophenol 49467 95-57-8 50 µg/kg

2-Nitrophenol 49420 88-75-5 50 µg/kg

4-Nitrophenol 49423 100-02-7 50 µg/kg

Pentachlorophenol 49425 87-86-5 50 µg/kg

Constituent Parameter code CAS number RL Units

Table 2A. Constituents in bed-sediment analysis, U.S. Geological Survey National Water-
Quality Laboratory Schedule 2500.—Continued
[CAS, Chemical Abstracts Service; RL, reporting limit; µg/kg, micrograms per kilogram; g/kg, grams per kilogram; 

--, not applicable]
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Table 2B. Constituents in bed-sediment analysis, U.S. Geological Survey National Water-
Quality Laboratory Lab Code 1184.
[CAS, Chemical Abstracts Service; RL, reporting limit; mg/kg, milligrams per kilogram] 

Table 2C. Constituents in bed-sediment analysis, U.S. Geological Survey National Water-
Quality Laboratory Lab Code 1453.
[CAS, Chemical Abstracts Service; RL, reporting limit; µg/g, micrograms per gram]

bis(2-Ethylhexyl) phthalate 49426 117-81-7 50 µg/kg

Butylbenzyl phthalate 49427 85-68-7 50 µg/kg

Di-n-butyl phthalate 49381 84-74-2 50 µg/kg

Diethyl phthalate 49383 84-66-2 50 µg/kg

Dimethyl phthalate 49384 131-11-3 50 µg/kg

Di-n-octyl phthalate 49382 117-84-0 50 µg/kg

Pyrene 49387 129-00-0 50 µg/kg

1-Methylpyrene 49388 2381-21-7 50 µg/kg

Quinoline 49392 91-22-5 50 µg/kg

Dibenzothiophene 49452 132-65-0 50 µg/kg

2,4-Dinitrotoluene 49395 121-14-2 50 µg/kg

2,6-Dinitrotoluene 49396 606-20-2 50 µg/kg

Toxaphene 49351 8001-35-2 200 µg/kg

trans-Chlordane 49321 5103-74-2 1 µg/kg

trans-Nonachlor 49317 39765-80-5 1 µg/kg

trans-Permethrin 49350 51877-74-8 5 µg/kg

Inorganic carbon 49270 -- 0.2 g/kg

Total carbon 49272 -- 0.1 g/kg

Constituent Parameter code CAS number RL Units

Phosphorus 00668 7723-14-0 40 mg/kg

Constituent Parameter code CAS number RL Units

Mercury 34912 7439-97-6 0.02 µg/g

Constituent Parameter code CAS number RL Units

Table 2A. Constituents in bed-sediment analysis, U.S. Geological Survey National Water-
Quality Laboratory Schedule 2500.—Continued
[CAS, Chemical Abstracts Service; RL, reporting limit; µg/kg, micrograms per kilogram; g/kg, grams per kilogram; 

--, not applicable]
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Table 2D. Constituents in surface-water analysis, U.S. Geological Survey National Water-Quality 
Laboratory Schedule 86.
[CAS, Chemical Abstracts Service; RL, reporting limit; mg/L, milligrams per liter; --, not applicable]

Table 2E. Constituents in surface-water analysis, U.S. Geological Survey National Water-Quality 
Laboratory Schedule 1817.
[CAS, Chemical Abstracts Service; RL, reporting limit; mg/L, milligrams per liter; --, not applicable]

Constituent Parameter code CAS number RL Units

Nitrogen, ammonia 00608 7664-41-7 0.04 mg/L

Nitrogen, ammonia + organic nitrogen 00625 17778-88-0 .1 mg/L

Nitrogen, nitrite 00613 14797-65-0 .008 mg/L

Nitrogen, nitrite + nitrate 00631 -- .06 mg/L

Phosphorus 00666 7723-14-0 .04 mg/L

Phosphorus, phosphate, ortho 00671 14265-44-2 .018 mg/L

Phosphorus 00665 7723-14-0 .04 mg/L

Constituent Parameter code CAS number RL Units

Nitrogen, ammonia + organic nitrogen 00623 17778-88-0 0.1 mg/L

Nitrogen, nitrite + nitrate 00631 -- .06 mg/L

Phosphorus 00666 7723-14-0 .004 mg/L
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