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Multiply By To obtain
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meter (m) 3.281 foot (ft)
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Volume
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liter (L) 2.113 pint (pt)
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Flow rate
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Mass
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Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:

					     °F = (1.8 × °C) + 32.
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Multiply By To obtain
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Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows: 
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Temporal Trends in Water-Quality Constituent 
Concentrations and Annual Loads of Chemical 
Constituents in Michigan Watersheds, 1998–2013

By Christopher J. Hoard, Lisa R. Fogarty, and Joseph W. Duris

Abstract
In 1998, the Michigan Department of Environmental 

Quality and the U.S. Geological Survey began the Water 
Chemistry Monitoring Program for select streams in the State 
of Michigan. Objectives of this program were to provide 
assistance with (1) statewide water-quality assessments, (2) 
the National Pollutant Discharge Elimination System permit-
ting process, and (3) water-resource management decisions. 
As part of this program, water-quality data collected from 
1998 to 2013 were analyzed to identify potential trends for 
select constituents that were sampled. Sixteen water-quality 
constituents were analyzed at 32 stations throughout Michi-
gan. Trend analysis on the various water-quality data was 
done using either the uncensored Seasonal Kendall test or 
through Tobit regression. In total, 79 trends were detected in 
the constituents analyzed for 32 river stations sampled for 
the study period—53 downward trends and 26 upward trends 
were detected. The most prevalent trend detected throughout 
the State was for ammonia, with 11 downward trends and 1 
upward trend estimated.

In addition to trends, constituent loads were estimated for 
31 stations from 2002 to 2013 for stations that were sampled 
12 times per year. Loads were computed using the Autobeale 
load computation program, which used the Beale ratio estima-
tor approach to estimate an annual load. Constituent loads 
were the largest in large watershed streams with the highest 
annual flows such as the Saginaw and Grand Rivers. Likewise, 
constituent loads were the smallest in smaller tributaries that 
were sampled as part of this program such as the Boardman 
and Thunder Bay Rivers.

Introduction
The surface water in Michigan and the surrounding Great 

Lakes is an important ecological, recreational, and economical 
resource. Michigan has 36,350 miles of rivers and streams that 
drain 62 major watersheds to the Great Lakes. The importance 
of these waters to the State of Michigan and Great Lakes 

was acknowledged in 1998, with the passage of the Clean 
Michigan Initiative by the citizens of Michigan. This initiative 
authorized $675 million in State bonds to finance environmen-
tal and natural resources protection programs. 

Beginning in 1998, the U.S. Geological Survey (USGS) 
Michigan Water Science Center, in cooperation with the 
Michigan Department of Environmental Quality (MDEQ), 
collected samples for water quality from tributaries throughout 
Michigan (fig. 1) as part of the MDEQ Water Chemistry Moni-
toring Program (WCMP). Supported by the Clean Michigan 
Initiative, this long-term monitoring program was designed to 
assess the quality of Michigan rivers and streams that drain to 
the Great Lakes and to determine if the chemical characteris-
tics of surface waters of the State are changing with time.

The WCMP used a two-phase approach. Initially, the 
WCMP helped to establish baseline water quality for rivers 
and streams. Once baseline water quality was established, 
continued monitoring allowed for the assessment of trends 
of water-quality constituents. This type of monitoring pro-
gram can help identify the need for remediation or changes in 
management practices and also help determine the effects that 
changes to prior water or land-management practices have had 
on water quality. Changes in water quality of a river or stream 
can be the result of several factors; for example, land-use 
change, population growth, water use, and climate change.

As part of the WCMP, sampling for determination of con-
stituent loads followed the same two-phase sampling approach 
as was used to identify trends. The product of a constituent 
concentration and the volume of water during a defined period 
of time is referred to as the load of the constituent. Constituent 
loads are often estimated on an annual or monthly basis and 
are important when determining the potential impact constitu-
ents may have on the environment. Understanding constituent 
loads is important when evaluating the potential ecological 
and biological impacts to receiving waters and, ultimately, to 
the Great Lakes. For example, an intense focus has been on 
understanding the total load of phosphorus to Lake Erie (not 
shown), which has had harmful algal blooms of increasing 
frequency, magnitude, and duration since the middle 1990s 
(International Joint Commission, 2014). The total load of 
phosphorus to Lake Erie has been identified as one of the 
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Figure 1.  Michigan watersheds and associated land cover studied as part of the Michigan Water Chemistry Monitoring Program.
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major driving forces of the ecological transition of Lake Erie 
to this harmful eutrophic state (International Joint Commis-
sion, 2014). The overall mass of total phosphorus and nitrogen 
also has been implicated in causing large areas of hypoxia 
(dangerously low dissolved oxygen) in Lake Erie, which has 
ecological and economic consequences for the commercial 
fishery in Lake Erie’s central basin (International Joint Com-
mission, 2014). 

By developing an understanding of the load of a constitu-
ent, in addition to evaluating the flow and seasonally normal-
ized trends in a constituent, scientists are able to derive an 
understanding of which constituents might be driven more 
by point sources (those loads that are constant regardless of 
changes in streamflow) with those that might be more driven 
by nonpoint sources. 

Water Chemistry Monitoring Program

In 1998, the MDEQ began monitoring 27 watersheds in 
Michigan as part of the WCMP (fig. 1). The program used the 
MDEQ watershed-management units and 5-year rotational 
cycle developed by the MDEQ Ambient Surface WCMP 
(Michigan Department of Environmental Quality, 2001) to 
assess Michigan streams and channels connecting the Great 
Lakes and bays. The objectives of the WCMP were to pro-
vide assistance with (1) statewide water-quality assessments, 
(2) the National Pollutant Discharge Elimination System 
permitting process, and (3) water-resource-management 
decisions. 

The areas selected for monitoring coincide with USGS 
eight-digit hydrologic units throughout the State. Sampling 
locations in these hydrologic units were selected near the 
mouth of major streams that drain to the Great Lakes to deter-
mine the quality of the water directly entering the Great Lake 
into which each river drained. Land use in the watersheds 
differed from primarily undeveloped forest in the northern part 
of the State to more developed urban centers in the southern 
part of the State (fig. 1). Land-use categories differing from 
urban to undeveloped were represented by six hydrologic units 
that were monitored every year. Different land-use categories 
also were represented by 21 other hydrologic units that were 
monitored through 26 sampling stations (table 1). 

Previous Studies and Data

Since 2001, several reports summarizing the WCMP 
data for the State of Michigan have been published by the 
MDEQ (Michigan Department of Environmental Quality, 
2001, 2002, 2003, 2004, 2005, 2006a, 2008, 2013). Previ-
ously published WCMP reports summarizing annual and 
5-year results are available from the MDEQ, Water Resources 
Division, Water Chemistry web page at http://www.michigan.
gov/deq/0,4561,7-135- 3313_3686_3728-32361—,00.html. 
The information provided includes constituent load estimates 
for total phosphorus, chloride, total suspended solids (TSS), 

mercury, chromium, copper, and lead for selected tributaries in 
the WCMP. 

In 2009, the USGS published water-quality trend results 
for the selected streams in the WCMP for data collected during 
1998–2005 (Hoard and others, 2009). The 2009 USGS report 
describes water-quality trends observed during the first 7 years 
of the WCMP. Results of the assessment of the first 7 years of 
data identified several constituents with values either decreas-
ing or increasing during 1998–2005. Upward trends were 
identified at multiple rivers for chloride, nitrite, and copper 
concentrations. Downward trends for turbidity, ammonia, total 
phosphorus, total Kjeldahl nitrogen (TKN), chromium, and 
lead also were identified at multiple rivers.

In 2013, the MDEQ published a report (Michigan 
Department of Environmental Quality, 2013) that provided a 
summary of various aspects of the WCMP. Spatial variability 
of water-quality constituents was assessed for the State of 
Michigan using a probabilistic sampling approach. In addition, 
trends during 1998–2008 for select water-quality parameters 
were estimated for the same 31 stream stations analyzed in 
Hoard and others (2009) as well as for select Great Lakes 
connecting channels and large bays (Roush, 2013). With the 
addition of 3 years of data collection, trend estimates did differ 
between the two reports. For example, chloride was identified 
as having a statistically significant trend (p-value 0.05) for 
nine locations in Roush (2013) as opposed to three locations in 
Hoard and others (2009).

Purpose and Scope

The purpose of this report is to summarize the estimated 
trends and loads for select water-quality constituents collected 
as part of the MDEQ WCMP from 1998 to 2013. Trends in 
water-quality constituents were estimated for 32 stream sta-
tions in 27 watersheds throughout Michigan using either the 
Seasonal Kendall test or Tobit regression trend estimation 
methods. Trends were estimated for select physical character-
istics of water, nutrients, trace metals, and chloride. Annual 
constituent loads were estimated for the stream stations 
sampled 12 times per year using the Beale ratio estimator 
approach. Constituent loads were estimated for chloride, TSS, 
total phosphorus, mercury, lead, copper, and chromium for 30 
stations from 27 watersheds using flow and concentration data 
collected from 2002 to 2013. All chemical and physical data, 
and sample-related metadata, at all stations presented in this 
report are available online in the USGS National Water Infor-
mation System (NWIS) database. These data can be accessed 
using station information documented in this report at https://
nwis.waterdata.usgs.gov/mi/nwis/qwdata. Flow adjusted con-
centrations and annual constituent loads are reported in this 
document and are not stored in the NWIS database. 

http://www.michigan.gov/deq/0,4561,7-135-%203313_3686_3728-32361--,00.html
http://www.michigan.gov/deq/0,4561,7-135-%203313_3686_3728-32361--,00.html
http://nwis.waterdata.usgs.gov/mi/nwis/qwdata
http://nwis.waterdata.usgs.gov/mi/nwis/qwdata
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Table 1.  Stations sampled as part of the Michigan Water Chemistry Monitoring Program.

