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ABSTRACT 

 

Water and sediment quality of the Lake Alice National Wildlife Refuge and vicinity in 

northeastern North Dakota, was characterized through a series of sampling events from June 

2007 through October 2009.  Water bodies sampled include Lake Alice, Lake Irvine and their 

tributaries Mauvais Coulee and Calio Coulee. Big Coulee, the outflow from Lake Irvine to 

Devils Lake was also sampled.  

 

Water pH is mostly alkaline in the range of 6.98-9.82.  Dissolved oxygen was mostly above the 

standard of 5.0 mg/L, but lower concentrations were measured in Calio Coulee and Mauvais 

Coulee during August and September 2007.  Specific conductance was highest in 2008 from 

Mauvais (1880 ɛS/cm) and Calio Coulees (1802 ɛS/cm).  Major cations and anions indicate that 

all waters sampled are mixed, relative to Mg, Ca and Na.  Sulfate dominates the anion group, 

with the highest concentrations in Calio Coulee (906 mg/L) and Mauvais Coulee (909 mg/L).  

The streams of Calio Coulee and Mauvais Coulee had the highest total dissolved solids (1560-

1510 mg/L max. conc.) versus the lake samples (866-897 mg/L max. conc.). 

 

Nitrate-nitrite median values in water were highest (0.30 mg/L) in the upper reaches of the 

Mauvais Coulee watershed (MAV-1) .  Total Kjeldahl nitrogen median concentrations are 

dominant in Mauvais (1.95 mg/L), Big (1.73 mg/L) and Calio Coulees (1.71 mg/L) versus the 

lakes (1.48-1.54 mg/L).  Overall, median P concentrations are dominant in Calio Coulee (0.50 

mg/L, 0.319 mg/L diss.).  Total N and P ratios are often less than 8, indicating a nitrogen-limited 

trophic system.  Carlson trophic indexes calculated from chlorophyll for the lakes are within the 

50-70 eutrophic range, with hypereutrophic indexes for Mauvais Coulee, and one sample from 

Lake Alice.   Water samples analyzed for E. coli-type bacteria exceeded state standards of 126 

organisms per 100 ml as a 30-Day geometric mean from both Mauvais and Calio Coulees. 

 

Trace elements in water are dominated by Al (115.5-470 ɛg/L median), Fe (0.234-0.566 mg/L 

median) and Mg (56.5-62.8 mg/L median).  Maximum concentrations of Al at all sample sites 

except upper Mauvais Coulee (MAV-1) exceeded acute and chronic aquatic standards for Class I 

streams in ND. Median concentrations of As (9.88 ɛg/L) and Ni (8.57 ɛg/L) were highest in 

Calio Coulee.  Median concentrations of Cu (2.97 ɛg/L), Pb (2.385 ɛg/L) and Zn (16.50 ɛg/L) 

were highest in Lake Alice, and Big Coulee had the highest median concentration of Cr (19.4 

ɛg/L). The herbicide 2,4-D was detected in Calio (0.80 ɛg/L) and Mauvais Coulees (0.41 ɛg/L) 

in 2008.  The herbicide bromoxynil was detected in Calio Coulee (0.53 ɛg/L) in 2009. 

 

Mean NH4 was highest in Calio Coulee sediments, with Lake Alice sediments having the highest 

mean NO3-NO2 as N concentrations. Total kjeldahl nitrogen  and P was also highest in sediments 

from Lake Alice.  Aluminum and Fe concentrations dominated, especially in the lake sediments.  

Arsenic and Cd concentrations were above median levels for North Dakota Lake sediments, and 

Cd exceeded the USEPA ecological soil guidelines (Eco-SSL) for mammals.  Zinc 

concentrations exceeded median levels from many other North Dakota Lakes, and the USEPA 

Eco-SSL guidelines for avian and mammal species. 
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1.0 INTRODUCTION  

 

The purpose of this report is to detail the results of water and sediment sampling in the vicinity 

of Lake Alice National Wildlife Refuge, ND during 2009 and to also look at results over the 

course of this study.  This study was first instituted in May 2007, and earlier data can be found in 

Vandeberg (2007) and Vandeberg and Hansen (2009). 

 

1.1 Objectives 

 

The specific objectives included the following: 

¶ To determine the seasonal variation of water quality in Lake Alice, and its tributaries: 

Mauvais Coulee and Calio Coulee; as well as its outlet: Big Coulee. Water quality 

parameters measured included temperature, pH, specific conductance, dissolved oxygen, 

nutrients, major anions and cations and trace elements; 

¶ To determine trace element concentrations and nutrient concentrations in sediment at 

these same locations; 

 

1.2  Study Area 

 

The Lake Alice National Wildlife Refuge covers approximately 12,096 acres in the Devils Lake 

basin of North Dakota (USFWS) (Fig. 1).  The refuge and surrounding area are within the 

Glacial Lakes Basin portion of the Northern Glaciated Plains ecosystem (USGS Northern Prairie 

Wildlife Research Center 2007).  Major water bodies within and adjacent to the refuge include 

Lake Alice, Lake Irvine, Chain Lake, Mikes Lake and Dry Lake (Ryan and Wiche 1988).  Lake 

Alice is fed by water from Mauvais and Calio Coulees, and the Chain of Lakes.  The lake 

discharges into Devils Lake through Lake Irvine and Big Coulee. The drainage area for Mauvais 

Coulee is 882 mi
2
 and 233 mi

2
 for Calio Coulee (Ryan and Wiche 1988).  High precipitation 

levels in the Devils Lake basin have contributed to rising lake levels that have caused extensive 

flooding in the Devils Lake basin beginning in the 1990ôs.  The flooding has acted to dilute the 

dissolved solids and other chemical constituents in Devils Lake and other lakes in the basin (Lent 

and Zainhofsky 1995; Sando and Lent 1995).  

 

Ongoing water quality studies in the Devils Lake basin by the U.S. Geological Survey and the 

North Dakota State Water Commission include data collected from two sampling points on the 

Mauvais Coulee, and sample collection locations on Lake Alice and Lake Irvine (Lent and 

Zainhofsky 1995).  There are no known surface water sampling sites on Calio Coulee.  Ryberg 

and Vecchia (2006) analyzed water quality trends from 1965 through September 2003 prior to 

the introduction of CAFOôs in the Mauvais and Coulee watersheds.  They used regression 

equations to adjust concentrations of dissolved calcium, sulfate, chloride, nitrate-nitrite and 

ammonia, and total phosphorus to stream flow (5 year, annual, seasonal and daily anomalies).  

Ryberg and Vecchia (2006) found significant upward trends for dissolved sulfate for Lake Irvine 

and Big Coulee.  The study found no significant trends for concentrations of dissolved calcium, 

sulfate, chloride, nitrate-nitrite and ammonia, and total phosphorus in Mauvais Coulee or Lake 

Alice. 
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Fig. 1. Location of Lake Alice National Wildlife Refuge near Churchs Ferry, ND. 

 

1.3 Climate and Hydrology 

 

The climate for the region is continental, with average yearly precipitation values of 

approximately 15.43 inches based on data from Cando, approximately 9 miles from the Lake 

Alice NWR (Figure 2).  May through August are the wettest months, while winters are dry.  

Precipitation for 2009 was highest in September at 2.66 in for the month compared to normal 

values.  April, May and October also saw high precipitation values compared to the normal.  

Monthly average temperatures for 2009 closely followed normal trends, except for September 

which experienced slightly higher temperatures overall (Fig. 2). 

 

Discharge measurements from the Mauvais Coulee are available on a limited basis from the 

USGS, and discharge measurements were made of Calio when flow was measureable (Fig. 3). 

Average daily discharge for the Mauvais Coulee near Cando typically peaks in April and 

corresponds to snow melt and spring rains.  The maximum discharge measured in 2009 for 

Mauvais Coulee was 2,840 cfs on April 15, well above any other discharges measured during 

this study.  Back flooding from Devils Lake is occurring for the Mauvais Coulee gauge location, 

so flow values from May 17 through September 20, 2009 are unreliable (USGS 2010).  The 

maximum level of Lake Alice was 1451.14 ft on May 4, 2009 with continued high levels 
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throughout the rest of the summer.  This water level was more than three feet higher than the 

previous summer highs.  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. Discharge measurements for Mauvais Coulee from USGS gauge 

5056100.  Lake Alice elevation from USGS Gauge 5056255 (USGS 

2010). 

Fig. 2 Climate data for Cando, ND with normal average values from 1994 

to 2009 (North Dakota Agricultural Weather Network 2010). Precipitation 

data is not collected at the Cando site from November-March. 
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Three hog CAFOôs are present adjacent to Mauvais and Calio Coulees (Fig. 4).  These hog 

CAFOôs include a nursery to raise up to 18,000 piglets, a sow operation with up to 8,000 swine, 

and a finishing operation with up to 20,900 finisher pigs (North Dakota Department of Health 

2007; Brady Espe, personnel communication, 2007).  Waste from the operations is collected in 

clay-lined ponds, and used as fertilizer on the adjacent crop land.  The closest waste spreading 

field is within 1.4 miles of the refugeôs northern boundary and is adjacent to the Mauvais Coulee 

and Calio Coulee.  

