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Fecal Coliform and Escherichia coli Bacteria
in the St. Croix National Scenic Riverway,
Summer 1999

by Sharon E. Kroening
ABSTRACT

Fecal coliform andEscherichia coli (E. coli) concentrations were determined in the St. Croix National Scenic Riv-
erway to assess whether pathogenic organisms pose a potential problem for recreational use. Samples were colle
from May through September 1999 at 22 locations on the St. Croix and Namekagon Rivers. No concentrations
exceeded water-quality criteria or standards set by the U.S. Environmental Protection Agency or the states of Min
sota and Wisconsin. Maximum fecal coliform dhctoli concentrations were measured in the St. Croix River at St.
Croix Falls, Wisconsin. Median fecal coliform aBdcoli concentrations were greater in the St. Croix River near
Woodland Corner, Wisconsin, and at Marine on St. Croix, Minnesota than at other locations sampled.There were
consistent short-term variations in fecal coliforniocoli concentrations during the summer period or any significant
relations between concentrations and stream discharge, based on these results.

INTRODUCTION USEPA criteria foiE. coli in freshwater is a geometric
. . - mean (based on at least 5 samples per month) of 126 col-
The St. Croix National Scenic Riverway (NSR) was gnieg per 100 milliliters (col/100 mL) of water or an

%gtabllﬁed |'_|n llggs undedr thﬁ Natlfna;W%I_ﬂ and Sceniqnacceptably high value for a single sample based on the

lvers ct (Ho mberg an ot ers, 99. ). The Upper Stievel of recreational use (U.S. Environmental Protection
Croix NSR consists of the St. Croix River from Gordon Agency, 1986) (table 1). The Minnesota and Wisconsin
Daf_“ to St. Ckr0|>< Fall_s, Wl’;‘_consm,;\nd als_o m(;lur?es th%tate standards for fecal coliform in freshwater both are a
entire Namekagon River (fig. 1). The portion of the St. o5 metric mean (based on at least 5 samples per month)
Croix River south of St. Croix Falls, Wisconsin to the ¢ 500 ¢o1/100mL and the concentration shall not exceed
confluence with the Mississippi Rlve;r was added to the 400 ¢01/100 mL in more than 10 percent of the samples
systlem in 19212 as the L(I’WerkSt‘ Cr?'x NSR', Along the Stollected in any month (Minnesota Rules, 1999; Wiscon-
Croix NSR, the National Park Service administers & corgjn Register, 1998). The Minnesota State standard is only
ridor approximately one-quarter to one-half mile wide. 5jicapie from April 1 to October 31, and the Wisconsin
There are greater than 15 major tributaries to the St. Cro tate standard is applicable throughout the year.
and’vll\lamekagoq Rlvlers. ithin th ix NSR The U.S. Geological Survey (USGS) conducted a
. ost recreational use within the St. Croix NS one-year (1999) study cooperatively with the Minnesota-
involves contact recreation with river water, such as banisconsin Boundary Area Commission to characterize
ing, canoeing, and swimming. Water contaminated Withy,, steria concentrations in the St. Croix NSR. The objec-
pathogenic organisms may transmit diseases or may yiyes of this study were to provide a detailed reconnais-
cause |nfect|on§ of the skin, eyes, ears, nose, e}nd thm%‘ance of bacteria concentrations in the St. Croix and
Indicator bacteria groups that reflect the potential Pres-Namekagon Rivers during the summer when recreational
ence of pathogens in the water generally are used becaygg, of the st. Croix NSR is greatest, and to identify
the numbers of pathogenic organisms generally are very,, cpes of the St. Croix and Namekagon Rivers where
small and difficult to isolate and identify. Potential pathogenic organisms may limit use of these rivers for

sources of pathogens in water include wastewater effluzg o ational purposes.

ents, combined sewer overflows, runoff from urban land, ~ ;g report presents the results of the study. Differ-
animal waste, and municipal waste sludges disposed of o4 jn pacteria concentrations were compared among
on land or in water (Thomann and Mueller, 1987). The gjo and concentrations were related to Federal and State
U'Sr'] E‘n\r/][ronnsergal Fl’lrotectrl]on‘Agency (bUSEP,A) l;ses water-quality standards. At selected sites, bacteria con-
Escheric 1a coll (E. coli) as the n icator bacteria o . centrations were related to stream discharge. The scope
water quallt_y for contact recreation. The states Of_ Minnes g report is limited to data collected by the USGS in
sota and Wisconsin use fecal coliform as the indicator 1999

bacteria of water quality for contact recreation. The '
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Figure 1. Location of the St. Croix River Basin, the St. Croix National Scenic Riverway, select towns and cities, and sampling sites.



