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Multiple Indicators
Stream Conditions

asterson and Bannerman recently reported

on along-term monitoring effort to assess

the impacts of stormwater runoff on an
urban creek. This effort focused on Lincoln Creek, a
second order tributary draining through ahighly urban
portion of Milwaukee County, Wisconsin. The creek
drainsawatershed of 19 squaremiles, andisninemiles
long. Lincoln Creek was selected for analysissince it
had agood mix of different urbanland usesdraining to
it. A tiered monitoring approach wasemployed, which
combined chemical, physical, and biological monitor-
ing efforts to assess existing conditions. The seven
monitoring elementswereasfollows:

» Analysis of water chemistry at selected storm
drain outfalls and in-stream stations

» Chemical analysesof bottom sedimentsat sev-
eral streambed stations

» Chemical analyses of whole fish and crayfish
tissues

»  Useof SemipermeablePolymericMembraneDe-
vices (SPMDs) to estimate potential pollutant
accumulationin biological tissue

e Short-term toxicity testing and long-term mor-
tality testing

» Macroinvertebrate and fish bioassessments
e Physica habitat assessments

Datawas collected both at Lincoln Creek and at a
reference site for comparison purposes. Thereference
sitewas|ocated in anon-urbanized watershed in Fond
duLac County, Wisconsin, alongtheEast Branch of the
MilwaukeeRiver.

Stormwater sampleswere collected inthe Lincoln
Creek watershedat 10individual stormdrainageoutfall
locations and at one instream stattion (using an auto-
mated sampler at aUSGS gaging station) for atotal of
43 separate storm samples. Forty-four fixed interval
grabsampl eswereal so collected every twoweeksat the
USGS station. Bottom sedimentswere collected at six
stations in Lincoln Creek and two stations from the
referencesite.

Fish and crayfish were collected in both the refer-
ence site and Lincoln Creek for analysis of tissue
concentrations of various pollutants. Cyprinus carpio
(commoncarp) werecollectedwhereavailable, Carassius
auratus (goldfish) were substituted where carp could
not beobtained. Dacapoda (crayfish) werecollectedin
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all types of stream habitat and often required a stream
length of 100 metersto obtain enough materia for an
adequate sample.

Benthic macroinvertebrates were collected at four
individual locationsinLincoln Creek andtwolocations
at thereferencesite. Fishsamplingwasdoneinitially at
one station in Lincoln Creek in 1992 and 1993; four
additional stationswereadded for 1994 and 1995 moni-
toring. Fish were also sampled at thereference stream.
A gqualitativeanalysisof habitat was conducted at both
LincolnCreek and thereferencesite. SPMDs, incorpo-
rating a synthetic material capable of accumulating
contaminants, were also deployed as a surrogate for
biological organismsto verify the potential biological
accumulation of pollutantsinliving organisms. On-site,
in-situ toxicity testing was performed using a flow-
through system of aquaria supplied with creek water.
Chronictoxicity testsused fathead minnow (Pimephal es
promelas) exposed to creek water for 30 days. Control
conditionswere provided for all toxicity testing.

Lincoln Creek has over 200 stormwater outfalls
discharging directly into it. Testing at the storm drain
outfalls showed suspended solids and BODg levels
exceeded Wisconsin Department of Natural Resources
(WDNR) effluent criteria. Twotracemetal's, copper and
zinc, alsowerefoundtoexceedtoxicity criteriafor warm
water sport fisheries. Polycyclic aromatic hydrocar-
bons(PAHSs) andtracemetal concentrationsal soshowed
consistently highlevelsinthein-stream stormwater and
base-flow samples. Carcinogenic PAHsexceeded water
quality standards for human cancer criteria. Total re-
coverable copper and zinc, again, exceeded the acute
toxicity criteriafor warmwater sport fisheries.

Sediment sampleswerefoundto havehighaverage
concentrations of petroleum by-products and trace
metals. Sediment concentrations of oil and grease ex-
ceeded EPA’ smoderately polluted guidelinesand those
of the reference site (Master and Bannerman, 1994).
Trace metals of surface sediment samples did not ex-
ceed EPA’s heavily polluted guidelines, but copper,
lead, and zinc levelsin thesilt fraction of the sediment
did exceed the guidelines. Thisisreasonable giventhe
higher absorptive capahilitiesof fine-grained particles
over coarser grained particles. Figure 1 illustrates the
comparison of stormevent water and sediment concen-
trationswiththoseof WDNR criteria, U.S. EPA criteria,
and reference site conditions.
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Figure 1: Comparison of Storm Event Concentrations With Wisconsin’s DNR Criteria (A),
and Bottom Sediment Pollutant Concentrations With U.S. EPA Criteria and Those of the

Reference Site (B, C, and D). All Units in mg/kg Dry Weight (Masterson and Bannerman, 1994)

Pollutant tol erant speciesof fishand macroinverte-
brates were prevalent in Lincoln Creek, whereas the
reference site supported awide variety of both intoler-
ant and tolerant species. Fish diversity was signifi-
cantly lowerinLincolnCreek, aswell. Tablelillustrates
the comparison between thereferencesiteand Lincoln
Creek for fish diversity and macroinvertebrate
bioassessment scores.