 

2.0 METHODS 

 

2.1 Water Samples 

 

Water samples were collected from 7 locations: Mauvais Coulee near State Highway 17 (MAV-

1), Mauvais Coulee near discharge point into Lake Alice (MAV-2), Calio Coulee (CAL-1) near 

discharge into Lake Alice, Lake Alice near its center point (ALC-1), the former channel between 

Lake Alice and Lake Irvine (ALC-2), Lake Irvine near its center point (IVL-1) and Big Coulee 

near its outlet from Lake Irvine (BCL-1) (Fig. 4, Table 1).  Lake locations were determined using 

a Garmin Map 76 or Garmin Etrex gps unit (< 3 m horizontal accuracy with WAAS).  Samples 

were collected using standard operating procedures developed for this study and/or by the North 

Dakota Department of Health 

(http://www.ndhealth.gov/WQ/SW/Z6_WQ_Standards/B_WQ_Monitoring.htm). The samples 

were collected on a monthly basis from MayïNovember 2009.  In addition, weekly samples for 

E Coli and fecal coliform were collected and analyzed from May through September from CAL-

1, MAV-1 and MAV-2.  Lake samples were collected from the upper 6 feet of the water column 

as a composite sample, while stream samples were collected as grab samples at approximately 

0.8 ft below the water surface using a peristaltic pump and transferred to the appropriate bottles 

provided by the North Dakota Department of Health.  Water samples were preserved with HNO3, 

H2SO4 or no preservative depending upon the analysis method, and immediately placed in an 

iced cooler (Table 2).  Water samples were also collected and analyzed for a suite of pesticides 

(Table 3). The sampling pump was cleaned with 600 ml of 1% solution of Liquinox laboratory 

detergent and deionized water, followed by a 600 ml deionized water rinse, and a sample water 

purge (at least 3 hose volumes) before samples were collected at each site. Duplicate samples, 

trip blanks and pump rinse samples were collected for each sampling event as part of the study 

quality assurance/quality control (QA/QC). Samples were shipped via overnight express (FedEx) 

to the North Dakota Department of Health Laboratory in Bismarck, ND with chain of custody 

forms and laboratory analytical requests. 

 

Water quality parameters of pH, specific conductance, temperature, and dissolved oxygen were 

measured in the field.  A YSI Model 63 multimeter was used to measure pH, specific 

conductance and temperature. The YSI meter was calibrated to 2 pH standards (7.01, 10.01) and 

a specific conductance standard (1413 µS/cm) prior to use each day.  Dissolved oxygen was 

measured using a YSI 55 probe compensated for temperature, salinity and atmospheric pressure.  

Initial and ongoing calibration checks were made throughout each sampling day.  
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A  20 cm secchi disk was used to measure water transparency. Total water depth was measured 

using a weighted line, or a Hondex portable depth sounder (+ 1% accuracy).   Statistical analysis 

was performed using PASW Statistics version 18.0 (SPSS Inc, Chicago, IL). 

 

Table 1. Sample location names with corresponding STORET numbers, and locations. 

U.S. FWS 

Site Name 

Corresponding 

STORET Number 

Site Description UTM  (14) and 

Latitude/Longitude 

(NAD 83) 

ALC-1 385455 Lake Alice deepest area 0491085E, 5354005N 

48.33917, -099.11625 

ALC-2 385456 Channel between Lake Alice and 

Lake Irvine 

0489581E, 5352297N 

48.32378, -099.14055 

IVL -1 380226 Center of Lake Irvine north of 

Churchs Ferry 

0486930E, 5350401N 

48.30667, -099.17625 

CAL-1 385458 Calio Coulee E. on Ramsey 

County Rd. 10 bridge just east of 

Lake Alice Refuge headquarters 

0496082E, 5357492N 

48.37058, -099.04885 

MAV -0 385561 Mauvais Coulee East of Cando, 

bridge just south of intersection of 

Towner County 70
th
 Ave NE and 

76
th
 St. NE, east of Cando. 

489333 E 5373821N 

48.5174, -99.14444 

MAV -1 385459 Mauvais Coulee east of Cando on 

north side of Hwy 17 bridge 

0491739E, 5370381N 

48.48650, -099.11180 

MAV -2 385460 Mauvais Coulee east of Maza on 

Towner County 67 bridge 

0491756E, 5359110N 

48.38510, -099.11135 

BCL-1 385457 Big Coulee south of Churchs 

Ferry on north side of U.S. 2 west 

bound lane bridge 

0486098E, 5345449N 

48.26210, -099.18732 

MAV -2-D 389999 Field duplicate N/A 

MAV -2-FB 389992 Trip (Field) Blank N/A 

MAV -2-RB 389991 Rinse Blank N/A 
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Table 2. Water sample analysis constituents and reporting limits used. 

Constituents Reporting 

Level 

Field/Analytical 

Laboratory  

Preservative Comments 

Field Measurements 

Dissolved oxygen 

temperature 

specific conductance 

pH 

Secchi depth 

Total water depth 

 

0.01 mg/l 

0.1 °C 

1.0 µS/cm 

0.01 unit 

0.1 m 

0.1 m 

Field N/A In-situ measurements 

at 3.3 ft (1 m) below 

surface in Lakes, 0.8 ft 

below water surface in 

streams 

Secchi measured to 

depth where disk 

becomes invisible 

Major ions  

Ca, total, dissolved 

Mg, total, dissolved 

Na, total, dissolved 

K, total, dissolved 

Cation sum 

HCO3, total, dissolved 

CO3, total  

Cl, total, dissolved 

SO4 

Anion sum 

TDS 

 

2.0 mg/L 

1.0 mg/L 

3.0 mg/L 

2.0 mg/L 

me/L 

4.0 mg/L 

1.0 mg/L 

2.0 mg/L 

25 mg/L 

me/L 

10.0 mg/L 

Pace Analytical (2007)  

ND Department of 

Health (2008, 2009) 

Cool  to 4 °C Field filtered 0.45 µm 

for dissolved 

Hardness and 

Alkalinity  

Hardness, total, 

dissolved 

Alkalinity Total 

 

3.3 mg/L 

3.3 mg/L 

Pace Analytical (2007), 

ND Department of 

Health (2008) 

Cool to 4 °C Field filtered 0.45 µm 

for dissolved 

Biological Parameters 

Chlorophyll A 

Chlorophyll B 

E Coli MF 

F Coliform MemF 

 

1.5 µg/L 

1.5 µg/L 

10/100 mL 

10/100 mL 

ND Department of 

Health (2008)  

Cool to 4 °C Analysis within 48 

hours of sampling 

Trace Elements  
Al , total, dissolved 

Sb, total, dissolved 

As, total, dissolved 

Ba, total, dissolved 

Be, total, dissolved 

B, total, dissolved 

Cd, total, dissolved 

Cr, total, dissolved 

Cu, total, dissolved 

Fe, total, dissolved 

Pb, total, dissolved 

Mg, total, dissolved 

Mn, total, dissolved 

Ni, total, dissolved 

Se, total, dissolved 

Ag, total, dissolved 

Tl, total, dissolved 

Sn, total, dissolved 

Zn, total, dissolved 

 

200*, 50 µg/L 

1.0 µg/L 

10.0, 1.0 µg/L 

10.0 µg/L 

1.0 µg/L 

50, 150 µg/L 

1.0 µg/L 

1.0 µg/L 

1.0 µg/L 

0.05 mg/L 

5.0, 1.0 µg/L  

500 µg/L 

0.01 mg/L 

1.00 µg/L 

1.00 µg/L 

1.00 µg/L 

5.00 µg/L 

75.00 µg/L 

1.00 µg/L 

*Pace Analytical (2007), 

ND Department of 

Health (2008)  

(ICP - U.S.EPA 200.7) 

HNO3 Field filtered 0.45 µm 

for dissolved 
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Table 2 (Cont). Water sample analysis constituents and reporting limits used. 

Constituents Reporting Level Field/Analytical 

Laboratory  

Preservative Comments 

Hg 0.20 µg/L Pace Analytical 

Laboratories,  

(U.S. EPA 245.1) 

HNO3  

Nutrients 

Ammonia, nitrogen 

Nitrate as nitrogen 

Nitrite as nitrogen 

Nitrate-Nitrite as N 

Total Kjeldahl nitrogen 

 

Phosphorus (total, 

dissolved) 

 

0.5 mg/L 

0.10 mg/L (2007)  

0.10 mg/L (2007) 

0.03 mg/L (2008) 

1.0 mg/L (2007) 

0.08 mg/L (2008) 

0.05 mg/L (2007) 

0.004 mg/L (2008) 

Pace Analytical 

Laboratories (2007) 

U.S.EPA 350.1-

Ammonia, Nitrate-353.1, 

nitrite 354.1, TKN-351.2, 

P-365.2 ), ND 

Department Health Lab 

(2008)  

H2SO4  

  

Table 3. Water sample analysis for pesticides and reporting limits used (2009). 

Constituents Reporting 

Level 

Field/Analytical 

Laboratory  

Preservative Comments 

Pesticides 

2,4,5-T 

2,4-D 

3,5 DicBenA 

3-Hydrocarbo 

Acfluorfen 

a-Chlordan 

Alachlor 

Aldrin 

Atrazine 

Bentazon 

BHC(Beta) 

BHC(Alpha) 

Bromoxynil 

Chlorphyrif 

Chlthalnil 

DDD 

DDE 

DDT 

Diazinon 

Dicamba 

Dichlorpro 

Dieldrin 

Dinoseb 

Endo Sulfa 

Endosul I, II 

Endrin 

Endrin Ald 

Endrin Keto 

Ethfluraln 

Far-Go 

Fenvaler 

 

0.05 µg/L 

0.10 µg/L 

0.125 µg/L 

0.50 µg/L 

0.10 µg/L 

0.05 µg/L 

0.20 µg/L 

0.05 µg/L 

0.25 µg/L 

0.25 µg/L 

0.025 µg/L 

0.025 µg/L 

0.025 µg/L 

1.00 µg/L 

0.05 µg/L 

0.025 µg/L 

0.025 µg/L 

0.025 µg/L 

0.10 µg/L 

0.05 µg/L 

0.15 µg/L 

0.025 µg/L 

0.10 µg/L 

0.025 µg/L 

0.025 µg/L 

0.025 µg/L 

0.02 µg/L 

0.025 µg/L 

0.025 µg/L 

0.025 µg/L 

0.50 µg/L 

ND Department of 

Health Laboratory 

Cool to 4 °C 1 gallon bottles each 

for basic and acid 

pesticides 
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Table 3 (Cont). Water sample analysis for pesticides and reporting limits used (2009). 

