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Monitoring and Modeling

o |[dentifying poetential sources of poliution
— Palhegens
— JleXICIty.
— NORPOINE SOUICES
o Predicting concentrations ol poliutants, especially.
ielave 1o seme regulaieny thresnoeld
— AmbIentwaler guality/ standarneds
— Recreanenalwalergualin/standands
= Drnkingiwalerstandands




Monitoring Data

e Assess conditions

e Share Information

Locationally Averaged Secchi Disk Depth, 2004

5/23 6/22 7/22 8/21 9/20 10/20

—— Cold Spring Harbor —=— Oyster Bay —— Mill Neck Creek




Data Analysis and Presentation
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Nen-linear comelaton
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LOWIESS
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Anatomy of a Boxplot
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Boxpl: Easton’'s Beach, Newport
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Boxplots: Easton’s Beach, Newport

J-F-M = January, February, March
M-J-J-A = May, June, July, August
0-N-D = October, Movember, December
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ar Correlation

Correlation measures; the: strengti of association between two
variables

Cinear correlation (Pearsen’sin)

Y generally decreases o INCreases as) X INCreases

One type off MeNeLenIc colmelation

Visual inspectionoffdater chlicall= eutliers can decrease vVallue ofi;




Non-Linear Correlation

Monotonic, non-linear




Kendall’s Tau (t)

Measure of monotonic correlation based on ranks
Resistant to outliers

Can be used when some data is censored

Measures linear and non-linear montonic correlations
Invariant to power transformations

Can be computed by hand

“Strong” linear correlations (0.9) indicated by tau ~ 0.7

Sources:

— Helsel and Hirsch (1992)

— http://pubs.usgs.gov/twri/twri4a3/

— http://www.wessa.net/rwasp_kendall.wasp



http://pubs.usgs.gov/twri/twri4a3/
http://www.wessa.net/rwasp_kendall.wasp

Spearman’s Rho (Rank Correlation)

Measure of monotonic correlation based on ranks
Resistant to outliers

Can be used when some data is censored

Measures linear and non-linear montonic correlations

Different from Kendall’'s tau because in rho the differences
between data ranked values are given more weight — different
scales to measure the same correlation

Rho > Tau, but p-values for significance should be similar
Can be computed by hand

Sources:
— Helsel and Hirsch (1992)
— http://pubs.usgs.gov/twri/twri4a3/

f



http://pubs.usgs.gov/twri/twri4a3/

Correlation: Baltimore-Washington Airport

Looking for evidence of a source for toxicity in
deicing season runoff

Landside (roads) or Airside (runway) source?

Focused on three sampling locations:
— 003 (landside and airside)

— 306 (airside)

— 007 (airside)

BOD., COD, TOC, TKN, Propylene Glycol, Total
Glycol, Specific Conductivity




Correlation: Baltimore-Washington Airport

Parameter
Station 007

Pearson’sr
correlation
(p-value)

Spearman’s rho
correlation
(p-value)

Kendall’'s tau
correlation
(p-value)

BOD, (mg/l)

NS

NS

NS

COD (mg/l)

NS

-0.49887
(0.0492)

-0.47434
(0.0190)

TOC (mg/l)

NS

-0.57631
(0.0310)

-0.43819
(0.0461)

TKN (mg/l)

NS

NS

NS

Propylene Glycol
(mg/l)

NS

-0.60665
0.0127)

-0.47434
(0.0190)

Total Glycol (mg/l)

NS

-0.60665
(0.0127)

-0.47434
0.0190)

Average
Conductivity
(mmhos)

NS

NS




Correlation: Baltimore-Washington Airport

®
6

In(Propylene Glycol) (mg/L)




Correlation: Baltimore-Washington Airport
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O Outfall 003 -0.63 -0.77 -0.86
E Monitoring Point 306 -0.67 -0.74 0




LOcally WEIghted Scatterplot Smoothing
Smecthing technigue

NGOt constrained By a pProl assumptien aneut the
mathematical iunction ol a datal relatienship (e.ak,
inear;, expenential, ete.)