Table 1. Single sample criteria fir coli concentrations in freshwater set by the U.S.€quipment as if an actual environ-
Environmental Protection Agency (1986) mental sample was being pro-

[col/100 mL, colonies per 100 mililiter] cessed. Samples were held on ice
and processed within 6 hours.

Moderate full body contact Lightly used full body Infrequently used full body

Designaled beach area recreation contact recreation contact recreation The membrane f||trat|0n
235 col/100 mL 208 col/100 mL 06 colf100mL 576 coroomL.  Method was used to identify and
enumerate fecal coliform arkl
Study Design ent in sample-collection, sample-  coli bacteria. In the membrane fil-
. . processing, and laboratory analyticaltration method, bacteria are cul-
This study was designed to pro- procedures. tured on selective media after

vide a detailed reconnaissance of
fecal coliform ancE. coli concentra-
tions in the St. Croix NSR during the
period when most recreational use

Contamination bias in the water-filtration. In this method, fecal
quality data was assessed by colleceoliform bacteria are defined as
ing 14 field blank samples. A blank organisms that produce blue colo-
X ; is a water sample that is intended tonies within about 24 hours when
oceurs an_d to |der_1t|fy reaches where pe gro6 of the analytes of interest. incubated at 44.5° Celsius on m-FC
pathogemc organisms pose & poten- G i of bacteria colonies ona  medium (nutrient medium for fecal
tial problem for recreational use. field blank sample would indicate  coliform bacteria growth)E. coli
Water sa}mples for the _analy5|s of the sample-collection and(or) pro- colonies are defined as yellow or
fecal coliform an_cE. coli were col- . cessing equipment was not sterile, yellow-brown colonies that remain
lected at 22 locations on the St. Croix » g e actual number of bacteria inso when placed on a filter pad satu-
and Namekagon Rivers from May 0 \yater sample was less than whatated with urea substrate broth for
through September of 1999 (fig. 1). a5 determined. 15 minutes after incubation for 2
Seven sites were located on t_he Variability in the bacteria con-  hours at 35° C and for about 24
Namekagon River—the remalngier centration data was assessed by colours at 44.5° C on m-TEC medium
were located on the St. Croix River. lecting 15 concurrent replicate fecal (nutrient medium foE. coli bacte-
igﬁgrvt\’r?gﬁtg?:;eﬁngc;‘évvcitsri?zit(i);s coliform samples, and 11 concurrentria growth).
Most sites were sampled monthly  epjicas sompice mre o or more. HYDROLOGIC CONDITIONS
during June through August. Three g5 pjeg collected at the same loca-  Stream discharges were normal
of the 22 sites (sites 2, 10, and 18; o1 5t the same time. As a result, theo above average during the study
fig. 1) were located at existing USGS ; aer in each of the replicate samplegperiod. Monthly mean stream dis-
stream-gaging stations. These three ;s ocsenially identical in composi- charges for water year 1999 were
sites were sampled more frequently ) “These replicate samples were classified and compared to the last
and included sampling during May | ;5eq 1o statistically quantify the vari-30 water years (1969 through 1999)
and September. ability introduced as a result of sam-at the St. Croix River near Danbury
_The quality of the data collected |0 cjiection, handling, and analysisand St. Croix Falls, Wisconsin
s S s asssed b AN ires, (e 10 and 16 T 1) A waer
variability affect the interpretation of Sampling and analysis year is the 12-manth period from

" SR October 1 through September 30.
water-quality data. Bias is the sys- methods The water year is designated by the
tematic error inherent in a method