Constituents Reporting 

Level 

Field/Analytical 

Laboratory  

Preservative Comments 

Pesticides 

g-Chlordan 

Hepta Epox 

Heptachlor 

Hoelon 

Lindane 

Malathion 

MCPA 

Methomyl 

Methoxychl 

Metolachlr 

Metrbuzine 

Oxamyl 

Parath-Eth 

Parath-Met 

PCP 

Propiconaz 

Prowl 

Silvex 

Simazine 

t-Nonachlo 

Tordon 

Toxaphene 

Treflan 

 

0.05 µg/L 

0.025 µg/L 

0.05 µg/L 

0.25 µg/L 

0.025 µg/L 

0.10µg/L 

12.0 µg/L 

0.50 µg/L 

0.10 µg/L 

0.20 µg/L 

0.05 µg/L 

0.50 µg/L 

0.50 µg/L 

0.50 µg/L 

0.02 µg/L 

2.50 µg/L 

0.025 µg/L 

0.05 µg/L 

0.50 µg/L 

0.025 µg/L 

0.05 µg/L 

1.0 µg/L 

0.025 µg/L 

ND Department of 

Health Laboratory 

Cool to 4 °C 1 gallon bottles each 

for basic and acid 

pesticides 

Carbamates 

Aldicarb 

Ald-slfone 

Ald-sulfxd 

Cabaryl 

Carbofuran 

0.50 µg/L 

0.50 µg/L 

0.50 µg/L 

0.50 µg/L 

0.50 µg/L 

0.50 µg/L 

ND Department of 

Health Laboratory 

Cool to 4 °C, 

monochloro-

acetic acid 

40 mL amber VOA 

vials 

  

An attempt was made to determine water discharge measurements at each sample location using 

a Price AA type current meter. However, velocities were too slow to be measured due to back 

flooding from Devils Lake for the period. 

 

2.2 Sediment Samples 

 

Sediment samples were collected from the same locations as the water samples.  The sediment 

samples were collected using a using a handheld AMS 2-inch diameter core sampler.  Each 

sample was placed in a labeled glass jar, and into an iced cooler.  The sample apparatus was first 

cleaned in a water rinse followed by a 1% solution of Liquinox and deionized water, and a final 

triple rinse in deoionized water before each sample was collected.  The samples were analyzed 

for trace elements and nutrients at the North Dakota Department of Health laboratory, Bismarck, 

ND (Table 4). 
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Table 4. Sediment analysis.  

Constituents 2007 

Reporting 

Level 

2008-2009 

Reporting 

Level 

Field/Analytical Laboratory  Comments 

pH and Ions 

pH (1:2 dilution) 

conductivity (1:2 

dilution) 

chloride  

sulfate  

 

 

 

 

5.0 mg/kg 

5.0 mg/kg 

 

 

 

 

N/A 

N/A 

Energy Laboratories (2007, ASA10-3) From 1:2 water 

dilution 

Total 

Recoverable 

Trace elements  
Al  

Sb 

As 

Ba 

Be 

B 

Cd 

Cr 

Cu  

Fe 

Pb 

Mn 

Ni 

Se 

Ag 

Tl 

Sn 

Zn 

 

 

5.0 ɛg/g 

N/A 

5.0 ɛg/g 

5.0 ɛg/g 

5.0 ɛg/g 

5.0 ɛg/g 

1.0 ɛg/g 

5.0 ɛg/g 

5.0 ɛg/g 

10.0 ɛg/g 

5.0 ɛg/g 

5.0 ɛg/g 

5.0 ɛg/g 

5.0 ɛg/g 

5.0 ɛg/g 

5.0 ɛg/g 

5.0 ɛg/g 

5.0 ɛg/g 

 

 

5.0 ɛg/g 

0.2 ɛg/g 

5.0 ɛg/g 

5.0 ɛg/g 

0.2 ɛg/g 

50.0 ɛg/g 

0.5 ɛg/g 

5.0 ɛg/g 

14.0 ɛg/g 

10.0 ɛg/g 

2.0 ɛg/g 

5.0 ɛg/g 

5.0 ɛg/g 

0.5 ɛg/g 

0.2 ɛg/g 

0.2 ɛg/g 

N/A 

5.0 ɛg/g 

Energy Laboratories (2007, U.S. EPA 

SW6010B, EPA Method 3050B 

digestion- nitric acid/hydrogen peroxide), 

ND Department of Health Lab (2008, 

EPA Method 200.8, EPA Method 3050B 

digestion-nitric acid/hydrogen peroxide 

digestion) 

Sb only analyzed 

in 2008, Sn only 

analyzed in 2007 

Hg 1.0 ɛg/g 

 

N/A Energy Laboratories (2008, U.S. EPA 

SW7471A) 

No analysis in 

2008, 2009 

Nutrients 

NO2-NO3 as N 

NH4 as N  

TKN 

Phosphorus 

 

1.0 ɛg/g 

1.0 ɛg/g 

10.0 ɛg/g 

10.0 ɛg/g 

 

0.5 ɛg/g 

1.0 ɛg/g 

10.0 ɛg/g 

10.0 ɛg/g 

Energy Laboratories (2007, ASA31-3, 

ASA33-7, ASA33-8.1, KCl extraction), 

ND Department of Health Lab (2008) 

 

Percent sand, silt 

and clay 

  Energy Laboratories (2007, ASA15-5)  

Texture   Energy Laboratories (2007, ASA15-5)  

 

3.0 RESULTS AND DISCUSSION 

 

3.1 Water Chemistry  

 

Water samples were collected monthly from May through November 2009.  Samples were 

collected on May 27, June 23, July 28, August 26, September 29, and November 5.  Water 

samples for E Coli and fecal coliform were collected weekly from May through September from 

CAL-1, MAV-1, and MAV-2. 
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3.1.1 Field Measurements 

 

Chemistry parameters measured in the field included temperature, pH, specific conductance and 

dissolved oxygen (Table 5, Appendix A).  The field data presented include winter samples 

collected in March 2010.  Dissolved oxygen levels were lowest in Calio Coulee and Mauvais 

Coulee, but mostly above the 5.0 water quality standard for samples collected at 1 m depth (Fig. 

5 and 6).  Specific conductance was highest in 2008, and overall in the tributaries.   Specific 

conductance levels in 2009 were especially low, likely because of the high water levels.     

 

Table 5. Water sample statistics for field measurements for all locations (2007-2010). 

Constituents Number*  Minimum  Median Maximum 
Dissolved oxygen (mg/L) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV-2 (Mauvais Coulee-Lake Alice) 

 

18 

12 

17 

11 

12 

17 

17 

 

5.77 

6.97 

6.59 

2.80 

7.55 

4.27 

5.06 

 

8.070 

9.175 

9.350 

9.600 

9.270 

10.500 

9.249 

 

13.40 

12.60 

13.90 

14.10 

16.20 

17.80 

14.90 

Temperature (°C) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

18 

12 

17 

17 

12 

17 

17 

 

1.0 

0.6 

3.6 

1.8 

1.7 

2.4 

2.0 

 

14.50 

14.35 

16.90 

15.20 

15.00 

17.60 

17.30 

 

24.9 

22.2 

26.8 

24.0 

24.1 

27.4 

26.7 

Specific Conductance (ɛS/cm) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

18 

12 

17 

17 

11 

17 

17 

 

618 

563 

663 

600 

673 

792 

553 

 

960.0 

871.5 

1134.0 

812.0 

981.0 

967.0 

1053.0 

 

1205 

1217 

1700 

1802 

1243 

1880 

1325 

pH (units) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

18 

12 

17 

17 

12 

17 

17 

 

7.66 

7.59 

7.79 

7.04 

7.68 

7.64 

6.98 

 

8.575 

8.560 

8.730 

8.850 

8.645 

8.590 

8.550 

 

9.66 

8.90 

9.25 

9.82 

8.99 

9.46 

9.16 

Secchi depth (m) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

IVL -1 (Lake Irvine) 

 

11 

11 

11 

 

0.1 

0.1 

0.1 

 

0.5 

0.5 

0.5 

 

2.2 

1.8 

3.0 

Total water depth (m) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

IVL -1 (Lake Irvine) 

 

7 

6 

6 

 

2.5 

3.8 

2.5 

 

3.4 

4 

3.8 

 

3.6 

4.2 

3.9 
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Fig. 5. Field pH and temperature results at 1 m depth, including March 2010. 
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Fig.  6.  Dissolved oxygen and specific conductance including March 2010.  Readings at 1 m 

depth. 
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3.1.2 Major Cations, Anions, TDS, Alkalinity, Carbonates 

 

Major solutes in water (cations and anions) are associated with the weathering and solution of 

local geologic material, organic carbon and atmospheric deposition (Stumm 2004).  The 

measurement of these solutes and associated properties can be used as an indicator of the sources 

of water in a lake and stream.  A review of the major cations (Ca, Mg, Na, K) indicates that 

median concentrations are highest in Mauvais Coulee (MAV -1) for Ca and Mg, and in Big 

Coulee (BCL-1) for Na and K (Table 6).   Calcium and Mg concentrations were highest in the 

fall for the Mauvais Coulee and Calio Coulee, and can be attributed to lower flow conditions 

(Fig. 7).  The dissolved cation concentrations are similar to the total cations, indicating that most 

of them are in the dissolved state and not particulate form.  Potassium and Na concentrations 

were highest in 2008 for the sample sites. 