Alds aata analysis o a large NUMBEr ol Semples

IHelps tervisualize the shape: ol the relatiensnip
BEWEEn Varakles - diifictlrfier the eye te iollew the
Cenbal ienaency eifa scallerpiol




LOWESS:“DEP Stormwater Monitoring Data

Datalbase of stermwater moniterng reperts compiled
under the Connecticut Generall Permit for Discharge
off Stermwater Associated withi Industrial Activity,

6402 meniterng reperts 1995-2000, >300! Inadustry
ypes

General Permit aguatic texicity’ performance. chternon
et anfLCs =50 effiientierthe aaphnnia; Daphnia

pUlex

[5G, coRcenauon thatresultsinrs 0o mertality of
IESt SPECIes GVeRthe iestinagiiine pPered

HIghEeRIECEWallieNeansHeWer acller e Uat CHoXICIL




LOWESS:‘"DEP Stormwater Monitoring Data

o EXxpression of texicity in “toxicity: units”
o U= (100%/LLC,,) - Higher values means greater toxicity.
o Examined relatienship hetween texicity and

— Jotal Cepper

— Jjotal Cead

— elalfZine

— @Jlflanad Grease

— ChEemicali@xyoenibemand

—etaliSuspended Selids

— pleifelplEiss

st AnalyzedierVareusIHaUSHyALPES




S: DEP Stormwater Monitoring
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S: DEP Stormwater Monitoring
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LOWESS':"DEP Stormwater Monitoring Data

Suggests both a persistent relatienship between
metals concentration and aguatic texicity: and that
metals texicity IS not necessarily a function of
Industral process

CiRear regression may net e suiianlermatiematical
MEGEl terdescrne data relatioRship

NG apparent relatonship BEWEEH LOXICIL ane GLIEY
Water gualiy paramelers = O&6E, COD; 1SS

e data alsershews arelatenshiproeiveen
INEreasing metals cenceniaiien and ieial sUSpended

So)llels




LOWESS: DEP Stormwater Monitoring Data

EPA Acute Water :
Parameter Quality Criteria This Study

Copper 9.2 ny/l ~80 ny/l

Lead 34 my/l ~80 ny/I

Zinc 65 ny/l ~370 ny/l




Detection Limits

[Data that Is “censered,” Iess than or greater tham Values

Simple substitution (detection limit er zero), using halii ofi the
detection linit

IHeW: can yeu takeradvantage: of allithe data?

Conrelaton
— Userankicommelanon (Kenaall’s tau el Speanmnansiiio)
Usercumulauverdistiuiben CUies

= SAllewiieralleastSeme Compaisonieiithie dala

ViereNnienauos
= 1 eISeIN2005); Nendelects anaiData Analysis




Detect}bn-_l,imits
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Mon detect =0

Chromium Cﬂ:pper Iren Lead Nickel

Mon detect = 1/2 detection limit

Chromium Cﬂ:pper Iren Lead Nickel

Mon detect = detection limit

Chromium Cﬂ:pper Iren Lead Nickel

| mmmWRP = Stom drain |




Detection Limits

[Data that Is “censered,” Iess than or greater tham Values

Simple substitution (detection limit er zero), using halii ofi the
detection linit

IHeW: can yeu takeradvantage: of allithe data?

Conrelaton
— Userankicommelanon (Kenaall’s tau el Speanmnansiiio)
Usercumulauverdistiuiben CUies

= SAllewiieralleastSeme Compaisonieiithie dala

ViereNnienauos
= 1 eISeIN2005); Nendelects anaiData Analysis




Cumul"'tivg‘ Distribution Curve
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Conclusions

Visual and statisticall analysis helps te extract the
mMest Infermation pessikle from data

All data, even censored values, can and sheuld be
used In most cases

Boxplels and cumulative distrhution cUiVVes can
PreVide CONCISe; bUlheh; Vistal stmmeanes

Non-linear colrelation can detect associations, thait
Mgt e mIssed WithNineaFmeeds

EOWIESS)IS USeltiNeriaree dala Sets; 16/ deiect
elaneRShipSIEWEEN VAARIES




Beaches, rivers and lakes are the tep vacation
destinations for Amercans.