- o . Samples were collected and anac@lendar year in which it ends.
333. rg?s/iSfee&r;irnggint:;guirf?:%a lyzed according to published USGS Ther«zwas 'rllott)la SUff'IC'EH_; period of
the introduction of contaminants into_{echniaues (Britton and Greeson, =3 87878 ﬁt?\jc i strel;m
the sample during the sample pro- 1987; Myers and Wilde, 1997). Grab 'Sf arge; at\ltv'e amel a_gonz f'_Ve"
cessing procedures, laboratory anal- SAmPles were collected using a steri‘t Monthly mean strea (sgg e
ysis, or due to inadequately cleaned 1126d: narrow-mouith borosilicate 21 onthly gt syf(egm o malif
sample-collection or analytical glass bottle by wading or froma  {1a7GE8 WIS ©ASSTEL 85 ROTDATI
equipment. Variability is the random canoe. Field b!ank samp_les were preti e monthly r.nﬁlan h ISZ ahrges7 OL
error in independent measures of thePared by pouring water intended to 1999 ntilee Wlft Ant o 1ot
same quantity. In water-quality data, be free of bacteria (saline or phos- Percentiles of the respective

P Y % phate buffer water) through all of the Monthly mean stream discharges
variability results from errors inher: sample collection and processing for the iast 30 water years, and were



classified as above average if the
monthly mean discharge for 1999
was greater than the 75th percentile.
At the St. Croix River near Danbury,
Wisconsin (site 10), the monthly

BACTERIA IN THE ST. CROIX
NATIONAL SCENIC Minimum, maximum, mean, and
RIVERWAY median fecal coliform anH. coli

A total of 99 samples were ana- concentrations were greater in the St.
Croix River than in the Namekagon

laboratory equipment were ade-
quate.

mean stream discharges for May,  |yzed to determine fecal coliform
June, and September 1999 were norconcentrations, and 79 samples wereRiver (table 3). Fecal coliform colo-
mal, and the monthly mean dis- analyzed to determiri. coli con- nies were too numerous to count on
charges for July and August 1999  centrations (table 2). Variability in ~ the membrane filters prepared to
were above average. At this site, the pacteria concentrations due to sam- determine concentrations in the St.
monthly mean discharge for August pling and analysis procedures was Croix River at County Road T near
1999 was the greatest recorded in thequantified by averaging the standard Dairyland, Wisconsin, on July 6,
last 30 water years. At the St. Croix deviations between each set of envi-1999. A concentration of greater
River at St. Croix Falls, Wisconsin  ronmental and replicate samples. ~ than 80 col/100 mL was assumed
(site 18), the monthly mean stream Results showed the average variabil-based on the maximum ideal count
discharges for May, June, July, and ity in fecal coliform ancE. coli con- ~ for fecal coliform bacteria (Myers
September 1999 were normal, and  centrations due to sampling and and Wilde, 1997). To calculate
the monthly mean discharge for analysis procedures was about 3 coldescriptive statistics, the concentra-
August 1999 was above average. 100 mL. No field blank samples had tion atthis site. was assumed to be 80
any fecal coliform oE. coli colony ~ €0l/100 mL. MediarE. coli concen-
growth, which indicated results were trations were determined to be sig-
unbiased and procedures to clean Nificantly greater at the 0.05
and disinfect both the sampling and Significance level (p=0.036) in the

Table 2. Descriptive statistics for fecal coliform @hdoli concentrations in the St. Croix National Scenic Riverway, 1999, by site

all 0>, greater than]

[Sites are shown in downstream order; N, number of samples; Min, minimum; Max, in