 

Table 6. Water sample statistics for major cations for all locations (2007-2009). 

Constituents Number*  Minimum  Median Maximum 
Ca (mg/L) and (dissolved) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

13 (5) 

11  

13 (5) 

13 (5) 

11 

13 (5) 

13 (5) 

 

47.4 (63.3) 

47.7  

44.4 (66.3) 

62.9 (48.4) 

44.9  

73.7 (65.1) 

48.1 (83.8) 

 

70.9 (73.1) 

68.2 

70.6 (74.9) 

81.9 (54.8) 

66.5 

97.9 (70.1) 

74.3 (85.5) 

 

86.6 (82.1) 

87.4 

143.0 (78.4) 

173.0 (67.6) 

85.8 

173.0 (80.7) 

94.1 (87.5) 

Mg (mg/L) and (dissolved) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

13 (5) 

11  

13 (5) 

13 (5) 

11 

13 (5) 

13 (5) 

 

29.4 (47.8) 

28.7 

31.9 (53.4) 

36.3 (33.9) 

33.4  

45.7 (45.2) 

26.7 (48.6) 

 

56.5 (53.0) 

62.7 

56.7 (58.4) 

57.3 (41.4) 

62.5 

75.9 (50.8) 

62.8 (58.7) 

 

77.4 (56.1) 

73.4 

98.4 (58.6) 

154.0 (45.5) 

72.8 

127.0 (55.6) 

94.1 (63.1) 

Na (mg/L) and (dissolved) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

13 (5) 

11 

13(5) 

13 (5) 

11  

13 (5) 

13 (5) 

 

37.1  (61.7) 

37.2 

45.7 (73.0) 

33.6 (28.5) 

46.7 

45.3 (44.7) 

28.7 (52.6) 

 

72.0 (68.5) 

76.8 

80.9 (86.2) 

73.5 (43.2) 

74.8  

78.1 (52.1) 

73.5 (66.6) 

 

117 (76.7) 

123 

238 (106) 

124 (45.5) 

130 

175 (65.2) 

124 (77.4) 

K (mg/L) and (dissolved) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

13 (5) 

11 

13 (5) 

13 (5) 

11 

13 (5) 

13 (5) 

 

2.2  (15.0) 

2.0 

11.7 (18.2) 

10.5 (10.0) 

2.2 

9.5 (11.2) 

9.8 (12.4) 

 

17.1 (18.4) 

16.6 

19.2 (21.0) 

15.5 (11.6) 

16.7  

15.9 (13.5) 

17.0 (14.0) 

 

22.8 (20.1) 

23.10 

33.7 (23.1) 

20.2 (12.0) 

24.0 

23.9 (16.0) 

22.1 (16.5) 

*number at or above detection level 
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Fig. 7. Water quality variations for Ca and Mg. 
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Fig. 8. Water quality concentrations for K and Na.  

 

The specific anions of Cl and SO4 are covered by numeric standards in the ND water quality 

standards (North Dakota 2001). Mauvais Coulee is listed as a Class I stream, and no 

classification is given for the Chain of Lakes of which Lake Alice and Lake Irvine are a part.  

Devils Lake is classified as Class III.  All chloride concentrations measured in 2007-2009 for this 

study were less than the Class I water standard of 100 mg/L for a 30-day average (Fig. 9).   
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Sulfate (SO4) levels in 2007 exceeded the Class I standard of 250 mg/L for all samples except 

those collected from Mauvais Coulee (MAV-1), and were even higher in 2008 (Fig. 9).  Sulfate 

concentrations in 2009 were mostly less than 250mg/L except for two samples from Calio 

Coulee (CAL-1) and one sample from Mauvais Coulee (MAV-1).  Mauvais Coulee also had the 

highest maximum and median concentrations of SO4 over the total sample period (Table 7).   

  

 

 
Fig. 9. Cl and SO4 concentrations from sample sites. 

 



18 

 

Table 7. Water sample statistics for major anions for all locations (2007-2009). 
Constituents Number*  Minimum  Median Maximum 

HCO3 (mg/L) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

12 

11 

12 

12 

11 

12 

13 

 

191 

197 

221 

57 

219 

84 

6 

 

302.5 

284.0 

298.0 

225.5 

277.0 

316.5 

318.0 

 

369.00 

369.00 

381.00 

393.00 

366.00 

452.00 

376.00 

CO3 (mg/L) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

9 

9 

8 

8 

9 

8 

10 

 

1 

6 

6 

7 

7 

3 

1 

 

8.0 

14.0 

26.5 

38.5 

16.0 

22.0 

8.0 

 

32 

36 

61 

74 

35 

57 

48 

Cl (mg/L) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

17 

11 

17 

17 

11 

17 

18 

 

15.20 

14.60 

19.90 

9.40 

19.20 

8.40 

0.31 

 

29.60 

33.40 

35.00 

23.70 

33.60 

16.40 

23.60 

 

42.60 

43.90 

98.30 

63.30 

47.70 

75.80 

47.00 

SO4 (mg/L) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

17 

11 

17 

17 

11 

17 

18 

 

124.00 

122.00 

157.00 

90.90 

152.00 

157.00 

0.67 

 

267.00 

294.00 

292.00 

221.00 

294.00 

268.00 

297.00 

 

356.00 

361.00 

547.00 

906.00 

373.00 

909.00 

469.00 

*number at or above detection level 

 

The cation and anion median values were plotted on a Piper plot (Fig. 10) and indicate that the 

waters are mixed regarding cations and dominated by the sulfate anion (Fetter 1988).  The total 

sum of cations and anions equals total dissolved solids (TDS).  A comparison of TDS values 

with regional North Dakota lake studies by Wax (2006) shows that the lake study mean TDS 

values are generally higher than those measured in Lake Alice and vicinity (Table 8).  Since 

water levels, and thus volumes have been increasing in the Devils Lake basin, TDS 

concentrations can be expected to decrease.  TDS median concentrations are all within the 

freshwater range (0-1000 mg/L), while maximum concentrations for Big Coulee (BCL-1), 

Mauvais Coulee (MAV-1) and Calio Coulee (CAL-1) fall under the brackish classification 

(Fetter 1988).  Median hardness and alkalinity concentrations for this study are similar to mean 

concentrations from Waxôs (2006) North Dakota lake studies. 
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Fig. 10. Piper plot of median water anions and cations (2007-2009) for all locations.  Lake 

samples are green markers, and stream samples are red markers. 
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Table 8. Water sample statistics for total dissolved solids, hardness and alkalinity for all 

locations (2007-2009) with ND lake means from 1995-2001 (Wax 2006). 

Constituents Number Minimum  Median Maximum ND Lake 

Mean 
TDS (mg/L) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

17 

11 

17 

17 

11 

17 

18 

 

368 

362 

422 

416 

431 

533 

13 

 

705.0 

754.0 

803.0 

543.0 

749.0 

659.0 

750.0 

 

866.0 

875.0 

1260.0 

1560.0 

897.0 

1510.0 

999.0 

 

1545 

 

Hardness (mg/L) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

18 

11 

18 

18 

11 

18 

19 

 

239 

237 

242 

295 

250 

349 

9 

 

405.0 

451.0 

417.0 

390.0 

451.0 

426.5 

459.0 

 

498.00 

503.00 

762.00 

1070.00 

499.00 

918.00 

622.00 

 

475 

 

 

 

Alkalinity (mg/L)  

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

17 

11 

17 

17 

11 

17 

18 

 

166.0 

162.0 

181.0 

142.0 

182.0 

156.0 

4.8 

 

274.0 

276.0 

296.0 

273.0 

275.0 

288.0 

268.5 

 

315.0 

312.0 

338.0 

360.0 

316.0 

379.0 

315.0 

 

229 

 

 

 

3.1.3 Nutrients 

 

Nutrients such as nitrogen and phosphorous in the environment are necessary for plant growth.  

Organic carbon also plays a role as a nutrient.  However, increased nutrients in surface water can 

lead to algal and bacteria population blooms and ultimately eutrophication and fish kills.  

Elevated nitrate levels in drinking water can also lead to ñblue baby syndromeò or 

methemoglobineamia (U.S. EPA 2000, after Christensen 2007).  The application of 

manufactured fertilizers, the use of animal waste for fertilizer (e.g. from CAFOôs), leachate from 

waste lagoons, atmospheric deposition, sewage effluent, and storm water runoff can increase 

nutrient loading to waterways and ground water.   

