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EXECUTIVE SUMMARY

The St. Joseph River Watershed Initiativerhasmtained a water quality sampling program in
the St. Joseph River Watershed since 199his report summarizes spatial and temporal treofds
water parameterdrom 1999 to 200And compares them to water gligy criteria.

During 2007, the database was thorougtdyiewed and revisedDuring this processijstorical
data were discovered andlata entiesfor values below detectable limitgere transformed The
laboratories that analyze herbicides, ammonia, ahdsphorous have established detection linfiis
methods and instrumentationWhen sample concentratiorse NS LJ2 NIb&dwWRKa SOG A2y t A YA
value of 50% of the detection limit is entered in the database. Concentratidasaoireportedfrom
thelabl & ané¢ | NB NB O2 NR SResé téansidrmationiligw far idcBusidR bfihkese | &4 S @
data for analytical purposes while representing their approximate value.

Medianconcentrationsof herbicidesvere belowwater quality criteridgfor all yearsat all sites
Nettle CreekMatthews Ditch and Upper Cedatreek sitediad the highest mediaherbicide
concentrations whilethe East Brancland Garrett City Ditcthad the lowest Although mediarherbicide
concentrations werdelowhuman halth and aquatic liferiteria, individual samples throughout the
watershedregularlyexceeded criteria foatrazine and alachlorNo obvious temporal trends were found
for atrazine or metolachloduring 19992007. However, a apparent decreasing trend wabservedor
cyanaine and alachlgrconcentrations of which haviallen to near or below detectable limitsver
recent yearsat many sites Concentrations of herbicidedecreasedrom 2006 to 2007 at most sites

Medianconcentrations oE. coliexceeded the full body contact recreation critarifor most
sites over mosyears However, median concentrations of E. ¢nliWest Branchever exceeded this
criterion. Median concentrations dE. coliduring20032007 were highest iGarrett City Oth, but this

is largely due to extremely high concentrations in 2003. Since EH@liconcentrations in Garrett City



Ditchhave beersimilar tothoseat other sites No obvious temporal &#nds were obsered forE. coli
from 19992007. Water at all stesdid not support recreational user E. colin mostyears.

Phosphorus concentrations exceeded reference conditions at allisigdlsyears, but ammonia
concentrationsvere always welbelow the most sensitive chronic toxicity criteriom protect aquatic
life. Water samples frorBear CreekOHhadthe highestconcentrationsof phosphorus and ammonja
while the Diehl/Peckhart Ditctnadthe lowest concentration®f phosphorusand ammote. No obvious
temporal trends were observed for phosphorus or ammonia.

Median dissolved oxygen concentrations warell above water quality criteriégo protect
aquatic life TheWest BranchEast BranchndLower Cedar Creedites hadhe lowestmediandisolved
oxygenconcentrations while Matthews Ditclinad the highest No obvious temporal trends were
observed for dissolved oxygé&mm 19992007, but there was alght decrease from 2006 to 2007 at
most sites Median turbidity values were above referencenditions for all siteg all years.East
Branch had the highest median turbidity, while Hastk had the lowest A decreasing trenth
turbidity from upstream to downstrearwas observed for confluence siteAt most sites, trbidity
decreased fron2000 to 2004increased in 2005 and 2008nd decreasedh 2007

Twosites, Ely Ditch in the Lower St. Joseph-suditershedand Metcalf Ditchin the Bear Creek
subwatershed were added to the monitoring program in late 20(ecause only one full yeaf
sampling was completed, data fratimese sites werenot includedin the analyses and areported here.
During 20062007 nedianconcentrationsof all herbicides werdelow detectable levels Metcalf.
Medianconcentrations of alachlor and cyanazinerevdelow detection limits in Ely, but median
concentrations ofitrazine and metolachlor wer@.28ug/Land0.07 pug/L, respectively Themedian
concentrationof E. colwas relatively higlin Ely(530 CFU/100m[put low in Metcalf (100CFU/100mL)
Median dssolved oxygen concentratiavas relatively higln Ely(8.1mg/L)and in Metcalf (7.7mg/L),

while median turbidity was lovior both EIy(22.9 NTUand Metcalf(32.9 NTU.
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BACKGROUND

