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Biosolids in the US

~14,748 wastewater treatment plants (WW
water reclamation facilities, WRFS)

> (2016 US EPA, Clean Watershed Need Survey 2012- Report to Congress)

Serving 238.2 million people

Produce > 8 million tons (dry weight)
sludgel/year

Ps;

Treatment of sludge - 1/3 of total electricity use

of a WWTP



Biosolids

* 55% of biosolids are beneficially used

Monofill, 2% Ot':e"

Yo

Reclamation \
and Forestry, 2%

Agriculture
36%

Class A Products*
1% MSW Landfill

28%

CSS Factsheet, Univ. of Michigan



The role of the US EPA

* Mission
» protect human health and the
environment

- Best scientific information available
- Consulting stakeholders

- Best avallable technologies

- Public comments, public response



Regulatory Framework

* Residuals regulation is governed by
40 CFR Part 503

(Title 40 of the Code of Federal
Regulations)

The Standards for the Use or Disposal of
Sewage Sludge, Feb. 1993, amended
several times



National Research Councill,
National Academy of Sciences

“There is no documented scientific evidence that
the Part 503 Rule has failed to protect public
health.”

“[A] causal association between biosolids
exposures and adverse health outcomes has not
been documented.”

“There are no scientifically documented outbreaks
or excess illnesses that have occurred from
microorganisms in treated biosolids.”



History

Section 405 of the Clean Water Act 1977

Research on risk assessment began in
1970s

Development of 503 Rule began in 1984

Amendments in 1987 — directed US EPA to
research and promulgate regulations for
disposal and use of sewage sludge

503 Rule proposed in 1989
Published in Feb. 1993
Reviewed by NRC, NAS (2002)



40 CFR Part 503

eneral Provisions
Land Application
Surface Disposal
Pathogen Reduction
Vector Attraction Reduction
Incineration

PART 503—STANDARDS FOR THE
USE OR DISPOSAL OF SEWAGE
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Subpart A—General Provisions

§503.1 Purpose and applicability.
(2) Pupose (1) This pant establishes mndard.

standards, for the final use or disposal of sewage
siudge genented dunng the teamment of domestic
sewage in 2 weamment works Stndyds are in-
demmb studze appliad to
the land, plac maarﬁce%spoummwﬁad
i 2 sewage shxige incinerator. Also included in
this part are pathogen and alernative vector atTac-
fion reduction requirements for sewage shdge ap-
pled to the Iand or placed on a surface disposal
site.
").nathdgﬁminnsm:b;mmm
the Sequency of monitorng and recordesping re-
quirements when sewage shadge &5 applied 1o the
land, placed on a swhice disposal site, or fired in

works (POTWs) wnhadsxg:n.‘!mwmaequa.to
or greater thar one million sallons per dav. and
POTWS that serve 10,000 people or mors.
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(3) Thas part applies to the exit gas from a sew-
age siudze incinerator stack.

(4) This pan applies to land where sewage
sludge is applied. to a surface disposal site. and to
a sewage sludge incinerator

§503.2 Compliance period.

{2) Compliance with the standards in this part
shall be achieved as expadiniously as practicable.
but m no case later than February 19, 1004, When
conrpliance with the standards requires constn-
tion of new polluton control faciities, compliance



General Provisions

General Requirements

Reporting Pollutant Limits

Biosolids Operational Standards

v v

Recordkeeping

Frequency of

. Total Pathogen
Monitoring Hydrocarbons and Vector
Management or Carbon Attraction
Practices Monoxide Reduction
(Incineration (Land Application
Only) and Surface

Disposal)




General Provisions

Applies to sewage sludge and septage

Does not apply to grease interceptor wastes,
Industrial sludge, grit and screenings (40 CFR
Part 258 - MSW in landfills)

Monitoring, recordkeeping within 150 days
Within 2 years if need new construction

Annual reporting for > 1 MGD (3.78 MLD) and
> 10,000 people



Land Application

* As fertilizer or soil conditioner, applied
at agronomic rates

* Requirements
» Non Hazardous
» Criteria Pollutants
» Pathogen Content
» Vector Attraction Reduction




To be considered non-hazardous

* Must meet
requirements of 40
CFR 261.