 

The primary forms of nitrogen in the environment include organic nitrogen, molecular nitrogen 

(N2), ammonia (NH4
+
), hydroxylamine (NH2OH), nitrite (NO2

-
), and nitrate (NO3

-
) (Wetzel 

2001).  Molecular nitrogen (N2) as it is found in the atmosphere must be fixed before it can be 

utilized by plants.  Nitrogen fixation can be carried out by lightning, certain types of bacteria and 

plants (e.g. legumes), and also on an industrial scale for the creation of fertilizer.  The uptake of 

fixed nitrogen by plants produces organic nitrogen. Organic nitrogen can break down into 

ammonia, and then into nitrites and finally nitrates as it decays.  Ammonia present in animal 
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waste can be released into the atmosphere and deposited into water ways.   Finally, the process 

of denitrification transforms the nitrogen back into atmospheric nitrogen.  If a system receives 

more fixed nitrogen than it can utilize, and ultimately denitrify, algal and bacterial populations 

may flourish and eutrophication result. 

 

Phosphorus sources to surface water systems include atmospheric precipitation, ground water 

with dissolved phosphorus and dissolved and particulate phosphorus in runoff (Wetzel 2001).  

Orthophosphate (PO4
-
) is the inorganic form readily available for use by organisms. Some 

phosphorous is dissolved from phosphorous containing minerals that make up rocks and soil.  

Organic phosphorus is present in many plant materials.  Domestic sewage has been a major 

source of phosphorous loading to surface waters, especially before a ban on phosphorous in 

household detergents was implemented (Wetzel 2001).  The application of phosphate containing 

lawn and agricultural fertilizers also has been a source of increased phosphorous to water 

systems from runoff and infiltration.  Animal waste can also be a major source of phosphorous 

(USEPA 2002).  Furthermore, birds and fish can have a large impact on nutrient loading and the 

cycling of phosphorous in aquatic systems (Wetzel 2001). 

 

A review of nitrate-nitrite concentrations shows that Mauvais Coulee and Calio Coulee have the 

highest median values (Table 9).  These median values are above the mean ND lake values given 

by Wax (2006).  The concentrations are similar throughout the sampling season, but there was a 

large spike in nitrite-nitrates in Lake Alice in 2007, and an even higher spike in Calio Coulee in 

2009 (Fig. 10).  The ND water quality standards list an upper limit guideline for NO3 as N of 

0.25 mg/L in lakes, with a 1.0 mg/kg standard for dissolved nitrates for Class I streams (North 

Dakota 2001).  The median values in this study are all less than the 0.25 mg/L guideline except 

for Mauvais Coulee (MAV-1) which had a median nitrite-nitrate value of 0.30 mg/L. 

 

Ammonia and total Kjeldahl nitrogen (TKN) statistics are shown in Table 9.  The highest 

ammonia concentration was detected in Lake Alice (ALC-1) in September 2007 at 1.50 mg/L 

(Fig. 11).  Median ammonia concentrations were highest in Mauvais Coulee (MAV-1) and Calio 

Coulee (CAL-1).  None of the lake samples had median ammonia concentrations above the ND 

Lakes survey mean of 0.272 mg/L (Wax 2006).  The North Dakota water quality standards 

(North Dakota 2001) lists acute and chronic standards for ammonia in Class I streams.  The 

standards are based on the 30-day average concentration, and a numerical standard that accounts 

for temperature and pH.  Comparison of the 30-day average ammonia values with these 

standards shows that none of the sample locations exceeded the acute or chronic standards.  The 

total Kjeldahl nitrogen (TKN) values represent mostly organic nitrogen based on the low 

ammonia concentrations versus TKN.  All of the median TKN values exceed the ND Lakes 

mean from Wax (2006).  The highest median values for TKN are from Mauvais Coulee (MAV -

2) and Big Coulee (BCL-1) (Table 9).  Mauvais Coulee (MAV-1) also had the highest recorded 

concentration of TKN.   

 

Total phosphorus concentrations were similar throughout 2007-2009 for each of the sample 

locations except for a high peak in Calio Coulee (CAL-1) and Big Coulee (BCL-1) in June 2008 

(Fig. 11, 12, 13).  The methodology used determines total phosphorous (organic, 
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orthophosphate), though most of the phosphorus present in water is likely orthophosphate.  

Overall, Calio Coulee (CAL-1) had the highest median values of P, and consistently higher 

concentrations in 2009 than the other sample locations.  The North Dakota water quality goal for 

phosphorus as phosphate (PO4) is 0.02 mg/L.  All median values exceeded this level. 

 

Table 9. Water sample statistics for nitrogen and phosphorus for all locations (2007-2009) with 

ND lake means from 1995-2001 (Wax 2006). 

Constituents Number Minimum  Median Maximum ND Lake 

Mean 
Nitrite -Nitrate (mg/L)  

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

11 

6 

8 

3 

7 

3 

6 

 

0.03 

0.06 

0.04 

0.16 

0.03 

0.12 

0.04 

 

0.15 

0.15 

0.07 

0.18 

0.10 

0.30 

0.18 

 

0.59 

0.31 

0.35 

3.18 

0.24 

0.32 

0.30 

 

0.117 

Ammonia (mg/L) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

9 

6 

10 

7 

4 

5 

9 

 

0.04 

0.03 

0.05 

0.04 

0.03 

0.04 

0.04 

 

0.09 

0.07 

0.09 

0.27 

0.07 

0.50 

0.07 

 

1.50 

0.20 

0.85 

0.70 

0.09 

0.78 

0.81 

 

0.272 

Total K jeldahl Nitrogen (mg/L) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

17 

11 

17 

17 

11 

17 

17 

 

0.81 

0.81 

0.86 

1.00 

0.80 

0.93 

0.91 

 

1.52 

1.54 

1.73 

1.71 

1.48 

1.64 

1.95 

 

3.30 

2.83 

3.99 

4.40 

2.69 

8.40 

4.17 

 

1.775 

Total Phosphorus (mg/L) and 

(dissolved) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

 

17 (12) 

11 (11) 

17 (11) 

17 (11) 

11 (11) 

17 (11) 

17 (11) 

 

 

0.08 (0.02) 

0.17 (0.03) 

0.10 (0.08) 

0.14 (0.10) 

0.13 (0.03) 

0.09 (0.07) 

0.13 (0.05) 

 

 

0.30 (0.206) 

0.28 (0.179) 

0.33 (0.246) 

0.50 (0.319) 

0.23 (0.176) 

0.25 (0.187) 

0.33 (0.164) 

 

 

0.62 (0.31) 

0.32 (0.28) 

2.12 (0.36) 

1.84 (0.69) 

0.32 (0.27) 

0.60 (0.39) 

0.99 (0.31) 

 

 

0.152 

Total Organic Carbon (mg/L) and 

(dissolved) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

 

8(8) 

7 (7) 

8 (7) 

8 (8) 

7 (7) 

8 (7) 

8 (7) 

 

 

9.99 (9.79) 

9.59 (9.73) 

10.40 (10.70) 

13.30 (13.50) 

10.60 (11.90) 

14.00 (15.30) 

11.00 (10.90) 

 

 

18.30 (18.8) 

18.70 (18.6) 

18.75 (19.0) 

20.15 (20.7) 

17.80 (18.6) 

20.45 (20.9) 

19.40 (17.8) 

 

 

25.80 (20.7) 

21.50 (21.8) 

20.20 (19.6) 

28.30 (29.0) 

20.50 (20.7) 

23.90 (24.2) 

25.80 (25.1) 

 

 

12.0 (10.3) 

for 

eutrophic 

lakes 

(Wetzel 

2001) 
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Fig. 11. Ammonia and nitrite-nitrogen levels (2007-2009). 

 

 
Fig. 12. Total phosphorus and total kjeldahl nitrogen (TKN) levels (2007-2009). 

 



24 

 

 
Fig. 13. Distribution of mean nutrient levels (mg/L) in study area.  

 

Nutrient abundances and limitations can be assessed by examining total nitrogen:total 

phosphorous ratios (by weight).  Ratios less than 8 indicate nitrogen deficiencies (Stumm 2004).  

Ratios in 2008 were less than 8 for the early part of the sample season, but exceeded 8 for most 

sites from August through October (Fig. 14).  In 2009, N:P ratios were below 8 except for one 

sample each from Calio Coulee (CAL-1) and Mauvais Coulee in May and June, and November 

for Lake Alice (ALC-1), Mauvais Coulee (MAV-1) and Big Coulee (BCL-1). Overall, the low 

ratios indicate that nitrogen is the primary limiter for phytoplankton growth. 
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Fig. 14. Nitrogen and phosphorus ratios of water samples by weight and location. 

 

 

Organic carbon in aquatic systems primarily occurs in the dissolved form (< 0.45 ɛm), with a 

small amount in the particulate form (Wetzel 2001).  The sources include plant, animal and 

microbial matter from within lake and river systems, as well as from the surrounding land areas 

from runoff or from ground water.  Components of organic carbon can include organic 

molecules and humic material (fatty acids, carbohydrates, amino acids)(Steinberg 2004).   

Overall, organic carbon can play a role in controlling pH, availability of nitrogen and 

phosphorous, and as an important energy source for microorganisms (Steinberg 2004).  High 

dissolved organic carbon can decrease the amount of P and Fe available as nutrients (Beisner et 

al. 2003). A review of the median values of total organic carbon (Table 9) shows that Calio 

Coulee (CAL-1) and Mauvais Coulee (MAV-2) had the highest values (Fig. 15).  Both of these 

sample sites are located adjacent to wetlands that could provide a large source of organic carbon.  

Lake and Coulee samples were highest in early September 2008.  The differences between 

dissolved organic carbon and total organic carbon concentrations are very low, suggesting that 

dissolved organic carbon dominates these stream and lake systems versus particulate carbon.  