[Bold text indicates intensively sampled site; USGS, U.S. Geological Survey; EPA, U.S. Environmental Protection Agency; STORET, Storage and Retrieval 
System (water-quality data, EPA); Mich., Michigan]

Watershed 
number 

Station name
USGS  

station 
number

EPA 
STORET 
number

Latitude Longitude

1 Ontonagon River at Ontonagon, Mich. 04040018 660038 46.8674 -89.3171
2 Menominee River at Menominee, Mich. 04067648 550038 45.1064 -87.6357
3 Escanaba River at Wells, Mich. 040590345 210102 45.7811 -87.0675
4 Sturgeon River at County Road 499 at Nahma, Mich. 04057521 210032 45.8408 -86.6688
5 Manistique River Above Manistique, Mich. 04057004 770073 45.9716 -86.2432
6 Tahquamenon River at Emerson, Mich. 04045510 170141 46.5564 -85.0387
7 Pine River near Charles, Mich. 04127925 490006 46.0570 -84.6570
8 Cheboygan River at Cheboygan, Mich. 04132052 160073 45.6339 -84.4811
9 Boardman River near Traverse City, Mich. 04127200 280014 44.6753 -85.6309

10 Manistee River at Parkdale, Mich. 04126010 510088 44.2642 -86.2954
11 Pere Marquette River at Scottville, Mich. 04122500 530027 43.9450 -86.2787
12 Muskegon River near Bridgeton, Mich. (lower) 04122030 610273 43.3181 -86.0364
13 Muskegon River near Hersey, Mich. (upper) 04121621 670008 43.8472 -85.4322
14 Grand River near Eastmanville, Mich. (lower) 04119400 700123 43.0242 -86.0264
15 Grand River at Ionia, Mich. (upper) 04116000 340025 42.9720 -85.0692
16 Kalamazoo River at New Richmond, Mich. (lower) 04108660 030077 42.6517 -86.1078
17 Kalamazoo River near Augusta, Mich. (upper) 04105707 390057 42.3256 -85.3589
18 St. Joseph River at Napier Ave at St. Joseph, Mich. (lower) 04102080 110628 42.0892 -86.4747
19 St. Joseph River at Mottville, Mich. (upper) 04099000 750273 41.8009 -85.7561
20 River Raisin at Monroe, Mich. 04176540 580046 41.9134 -83.3847
21 Huron River at Rockwood, Mich. 04175120 580364 42.0642 -83.2539
22 River Rouge at River Rouge, Mich. 04168550 820070 42.2806 -83.1288
23 Clinton River at Gratiot Avenue at Mt. Clemens, Mich. 04165553 500233 42.5839 -82.8827
24 Black River at Port Huron, Mich. 04160075 740385 42.9944 -82.4450
25 Flint River near Fosters, Mich. 04149000 730285 43.3084 -83.9536
26 Cass River near Bridgeport, Mich. 04152002 730024 43.3650 -83.9550
27 Shiawassee River near Fergus, Mich. 04145000 730023 43.2547 -84.1055
28 Tittabawassee River at Center Road near Saginaw, Mich. 04156510 730025 43.3936 -84.0150
29 Saginaw River at Weadock Road at Essexville, Mich. 04157065 090177 43.6281 -83.8366
30 Au Sable River near Au Sable, Mich. 04137500 350061 44.4364 -83.4339
31 Thunder Bay at Alpena, Mich. 04135020 040123 45.0708 -83.4378
32 Black River near Port Huron, Mich. 04160055 740267 43.0175 -82.4530
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Approach

Monitoring Program Design

The sample design for the WCMP has been described 
in detail in previous reports (Roush, 2013; Hoard and others, 
2009). However, the monitoring program and water-quality 
sample design for the sampling stations and data used for this 
report are described in this section. Selected sampling sta-
tions were designated as either intensive or integrator stations 
(fig. 1). 

From 2001 to 2013, 6 intensive stations were sampled 
12 times annually. These samples were not collected at even 
intervals during the year, instead eight samples were col-
lected targeting high-flow events. Samples also were collected 
between 1998 and 2000; however, samples were not collected 
continuously during that period. Samples were collected dur-
ing the part of the year when rivers were free of ice, which in 
most cases was March through November. 

The other type of sampling station studied during this 
program was the integrator station (fig. 1). Integrator sta-
tions were sampled at varying frequency, but were typi-
cally sampled four times annually. During a typical year, an 
integrator station was sampled at approximately even intervals 
during the ice-free period of the year. Each integrator station 
also was sampled 12 times annually on a 5-year rotating basis. 
The WCMP distribution of samples by year for intensive and 
integrator stations in Michigan is listed in table 2. 

 During the study period, the determination was made 
that the original station for monitoring the Black River water-
shed (Black River at Port Huron, Michigan; USGS station 
04160075; watershed number 24) was likely representing 
a mix of Lake Huron and the Black River. This station was 
moved in 2006 to the Black River near Port Huron, Mich. 
(USGS station 04160055; watershed number 32), which is fur-
ther upstream and is not affected by mixing from Lake Huron. 
Therefore, trends were estimated from 2000 to 2005 for the 
Black River at Port Huron, Mich. (USGS station 04160075) 
and from 2006 to 2013 for the Black River near Port Huron, 
Mich. (USGS station 04160055). Trend results for both sta-
tions are reported. 

Sample Collection

For wadeable streams, water samples for trace metals 
and total mercury were collected as a single grab sample in 
the center of flow about 2–3 feet below the water surface. If 
a wading sample was not possible, water samples for mer-
cury and trace metals were collected using a peristaltic pump 
either from a bridge or a boat with C-Flex tubing connected to 
6–15 feet of Teflon tubing. The Teflon tubing was connected to 
a Teflon counter weight and dropped below the surface, about 
2–3 feet, in the center of the channel. Water samples for mer-
cury analysis were collected in 500 milliliter Teflon bottles, 
and water samples for analysis of trace metals were collected 

in 250 milliliter Teflon bottles. Before sampling, the tubing 
was rinsed with sample water for 5 minutes. Sample bottles 
were sealed in plastic bags and placed on ice in a cooler until 
final processing and transportation. The Teflon and C-Flex 
tubing were rinsed with 2-percent nitric acid and then rinsed 
in deionized water. The Teflon line was stored until the next 
sampling, whereas the C-Flex tubing was sent back to the Wis-
consin State Lab of Hygiene. Water samples for mercury and 
trace metals were shipped in a cooler with ice to the Wisconsin 
State Lab of Hygiene, Madison, Wisconsin, within 48 hours of 
sample collection.

For wadeable streams and for streams where a wad-
ing sample was not possible, water samples for nutrients, 
chloride, and TSS were collected as a single grab sample in 
the center of flow about 2–3 feet below the water surface in 
500 milliliter polypropylene bottles by using grab, peristaltic 
pump, sampling can, and Van Dorn samplers, as appropriate. 
Sample bottles were placed on ice in a cooler until final pro-
cessing and transportation. The samples that were analyzed 
for total organic carbon, nitrate, nitrite, ammonia, TKN, and 
total phosphorus were amended with 10 drops of concentrated 
sulfuric acid in the field to preserve the samples. Peristaltic 
tubing used for sampling was then cleaned using phosphate 
free detergent, rinsed with deionized water, and then stored 
for the next sampling. Samples were placed in a cooler with 
ice and shipped or transported to the MDEQ Environmental 
Laboratory, Lansing, Mich., within 48 hours of sample col-
lection. Results for all analyses are stored in the USGS NWIS 
database (https://waterdata.usgs.gov/nwis/nwis).

Quality Assurance Samples

As part of the WCMP, field blank and replicate samples 
were collected for the purpose of quality assurance. Field 
blank samples were used to assess whether or not the sampling 
equipment or methods were introducing contamination to the 
samples collected. Field blank samples were collected using 
blank water of known chemical quality during sample process-
ing and submitting that sample for analysis. Between 6 and 
15 blank samples were collected and analyzed annually for all 
the constituents. To put the blank sample analysis into context, 
knowledge of how to report lab results is required. For the 
nonmetal constituents, a minimum reporting level is the level 
at which a concentration can be quantified, so that above 
that level a value is reported and below that level the value 
is censored. For the trace metal constituents, two levels are 
used; a quantification level and a method detection level. The 
quantification level is the concentration at which a constituent 
can be quantified with certainty. The method detection level 
is defined as the smallest concentration that can be measured 
and reported with 99 percent confidence that the analyte con-
centration is greater than zero (Bonn, 2008). Any trace metal 
constituent with a result below the method detection level was 
reported as a censored value.

https://waterdata.usgs.gov/nwis/nwis
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Concentrations that are estimated are values that have 
less certainty associated with their reported quantity. In the 
nonmetal constituents, estimated values were reported in 
cases when the lab had to adjust a procedure that may increase 
uncertainty in a result. For example, dilution may be required 
to analyze a sample or matrix interference may affect the anal-
ysis of the sample. In addition to the previous examples, the 
concentration of a trace metal constituent also can be qualified 
as estimated when a concentration is reported that is above 
the detection level but below the quantification level. The 
concentration is qualified as estimated because the reported 
concentration is less certain than a concentration above the 
quantification level. 

