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ABSTRACT

Water and sedimemjuality of the Lake Alice National Wildlife Refugend vicinityin
northeastern North Dakqtaas characterizethrough a seriesf@ampling events frordune
2007 through October 200%Vater 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.

WaterpH is mostly alkaline in the range of 6-:982. 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 conductaasckigtestin 2008 from
Mauvais (1880 €S/ cm) and Calio Coulees (1802
all waters sampled are mixed, relative to Mg, Ca and Na. Sulfate dominates the anion group,

with the highest concentrations in Calio Coulee (8@fL) 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-88G6mg/L max. conc.).

Nitrate-nitrite median values waterwere highes{0.30 mg/L) in the upper reaches of the
Mauvais Coulee watershed (MAY) . Total Kjeldahl nitrogen mediaroncentrations are
dominant in Mauvai$1.95 mg/L), Big (1.73 mg/L) and Calio Coulees (1.71 mg/L) versus the
lakes (1.481.54 mg/L). Overall, mediaR 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 rlinoi¢eah
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 foicBli-type bacteria exceeded state standards of 126
organisms per 100 ml as a-B@y geometric mean from both Mauvais and C@laulees.

Trace elements in water are dominated by Al (1660 € g/ L me d-0.566mg/L Fe (0.

median) and Mg (56-62.8 mg/L median). Maximum concentrations of Al at all sample sites

except upper Mauvais Coulee (MAY exceeded acute and chroniciatic standards for Class |

streams in NDMedianc oncentrati ons of As (9.88 g/ L) anc
Calio Coul ee. Medi an concentrations of Cu (2
were highest in Lake Alice, and Big Coulee hiag highest median concentration of Cr (19.4

eg/L). The-Dhemabi dedec2ed4 in Calio (0.80 g/ L)

in 2008. The herbicide bromoxynil was detect

Mean NH, was highest in Calio @ilee sediments, with Lake Alice sediments having the highest
mean N@-NO; as N concentrations. Total kjeldahl nitrogand 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
Cdexceeded the USEPA ecological soil guidelines {&8&) for mammalsZinc

concentrations exceeded median levels from many other North Dakota Lakes, and the USEPA
Eco-SSL guidelines for avian and mammal species.



TABLE of CONTENTS

FORW ARD......coiiiiiiiiii e eee sttt e s amnns st st s s et e et e e e eeeeeeaeeemmmseeeeeeeeeaaeaaeeaeesssssamnnees [
ACKNOWLEDGEMENTS ..ottt eeeeteiee ettt s s ammmt e e e e e s e s nnns s i
3 Y O I AN 111 PP I.
Y = S Y I 2 ¥ AN O PR PPRPPPPPPRN ii
TABLE Of CONTENTS....ciiiiiiiieiie et e e e s s e e enenssssseneeees ii
TABLES ...ttt ettt e e e———— e ettt e e e e e e e e e e e e e e a s e am—— e e e e e ee e e e e a e aabrrrrranannnns v
FIGURES ... ..o ee ettt e e emeet ettt e e eaaaaaeaeeeesammr e e e e eeeaeeeeeaeeseasnnsnnneeas Vi
1.0 INTRODUCTION. ...utttttitiiiiiittiete e e eeete et a e e e e e e e e e e s s e s s s immne s e e e e s s s s s abb b b besannnnnnsnbreeeenes 1
1.1 ODBJECHIVES. ...ttt e e e e e e e e e e en 1
S (0 o | Y - TP 1
1.3 Climate and HYArOIOGY .. ...ooeeeiiiiiieieieee et e e e e e eee e e e 2
2.0 METHODS . ..ot e e et b bbbttt et e e eens st s e s e e et e e e aaeaaaeeeeead 4
2.1 WALl SAMPIES ...ttt ettt e e e e e e e e e e e e e e e s rmmne e e e e e e e e e s e e 4
2.2 SEAIMENT SAMPIES....coeieiiiiiiie e e e e e e e e e eeeeia s s s e e e e e eeeaeeeeeeeessrnnneeaeeeeeeeeennnes 9
3.0RESULTS AND DISCUSSDN ....cooiitiiiiiiiiieae e e e e eeeeisss e s e e e e e e e e eeaeeeesanenaaaeeeaeeeeeeeeesennnnns 10
G TN R VY= 1= O 1T 1S3 YR 10

3.1.1 Field MEaSUIEIMENTS. .. .cii i i e e e e e eeee et eeee e e e e e e et mmmr e e e e e e eeaneeans s e e emmrsnnes 11

3.1.2Major Cations, Anions, TDS, Alkalinity, Carbonates...............cccevvvvcciiiiieeeeeennnnn, 14

G 00 I B8 V1 = | (S 20

3.1.4 Chlorophyll, Trophic Levels, €li and Fcoliform..............ccoviiiiiiiieiee e 26

3.1.5 Trace EIBMENTS......ccciiiiiieeeeeiiie et s n e e e e e e e e smnnnn e an 30

G TRt B TS 1T [0 [ PP 38



2 Y=o (11 1= 1 AT TR 38

3.2.1 NULNENTS 1N SEAIMEBNLS ... e e s 38

3.2.2 Trace ElementS iN SEAIMENLS. .. ...ou i 43
A O CON CLUSIONS . ..o e et 49
B O REFERENCES. ... oo e e e e e 51
B.0 APPENDICES. ... oo e e e e 55
6.1 Appendix Al FIld NOTES........coiiiiiite et reer e e e e e e e e e e e e e emmes 56
......................................................................................................................................... 59
6.2 Appendix B AnalytiCal RESUILS.........uuiiiiiiiiiiiiic e 92



TABLES

Table 1 Sample location names with corresponding STORET numbers, and locations...6

Table 2. Water sample analysis constituents and reporting limits.used.................c.ceeeee.. 7
Table 3. Water sample analy$is pesticides and reporting limits used (2009).................... 8
Table 4. Sediment @NaAlYSIS...........ouuuiiiiiiiie e errr e e e e e e e e e aneer s 10
Table 5. Water sample statistics for field measurements for all locations22Q0y............. 11
Table 6. Water sample statistics for major cations for all locations {2009)....................... 14
Table 7. Water sample statistics for major anions for all locations {2009)....................... 18
Table 8. Water sampkatistics for total dissolved solids, hardness and alkalinity for all
locations (20072009) with ND lake means from 192001 (Wax 2006)...................... 20
Table 9. Water sample statistics for nitrogen and phosphorus for all locatio@s2(20®) with
ND lake means from 1998001 (Wax 2006)..........ccoeriiiiiimmiiimnnneeeeiiiiiibeeeeeeee e eeenees 22
Table 10. Water sample statistics for chlorophyindb, E coli and fecal coliform bacteria for
all 0CAtIONS (20072009).....eeeeeeeeiiiiiieeee e ettt mnne e aneea 27
Table 11. Trace element statistics for surface water samples for values above detecti®h
Table 12. Trace element statistics for surface water samples for values.above........... 34

Table 13. Pesticide concentratioffigr surface water samples above detection levels (2007
2009). 38

Table 14. Comparison of sediment nutrient values with regional studies....................... 43

Table 15. Sediment trace element results froM@ESI........ccoeevvieiiiiiiiiieee 44

Table 16. Comparison of sediment trace elements with ND Lake studies and various guidelines.

Table 17. Water quality QA/QC trip blank and rinse sample. Values bolded that exceed 10% of
NALUTAL VAIUBS. ...ttt reee e e e e e e e e e e e eeeeeaeeen s mmme e e eeeeeennsnnnnnnd 48

Table 18. Water quality QA/QC duplicate samples and relative percent difference........ 49

Table 19. Sediment QA/QC duplicate samples and relative percent difference.............. 49



FIGURES

Fig. 1. Location of Lake Alice National Wildlife Refuge near Churchs Ferry, ND.............. 2
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

frOmM NOVEMDBDEIMAICR........uiiiiiiiiiiiiiiie e 3
Fig. 3. Discharge measurements for Mauvais Coulee from USGS gauge 5056100. Lake Alice
elevation from USGS Gauge BER55 (USGS 201Q).........ccoevvveevvvvvmiiimmmreeeeeeeeeniinin 3
Fig. 4. Sample, CAFO and waste management @rfas........cccoeeeeeeerieeeiiiieeeeeeeeeeeeeeeeeeeeeieens 5
Fig. 5. Field pH and temperature results at 1 m depth, including March.2010................ 12
Fig. 6. Disslved oxygen and specific conductance including March 2010. Readings at 1 m
[0 1= o)1 PSRRI 13
Fig. 7. Water quality variations for Ca and Mg-..........ccccuuriiiiiimmmiiiiiiiiiieeeeeeee e 15
Fig. 8. Water quality concentrations for K and Na..............cccovviivieee e, 16
Fig. 9. Cl and S@concentrations from Sample SIteS..........cviviiiiiiiiiiieeeiiiieeeeeeeee e 17
Fig. 10. Piper plot of median water anions and cations 2009) for all locations. Lake
samples are green markers, and stream sampleslar@arkers..............cccccceeiieiiicennns 19
Fig. 11. Ammonia and nitrit@itrogen levels (2002009).............uuuueuiiiiiiiie i 23
Fig. 12. Total phosphorus and total kjeldahl nitrogen (TKN) levels (200B)...................... 23
Fig. 13. Distribution of mean nutrient levels (mg/L) in study area...................cccoveeen... 24

