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The Annud Mesting of NE 1001 was held at the University of New Hampshire in Durham, NH on
June 11-12, 2001.

Attendees. Dan Decker, Cornell; Herschel Elliott, PSU; Bill Goldfarb, Rutgers, Beverley Hae, U

of Gudph; Robert Hale, William & Mary; Ellen Harrison, Cornell; Anthony Hay, Corndll; Uta
Krogmann, Rutgers, Mark LaGuardia, William & Mary; Aaron Margolin, UNH; Murray McBride,
Corndl; Bill McDowdl, UNH; Michad Payne, OMAFRA; Brian Richards, Cornell, Rose Mary
Seymour, UM; Tammo Steenhuis, Corndll; Richard Stehouwer, PSU; Bradley Striebig, PSU; Robert
Tate, Rutgers, Stefan Seiter, UNH; Christine Bean, UNH; Jacqueline Brabants, UNH; Peng Chen, UM;
Jennifer Hargreaves, U of Gudph; Tony Ho, MOE; Maya Panangadan, UM; Bill Trumble, UNH

Meseting commenced a gpproximately 8:15 on June 11 with awelcome from the NE10O1 chair, Ellen
Harrison and introductions around the table. The meeting agenda was reviewed and gpproved.

Significant progressin meeting the project objectives was made over the year. Refer to the summaries
of presentations in the Appendix to this report.

Objectivel. To evauate the utilization of sewage biosolids in soil management in the
Northeast by assessing the sustainability of soil quaity, water quality and food
safety (for people and other animals) where sewage biosolids are applied to
agricultura land.

Project Progress: Research results for the following work were reported:

Phosphorus leaching from biosolids amended soils— Hersche Elliott, PSU
Long term leaching of trace elements — Brian Richards, Tammo Steenhuis, Corndll

Effects of long term biosolids applications on nitrogen & trace metal levelsin ground water — Bill
McDowell, UNH

Brominated diphenyl ether flame retardant levelsin land-applied sewage sludges — Rob Hale,
William & Mary

Nonyphenolsin NYS sludges — Anthony Hay, Cornell

Alkylphenol ethoxylate degradation productsin land applied sewage sludge — Mark LaGuardia,
Molybdenum in NYS soils and crops to which sludges have been applied — Murray McBride, Cornell

Alfalfa molybdenum uptake using an N-Viro alkaline sludge — Richard Stehouwer, PSU

Evaluation of enteric virus, protozoan and helminth persistencein class B limed sludge — Jacqueline
Brabants, UNH



Survey of Wastewater Solids to Assess the Prevalence of Cryptosporidium and Giardia Species and
Ascaris lumbricoides— C.L. Bean, J.J. Brabants, and A.B. Margolin, UNH

Objective 2. To evaluate the legal, socia, and political aspects of long-term utilization
of sewage sudge products in the Northeast and to identify modes of stakeholder
participation in biosolids utilization decision-making.

Project Progress: Research results for the following work were reported:

Effects of process changes on odorant emissions from biosolids; a case study — Bradley Striebig,
PSU

Land application of sewage sludge: Perceptions of New Jersey vegetable farmers — Uta Krogmann,
Rutgers

Recent developments in sludge management law — Bill Goldfarb, Rutgers

Local ordinances on land application — Ellen Harrison, Cornell

Ontario update— Michael Payne, OMAFRA

Transmission of microbial organisms, VOC’s & odor from biosolids via soil & air — Tony Ho, MOE

Objective 3. To develop appropriate outreach materials and educational events for the
Northeast that links the current research to actud field management of sewage biosolids
products in the Northeast.

Project Progress:
Creation of a websitefor the project is underway.
An Extensionsubcommittee was formed to work on extenson materials.

AGENDA NE 1001 Meeting June 11-12, UNH, Durham, NH
June 11
8-8:30 Introductions
Review mesting agenda
8:30 — 10:15 Water quality:
Elliott (PSU): Phosphorus leaching from biosolids-amended soils.
Richards (Corndl): Long term leaching of trace dements
Steenhuis (Corndl): Field and laboratory studies of leaching

McDowdl (UNH): Effects of long-term biosolids applications on nitrogen and trace metd levelsin
groundwater.