 In general, the blank sample results were below the 
minimum reporting level or quantification level for non-
metal and trace metal constituents, respectively. Constituents 
were only above the minimum reporting and quantification 
levels in about 4.5 percent of blank samples (table 3). Nutri-
ent species were the most prevalent constituents with some 
quantifiable concentration in blank samples. Orthophosphate, 
nitrite, ammonia, and nitrate had estimated and detected levels 
in blanks at about 61, 48, 45, and 15 percent, respectively 
(table 3). These results indicate the possibility of some low-
level contamination in the nutrient species collected during 
this study.

Sequential replicate samples were used to assist in deter-
mining the variability in constituent concentrations as a result 
of sample collection, processing, and natural variability in 
the stream. The number of replicate samples collected ranged 
from 243 to 263, dependent on the constituent (table 4). 

Comparison of the environmental samples to the replicate 
samples collected indicates that most constituents have a 
low relative percent difference in concentration between the 
original environmental sample and the replicate environmental 
sample (table 4). Median values of relative percent difference 
are low indicating good precision in analysis and generally 
low natural variability in the stream. However, although 
most constituents had low variability, the maximum relative 
percent difference could be high for certain constituents. The 
large value for maximum relative percent difference (table 4) 
indicates lower precision and higher environmental variabil-
ity with the collection and analysis of mercury, copper, total 
phosphorus, and orthophosphate. For mercury, copper, total 
phosphorus, and orthophosphate the mean sample concentra-
tions were generally near the minimum reporting level or 
quantification level. Consequently, small differences between 
the environmental and replicate samples can translate to a 
large percent difference among the sample results.

Water-Quality Trend Analysis

A trend is defined as a change in a single direction 
(upward/downward) in constituent concentrations expressed as 
percent change per year. The statistical methods for estimating 
trends in water quality were developed in ESTREND (Schertz 
and others, 1991) and converted to a library (S–ESTREND) 
for use in S–PLUS, a statistical software package. The library 
and documentation for S–PLUS can be obtained in Slack and 
others (2003). 

Table 3.  Summary of quality control field blank samples collected for the Water Chemistry Monitoring Program.

[mg/L, milligrams per liter; N, Nitrogen; µg/L, micrograms per liter; ng/L, nanograms per liter; P, phosphorus]

Constituent
Number of  

censored results

Number of values  
below quantification  

but above the detection 
level

Number of samples  
above quantification  

level
Total samples

Ammonia (mg/L as N) 70 52 6 128
Chloride (mg/L) 117 6 5 128
Chromium (μg/L) 124 6 4 134
Copper (μg/L) 123 2 5 130
Lead (μg/L) 123 8 3 134
Mercury (ng/L) 128 4 3 135
Nitrate (mg/L as N) 100 14 3 117
Nitrite (mg/L as N) 67 43 18 128
Orthophosphate (mg/L as P) 50 70 8 128
Total phosphorus (mg/L as P) 114 11 3 128
Total Kjehldahl nitrogen (mg/L as N) 116 8 4 128
Total suspended solids (mg/L) 116 4 7 127
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The nonparametric approach of the uncensored Seasonal 
Kendall test was chosen as the primary test for this study 
because of the characteristics of the water-quality data col-
lected in the WCMP. The water-quality data collected as part 
of this program generally (1) were not normally distributed, 
(2) have seasonal variability in concentrations, (3) have vari-
ability in concentrations related to streamflow, (4) have some 
outlier concentration values, (5) have some censored concen-
tration values, and (6) have some missing concentration values. 
The uncensored Seasonal Kendall test provides a means for 
analyzing data with those characteristics, whereas standard 
parametric procedures have difficulty evaluating this dataset 
(Hirsch and others, 1982; Hirsch and others, 1991).

The uncensored Seasonal Kendall test for trend detection 
has four principal data requirements. The period of record for 
a water-quality station must be at least 5 years (Schertz and 
others, 1991). The minimum number of samples that can be 
tested for a particular sampling station is at least 3 times the 
number of designated annual seasons, or at least a minimum of 
10 samples (Schertz and others, 1991). Additionally, a mini-
mum percentage, in this case 30 percent, of the total possible 
number of seasonal water-quality values in the beginning and 
ending fifths of the record must be present (Schertz and others, 
1991). Finally, no more than 5 percent of the observed values 
can be censored (Schertz and others, 1991). Censored values 
are results for concentrations of constituents that are less than 
the laboratory method reporting level. These values are not 
quantified but are given a value of less than some reporting 
level.

Seasonal differences in concentrations of water-quality 
constituents can complicate the detection of trends. To detect 
a trend, the effect of seasonal differences on a constituent 
concentration needs to be removed. The ESTREND program 
removes the effect by dividing a year into seasons and only 
comparing sample data collected from similar seasons to esti-
mate a trend (Schertz and others, 1991).

Seasons, for the different stations and constituents ana-
lyzed for trends, were defined on the basis of the sampling 
frequency at a station and the distribution of concentration data 
with time. The number of seasons per year used for this study 
was either 12, 6, 4, 3, or 2. The ESTREND program has an 
automated procedure for selecting the most appropriate number 
of seasons to use in the uncensored Seasonal Kendall test 
(Schertz and others, 1991). The program combines the begin-
ning and ending fifths of the water-quality data for a constituent 
and compares that total to the middle three-fifths of the record. 
This procedure then calculates the total possible number of sea-
sonal comparisons that could be made given a certain period of 
record and compares that total to the actual number of seasonal 
comparisons that can be made on the basis of the data available 
for a certain constituent at a station. The seasonal definition 
that had the largest number of seasons and that had 50 percent 
or more of the total possible seasonal matches was selected. 
Emphasis was placed on the beginning and ending fifths of the 
record, so the seasonal definition procedure weighted those 
portions of the record higher than the middle three-fifths of 

the record. When a season for a particular year had multiple 
samples, the most central value, with respect to time, that also 
was paired with a flow estimate was selected to represent the 
season (Schertz and others, 1991).

The concentrations of various water-quality constituents 
commonly are related to streamflow. As a result, the variance 
in the flow of a stream may be one of the major influences on 
a constituent concentration with time. In many cases, the influ-
ence of streamflow may be greater than the influence of other 
anthropogenic factors on constituent concentrations. In this 
case, any trend analysis test used essentially would be examin-
ing trends in streamflow as opposed to trends in constituent 
concentrations. To better understand the anthropogenic effect 
on the concentrations of water-quality constituents in streams, 
the effect that variation in streamflow has on constituent con-
centrations needs to be removed.

The ESTREND program provides a utility to remove the 
variability in constituent concentrations as a result of stream-
flow variability. This utility requires a streamflow estimate for 
each constituent concentration at each station being tested. 
The ESTREND program then computes a relation between the 
constituent concentration and the streamflow estimate, effec-
tively creating a flow-adjusted concentration value (Schertz 
and others, 1991). For this study, a locally weighted scatter plot 
smoothing technique (Helsel and Hirsch, 2002) was used to 
develop the flow-adjusted concentration values. These flow-
adjusted concentration values were then tested for possible 
trends using the uncensored Seasonal Kendall test.

The parametric Tobit regression (Cohn, 1988; Schertz and 
others, 1991) also was used but only in cases where the data 
characteristics did not support using the uncensored Seasonal 
Kendall test. This trend estimation method was used for stations 
with constituents that had more than 5 percent but less than 
50 percent censored values. When 50 percent or more values for 
a constituent at a station were censored, then no trend tests were 
attempted. Only seven constituents analyzed for trends were in 
that category—ammonia, chromium, nitrate, nitrite, orthophos-
phate, total phosphorus, and TSS. A description of the Tobit 
regression equation, data requirements, and how the equation 
accounts for variability in constituent concentration as a result 
of flow and season, are in Cohn (1988), Schertz and others 
(1991), and Slack and others (2003). When the Tobit regression 
method was used for trend estimation, a log transformation of 
the flow and constituent concentrations was implemented and 
seasonal terms were included to account for variability in con-
stituent concentrations related to flow and seasonality. 

A trend is considered to be statistically significant if the 
p-value of the trend test for a constituent is below a certain 
threshold. For this study, any trend with a p-value below 0.05 
was considered statistically significant. The p-value is the prob-
ability that a detected trend resulted from a chance arrangement 
of the data, rather than from an actual change in constituent 
concentration. To illustrate, for a p-value of 0.05 a 5-percent 
chance exists that a detected trend is an artifact of a chance 
arrangement of data as opposed to an actual trend in constitu-
ent concentrations. 
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Estimating Constituent Loads

Water-quality data from the WCMP were used in con-
junction with streamflow data to compute loads at select sta-
tions. Loads were computed using the Autobeale load compu-
tation program (Richards and others, 1996) in stratified mode 
so that loads computed from the WCMP data can be compared 
to loads computed the same way by the U.S. Environmental 
Protection Agency (Dolan and Chapra, 2012). Annual con-
stituent loads were computed for chloride, TSS, total phos-
phorus, chromium, copper, lead, and mercury. Because of 
the rotational basis of sampling, loads were computed at the 
integrator stations on a rotational basis following the 5-year 
rotation of intensive sampling based on the MDEQ watershed-
management unit rotation (fig. 1, table 5). Annual loads also 
were computed at the six intensive stations for every year that 
the WCMP trend program was active (fig. 1). 