The St. Jog#h Riverfed bya 694,400acre watershed that draingarts of six counties in
Michigan, Ohio, and Indianaerves as a source of domestic water for more than 200,000 residents in
the City of Fort Wayne and surrounding ar&ne confluence of the St. Josephd{ (G @ al N2 Qa NAJS
Fort Wayne forms the MaungeRiverthat empties intothe westernbasin ofLake Eriat Toledo, Ohio
The Maumee RivaNatershed is the largest in tereat Lakebasin
In 1995 the City ofFort Wayne was cited by the Environmental Working GliayWeed Killers
by the Glas$or having unsafe levels dferbicidesin drinking water.This prompted concerned
stakeholders to organize théonference on the St. Joseph Rivdi©96 that resulted in the formation of
the St. Joseph River Watershed Initiative (SJRWI). The mission dRWNEiStb improve water quality
in the St. Joseph River Watershed by promoting economically and environmentally compatible land uses
and practices. To support itgnission and goals, the SJIRWI has managed an extensive water quality
monitoring programin the St. Joseph Riv&Vatershedsince 1996.This report summarizes the results of

the water nonitoring program from 1992007.

METHODS
Sampling Sitd.ocations
Currently, the nitiative samples 24 sitesithin 9 subwatersheds throughout the St. Joseph
River Basin (Figure 1). Inthe upper StepdloWatershed, 8 sitewithin 3 subwatersheds have been
sampled over the history of the monitoring program (Figure 2). Another site (155) was added in 2007,
but montored only for field, physical, and chemicakasurements. In the middle and lower St. Seph
Watershed, 16 sitewithin 6 subwatersheds have been sampled (Figure 3). A list of thensubrsheds

and site locations is presented in Table 1.



Figurel. Sampling sites and swatersheds in the St. Joseph River Watershe
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Field Measurements and Sampling

Fieldmeasurements and watesamples wee collected froma marked poihat the center ofa
bridge. Air temperaturewasmeasured with a hantteld thermometer while wind speed andloud
coverwere estimated using aubjectivescale. The bridgeto-river distancewasmeasuredrom the top
of the bridge railing to the top of the water surfaasing a weighted measuring tap®@ater depthwas
estimated as the difference betwedhe bridgeto-river distanceand the known distance from the
bridge to the stream bedThe water samjig apparatus hda large, permanenthattachedamberijar
and a compartment for an additional smaample bottle The sampler wa lowered into the stream
justbelow the surfaceo fill both bottles. Care watakento avoiddisturbingsedmentsduring
sampling When both jars were filled, the sampler su@trievedand the bottles wee recapped. For
herbicides, water wa collected in a removable, 180l amberglass bottle. & nutrient analysis250 ml
of water was placed ira plastichottle containing2mLof 9M sulfuric acido achieve a pH less than 2t
all sites,1 mL of sample water wasipetted into a steri¢, plastigar for bacteria analysisBottles with
water forbacterig herbicides and nutrientswere capped labeledby site number and date and placed
into a cooler. Sampleswere surrounded by plastic ice packsartoolerfor transport to IPFW All
sampks wee stored in a refrigerator at £C and transported to thanalytical laboratory withir24
hoursof collection Water in the large, permanergmber sampling bottlevastransferred to a jar and
tested for physical and chemical parameteEnr the years 206002, temperature, dissolved oxygen,
and turbidity were measured with a Horiballd instrument. For the year20032007, temperature,
dissolved oxygen, turbidity, specific conductartotal dissolved solids, and pH were measured with a