IR 2005, hbeach closings and adviseries exceeded
20)10)0]0)

VIoRIterng Indicater eraanisms IS e methed Usead
e determinewater guality:

Prediciing vacienally-Incuced Closings - a new,
paradigm?

New metheds: Regression medels; Aniicial Netral
INETWOIKS




Modeling Pathogens/Indicator Organisms

Pathogens (bacteria) are a leading cause of water quality
Impairment in rivers and coastal waters in the United States
(EPA, 2002)

Implications for public health - drinking water and
recreational waters - and aquatic health

Ability to predict water quality conditions
— Understand processes

— Manage resources, make decisions




Modeling Pathogens/Indicator Organisms

o How 1o address the proklem of the time: |agassociated
Withiindicatoer erganismi sampling|and testing 2

Highest bacteria  Beach status Mismarked beaches
level: 523 ¢ [ Openwhen it was polluted  A. Carson Beach
I Closed when it was clean B. City Point, Boston
G C. Constitution Beach
D. Savin Hill, Boston
E. Short Beach, Revere
F. Winthrop Beach
Federal G. Wollaston Beach
standard:

 Owerfederalstandard | ||
Under federal standard

SOURCE: State Department of Conservation and Recreation AARON ATENCIO/GLOBE STAFF




Modeling Pathogens/Indicator Organisms

Regression models used
at Great [Lakes Beaches
for “neweasting”

Use readily:measured
variables to; predict same
day exceedance offwalter
guality/standands

I'n Cooperation With the Cuyahoga County Board of Health, Nertheast Ohio Regional
Sewer District, Ohin Water Development Autherity, and Ohio Lake Erie Office

Procedures for Developing Models To Predict Exceedances
of Recreational Water-Quality Standards at Coastal Beaches

Techniques and Methods 6-B5

U5, Dopertmani of the Inierior
U5, Geal ogical Sureey




Modeling Pathogens/Indicator Organisms

Study

Christensen et
al., (2000)

Eleria (2002)

Francy et al.
(2003)

Olyphant and
Whitman (2003)

Olyphant (2005)

Mas and Ahlfeld
(in press)

Independent

Variable/Hydrologic

Setting

fecal coliform/
freshwater river

fecal coliform/
freshwater river

E. coli/
freshwater beach

E. coli/
freshwater beach

E. coli/
freshwater beach

fecal coliform/
freshwater stream

Correct
Classification
of Violations

55.6%, n/a
62%

46.11-
60.40%

17- 73.2-90.9%
58%

71% 88%

44-66%

42 - ~ 90%
58%

n/a 46-81%




Ohio Nowcasting Beach Advisories

IHuntingten Beach, Ohio — LLake Erie

Multiple: Linear Regression (MLR) moedel using wave: height,
tuzrbidity, day of year, 48=hr rainfall (imore weight te) past 24-hrs),
R2=425%

[Develeped using 2000-2005) swimming season data

Implement By predicting a prekanility o exceeding the threshoeld
waterguality’standardiofi 235) cit/L00 mL . coli

2005 = Viedellpredicted 50%) off CIoSUNes Colmectly; proer day .
ColIfcoRcCENaNoNS predicted nene: Conrectly,

Used operauenallyint2006 ° 5 oW

Study Area © 5 10 KLOMETERS

RELRE//AMIWVW. CHIBRBWEASEINTG [\j P
QHIO

HUNTINGTON cpe iy
RESERVATION P‘ERTFE ovgen

.
village -3, | e |
LAKEVIEW bY :
/__._- mné Q“j'dk % i

it R

VILLA
ANGELA
I

|
— _ o _GEUGACOUNTY_ __
% SUMMIT CO | PORTAGE COUNTY
I
ERIECO 2 2 1
| I CLIYAHOGA
= = ., LORAIN GOUNTY _,----—-:cﬂ'\’} !



http://www.ohionowcast.info
http://www.ohionowcast.info

Project S.A.F.E

Swimming Advisory: Eerecast Estimate - [Lake Michigan
USGS ) Great [Lakes Science: Center; Wells St.

