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Estimating the Universe of Pathogens

Known

— Viruses
+ Hepatitis
« Adenovirus 12
« Norovirus
— Bacteria
« Salmonella spp. (to include S. enterica)
 Escherichia coli
« Enterococcus spp.
- Campylobacter spp.
— Parasites
 Giardia
« Cryptosporidium
Emerging
— Bacteria strains:
- Escherichia coli [enterohemorrhagic / shiga-toxin]
- Antibiotic-resistance / Horizontal Gene Transfer
— Viruses
- Ebola




Size of Microbial

Pathogens

Typical Bacterial Pathogens
- Giardia12-15 um

- Crypto 5-7 um

- Bacteria 1-5 um

« Virus 0.02 -0.3 um

Compare:

* Human hair 80 um
* Smallest visible 40 um
* Red blood cell 4 um

Giardia lamblia
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Prior to
the Clean
Water Act




Statute

« Clean Water Act (CWA)
« Enacted October 18, 1972 (PL 92-500)

» Section 405 sets the framework for
sewage sludge regulations (i.e., Part 503)

- Requires EPA to establish standards
for proper treatment, use and
disposal of sewage sludge

- Also requires EPA to conduct
biennial reviews to determine if
additional pollutants should be
regulated
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40 CFR Part 503 o
SEPA  APlain English Guide
. . to the EPA Part 503
Self-implementing rule Biosolids Rule
Federally enforceable without a permit
THE
Minimal standards for use or disposal D_ @{‘?ﬁm
o

States have adopted Part 503

or something more restrictive
Typically, additional requirements address environmentally
sensitive areas (e.g., shallow ground water)

Nine states formally delegated (SD, UT, OK, WI, TX, AZ, OH, MI, ID)

Choice of use or disposal practice is a local decision

Effective management practices
help support the needs of local communities

Renewable resource

- Too valuable to waste
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Apply biosolids at or below the
agronomic rate

No harm to endangered or
listed species

Should not apply
biosolids to flooded,

frozen, or snow-covered
land

10 meter (33 feet) buffer
to U.S. waters

40 CFR Part 503

General Requirements

Reporting Pollutant Limits

Recordkeeping

Biosolids Operational Standards

Frequency of

Monitoring Total Pathogen
Hydrocarbon and Vector

Management or Carbon Aftraction

Practices Monoxide Reduction
{Incineration § (Land Applicati
Only) and Surface

Disposal)

Figure 1-1. What a Part 503 standard includes.




T — 40 CFR Part 503 Subpart D
Pathogens / Indicator Organisms

Microbial standards

Technology based
Salmonella sp.,
fecal coliforms
enteric viruses
viable helminth ova

Class A:
Biosolids are treated and considered to be pathogen free
Can be distributed to the public or land applied without restrictions

Class B:
Sewage Sludge not treated as extensively as Class A
Biosolids are not pathogen free
Can only be land applied with site restrictions
Can’t be distributed to the public
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Employ one of the following examples:

* Biological processes that break down volatile
solids, reducing available nutrients for microbial
activities and odor producing potential

» 38 % VS reduction via treatment

* Chemical or physical conditions that stop
microbial activity
» Alkali to raise pH to at least 12

* Physical barriers between vectors and volatile
solids in the sewage sludge
» Soil barrier
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Pathogen Destruction / VAR Order Class A
Materials

* VAR must occur
SIMULTANIOUSLY or AFTER
Pathogen Destruction

» Currently No VAR Equivalency —
must meet one of the 12 listed
= alternatives
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Pathogen
Reduction
Requirements

* Indicator Organisms
» Fecal Coliform

Fecal Coliforms —
« Salmonella Ferments Lactose at 44.5°C
athogenic Generally, originates from the
P g
E t . V intestines of warm-blooded
C nieric virus T
(pathog eni C) Al E. coli, Klebsiella pneumoniae,
. . Citrobacter freundii, and certain
. 2/|at)rlle Helm )I nth Ova Enterobacter spp.
patnogenic

E. coli— pathogenic
and
non-pathogenic




Class A Materials

- 6 alternative treatment processes to achieve Class A for
pathogens

- Specific requirements with respect to bacterial monitoring must
be met for Class A material regardless of what alternative
methods are employed

—Fecal coliform density <1,000 MPN/g dry solids or
—Salmonella density <3 MPN/4g dry solids

- Additional pathogen requirements for alternatives 3, 4, and 6
—Enteric Viruses <1 pfu/4g dry solids
—Viable Helminth ova <1 ova/4g dry solids
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Summary of the 6 alternatives for Class A Pathogen Requirements

Alternative 1: Thermally Treated Biosolids Biosolids must be subjected to 1 of 4 time and temperature
regimes