Site num- Fecal coliform E. coli
ber Site name
(fig. 1) N Median Min Max N Median Min Max
1 Namekagon River near Cable, Wisc. 4 65 3 23 3 8 5 15
2 Namekagon River at Leonards, Wisc. 8 25 5 49 7 20 5 47
3 Namekagon River near Hayward, Wisc. 4 105 3 15 3 15 5 17
4 Namekagon River near Springbrook, Wisc. 4 125 4 22 3 16 11 20
5 Namekagon River at Trego, Wisc. 4 235 23 25 3 28 26 30
6 Namekagon River below McKenzie Creek near Trego, ' 4 125 7 14 3 7 5 15
7 Namekagon River near Woodland Corner, Wisc. 4 185 16 24 3 19 14 28
8 St. Croix River at CRD T near Dairyland Wisc. 4 175 10 80 3 21 18 80
9 St. Croix River near Woodland Corner, Wisc. 4 29 11 92 3 39 34 72
10 St. Croix River near Danbury, Wisc. 8 195 14 34 7 22 15 32
11 St. Croix River at State Highway 77 near Danbury, Wisc. 4 24 17 37 3 25 22 29
12 St. Croix River below Clam River near Danbury, Wisc. 4 215 20 27 3 24 21 30
13 St. Croix River above Snake River near Grantsburg, Wisc. 4 18 8 23 3 17 16 21
14 St. Croix River at Hwy 70 near Grantsburg, Wisc. 4 12 8 17 3 16 13 17
15 St. Croix River below Wood River near Grantsburg, Wisc. 4 255 21 59 3 21 18 39
16 St. Croix River below Sunrise River near Sunrise, Minn. 4 145 ] 48 2 365 10 63
17 St. Croix River at Nevers Dam site near Wolf Creek, Wisc. 4 14 12 18 3 18 9 27
18 St. Croix River at St. Croix Falls, Wisc. G| i) O] 95 9 21 2 97
19 St. Croix River at Franconia, Minn. 4 25 14 27 3 14 8 25
20 St. Croix River below Osceola, Wisc. 4 21 7 23 3 13 12 21
21 St. Croix River at Marine on St. Croix, Minn. 3 31 22 33 3 27 27 33
22 St. Croix River below Apple River near Stillwater, Minn. 3 20 19 40 3 20 18 33




and 18, table 3). Medigh coli con-
centrations in the St. Croix River
were greatest near Woodland Cor-
ner, Wisconsin; at State Highway 77

Table 3. Descriptive statistics of fecal coliform @hdoli. concentrations in the
Namekagon and St. Croix Rivers, 1999.
[All concentrations in colonies per 100 milliliters]

Fecal coliform E. coli near Danbury, Wisconsin; below the
Namekagon River ~ St. Croix River Namekagon River  St. Croix River SUnNrise River near Sunrise, Minne-
Number of samples 32 67 25 54 sota; and at Marine on St. Croix,
Minimum 3 7 5 2 Minnesota (sites 9, 11, 16, and 21;
Maximum 49 95 47 97 table 3; fig. 3). The maximui.
Median 17 21 16 21 coli concentrations in the St. Croix
Mean 17 25 18 27 River were measured at County

Road T near Dairyland, Wisconsin;

- : . near Woodland Corner, Wisconsin;
St. Croix River than in the Namek-  River were measured at Leonards, and at St. Croix Falls, Wisconsin