Fig. 14. Nitrogen and phosphorus ratios of water samples by weight and location.......25
Fig. 15. Comparison of dissolved organic carb@O(QC) and total organic carbon (TOC) for
[ake and Stream SAMPIES. ... ...t e e e 26
Fig. 16. Chlorophylla (blue-green algae) andl(green algae) for sample locations........... 28
Fig. 17. Trophic indexes for lake and sam samples based on Chloroplayalues from
20082009. Values from 5@F0 correspond to eutrophic conditions, and >70 as

hypereutrophiCc (Wetzel 2001)........couiiiiiii e 29
Fig. 18. E coli and fecal coliform counts in water samples ctdiédrom 200&0009............. 29
Fig. 19. Total Al in water samples. Note higher concentrations in 2008...................... 32

Fig. 20. Total As in water samples. Line shows drinking water standard of 10.ug/L....32
Fig. 21. Total Ba in water. The North Dakota maximum standard for a class | stream is 1000

HO/L (ONE AY QVEIAGE).......uutueeueeiiieee e e e eeeetiiee e e e e e e e e e eeeeeeesaeeesaeaaaaaaeaaeeaeeseesssssinnneaes 33
Fig. 22. Total B in water. The North Dakota water quality standard maximum is 750 ama
30-day average for a class | Streaml...........ccooeiiiiiiiieeei e 33

Fig. 23. Total Cu in surface water. Acute aquatic life standard is 55.8.0 pg/L, and the chronic
life standard is 32.7 pug/L based on a Ca®@@rdness of 434 mg/L which is treverage for

this study (NOrth Dakota 200L)..........uuueiiiiiiiiiiiieeeiiieeeie e rmmme e 36

Fig. 24. Zinc in surface water. Acute and chronic aquatic life standard is 416 pg/L based on
CaCQ hardness of 434 mg/L for this study (North Dakota 2001)................eeeveeeeennes 36

Fig. 25. Distribution of mean As, Cu, Cr, Ni and Zn in surface water from ZiR........... 37

Fig. 26. Ammonia and nitrataitrite concentrations in sediments (262009)...................... 39

Fig. 27. Totd Kjeldahl nitrogen (TKN) in sediments (200D09).............cccceeeeeevvvvvviicmnnnnnnn. 39

Fig. 28. Total P in sediments (20E2009)...........uuuuuiiiiiiiiiiiiiieeeeieeeeeee e e e e e e e amme e 40

Vi



Fig. 29.
Fig. 30.
Fig. 31.
Fig. 32.
Fig. 33.

Ammonia and nitrat@itrite (NO;-NO; as N) in sediment (mean)......................... 41

Average phosphorus and Total Kjeldahl nitrogen (TKN) in sediments.............. 42
Trace elements (maximum) in lake sediments (ZB0Y).........ccccevveeeeeeeeeeeerieenennn. 45
Trace elements (maximum)-gtream sediments (20@009)...............vvviiieeeeeens 45
Spatial distribution of select trace elements in sediment ¢2009).......................46

vii



1.0INTRODUCTION

The purpose of this report is to detail the results of maatd sediment sampling in the vicinity
of Lake Alice National Wildlie Refuge, NDduring 2009 and to also look at results over the
course of this studyThis study was first instituted in May 2007, and earlier databe found in
Vandeberg (2007) and Yideberg and Hansen (2009).

1.1Objectives

The specific objectives included the following:
1 To determine the seasonal variation of water quality in Lake Alice, and its tributaries:
Mauvais Coulee and Calio Coulee; as welitgasutlet: Big Coulee. Water quality
parameters measured included temperature, pH, specific conductance, dissolved oxygen,
nutrients, major anions and cations and trace elements;
1 To determine trace element concentrations and nutrient concentrationsrerseat
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 (USFWSFi@. 1). The refuge and surrounding area artin the

Glacial Lakes Basin portion of the Northern Glaciated Plains ecosyst8@3Northern Prairie
Wildlife Research Center 2007). Major water bodies within and adjacent to the refuge include
Lake Alice, Lake Irvine, Chain Lak#Jikes Lake and Dry Lae (Ryan and Wich&988) Lake

Alice isfed by water from Mauvais and Calio Coulemsd theChain of Lakes The lake
dischargsinto Devils Lake througtake Irvine andBig Coulee.The drainage area for Mauvais
Coulee is 882 niiand 233mi” for Calio Cailee (Ryan and Wiche 1988MHigh precipitation

levels in the Devils Lake basin have contributed smglake levels that have caused extensive
flooding in the Devils Lake basin beginning
dissolved satls 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 Comnis 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 (Ryibesg

and Vecchia (2006analyzed water quality trends from 1965 through September 2003 prior to
thei nt roduct i on Madvais@AdFCOUies watershedsh Ehey used regression
equations to adjust concentrations of dissolved calcium, sulfate, chloride -nitris¢deand

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 caratems of dissolved calcium,
sulfate, chloride, nitrataitrite and ammonia, and total phosphorus in Mauvais Coulee or Lake
Alice.
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Fig. 1. Location of Lake Alice Natioal Wildlife Refuge near Churchs FeriyD.
1.3 Climate andHydrology

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 arlie wettest months, while winters are dry.
Precipitationfor 20 was highest in September at 2i66or the montlcompared to normal
values April, May and October also saw high precipitation ealgcompared to the normal
Monthly average temperatures for 2009 closely followed normal trends, except for September
which experienced slightly higher temperatures oveFad). ).

Discharge measurements from the Mauvais Coulee are available on a limited basis from the
USGS, and didtarge measurements were made of Calio when flow was measufagh8.(
Average daily discharge for the Mauvais Coulee near Cando typically peaks in April and
corresponds to snow melt and spring raiflke maximum discharge measured in 2009 for
MauvaisCoulee was 2,840 cfs on April 15, well above any other discharges measured during
this study. Backlooding from Devils Lake is occurring for the Mauvais Coulee gauge location,
soflow values from May 17 through September 20, 2009 are unreliable (US®% A0tk
maximum level of Lake Alice wak451.14ft on May 4, 2009 with continued high levels
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throughout the rest of the summérhis water level was more thémeefeet higher than the
previous summer highs.
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Fig. 2 Climate data for Cando, ND with normal average values from :
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Threehog CAFO 6 ase presersdjacent to Mauvais and Calio CouleEgy(4). Thesehog

CAFO6s include a nursery to raise up to 18,00
and a finishing operation with up to 20,900 finisher pigs (North Dakota Departmidettih

2007; Brady Espe, personnel communication, 2007). Waste from the operations is collected in
clay-lined ponds, and used as fertilizer on the adjacen land. The closest waste spreading

fieldi s within 1.4 mil es oyandtishadacented thedMauwass Coutee t h e r
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 (MY Calio Coulee (CALL) near
discharge into Lake Alice, Lake Alice near its center point (A)Cthe former channel between
Lake Alice and Lake Irvine (ALE), Lake Irvine near its center point (IV1) and Big Coulee

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

a Garmin Map 76 or Garmin Etrex gpsit (< 3 m horizontal accuraayith WAAS). Samples

were collected using standard operating procedigesloped for this study and/or by the North
Dakota Department of Health
(http://www.ndhealth.gov/ WQ/SW/Z6_WQ _Standards/B_WQ_Monitoring)hfthe samples

were collected oa monthly basis from MayNovember20®. In addition, weekly samples for

E Coli andfecal 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 atapproxi

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 wigh HNO
H,SO, or no preservative depending upon the analysis rdetival 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, folled 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
guality 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 labatory analytical requests.

Water quality parameters of pH, sgecconductance, 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 conductanstandard (1418S/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.



‘'seale Juswabeuew a1sem pue O4vD ‘ojdwes v ‘B4

¥l 8UOZ W 1N £30vN ‘Uondalold pue wnieq

< 010z 48quiaaag :aleg
, |4S3 "anH S19 elojed Yuop Jo sielg eleg
N eloqeq YyMop jo Ansiaaun 'Aiagapuea Aofaig (Aydesfone)

S4ajawio|g gl 8 ¥
| ] 1 ] __ ] 1 ]

Sal 8 ¥ c

o — 0o

EYONE Q YOS gl g SIS e ; S . & f
: , femybiH a1e1g

AemUBIH 5N —
B1RISIAIU| m—

i tevonen aany ane1 [
sealy Juawafeue jy JuaunN D

04¥0
suoljeso adwes W

afnjay ajl

suoneoo ajdwes abniay a|p|IAA [BUOIIEN 3211y 3)ET




A 20cm secchi disk was used to measure water transparéotat water depth was measured
using a weighted line, or a Hondex portable depth sounde¥(accuracy) Statistical analysis
was performedising PASW Statistics version B8 SPSS Inc, Chicago, IL).

Tablel. Sample location names with corresponding STORET numbers, and locations.

U.S. FWS Corresponding Site Description UTM (14)and
Site Name STORET Number Latitude/Longitude
(NAD 83)
ALC-1 385455 Lake Alice deepest area 04910&E, 5354005N
48.33917:099.11625
ALC-2 385456 Channel between Lake Alice and 0489581E, 5352297N
Lake Irvine 48.32378-099.14055
IVL-1 380226 Center of Lake Irvine north of 0486930E, 5350401N
Churchs Ferry 48.30667;099.17625
CAL-1 385458 Calio CouleeE. on Ramsey 0496082E, 5357492
County Rd. 10 bridge just east ol 48.37058;099.04885
Lake Alice Refuge headquarters
MAYV -0 385561 Mauvais Coulee East of Cando, | 489333 E 5373821N
bridge just south of intersection ¢ 48.5174,-99.14444
Towner County 78 Ave NE and
76" St. NE, east of Cando
MAYV -1 385459 Mauvais Coulee east of Cando g 0491739E, 5370381N
north side of Hwy 17 bridge 48.48650;099.11180
MAYV -2 385460 Mauvais Coulee east of Maza on 0491756E, 5359110N
Towner County 67 bridge 48.38510;09911135
BCL-1 385457 Big Coulee south of Churchs 0486098E, 5345449N
Ferry on north side of U.S. 2 weg 48.26210;099.18732
bound lane bridge
MAV -2-D 389999 Field duplicate N/A
MAYV -2-FB 389992 Trip (Field) Blank N/A
MAYV -2-RB 389991 Rinse Blank N/A




Table2. Water sample analysis constituents and reporting limits used.