Analyses of fish, crayfish, and microorganisms
were conducted to determine if pollutants detected in
thewater and storedin the sediment can bioaccumul ate
inaguaticorganisms. Total DD T and PCBswerefound
inwholefishtissuesamplesat higher levelsinLincoln
Creek thanat thereferencesite. It wasalso believed that
the organisms which fish feed upon can accumulate
toxins. Theurban crayfishtissuesof Lincoln Creek had
high PAH and heavy metal concentrations. Lead, in
particular, wasfoundat 40timestherateof thereference
site. Table2illustratesthecomparison betweenfishand
crayfish tissue pollutant concentrations between Lin-
coln Creek and the reference site.

SPM Dsindicatethat lipophilic contaminants, such
as PAHSs, can bioconcentrate in aguatic organisms.
Extremely highlevelsof PAHsaccumulatedin SPM Ds
placed for twoweeksin Lincoln Creek, whilelevel sof
PAHsintheSPM Dsfromthereferencestreamweretwo
orders of magnitude lower.

Short-term toxic tests (lessthan eight days) appear
tounderestimatethetoxiceffectsof urbanstreasmwater.
Frequency of mortality in both short term|aboratory or

in-situtoxicity test datawasinsufficient toindicatethat
stormwater hasan effect onthestream biota. However,
longer term mortality testsindicated that juvenile and
adult fathead minnows(Pimephal espromel as) exposed
on-siteto Lincoln Creek water for more than 14 days
suffered substantial mortality (see Figure 2). Thisre-
sponsetolong-termexposurecould partialy explainthe
low quality of the aguatic ecosystem.

The qualitative habitat analysis scores reinforced
the fish diversity findings and the macroinvertebrate
bioassessment scores for Lincoln Creek and therefer-
encesite. Scoresfor Lincoln Creek werepoor compared
to the reference site, which rated good.

Masterson, Bannerman, and their colleagues con-
cluded that Lincoln Creek was degraded when com-
paredtothereferencesiteandthat thelikely cul pritwas
urbanrunoff. High concentrationsof metal s, suspended
solids, bacteria, oil/grease, and PAHsweredetected in
storm drain outfallsand in-stream samples. Several of
thepollutantsfound inthebottom sedimentscanresus-
pendinfuturestormsand contributetobioaccumul ation
of pollutantsinmacroinvertebratesandfish. TheSPMD
results confirm thisfinding.

The biological and physical habitat assessments
confirmed the chemical constituent monitoring results
and support adefinitiverelationshi p between degraded
stream ecol ogy andimpactsfrom urbanrunoff. Toxicity
testing revealed that longer term, in-situ studies are
required to adequately assess the mortality of living
organismsin urban streams.
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Whilethestudy paintsasomewhat gloomy picture | Wang, L., J. Lyons, and P. Kanehl. 1995. Evaluation

of the measured impacts of urban runoff in Lincoln of the Wisconsin Priority Watershed Program
Creek, itillustratestheval ueof acomprehensivemoni- for Improving Seam Habitat and Fish Commu-
toring effort to quantify these influences. An obvious nities, Progress Report for 1995. Wisconsin
conclusion of the Lincoln Creek monitoring is that Dept. of Natural Resources, Monona

variousmethod resultsconfirmand support each other.
Thiscomprehensive approach hel ped establish defini-

tive relationships between land use, instream habitat Table 1: Comparison of Fish Species Diversity and Macroin-
impacts, toxicity totheresident aguaticcommunity, and vertebrate Bioassessment Scores Between Lincoln Creek
instream pollutant concentrations. and Reference Site (Masterson and Bannerman, 1994)

The valueisthat other municipalities can beginto Bi . .

. . : . iological Lincoln Reference
answer thequestions: Whgtlspaus ngthetoxicity, how indicator Parameter Creek Site
much is too much urbanization, and can stormwater
practices alleviate the conditions? Future monitoring Fish Species Total Fish 2 20
efforts will be able to set aside the more expensive Diversity
techniques, and rely on less expensive, scientifically Total
tested, techniques to answer these questions. For Bioassessment 6 24
example, giventhecost and complexity of in-situtoxic- Macroinvertebrate Score
ity testing and whol e fish tissue bioaccumul ation test- Bioassessment
ing, techni ques such as SPM Ds can be substituted and Condition Severely Non-
relied upon to establish limits of toxicity. Biological Rating Impaired impaired
assessments using resident fish and macro-inverte-
brate communities can replace costly instream water
chemistry monitoring. Clearly more of these compre- 100

hensive studies are needed for different size water-
sheds, under varied levels of urbanization to continue August 20 - September 20, 1993
to define and establish these correlations. The data
gainedfromLincolnCreek provideafirmfoundationin
our quest for cost effectivemethodsto answer difficult
guestions.

—RAC
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Table 2: Comparison of Fish Tissue and Crayfish Tissue Between Lincoln Creek and Reference Site

(mg/kg), Except PAHs in (ug/kg) (Masterson and Bannerman, 1994)

Total Total Total
Biological Cd Cr Cu Hg Zn DDT PCBs PAHs
Community Stream %Fat [0.03] [0.2] [0.06] [0.03] [0.5] [0.05] [0.2] [25.0]
Lincoln Creek 0.039 0.2 1.24 0.06 10.7 0.2 5.75 —
Fish
Reference 8.3 ND ND 1.3 0.14 51 ND ND —
Lincoln Creek  0.93 0.077 1.223 40.3 0.012 24 — — 360
Crayfish
Reference 0.8 0.02 ND 17.9 0.018 17 — — ND
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