agon River by a Wilcoxon rank-sum Wisconsin (site 2, table 3). y .
test (Helsel and Hirsch, 1992). ‘Maximum fecal coliform and. (sn?rshg’r:'wznrg ig'é(a)glseis?é‘nt short-
Medlanfecallcollform concentrations coli concentrations were mea_\sured iNterm variations in fecal coliform or
were determined not to be signifi-  the St. Croix River at St. Croix Falls, ¢ coli concentrations during the
cantly different (p=0.053) between  Wisconsin. Median fecal coliform o/ o period, based on these
the St. Croix River and the Namek- and E.coli concentrations were results. Additioﬁal sampling
agon River. greater in the St. Croix River near through time my better identify any
No fecal coliform ofE. coli con- ~ Woodland Corner, Wisconsin, and atsystematic seasonal variations.
centrations exceeded the state or FedMarine on St. Croix, Minnesota com- "~ b oo <“between fecal
eral water-quality criteria or pared to other locations sampled. coliform andE. coli concentrations
standards for contact recreation at  There were no consistent short-term |4 o0 discharge were exam-
any of the sites (tables 1-3). There  variations in fecal coliform dE. coli ;0 4 5t the Namekagon River at
were not enough samples collected concentrations during the summer Leonards, Wisconsin: St. Croix
per month to rigidly compare concen- period or any significant relations River nea'r Danbury, Wisconsin' and
trations with the stricter state or Fed- between concentrations and stream the St. Croix River ayt St. Croix F’alls
eral water-quality criteria or discharge, based on these results. Wisconsin (sites 2, 10, and 18; figf
standards, which are based on at least  In the St. Croix River, median 1). Relations wereyquaymtified dsing
5 samples per month. However, nonefecal coliform concentrations were Kendall's tau correlation coeffi-
of the bacteria concentrations mea- greatest near Woodland Corner, Wis—Cients (Helsel and Hirsch, 1992)
sured exceeded these stricter criteria.consin; below the Wood River near ' '
In the Namekagon River, the two Grantsburg, Wisconsin; and at Fran-
largest median fecal coliform aid ~ conia and Marine on St. Croix, Min-
coli concentrations were greatest at nesota (sites 9, 15, 19, and 21; table
Leonards and Trego, Wisconsin (sites 3; fig. 2). The maximum fecal
2 and 5, table 3, figs. 2 and 3). The coliform concentrations were mea-
maximum fecal coliform an#. coli sured near Woodland Corner and at
concentrations in the Namekagon  St. Croix Falls, Wisconsin (sites 9

Correlation coefficients measure the
strength of association between two
variables, such as whether one vari-
able generally increases as the sec-
ond variable increases. Kendall's
tau correlation coefficients were not
significant at the 0.05 significance
level (table 4).

Table 4. Kendall's tau correlation coefficients between stream discharge and bacteria concentrations
at selected sites in the St. Croix National Scenic Riverway, 1999.

[Sites are shown in downstream order]

Fecal coliform E. Coli
Site name Correlation Number of Correlation Number of
coefficient p-value observations coefficient pvalue observations
Namekagon River at Leonards, Wisc. 0.036 1.000 8 -0.238 0.281 7
St. Croix River near Danbury, Wisc. .370 .138 8 .143 .386 7
St. Croix River at St. Croix Falls, Wisc. 423 .075 9 -.056 460 9
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Figure 2. Median fecal coliform bacteria concentrations at sampling sites on the St. Croix National Scenic Riverway, 1999.
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SUMMARY AND Samples analyzed during this study were collected
CONCLUSIONS during a periqd W!th normal to aboye—average stream dis-
charges. In situations where the primary source of bacte-
Results from this study indicated there were no ria is a point source, such as a wastewater treatment
exceedances of state or Federal water-quality criteria ofacility, bacteria concentrations in a stream would be
standards for fecal coliform @&. coli bacteria in the St.  expected to be greater during low-flow periods as a result
Croix NSR during summer 1999. The summer period repf less dilution.
resents the time of year when recreational use of the St.  Bacteria concentrations in the St. Croix NSR also
Croix and Namekagon Rivers is the greatest. However,may change over time as a result of additional point
comparisons with water-quality criteria and standards sources or changes in land use and land cover. The St.
could not be rigidly made because less than five sampleSroix NSR is managed by the National Park Service and
per month were collected at each site. the states of Minnesota and Wisconsin with a goal to pre-
Maximum fecal coliform anét. coli concentrations  vent any degradation of the water quality. Trend analyses
were measured in the St. Croix River at St. Croix Falls, can be used to assess whether water quality has improved,
Wisconsin. Median fecal coliform aricoli concentra-  degraded, or remained the same. Trend assessments are
tions were greater in the St. Croix River near Woodlandenhanced when bacteria concentration data are collected
Corner, Wisconsin, and at Marine on St. Croix, Minne- at regular intervals, such as monthly or quarterly, to indi-
sota compared to other locations sampled. There were riate consideration of seasonal variations in concentra-
consistent short-term variations in fecal coliformeor tions. Data collection that includes determination of
coli concentrations during the summer period or any sigstream discharge also is desirable so that relations
nificant relations between concentrations and stream dibetween bacteria concentration and stream discharge can

charge, based on these results. be distinguished from temporal trends.
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