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High nutrients and human/animal wastes are a 
problem in Marylandõs coastal bays 

 

 

ÅWater quality declining with 
thresholds exceeded (Wazniak 
et al, 2007) 
 

ÅBroad surveys have identified 
óhotspotsô 
ïBroad survey in 2004 (Fertig, 2009) 

ïFocus in on hotspots in 2006      
(Fertig 2009) 

ïRegional comparisons in 2007 
(Needham 2007)(Beckert 2008) 

 

ÅJohnson Bay hotspot, but land 
use doesnôt suggest any obvious 
sources ian.umces.edu 



Johnson Bay watershed rural, 
protected, clay soils & sediments  



Previous studies found ôhotspotsõ of 
potential human and/or animal wastes  

Fertig et al. 2009. Estuaries and Coasts 



Johnson Bay well mixed, but has areas of 
consistently higher and lower nitrogen  



Nitrogen could enter Johnson Bay in multiple 
ways ð which is most important?  

 



Nitrogen could enter Johnson Bay in multiple 
ways ð which is most important?  

 



Aquatic microbes can be 
indicators of water  

ÅSensitive to environmental change 

ÅFecal coliforms and enterococci indicate 

waste inputs 

ÅAntibiotic resistance assay (ARA) 

indicative of microbes derived from 

livestock or humans exposed to 

antibiotics 



Sampled along four creeks of varying 
TN and land use in 2010 and 2011  



Hypotheses  

Å Nutrient concentrations will be greatest in Powell followed by 

Scarboro and Boxiron due to known gradients in TN and land use 

intensity. 

Å Bacterial abundance will be positively correlated, with nutrient 

loading, increasing intensity of land use, and temperature, and 

negatively correlated with salinity. 

Å Bacterial abundance will be greatest in Powell followed by Scarboro and 

Boxiron and will increase from downstream to upstream in all creeks, 

primarily due to nutrient gradients, tidal flushing, and temperature. 

Å Enterococci will be most abundant in Powell followed by Scarboro and 

Boxiron due to the use of poultry manure, presence of poultry houses, and 

lack of feeding operations in the respective watersheds 
 

 

Boxiron Creek Mouth 

Poultry house 

Potato field 



Summers 2010 
and 2011 

ÅMeasured water quality 
parameters 

 

ÅDetermined total fecal coliform 
and enterococci abundances 
 

ÅLooked for correlations 
between water quality 
parameters, land use, and 
bacterial abundance 

ÅTook samples for ARA &Del N 
 



Assessing bacterial, viral, and fecal 
coliform abundances  

Patel et al., 2007 

SYBR Green I  

epifluorescence microscopy  

Protist 

Viruses 

Bacteria 

 - 0.02 ɛm Anodisc filter 

 - Nikon Eclipse E800, blue light excitation 



Assessing bacterial, viral, and 
coliform abundances  

Patel et al., 2007 

SYBR Green I  

epifluorescence microscopy  

Protist 

Viruses 

Bacteria 

Enterococci Total coliforms 

- 0.45 ɛm gridded 

filter  

-m FC Agar 

- Incubate 24h at 

44.5°C 

 

 

- 0.45 ɛm gridded 

filter 

- m E Agar 

- Incubate 24-48h 

at 35°C 

 

 - 0.02 ɛm Anodisc filter 

 - Nikon Eclipse E800, blue light excitation 



Total nitrogen and phosphorus 
were consistent over time: 2010  
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EPA Water quality standards have 
two recreational use designations:   

 

Å Primary contact recreation: 

  ñrecreational activities involving a significant risk of 

 ingestion of water, including wading by children, swimming, 

 water skiing, diving, and surfing.ò 

Å Noncontact recreation 

   ñaquatic recreational pursuits not involving a significant risk 

 of water ingestion: including fishing, commercial and 

 recreational boating, and limited body contact incidental to 

 shoreline activity.ò  



Enterococci  are abundant and 
above EPA standards 
June
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Å Abundance highest at Powell mid 

and mouth, also highest TN 

 

Å Lack of change following rain (July) 

vs dry sampling (June) suggests 

potential consistent source. 