Constituents Reporting Field/Analytical Preservative Comments
Level Laboratory
Field Measurements Field N/A In-situ measurements
Dissolved oxygen 0.01mg/l at 3.3 ft (1 m) below
temperature 0.1°C surface in Lakes, 0.8 f
specific conductance 1.0 uS/cm below water surface in
pH 0.01 unit streams
Secchi defh 0.1m Secchi measured to
Total water depth 0.1m depth where disk
becomes invisible
Major ions PaceAnalytical (2007) Cool to 4 °C Field filtered 0.45um
Ca total dissolved 2.0 mg/L ND Department of for dissolved
Mg, total, dissolved 1.0 mg/L Health(2008 2009
Na, total, dissolved 3.0 mg/L
K, total, dissolved 2.0 mg/L
Cation sum me/L
HCQ,;, total, dissolved | 4.0 mg/L
CQ,;, total 1.0 mg/L
Cl, total, dissolved 2.0 mg/L
SO, 25 mg/L
Anion sum me/L
TDS 10.0 mg/L
Hardness and Pace Analytica(2007) Coolto 4 °C Field filtered 0.45um
Alkalinity 3.3 mg/L ND Department of for dissolved
Hardnesstotal, 3.3 mg/L Health(2008)
dissolved
Alkalinity Total
Biological Parameters ND Department of Cool to 4 °C Analysis within 48
Chlorophyll A 1.5 ug/L Health (2008) hours of sampling
Chlorophyll B 1.5 pg/L
E Coli MF 10/100 mL
F Coliform MemF 10/100 mL
Trace Elemens *Pace Analytical (2007)] HNOs Field filtered 0.45um
Al, total, dissolved 200*, 50 pug/L | ND Department of for dissolved
Sb, total, dissolved 1.0 pg/L Health (2008)
As, total, dissolved 10.0, 1.0 pug/L | (ICP- U.S.EPA 200.Y
Ba, total, dissolved 10.0 pg/L
Be, total, dissolved 1.0 pg/L
B, total, dissolved 50, 150 ug/L
Cd, total, dissolved 1.0 pg/L
Cr, total, dissolved 1.0 pg/L
Cu, total, dissolved 1.0 pg/L
Fe,total, dissolved 0.05mg/L
Pb,total, dissolved 5.0, 1.0 pg/L
Mg, total, dissolved 500 pg/L
Mn, total, dissolved 0.01 mg/L
Ni, total, dissolved 1.00 pg/L
Se,total, dissolved 1.00 pg/L
Ag, total, dissolved 1.00 pg/L
Tl, total, dissolved 5.00 pg/L
Sn,total, dissolved 75.00 pg/L
Zn, total, dissolved 1.00 ug/L




Table 2 (Cont)Water sample analysis cditgents and reporting limits used.

Constituents Reporting Level Field/Analytical Preservative | Comments
Laboratory
Hg 0.20 pg/L Pace Analytical HNO;
Laboratories,
(U.S. EPA 245.1
Nutrients Pace Analytical H,SO,
Ammonia, nitrogen 0.5 mg/L Laboratories (2007)
Nitrate as nitrogen 0.10 mg/L (2007) U.S.EPA 350.1
Nitrite as nitrogen 0.10 mg/L (2007) Ammonia, Nitrate353.1,
NitrateNitrite as N 0.03 mg/L (2008) nitrite 354.1, TKN351.2,
Total Kjeldahl nitrogn | 1.0 mg/L (2007) P-365.2 ), ND
0.08 mg/L (2008) Department Health Lab
Phosphorus (total, 0.05 mg/L (2007) (2008)
dissolved) 0.004 mg/L (2008)
Table3. Water sample analysis for pesticidesl reporting limits used (2009
Constituents Reporting Field/Analytical Preservative Comments
Level Laboratory
Pesticides ND Department of Coolto 4 °C 1 gallon bottles each
2,45T 0.05 pg/L Health Laboratory for basic and acid
2,4D 0.10 pg/L pesticides
3,5 DicBenA 0.125 pg/L
3-Hydrocarbo 0.50 pg/L
Acfluorfen 0.10 pg/L
a-Chlordan 0.05 pg/L
Alachlor 0.20 pg/L
Aldrin 0.05 pg/L
Atrazine 0.25 pg/L
Bentazon 0.25 pg/L
BHC(Beta) 0.025 pg/L
BHC(Alpha) 0.025 pg/L
Bromoxynil 0.025 ug/L
Chlorphyrif 1.00 pg/L
Chlthalnil 0.05 pg/L
DDD 0.025 pg/L
DDE 0.025 pg/L
DDT 0.025 g/L
Diazinon 0.10 pg/L
Dicamba 0.05 pg/L
Dichlorpro 0.15 pg/L
Dieldrin 0.025 ug/L
Dinoseb 0.10 pg/L
Endo Sulfa 0.025 pg/L
Endosul I, 1l 0.025 pg/L
Endrin 0.025 pg/L
Endrin Ald 0.02 pg/L
Endrin Keto 0.025 pg/L
Ethfluraln 0.025 pg/L
FarGo 0.025 pg/L
Fenvaler 0.50 pg/L




Table 3(Cort). Water sample analysis for pesticides and reporting limits use@)(200

Constituents Reporting Field/Analytical Preservative Comments
Level Laboratory
Pesticides ND Department of Coolto 4 °C 1 gallon bottles each
o-Chlordan 0.05 pg/L Health Laboratory for basic and acid
Hepta Epox 0.025 pg/L pesticides
Heptachlor 0.05 pg/L
Hoelon 0.25 pg/L
Lindane 0.025 pg/L
Malathion 0.10ug/L
MCPA 12.0 pg/L
Methomyl 0.50 pg/L
Methoxychl 0.10 pg/L
Metoladlr 0.20 pg/L
Metrbuzine 0.05 pg/L
Oxamyl 0.50 pg/L
ParathEth 0.50 pg/L
ParathMet 0.50 pdL
PCP 0.02 pg/L
Propiconaz 2.50 pg/L
Prowl 0.025 g/l
Silvex 0.05 pg/L
Simazine 0.50 pg/L
t-Nonachlo 0.025 g/l
Tordon 0.05 pg/L
Toxaphene 1.0 pg/L
Treflan 0.025 pg/L
Carbamates 0.50 pg/L ND Department of Cool to 4 °C, 40 mL amber VOA
Aldicarb 0.50 pg/L Health Laboratory monochlore vials
Ald-slfone 0.50 pg/L acetic acid
Ald-sulfxd 0.50 pg/L
Cabaryl 0.50 pg/L
Carbofuran 0.50 pg/L

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

a Prie AA type current meter. However, velocities were too slow to be measduedd back
flooding from Devils Lake for the period.

2.2 Sediment Samples

Sediment samples were collected from the same locations astitresamples. The sediment
samples were collectagsing a using a handheld AMSrich diameter core sampler. Each

sample was placed in a labelgldss jayand into an iced cooler. The sample apparatus was first

cleaned in a water rindellowed bya 1% solution ofLiquinox and cionizedwater,and a final
triple rinse in deoionizewater before each sample was collected. The samplesanalyzed

for trace elementandnutrientsat the North Dakota Department of Health laboratory, Bismarck,

ND (Table4).




Table4. Sediment analysis.

Constituents

2007
Reporting
Level

20082009
Reporting
Level

Field/Analytical Laboratory

Comments

pH and lons

pH (1:2 dilution)
conductivity (1:2
dilution)
chloride

sulfate

5.0 mg/kg
5.0 mg/kg

N/A
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>

Energy Laboratories (200ASA10-3)
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Energy Laboratories (2000.S. EPA
SW6010B EPA Method 3050B
digestion nitric acid/hydrogen peroxide
ND Department of Health Lab (2008
EPA Method 200.82PA Method 3050B
digestionnitric acid/hydrogen peroxide
digestion

Sbhonly analyzed
in 2008, Sn only
analyzed in 2007

Hg

[EnN
o
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Energy Laboratories (2008..S. EPA
SW7471A

No analysis in
2008 2009

Nutrients
NO,-NOzas N
NH,as N
TKN
Phosphorus
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o
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™ ®QQ

PR RO
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Energy Laboratories (200ASA31-3,
ASA33-7, ASA33-8.1, KCI extraction)
ND Department of Health Lab (2008)

Percent sand, silt
and clay

Energy Laboratories (200ASA15-5)

Texture

Energy Laboratories (200ASA15-5)

3.1 Water Chemidry

3.0RESULTS AND DISCUSSION

Water samples were collected monthly from May throhglkember200. Samples were
collected on May 27June 23, July 2&Rugust 26, September 28ndNovember 5 Water

samples for EZoli and fecal coliform wex collected weekly from May through September from
CAL-1, MAV-1, and MA\-2.
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3.1.1 FieldMeasurements

Chemistry parameters measured in the fieltLished temperature, pH, speciionductance and
dissolved oxygeliTable5, 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 mostlyabove the 5.0 water quality stand&wdsamples collected at 1 m dejEig.
5and §. Specific conductance was highest in 2008, and overall in the tributeBiescific
conductance levels in 2009 were especially low, likely because of the high water levels.

Table5. Water sample statistics foefd measurements for all locations (2€81¥10).