Alternative 2: Biosolids Treated in a High pH — High Biosolids must meet specific criteria with respect to pH,

Temperature Process temperature, and air-drying

Alternative 3: Biosolids treated in other processes Process must show ability to reduce enteric viruses, viable

Helminth ova, along with maintenance of operating conditions

Alternative 4: Biosolids treated in unknown processes | Biosolids are tested for all pathogens and meet fecal coliform or
Salmonella requirements at the time of use or disposal

Alternative 5: Biosolids treated in a PFRP Biosolids must be treated in one of the processes to further
reduce pathogens(PFRP)

(composting, heat drying, heat treatment, thermophilic aerobic digesting, beta ray,
gamma ray irradiation and pasteurization)

Alternative 6: Biosolids treated in a Process Biosolids must be equivalent to one of the PFRPs as
Equivalent to a PFRP determined by the permitting authority
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Pathogen Equivalency Committee (PEC)

* Created in 1985 to provide technical expertise to permitting
authorities on PFRP/PSRP Equivalencies

« 8 members with direct or

related expertise and diverse
Pathogen ) :
Equivalency Committee points of view

f Center for Disease
([ Control & Prevention

. (CDC)
— National Institute of
Occupational Safety &

— N'é'ﬁg#QI Center for
Environmental Health

Office of
Research &
Development

— Center for
Environmental
Measurement and

Office of Science &
Technology

v Microbiology

— Office of Wastewater

Modeling Management v Vi rology
— Center for Environmental v ParaS|tO|Ogy
Solutions and Emergency v Medicine

Response(chair)

v Engineering
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Summary of the 3 alternatives for Class B biosolids with respect to

pathogens
Alternative 1: The monitoring of Fecal coliform densities must be less than
Indicator Organisms 2 million MPN or CFU/ g total solids at the

time of disposal

Alternative 2: Biosolids treated in a One of the following treatments must be
process to significantly reduce used on biosolid material: Aerobic
pathogens(PSRP) digestion, Air drying, Anaerobic digestion,
Composting, and Lime Stabilization
Alternative 3: Biosolids treated in a Biosolids must be treated in a manner that
process equivalent to a PSRP is equivalent to one of the PSRP’s in Alt 2

as deemed by the permitting authority
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Site Restrictions for Land
Application of Class B Biosolids

FOOD CROPS WHERE HARVEST PARTS

RESTRICTIONS

FOOD HARVEST CAN'T OCCUR UNTIL 14 MONTHS AFTER LAND

TOUCH BIOSOLID MATERIAL

Food crops with harvested parts below the land
surface

Food crops that do not touch the biosolid
surface, feed crops, and fiber crops

Animal Grazing

Turf Growing

Public Access

APPLICATION (LA)

*Harvest can’t occur until 20 months after LA in situations where the
biosolids remain in contact with the soil surface for 4 months or longer

*Harvest can’t occur until 38 months after LA if biosolid material is
incorporated into soill

Harvest can’t occur for 30 days after LA

Grazing can’t occur for 30 days after LA

Turf can’t be harvested until 1yr after LA, unless otherwise deemed by
permit authority

Public access is restricted for 1 yr following LA where the site has a high
potential for public use, and 30 days for LA with a low public use potential
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Important Process Considerations!

T
S

Class A
Treatment

~
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Class B
Material /
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Presenter
Presentation Notes
The regulations are specific to the methods that must be used for microorganisms in biosolids.  You can find these in the federal register as well as in the white house document


Target Indicator | EPA Methods / Standard Holding time
References Methods

Fecal Coliforms  EPA 1680/1681 SM9221 CE 8 hours Max
Class A EPA/600/8-78-017 2006 unless material is
(MPN method composted then
only) can hold 24 Max
Fecal Coliforms EPA1680/1681 SM9221CE 8 hours Max
Class B EPA600/8-78-017 SM 9222 D unless material is
2006 aerobically or
anaerobically
digested
Salmonella EPA 1682 8 hours Max
Class A only

https://www.ecfr.eov/cgi-bin/text-
0 idx?SID=748055e141fdd87cb0aef5a78acdad4d09&mc=true&no
de=pt40.25.136&rgn=div5#se40.25.136 13



https://www.ecfr.gov/cgi-bin/text-idx?SID=748055e141fdd87cb0aef5a78acda409&mc=true&node=pt40.25.136&rgn=div5#se40.25.136_13
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I

Assessment of the Effects of Holding
Time on Fecal Coliform and Salmonella
Concentrations in Biosolids

HOIding Time August 2006
References

23 - - . . . .
~“Sample analysis should begin as soon as possible after receipt; sample incubation must be started no later
than 8 hours from time of collection.