10:15-10:30 BREAK
10:30-12 Organics:

Hae R (Wm and Mary): Brominated diphenyl ether flame retardants background levels in land-
applied sawage dudges

Hay (Corndl): Nonylphenolsin NY S dudges




LaGuardia (Wm and Mary): Alkylphenol ethoxylate degradation products in land-applied sewage
dudgesin land gpplied biosolids

12-1 LUNCH

Update on current and new research and extension projects — open to al participants to share
information

2:30-2:45 BREAK

2:45-3.45 Molybenum

McBride (Corndl): Molybdenum in NY S soils and crops to which dudges have been applied
Stehouwer (PSU): Alfafa Molybdenum uptake using an N-Viro type dkadine dudge.
3:45-5:15 Perception, Legd and Regulatory |ssues.

Krogmann (Rutgers): Land Application of Sewage Sudge: Perceptions of New Jersey Vegetable
Farmers

Goldfarb (Rutgers): Recent Developments in Sudge Management Law

Harrison (Corndl): Loca Ordinances on Land Applicetion

Hale, B (Guedph): Ontario Update

7 PM DINNER

June 12

8 —9 Airborne Contaminants

Striebig (PSU) Effects of process changes on odorant emissions from biosolids; a case study

Payne and Ho (OMFRA) Discussion of tramsmission of mircobid organisms, VOCs and odor from
biosolids viasoil and air

9 —10 Pathogens.

Brabants (UNH Margolin student): Evaluation of Enteric Virus, Protozoan, and Helminth Persstence
in Class B Limed Sudge'.

Bean (UNH): Survey of Wastewater Solids to Assess the Prevalence of Cryptosporidium and Giardia
10-10:15 BREAK

10:15-12

Updates on current and new projects (continued if needed from June 11)

Developing Collaborative Research

12-12:45 LLUNCH

12:45-2 PM

Future meeting of NE 1001 - European connection?, discuss outside attendees

Report on other meetingdactivities (eg. Emerging Pathogens Workshop; W-170, NRC pandl)
Consideration of NE 1001 officers

Brief summaries of the presentations given throughout the 2 days are attached as appendices.

The June 11 afternoon session began with researchers and extension personne giving brief updates on
current and new projects. Dr. Bev Hale, U of Guelph, discussed a study looking at the fate of the



Ontario regulated metas from land gpplied sewage biosolids. Thisisawork in progressthet is dso
looking a mercury evasion. Rose Mary Seymour, U of Maine talked about a proposed study to look at
the fate and movement of nutrients from biosolids (sewage biosolids + papermill biosolids) stockpiles.
The study will work with field scale stockpiles and use lysimeters to collect leachate & infiltrate from

the piles. Michadl Payne, OMAFRA then discussed a current research study looking at runoff and
leachate from smaller scale piles of dewatered sewage biosolids. In this study the DSB is stored on
plastic sheets with a centra |eachate collection well. Runoff and leachate samples are being analyzed

for nutrients, regulated metals and pathogens.

After the presentations there was a short discussion on the need for a“template’ approach to
describing sewage biosolids either used in reported research or transferred to a cooperating facility.
The template info need to include information on the type of waste stream(s), treatment process
(eerobic, anaerobic, extended aeration, BNR, €tc), trestment chemical additions (Al, Fe, polymers,
etc), etc. Research papers often do not include this information which may be critica to understanding
different results.

This followed with a discusson on sample preservation. Depending on the analysis to be performed, a
different type of sample preservation may be required. One of the gods of the committee isto have
different researchers work on common dudge and soil sources. There was generd agreement that a
protocol needs to be developed regarding the preservation of the various biosolids materids for the
various testing that may be performed.

The day concluded with presentations on the issue of Molybdenum and a session on the perception,
legal and regulatory issues around sawage biosolids land application (presentation abstracts attached in

appendices).

Day 2, June 12 garted with presentations on airborne contaminants and pathogens (attached as
appendices). The remainder of the meeting was devoted to new issues, further steps and the future
direction of NE10O1.

NRC Panel report: Ellen Harrison gave a brief update on her involvement in the Nationd Academy of
Science committee that has been charged with the review, evauation and recommendation regarding
the risk assessment process used for chemica and pathogenic contaminants. The committee will
review the risk assessment process with regards to human hedth to determine the appropriateness of
the process. Thefina report is expected in March 2002.