The median values for all of the sample sites greatly exceed the 12.0 mg/L median for eutrophic 

lakes and 10.3 mg/L for dissolved organic carbon in eutrophic lakes presented in Wetzel (2001), 

but are similar to organic concentrations found in wetlands and marshes (Wetzel 2001). 
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Fig. 15. Comparison of dissolved organic carbon (DOC) and total organic carbon (TOC) for lake 

and stream samples. 

 

 

3.1.4 Chlorophyll, Trophic Levels, E coli and F coliform 

 

Chlorophyll a is a photosynthetic pigment that can be present in many types of algae and 

cyanobacteria (blue-green algae) (Wetzel 2001).  Chlorophyll b on the other hand, is mostly 

present in green algae (e.g. Chlorophyta) and Euglenophytes (Wetzel 2001).  A comparison of 

the two pigment levels give a sense of what algae types may be dominating a system.  The 

chlorophyll levels can also be used to assess algal mass in a lake system, and thus its 

productivity. The analyses show that chlorophyll a values were highest in Mauvais (MAV -2) and 

Lake Alice (ALC-2) (Table 10).  Big Coulee had the highest chlorophyll b values (Fig. 16).    

 

Carlson (1977) introduced a trophic state index (TSI) that uses three different measures.  The 

three measures include secchi depth, chlorophyll a and total phosphorus (Carlson and Simpson 

1996).  The index provides a numerical scale from 0 (low nutrient oligotrophic lakes) to nutrient-

rich (eutrophic) to very nutrient-rich lakes at an index of 100.  The trophic index from the secchi 

depth assumes that transparency decreases as a result of algal growth, and not sediment 

(Equation 1).  The index from total phosphorus assumes that phosphorus is the controlling 

nutrient in the system (Equation 2).  The index from chlorophyll a uses the presence of 

chlorophyll as an indicator of nutrient loading (Equation 3).  
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TSI (SD) = 60-14.14 ln(SD)                                                          (1) 

 

TSI (TP) = 14.42 ln(TP) + 4.15                                                       (2) 

 

    TSI (Chl) = 9.81 ln(CHL) + 30.6                                                            (3) 

 

Where SD = secchi disk depth (m), 

 TP = total phosphorus (mg/L) and  

 Chl= chlorophyll a (µg/L).  

 

 

Table 10. Water sample statistics for chlorophyll a and b, E coli and fecal coliform bacteria for 

all locations (2007-2009). 

Constituents Number*  Minimum  Median Maximum 
Chlorophyll a (ɛg/L) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

7 

6 

7 

2 

6 

5 

5 

 

11.20 

13.10 

2.50 

28.50 

10.70 

10.70 

11.20 

 

20.80 

22.40 

27.20 

33.20 

26.70 

12.80 

35.20 

 

63.20 

36.80 

48.10 

37.90 

31.50 

15.00 

126.00 

Chlorophyll b (ɛg/L) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

4 

3 

4 

1 

2 

3 

4 

 

0.70 

0.85 

1.25 

3.22 

0.77 

0.91 

0.73 

 

1.11 

0.89 

1.57 

3.22 

1.975 

1.66 

1.585 

 

1.32 

3.80 

7.51 

3.22 

3.18 

4.90 

3.39 

E Coli (#/100 ml) 

ALC-1 (Lake Alice) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice)) 

 

2 

2 

16 

3 

25 

17 

 

10 

20 

10 

10 

10 

10 

 

10 

115 

30 

20 

50 

40 

 

10 

210 

570 

30 

210 

340 

F Coliform (#/100 ml) 

ALC-1(Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

3 

1 

5 

21 

3 

29 

20 

 

10 

430 

20 

10 

10 

10 

10 

 

10 

430 

70 

20 

20 

60 

50 

 

10 

430 

240 

570 

30 

320 

340 

*number at or above detection limit. 
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Trophic states were only calculated for chlorophyll a as that is thought to be the most reliable 

indicator of production for these summer sample results. The trophic range based on chlorophyll 

is eutrophic, with the lower portion of Mauvais Coulee (MAV-2) being hypereutrophic (Fig. 17). 

 

Fecal coliform bacteria and E. coli samples were collected from May through September from 

Mauvais Coulee and Calio Coulee (Fig. 18).  Periodic samples were also collected from the other 

sample locations. The analytical results indicate that samples from Calio Coulee (CAL-1) and 

Mauvais Coulee (MAV-2) exceeded the standard for E. coli of 126 organisms per 100 ml as the 

geometric mean for 30 days in September 2008, and from Calio Coulee (CAL-1) in August 

2009.  

 

 

 
Fig. 16. Chlorophyll a (blue-green algae) and b (green algae) for sample locations. 
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Fig. 17.Trophic indexes for lake and stream samples based on Chlorophyll a values from  2008-

2009.  Values from 50-70 correspond to eutrophic conditions, and >70 as hypereutrophic 

(Wetzel 2001). 

 
Fig. 18. E coli and fecal coliform counts in water samples collected from 2008-2009. 
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3.1.5 Trace Elements 

 

Trace elements such as As, Cd, Cu, Cr, Pb, Ni and Zn have been found to be elevated in manure 

(cattle, swine and poultry) primarily because of feed additives (Nicholson et al. 1999, Li and 

Chen 2005, Silbergeld and Nachman 2008).  Arsenic concentrations in water depend upon 

background geologic conditions and anthropogenic inputs.  At higher levels, As can be a 

carcinogen or result in arsenicosis as has occurred in Bangladesh and India from As-rich ground 

water (Adriano 2001).  Arsenic levels can also cause toxic effects in animals and plants, 

especially legumes. Arsenic is often associated with sulfide ores, but can come from 

anthropogenic sources such as wood preservatives, fossil fuel combustion, manure (especially 

poultry), pesticides and landfills.  Cadmium is often associated with sulfide ores, and can be 

introduced into the environment from metal finishing operations, plastics production, 

microelectronics manufacturing, landfills, phosphate fertilizer and sewage sludge (Adriano 

2001).  Cd can be toxic to humans and result in itai-itai disease or renal failure in humans.  It is 

enriched in the food chain and can accumulate in plants and be toxic to both plants and animals.  

Copper is present in sulfide ores and can be introduced to the environment from metal finishing, 

microelectronics, wood treatment, landfills, swine manure and pesticides (Kabata-Pendias and 

Pendias 1992, Nicholson et al. 1999, Adriano 2001).  Copper is an essential element, but can be 

toxic at higher levels, especially to aquatic species.  Lead occurs naturally often with the ore 

mineral galena.  Anthropogenic sources of Pb include mining and smelting, refineries, paint, 

automobile exhaust, plumbing, batteries, sewage slude and pesticides (Adriano 2001). Lead can 

affect the central nervous system in humans, and can also be toxic to animals and plants.  Zinc is 

associated with ore minerals such as sphalerite, and can be introduced to the environment from 

mining and smelting, metal finishing, textile manufacture, microelectronics, sewage sludge, 

manure and pesticides (Adriano 2001).  Zinc is an essential element, but can be toxic to plants 

and animals at elevated levels.   

 

Several elements were analyzed in this study to determine background levels as well as potential 

impacts to the watershed (Table 11).  Total Al ranged from 53.0 ï 11,400 ɛg/L and occurs 

primarily in particulate form based on the differences between dissolved and total 

concentrations.  Big Coulee had the highest median values of Al followed by Lake Alice (ALC-

1).  Chronologically, Al concentrations were most elevated in 2007 and 2008, with lower 

concentrations in 2009, especially for the lake samples (Fig. 19).  The North Dakota water 

quality standards list an acute and chronic standard of 750 ɛg/L of total recoverable Al in Class I 

streams when the pH is > 7 and the water hardness as CaCO3 > 50 mg/L (North Dakota 2001).  

Maximum concentrations of Al at all of the sample locations except for MAV-1 exceeded this 

standard (Fig. 19).  Total As concentrations in water ranged from 4.0 ï 29.2  ɛg/L (Fig. 20), with 

the highest median concentration in Calio Coulee (CAL-1). The acute standard for total As in 

water is 340 ɛg/L, and 150 ɛg/L for the chronic standard for aquatic life (North Dakota 2001).  

None of the As concentrations in water during this study were at or exceeded these values.  

Arsenic concentrations did exceed the 10 ɛg/L standard for drinking water for human health.   
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Table 11. Trace element statistics for surface water samples for values above detection  

levels (2007-2009). 

Constituents Number*  Minimum  Median Maximum 
Al (ug/L) and (dissolved)  

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

13 (2) 

11 (2) 

13 (1) 

11 (1) 

9 (1) 

10 (1) 

13 

 

107 (59.7) 

130 (54.9) 

79  

53 

93 

61 

78 

 

361 (90.35) 

356 (90.95) 

470 

148 

221 

115.5 

245.0 

 

1440 (121)  

1000 (127) 

11400 (175) 

1020 (60) 

922 (85.6) 

480 (65.7) 

2120 

Sb (ug/L) (dissolved) 

CAL-1 (Calio Coulee) 

< 1.0 for all other sites 

 

1 

 

1.65 

 

1.65 

 

1.65 

As (ɛg/L) and (dissolved) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

12 (13) 

10 (10) 

10 (14) 

13 (15) 

8 (10) 

9 (10) 

11 (11) 

 

5.02 (3.47) 

5.09 (3.61) 

4.66 (2.40) 

5.97 (3.13) 

6.76 (3.40) 

4.40 (3.24) 

4.76 (2.75) 

 

6.990 (7.59) 

7.095 (6.54) 

7.935 (8.175) 

9.880 (10.60) 

7.630 (6.125) 

5.760 (5.63) 

7.140 (8.05) 

 

13.30 (13.4) 

11.80 (12.4) 

16.20 (14.8) 

29.20 (27.8) 

10.60 (13.4) 

14.50 (15.9) 

12.70 (14.2) 

Ba (ɛg/L) and (dissolved) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

13 

11 

13 

13 

11 

13 

13 

 

47.80 

42.30 

13.40 

3.18 

42.20 

25.50 

32.30 

 

75.70 

60.50 

68.00 

59.60 

54.50 

64.40 

70.20 

 

107.00 

101.00 

101.00 

100.00 

93.00 

82.20 

103.00 

Be (ɛg/L) and (dissolved) 

All sites 

 

6 (11) 

 

<5.0 

 

< 5.0 

 

<5.0 

*number at or above detection limit. 