At the beginning of the WCMP, only 9 of 32 sampling 
locations selected for water-quality monitoring were either 
colocated or close enough to be considered flow equivalent 
with a USGS streamflow-gaging station. When a streamflow-
gaging station was not at the sampling station, a drainage-area 
multiplier (Archfield and Vogel, 2010) was determined for the 
area that contributed flow to that sample station. This mul-
tiplier was used in conjunction with the flow from a nearby 
streamflow-gaging station, usually upstream, to estimate the 
daily mean streamflow at the sample location. The Kalamazoo 
River near Augusta, Mich. (upper) (USGS station 04105707), 
Black River near Port Huron, Mich. (USGS station 04160055), 
and River Rouge (USGS station 04176540) were either the 
sum of multiple upstream gages or a combination of the sum 
of upstream gages and the use of a drainage area multiplier. 
Daily flows were provided by the dam operator for the Thun-
der Bay River at Alpena, Mich. (USGS station 04135020). 
Lastly, the Cheboygan River at Cheboygan, Mich. (USGS sta-
tion 04132052) flow was estimated using a regression of flows 
from nearby gages. A compilation of the streamgages used to 
derive daily flow for each station that loads were estimated is 
listed in table 6.

Water-Quality Trend Results
Water-quality constituent results collected for the study 

are summarized in table 7. The table provides a comparison of 
the range of values seen statewide and for the rivers sampled 
as part of the State of Michigan WCMP. Results of individual 
rivers sampled are available in appendixes 1 and 2 and can be 
used to identify how a specific river compares to the compos-
ite distribution of all water-quality results from the WCMP. 

  Water-quality data from 32 rivers sampled as part of the 
WCMP were analyzed for trends in ammonia, chloride, chro-
mium, copper, lead, mercury, nitrate, nitrite, orthophosphate, 
total phosphorus, TKN, and TSS. Water-quality data were 
collected between 1998 and 2013; however, water-quality 

data were not collected continuously during that period. For 
instance, the Saginaw River at Essexville was sampled in 1998 
and then not sampled again until 2001. The gap in that record 
caused problems with the trend estimation techniques used 
because too few records were at the beginning of the dataset. 
Therefore, only the periods with continuous data collection 
were used when estimating trends. For the Saginaw River, 
therefore, the trend estimate was for the period from 2001 to 
2013. Similarly, trends in constituent concentrations were only 
estimated from 2000 onward for the Clinton, Au Sable, Raisin, 
Huron, Rouge, Shiawassee, Tittabawassee, and Thunder Bay 
Rivers and do not include data from the sampling seasons dur-
ing 1998–99. The number of samples by year for each station 
and the period during which trends were estimated are listed 
in table 2. To provide a cross-reference with figures and tables, 
the watershed number for each river described in the results is 
included in parentheses following the river name.

Trends in Chloride and Total Suspended Solids

Trends in chloride flow-adjusted concentrations may be 
the result of natural or anthropogenic sources to the environ-
ment. Some examples of natural sources are saline ground-
water or dissolution of evaporite deposits in the Michigan 
Basin (Westjohn and Weaver, 1998). Anthropogenic sources 
of chloride include road-deicing compounds, plant fertilizer, 
and wastewater effluent (Hem, 1985). An increase in chloride 
is generally considered a decrease in water quality. Few values 
were censored so the uncensored Seasonal Kendall trend test 
was used for all stations.

Of the 32 rivers analyzed for trends in chloride, five 
had statistically significant trends (table 8). One river had an 
estimated downward trend, whereas four rivers had estimated 
upward trends. The downward trend was in the Cass River 
(26). The decrease in chloride for that river was 1.07 percent 
per year. The four upward trends were in the Menominee (2), 
Manistique (5), lower St. Joseph (18), and Black Rivers (24). 
The increase in chloride for these rivers was 2.80, 1.40, 0.90, 
and 5.43 percent per year, respectively. The spatial distribution 
of chloride trends in Michigan is shown in figure 2. A pattern 
is not obvious in the spatial distribution of chloride trends 
throughout the State. 

The concentration of the suspended material in a water 
sample are TSS. The TSS concentration is determined by 
filtering a water sample through a preweighed filter, then 
drying and weighing the filter to get the mass of material that 
was filtered. Large amounts of TSS in a water body can lead 
to increased water temperature, reduction of photosynthetic 
activity, and reduction in dissolved oxygen and, thus, degrad-
ing the water quality of the water body (Michigan Department 
of Environmental Quality, 2017). The TSS concentrations usu-
ally are correlated with streamflow, because high-flow events 
typically carry more suspended material than during low-flow 
events. Hence, flow-adjusted concentrations were used in 
the analyses. For TSS, two trend tests were used because of 
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Table 6.  U.S. Geological Survey stations used in the Water Chemistry Monitoring Program load computation.

[USGS, U.S. Geological Survey; Mich., Michigan]

Watershed 
number

Station name

USGS station 
number 
(sample  

collection)

USGS station number 
(daily mean flow determination)

Drainage 
area 

multiplier 

1 Ontonagon River at Ontonagon, Mich. 04040018 04040000 1.03
2 Menominee River at Menominee, Mich. 04067648 04067500 1.03
3 Escanaba River at Wells, Mich. 040590345 04059000 1.00
4 Sturgeon River at County Road 499 at Nahma, Mich. 04057521 04057510 1.20
5 Manistique River Above Manistique, Mich. 04057004 04056500 1.34
6 Tahquamenon River at Emerson, Mich. 04045510 04045500 1.07
7 Pine River near Charles, Mich. 04127925 04127918 1.41
8 Cheboygan River at Cheboygan, Mich. 04132052 Special1 1.00
9 Boardman River near Traverse City, Mich. 04127200 04126970 1.91

10 Manistee River at Parkdale, Mich. 04126010 04125550 1.25
11 Pere Marquette River at Scottville, Mich. 04122500 04122500 1.00
12 Muskegon River near Bridgeton, Mich. (lower) 04122030 04121970 1.07
13 Muskegon River near Hersey, Mich. (upper) 04121621 04121500 1.15
14 Grand River near Eastmanville, Mich. (lower) 04119400 204119000 21.08
15 Grand River at Ionia, Mich. (upper) 04116000 04116000 1.00
16 Kalamazoo River at New Richmond, Mich. (lower) 04108660 04108660 1.00
17 Kalamazoo River near Augusta, Mich. (upper) 04105707 Sum of 04105500 and 04105700 1.00
18 St. Joseph River at Napier Ave at St. Joseph, Mich. (lower) 04102080 04101500 1.15
19 St. Joseph River at Mottville, Mich. (upper) 04099000 04099000 1.00
20 River Raisin at Monroe, Mich. 04176540 04176500 1.02
21 Huron River at Rockwood, Mich. 04175120 04174500 1.17
22 River Rouge at River Rouge, Mich. 04168550 Sum of 04166500 and 04167000 

and 04168000
1.25

23 Clinton River at Gratiot Avenue at Mt. Clemens, Mich. 04165553 04165500 1.00
25 Flint River near Fosters, Mich. 04149000 04149000 1.00
26 Cass River near Bridgeport, Mich. 04152002 04151500 1.08
27 Shiawassee River near Fergus, Mich. 04145000 04145000 1.00
28 Tittabawassee River at Center Road near Saginaw, Mich. 04156510 04156000 1.05
29 Saginaw River at Weadock Road at Essexville, Mich. 04157065 04157000 1.04
30 Au Sable River near Au Sable, Mich. 04137500 04137500 1.00
31 Thunder Bay at Alpena, Mich. 04135020 Dam3 1.00
32 Black River near Port Huron, Mich. 04160055 Sum of 04159492 and 04159900 1.08

1Special, daily mean flow was computed via a weighted-linear regression analysis using the following formula (where  the numbers represent the daily mean 
flow from the indicated USGS Station Numbers. Cheboygan daily mean flow (04132052)=(1522.7 × ln(04127997+04130500+0412890))−8072.3.

2Drainage area multiplier used from water years 2002–09, in water year 2010 a USGS streamgage was installed at the same location as sample collection and 
was used for load computation from water year 2010–13.

3Flow provided by dam operator.
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Table 7.  Composite summary of constituent concentration data collected for the Water Chemistry Monitoring Program 1998–2013.