Constituents Number* | Minimum | Median | Maximum
Dissolved oxyger(mg/L)
ALC-1 (Lake Alice) 18 5.77 8.070 13.40
ALC-2 (Lake Alicelrvine) 12 6.97 9.175 12.60
BCL-1 (Big Coulee) 17 6.59 9.350 13.90
CAL-1 (Calio Coulee) 11 2.80 9.600 14.10
IV L-1 (Lake Irvine) 12 7.55 9.270 16.20
MAV -1 (Mauvais Coulee nr Cando) 17 4.27 10.500 17.80
MAV -2 (Mauvais Couled.ake Alice) 17 5.06 9.249 14.90
Temperature (°C)
ALC-1 (Lake Alice) 18 1.0 14.50 24.9
ALC-2 (Lake Alicelrvine) 12 0.6 14.35 22.2
BCL-1 (Big Couke) 17 3.6 16.90 26.8
CAL-1 (Calio Coulee) 17 1.8 15.20 24.0
IV L-1 (Lake Irvine) 12 1.7 15.00 24.1
MAYV -1 (Mauvais Coulee nr Cando) 17 24 17.60 27.4
MAYV -2 (Mauvais Couled ake Alice) 17 2.0 17.30 26.7
Specific Conductance( €¢ S/ ¢ m)
ALC-1 (Lake Alice) 18 618 9600 1205
ALC-2 (Lake Alicelrvine) 12 563 871.5 1217
BCL-1 (Big Coulee) 17 663 11340 1700
CAL-1 (Calio Coulee) 17 600 812.0 1802
IV L-1 (Lake Irvine) 11 673 981.0 1243
MAV -1 (Mauvais Coulee nr Cando) 17 792 967.0 1880
MAV -2 (Mauvais Couled.ake Alice) 17 553 1053.0 1325
pH (units)
ALC-1 (Lake Alice) 18 7.66 8.575 9.66
ALC-2 (Lake Alicelrvine) 12 7.59 8.560 8.90
BCL-1 (Big Coulee) 17 7.79 8.730 9.25
CAL-1 (Calio Coulee) 17 7.04 8.850 9.82
IV L-1 (Lake Irvine) 12 7.68 8.645 8.99
MAV -1 (Mauvais Coulee nr Cando) 17 7.64 8.590 9.46
MAYV -2 (Mauvais Couled.ake Alice) 17 6.98 8.550 9.16
Secchi depth(m)
ALC-1 (Lake Alice) 11 0.1 0.5 2.2
ALC-2 (Lake Alicelrvine) 11 0.1 0.5 1.8
IVL -1 (Lake Irvine) 11 0.1 0.5 3.0
Total water depth (m)
ALC-1 (Lake Alice) 7 25 3.4 3.6
ALC-2 (Lake Alicelrvine) 6 3.8 4 4.2
IVL-1 (Lake Irvine) 6 2.5 3.8 3.9
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3.1.2Major Cations, Anions, TDS, Alkalinity, Carbonates

Major solutes in water (cations and anions) are associated with the weagmetisgjution 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 magions (Ca, Mg, Na, K) indicates that

median concentrations are highest in Mauvais Caiuge/ -1) for Caand Mg, and irBig

Coulee(BCL-1) for Na and K(Table6). Calcium and Mg concentrations were highest in the

fall for the Mauvais Coulee and Calio Gee, 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 f®otassium and Na concentrations

were hidnest in 2008 for the sample sites.

Table6. Water sample statistics for major cais for all locations (2062009.

Constituents Number* | Minimum | Median | Maximum

Ca (mg/L) and (dissolved)

ALC-1 (Lake Alice) 13(5) | 47.4(63.3)| 70.9 (73.] 86.6 (82.1)
ALC-2 (Lake Alicelrvine) 11 47.7 68.2 87.4
BCL-1 (Big Coulee) 13(5) | 44.4 (66.3)| 70.6 (74.9)| 143.0 (78.4)
CAL-1 (Calio Coulee) 13(5) | 62.9(48.4)| 81.9 (54.8)| 173.0 (67.6)
IV L-1 (Lake Irvine) 11 44.9 66.5 85.8
MAV -1 (Mauvais Coulee nr Cando) 13(5) | 73.7(65.1)| 97.9 (70.1)| 173.0(80.7)
MAV -2 (Mauvais Couled.ake Alice) 13(5) | 48.1(83.8)| 74.3(85.5)| 94.1(87.5)
Mg (mg/L) and (dissolved

ALC-1 (Lake Alice) 13(5) | 29.4 (47.8)| 56.5(53.0)| 77.4 (56.1)
ALC-2 (Lake Alicelrvine) 11 28.7 62.7 73.4
BCL-1 (Big Coulee) 13(5) | 31.9(53.4)| 56.7(58.4)| 98.4 (58.6)
CAL-1 (Calio Coulee) 13(5) | 36.3(33.9)| 57.3(41.4)| 154.0 (45.5)
IV L-1 (Lake Irvine) 11 334 62.5 72.8
MAYV -1 (Mauvais Coulee nr Cando) 13(5) | 45.7 (45.2)| 75.9(50.8)| 127.0 (55.6)
MAYV -2 (Mauvais Couled ake Alice) 13(5) | 26.7(48.6)| 62.8(58.7) 94.1(63.1)
Na (mg/L) and (dissolved

ALC-1 (Lake Alice) 13(5) | 37.1 (61.7)| 72.0(68.5)| 117(76.7)
ALC-2 (Lake Alicelrvine) 11 37.2 76.8 123
BCL-1 (Big Coulee) 13(5) | 45.7 (73.0)| 80.9(86.2) 238(106)
CAL-1 (Calio Coulee) 13(5) | 33.6(28.5)| 73.5(43.2) 124(45.5)
IV L-1 (Lake Irvine) 11 46.7 74.8 130
MAV -1 (Mauvais Coulee nr Cando) 13(5) | 45.3(44.7)| 78.1(52.1) 175(65.2)
MAYV -2 (Mauwis Couled_ake Alice) 13(5) | 28.7(52.6) | 73.5(66.6) 124(77.4)
K (mg/L) and (dissolved

ALC-1 (Lake Alice) 13(5) | 2.2 (15.0)| 17.1(18.4)| 22.8(20.1)
ALC-2 (Lake Alicelrvine) 11 2.0 16.6 23.10
BCL-1 (Big Coulee) 13(5) | 11.7(18.2)| 19.2(21.0)| 33.7(23.1)
CAL-1 (Calio Coulee) 13(5) | 10.5(10.0)| 15.5(11.6)| 20.2(12.0)
IV L-1 (Lake Irvine) 11 2.2 16.7 24.0
MAYV -1 (Mauvais Coulee nr Cando) 13(5) 9.5(11.2)| 15.9(13.5) 23.9(16.0)
MAV -2 (Mauvais Couled.ake Alice) 13(5) 9.8(12.4)| 17.0(14.0)| 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 $@re covered by numeric standards in the ND water quality
standatls (North Dakota 2001Mauvais Coulee is listed as a Class | 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 Ill. All chloride concentrations measure® 12200 for this
study were less than the Class | water standard of 100 mg/L feday3®verageHig. 9).
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Sulfate (SQ) levels in 2007 exceeded the Class | standard of 250 mg/L for all samples except
those collected from Mauvais Coulee (MAN, and wee even higher in 200&{g. 9). Sulfate
concentrations in 2009 were mostly less than 250mg/L except for two samples from Calio
Coulee (CAIL:1) and one sample from Mauvais Coulee (MAY Mauvais Coulee also had the
highest maximum and median concentraiohSQ over the total sample perigdiable?).
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Fig. 9. Cl and SQ concentrations from sample sites.
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Table7. Water sample statistics for major anions for all locations (Z200Y).

Constituents Number* Minimum Median Maximum
HCO3; (mg/L)
ALC-1 (Lake Alice) 12 191 302.5 369.00
ALC-2 (Lake Alicelrvine) 11 197 284.0 369.00
BCL-1 (Big Coulee) 12 221 298.0 381.00
CAL-1 (Calio Coulee) 12 57 225.5 393.00
IV L-1 (Lake Irvine) 11 219 277.0 366.00
MAYV -1 (Mauvais Coulee nr Cando) 12 84 316.5 452.00
MAYV -2 (Mauvais Couled.ake Alice) 13 6 318.0 376.00
CO3 (mg/L)
ALC-1 (Lake Alice) 9 1 8.0 32
ALC-2 (Lake Alicelrvine) 9 6 14.0 36
BCL-1 (Big Coulee) 8 6 26.5 61
CAL-1 (Calio Coulee) 8 7 38.5 74
IV L-1 (Lake Irvine) 9 7 16.0 35
MAYV -1 (Mauvais Coulee nr Cando) 8 3 22.0 57
MAYV -2 (Mauvais Couled ake Alice) 10 1 8.0 48
Cl (mg/L)
ALC-1 (Lake Alice) 17 15.20 29.60 42.60
ALC-2 (Lake Alicelrvine) 11 14.60 33.40 43.90
BCL-1 (Big Coulee) 17 19.90 35.00 98.30
CAL-1 (Calio Coulee) 17 9.40 23.70 63.30
IV L-1 (Lake Irvine) 11 19.20 33.60 47.70
MAV -1 (Mauvais Coulee nr&hdo) 17 8.40 16.40 75.80
MAYV -2 (Mauvais Couled ake Alice) 18 0.31 23.60 47.00
SO, (mg/L)
ALC-1 (Lake Alice) 17 124.00 267.00 356.00
ALC-2 (Lake Alicelrvine) 11 122.00 294.00 361.00
BCL-1 (Big Coulee) 17 157.00 292.00 547.00
CAL-1 (Calio Coulee) 17 90.90 221.00 906.00
IV L-1 (Lake Irvine) 11 152.00 294.00 373.00
MAV -1 (Mauvais Coulee nr Cando) 17 157.00 268.00 909.00
MAV -2 (Mauvais Couled.ake Alice) 18 0.67 297.00 469.00

*number at or above detection level

The cation and anion median values were plottedRiper plot(Fig. 10) and indicate that the
waters are mixed regarding cations aoedninated by the sulfate ani@Retter 1988).The toal

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 andyTalile 8) Since

water levels, and tluvolumes have been increasing in the Devils Lake basin, TDS
concentrations can be expected to decrease. TDS median concentrations are all within the
freshwater range ¢@000 mg/L), while maximum concentrations Rig Coulee (BCL1),

Mauvais Coulee (MAV1) and Calio Coulee (CAl) fall under the brackish classification

(Fetter 1988).Median hardness and alkalinity concentrations for this study are similar to mean
concentrations from Wastudies. (2006) North Dakot a
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Fig. 10. Piper plot of median water anions and cations (22009) for all locationsLake
samples are green markers, and stream samples are red markers.
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Table8. Water sample statics for totadissolved solids, hardness and alkalirdyall
locations (20072009) with ND lake means from 1995001 (Wax 2006).