 

Å Boxiron and Scarboro head 

sources most influenced by rainfall 

 

Å EPA primary contact Enterococci  

ï 35 col/100 ml (geometric mean 

ï 89 col/100 ml (single sample max) 

ï 168  for non contact recreation 

 

 

July

0

400

800

1200

1600

2000

Head Mid Mouth

E
n

te
ro

c
o

c
c

i 
(c

o
lo

n
ie

s
/1

0
0

m
L

)

0

200

400

600

800

1000

1200

1400

1600

1800

2000

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Boxiron

Scarboro

Powell

Swan Gut

EPA Primary
Contact Standard



Total coliforms also high with 
similar patterns to enterococci  
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Å Powell mid and mouth high 

similar to enterococci and TN 

 

Å Boxiron head high compared to 
enterococci 

 

Å Scarboro and Powell head, and 
Boxiron mid most influenced by 
rainfall 

 
EPA primary contact total coliforms:  

200 col/100 ml (geometric mean 

400 col/100 ml (single sample max) 

 

 



July 2011 

-500

0

500

1000

1500

2000

2500

3000

3500

4000

4500

Boxiron Scarboro Powell jb

n
o

. 
c
fu

/1
0
0
 m

l 

Sites July 2011 

Enterococcus 

Head

Mid

Mouth



July w/o mid sites  
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TN July  
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September 2011  
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Total Nitrogen  
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Nitrate hot spot Powell - MID  
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All bacterial parameters respond at 
localized spatial and temporal scales  



 

Bacterial abundances in creeks higher 
than Johnson Bay proper  

0.76-1.68x107 

1.13-2.12x107 

1.28-2.83x107 

0.99-2.67x107 

0.49-1.28x107 

Needham, 2007 

Current study 



Bacterial abundances and VLP abundances 
high compared to other systems  



Bacterial abundances and VLP abundances 
high compared to other systems  



Bacterial and VLP parameters 
correlated with NH 4 and NOx in June  

 

ÅNone correlated with total nitrogen 

ïExcept enterococci in July 
 

ÅFecal coliforms no longer correlate with either in July 
 

Significance level 

* = p<0.05 

** = p<0.01 

*** = p<0.001 



Methods: Antibiotic Resistance Analysis 

.Note several colonies growing on  

the plate with the penicillin. Most studies  

use 10 or more antibiotics. 

 

+ penicillin 

+ control 
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Densities of Enterococcus Bacteria (2011): Oxford Lab 
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Resistance of Enterococcus Isolates to Various Antimicrobials 

2010 and 2011 Combined 
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ATCC 0 0 0 100 100 100 0 0 0 0 100 0 0 0 0 100 0 0 0 100 100 0 0

Biosolid 

runoff 0 0 0 67 67 33 0 33 0 0 33 0 33 0 0 100 0 33 0 33 0 0 0
Biosolids 4.3 0 0 96 96 91 4.3 8.7 74 0 91 0 0 0 0 100 4.3 52 65 96 39 13 0

Boxiron 

Water 5.9 0 5.9 41 59 35 0 18 24 0 41 0 5.9 5.9 0 100 5.9 18 65 94 0 0 5.9

Cat 0 0 0 100 80 100 0 80 0 0 80 0 0 0 0 100 0 0 100 80 0 0 0

Chicken 

Litter 0 0 0 91 100 91 0 45 36 0 91 0 0 0 0 100 27 55 91 73 27 0 0

Dog 0 0 0 100 100 100 0 0 0 0 80 0 0 0 0 100 0 0 100 100 0 0 0

Horse 0 0 0 100 100 100 33 33 33 0 100 0 33 0 33 100 50 100 83 67 100 0 0
Litter 2.4 0 0 78 74 70 1.2 23 32 3.7 84 8.5 15 4.9 15 80 17 32 9.8 68 34 0 0

Powell 

Water 0 0 2.6 41 72 38 5.1 26 18 2.6 38 0 15 2.6 0 95 2.6 18 59 77 0 2.6 2.6

Scarboro 

Water 10 10 10 75 75 75 0 20 30 5 70 0 10 10 0 100 15 20 40 90 0 0 10

Sediment 0 0 0 100 100 100 0 0 40 0 100 0 0 0 0 100 0 50 60 100 0 0 0

Sewage 

Treated 0 0 0 100 100 100 22 0 11 0 100 0 0 0 0 100 22 89 33 100 33 0 0

Soil 0 0 0 75 0 25 0 0 25 0 0 0 13 0 13 38 0 13 63 88 0 13 0

Poultry 

runoff 0 0 0 81 94 81 0 6.3 6.3 0 88 0 0 31 0 100 13 38 31 94 0 0 0

Heatmap of Percent Resistant Enterococcus Isolates 

2010 and 2011 combined 

*library not from Coastal Bays 



Cluster Analysis: 

Based on Antimicrobial Resistance Patterns of Enterococcus 

2010 and 2011 combined 

*library not from Coastal Bays 



Hypotheses  

Å Nutrient concentrations will be greatest in Powell followed by 

Scarboro and Boxiron due to known gradients in TN and land use 

intensity. 
 