HydrolabQuantalnstrument



Tablel: Sampling sitdocations

Site Nutrient
Site Name Number | Location Subwatershed Sample
Cedar Creek 100 Tonkel Rd, Allen Co. LowerCedar Creek +
Willow Creek 101 Coldwater Rd, Allen Co. LowerCedar Creek
Black Creek 102 CR 7A, Dekalb Co. Lower Cedar Creek
Little Cedar Creek 103 CR 64, Dekalb Co. LowerCedar Creek
Diehl/Peckhart Ditck 104 SR 427, Dekalb Co. LowerCedar Creek +
Matson Ditch 106 CR 39, Dekalb Co. UpperCedar Creek +
Garrett City Ditch 117 CR 15, Dekalb Co. UpperCedar Creek
Shank Ditch 123 CR 75A, Dekalb Co. Middle St. Joseph
Fish Creek 124 SR 49, Williams Co., Ohio | Fish Creek
St. Joe West 125 US 20, Williams Co., Ohio | West Branch +
St. Joe East 126 SR 15, Williams Co., Ohio | East Branch
Big Run 127 CR 79, Dekalb Co. Middle St. Jeeph
Bear Creek IN 128 SR 1, Dekalb Co. Bear Creek
Nettle Creek 129 SR576, Williams Co., Ohio | Nettle Creek
Eagle Creek 130 CR J, Williams Co., Ohio Nettle Creek
Bear Creek OH 131 SR 34, Williams Co., Ohio | Nettle Creek +
Matthews Ditch 132 CR 4, Williams Co., Ohio Nettle Creek
East Fork West 134 Sampson Rdillsdale Co., M| West Branch
West Forkg West 135 Sampson Rd, Hillsdale Co., | West Branch
Walter Smith Ditch 141 CR 39, Dekalb Co. UpperCedar Creek +
David Link Ditch 142 CR 37, Dekalb Co. Upper Cedar Creek
Dibbling Ditch 143 CR 18, Dekalb Co. UpperCedar Creek
Metcalf Ditch 149 SR 1PekalbCa Bear Creek
Ely Run 150 SR 1, Allen Co. Lower St. Joseph

+ watersamplesare collectedhat these sitegor nutrient analyses

Table2. List of measurements and analytipatameters

Physical/Chemical
FieldMeasurements | Measurements Herbicides and Bacteria | Nutrients
Air Temperature Water Temperature Atrazine Total Phosphorus
Cloud Cover pH Metolachlor Ammonia
Wind Specific Conductance | Alachlor
Water Depth Total Dissolved Solids | Cyanazine
Dissolved Oxygen E. coli

Turbidity

Total Coliform

Heterotrophic Plate Count




LaboratoryMeasurements

Herbicidesand bacteria wee analyzed by laboratory technicians at the Three Rivers Filtration
Plant, City of Fort WayneAtrazine, Alachlor, and Metolachlarere quantifiedusingimmunoassay
(ELISA) kits manufactured by Absa¥Varminster, PA. Cyanazineswaeasured by immunoassay kits
from Strategic Diagnost¢ Inc, Newark, DETotal oliform andE. colivere analyzedvith Colilert
Quantitray methods (USEPASM 9223. Heterotrophic fate countswere determined using th&JSEPA
method, SV 9215B. Ammoniaand total phosphorous weranalyzed byechnicians athe Water
Pollution Catrol Plant,City of Fort Wayne Ammona was analyzed using theni selective elecbde
method UEPA350.3. Total fhosphorus was analyzed usiagautomated olorimetric method

(USEPA365.4).

DataAnalysis
Selection of Data for Analysis

This report presentthe results of water quality monitoring farine parametersat 23 sites
during1999-2007(Table 3) Seven water quality parameters were measured at all sites, while total
phosphorous and ammonia were measured at six silBsa from weeks 15 to 3@arlyApril to lae
September)were used in this analysis because these weeks were consistently sampled among all sites
andamong theyearspresented Additionally, this duration comprises the greatest intensity of land use
activities thataffectwater quality.

For parameters analyzed using the water meter, values that were likely erroneous were
discarded.For dissolved oxygemalues below 2 or above 13, approximately 14% of total collected
values, were discarded for this reason. Turbidity values outsitleeafange of the water meter were

also discardedLesgshan 1% of collected values were discarded for this reason.