 

The concentrations of B and Ba were well below the water quality standards (Fig. 21, 22; Table 

12).  Copper values ranged from 1.28-17.5 ɛg/L, with the highest values in Big Coulee (BCL-1, 

Fig. 23).  None of the Cu values were at or above acute or chronic aquatic life standards 

corrected for water hardness (North Dakota 2001). Total Zn values in water for this study ranged 

from 1.4-81.2 ɛg/L, with the highest values found in early September 2008 in Big Coulee (BCL-

1) and Lake Alice (ALC-1)(Fig. 24).  Dissolved Zn typically lower than total Zn, except for one 

sample collected from Lake Alice in 2009. The Zn concentrations were an order of magnitude 

less than aquatic acute and chronic standards corrected for hardness (North Dakota 2001).   
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Fig. 19. Total Al in water samples.  Note higher concentrations in 2008. 

 

 
Fig. 20. Total As in water samples.  Line shows drinking water standard of 10 µg/L. 
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Fig. 21. Total Ba in water.  The North Dakota maximum standard for a class I stream is 1000 

µg/L (one day average). 

 

 
Fig. 22. Total B in water.  The North Dakota water quality standard maximum is 750 µg/L as a 

30-day average for a class I stream. 
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Table 12. Trace element statistics for surface water samples for values above  

detection levels (2007-2009). 

Constituents Number*  Minimum  Median Maximum 
B (ɛg/L) and (dissolved) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

12 

11 

12 (11) 

12 

11 

12 (11) 

13 

 

112 (83) 

103 (77) 

100 (88) 

75 (60) 

120 (88) 

62 (58) 

53 (50) 

 

133.0 (130.0) 

136.0 (132.0) 

151.5 (143.0) 

101.0 (94.5) 

139.0 (132.0) 

132.5 (118.0) 

128.0 (125.0) 

 

194 (189) 

188 (182) 

309 (236) 

113 (116) 

197 (193) 

177 (168) 

202 (205) 

Cd (ɛg/L) and (dissolved) 

All sites 

 

6-11 

 

<1.0 

 

<1.0 

 

<1.0 

Cr (ɛg/L) and (dissolved) 

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IV L -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

1 

1 

1 

0 

1 

0 

0 

 

1.46 (<1.0) 

<1.0 (1.01) 

19.4 (<1.0) 

<1.0 (<1.0) 

<1.0 (1.12) 

<1.0 (<1.0) 

<1.0 (<1.0) 

 

1.46 (<1.0) 

<1.0 (1.01) 

19.4 (<1.0) 

<1.0 (<1.0) 

<1.0 (1.12) 

<1.0 (<1.0) 

<1.0 (<1.0) 

 

1.46 (<1.0) 

<1.0 (1.01) 

19.4 (<1.0) 

<1.0 (<1.0) 

<1.0 (1.12) 

<1.0 (<1.0) 

<1.0 (<1.0) 

Cu (ug/L) and (dissolved)  

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IVL -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

5 (6) 

4 (6) 

5 (4) 

5 (6) 

4 (6) 

2 (5) 

3 (5) 

 

2.43 (1.85) 

2.72 (1.78) 

2.44 (1.65) 

1.56 (1.28) 

2.52 (1.77) 

1.74 (1.16) 

1.62 (1.41) 

 

3.40 (2.48) 

2.97 (2.275) 

3.17 (2.34) 

2.26 (1.915) 

2.845 (2.375) 

1.925 (2.19) 

2.09 (1.50) 

 

5.56 (2.82) 

5.26 (2.81) 

17.50 (3.32) 

5.65 (2.65) 

5.48 (2.97) 

2.11 (2.88) 

2.14 (2.24) 

Fe (mg/L) and (dissolved)  

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IVL -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

13 

10 

13 

12 

10 

13 

13 

 

0.07 

0.17 

0.10 

0.05 

0.09 

0.09 

0.13 

 

0.4320 

0.5085 

0.5660 

0.2690 

0.2765 

0.2340 

0.3340 

 

1.82 

1.67 

18.00 

1.18 

1.65 

0.49 

2.97 

Pb (ug/L) and (dissolved)  

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IVL -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

2 (1) 

2 (1) 

1 

0 

2 

0 

0 

 

1.22 (1.48) 

1.05 (1.03) 

12.7 (<1.0) 

<1.0 (<1.0) 

1.23 (<1.0) 

<1.0 (<1.0) 

<1.0 (<1.0) 

 

2.385 (1.48) 

1.49 (1.03) 

12.7 (<1.0) 

<1.0 (<1.0) 

1.345 (<1.0) 

<1.0 (<1.0) 

<1.0 (<1.0) 

 

3.55 (1.48) 

1.93 (1.03) 

12.7 (<1.0) 

<1.0 (<1.0) 

1.46 (<1.0) 

<1.0 (<1.0) 

<1.0 (<1.0) 

*number at or above detection limit 
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Table 12 (Cont). Trace element statistics for surface water samples for values above  

detection levels (2007-2008).  

Constituents Number*  Minimum  Median Maximum 
Mg (mg/L)  and (dissolved)  

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IVL -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

13 

11 

13 

13 

11 

13 

13 

 

29.40 

28.70 

31.90 

36.30 

33.40 

45.70 

26.70 

 

56.50 

62.70 

56.70 

57.30 

62.50 

75.90 

62.80 

 

77.40 

73.40 

98.40 

154.00 

72.80 

127.00 

94.10 

Mn (mg/L)  and (dissolved)  

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IVL -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

13 

10 

13 

13 

11 

13 

13 

 

0.01 

0.02 

0.07 

0.03 

0.04 

0.03 

0.04 

 

0.07 

0.07 

0.25 

0.14 

0.10 

0.17 

0.17 

 

0.17 

0.19 

1.53 

0.57 

0.17 

0.57 

0.48 

Ni (ɛg/L)  and (dissolved)  

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IVL -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

8 

7 

8 

12 

6 

10 

9 

 

4.93 

4.71 

4.17 

6.37 

4.49 

5.29 

4.55 

 

5.61 

5.80 

5.87 

8.57 

5.48 

7.24 

5.71 

 

7.55 

8.12 

26.50 

11.10 

8.25 

8.25 

7.43 

Se (ug/L) and (dissolved)  

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IVL -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

1 

2 

4 

3 

3 

2 

3 

 

1.45 

1.05 

1.00 

1.36 

1.28 

1.06 

1.41 

 

1.45 

1.25 

1.29 

1.94 

1.56 

1.22 

1.46 

 

1.45 

1.44 

10.10 

4.54 

1.59 

1.37 

1.53 

Ag (ug/L) and (dissolved)  

ALC-1 (Lake Alice) 

All other sites 

 

1 

5 

 

1.94 

<1.0 

 

1.94 

<1.0 

 

1.94 

<1.0 

Tl (ug/L) and (dissolved)  

All sites 

 

5 

 

<1.0 

 

<1.0 

 

<1.0 

Sn (ɛg/L)  and (dissolved)  

All sites 

 

5 

 

<75.0 

 

<75.0 

 

<75.0 

Zn (ɛg/L) and (dissolved)  

ALC-1 (Lake Alice) 

ALC-2 (Lake Alice-Irvine) 

BCL-1 (Big Coulee) 

CAL-1 (Calio Coulee) 

IVL -1 (Lake Irvine) 

MAV -1 (Mauvais Coulee nr Cando) 

MAV -2 (Mauvais Coulee-Lake Alice) 

 

9 (9) 

8 (6) 

10 (5) 

9 (8) 

8 (6) 

9 (7) 

9 (8) 

 

3.52 (1.11) 

2.29 (1.07) 

1.39 (1.04) 

1.42 (1.02) 

1.42 (1.27) 

1.40 (1.55) 

2.05 (1.30) 

 

16.50 (1.39) 

8.565 (4.59) 

8.765 (6.54) 

8.78 (4.45) 

6.985 (5.64) 

10.40 (3.91) 

8.37 (6.745) 

 

78.40 (337) 

40.10 (12.4) 

81.20 (26.4) 

67.80 (58.5) 

21.30 (16.9) 

29.40 (30.2) 

49.20 (9.71) 

*number at or above detection limit. 
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Fig. 23. Total Cu in surface water.  Acute aquatic life standard is 55.8.0 µg/L, and the chronic 

life standard is 32.7 µg/L based on a CaCO3 hardness of 434 mg/L which is the average for this 

study (North Dakota 2001). 