Lake 5t.  Marquette Beach
Beach Park

T

MultipletinearRegression (IVIER) modelfusing| 24-hitrain, Wid'speed
and direction; alfandiwaterrtemperature; Wave neigit, ) INAex,
gage height Atistreanm dischargingiinierLake

NEHRE//AMWIW.GISE. USESGeV/ PIejeCtSAEE php

e Beach R2
b ‘?6 ELS = 0.82
1.004 ¢ EmMa =071
oD =0.84
EWEB =077
EWs = 0.8

log E. coli t-1

T T T T T 0.007 T T T T T
1.50 2.00 250 3.00 3.50 1.50 2.00 2.50 3.00 3.50
Predicted Value Predicted Value

Predicted vs. actual E. coli, with 95% confidence Modeling Results for Individual Beaches
interval for all beaches and conditions.

Current Monitoring Model:
Day 2 E. coli (Advisory Day) = Day 1 E. coli (Sampling Day)



http://www.glsc.usgs.gov/ProjectSAFE.php
http://www.glsc.usgs.gov/ProjectSAFE.php

Gates Brook, Central Massachusetts

Gates Brogk (8.2 km 2)
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Concentration (CFU/100 mL)

1 sampling location
Weekly or biweekly
1989-2003
602 input/output pairs

Conductivity, water temp.,
fecal coliform
alr temperature,
precipitation
Streamflow (1995-2003)

Potential sources - failing
septic, runoff




Do Artificiall Neurall Network (ANN) models provide
an altermative to regression inl cemplex settings?

ANNand regression medels developed using 270
data values fiem 1995-2000

Evaluaied perormance hased onvisual

INSPECHON, Corfect Identification; ol Vielatens) of
Water guality standard; amnd perceniage of false
POSIVES and nEgalves

Vias and Anlield; Hydielegicall ScIences Jeurmal)
I PressH(2007)




Gates Brook, Central Massachusetts

o SC2: In(cond), In(strm), In(Tmean), In(pcpn), In(pcpn-1)

o MLER#2/#3: In(strim), In(cenad); In(pepn);, In(pcpn-1), Wiemp,
imax

100000

10000

1000

—~~
-
S
o
o
—
~
>
[
O
~

c
0
©
e

c

@

3]

c

o)
O

£

.

o
=
fe)
O
©

O

)
LL

—— SC2 MLR#2/3 — Observed




Gates B 00k, Central Massachusetts

& DOEIS PELLEN @ allG PDECI3 B 10
O 5 Walter gua an@are
A JENEera AVE Bl PErcentage ofi false <
Model Class A (20 cfu/100 mL) Class B (200 cfu/100 mL)
Violations FP/FN (%) Violations FP/FN (%)
ANN SC1 61% 13/26 /G’ZOX 6/9
ANN SC2 69% 11/20 / 46% \ 6/13
ANN SC3 81% 15/17 62% 6/9
MLR#1 58% 15/28 38% 4/15
MLR#2/#3 75% 17/20 38% 4/15




Conclusions

Culture-based methods lack the timelines desired for
peach management

Regression metheds have demoenstrated
efiectiveness at Greart l-lakes| heaches

Other nen-linear classification metheds, Including
ANNS; may provide useful predictive moedels for
SEME! SyStiems.

CombiRaten eimeneing and nmedelingiikely e
EMErge as themewpaiadigmierrecreaonal Wailer
gualiy manacenent