Table3. List of water quality parameters presented in this report.
Parameter Years in Analysis
Dissolved Oxygen 20002007

Turbidity 20002007
Herbicides 19992007

E. coli 19992007

Total Phosphorous 20022007

Ammonia 20022005

Box Plot Analysis

Raw dta were exported frona Microsoft Access database Microsoft Excel spreadsheet
Data were sorted by site and years and examined for potential errors. Data determineddikely
erroneous were deleted frorthe spreadsheet. Data frofxcel spreadsteds were imported to Sigma
Plot, Systat Software, Indor graphic analysisBoxplot analysis was used to compare the central
tendency and distribution ofvater qualitydata among $&s and among yearsSigma Plot beglot
analysis uses the frequency distribution of data points (Figuséep 1) to calculate the 10%, 25%, 50%
(medan), 75%, and 90% limits in tdata frequencydistribution (Figuret, steps 2 and 3)Each box
presents the median, percentiles and outliéos many data points in a single viewhe box plot was
used to comparevater qualitydata among sites over many years and to comgla® among years
within sites. Each graph reports the number of sampée®lthe number of sitesampledfor

calculation of the box plots (FiguB.
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Figure 4.Explanation of the creation of box plots for presenting water quality parameters
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Figure 5. Example of a box plot for presentation of water quality data. Each box plot presents the number of samples
number of sites sampled, and water qualityteria.
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Spatial Compasons

For all parameters except total phosphorous and ammonia, sites were grouped into two sets
based on theiproximity to the St. Joseph River. Confluence sites were sampled just upstream of the St.
Joseph River and were identified by subtershed name (Table 4). If multiple confluence sites were
sampled within a sulvatershed, the data were pooleghd analyzZR | & | & &aA G SéDat@2NJ O2 YL
from collection sites in the Nettle Creek and Bear Creekvgatiersheds were pooled in this manner. In
all graphs the confluence sites were arranged left to right in the order that they enter the St. Joseph
River, fromupstream to downstream.

Headwater sites were sampled in streams and ditches well upstream from the confluence with
the St. Joseph River. Data were pooled from multiple sites with similar land use characteristics within
the Upper Cedar Creek and Lowed@eCreek suwatershedd y R 'yl ft 8T SR & | aaAis:
comparisons In all graphs the headwater sites were grouped by proximity and similarity of land use.
The East Fork, West Fork and Lower Cedar Creek sites are streams whose channels are maostly
unmodified and where there is minimal agricultural, domestic, and industrial land use. The Upper Cedar
Creek sites and Matthews Ditch comprise agricultural ditches. Garrett City Ditch and the Diehl/Peckhart
Ditch, in the Upper Cedar Creek suhtershed, are inflenced by land uses that differ from these other
two groups.

Temporal Comparisons

Comparisons of water quality parameters among years were made by creating annual box plots
over the duration of sample years for each site or site group. For most sitestargtoups, annual data
for all water quality parametes were available from 1992007 (Tables 4 &5). For other sites, water

guality data have been collected for only a few to several years.

13



Table 4. List of years analyzed for each parameter at each site or site group.

Years in Analysis

Dissolved

Site/Site Group Oxygen Turbidity Herbicides E. coli
Confluence Sites

East Branch 20002007 20002007 19992007 19992007
West Branch 20002007 20002007 19992007 19992007
Nettle Creek 20002007 20002007 19992007 19992007
Fish Creek 20002007 20002007 19992007 19992007
Middle St. Joseph 20002007 20002007 19992007 19992007
Bear Creek 20002007 20002007 19992007 19992007
Cedar Creek 20002007 20002007 19992007 19992007
Headwater Sites

East Fork 20002007 20002007 19992007 19992007
West Fork 20002007 20002007 19992007 19992007
Lower Cedar Creek 20042007 20042007 20042007 20042007
Garrett City Ditch 20032007 20032007 20032007 20032007
Diehl/Peckhart Ditch | 20002007 20002007 19992007 19992007
Upper Cedar Creek 20022007 20022007 20022007 20022007
Matthews Ditch 20002007 20002007 19992007 19992007

Table5. List of yearthat sites wereanalyzed for nutrients.

