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Abstract

Catchment microbial dynamics is an emerging discipline driven by the operational
demands of the EU Water Framework Directive which has remarkable similarity to
the earlier US Clean Water Act. The lessons of the US legislation for the European
science community suggest that the principal reason for water quality impairment in
catchment systems is microbial contamination as indexed by faecal indicator
organisms. EU science effort to date, as we grapple with the implementation
challenges of the Water Framework Directive, has focused overwhelmingly on
nutrient pollution in surface fresh waters where phosphorus is the key driver of
eutrophication and ecological impairment. This emphasis will shift to the microbial
parameters as regulatory agencies seek to use the tools established in the Water
Framework Directive to ensure compliance with standards established in daughter
Directives covering bathing and shellfish growing waters. This will present
opportunities and challenges to the microbiological community. They will increasingly
be asked questions and offered research challenges to quantify and gain new
process knowledge of catchment microbial processes and, specifically, microbial fate
and transport of relevance to the demands of catchment microbial models. This area
of investigation is perhaps 30 years behind the nutrient modelling community but
rapid progress is possible through the application of established modelling platforms
with the applications and exploration of new microbial tools which can better offer
parameterisation of key model sectors to place microbial modelling on a par with
catchment nutrient, sediment and BOD communities. This paper explores. these
challenges and suggests key areas for early attention.
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Causes of Impairment for 303(d) Listed Waters

Description of this table

NOTE: Click on a cause of impairment (e.g. pathogens) to see the spedific state-reported causes that are grouped to make up this category. Click on the "Number of Causes of Impairment

Reported" to see a list of waters with that cause of impairment.

Cause of Impairment Group Name

Pathogens

‘ Number of Causes of Impairment Reported

10913

Metals (other than Mercury)

Nutrients

—

7,003

Organic Enrichment/Oxygen Depletion

Sediment

=

6,271

Polychlorinated Biphenyls (PCBs)

Mercury

I

5,782

pH/Acidity/Caustic Conditions

Cause Unknown - Impaired Biota

=

3,386

Turbidity

Temperature

T

Pesticides

—E




National Cumulative TMDLs by Pollutant
This chart includes TMDLs since October 1, 1995.

Description of this table

NOTE: Click on the underlined "Pollutant Group” value to see a detailed list of pollutants. Click on the underlined
"Number of TMDLs" value to see a listing of those TMDLs for the pollutant Group.

Number of Causes of
Impairment Addressed

Pathogens m 9,368
Metals (other than Mercury) |_Lﬁ 8,145
Mercury - SEIN 6,978
Nutrients |-1& 5,608
Sediment e 4,102
Organic Enrichment/Oxygen Depletion |-LM 2,021
Temperature M 1,854
pH/Acidity/Caustic Conditions e 1,854
Salinity/Total Dissolved Solids/Chlorides/Sulfates ’il.ﬁ 1,595

Ammonia | 1,084 1,147
Turbidity rl 049 1,185
Pesticides | IE 1,064

Pollutant Group ‘ Number of TMDLs




Some Catchment Basics

* FIOs have multiple sources

— Livestock are important
 Rivers after rainfall similar to treated effluent

— Treated effluent is often disinfected

— Intermittent discharges are rarely
measured — hence an unknown input?

* FIO flux is highly episodic

— Rainfall driven / system breakdowns



Faecal indicator sources

Faecal E. coli E. coli

production per g load (per
Creature | (g per day) | faeces day)
Human 150 1.3x10’ 1.9x10
Cow 23600 2.3x10° | 5.4x10°
Hog 2700 3.3x10° 8.9x10”
Sheep 1130 1.6x10" | 1.8x10™
Ducks 336 3.3x10” | 1.1x10™
Turkeys 448 3.0x10° 1.3x10°
Chickens 182 1.3x10° 2.4x10°
Gulls 15 1.3x10° 2.0x10°

| |



FIO Loading

(some ‘ball-park’ calculations)

100 sheep = 1000 people

* Sewage treatment

— = 1000 fold reduction in FIO concentration
— I.e. reduces 1,000,000pe to 1,000pe

HENCE

* 1,000,000 people = 100 sheep in terms
of approximate loading to the catchment
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One Example

New EU standards for bathing waters

will be In force by 2015 with the first
sampling 2012.

. These standards are tighter and will

result in fewer Blue Flag beaches
throughout the EU



What is the new approach?

3. The WHO have called for real-time
prediction of bathing water quality

AND

4. Provision of real-time information to
the public as a foundation for publlc
health protection ~ :




COSTS £m

1542 2415
3378 2375

NPV of total benefits NPV of total costs

0 9-14

1104-1923 3163-4838 ~Good
1638 -3497 499407818 Excellent
2215 2530-3846  One event
2215 1621-2443 Three events
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What is the result?

5. With ‘real time prediction’ we can
protect the health of bathers and
enmaintain present levels of blue flag
beaches

6. The approach is an ‘option’ not a
regulatory requirement and is outlined
in the EU Bathing Water Directive
(20006)



What do we need to deliver?

