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MICROBIAL WATER QUALITY: A GLOBAL PROBLEM

= Faecal pollution is a major threat to water quality worldwide. Human health
risks occur through contact recreation/consumption of contaminated shellfish.

= Waterborne diseases are responsible for 2 million deaths each year (WHO).

= In New Zealand, poor microbial water quality affects bathing waters/shellfish
harvest areas.
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HEALTH RISKS

Pathogen | Disease |
Bacteria
Ezcheniciia ook Gastrootteritis

(antarcpathogenic)

Realicobaciar pyion

LGastritis

Legromalia poedmophila

Liegicmellasis

Leplospira

Leplospirosis

FSatidomonas

Irifactans In immung
Gompromiged
individuals

Salrmonela frofi

Typhoid faver

Shigelia

Shigellosis

Vibrio chiclaras

Chilara

Yersinia enfaroiiica

ersinosis

Protozoans

Balanticdium ol

Balanlidiasis

Cryplosponioiim

Cryplosporidiosis

Ertamonta hestalyiica

Amoekiasis (amoskic
dysantary)

Giardia lamisia

Giardiasis

MNaaghara fowlarn Amoalee meningo
ancaphalilis

Viruses

Adenovirus (31 types) Respiratory disease

Asirovirus

Gastroenteritis

Entarovirus (67 tyoes. a.9. polia,

echo and Coxsackia viruses)

Gastrosnterits

Hepalilis A and E

Inlaclious hepalitis

Marealk- and Sapporo-like
Winesas

Gastroenteritis

Raowvirus

Rotavirus

Source: LISEPA 2001 .

Gaslroenteritis
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FROM MICROBIAL CONTAMINATION

SANITATION
BARRIER

PRIMARY
ROUTES OF
FECAL-ORAL
DISEASE
TRANSMISSION
AND
PROTECTIVE
BARRIERS

HYGIENE
BARRIER 7
. _x
SAMITATION HYGIENE
BARRIER BARRIER

Relative risks associated with pathogen groups:

Excretion Persistence Zoonotic

in faeces

Pathogen Potency

group

Bacteria High Low Medium High

Protozoans Medium Medium Medium/ High
High

Viruses High Medium High Low

Source: Aw (2018)



SANITARY SURVEYS: A RISK MANAGEMENT TOOL

The purpose of the sanitary survey is to identify and document sources of
microbiological contamination affecting recreational/shellfish waters.

Provides a measure of health risk together with: dentiind 1 sormpeent
autharity?!
= Monitoring of microbiological contaminants/other ﬂ
quality parameters e ataton”
» Classification of the ‘sanitary’ status of the waters ﬂ
Undertake shoraling
Components of the survey: survey

» Shoreline survey

= Survey of the microbiological quality of the e P Bacierloic
Wa.te rS ” necessary?
= Assessment of the effect of meteorological, v ﬂ
hydrodynamic and geographic factors
- S 1 1 H Feview results Emr!fjm primary
ampling plan (shellfish growing waters) == | sanitary survey report
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TECHNICAL GUIDANCE: RECREATIONAL WATERS

Guidelines for
safe recreational water
environments

VOLUME 1
COASTALAND FRESH WATERS

'\/\/\/\/\/\/‘/\/\/\/\/\/\/\/\/\/\/\/

follow-up”, ‘good™ or

Microbiological Water Quality
Guidelines for
Marine and Freshwater Recreational Areas
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Is the water body used for contact recreation? NO #|  Unclassified (reassess if usage changes)
YES
Sanitary inspection catego Microbial water quality assessment
i.e. identify potential sources of taecal Trend analysis
pollution and assess their risk Acquire new data
451 4.5.2
NO NO
Classification of Is the microbial water quality reflected Classification of

by the sanitary inspection and vice versa?