Years in Analysis

Total

Site/Site Group Phosphorus Ammonia
Nutrient Sites

St. Joe West Branch 20022007 20022007
Bear Creek OH 20022007 20022007
Cedar Creek 20022007 20022007
Diehl/Peckhart Ditch 2002-2007 20022007
Walter Smith Ditch 20022007 20022007
Matson Ditch 2002-2007 20022007
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Comparisons to Water Quality Critedad Reference Condition

Water quality criterieor reference conditiorvaluesare presented irall graphs For water
parametersthat haveestablishectcriteriaor reference conditiorvaluesavailable the percent of samples
exceeding the criteriar referencewere calculated.For many herbicidesnaximum contaminant levsl
(MCL)for drinking water (Tabl&) have been established by the USEPA (USRIFE). Concentrations of
herbicides must be below the M@bbe acceptabldor human consumption. Similarly, maximum
allowable concentrationfMAC)have been stablished for herbicides by Health Canada (W@)ere
thereis insufficientdata to support aMAG an interim maximum acceptable concentratidMAC)is
established to protect human health. For the purpose of this report, MCLs were predented
pollutants, if avadble. In the absence of an MGLAGs or IMACs were reported.

Water quality criteriaand toxicity benchmark®® protect aquatic life haveeen established for
herbicidesand ammonigTable7). Chronic toxicity benchmarks anetendedto protectaquatic
organismdgrom adverse effects over ddtime of contact with a contaminant, while acute toxicity
benchmarks aréntendedto protectaquatic organismfom short-term, highconcentrationsof a
toxicant. Toxicity enchmarks have been established for vascular plants (rooted plantsyascular
plants (algag invertebrates (such as insects), and fish. For some herbicides, a chronic toxicity
benchmark has been established to protect the entire aquatic community from adverse effects.

Several ater quality criteria to protect human healfhom exposure toE. colhave been
establishedbased on different levels of body contact with water (Ta)leThese levels are based on
the likelihood of illness resulting from a sjiiéc level of contact withvater that is contaminated witlEe.
coli(USEPA 198§ The Indiana Department of Erammental Management (IDEM) uses USEAria
for E. colto assess whether designated uses for recreational waters are beinglBiEM qualifies

bodies of water as rosupporting recreational usié (1) more than 10%of samples exceed the USEPA
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infrequent full body contac{IBCYecreation criteriaof 576 CFU/100 mlor (2) more than one sample
exceedghe recreational use support (RUS) criterior2@gf00 CFU/100mL.

Water quality criteria to protect aquatic life habeen established for dissolved oxygdrable
7). The UBPA hamultiple criteria to protectaquatic life based on the presence of certain life stages of
organismgUSEPA 1986b). The early life stage criteritmeisnostsensitivefor dissolved oxygen ah
was usedor this report The Indiana Department of Environmental Management (IDEM) classifies
bodies of water with dissolved oxygen below 4 mg/L as impdoedquatic life

Water quality criteria to protect aquatic life have been establisheddtaltphosphorus and
ammonia (Tablg). IDEMclassifiedodies of watemwith concentrations of total phosphorous greater
than 0.3 mg/lasbeing impairedor aquatic life The UEPA has established acute and chronic toxicity
criteriafor ammonia(USEPA 2®&). These criteria arealculated forspecific bodies of watdsased on
average temperature and pH. We calculated a-sfiecific criterdon for ammonia, using a median
temperature 0f20°C andnedianpH of 7.87that wascalculated fronsix sites over avie-year period

Reference conditions, established by the USBER¥Jeterminedby ecoregionso provide
standards fomssessment of water quality by tribes and stadSEPA 2000). Reference conditions for
total phosphorus and turbidityvere used to assess the quality of St. Joseph Watershed water for these
contaminants (Tabl&). We used reference condition values at the™2Bercentile fom Aggregate

Nutrient Ecoregion VI for turbidity and from Sadworegions5 for phosphorous(USEPA 200).
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Table6. Water quality criteria to protect human health.