» Black-box models
— Advisory notices — sample discounting
— Essential to keep the ‘Blue Flags’

* Linked catchment and near-shore
models that work

— i.e. ‘Predictive’ not just ‘Protective’
e Scheme design and investment
 Prediction at difficult sites







Scottish Approach

SEPFA
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Problems

e Model calibration data
— ‘Bathing Day’ is the modelling unit

— Spot compliance samples provide the
calibration data

 Diurnality introduces random variation and
Increase model error reducing explained
variance

* Censored data (< and >) and measurement
iImprecision in cfu and/or MPN counts would
further reduce model utility



18 24
r's from 05_:

O 2
ST 1/7/2008

Portelet

urs from 05:0
N.

—+— Faecal coliforms

| —* Enterococci

— Tide height
~ Night time

G Guideline:

100 cfu/100 ml*
| Imperative:

2000 cfu/100 miT
* both parameters
T Faecal coliforms




Solutions

* Characterise the ‘bathing day’ water
quality for model building
— multiple sampling events during daylight
» 07:00 to 19:00

— Measure FIOs with enhanced accuracy
through the bathing day
 Triplicate enumeration / >100+ml filtered






How to do it

Programme of new field investigations to
drive model development















BRIV |




Carmarthen Bay example

High flow Presumptive
Escherichia coli load
(per second):

Sewage Rivers
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i Carmarthen Bay example
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® WwTW Outfall

Microbia
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Does It ha
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i \*‘\} Cayton Bay
Image NASA =4 =
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® WwTW Outfall
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Source

Total Bacteroidetes (—)

100mil
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Discharge {m? s
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Faecal coliforms
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: ")
eroide once

Crude sewage; Secondary ireated: UV dlainfected: * Secondary treated sewage mean significantly diffarant to crude sswage

® mean 4 mean 4 mean ** UV disinfected sewage mean significantly different to secondary treated sewage
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In general, Human dominance
iIndicated at all beaches...

South Bay compliance
North Bay South Bay RNLI slipway point Cayton Bay

= Dominance of human (pink)

HUMAN
MIXED -
RUMINANT AN
HUMAN MIXED MIXED
no data MIXED HUMAN -
HUMAN HUMAN
HUMAN HUMAN HUMAN
HUMAN HUMAN
MIXED HUMAN
HUMAN RUMINANT HUMAN o
HUMAN HUMAN
e Some samples negative for
HUMAN HUMAN
HUMAN HUMAN HUMAN
MIXED HUMAN HUMAN O/
MIXED! __—THUMAN
i = specific markers - low recove
HUMAN HUMAN —
HUMAN MIXED HUMAN
HUMAN MIXED HUMAN

e e of general marker from all the

HUMAN HUMAN .
HUMAN HUMAN
samples (i.e. <200,000
HUMAN MIXED HUMAN L] L] ,
MIXED
MIXED
MIXED MIXED HUMAN HUMAN
MIXED HUMAN HUMAN
HUMAN HUMAN ‘ L) L] ’ [ ]
HUMAN HUMAN HUMAN MIXED
I Some ‘flipping’ to ruminant
MIXED
HUMAN HUMAN
HUMAN HUMAN
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HUMAN HUMAN HUMAN HUMAN
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HUMAN 42 38 39 40
RUMINANT 0 1 3 0
MIXED 11 10 9 10
I — E £ E threshold
0 |2 1 [0
Human= Human >90% of both markers
i i >90% of both markers
Mixed= Human/Ruminant 10-90% of both markers E
Absent= Human and i markers absent.

Blank = Specific markers <1% total Bacteroidetes. Box coloured according to presence/absence
of markers (i.e. pink = Human only, green = Ruminant only, grey = both present (mixed), white
=<200,000 total Bacteroidetes in sample and/or human/animal markers absent
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® WwTW Outfall

Offshore sample points
(indicative only)
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SOUTH BAY RNLI BLIPWAY

Faecal coliforms {(—)
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Implications.....

« Samples from a single point do not adequately
characterise a body of water due possibly to:

* random variablility in the method result

* The lack of correlation with FIOs is concerning
suggesting that the MST signal does not reflect the faecal
Indicator inputs

Recommendations.....

Multiple (several 10s) bathing water samples
through a range of conditions required to establish
human/ruminant balance
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| Waterford constructed wetlands - Presumptive E. coli

Base flow:
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Uncertainty and opportunity

1. How do we characterise the ‘bathing day’ for
predictive ‘black-box’ models?
I. Compliance data does not do this because of
diurnality, usage patterns and pollutant inputs
2. How long do FIOs live in near-shore waters: it varies
with irradiance , temperature, predation etc etc!
I.  Present models assume single day and night Tg,
values
Ii. Real-time Ty, data is sparse but essential for
predictive process-based models












Further information, reports and papers

http://www.ies.aber.ac.uk/en/staff/subpages/research/101

or email to

dvk@aber.ac.uk