Constituents Number | Minimum | Median | Maximum | ND Lake
Mean
TDS (mg/L)
ALC-1 (Lake Alice) 17 368 705.0 866.0 1545
ALC-2 (Lake Alicelrvine) 11 362 754.0 875.0
BCL-1 (Big Coulee) 17 422 803.0 1260.0
CAL-1 (Calio Coulee) 17 416 543.0 1560.0
IV L-1 (Lake Irvine) 11 431 749.0 897.0
MAYV -1 (Mauvais Coulee nr Cando) 17 533 659.0 1510.0
MAYV -2 (Mauvais Couled ake Alice) 18 13 750.0 999.0
Hardness (mg/L)
ALC-1 (Lake Alice) 18 239 405.0 498.00 475
ALC-2 (Lake Alicelrvine) 11 237 4510 503.00
BCL-1 (Big Coulee) 18 242 417.0 762.00
CAL-1 (Calio Coulee) 18 295 390.0 1070.00
IV L-1 (Lake Irvine) 11 250 451.0 499.00
MAV -1 (Mauvais Coulee nr Cando) 18 349 426.5 918.00
MAV -2 (Mauvais Couled.ake Alice) 19 9 459.0 622.00
Alkalinity (mg/L)
ALC-1 (Lake Alice) 17 166.0 274.0 315.0 229
ALC-2 (Lake Alicelrvine) 11 162.0 276.0 312.0
BCL-1 (Big Coulee) 17 181.0 296.0 338.0
CAL-1 (Calio Coulee) 17 142.0 273.0 360.0
IV L-1 (Lake Irvine) 11 182.0 275.0 316.0
MAYV -1 (Mauvais Coulee nr Cando) 17 156.0 288.0 379.0
MAYV -2 (Mauvais Couled ake Alice) 18 4.8 268.5 315.0

3.1.3Nutrients

Nutrients such as nitrogen and phosphorous in the@mient are necessary for plant growth.
Organic carbon also plays a rolesasutrient. However, increasedutrientsin surface water can
lead to algal and bacteria populatidodmsand ultimatelyeutrophicatiorand fish kills

Elevated nitrate lelsin drinking water camlsol e a d
methemoglobineamia (U.S. EPA 20@@er Christensen 2007)The aplication of

manufactured fertilizers, h e

us e

of

ani

ma |

t o

Abl

uo®r

baby

wast e lehchatdrofne r t

waste lagoonsatnospheric depositiorsewage effluent, and storm warunoff can increase
nutrient loading to waterways and groumdter.

syndr ol

The primary forms of nitrogen in the environment include organic nitrogen, molecular nitrogen
(N,), ammonia (NH"), hydroxylamine H,OH), nitrite (NQ), and nitrate (N@) (Wetzel

2001). Molecular nitrogen @) 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. Ammpeesent irenimal
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wastecan be released into the atmosphere and deposited into water wigly, the process

of denitrification transforms the nitrogen back into atmospheric nitrogen. If a system receives
more fixed nitrogen than it can utilizend ultimately denitrify, algadnd bacterigbopulations

may flourish and eutrophication result.

Phosphorusources to surface water systems include atmospheric precipitatiomd water

with dissolved phosphorwsd dissolved and particulgteosphorsin runoff (Wetzel 2001).
Orthophosphate (PQ is theinorganicform readily available for use by organisrtB®me
phosphorous idissolved from phosphorous containing minerals that make up rocks and soil.
Organic phosphorus is present in many planens. Domestic sewage has been a major
source of phosphorous loading to surface waters, especially ladi@ar®n phosphorous in
householdletergents was implemented (Wetzel 2001). The application of phosphate containing
lawn and agricultural fertiliers also has been a source of increased phosphorous to water
systems frommunoff and infiltration. Animal wastecan also be a major sourcepbfosphorous
(USEPA 2002).Furthermore, ibds and fish can have a large impact on nutrient loading and the
cycling of phosphorous in aquatic systems (Wetzel 2001).

A review of nitratenitrite concentrations shows that Mauvais Coualeé Calio Coulebave the
highest median values (Tal¥g 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 nitritenitratesin Lake Alice in 2007, and an even higher spik€aiio Coulee in
2009(Fig. 10). The ND water quality standards list an upper limit guidébn®&O; as N of

0.25 mg/L in lakeswith a 1.0 mg/kg standard for dissolved nitrates for Class | str@éonth

Dakota 2001). The median valuedhis study are all less than the 0.25 mgtlidelineexcept

for Mauvais Coulee (MAV1) which had a medianitnite-nitrate value of 0.30 mg/L

Ammonia and total Kjeldahl nitrogen (TKN) statistics are shown in Ta&bléhe highest
ammonia concentration was detected in Lake Alice (A)@ September 2007 &t50 mg/L

(Fig. 11). Median ammonia concentrationsresdnighest in Mauvais Coulee (MAY) and Calio
Coulee(CAL-1). None of the lake samplésmd 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 acutedanhronic standards for ammonia in Class | streams. The
standards are based on thed2y average concentration, and a numerical standard that accounts
for temperature and pH. Comparison of theda@ average ammonia values with these
standards shows thaone of the sample locations exceeded the acutkronic standardsThe
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 fom Wax (2006). The highest median valtesTKN are fromMauvais CouleéMAY -

2) and Big Coulee (BCI1) (Table9). Mauvais Coulee (MAVL) also had the highest recorded
concentration of TKN.

Total phosphorus concentrations were similar throughout-2009 for each of the sample
locations except for a high peak@alio Coulee (CALL) and Big Coulee (BCI1) in June 2008
(Fig. 11, 12 13. The methodology used determines total phosphorous (organic,
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orthophosphate), though most of the phosphorus presesiter is likely orthophosphate.
Overall,Calio Coulee (CAL1) had the highest median valuedfand consistently higher
concentrations in 2009 than the other sample locati®he.North Dakota water quality goal for
phosphorus as phosphate ({3 0.02 mg/L. All median values exceeded this level.

Table9. Water sample statistics for nitrogen and phosphéor all locations (2062009 with
ND lake means from 1998001 (Wax 2006).

Constituents Number | Minimum Median Maximum | ND Lake
Mean
Nitrite -Nitrate (mg/L)
ALC-1 (Lake Alice) 11 0.03 0.15 0.59 0.117
ALC-2 (Lake Alicelrvine) 6 0.06 0.15 0.31
BCL-1 (Big Coulee) 8 0.04 0.07 0.35
CAL-1 (Calio Coulee) 3 0.16 0.18 3.18
IV L-1 (Lake Irvine) 7 0.03 0.10 0.24
MAV -1 (Mauvais Coulee nr Cando) 3 0.12 0.30 0.32
MAV -2 (Mauvais Couled.ake Alice) 6 0.04 0.18 0.30
Ammonia (mg/L)
ALC-1 (Lake Alice) 9 0.04 0.09 1.50 0.272
ALC-2 (Lake Alicelrvine) 6 0.03 0.07 0.20
BCL-1 (Big Coulee) 10 0.05 0.09 0.85
CAL-1 (Calio Coulee) 7 0.04 0.27 0.70
IV L-1 (Lake Irvine) 4 0.03 0.07 0.09
MAYV -1 (Mauvais Coulee nr Cando) 5 0.04 0.50 0.78
MAYV -2 (Mauvais CaleeLake Alice) 9 0.04 0.07 0.81
Total Kjeldahl Nitrogen (mg/L)
ALC-1 (Lake Alice) 17 0.81 1.52 3.30 1.775
ALC-2 (Lake Alicelrvine) 11 0.81 1.54 2.83
BCL-1 (Big Coulee) 17 0.86 1.73 3.99
CAL-1 (CalioCoulee) 17 1.00 1.71 4.40
IV L-1 (Lake Irvine) 11 0.80 1.48 2.69
MAV -1 (Mauvais Coulee nr Cando) 17 0.93 1.64 8.40
MAV -2 (Mauvais Couled.ake Alice) 17 0.91 1.95 4.17
Total Phosphorus (mg/L) and
(dissolved)
ALC-1 (Lake Alice) 17(12) 0.08(0.02) | 0.30(0.206) 0.62(0.31) 0.152
ALC-2 (Lake Alicelrvine) 11(11) 0.17(0.03) | 0.28(0.179) 0.32(0.28)
BCL-1 (Big Coulee) 17(11) 0.10(0.08) | 0.33(0.246) 2.12(0.36)
CAL-1 (Calio Coulee) 17(11) 0.14(0.10) | 0.50(0.319) 1.84(0.69)
IV L-1 (Lake Irvine) 11(11) 0.13(0.03)| 0.23(0.176) 0.32(0.27)
MAYV -1 (Mauvais Coulee nr Cando) 17(11) 0.09(0.07) | 0.25(0.187) 0.60(0.39)
MAYV -2 (Mauvais Couled ake Alice) 17(11) 0.13(0.05)| 0.33(0.164) 0.99(0.31)
Total Organic Carbon (mg/L) and
(dissolved)
ALC-1 (Lake Alice) 8(8) 9.99(9.79) | 18.30(18.8)| 25.80(20.7)| 12.0(10.3)
ALC-2 (Lake Alicelrvine) 7(7) 9.59(9.73)| 18.70(18.6) | 21.50(21.8) for
BCL-1 (Big Coulee) 8(7) | 10.40(10.70)| 18.75(19.0)| 20.20(19.6) eutrophic
CAL-1 (Calio Coulee) 8(8) | 13.30(13.50)| 20.15(20.7)| 28.30(29.0) lakes
IV L-1 (Lake Irvine) 7(7) | 10.60(11.90)| 17.80(18.6)| 20.50(20.7) (Wetzel
MAYV -1 (Mauvais Coulee nr Cando) 8(7) | 14.00(15.30)| 20.45(20.9)| 23.90(24.2) 2001)
MAYV -2 (Mauvais Couleé ake Alice) 8(7) | 11.00(10.90)| 19.40(17.8)| 25.80(25.1)
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Fig.