Water Parameter | Criterion Value Chart | Citation
Atrazine Maximum contaminant level 3ug/L| MCL 1
Metolachlor Interim maximum allowable concentratio 50ug/L| IMAC 2
Alachlor Maximumcontaminant level 2ug/L| MCL 1
Cyanazine Interim maximum allowable concentratio 10pg/L | IMAC 2
Frequent full body contact recreation 235cruriooml| FBC 3
Moderate full body contact recreation 298crusioom| MBC 3
E. coli Lightly used full body contact recreation | 409cru/icoml| LBC 3
Infrequent full body contactecreation 576¢rFuiioom| IBC 3
Recreational use support 2400cFu/ioom| RUS 4
1 Drinking Water Contaminan(s) SEP/ASAFE)
2 Guidelines folCanadian Drinking Water Qual{#C)
3 USEPA 1986a
4 Criteria for Use Support Assesent for 303d ListinglDEM)
Table7. Water quality criteria to protect freshwater life and reference conditions.
Water Parameter | Criterion Value Chart | Citation
Other aquatic life stage criteria 3mg/L| OSC 5
Dissolved Oxygen | Impaired aquatic life use 4mg/L| IAL 4
Early aquatic life stage criteria 5mg/L| ESC 5
Turbidity Reference conditionrsecoregion 1V 9.89NTU REF 6
Acute toxicity vascular plant 18ug/L| AVPB
Acute toxicity nonvascular plant 32ug/L | ANVPB
Atrazine Chronic toxicity invertebrate 62ug/L| CIB 7
Acute toxicity invertebrate 360ug/L| AIB
Chronic toxicity fish 62ug/L| CFB
Acute toxicity fish 2650ug/L | AFB
Chronic toxicity fish 780ug/L| CFB
Metolachlor Acute toxicity fish 1950ug/L| AFB 7
Acute toxicity invertebrates 12550pg/L | AIB
Acute toxicity nonvascular plant 1.64pg/L | ANVPB
Chronic toxicity invertebrate 110pg/L| CIB
Alachlor Acute toxicity invertebrate 1600pg/L| AIB 7
Chronic toxicity fish 187ug/L| CFB
Acute toxicity fish 900ug/L| AFB
Total Phosphorous Refer_ence conqliti(_)nsecoregion 55 0.0625 mg/Ll REF 6
Impaired aquatic life use 0.3000 mg/L] 1AL 4
Ammonia Chronic fish toxicity 1.94 mg/L| CFT 8

4 Criteria for Use Support Assesent for 303d Listing (IDEM)

5 USEPA 1986b
6 USEPA 2000

7 Aguatic Life Benchma(k SEPAOPP)
8 Galculated using median temperature of 20°C and median pH of 7(BBEPA 2006)
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RESULTS

Atrazine
Spatial Comparisons

Among confluence sites (Figure 6), Nettle Creek and Fish Subekatersheds had the higgst
median concentrations (0.67g/Land 0.4 ug/L, respectively) of atrazine, whiear Creeland East
Branchsubwatersheds had the lowest meah atrazine concentrations (312 pug/Land 0.28ug/L,
respectively. Among headwtar sites (Figure 6), Matthews Ditch and the Upper Cedar Creek sites had
the highest medin atrazine concentrations (0.%6)/L and 042 ug/L, respectively), while Garrett City
Ditch had the lowest madn atrazine concentration (01lug/L). Maximum atraine concentrations
occurred in &f the 11 sites sampled in 1999 and i#the 14 sites sampled in 2004.
Temporal Comparisons

Concentrations of atrazine varied among years at all sites and there were no obvious trends
during 19992007. Howeverfrom 2006to 2007 there was a decrease in median atrazine concentration
in 13 of 14 sites anthe lowest median concentration of atrazine occurre@007 for 9 of 14ites.
Additionally, the highest median concentration of atrazine occurred in 2000 for 9 ofekl ditedian
atrazine concentrations in Garrett City Ditch decreased from Qg2ZBin 2003 to below detectable
limits in 2007. Although this trend was detected over ofilye years, changes in application and/or land
use practices may have contributed to this decliff@r the West Branch watershed, median atrazine
concentration showed an increase from 042%L in 2006 to 0.8g/L in 2007.
Comparison to Water Quality Criteri

Although the median concentrations of atrazine were well below the MCL for drinking water at
all sites (Figures 7, 8), water samples regularly exceeded the MCL at most sites and in most years (Table
8). Between 1992007, Nettle Creek had the highestpent of samples among confluence sites that

exceeded the MCL for atrazine 5. During thesgears, East Branand Cedar Creek confluence sites

18



had the lowest percent of samples thetceeded the MCL for atraziné4®. From 1999007

Matthews Ditchhad the highest percent of samples among headwater sites thegeded the MCL for

atrazine (186). During these years, Lower Cedar CreekIste¢dhe lowest percent of samples that

exceeded the MCL for atraziné’f.