Ignitable
» Corrosive
» Reactive
» Toxic
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Criteria pollutants: ceiling and
“exceptional quality” limits

Ceiling Limits EQ Limits
Table 1 Table 3
40 CFR 503.13 40 CFR 503.13
(mg/kg-dry) (mg/kg-dry)

Arsenic 75 41
Cadmium 85 39
Copper 4,300 1,500
Lead 840 300
Mercury 57 17
Molybdenum 75
Nickel 420 420
Selenium 100 100

Zinc 7,500 2,800



If between EQ and Ceiling Limits, must
track CPLR and APLR

Cumulative PLR
Table 2

40 CFR 503.13

Annual PLR
Table 4
40 CFR 503.13

Arsenic
Cadmium
Copper
Lead
Mercury
Molybdenum
Nickel
Selenium

Zinc

(kg/hectare)

41
39
1,500
300
17

420
100
2 800

(kglyear - hectare)

20
1.9
73
15
0.85

21

140



Annual Whole Sludge
Application Rate

AWSAR = APLR/ (C x 0.001)

AWSAR = dry tons/ha per year
APLR = from previous table, kg/ha per year
C = pollutant concentration, mg/kg

Choose lowest AWSAR out of all pollutants



Pathogen Reduction Requirements

e Class A — below detection limits in 1993
< 1,000 MPN fecal coliform/ g solids (dry); OR
< 3 MPN Salmonella/ 4 g solids (dry)

> 6 Alternatives to achieve Class A

v~ 1. 60 C for > 20 min, other temperature-time
combinations

v' 2. pH > 12 for 72 hours; 52 C for . 12 hours; after which
air-dried to > 50% solids

v 3. <1 PFU enteric viruses /4 g dry solids; AND < 1
helminth ova /4 g dry solids

v' 4. Same as 3, or other processes
v 5. PFRP
v" 6. Processes similar to PFRP



Processes to Further Reduce
Pathogens (PFRP) — Class A

1. Composting - Using either the within-vessel composting
method or the static aerated pile composting method, maintained
at 55 degrees Celsius or higher for three days.

* Using the windrow composting method, the temperature of the
sewage sludge is maintained at 55 degrees or higher for 15 days
or longer. During the period when the compost is maintained at
55 degrees or higher, there shall be a minimum of five turnings of

the windrow.



Processes to Further Reduce
Pathogens (PFRP) — Class A

2. Heat drying - Sewage sludge is dried by direct or indirect
contact with hot gases to reduce the moisture content of the
sewage sludge to 10 percent or lower. Either the temperature of
the sewage sludge particles exceeds 80 degrees Celsius or the
wet bulb temperature of the gas in contact with the sewage
sludge as the sewage sludge leaves the dryer exceeds 80
degrees Celsius.

3. Heat treatment - Liquid sewage sludge is heated to a
temperature of 180 degrees Celsius or higher for 30 minutes.



Processes to Further Reduce
Pathogens (PFRP) — Class A

4. Thermophilic aerobic digestion — Mean cell residence time of
the sewage sludge is 10 days at 55 to 60 C.

5. Beta ray irradiation - beta rays from an accelerator at dosages
of at least 1.0 megarad at room temperature (ca. 20 degrees
Celsius).

(6) Gamma ray irradiation - gamma rays from certain isotopes,
such as 60 Cobalt and 137 Cesium, at dosages of at least 1.0
megarad at room temperature (ca. 20 ° Celsius).

/. Pasteurization - maintained at 70 degrees Celsius or higher for
30 minutes or longer.



Pathogen Reduction
Requirements

* Class B — below detection limits before public

contact (1993 methods), and equivalent to anaerobic
digestion

3 Alternatives

» Alternative 1. < 2 x 105 MPN fecal coliform/ g
solids (dry) (7 samples, geometric mean)

» Alternative 2. PSRP
» Alternative 3. Processes similar to PSRP



Processes to Significantly Reduce
Pathogens (PSRP)- Class B

Aerobic digestion —

» 40 days @ 20 C; 60 days @15 C
Air drying —

» for 3 months; at least 2 months >0 C
Anaerobic digestion —

» 5days @ 35-55 C; 60 days at 20 C
Composting -

» >40C for>5days and 4 hours >55C

Lime stabilization —
» pHto 12 after 2 hours



Site Restrictions for Class B

Food crops
» above ground — 14 months after application

» Below ground — 20 months if sludge
unincorporated for > 4 months

» Below ground — 38 months if unincorporated < 4
months

Feed crops, fiber crops — 30 days
Grazing animals — 30 days
Turf grass — 1 year before harvesting

Public access- 30 days or 1 year depending on
potential for public exposure



Vector attraction reduction requirements are
regulated under 40 CFR 503.33.