Nutrients in Water (Avg)
Lake Alice National Wildlife Refuge
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13. Distribution of meamutrient level¥mg/L) in study area.

Nutrient abundances and limitations can be assessed by examining total nitrogen:total
phosphorousatios (by weight). Ratios ledsan 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 Octobétig. 14). In 2009, N:P ratios were below 8 except for one
sample eachrém Calio Coulee (CALl) and Mauvais Coulee in May and June, and November

for Lake Alice (ALG1), Mauvais Coulee (MAVL) and Big Coulee (BCI1). 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 (sr@)4&ith a

small amount in the particulate forfwetzel 2001). The sourcasciude plant, animal and
microbial matter from withi lake and river systems, as well as fromgherounding land areas
from runoff or from ground waterComponents of organic carbon can include organic
molecudes and humic materialatty adds, carbohydates, 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 (SteinberdHaglo4).
dissolved organic carbon can decrefgeamount of P and Fe available as nutrients (Beisner et
al. 2003) A review of the median values of total organic carbon (T@&p#hows that Calio

Coulee (CAIL-1) and Mauvais Coulee (MAY) had the highest valuéBig. 15). Both of these
sample sites alecated adjacent to wetlands that could provide a large source of ocganin
Lake and Coulee samples were highest in early September Zh88lifferences between
dissolved organicarbonand toal organic carboroncentrations are very low, sugtieg that
dissolved organicarbondominates these stream and lake systsmsus 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 phiooakes 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 tetgmc carbon (TOC) for lake
and stram samples.

3.1.4Chlorophyll, Trophic Levels E coli and Fcoliform

Chlorophyllais a photosynthetic pigment thedn be present in manypes of algae and
cyanobacteria (blugreen algae) (Wetzel 2001). Chlorophythn 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 ystem.
chlorophyll levels can also be used to assess algal mass in a lake systdmsiasd
productivity. The analyses shothat chlorophylla values were highest in MauvdgIAV -2) and
Lake Alice (ALG2) (Table10). Big Coulee had the highedtlorophyllb values(Fig. 16).

Carlson 1977) introduced a trophic state ind@8l) that uses three different measurdse

three measures includecchi depth, chlorophydl and total phosphory€arlson and Simpson
1996) The indexprovides a numerical scale from O (low nutrient oligotrophic lakes) to nutrient
rich (eutrophic) to very rtuentrich lakesat an index of 100The trophic index from the secchi
depth assumes that transparency decreases as a result of algal growth, and not sediment
(Equation 1). The indefxom total phosphorus assumes that phosphorus is the controlling
nutrient in the system (Equation 2). The index from chlorophyBes the presence of

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

TSI (TP) =14.42 In(TP) + 4.15

TSI (Chl) =9.81 In(CHL) + 30.6

Where SD = secchi disk depth (m),
TP = total phosphorus (mg/L) and

Chl= chlorophylla (pug/L).

(1)
)

©)

Table10. Water sample statistics for chlorophglandb, E coli and fecal coliform bacte for

all locations (20072009.

Constituents Number* | Minimum | Median | Maximum
Chlorophylla( € g/ L)
ALC-1 (Lake Alice) 7 11.20 20.80 63.20
ALC-2 (Lake Alicelrvine) 6 13.10 22.40 36.80
BCL-1 (Big Coulee) 7 2.50 27.20 48.10
CAL-1 (Calio Coulee) 2 28.50 33.20 37.90
IV L-1 (Lake Irvine) 6 10.70 26.70 31.50
MAYV -1 (Mauvais Coulee nr Cando) 5 10.70 12.80 15.00
MAYV -2 (Mauvais Couled ake Alice) 5 11.20 35.20 126.00
Chlorophyll b( € g/ L)
ALC-1 (Lake Alice) 4 0.70 1.11 1.32
ALC-2 (Lake Alicelrvine) 3 0.85 0.89 3.80
BCL-1 (Big Coulee) 4 1.25 1.57 7.51
CAL-1 (Calio Coulee) 1 3.22 3.22 3.22
IV L-1 (Lake Irvine) 2 0.77 1.975 3.18
MAYV -1 (Mauvas Coulee nr Cando) 3 0.91 1.66 4.90
MAV -2 (Mauvais Couled.ake Alice) 4 0.73 1.585 3.39
E Coli (#/100 ml)
ALC-1 (Lake Alice) 2 10 10 10
BCL-1 (Big Coulee) 2 20 115 210
CAL-1 (Calio Coulee) 16 10 30 570
IV L-1 (Lake Irvine) 3 10 20 30
MAYV -1 (Mauvais Coulee nr Cando) 25 10 50 210
MAYV -2 (Mauvais Couled ake Alice) 17 10 40 340
F Coliform (#/100 ml)
ALC-1(Lake Alice) 3 10 10 10
ALC-2 (Lake Alicelrvine) 1 430 430 430
BCL-1 (Big Coulee) 5 20 70 240
CAL-1 (Calio Coulee) 21 10 20 570
IV L-1 (Lake Irvine) 3 10 20 30
MAYV -1 (Mauvais Coulee nr Cando) 29 10 60 320
MAYV -2 (Mauvais Couleé ake Alice) 20 10 50 340

*number at or above detection limit.
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Trophic states werenty calculated for chlorophyh as thais thought to be the most reliable
indicator of production for these summer sample reslitts.trofnic range baskon chbrophyll
is eutrophic, witlthe lower portion of Mauvais CowdgMAV-2) being hypereutrophig-ig. 17).

Fecal coliform bacteria and Eoli samples were collected from May through September from
Mauvais Coulee and Calio Coul@€g. 18). Periodic samples were also collected from the other
sample locationsThe analytical results indicate thatgales from Calio Coulee (CAl) and
Mauvais Coulee (MAV2) exceeded the standard fordali of 126 organisms per 100 ml as the
geometric mean for 30 days in September 2608 from Calio Couke (CAL-1) in August

2009
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Fig. 16. Chlorophylla (blue-green algae) andl(green algae) for sample locations.
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Carlson Trophic Index
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3.1.5Trace Elements

Traceelements such as As, Cd, Cu, Cr, Pb, Ni and Zn have been fobadetevated in manure
(cattle, swine and poultryrimarily because of feed adidies (Nicholson et al. 1999, Li and

Chen 2005, Silbergeld and Nachman 200®)senic concentrations in water depend upon
background geologic conditiomsd anthropogenic jputs. Athigher levelsAscan be a

carcinogen or result in arsenicosis as has occurred in Bangladesh and India-iiomghsund

water (Adriano 2001)Arsenic levels can also cause toxic effects in animals and plants,
especially legumes. Arsenic iseh 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 intahe 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 irtiti@i disease or renal failure in humarsis
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 nrarand pesticides (KabaRendias and
Pendias 1992, Nidison et al. 1999, Adriano 20P1Copper is an essential element, but can be
toxic at higher levels, especially to aquatic species. Lead occurs naturally often with the ore
mineral galena. Anthrogenic sources of Pb include mining and smelting, refineries, paint,
automobile exhaust, plumbing, batteries, sewage slude and pesticides (Adriand.28@Than

affect the central nervous system in humans, and can also be toxic to animals and plams. Zin
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 essentiaéelebut 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 (Tablk)1 Total Al ranged from58i 11, 400 e€g/ L and occ
primarily in particulate form based on the differences between dissolved and total

concentrationsBig Coulee hadhe highest median values of Al followed bake Alice (ALG

1). Chronologcally, Al concentrations were most elevated in 2007 and 2008, witr lo

concentrations in 2009, especially for the lake san(pligs19). The North Dakota water

gual ity standards | ist an atotal teeovembld inClassloni ¢ s
streams when the pH 3is7 and the water hardness as Ca€6G0 mg/L(North Dakota 2001)

Maximum concentrations of Al at all of the sample locations except for MAXceeded this

standardFig. 19). Total As concentrations in water ranged fromi42®.2 ¢ g /(Fg. 20), with

the highest median concentrationCalio Coulee (CAL1). The acute standard for total As in

water is 340 e€g/ L, and 150 e€g/L for the chron
None of the As concentrations in water during this study were at or exceeded these values.
Arseniccom ent rations did exceed the 10 e€g/ L stand:
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Tablell Trace element statistics for surface water samples for values above detection
levels (20072009).