During 19992007, the greatest percent of samples that exceeded the MCL for atrazine

occurred during 2000 (95%). During these years, the least percent of samples that exceeded the MCL

for atrazine occurred during 2005-8%%), when water samples exceeded the MCL fazitie at only

of 14 sites In 2007 samples exceeded the MCL%0f 14 siteq1-9%9. During 19992007,

concentrations of atrazine exceeded the vascular plant acute ehtoricity criterion only three times

(East BranclFish Creelnd Middle St Josephand never exceeded chronic toxicity criteria for fish and

macroinvertebrates (Figures 6, 7).

Table 8. Percent of samples that eeded the MCL for atrazine in drinking water

Site 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | Total years
Confluence Siteg

East Branch 13 22 8 4 4 12 0 8 5 8
West Branch 17 22 4 9 4 0 8 8 9 9
Nettle Creek 21 35 8 9 11 17 5 28 4 15
FishCreek 21 35 4 4 12 16 5 9 0 12
Middle St Joe 19 24 16 4 10 20 2 8 2 12
Bear Creek 21 13 12 0 12 16 5 13 0 10
Cedar Creek 13 13 4 5 13 8 0 9 0 7
Headwater Sites

East Fork 8 26 16 13 13 0 0 4 4 10
West Fork 13 9 8 5 0 8 0 4 4 6
Lower Cedar ND ND ND ND ND 11 0 5 1 4
Garrett City ND ND ND ND 12 8 0 4 0 5
Diehl/Peckhart 17 17 4 5 8 12 0 5 0 8
Upper Cedar ND ND ND 28 8 17 5 12 1 11
Matthews Ditch 21 26 12 22 16 16 0 13 4 15

ND= no data
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Figure 6 Atrazine concentraons among 14 sites for 199207
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Confluence sites are just upstream of the St. Joseph River. For Nettle Creek and Bear Creek, data from multiple cttedwesree S|
pooled. Headwatersites arewell upstream of the St Joseph Rivéfor Lower Cedar and Upper Cedar, multiple sites ywerded.

Criteria

ClIBchronic toxicity invertebrate benchmark = @g/L; CFBchronic toxicity fish benchmark = §@/L; AVPBvascular plant acute

toxicity benchmark = 18g/L; MCL maximum contaminant level =|8)/L; DL detection limit = 0.046g/L
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Figure 7 Atrazine concentrationat confluence sites from 1992007
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Confluence sites are just upstream of theJiseph

River. For Nettle Creek and Bear Creek, data from

multiple sites within the sulwvatershed were pooled.

Criteria
CIBchronic toxicity invertebrate benchmark = gg/L
CFRBchronic toxicity fish benchmark = ¢@/L

AVPBvascular plant acute toxicity benchmark =igL

MCL: maximum contaminant level =|8/L
DL- detection limit = 0.046ug/L
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Figure 8 Atrazine concentrations dteadwater sites from 1999007
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Criteria

CIBchronic toxicity invertebrate benchmark = 8/L
CFBchronic toxicity fish benchmark = ¢@/L
AVPBvascular plant acute toxicity benchmark = igL
MCIL: maximum contaminant level = 8y/L

DL- detection limit = 0.046ug/L
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Alachlor
Spatial Comparisons

Among confluence sites (Figude Nettle Creeliddle St. Josubwatersheds had the highest
medianconcentrations of alachlor (0.18y/Land 0.11ug/L, respectively), while the East Branch sub
watershal had the lowest median alachlor concentration (OL@/7L). Among headwater sites (Figure
9), the Upper Cedar Creek sites and Matthews Ditch had the highesamaldchlor concentrations
(0.17ug/L), while Garrett City Ditch and West Fork had raedilachlor concentratios that were below
detection limits.
Temporal Comparisons