‘fallow-up'!, ‘good? or

“fair?in Table 4.12 As.] ‘fair? in Table 4.12
46.7 463 46,2 463
YES
L J
Classification
&6
Very good Good Fair Paor Very poor
Water subject to occasional and
predictable deteroration®*
v ¥ v
Advisories

and Very good (but unsuitable
upgrading | for several days after rain)
464

Good (but unsuitable for
several days after rain)

Fair (but unsuitable for
several days after rain)




TECHNICAL GUIDANCE: SHELLFISH GROWING WATERS

TECHNICAL GUIDANCE
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e  Overview of bivalve mollusc fishery
e  Fishery
=  Location and extent
=  Bivalve species
=  Aquaculture or wild stocks
®*  Production area or relay area
= Seasonality of harvest
= Harvesting technigues
=  Any controls under other legislation
¢ Location, size and treatment level of human sources of contamination
e Location and estimated volume/load of agricultural sources of contamination
¢  Significant wild animal/bird populations
¢ Maps, seasonality effects, for these factors
» Records of shoreline surveys
e Hydrography/hydrodynamics
* Analyses of historical microbiological data
e Records of bacteriological survey results
* Assessment of effect on contamination of bivalve molluscs

The outcome of the sanitary survey determines the content of the sampling plan in terms of the
number and location of representative sampling points and the frequency and timing of sampling.

Source: Cefas (2017)



SANITARY SURVEYS FOR SHELLFISH GROWING AREAS

Study to identify factors that resulted in failure to prevent norovirus contamination

of oysters in growing areas
Re-analysis of 8 cases from 5 growing areas Human Enterlo Viruses in Shellfish at Harvest

Case Studies of Oyster Growing Areas Implicated in
Norovirus lliness Events

Sources of information:

= Sanitary survey reports

= Epidemiological reports

= Reports of growing area investigations
= Correspondence | Acuntle omeats L

= Monitoring data L
= Meetings with food authorities, Councils, industry.

DarotfryJoan & Associates Lid
&

Anthany Zamvavt
Wese Soutly Falkes Food Aumonty

Aad 2013

Conclusions:
» The way FIOs are used in the programme fails to predict NoV risk.

» Sources of contamination were acknowledged in the sanitary survey report,
but significant details had not been thoroughly investigated/assessed.
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WIDER WATER QUALITY MANAGEMENT EFFORTS

= Sanitary surveys are only one part of a water quality management plan.

= Components of a management plan:

> RIisk assessment of the shoreline and
catchment area

» Water quality monitoring plan

> Naotification plan to communicate risk
levels to the public

» Regulatory/community action plans to
protect/improve water quality
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WATER QUALITY PROGRAMMES AT RECREATIONAL WATERS
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SOURCES OF MICROBIOLOGICAL POLLUTION

= Terrestrial sources produce highly variable contaminant loads.
= Rainfall events generate the transport energy to deliver microbial inputs.

= In the nearshore zone, hydrodynamic processes dominate microbial transport.

%T PT?

Livestack fc<cs

Overboard
discharges ﬁ >
! ¥

Runoff from
impervious surfac

Combinedsewer Bird droppings e ? ———

overflows " — T

Swimmers

Vessel sewage discharges

» Phased approach to survey - focus on problematic areas.

. %AWTI:IROQI = Targeting human sources often results in measurable water
o quality improvements.



POLLUTION SOURCE IDENTIFICATION AND TRACKING

@ CAWTHRON
C

INSTITUTE
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MICROBIAL SOURCE TRACKING (MST) TOOLS
FOR WATER QUALITY MONITORING

Sensors/video surveillance
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CATCHMENT POLLUTION SOURCE APPORTIONMENT

Base flow High flow
Log 4o P {cfu 100 mi 7 Log 4 FE [chu 100 ml )
2.00 - 2,50 3.0 - 3,50 o
2,51 -2.75 {\- 151 - 3,75 Sl
.76 -3.00 | 376400  oEr
B 501395 B 401 . 426
.l. = 325 ll. =4 26

Source: Kay et al. (2010)

Flows Faecal indicator bacteria
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Storm ‘e %, 550 J%‘
Tank AO Z G‘i— FET
2 * Wet
cs0 Rural
Storm
Rural Tank
€SO

Source: Stapleton et al. (2015)
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WASTEWATER DISCHARGES IN NEW ZEALAND

= Detailed information on WWTP performance is lacking

= Government has proposed targeted reforms to improve the regulation and
performance of wastewater and stormwater systems

Qualitative risk assessment:

Type of Qutfall

Direct®

Short®

Long/Effective”