“3Far fecal coliform samples for sewage sludge (biosolids) only, the holding time is extended to 24 hours for

the following sample types using either EPA Method 1680 (LTE-EC) or 1681 (A-1): Class A composted, Class B
aerobically digested, and Class B anaerobically digested.
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Enteric Virus and
Helminth Methods

Appendix H
Method for the Recovery and Assay of Total Culiurable Viruses from Sludge

1. Introduction

1.1. Scope

This chapier describes the mefiod thal must be
fioilcwed i0 procune Clacy A Siudge when vis monRtioring
wnger 40 CER Par ST s requires. The meathod s oesigned
o demonsiafe Saf siopes mest Mie eguiemes Hat
hurman erferic winses e, wises faf ar ransmiien vie
the: feca-oml mute) o jess thar one pague-baming und
{PRLT) per & g -ofiotal dry sollds,

1.2. Signincance

Lion= fhary 700 diferend species of paffopenic human
e v es My O present aw Sudpe.  The orecencs
of e winses Can Coause hepatlls pasroenissds and
AUTETTUS offer diseroes. Henatls A wins and nonmainses
ae Me prioary human viel pathogens of concem, bDue
standan’ methods for fheir (molatinn and defscion have not
baan gevelopen. The method' cefabisd i ths Chapber
defects dofal cuforabls weses witicly primanly inciade e
human enfeTvILSE S (5.0, PoloWIEeS, CONSaOReVITReS,
achowiises) and memdnmes.

1.3. Safery
The Shoepess o be monioesd may comisin athogen'c

hurrmmn srderds drscese [ ahersdnrise ecdsenine i e ansoe

sl ederrmination a5 describen in secfon 3 The remain-
ing portion Is held af 4°C while Fe soiids defermination 5
being pesdformed or frosen for Laer provesting iFihe ancay
cannof be intafed within 8 hours.

P fhawing bicsoilds may result b some vilus

3. Determination of Total Dry Solids®

A.1. ‘Weigh a dry weighing pan Tt Fas be=n heid in a2
desiccator and |5 at & constant weighl. Flace the 50 L
sludge portion for solids defermination o Fe pan and
wEigh >3

A.2. Fiace ths pan and Bz combeis Imio an owen main-
Mined af 1031050 Tor af least one howr

3.3 Coolthe sampls o room Semperaiune in a desiocalns
and weigh sgain.

d.4. Fepest®e dryiesg (1 hoEsch], cooling and weighing
sheps untl B loss moweight s no more than 4% of e
PrEviOLES weight

3.5 Calruksie e fraction of folal dry soids (T) using Se
formula:

Appendix |
Test Method for Detecting, Enumerating, and

Determining the Viability of Ascaris Ova in Sludge

1.0 Scope

1.1 This tesl method descriibes the detection, enu-
meraion, and delemminatiion of viablity of AsCans ova
In waer, wastewater, Udge. and compost These paho-

 ImeEingl hedminthns ooor In domestic animaks and

The emdnoniment may become comaminaiad
through direct depesit of human of animal feces or
mMmthde?mmm.h
Ing wahers. Ingestion of watsr conzining Imecive As-
CarTS tNa My calse dsease.

1.2 This besst meihod b5 o wasiewaier, 5 , ang
compost. 1 15 the user's responslblity ioensure the va-
lidity of Tiks best method for umesied mairices.

1.3 Trmm-mumncrgmmma

_am:m:mmmr.rmrmmn_mumamne-

42 Descripthons of Temms Spacilc bo This Sian-
danr

421 The nomma nemanode e oydie consists of
u-eeg%uamimgasmuana:m The lanae are
simiar In appearance 1o e adubs; that ks, they ane typi-
calty wormHEe In appearance.

322 Moling [ecayss) of the ouler layer jruick)
talkess place after 2ach ianal stage. Mokting consists of
2 distinct processes, the on Of ME New culic
and e shedding of the oid one or exsheathment. The

cificle ars bo be produced conbruously, even
aault life.

423 A molted culce that 531l encapeulaies 3 lana
Is called a sheaff.

324 Ascand shedls are commonly comprisad
of'l . The outer Bamned, bumpy refermed i
= s fceT 3o and ke ieshil n anifuinn
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. Laura Boczek
Microbiologist
boczek.laura@epa.gov

513-569-7282

The U.S. Environmental Protection Agency, through its Office of Research and
Development, funded and managed, or partially funded and collaborated in, the
research described herein. It has been subjected to the Agency’s peer and
administrative review and has been approved for external publication. Any opinions
expressed in this paper are those of the author (s) and do not necessarily reflect
the views of the Agency, therefore, no official endorsement should be inferred. Any
B ntion of trade names or commercial products does not constitute endorsement

or recommendation for use.
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