 

 
Fig. 24. Zinc in surface water.  Acute and chronic aquatic life standard is 416 µg/L based  on 

CaCO3 hardness of 434 mg/L for this study (North Dakota 2001). 
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A comparison of selected trace elements in surface water based on location shows a wide 

variation of each element (Fig. 25).  Mean As was highest in surface water collected from Calio 

Coulee, while Cr and Cu are most elevated at Big Coulee.  The high concentration of Cr in Big 

Coulee is not easily explained, as this area is backflooding from Devils Lake, and should be 

similar to Devils Lake and Lake Alice. Finally, mean nickel concentrations were similar 

throughout the study area, while mean Zn was most elevated in Lake Alice, Big Coulee and 

upper Mauvais Coulee.  The CAFO operations do not appear to be related to the elevated Cr, Cu, 

and Ni concentrations.  The elevated As concentrations in Calio Coulee require further 

investigation to determine if they may be associated with the CAFOôs, ground water discharge, 

or another unknown source. 

 

 
Fig. 25. Distribution of mean As, Cu, Cr, Ni and Zn in surface water from 2007-2009. 
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3.1.6 Pesticides 

 

Pesticides include herbicides, fungicides, insecticides, fumigants, growth regulators and 

defoliants (Gianessi and Marcelli 2000).  Water samples were collected for the analysis of a wide 

variety of pesticides in 2008 and 2009 (Table 3).  Pesticides are mostly applied to croplands in 

the area by ground-based sprayers or airborne spraying.  Bromoxynil was the only detectable 

pesticide in 2009 (Table 13).  It is a herbicide for the control of grasses and broadleaf weeds, and 

is commonly used on crops such as wheat, barley, corn, flax, oats and rye in North Dakota 

(NCFAP 2008; US EPA 1998). The pesticide 2,4-D  was detected in Calio Coulee (CAL-1) and 

Mauvais Coulee near Cando (MAV-1) in 2008 above the detection limit of 0.1 ɛg/L (Table 13).  

The pesticide 2,4-D is a herbicide used to control broadleaf weeds in crops and woody vegetation 

along roadways and other right of ways (USEPA 2008).  

 

Table 13. Pesticide concentrations for surface water samples above detection levels (2007-2009). 

Constituents Number*  Concentration 

(µg/L) 
2,4-D (sampled June 24, 2008) 

CAL-1 (Calio Coulee) 

MAV -1 (Mauvais Coulee nr Cando) 

 

 

1 

1 

 

0.80 

0.41 

Bromoxynil  (sampled June 23, 2009) 

CAL-1 (Calio Coulee) 

 

1 

 

0.53 

*number at or above detection limit 

 

 

3.2 Sediments 

 

3.2.1 Nutrients in Sediments 

 

The components of nitrogen (NH4, NO2-NO3, TKN) were analyzed in sediments collected from 

each of the seven sample locations (Fig. 26, 27).  Ammonia was highest in Calio Coulee (CAL-

1) in 2008 and Mauvais Coulee (MAV-2) in 2009.  Nitrite-Nitrogen concentrations were highest 

in Lake Alice (ALC-1) sediments in 2007 and in Mauvais Coulee (MAV-2) in 2009.  Total 

Kjeldahl nitrogen concentrations were highest in Lake Alice for both 2007 and 2008 and 

Mauvais Coulee (MAV-2) in 2009. Phosphorus values were highest in Lake Alice (ALC-1) in 

2007-2008, and in Mauvais Coulee (MAV-2) in 2009 (Fig. 28).    
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Fig. 26. Ammonia and nitrate-nitrite concentrations in sediments (2007-2009). 

 

 

 
Fig. 27. Total Kjeldahl nitrogen (TKN) in sediments (2007-2009). 
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Fig. 28. Total P in sediments (2007-2009). 

 

Overall, average ammonia concentrations in sediments were highest in Calio Coulee, while 

average phosphorus was highest in the lakes (Fig. 29, 30).  The high concentrations of ammonia 

in the sediments compared to nitrate-nitrate is probably related to lower oxygen levels in the 

sediment that impede nitrification (Wetzel 2001).  A comparison of sediment nutrients versus 

regional studies provides more information on the concentrations (Table 14).  Nitrite-nitrate 

values are less than those found in the main portion of Devils Lake.  Ammonia concentrations in 

this study are lower than other regional studies, as are TKN concentrations.  Finally, P 

concentrations are similar to what Sando and Sether (1993) found in the west Bay of Devils 

Lake. 
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Fig. 29.  Ammonia and nitrate-nitrite (NO3-NO2 as N) in sediment (mean). 
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Fig. 30. Average phosphorus and Total Kjeldahl nitrogen (TKN) in sediments. 

 

  



43 

 

Table 14. Comparison of sediment nutrient values with regional studies. 

 

3.2.2 Trace Elements in Sediments 

 

Many trace elements were analyzed in sediment (Table 15).  Aluminum was highest in sediment 

from Lake Irvine (IVL-1) at concentrations greater than 10,000 mg/kg (Fig. 31, 32).  Arsenic 

was similar for all locations, with Lake Alice (ALC-2) having the highest concentration of 8.48 

mg/kg.   Boron concentrations were most elevated in the lake samples, as was Ba and Cd. 

Chrome concentrations were also highest in the lake samples, with Lake Alice (ALC-2) having 

Cr concentrations in sediment more than two times the stream sediment.  Copper was most 

elevated in Lake Alice (ACL-1) and Calio Coulee (CAL-1).  Lake Alice (ALC-2) had the highest 

Fe, Mn, Ni, Pb, Se and Zn concentrations.  A map of some of the major elements commonly 

associated with animal manure (As, Cd, Cr, Cu, Ni, Pb) is shown in Figure 33.  The map shows 

these elements most concentrated in Lake Alice sediment. 

 

Comparisons between the Lake Alice study and other studies were made to determine the 

potential toxicity of the sediments.  Threshhold Effect Levels (TELôs) and Probable Effect 

Levels (PELs) are based on the Canadian sediment quality guidelines and indicate concentrations 

below which adverse biological effects are rare (TEL) and concentrations above which adverse 

biological effects are expected (PEL) (Environment Canada 2009).  The USEPA ecological soil 

guidelines (Eco-SSL) were developed for soil and are based on many studies that looked at acute 

and chronic effects from the various elements for birds, mammals and plants (USEPA 2003).  

Since these are soil guidelines they do not apply directly to benthic communities, but do provide 

some comparison with the sediment element concentrations (Table 16). A review of the median 

values of trace elements for this study shows that As levels were above median ND lake levels, 

but below Canadian guidelines (PELs) for freshwater sediment and also USEPA ecological soil 

Study  Nitrite + 

Nitra te 

(mg/kg)  

NH4-N 

(mg/kg)  

Total Organic N + 

NH4-N 

(TKN)  

(mg/kg)  

P 

(mg/kg)  

This study , mean (median) (n=17)  3.16  

(1.35) 

33.5 

(21.0) 

1829.88  

(1140.0) 

541.17 

(488.00) 

Callender (1968)  Glacial till, mean (n=4) 

Pierre Shale, mean (n=2) 

Surface sediment, mean (n=7) 

Water-sediment interface, mean  

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

6,500 

7,200 

1700 

400 

-- 

4,600 

Sando and Sether (1993) Devils Lake, West 

Bay, mean (n=4)  

< 2.0  104.75 11,625  595  

Sando and Sether (1993) Devils Lake, Main 

Bay, mean 

(n= 4)  

15.75  110.25  8,075  970  

Brigham, Goldstein and Tornes (1998) 

Red River Basin (median)(n=43)  

--  -- --  900  

(<63 ɛm)  
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guidelines (Eco-SSL) for birds and mammals (Table 16).  Cadmium concentrations in sediment 

median values also exceeded those for ND Lakes, but were below the Canadian PEL and Eco-

SSL for birds.  The median Cd concentration in sediment exceeds the Eco-SSL for mammals.  

Chromium median concentrations exceed the median value for ND Lakes, but were lower than 

those found in the Red River of the North and below the ecological guidelines presented.  

Copper and Pb concentrations in sediment median values are higher than the ND Lakes median 

values.  Selenium median concentrations in sediment were higher than median concentrations in 

87 ND lakes.  Sulfate concentrations in sediment (median values) exceed those found for Red 

River sediments.  Finally, Zn concentrations in sediment exceed the median and maximum 

concentrations found in the Wax (2006) ND lake studies, and also exceed the USEPA Eco-SSL 

guidelines for avian species and mammals. 

 

Table 15. Sediment trace element results from all sites. 
Constituents Number*  Minimum  

(mg/kg) 

Median 

(mg/kg) 

Maximum 

(mg/kg) 

Al  

Sb 

As 

Ba 

Be 

B 

Cd 

Cr 

Cu 

Fe 

Pb 

Hg 

Mn 

Ni 

Se 

Ag 

Tl 

Sn 

Zn 

12 

3 

12 

17 

6 

11 

12 

17 

9 

12 

15 

0 

12 

12 

12 

0 

7 

0 

17 

4480 

0.36 

1.95 

30.6 

0.37 

7.0 

0.56 

4.42 

8.0 

2430 

3.01 

<1.0 

318 

11.0 

0.22 

< 5.0 

0.41 

<5.0 

24.0 

10,060 

0.44 

4.045 

98.6 

0.798 

42.7 

0.7775 

11.0 

17.5 

13,650 

6.22 

<1.0 

459 

23.1 

0.519 

<5.0 

0.59 

<5.0 

74.0 

18,300 

0.46 

8.48 

131 

1.62 

95.5 

1.31 

25.1 

23.0 

24,400 

16.9 

<1.0 

683 

41.6 

2.38 

<5.0 

0.87 

<5.0 

202 

*number at or above detection level. 
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Fig. 31.Trace elements (maximum) in lake sediments (2007-2009). 

 

 
Fig. 32.Trace elements (maximum) in-stream sediments (2007-2009). 

 
































































