[mg/L, milligrams per liter; N, Nitrogen; <, less than; µg/L, micrograms per liter; ng/L, nanograms per liter; P, phosphorus]

Constituent
Number of 
Samples

Minimum
25 percent 
quantile

Mean Median
75 percent 
quantile

Maximum

Ammonia (mg/L as N)  3,085 <0.01 0.013 0.052 0.024 0.061 3.30
Chloride (mg/L)  3,086 <1 8.00 41.639 28.0 58.0 447
Chromium (µg/L)  3,011 <0.002 0.312 0.971 0.635 1.14 47.7
Copper (µg/L)  3,015 <0.001 0.536 1.789 1.34 2.21 393.000
Lead (µg/L)  3,069 0.013 0.146 0.889 0.441 1.07 50.8
Mercury (ng/L)  3,056 <0.01 1.14 3.323 2.09 4.04 304
Nitrate (mg/L as N)  3,048  0.002 0.084 0.886 0.440 1.32 10.9
Nitrite (mg/L as N)  3,083 <0.002 0.005 0.016 0.010 0.022 0.250
Orthophosphate (mg/L as P)  2,989 <0.003 0.005 0.022 0.010 0.026 4.00
Total Kjehldahl nitrogen (mg/L as N)  3,087 <0.1 0.400 0.665 0.630 0.880 4.70
Total phosphorus (mg/L as P)  3,087 <0.005 0.023 0.068 0.049 0.091 1.30
Total suspended solids (mg/L)  3,084 <4 4.00 18.737 11.0 21.0 1,700

the large number of censored values in the TSS dataset. The 
Seasonal Kendall trend test was used for the 14 rivers that had 
5 percent or fewer censored values. Tobit regression was used 
on 13 rivers with greater than 5 percent censored values. The 
remaining five rivers either had more than 50 percent censored 
values or had a censored data distribution that confounded the 
trend estimation; therefore, trends for TSS for those stations 
were not tested. Nine rivers that were tested for trends had 
statistically significant trends, all of which were downward 
(table 7, fig. 2). The lower Muskegon (12), upper Muskegon 
(13), lower Grand (14), upper Grand (15), lower St. Joseph 
(18), Clinton (23), Cass (26), Tittabawassee (28), and Saginaw 
(29) Rivers indicated downward trends for TSS. The percent 
decrease per year was 3.89, 4.08, 3.78, 6.72, 6.70, 5.69, 5.79, 
4.56, and 4.66, respectively (appendix 1). These results indi-
cate a general improvement in water quality with respect to 
suspended solids in the State of Michigan. Detected trends in 
TSS were all in the Lower Peninsula (fig. 2), primarily within 
the central and southern portion of Michigan.

Trends in Nutrient Constituents

The nutrient constituents analyzed as part of this study 
were flow-adjusted concentrations of ammonia, nitrate, nitrite, 
orthophosphate, total phosphorus, and TKN. Sources of nutri-
ent constituents include, but are not limited to, fertilizers, 
wastewater effluent, and by-products of combustion of fossil 
fuels. A direct relation exists between nutrient concentration 
and algal growth, which can lead to eutrophication of water 
bodies. In other words, as the concentration of nutrient spe-
cies increase, algae growth is stimulated and eutrophication 
of a water body may result (U.S. Environmental Protection 
Agency, 2017).

Trends in orthophosphate were problematic to assess at 
many rivers because of the low concentrations detected in 
samples. Only 19 rivers could be tested because of limitations 
associated with the number of censored values and the distri-
bution of the data with time. Fourteen of the rivers required 
the Tobit regression technique to detect a trend, whereas the 
remaining 5 rivers (table 9) were analyzed using the Sea-
sonal Kendall trend test. Five rivers had estimated trends in 
orthophosphate concentrations, three were upward trends 
and two were downward trends. The three upward trends 
were estimated in the Ontonagon (1) and lower Grand (14) 
Rivers, as well as in the Black River (32) near Port Huron, 
at rates of 9.19, 3.15, and 21.10 percent per year, respec-
tively (appendix 1). Downward trends were estimated in the 
Escanaba (3) and upper Kalamazoo (17) Rivers at rates of 
6.48 and 3.42 percent per year, respectively (appendix 1). The 
spatial distribution of orthophosphate trends in Michigan is 
shown in figure 2. Two trends are in the Upper Peninsula, and 
three trends are in the central and southern Lower Peninsula of 
the State. 

Trends in total phosphorus concentration were detected 
in 6 of the 32 rivers that were analyzed (table 9). All trends 
detected were downward, likely indicating improvement in 
water quality with respect to total phosphorus. Three rivers 
required the Tobit regression technique because more than 
5 percent of the concentrations were censored. The remain-
ing 29 rivers were analyzed using the Seasonal Kendall trend 
test. Downward trends were estimated in the Pine (7), lower 
St. Joseph (18), Raisin (20), Clinton (23), Flint (25), and Cass 
(26) Rivers at percentages of 3.38, 4.24, 3.08, 3.37, 3.83, 
and 4.12, respectively (appendix 1). Spatially, the trends in 
total phosphorus are shown in figure 2. The trends are in the 
southern Lower Peninsula with the exception of the Pine (7) 
watersheds.
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Table 8.  Trend results for chloride and total suspended solids at Michigan stream stations, 1999–2013.

[Mich., Michigan; -- ,no trend detected; U, upward trend with p-value less than or equal to 0.05; NA , trend not tested because of data 
limitationd; D, downward trend with p-value less than or equal to 0.05]

Watershed 
number 

Station name Chloride
Total suspended 

solids

1 Ontonagon River at Ontonagon, Mich. -- --
2 Menominee River at Menominee, Mich. U NA
3 Escanaba River at Wells, Mich. -- --
4 Sturgeon River at County Road 499 at Nahma, Mich. -- --
5 Manistique River Above Manistique, Mich. U --
6 Tahquamenon River at Emerson, Mich. -- NA
7 Pine River near Charles, Mich. -- --
8 Cheboygan River at Cheboygan, Mich. -- NA
9 Boardman River near Traverse City, Mich. -- --

10 Manistee River at Parkdale, Mich. -- --
11 Pere Marquette River at Scottville, Mich. -- --
12 Muskegon River near Bridgeton, Mich. (lower) -- D
13 Muskegon River near Hersey, Mich. (upper) -- D
14 Grand River near Eastmanville, Mich. (lower) -- D
15 Grand River at Ionia, Mich. (upper) -- D
16 Kalamazoo River at New Richmond, Mich. (lower) -- --
17 Kalamazoo River near Augusta, Mich. (upper) -- --
18 St. Joseph River at Napier Ave at St. Joseph, Mich. (lower) U D
19 St. Joseph River at Mottville, Mich. (upper) -- --
20 River Raisin at Monroe, Mich. -- --
21 Huron River at Rockwood, Mich. -- --
22 River Rouge at River Rouge, Mich. -- --
23 Clinton River at Gratiot Avenue at Mt. Clemens, Mich. -- D
24 Black River at Port Huron, Mich. U --
25 Flint River near Fosters, Mich. -- --
26 Cass River near Bridgeport, Mich. D D
27 Shiawassee River near Fergus, Mich. -- --
28 Tittabawassee River at Center Road near Saginaw, Mich. -- D
29 Saginaw River at Weadock Road at Essexville, Mich. -- D
30 Au Sable River near Au Sable, Mich. -- NA
31 Thunder Bay at Alpena, Mich. -- NA
32 Black River near Port Huron, Mich. -- --
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Figure 2.  Trend results for chloride, total suspended solids, total phosphorus, and orthophosphate by Michigan watershed.
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Trends in ammonia were detected more frequently than 
any other nutrient constituent. Trends were estimated at 12 of 
the 32 rivers analyzed. Two rivers had more than 5 percent of 
the ammonia results reported as censored values. Therefore, 
the Tobit regression technique was used for those two rivers, 
and the seasonal Kendall trend test was used for the remainder 
of the rivers (table 9). Of the 12 rivers with observed trends, 
11 of the trends were downward and 1 trend was upward. The 
spatial distribution of ammonia trends in Michigan is shown 
in figure 3. The large number of rivers with downward trends 
throughout the State indicates an overall improvement in 
water quality with respect to ammonia. Only one river that 
was monitored indicated upward trends in ammonia, the River 
Rouge (22), with trends increasing at 5.39 percent per year 
(appendix 1). 

Nitrate trends were detected in 5 of 32 rivers and all but 1 
of those trends was downward, much like the ammonia results 
(table 9). Seven rivers had more than 5 percent of the nitrate 
results reported as censored values. For those seven rivers, 
the Tobit regression technique was used to estimate trends, 
and the remaining rivers were analyzed using the Seasonal 
Kendall trend test. The spatial distribution of nitrate trends in 
Michigan is shown in figure 3. The distribution is similar to 
that of ammonia, but with fewer trends on the eastern one-half 
of the State. The Manistee (10), upper St. Joseph (19), Huron 
(21), and Au Sable (30) Rivers had significant downward 
trends at rates of 2.17, 1.53, 7.49, and 3.65 percent per year, 
respectively (appendix 1). The River Rouge (22) was the only 
station with an upward trend in nitrate at 3.83 percent per year 
(appendix 1). 

Trends in nitrite were problematic to assess mostly 
because concentrations were low and were censored more 
frequently than other constituents. Trends only could be 
analyzed for 19 of the 32 rivers because of limitations associ-
ated with the number of censored values and the distribution 
of the data with time. Of the 19 rivers that could be tested, 11 
rivers required Tobit regression because more than 5 percent 
of the constituent concentrations were below the censoring 
level. The remaining eight rivers were tested by using the 
Seasonal Kendall trend test. Downward trends were estimated 
in three rivers (table 9)—the lower Grand (14), Clinton (23), 
and Raisin (20) Rivers, which declined at 2.66, 4.83, and 
3.91 percent per year, respectively (appendix 1). An upward 
trend was estimated in the River Rouge (22), which increased 
at 5.97 percent per year (appendix 1). The spatial distribution 
of nitrite trends in Michigan is shown in figure 3.