Constituents Number* | Minimum Median Maximum

Al (ug/L) and (dissolved)

ALC-1 (Lake Alice) 13(2) 107(59.7) 361(90.35) 1440 (121)
ALC-2 (Lake Alicelrvine) 11(2) 130 (54.9) 356(90.95) 1000 (127)
BCL-1 (Big Coulee) 13(2) 79 470 11400 (175)
CAL-1 (Calio Coulee) 11(2) 53 148 1020 (60)
IV L-1 (Lake Irvine) 9(1) 93 221 922 (85.6)
MAYV -1 (Mauvais Coulee nr Cando) 10(1) 61 115.5 480 (65.7)
MAYV -2 (Mauvais Couled.ake Alice) 13 78 245.0 2120
Sh (ug/L) (dissolved)

CAL-1 (Calio Coulee) 1 1.65 1.65 1.65

< 1.0 for all other sites

As ()eangd/(dissolved)

ALC-1 (Lake Alice) 12(13) 5.02(3.47) 6.990 (7.59)] 13.30(13.4)
ALC-2 (Lake Alicelrvine) 10(10) 5.09(3.61) 7.095 (6.54) 11.80(12.4)
BCL-1 (Big Coulee) 10(14) 4.66(2.40) 7.935(8.175)  16.20(14.8)
CAL-1 (Calio Coulee) 13(15) 5.97(3.13) 9.880 (10.60) 29.20(27.8)
IV L-1 (Lake Irvine) 8 (10) 6.76(3.40) 7.630 (6.125) 10.60(13.4)
MAYV -1 (Mauvais Coulee nr Cando) 9(10) 4.40(3.24) 5.760 (5.63) 14.50(15.9)
MAV -2 (Mauvais Couled.ake Alice) 11(11) 4.76(2.75) 7.140(8.05) 12.70(14.2)
Ba (eg/ L) and (di

ALC-1 (Lake Alice) 13 47.80 75.70 107.00
ALC-2 (Lake Alicelrvine) 11 42.30 60.50 101.00
BCL-1 (Big Coulee) 13 13.40 68.00 101.00
CAL-1 (Calio Coulee) 13 3.18 59.60 100.00
IV L-1 (Lake Irvine) 11 42.20 54.50 93.00
MAYV -1 (Mauvais Coulee nr Cando) 13 25.50 64.40 82.20
MAYV -2 (Mauvais Couled ake Alice) 13 32.30 70.20 103.00
Be (eg/ L) and (di

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 watality standardsHig. 21, 22; Table

12). Copper valuesrangedfromx2& . 5 e€g/ L, with the highest va
Fig. 23). None of the Cu values were at or above acute or chronic aquatic life standards

corrected for water hardness (HobDakota 2001)Total Znvalues in water for this study ranged
from1481. 2 g/ L, with the highest values -found i
1) and Lake Alice (ALCL)(Fig. 24). Dissolved Zn typically lower than total Zn, except for one

sanple collected from Lake Alice in 200¥he Zn concentrations were an order of magnitude

less than aquatic acute and chronic standards corrected for hardness (North Dakota 2001).
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Table12. Trace element statistics for suréawater samples for values above

detectionevels (20072009).

Constituents Number* | Minimum Median Maximum

B (eg/L) and (dis

ALC-1 (Lake Alice) 12 112(83) | 133.0(130.0) 194 (189)
ALC-2 (Lake Alicelrvine) 11 103(77) | 136.0(132.0) 188 (182)
BCL-1 (Big Coulee) 12(11) 100(88) | 151.5(143.0) 309 (236)
CAL-1 (Calio Coulee) 12 75 (60) 101.0(94.5) 113 (116)
IV L-1 (Lake Irvine) 11 120(88) | 139.0(132.0) 197 (193)
MAV -1 (Mauvais Coulee nr Cando) 12(11) 62(58) | 132.5(118.0) 177 (168)
MAV -2 (Mauvais Couled.ake Alice) 13 53(50) | 128.0(125.0) 202(205)
Cd (eg/ L) and (di

All sites 6-11 <1.0 <10 <1.0
Cr (eg/ L) and (di

ALC-1 (Lake Alice) 1 1.46 (<1.0) 1.46 (<1.0) 1.46 (<1.0)
ALC-2 (Lake Alicelrvine) 1 <1.0 (1.01) <1.0 (1.01) <1.0 (1.01)
BCL-1 (Big Coulee) 1 19.4 (<10) 19.4 (<1.0) 19.4 (<1.0)
CAL-1 (Calio Coulee) 0 <1.0 (<1.0) <1.0 (<1.0) <1.0 (<1.0)
IV L-1 (Lake Irvine) 1 <1.0 (1.12) <1.0 (1.12) <1.0 (1.12)
MAV -1 (Mauvais Coulee nr Cando) 0 <1.0 (<1.0) <1.0 (<1.0) <1.0 (<1.0)
MAV -2 (Mauvais Couled.ake Alice) 0 <1.0 (<1.0) <1.0 (<1.0) <1.0 (<1.0)
Cu (ug/L) and (dissolved)

ALC-1 (Lake Alice) 5(6) 2.43(1.85) 3.40(2.48) 5.56(2.82)
ALC-2 (Lake Alicelrvine) 4 (6) 2.72(1.78) 2.97(2.275) 5.26(2.81)
BCL-1 (Big Coulee) 5(4) 2.44(1.65) 3.17(2.34) 17.50(3.32)
CAL-1 (Calio Coulee) 5(6) 1.56(1.28) 2.26(1.915) 5.65(2.65)
IVL-1 (Lake Irvine) 4 (6) 2.52(1.77)| 2.845(2.375) 5.48(2.97)
MAYV -1 (Mauvais Coulee nr Cando) 2(5) 1.74(1.16) 1.925(2.19) 2.11(2.88)
MAV -2 (Mauvais Couled.ake Alice) 3(5) 1.62(1.41) 2.09(1.50) 2.14(2.24)
Fe (mg/L) and (dissolved)

ALC-1 (Lake Alie) 13 0.07 0.4320 1.82
ALC-2 (Lake Alicelrvine) 10 0.17 0.5085 1.67
BCL-1 (Big Coulee) 13 0.10 0.5660 18.00
CAL-1 (Calio Coulee) 12 0.05 0.2690 1.18
IVL-1 (Lake Irvine) 10 0.09 0.2765 1.65
MAYV -1 (Mauvais Coulee nr Cando) 13 0.09 0.2340 0.49
MAYV -2 (Mauvais Couled ake Alice) 13 0.13 0.3340 2.97
Pb (ug/L) and (dissolved)

ALC-1 (Lake Alice) 2(1) 1.22 (1.48)| 2.385(1.48) 3.55 (1.48)
ALC-2 (Lake Alicelrvine) 2(2) 1.05 (1.03) 1.49 (1.03) 1.93 (1.03)
BCL-1 (Big Coulee) 1 12.7 (<1.0) 12.7 (<1.0) 12.7 (<1.0)
CAL-1 (Calio Coulee) 0 <1.0 (<1.0) <1.0 (<1.0) <1.0 (<1.0)
IVL-1 (Lake Irvine) 2 1.23 (<1.0) 1.345 (<1.0) 1.46 (<1.0)
MAYV -1 (Mauvais Coulee nr Cando) 0 <1.0 (<1.0) <1.0 (<1.0) <1.0 (<1.0)
MAYV -2 (Mauvais Couled ake Alice) 0 <1.0 (<1.0) <1.0 (<1.0) <1.0 (<1.0)

*number at or above detection limit
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Table 2 (Cont).Trace element statistics for surface water samples for values above

detection levels (200Z008).

Constituents Number* | Minimum Median Maximum
Mg (mg/L) and (dissolved)
ALC-1 (Lake Aice) 13 29.40 56.50 77.40
ALC-2 (Lake Alicelrvine) 11 28.70 62.70 73.40
BCL-1 (Big Coulee) 13 31.90 56.70 98.40
CAL-1 (Calio Coulee) 13 36.30 57.30 154.00
IVL-1 (Lake Irvine) 11 33.40 62.50 72.80
MAYV -1 (Mauvais Coulee nr Cando) 13 45.70 7590 127.00
MAYV -2 (Mauvais Couled.ake Alice) 13 26.70 62.80 94.10
Mn (mg/L) and (dissolved)
ALC-1 (Lake Alice) 13 0.01 0.07 0.17
ALC-2 (Lake Alicelrvine) 10 0.02 0.07 0.19
BCL-1 (Big Coulee) 13 0.07 0.25 1.53
CAL-1 (Calio Coulee) 13 0.03 0.14 0.57
IVL-1 (Lake Irvine) 11 0.04 0.10 0.17
MAYV -1 (Mauvais Coulee nr Cando) 13 0.03 0.17 0.57
MAYV -2 (Mauvais Couled ake Alice) 13 0.04 0.17 0.48
Ni /() argl (dissolved)
ALC-1 (Lake Alice) 8 4.93 5.61 7.55
ALC-2 (Lake Alicelrvine) 7 4.71 5.80 8.12
BCL-1 (Big Coulee) 8 4.17 5.87 26.50
CAL-1 (Calio Coulee) 12 6.37 8.57 11.10
IVL-1 (Lake Irvine) 6 4.49 5.48 8.25
MAV -1 (Mauvais Coulee nr Cando) 10 5.29 7.24 8.25
MAV -2 (Mauvais Couled.ake Alice) 9 4.55 5.71 7.43
Se(ug/L) and (dissolved)
ALC-1 (Lake Alice) 1 1.45 1.45 1.45
ALC-2 (Lake Alicelrvine) 2 1.05 1.25 1.44
BCL-1 (Big Coulee) 4 1.00 1.29 10.10
CAL-1 (Calio Coulee) 3 1.36 1.94 454
IVL-1 (Lake Irvine) 3 1.28 1.56 1.59
MAYV -1 (Mauvais Coulee nr Cando) 2 1.06 1.22 1.37
MAV -2 (Mauvais Couled.ake Alice) 3 1.41 1.46 1.53
Ag (ug/L) and (dissolved)
ALC-1 (Lake Alice) 1 1.94 1.94 1.94
All other sites 5 <1.0 <1.0 <1.0
TI (ug/L) and (dissolved)
All sites 5 <1.0 <1.0 <1.0
Sn /Q)eand (dissolved)
All sites 5 <75.0 <75.0 <75.0
Zn (eg/ L) and (di
ALC-1 (Lake Alice) 9(9) 3.52(1.11) 16.50 (1.39) 78.40(337)
ALC-2 (Lake Alicelrvine) 8 (6) 2.29(1.07) 8.565 (4.59) 40.10(12.4)
BCL-1 (Big Coulee) 10(5) 1.39(1.04) 8.765 (6.54) 81.20(26.4)
CAL-1 (Calio Coulee) 9(8) 1.42(1.02) 8.78 (4.45) 67.80(58.5)
IVL-1 (Lake Irvine) 8(6) 1.42(1.27) 6.985 (5.64) 21.30(16.9)
MAYV -1 (Mauvais Coule@r Cando) 9(7) 1.40(1.55) 10.40 (3.91) 29.40(30.2)
MAYV -2 (Mauvais Couled.ake Alice) 9(8) 2.05(1.30) 8.37(6.745) 49.20(9.71)