Emerging Pathogens Workshop report — Aaron Margolin,UNH
? hddin Cincinnati, 60 participants
? divided into 6 groups — bacteria, viruses, protozoa, biosolids, livestock manure
= each group given atask list and requested to devel op research/information needs
?  find report
= dl groups very smilar in recommendations
= do not have knowledge to base rules on
many rules based on ability to regulate
lack of knowledge/datalresearch
= currently tested organisms are not sufficient asindicators of current pathogen
concentrations
* need for more research
crossover contamination from livestock to humans
Hepdtitis E in hogs —pregnant femaes
» antibiotic resstance
concern but low priority because of lack of fundamenta information
Other discussion topics included:
*  how to dleviate public concerns over land gpplication
a useof adaptive regulations
a moveto ClassA biosolids
*  costissues



» jsClassA safe enough — pathogen regrowth questions
a 503 dlows state to be more redtrictive
= there are concerns with regiona standard setting
inconggtency across jurisdictions

Future direction of NE1001

Qo Qo Qo *

o

a how tojoin committee
» reguest through State Research Director
a dection of officers
» the secretary requested to be replaced
= Dan Decker will develop nominations for chair/co-chairs and secretary
= nominations & eectionsto be done by email
a Action: Decker to develop nominations and election process

a future medtings
» research updates
need to establish sandard forum for exchange of information
need to determine an gppropriate method to develop extension recommendations
possibility of guest speskers
maintain 1 — 2 day format with %2 day workshop
next meeting in Toronto in June 2002

a Action: Payneand B. Haleto work on location
need to get research information/results into extenson format
»  egtablish NE1001 extension subcommittee
Uta Krogmann, Ellen Harrison, Michadl Payne, Richard Stehouwer
consder regiona workshops/ symposiums with co-operative extenson gaff invited
= committee members are to send Uta Krogmann extension materids

a need for development of information above & beyond Reg.503 as opposed to criticizing the reg

» need to develop BMP sfor the NE

= BMP sneed not be policy
a potentiad additions to the committee

= natura resources economist — John Holstead UNH

= pathogen risk assessment specidist - Chuck Haas

= public hedth specidist — Bill Halperin, Rutgers

a Action: Harrison to followup

a potentia to work together to multiply both dollars and resuits

= thereisaneed for co-operation to enhance projects

» possible move towards IFIS grants
Bill Trumble to investigate digibility of NE10O1 projects
" need multigtate collaborative projects

Action Bill Trumble
there was a discussion on the use of byproducts and residuasin land gpplication
Richard Stehouwer is developing a chapter on other wastes for PSU Agronomy Guide
byproducts & residuas are out of scope of this committee

Uta Krogmann, Robert Tate, Ellen Harrison & Michadl Payne agreed to assst Richard with
information

Action: Richard Stehouwer

Condderation of a conference co-sponsored by NE1001. Bill Goldfarb & Uta Krogmann agreed to
look into who is doing what with respect to biosolids conferences and inform committee members

Action: Uta Krogmann & Bill Goldfarb



*  The potentid usefulness of a clearing house for information on use of off-farm resdudsin
agriculture (such aswall board, dredge materias) was discussed. Harrison, Krogmann, McBride,
Payne, Elliott and Stehouwer expressed interest.

Meeting adjourned at approximately 1 PM on June 12, 2001.



Presentation Abstracts/ Handouts/ M eeting Notes

Annua Meeting of NE 1001, June 11-12, 2001, University of New Hampshire
Research Pertaining to Objective 1. To evauate the utilization of sewage biosolidsin
soil management in the Northeast by ng the sustainability of soil quality, water
quality and food safety (for people and other animals) where sewage biosolids are
applied to agricultura land.

Phosphorus leaching from biosolids amended soils— Herschd Elliott, PSU

L aboratory and greenhouse column studies were conducted to characterize P forms and leachability of
eight biosolids, a chicken manure (CM) and commercid fertilizer (triple superphosphate, TSP).
Bahiagrass (Paspal um notatum Flugge) was grown for 4 mo on two acid, P-deficient Florida sands,
representing both moderate (Candler series, hyperthemic, Typic Quartzipsamments) and very low
(Immokalee series, hyperthermic, Arenic Aloquods) P-sorbing capacities. Amendments were applied
at equivalent total P rates of 56 and 224 kg P ha'* , Smulating P-based and N-based nutrient loadings,
repectively. Leachate P from dl columnswas domi nantly inorganic and generdly much lower for
biosolids P-sources than for TSP. For the Candler soil, only TSP at the 224 kg P ha'* rate exhibited P
leaching Satidticaly greater (a=0.05) than control (soil-only) columns. For the high P rate and low P-
sorbing Immokalee soil, TSP and CM leached 21% and 3.0% of applied P, respectively. Leachate P
for six biosolids was <1.0% of applied P and not satisticaly different from controls. The Largo
biosolids, generated from a biological P remova process, exhibited significantly greater leachate-Pin
both cake and pelletized forms (11% and 2.5% of applied P, respectively) than the other biosolids.
Biosolids- P leaching was correlated to the P saturation index (PSl = [Pox] / [Alox + Feox]) based on
oxalate extraction of the pre-applied biosolids. For biosolids with PSI £ ~1.1, no appreciable leaching
occurred. Only Largo cake (PSl = 1.4) and pdllets (PSl = 1.3) exhibited P leaching losses atiticaly
greater than controls. The biosolids PSI appears useful for identifying biosolids with potential to