The TKN is the concentration of the sum of organic 
nitrogen, ammonia, and the ammonium ion in solution. All 32 
rivers were analyzed using the Seasonal Kendall trend test. 
Downward trends were estimated in four rivers and upward 
trends were estimated in two rivers (table 9). The rivers with 
downward trends were the lower Grand (14), upper Grand 
(15), lower Kalamazoo (16), and Clinton (23) Rivers at rates 
of 2.46, 2.24, 1.6, and 1.57 percent per year, respectively 
(appendix 1). The two upward trends were detected in the 
Escanaba River (3) and the Black River (32) near Port Huron 

at rates of 2.66 and 5.30 percent per year, respectively (appen-
dix 1). The spatial distribution of TKN trends in Michigan 
is shown in figure 3. Trends are primarily in the southern 
and central Lower Peninsula with one increasing trend in the 
Upper Peninsula of the State. 

Trends in Trace Metals Concentrations

The watersheds monitored as part of this study were 
analyzed to detect trends in trace metal flow-adjusted concen-
trations, including chromium, copper, lead, and mercury. Trace 
metals are released to the environment from natural sources 
as well as from anthropogenic processes. Some anthropogenic 
sources of trace metals include industrial processing, wastewa-
ter effluent, and atmospheric deposition of materials released 
into the atmosphere through industrial processes. In addition 
to various industrial uses of lead, from the 1920s through 
the 1980s tetraethyl lead was added to “leaded” gasoline to 
increase power output from gasoline engines; therefore, lead 
is broadly distributed in the environment. At certain levels, 
trace metal constituents are toxic to humans (U.S. Environ-
mental Protection Agency, 2016) as well as to aquatic organ-
isms (Michigan Department of Environmental Quality, 2006b, 
2016).

Trends in chromium were estimated in 9 of 32 rivers and 
all of the trends were upward (table 10). The Seasonal Kendall 
test was used for four of the rivers analyzed. The remaining 
six rivers required the Tobit regression technique because 
greater than 5 percent of the chromium values were cen-
sored (appendix 1). Those rivers that had significant upward 
trends were the Menominee (2), Sturgeon (4), Manistique (5), 
Cheboygan (8), Boardman (9), lower Muskegon (12), upper 
St. Joseph (19), Au Sable (30), and Thunder Bay (31) Rivers 
at rates of 4.65, 7.16, 4.18, 16.8, 23.2, 5.65, 12.7, 26.7, and 
18.8 percent per year, respectively (appendix 1). The spatial 
distribution of chromium trends in Michigan is shown in 
figure 4. The trends shown are primarily in the Upper Penin-
sula and northern Lower Peninsula of the State. The prevalent 
upward trend generally indicates a decline in water quality. 
However, although the prevalence of upward trends may be a 
concern, the maximum concentrations measured at these rivers 
are still low (1.09–7.14 micrograms per liter) (appendix 1). The 
Michigan Rule 57 water-quality criteria final chronic value for 
aquatic environments with respect to chromium is dependent 
on the hardness of the water for a particular sample (Michigan 
Department of Environmental Quality, 2006b, 2016). There-
fore, a specific number cannot be defined, rather a number 
that changes as the waters hardness changes. The maximum 
concentrations of the rivers with upward trends are still below 
the final chronic value for chromium of 109 and 92 micrograms 
per liter, respectively (appendix 1).

Trends in copper were detected in 4 of 32 rivers analyzed 
(table 10). All rivers were analyzed using the Seasonal Kendall 
analysis and four downward trends were estimated. The four 
downward trends for copper were at the Escanaba (3), lower 



18    Temporal Trends in Water-Quality Constituent Concentrations and Annual Loads of Chemical Constituents

!

!

!

!

!

!

2

5

18

1

11

30

15

10

19

8

14

3 6

13

28

25

7

31

27
32

4

20

12

16
17 21

26

23

22

9

29

!

!

!

!

!

!

2

5

18

1

11

30

15

10

19

8

14

3 6

13

28

25

7

31

27
32

4

20

12

16
17 21

26

23

22

9

29

!

!

!

!

!

!

2

5

18

1

11

30

15

10

19

8

14

3 6

13

28

25

7

31

27
32

4

20

12

16
17 21

26

23

22

9

29

Ammonia Nitrate

Nitrite

!

!

!

!

!

!

2

5

18

1

11

30

15

10

19

8

14

3 6

13

28

25

7

31

27
32

4

20

12

16
17 21

26

23

22

9

29

Total Kjeldahl nitrogen

1

EXPLANATION

Insufficient data for 
trend analysis

No trend

Station location

Integrator

! Intensive

0 100 200 MILES

0 100 200 KILOMETERS

Upward trend

Downward trend

Watershed boundary
and number

Base modified from the Michigan GIS open data portal, 2017 
and the Watershed Boundary Dataset, 2017, 1:8,433,662
World Geodetic System, 1984

N

Figure 3.  Trend results for ammonia, nitrate, nitrite, and total Kjeldahl nitrogen by Michigan watershed.
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Table 10.  Trend results for trace metal constituents at Michigan stream stations, 1999–2013.

[Mich.,Michigan; --, no trend detected; U, upward trend with p-value less than or equal to 0.05; D, downward trend with p-value less than or 
equal to 0.05]

Watershed 
number 

Station name Chromium Copper Lead Mercury

1 Ontonagon River at Ontonagon, Mich. -- -- U --

2 Menominee River at Menominee, Mich. U -- D --
3 Escanaba River at Wells, Mich. -- D -- --
4 Sturgeon River at County Road 499 at Nahma, Mich. U -- -- U
5 Manistique River Above Manistique, Mich. U -- -- --
6 Tahquamenon River at Emerson, Mich. -- -- -- --
7 Pine River near Charles, Mich. -- -- -- U
8 Cheboygan River at Cheboygan, Mich. U -- -- U
9 Boardman River near Traverse City, Mich. U -- -- --

10 Manistee River at Parkdale, Mich. -- -- -- --
11 Pere Marquette River at Scottville, Mich. -- -- -- --
12 Muskegon River near Bridgeton, Mich. (lower) U -- -- --
13 Muskegon River near Hersey, Mich. (upper) -- -- -- --
14 Grand River near Eastmanville, Mich. (lower) -- -- D --
15 Grand River at Ionia, Mich. (upper) -- -- -- --
16 Kalamazoo River at New Richmond, Mich. (lower) -- D D --
17 Kalamazoo River near Augusta, Mich. (upper) -- -- -- --
18 St. Joseph River at Napier Ave at St. Joseph, Mich. (lower) -- -- D --
19 St. Joseph River at Mottville, Mich. (upper) U -- -- --
20 River Raisin at Monroe, Mich. -- D -- --
21 Huron River at Rockwood, Mich. -- -- -- --
22 River Rouge at River Rouge, Mich. -- -- -- --
23 Clinton River at Gratiot Avenue at Mt. Clemens, Mich. -- D D --
24 Black River at Port Huron, Mich. -- -- -- --
25 Flint River near Fosters, Mich. -- -- D --
26 Cass River near Bridgeport, Mich. -- -- D --
27 Shiawassee River near Fergus, Mich. -- -- -- --
28 Tittabawassee River at Center Road near Saginaw, Mich. -- -- D --
29 Saginaw River at Weadock Road at Essexville, Mich. -- -- D --
30 Au Sable River near Au Sable, Mich. U -- -- U
31 Thunder Bay at Alpena, Mich. U -- -- --
32 Black River near Port Huron, Mich. -- -- -- --



20    Temporal Trends in Water-Quality Constituent Concentrations and Annual Loads of Chemical Constituents

!

!

!

!

!

!

! !

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!!

!
!

!

!

2

5

18

1

11

30

15

10

19

8

14

3 6

13

28

25

7

31

27
32

4

20

12

16
17 21

26

23

22

9

29

2

5

18

1

11

30

15

10

19

8

14

3 6

13

28

25

7

31

27
32

4

20

12

16
17 21

26

23

22

9

29

!

!

!

!

!

!

! !

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!!

!
!

!

!

!

!

!

!

!

!

! !

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!!

!
!

!

!

2

5

18

1

11

30

15

10

19

8

14

3 6

13

28

25

7

31

27
32

4

20

12

16
17 21

26

23

22

9

29

Chromium Copper

Lead

!

!

!

!

!

!

! !

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!!

!
!

!

!

2

5

18

1

11

30

15

10

19

8

14

3 6

13

28

25

7

31

27
32

4

20

12

16
17 21

26

23

22

9

29

Mercury

1

EXPLANATION

Insufficient data for 
trend analysis

No trend

Station location

Integrator

! Intensive

0 100 200 MILES

0 100 200 KILOMETERS

Upward trend

Downward trend

Watershed boundary
and number

Base modified from the Michigan GIS open data portal, 2017 
and the Watershed Boundary Dataset, 2017, 1:8,433,662
World Geodetic System, 1984

N

Figure 4.  Trend results for chromium, copper, lead, and mercury by Michigan watershed.
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Kalamazoo (16), Raisin (20), and Clinton (23) Rivers at a rate 
of 3.32, 1.37, 2.32, and 2.31 percent per year, respectively 
(appendix 1). The spatial distribution of copper trends in 
Michigan is shown in figure 4. The downward trends are in the 
southern Lower Peninsula, with the exception of the Escanaba 
River (3) in the Upper Peninsula of the State. Similar to chro-
mium, the maximum concentrations for the rivers with upward 
trends are still low (0.67 and 1.57 micrograms per liter). 
Similar to chromium, the copper Michigan Rule 57 water-
quality criteria final chronic value is based on a waters hard-
ness (Michigan Department of Environmental Quality, 2006b, 
2016). For these streams with upward trends, the maximum 
concentrations were below the final chronic value for copper 
of 6.9 and 5.3 micrograms per liter, respectively.