*number at or above detection limit.
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Fig. 23. Total Cu in surface waterAcute aquatic life standard %.80 pg/L, andthechronic

life standard is 32.[g/L based on a CaGMardness of 43mg/L which is the average 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 elemerfig. 25). Mean As was highest in surface water collected from Calio
Coulee, whileCr and Cu are most elevated at Big Coul€ke 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 Alic&inally, mean nickel concentrations were am

throughout the study area, while mean Zn was most elevated in Lake Alicep@ap@nd

upper Mauvais CouleeThe CAFO operations do not appear to be related to the elevated Cr, Cu,
and Ni concentrations. The elevated As concentrations in Calie€mguire further
investigation to determine i f they may be
or another unknown source.
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Fig. 25. Distribution of mean As, Cu, Cr, Ni and Zn in surface water from ZZ0P.
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3.1.6 Pesticides

Pesticidesnclude herbicides, fungicides, insecticides, fumigants, growth regulators and
defoliants(Gianessi and Marcel#000). Water samples were collected for the analysis wide

variety ofpesticides in 2008 and 20(Bable3). Pesticides are mostly applied to croplands in

the area by groundased sprayers or airborne sprayiBgomoxynil was the only detectable

pesticide in 2009Table 13) It is a herbicide fothe control ofgrasses and broadleaf weeds, and

is commonlyused on crops such as whdarley, corn,lfix, oats and rye in North Dakota

(NCFAP 2008US EPA1998).Thepesticide2,4-D was detected in Calio Coulee (CAl and

Mauvais Coulee near Cando (MAMin2008above the det ectTabea3. | i mi t
The pesticide 24D is a herbicidaised to control broadleaf weeds in crops woddyvegetation

along roadways and other right of ways (USEPA 2008

Table13. Pesticideconcentréionsfor surface water samples above detection levels ¢2009).

Constituents Number* | Concentration
(Hg/L)
2,4-D (sampled June 24, 2008)
CAL-1 (Calio Coulee) 1 0.80
MAV -1 (Mauvais Coulee nr Cando) 1 0.41

Bromoxynil (sampled June 23, 2009)
CAL-1 (Cdio Coulee) 1 0.53

*number at or above detection limit

3.2 Sediments
3.2.1 Nutrients in Sediments

The components of nitrogeNid,, NO,-NOs3, TKN) were analyzed in sediments collected from
each of the seven sample locatioRig( 26, 27). Ammonia wasighest in Calio Coulee (CAL

1) in 2008and Mauvais Coulee (MAX2) in 2009 Nitrite-Nitrogen concentrations were highest
in Lake Alice (ALG1) sediments in 2007 and in Mauvais Coulee (M2\Mn 20®. Total
Kjeldahl nitrogen concentrations were highestLake Alice for both 2007 and 2008 and
Mauvas Coulee (MAV-2) in 2009. Phosphorus values whrghest in Lake Alice (ALEL) in
20072008, and in Mauvais Coulee (MA%) in 2009(Fig. 28).
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Fig. 26. Ammonia and nitrataitrite concentrations in sediments (202309).
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Fig. 27. Total Kjeldahl nitrogen (TKN) in sediments (20@009).

39



USFWS
Site
1000.00 Name

OALc-1

[JALc-2
o X BCL-1
A CAL-
£00.00- i < CAL:1
+ VL1
0 mav-1
a
Omav-2
= o o 5
X 600.00-
x
o
E :
0
o & R
Q x
400.00
<o

200.007]

0

.00 T T T T T T
01-Jul-2007 01-Jan-2008 01-Jul-2008 01-Jan-2009 01-Jul-2009 01-Jan-2010

Date Collected

Fig. 28. Total P in sediments (202009).

Overall, average ammonia concentrations in sediswere highest in Calio Coulee, while

average phosphorus was highest in the lakes (Bj@@. The high concentrations of ammonia

in the sediments compared to nitrairate is probably related to lower oxygen levels in the
sediment that impede nification (Wetzel 2001). A comparison of sediment nutrients versus
regional studies provides more information on the concentrations (Table 14).-iNitate

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 SetheB)Y189nd in the west Bay of Devils

Lake.
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Fig. 30. Average phosphorus and Total Kjeldahl nitrogen (TKN) in sediments.
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Table14. Comparison of sediment nutrient values with regional studies.

Study Nitrite + NH 4N Total Organic N + P
Nitrate (mg/kg) NH,-N (mg/kg)
(mg/kg) (TKN)
(mg/kg)
This study , mean (median) (b3 3.16 33.5 1829.88 541.17
(1.35) (21.0) (1140.0) (488.00)
Callender (1968) Glacial till, megn=4) - - - 1700
Pierre Shale, mean (n=2) -- -- -- 400
Surface sedim@, mean(n=7) -- -- 6,500 --
Watersediment interface, mean -- -- 7,200 4,600
Sando and Sether (139Devils Lake, West | < 2.0 104.75 11,625 595
Bay, mean (n=4)
Sando and Sether (139Devils Lake, Main | 15.75 110.25 8,075 970
Bay, mean
(n=4)
Brigham, Goldstein and Tornes (1998) -- -- -- 900
Red River Basin (median)(n=43) (<63em)

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 @ig32). Arsenic

was similar for all locationswith Lake Alice (ALG2) 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 Alice2jAla®@ing

Cr concetrations in sediment more than two times the stream sediment. Copper was most
elevated in Lake Alice (ACI1) and Calio Coulee (CAll). Lake Alice (ALG2) had the highest

Fe, Mn, Ni, Pb, Se and Zroncentrations. A map of some of the major elements catlymo
associated with animal manure (As, Cd, Cr, Cu, Ni, Pb) is shown in Figuréh& map shows

these elements most camtrated in Lake Alice sediment.

Comparisons between the Lake Alice study and other studies were made to determine the
potentialtoxic t y of t he sedi ment s. Threshhold Effect
Levels (PELSs) are based on the Canadian sediment quality guidelines and indicate concentrations
below which adverse biological effects are rare (TEL) and concentrations aboveadi¥ecke

biological effects are expected (PEL) (Environment Canada 2009). The USEPA ecological soil
guidelines (Eceé5SL) were developed for soil and are based on many studies that looked at acute
and chronic effects from the various elements for birdspmals 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 thsisidy shows that As levels were above median ND lake levels,

but below Canadian guidelines (PELS) for freshwater sediment and also USEPA ecological soil
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guidelines (Ece5SL) for birds and mammals (Table 16). Cadmium concentrations in sediment
median valus also exceeded those for ND Lakes, but were below the Canadian PEL and Eco
SSL for birds. The median Cd concentration in sedimexteed the EceSSL 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 medi
values. Selenium median coratrations in sediment were higliean mediarconcentrations in

87 ND lakes Sulfate concentrations in sediment (median values) exceed those found for Red
River sedimentsFinally, Zn concentrations in sediment exceed the median and maximum
concentrations found in the Wax (B)IND lake studies, analso exceed the USEPA E&SL
guidelines for avian species and mammals.

Tablel15. Sediment trace elememsultsfrom all sites

Constituents Number* Minimum Median Maximum
(mg/kg) (mg/kg) (mg/kg)
Al 12 4480 10,060 18,300
Sb 3 0.36 0.44 0.46
As 12 1.95 4.045 8.48
Ba 17 30.6 98.6 131
Be 6 0.37 0.798 1.62
B 11 7.0 42.7 95.5
Cd 12 0.56 0.7775 1.31
Cr 17 4.42 11.0 25.1
Cu 9 8.0 17.5 23.0
Fe 12 2430 13,650 24,400
Pb 15 3.01 6.22 16.9
Hg 0 <1.0 <1.0 <1.0
Mn 12 318 459 683
Ni 12 11.0 23.1 41.6
Se 12 0.22 0.519 2.38
Ag 0 <5.0 <5.0 <5.0
Tl 7 0.41 0.59 0.87
Sn 0 <5.0 <5.0 <5.0
Zn 17 24.0 74.0 202

*number at or above detection level.
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Fig. 3L Trace elements (aximun) in lake sediments (2062009).

Fig. 32Trace elements (aximum) in-stream sediments (202009).
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