Table 2.3 Vector Attraction Reduction Methods

Volatile Solids Reduction by a nuniumum of 38 percent

Volanle Solids Reduction additional testing for anaerobic digestion

Volatile Solids Reduction additional testing for acrobic digestion

Specific Oxygen Uptake Rate (SOUR) equal to or less than 1.5 milligrams of oxygen per

hour per gram of dry solids at 20 degrees Celsius (°C)

5. Aerobic process for a munmmum of 14 days at a temperature of greater than 40°C and an
average temperature greater than 45°C

6. pH of 12 or lugher by alkaline addition. and the mamtenance of at least pH 12 for two
hours without additton of more alkaline material; then pH 11.5 or lngher for an additional
22 hours

7. Atotal solids concentration equal to or greater than 75 percent for a matenial that does not
mclude unstabilized solids generated m a pranary treatment process prior to muxing with
other matenals

8. A total solids coucentration equal to or greater than 90 percent for a material that contains
unstabilized solids generated m a primay treatment process prior to mixing with other
matenals

9. Tmection of hiquud biosolids below the land surface

10. Incorporation of biosolids that have been surface applied or placed on a surface disposal
site withm 6 hows after application to or placement on the land

11. Biosolids placed in an active disposal unit shiall be covered with soil or other material at
the end of each operating day

12. The pH of domestic septage shall be raised to 12 or lugher by alkaline addition and,

without further alkaline addition, remain at 12 or higher for 30 minutes.

L O

-




Biennial Reviews

 CWA (Section 405) requires review
every 2 years

» Toxicity

v Reference dose, reference concentrations,
cancer slope factor, lethal dose, lethal
concentrations, chronic endpoints

» Acceptable concentration data
» Fate and transport data



2003 Review

803 chemicals found in sewage sludge
Sufficient data = 40 out of 803

Potential risk to human health and
environment = 15 out of 40

Exposure and hazard assessment =9
out of 40



Table 2. Selected Chemicals Evaluated in the Literature Search

2005 " Chemical CAS Registry Number

Metals
- Antimony’' 7440 36-0
Review o 0409
| Beryllium* | T440-41-7
Cobalt™ T440-48 -4
¢ EPA :Imn" 7439-89-6
. Manganese® 7439-96-5
examined  voybioun (743998
Silver* T440-224

137 ' Thallium® | 7440-28-0

Polyeyelic Aromatic Hydrocarbon

chemicals  sewowpyae | 50-32-8
F luoranthene* 206-44-0
° Updated 2-Methylnaphthalene' 91-57-6
' Pyrene* - 129-00-0
I " S emi-volatiles
|nf0rmat|0n Bis(2-ethylhexyl)phthalate” 117-81-7
4-Chloroaniline* 106-47-8
for 19 .llll-l'gj.lir lons |
Fluoride’ 1 6984 -48-8
Mirate* 14797-55-8
Nitrite* 14797-65-0

Phosphate (total )* 14265-44-2




2007 Review

Table 2. List of Pollutants Evaluated During 2007 Biennial Review
with Human Health Benchmarks

Constituent Name CASRN IRIS or OPP' Class
Aluminum 7429-90-5 metal
Bisphenol A 80-05-7 IRIS plasticizer
Cobalt 7440-48-4 metal
Cresol, p- (4-methylphenol) 106-44-5 IRIS preservative
Phenanthrene 85-01-8 PAH
Phosphorus 7723-14-0 IRIS nutrient
Triclosan 3380-34-5 OPP disinfectant

1/ EPA’s Integrated Risk Information System (IRIS) or EPA’s Office of Pesticide Programs (OPP). If
* But no source concentration, ecological factors, fate and
transport data



2009
Review

14 chemicals

with human
health
benchmarks

« 35 chemicals

lacking HHB
data

Table 2. Pollutants Evaluated During the 2009 Biennial Review

With Human Health Benchmarks

CAS
Constituent Name Number Class
17B-Estradiol 50-28-2 hormone
Chlortetracycline 57-62-5 antibiotic
Decabromodiphenyl ether | 1163-19-5 | PBDE
Erythromycin 114-07-8 antibiotic
Lincomycin 154-21-2 antibiotic
Oxytetracycline 6153-64-6 antibiotic
Pentabromodiphenyl ether | 32534-81-9 | PBDE
Progesterone 57-83-0 hormone
Sulfamethazine 57-68-1 antibiotic
Testosterone 58-22-0 hormone
Tetracycline 60-54-8 antibiotic
Triclosan 3380-34-5 antimicrobial
Trimethoprim 738-70-5 antibiotic
Virginiamycin 21411-5340 | antibiotic




2009
Targeted
National
Sewage
Sludge
Survey

Table 4-2. Nationally-Representative Estimates of Detection Percentages in

Biosolids for Analvtes Included in the In-Depth Statistical Analysis

Amnalyies Deetection Percentage
Barum 100%a
Berylliom 0F 3%
e \Manganess 100%
hinlybdemom 1007
Silver 1007
4-Chlorcaniline T4 4%
PyTene B4 0%
Classicals HNitraie/Mimite 10:a
BDEAT 100
BDE-9% 100
FEDEs BDE-153 100%
BDE-1% 0F 3%
4-Epiteiracycline (ETC) 260
Carbamazepine Q0%
Cmetidine B0 0y
Ciprofloxacin 100%a
Driphenbrydramine 1007
Pharmacenticals - .
Enythrommycin-Total 92 0P
Fluoxetine 26 1%
Mhicomazale 85 8%
Ofloxacin 08 3%
Tetracycline (TC) 97 %%
Triclocarben 1007
Triclosan o2 4%
Beta Stigmastanol &8 5%
Campesternl 10%a
Steroids and Cholestanal IDD".-{E
H Cholesterol 05 0
Coprostanal 100"
Epicoprostamol 98 5%
Stizmasterol 1%