Treatment {Discharged dirackly [Discharges within {Discharpged several
[Howe is wastewater treated before being ta recreational inter-tidal zone, kilometres offshore,
discharged into alfshare?) wiater body or significant sufficient length and
ad Jacenl areqd) protabilily of fdeplth Lo ansurea Lo
J sewage plume probability of sevwage
reaching plume reaching
recrealional waler recreational waler
s (clungton body) body)
.'.. 1 o Mo treatment {raw sewage) Yery High High Ha
L . ® Preliminary (filtration with milli- or micro- Yery High High Lonw
m-:w ZEAMND screens) _ _ _ _ _
Primary (physical sedimentation) Yery High High Lo
e 'Q. Secondary (primary + trickling High High Lo
\. filter{ activated sludee)
&: Secandary + disinfection [primary « thickling Moderate Moderate Yery Low
F filteriactivated studee + disinfection)™"
Tertiary {secondary + coagulation-sand Moderato Modeorate Wory Low
filtration)
Tertiary + disinfection (secondary + Wery Low Wery Low Yery Low
coagulation-sand filtration + disinfection)
Lagoons (low-rate biological treatment) High Hizh Lo
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Source: WHO (2010)




FAECAL INDICATOR BACTERIA AND NOROVIRUS IN SEWAGE
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MICROBIAL LOADING AND ATTENUATION IN FARMS

Faecal E. coli/g E. coli
production faeces load/day
(g/day)
Human 150 1.3 x 107 1.9x10°
Sheep 1,130 1.6 x 107 1.8 x 108
Cow 23,600 2.3x10° 5.4 x 10°
Gull 15 1.3x108 2.0x10°
Duck 336 3.3 x 107 1.1 x 1010

Sources: Geldreich (1978); Ashbolt et al. (2001)

.....
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FIO attenuation for six farm

management practices:

|{Jg_":I attanuation

. i
—1 | L |
13 30 99 2 58 B n
T T
Ponds VTAs Cis Wis WBSs I15Ps
Bast managamant practice (BMP)
P admum
* Complete removal FAzcizn Tbumgwaem rarge

T = number of obsarvations T Rk

BMP [number of data sets):
Ponds: Farm and sewage treatment ponds (d)
WThs: Vegetative treatment areas for feedlot runoff {18)

CWs: Constructed watlands, including sawage traatmant systarms (37)

WiCs: Woodchip corrals (2)

VBSs: Vegatated buffar strips, including riparian buffer strips (448)

1SPs: In-stream ponds (3)

Source: Kay et al. (2012)



INTERMITTENT DISCHARGES
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WASTEWATER TREATMENT UPGRADES
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FORECASTING OF MICROBIAL RISKS IN COASTAL WATERS

Remote sensing

Hydrodynamic
modelling
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Catchment-to-coast modelling

5: Bacteria inputs and
transports

Bacterial loads for
rivers

Bacteria die-off
into ERCore

(" 1: Compile existing datasets )
Gouncil data on Data from buoys,
river flows, water satellite imagery,
L quality surveys, etc.
] \
f 2: Catchment modelling \\
Weather models
3: River plume
experiment for ; LII TELE
validation Real-tir_m
Field Experiment \_ LIZE LS y
Va\id:atiun River flow forecasts
M ¥
4; Hydrodynamic modelling
Boundary
conc_!morlss fro: ! 6: Bacteria testing for
regional scal iy
ROMS model Coastal , validation \fr?,l' d E}!I 9,”
3 nydrodynamic Field sampling
~ model
Weather models -
= Coastal Val\diat\on
: Bactenial loads
hydrodynamics

7: Operational Tools

Models integrated
into forecast
system

Outlume

Refined criteria
and daily
forecasts lead
to reduced
closures

Discharge plumes
and illness risk




CONCLUSIONS

= Sanitary survey is a risk assessment tool with public health and regulatory
management benefits.

= Sanitary survey reports contain qualitative/quantitative information on pollution
sources, microbial levels and environmental pathways.

= Technical guidance (for recreational/shellfish waters) facilitates implementation
and greater harmonisation of assessment procedures.

= A sanitary survey is not a ‘linear process’.

= Sanitary surveys can help inform pollution reduction programmes and support
more effective management of water resources.
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KNOWLEDGE GAPS

= Characterisation of point- and non-point sources of fecal contamination and
associated health risk.

= Fate, transport and persistence of novel indicators and pathogens in sewerage
systems/receiving waters to better inform monitoring programmes, risk
assessments and discharge consenting.

= Development of monitoring tools to characterize lag times, tipping points and
distinguish unusual changes from normal variations.

= Microbial risk communication strategies for ‘at risk’ populations.

= Associations between viral indicators and disease.
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