Trends in lead were detected in 10 of 32 rivers ana-
lyzed (table 10). Again, the data distribution was such that 
the Seasonal Kendall test could be used for all analyses of 
trends. All but one of the trends were downward, indicating 
a general improvement in water quality with respect to lead. 
The one upward trend was for the Ontonagon River (1) at a 
rate of 3.83 percent per year. The nine downward trends were 
at the Menominee (2), lower Grand (14), lower Kalamazoo 
(16), lower St. Joseph (18), Clinton (23), Flint (25), Cass (26), 
Tittabawassee (28), and Saginaw (29) Rivers at rates of 1.80, 
4.97, 2.33, 6.26, 3.91, 5.38, 5.45, 5.48, and 5.27 percent per 
year, respectively (appendix 1). The spatial distribution of 
lead trends in Michigan is shown in figure 4. The only upward 
trend is in the northernmost sampled river in the Upper Penin-
sula. The downward trends are primarily in the Lower Penin-
sula, with the exception of the Menominee River (2). For lead, 
Michigan Rule 57 water-quality criteria final chronic value 
also is based on a waters hardness (Michigan Department of 
Environmental Quality, 2016). The maximum value (17 micro-
grams per liter) of the only upward trend for the Ontonagon 
River (1) did exceed the final chronic value of 15.6 micro-
grams per liter for that sample. However, the maximum value 
of lead for that sample (May 10, 2006) was related to a runoff 
event with high flow and elevated sediment and other metal 
constituents in the river. The lead concentrations for the Onto-
nagon River (1) did not exceed the Rule 57 final chronic value 
for lead in any other sample because the previously described 
conditions were not observed again.

Trends in mercury were estimated in 4 of the 32 rivers 
analyzed (table 10). The Seasonal Kendall test was used 
to analyze all rivers and four upward trends were detected. 
The upward trends were detected in the Sturgeon (4), 
Pine (7), Cheboygan (8), and Au Sable (30) Rivers at rates 
of 5.21, 2.99, 7.12, and 3.43 percent per year, respectively 
(appendix 1). The spatial distribution of mercury trends in 
Michigan is shown in figure 4. The upward trends are in the 
Upper Peninsula and northern Lower Peninsula of the State. 
Maximum concentrations at the stations with increasing trends 
are still low, ranging from 1.43 to 45.05 nanograms per liter 
(appendix 1). Those values are below the Michigan Rule 
57 water-quality criteria final chronic value for mercury of 
770 nanograms per liter.

Trend Summary

During this study, samples were collected at 32 river 
sites, and for the constituents that were analyzed, 79 trends 
were detected—53 downward trends and 26 upward trends. 
The trend directions should be used in context with the constit-
uent in deciding whether the trend indicates an improvement 
or impairment of a river. Trend results indicate that more con-
stituents are declining (downward trend) than are increasing 
(upward trend); however, trend results do not necessarily indi-
cate that the water quality in the State is improving. Rather, an 
examination of each constituent is needed to decide whether 
water quality in a river may be improving or degrading. For 
example, a downward trend in nutrient species might indicate 
improvement in water quality, whereas a downward trend in 
dissolved oxygen might indicate a decline in water quality.

In general, trends in nutrient species were downward; 30 
of the 38 detected trends were downward. The most prevalent 
trend in nutrient species was for ammonia, with 11 downward 
trends and 1 upward trend. Trends in trace metals were not as 
uniform as the other constituents. Lead and copper trends were 
typically downward, whereas chromium and mercury trends 
were mainly upward.

Almost every river sampled had an estimated trend with 
the exception of the Tahquamenon River (6), which had no 
trends in any water-quality constituents. A summary of the 
number of trends and type of trend by watershed is shown in 
figure 5. Some particular rivers with trends indicating appar-
ent improvement in water quality are the lower Grand (14), 
lower Kalamazoo (16), Raisin (20), and Clinton (23) Rivers. 
The lower Grand River (14) had estimated downward trends 
in TSS, ammonia, nitrite, TKN, and lead (tables 8–10). The 
lower Kalamazoo River (16) had downward trends in ammo-
nia, TKN, copper, and lead (tables 9–10). The River Raisin 
(20) had downward trends in ammonia, nitrite, total phos-
phorus, and copper (tables 9–10). The Clinton River (23) had 
the most downward trends of any of the rivers studied with 
downward trends in TSS, ammonia, nitrite, total phosphorus, 
TKN, copper, and lead (tables 8–10). Trends common among 
these rivers were improvements in water quality resulting from 
decreases in nutrient and some trace metal concentrations dur-
ing the study period.

In contrast, only one station had more than two upward 
trends, indicating an overall decline in water quality. The 
River Rouge (22) had upward trends in ammonia, nitrite, and 
nitrate. The declines in water quality for this river are associ-
ated with nutrient increases during the study period.

Constituent Load Results
Load estimates are a function of streamflow and constitu-

ent concentration in the stream. As such, the variability in 
streamflow is directly related to the variability in constituent 
load. Much of the variability seen in load estimates from year 
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Figure 5.  Number of upward and downward trends at Michigan stream stations.

to year is mostly because of variability in stream discharge. 
In addition, although large streams may have small concen-
trations of constituents in their water, the load may be high 
because of the large magnitude of flow that is discharged by 
that stream. For example, the Saginaw River (29) consistently 
has the maximum loads for the various constituents analyzed 
because it is one of the largest streams we analyzed in terms of 
streamflow.

Annual constituent loads were computed for chloride, 
TSS, total phosphorus, chromium, copper, lead, and mercury 
by using concentrations that were not flow adjusted at 31 sta-
tions throughout the study period (appendix 2). Annual loads 
were computed every year from 2002 to 2013 for the lower 
Kalamazoo (16), lower Grand (14), lower Muskegon (12), Au 
Sable (30), Clinton (23), and Saginaw (29) Rivers (referred 
to as the intensive stations), whereas load calculations for the 
remaining 25 stations were more irregular (tables 5 and 6). 
The number of stations analyzed for loads (31 stations) is not 
in conflict with the number of stations analyzed for trends (32 
stations), as the Black River (32) only had loads estimated in 

2006 and 2012. Thus, loads were only estimated for USGS 
station number 04160055 and not for the older USGS station 
number 04160075. In the Kalamazoo, Grand, and Muskegon 
River watersheds, where upstream and downstream locations 
were sampled, the ratio of the load in the upstream subwa-
tershed to the total load computed at the mouth of the stream 
lower watershed was determined. To account for difference in 
drainage areas, yields (loads/drainage area) also were deter-
mined where annual loads were calculated. 

Annual Loads and Yields for Chloride, Total 
Suspended Solids, and Total Phosphorus

Annual variability was observed most prominently at 
the stations with the highest loads (figs. 6–8). The annual 
loads are primarily driven by flow in each of these water-
sheds and wetter years where annual flows were higher 
(fig. 9); total phosphorus, TSS, and chloride also were higher. 
Summary statistics for annual loads at the six stations that 
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Figure 6.  Annual total phosphorus loads (top) and yields (bottom) for six intensively monitored rivers, 2002–13.
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had 12 years of annual data from 2002 to 2013—lower 
Muskegon (12), lower Grand (14), lower Kalamazoo (16), 
Clinton (23), Saginaw (29), and Au Sable (30) Rivers—are 
listed in table 11. Out of the six intensively monitored sta-
tions, the annual loads for chloride, TSS, and total phospho-
rus were largest for the Saginaw (29) and Grand (14) Rivers, 
which also represent the largest drainage areas (16,110 and 
13,701 square kilometers [km2], respectively). In 2006, the 
Saginaw River (29) had the largest annual load estimates for 
TSS (431 million kilograms per year [kg/yr]) and total phos-
phorus (922,000 kg/yr). The Saginaw River (29) also had the 
largest chloride loads, 216 million kg/yr in 2011. The Sagi-
naw River (29) watershed is a large watershed dominated by 
agricultural land use (fig. 1) often a source for sediment and 
phosphorus. In contrast, the Au Sable (30) River (4,504 km2) 
and Muskegon River (12) (6,423 km2) typically had the 
lowest annual loads for all three constituents. Both of the 
watersheds are in the northern portion of the Lower Penin-
sula dominated by undeveloped land use (fig. 1). In 2002, the 
Au Sable River (30) had the lowest estimated load for TSS 
and total phosphorus (29,800 kg/yr and 8,070 kg/yr, respec-
tively). In 2003, the Au Sable River (30) had the lowest 
chloride load (6,230,000 kg/yr). These results are consistent 
with other Great Lake studies that have determined land use 
and drainage area have a significant influence on sediment 
and phosphorus loads (Robertson and Saad, 2011; Hayhurst 
and others, 2016).