 

Boxiron Creek Mouth 

Poultry house 

Potato field 



Hypotheses  

Å Nutrient concentrations will be greatest in Powell followed by 

Scarboro and Boxiron due to known gradients in TN and land use 

intensity. 

 

Powell was indeed the highest in terms of TN also NOx hot spot 

Scarboro and Boxiron were fairly similar but fit hypothesized gradient  

Boxiron Creek Mouth 

Poultry house 

Potato field 



Hypotheses  

Å Nutrient concentrations will be greatest in Swan Gut and Powell 

followed by Scarboro and Boxiron due to known gradients in TN and 

land use intensity. 

Å Bacterial abundance will be positively correlated with nutrient 

loading, increasing intensity of land use, and temperature, and 

negatively correlated with salinity. 

 

Bacteria did correlate with ammonium and nitrate 

Patterns with salinity did not follow expected trend = hot spots 

 

Boxiron Creek Mouth 

Poultry house 

Potato field 



Hypotheses  

Å Nutrient concentrations will be greatest in Swan Gut and Powell 

followed by Scarboro and Boxiron due to known gradients in TN and 

land use intensity. 

Å Bacterial and VLP abundance will be positively correlated with each 

other (more strongly than with chlorophyll a), with nutrient loading, 

increasing intensity of land use, and temperature, and negatively 

correlated with salinity. 

Å Bacterial abundance will be greatest in Powell followed by Scarboro and 

Boxiron and will increase from downstream to upstream in all creeks, 

primarily due to nutrient gradients, tidal flushing, and temperature. 

 Values were highest in Powell but independent of upstream-

downstream gradient : Powell MID MAJOR hot spot independent of 

rainfall events 

 

Boxiron Creek Mouth 

Poultry house 

Potato field 



HypothesHies  

Å Nutrient concentrations will be greatest in Swan Gut and Powell 

followed by Scarboro and Boxiron due to known gradients in TN and 

land use intensity. 

Å Bacterial and VLP abundance will be positively correlated with each 

other (more strongly than with chlorophyll a), with nutrient loading, 

increasing intensity of land use, and temperature, and negatively 

correlated with salinity. 

Å Bacterial and VLP abundance will be greatest in Powell and Swan Gut 

followed by Scarboro and Boxiron and will increase from downstream to 

upstream in all creeks, primarily due to nutrient gradients, tidal flushing, and 

temperature. 

Å Enterococci will be most abundant in Powell followed by Scarboro and 

Boxiron due to the use of poultry manure, presence of poultry houses, and 

lack of feeding operations in the respective watersheds 

Å Highest concentration in Powell- but also high in Scarboro and Boxiron after 

the rain 

 

Boxiron Creek Mouth 

Poultry house 

Potato field 



 
Conclusions 

ÅSystem contamination exhibits spatial complexity with 
localized affects 
 

ÅHigh fecal bacterial contaminants and nutrient loadings 
suggest anthropogenic inputs 

ÅPreliminary antibiotic resistance cluster analyses indicates 
that Powell and Boxiron relate more closely to ñbiosolid 
runoffò and Scarboro relates more closely to ñPoultry litter 
and runoffò 

ÅBacterial abundances correlated with environmental 
parameters including ammonium and nitrate 

ÅCreeks leading into Johnson Bay exceed EPA standards 
for primary recreational contact and non-contact recreation 
in many instances. 

 
 



Future research  

ÅConnect high nutrient 
loads and bacterial 
abundances to specific 
inputs using: 
ïGIS 

ïDel-N results 

ïAntibiotic resistance assays 

 results expanded 
 

 

ÅEffects of rain events 
 

ÅExtend analyses to 
Chesapeake tributaries 