Concentrations of alachlor varied among years at all diteisthere seemed to be a general
decreasing trend from 1999007 at all sites (Figures 10, 11). The highest mediscentration of
alachlor occurred in 2000 and the lowest median concemdraof alachlor occurred in 2007 for b1 14
sites In 2007, concentrations of alachlor either decreased or remained below detection limits at 10 of
14 sites.For the West Branctvatershed, median atrazine concentration increa$®mm below
detectable limits in 2006 to 0.QTg/L in 2007.
Comparison to Water Quality Criteria

Concentrations of alachlor at all sites occasionally exceeded water quality ciitekCL and
ANVPRFigues 10, 11). The percent of samples that exceeded the criteria for alachlor ranged from 0 to
3%, with concentrations at six sites never exceeding either criterion. Among confluence sites, the
Middle St. Joe had the highest maximum alachlor concentrai@b(1g/L) and the highest percent of
samples that exceeded criteria¥%®. Among headwater sites, the East Fork had the highest maximum
alachlor concentration (3.3@g/L). With the exception of Cedar Creek in 2006, and Matthews Ditch in

2007, all &ceedances occurrediuring19992001.
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Figure 9. Alachlazoncentraions among 14 sites for 1998007
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Confluence sites are just upstream of the St. Joseph River. For Nettle Creek and Bear Creek, data from multiple ciledwesree S
pooled. Headwatersites arewell upstream of the St Joseph Rivéfor Lower Cedar and Upper Cedar, multiple sites ywerded.

Criteria

ANVPB nonvascular plant acuteoxicity benchmark = 1.64 ug/L
MCL- maximum contaminant level =|®&y/L

DL detection limit = 0.05ug/L




Figure 10Alachlorconcentrationsat confluence sitefrom 19992007
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Criteria

ANVPB nonvascular plant acute toxicity benchmark = gL
MCL- maximum contaminant level =|&y/L

DL- detection limit = 0.05ug/L
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Figure 11. Alachlaoncentrations aheadwater sites from 19992007
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pooled.
Criteria

MCL- maximum contaminant level = ®&y/L
DL- detection limit = 0.05ug/L

Headwatersites arewell upstream of the St Joseph RivefFor
Lower Cedar and Upper Cedar, data from multiple sites we

ANVPB nonvasculamplant acute toxicity benchmark 18ug/L
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Cyanazine
Spatial Comparisons

Among confluence sites (Figure 12), Nettle Craedk West Branch sulatersheds had the
highest median concentratioof cyanazine, howevenedianconcentrationgangedonly frombelow
detectable limits td.06ug/L.  Among headwater sites (Figur2), Matthews Ditcland Upper Cedar
Creek sites had theighest median cyazine concentrations (0.05 and 0.06/L, respectively). All
remaining headwater sites hadedian concentrations of cyanazitieat were belowdetectable limits
Among confluence sites, Nettle Creek had the highest maximum concentodtayanazine (7.789/L).
Among headwater sites, Matthews Ditch had the highest maximum concentration of cyanazine (7.30
Ha/L).
Temporal Comparisons

Concentrations of cyanazine varied among years at all sites but, there seemed to be a
decreasing trendrom 20002007at most sites (Figures 13, 14). The highest median concentration of
cyanazine occurred in 2000 at @D11 sites. Additionally, median concentrations of cyanazine
decreased to defctable limits and below in 20d@r all sites. Over the seveyear period, the highest
maximum cyanazine concentrations occurred in 1999
Comparison to Water Quality Criteria

The concentrations of cyanazine never exceeded the Interim Maximum Acceptable
Concentration (IMAC) for drinking waterany site (Figures 13, 14). There are no aquatic life criteria for

cyanazine.
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Figure 12. Cyanazimencentrdions among 14 sites for 199807
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Headwatersites

Confluence sites are just upstream of the St. Joseph River. For Nettle Creek and Bear Creek, data from multiple ciledwesree s
pooled. Headwatersites arewell upstream of the St Joseph Rivéfor Lower Cedar and Upper Cedar, multiple sites ywerded.

Criteria
IMAG Canadian interim maximum acceptable concentration = 10 pg/L
DL- detection limit = 0.03%g/L