To account for the different drainage area, yields were 
determined by dividing the annual load (kilogram per year) 
by the drainage area (square kilometers). The results for all 
studies stations are listed in appendix 2. Summary statistics 
and results for the intensive stations are listed in table 11 and 
shown in figures 6–8. The Clinton River (23) had the high-
est yield for chloride (65,753 kilograms per year per square 
kilometer [kg/yr/km2]), total phosphorus (104.5 kg/yr/km2), 
and TSS (34,507 kg/yr/km2) all in 2011. However, out of the 
dataset the Ontonagon River (1) had the greatest TSS yields 
(appendix 2). The lowest yields for total phosphorus and 
TSS were at the Au Sable River (30) in 2002 (about 1.8 and 
7 kg/yr/km2, respectively). For chloride, several rivers had 
lower yields than the lowest intensive station; the Au Sable 
River (30) in 2003. The rivers include the Sturgeon (4), 
Ontonagon (1), Manistique (5), Tahquamenon (6), Thunder 
Bay (31), Pine (7), and Menominee (2) Rivers.

Although the Clinton River (23) had moderate loads 
compared to larger drainage areas of the Saginaw (29) and 
Grand (14) Rivers, the yield of chloride was considerably 
higher than all of the other intensively monitored stations 
(fig. 8). The Clinton River (23) average annual yield for 
chloride was 42,257 kg/yr/km2 compared to the next highest 
of 14,924 kg/yr/km2 at the Saginaw River (29) (table 11). 
The Clinton River (23) also had higher average total phos-
phorus and TSS yields compared to the other five intensively 
monitored stations. 

Annual Loads of Trace Metals

Annual loads for the trace metals (chromium, copper, 
lead, and mercury) follow similar patterns to TSS and total 
phosphorus at the intensive stations (table 12). The Saginaw 
(29) and lower Grand (14) Rivers had the largest annual loads 
for all four metals; again, these rivers also represent larger 
drainage areas. When considering drainage areas, results 
indicate the Clinton River (23) has the highest yields for each 
of the trace metals. 

From 2002 to 2013, the maximum chromium load 
observed during was 18,700 kg/yr in the Ontonagon River 
(1) in 2008 (appendix 2). The greatest observed loads were 
in the Ontonagon (1), Saginaw (29), and lower Grand (14) 
Rivers; the Saginaw River (29) had 6 of the 10 highest chro-
mium loads within the dataset. The minimum chromium load 
observed in Michigan was 4.4 kg/yr in the Au Sable River (30) 
in 2003. The 10 lowest observed loads were in the Au Sable 
(30), Boardman (9), Cheboygan (8), Thunder Bay (31), Pere 
Marquette (11), Shiawassee (27), and Sturgeon (4) Rivers. 

During the study period, the maximum cooper load was 
19,400 kg/yr observed in the Saginaw River (29) in 2006 
(appendix 2). The greatest copper loads were observed in the 
Saginaw (29), Ontonagon (1), and lower Grand (14) Riv-
ers. The minimum observed copper load was 51 kg/yr in the 
Boardman River (9) in 2003. The lowest observed loads of 
copper were observed in the Boardman (9), Sturgeon (4), Au 
Sable (30), and Thunder Bay (31) Rivers.

The maximum annual load of lead was 15,800 kg/yr in 
the Saginaw River (29) in 2006 (appendix 2). The greatest 
observed loads were in the Saginaw (29) and lower Grand 
(14) Rivers. The minimum annual load of lead observed was 
28 kg/yr in the Au Sable River (30) in 2010. The smallest 
observed loads of lead during the study period were in the Au 
Sable (30), Sturgeon (4), Boardman (9), Cheboygan (8), and 
Thunder Bay (31) Rivers.

The maximum load of mercury was 69.4 kg/yr in the 
Saginaw River (29) in 2006 (appendix 2). The greatest 
observed loads during the study were in the Saginaw (29), 
lower Grand (14), and Menominee (2) Rivers. The minimum 
load of mercury was 0.34 kg/yr, in the Au Sable River (30) in 
2010. Rivers with the smallest loads of mercury included the 
Au Sable (30), Boardman (9), Shiawassee (27), and Cheboy-
gan (8) Rivers.

Comparison of Upper and Lower 
Watershed Yields

During the WCMP study, contributing subwatersheds 
were sampled in the same year for three of the major river 
basins; Kalamazoo, Grand, and Muskegon. Yields were com-
pared at the upper watershed and lower watershed for chloride, 
TSS, and total phosphorus to determine if major load contribu-
tions differed in these large watersheds (fig. 10). 
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Figure 10.  Comparison of chloride (top), total suspended solids (middle), and total phosphorus (bottom) yields for lower and upper 
watershed sampling locations.
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The TSS and total phosphorus yields were similar at the 
upper and lower watershed with a couple exceptions. Yields 
seemed to be higher in 2006 at the lower Muskegon River 
(12); however, the load estimation had a large uncertainty and, 
therefore, a true difference was difficult to determine. A single 
event on March 13, 2006, at the lower Muskegon River (12) 
(USGS station 04122030, Muskegon River near Bridgeton, 
Mich.) resulted in a sample being collected with higher flows 
and higher concentrations. This biased the annual load for 
this station, resulting in a large uncertainty value. In 2009, 
the TSS yield was slightly higher at the lower Kalamazoo 
River (16) compared to the upper station; otherwise yields 
were within error estimation. Similar results also were seen 
for total phosphorus where yields for most comparisons were 
similar. Exceptions were in 2011 in the Grand River where a 
higher yield was in the upper watershed (15) and in 2009 in 
the Kalamazoo River where a higher yield was in the lower 
watershed (16). Although loads may be greater downstream 
in the watershed (appendix 2), when drainage area is consid-
ered, yields are similar for these stations on the years where 
comparisons could be made. 

Chloride yields were greater at the lower watershed loca-
tion for the Muskegon and Kalamazoo Rivers than the upper 
watershed location. These yield results were not similar for the 
Grand River watershed. The lower Kalamazoo River (16) had 
about 10,000 kilograms per day per square kilometer greater 
yield for chloride than the upper Kalamazoo River (17) for 
all three sampling dates during the study period. Similarly, 
the lower Muskegon River (12) had greater yields than the 
upper Muskegon River (13) for both sampling dates during 
the study period. The difference in chloride yields could be a 
result of several factors including land-use nonpoint source 
such as runoff from land surfaces or point sources such as 
wastewater effluent. Unlike suspended sediment and particu-
late phosphorus, chloride is often a dissolved constituent that 
is more conservative so removal from the system by physical 
or biological processes is less likely. Therefore, chloride could 
be accumulating in the river as it moves downstream. Further 
studies would be needed to determine the source or reasons for 
difference in the watershed.

Summary
In 1998, the Michigan Department of Environmental 

Quality and the U.S. Geological Survey began the Water 
Chemistry Monitoring Program for select streams in the State 
of Michigan. Objectives of this program were to provide assis-
tance with (1) statewide water-quality assessments, (2) the 
National Pollutant Discharge Elimination System permitting 
process, and (3) water-resource management decisions. As 
part of this program, water-quality data collected from 1998 
to 2013 were analyzed to identify potential trends in water-
quality constituents and estimate constituent loads from select 
streams in Michigan.

Water-quality data from 32 rivers sampled as part of 
the Water Chemistry Monitoring Program were analyzed for 
trends in ammonia, chloride, chromium, copper, lead, mer-
cury, nitrate, nitrite, orthophosphate, total phosphorus, total 
Kjeldahl nitrogen, and total suspended solids. Trend analysis 
on the various water-quality data in the form of flow-adjusted 
concentrations was done using either the uncensored Sea-
sonal Kendall test, or through Tobit regression. Trend analysis 
identified 79 trends in water-quality constituents among the 32 
river stations analyzed—53 downward trends and 26 upward 
trends were identified in the water-quality dataset. The most 
prevalent trend throughout Michigan streams was a down-
ward trend for ammonia, primarily in the Lower Peninsula of 
Michigan. Several river stations analyzed for trends indicate 
an improvement in water quality during the study period 
and include the lower Grand, lower Kalamazoo, Raisin, and 
Clinton Rivers. However, trends in water-quality constituents 
indicate a decline in water quality at the Rouge River during 
the study period. 

In addition to trends, constituent loads were estimated for 
31 stations from 2002 to 2013 for stations that were sampled 
12 times per year. Loads were computed using the Autobeale 
load computation program, which used the Beale ratio estima-
tor approach to estimate an annual load. Constituent loads 
were the largest in large watershed streams with the highest 
annual flows such as the Saginaw and Grand Rivers. Likewise, 
constituent loads were the smallest in smaller tributaries that 
were sampled as part of this program such as the Boardman 
and Thunder Bay Rivers. Rivers with paired upstream and 
downstream sampling locations were assessed to identify per-
cent contribution of load on years when loads were estimated 
at both river stations.

Using the data from the Water Chemistry Monitoring 
Program, the trend and load analysis developed in this study 
can be used to identify areas that are improving and degrading 
with respect to water quality in the State of Michigan. Identi-
fication of watersheds will enable water-resource managers to 
further study these watersheds and determine factors that are 
contributing to the improvement or decline in water quality. 
In addition, the information can assist in developing strate-
gies to meet Great Lakes goals in improving water-quality 
and mitigating issues in the Great Lakes basin such as harmful 
algal blooms and lake hypoxia. The continued monitoring and 
analysis of water quality of streams in Michigan will be help-
ful in assessing the effectiveness of any strategies employed to 
address water-quality issues.
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