2009
Targeted
National
Sewage
Sludge
Survey

Table 4-3. Nationally-Representative Estimates of Detection Percentages in

Biosolids for Analytes Not Included in the In-Depth Statistical Analysis

FBDE:s

Deetection Detection
Amalyies Percentage Analytes Percentagze
Ahrrnimm 100%% Dlercary 100%
Amntimemmy BT 8% kel 100%%
Arzenic 10080 Phosphoms 100%%
Borom 97.1% Selenimn 100%%
Cadmium 10085 Soditzm 100%%
Calcium 10080 Thallium 94 1%
Chromium 1008w Tin 94.1%
Ciobalt 1008w Titanium 98 5%
Copper 100% Vanadim 100%
Irom 1008w Yirimm 100%%
Lead 1008w Zinc 100%%
Masmesium 1008w
2-Methylnaphthalens 4009% Bis(2-etiryThenyT) 100%%
Benzofa jpyTene T11% phthalares
Fluoride 10080 Water-Exiractable 100%%
Phosphors

BDE-2E 10080 BDE-138 55 5%
BDE-G6 10080 BDE-154 100%%
BDE-85 10080 BDE-183 100%%
BDE-100 10085
1, 7-Drimetihnyleanshine 4. 1% Lomefloxacin 20%
4-EACTC 0 Metformin 6.5%
4-EATC 388% Minocyrline 48 2%
4-ECTC 1L4% Hapromen 50.5%
4-EOTC 113% Horfloezacin 36.2%

i 3.0%% Horgestinate L1
Albarteral 1.5% Crometoprim L5%
ACTC 1.5% Creacillin L1
Anbrydrotetracycline (ATC) 0% Crolimic Auid 0.2%
Caffaine 47 4% Croytetracycline (OTC) 38 2%
Carbadox 0 Penicillin & L1
Cefotaxime 0 Penicillin W L1
Chlometracycline (CTC) 1.4% Fanitidine G0.6%
Clarithrommycin 34.8% Boxithrommycin 0%
Clinafloxacin 0 Saraflomacin 200
Cloxacillin 0 Sulfachloropyridarine 1%
Codeine 233% Sulfadiaxine 4.5%
Cootinine 47 4% Sulfadimethorine 7.0%
Delydronifedipine 230% Sulfmersrine 0.1%
Demeclocycline 4.6% Sulfamethazine 25%
Dagrodzenin L Sulfamethizole L1
Ddgredn L] Sulfmethomsrole 40 8%
Driltiszem 83 1% Sulfanilamide 12.0%
Enrofleracin 15.8% Sunlfathiazole 0.1%
Flomequine 0 Thisbendazale T
Gemfibrozl BT 8% Trimethoprim 273%
Thaprofen 4% Tylosin L1
Izochlortetracycline (ICTC) 1.4% Virgini 1899
Lincormycin 4.6% Warfarin 0P




Alabama Mayor: 'Poop Train' Finally Empty; Sludge Gone

An Alabama mayor says the last train car full of New York City sewage sludge that has stunk up her town has finally been emptied.

April 19,2018, at 11:35a.m. f ve =

Best States

#1 lowa

#2 Minnesota e mane




Continuing pressure also exists for
regulatory change on several fronts.

Emerging Contaminants

* Endocrine Disruptors

Emerging

« Pharmaceuticals Contaminants
from Industrial and
Municipal Waste

* Personal Care Products
* Flame Retardants

* Dioxins

* Fluorinated Organics

Pathogens

» Bacteria
* Virus

Odors & Bioaerosols




Some thoughts (technical)

Risk-based approach (Quantitative Risk Assessment)
was used for criteria pollutants, but not pathogens

Pathogen limits — not based on QMRA, but based on
detection limits — time to re-evaluate? QMRA as a
tool for developing treatment

Additional indicators? e.g., Clostridium perfringens
Geographic and site restrictions?

Major and minor exposure pathways (also secondary
transmission)



Thoughts- non technical

e True costs, true benefits

e Action in the context of
imperfect, incomplete
information

e Common goals and optimism

cc: Matthew Cramblett - https://unsplash.com/@mcramblett?utm_source=haikudeck&utm_medil eferral&utm_