enrich drainage P when applied to low P-sorbing soils.

Long term leaching of trace elements— Brian Richards, Cornell

Effect of dudge processing mode, soil texture and soil pH on metal mobility in undistur bed soil
columnsunder accelerated loading

Brian Richards, Tammo Steenhuis and Murray McBride
Corndl Univerdty - NEC meeting update June 2001

The effects of dudge processng (digested dewatered, pelletized, dkaine-stabilized, composted, and
incinerated), soil type, and initid soil pH on trace metal mobility are being examined usng

undisturbed soil columns. Soils tested are Hudson silt loam (Glossaquic Hapludaf) and Arkport fine
sandy loam (Lamdlic Hapluddf), a initid pH levels of 5 and 7. Sudges were gpplied during four
accelerated cropping cycles (215 t/ha cumulative gpplication for dewatered dudge; equivaent rates for
other dudges), followed by four post-application cycles. Also examined (with no dudge applications)
are Hudson soil columns from afidd Ste that received a heavy loading of dudgein 1978. Romaine
(Lactuca sativa) and oats (Avena sativa) have been planted in dternate cycles, with oats replaced by
red clover (Trifolium pratense) for cycle 7 and later. Soil columns are watered with synthetic acid
ranwater; percolates are andyzed for trace metas (by 1CP spectroscopy), eectrical conductivity and
pH.

Twelve cropping cycles (Cycle 10a and 10b were two separate crops) have been completed, with
metds data from the most recent cycle still being processed. Leachate and soil pH were subgtantidly
depressed in dewatered and pdlletized dudge soil columns and increased for dkaline-stabilized and ash
trestments. Acidification is proceeding in al columns due to accelerated leaching with synthetic acid



rainfal. Columnswith atarget pH of 7 were thus limed after cycle 7 and again after cycle 11 to
counter this; the pH 5 columns are being adlowed to acidify, smulating unmanaged conditions soil pH
levelsin dewatered and pelletized dudge columns are dropping to or below 4.0 as aresuilt.

Percolate metal concentrations continue to vary with dudge and soil treatments. Composted dudge and
ash have the lowest overdl metal mobilities. Dewatered and pelletized dudge had notable leaching of
Ni,Cd and Zn in Arkport soils, especialy at low pH. As of Cycle 10, percolate Zn concentrations are
agan increasing in the low pH columns as aresult of the ongoing acidification. Alkaine-gabilized
dudge had the widest range of percolate metals (rdaively insengtive to soils) including Cu, Ni, B and
Mo. Mo mohility from adkaine-stabilized dudge continues to increase as of Cycle 11. Old site column
percolate concentrations showed good agreement with previous field data. Little leaching of P was
observed in dl cases.

Fleld & laboratory studiesin metal leaching - Tamnmo Steenhuis, Cornell
Iaboratory study looking at the movement of metals
? st up columns containing dudge mixed with glass beads
?  no absorption on glass beads
? incubate for 7 days @ 4, 16, 28 or 37C
“ S, Zn& Ni leach most quickly
Percolate pH aslow as 1.6
? irrigatefor 16 hrs @ .35 cm/hr
have completed 6 cycles (incubation : rain)
? anayds of leachate showed that metals are leachable but what happensin soil
= concern with microbes decreasing pH & enhancing metd loss
biocide added to reduce microbid activity
" biocide used may not have killed al microbes but in fact caused ashift in
popul ation though respiration decreased

-~

* Fleld sudy
dte- adary fam that had land applled on different fidlds: low rate of sawage biosolids;
manure mixed with cheese processang waste; commercid fertilizer
? sampled soil, percolate and stream water from manured/food waste and from biosolids fields
»  |yameter water analysis showed smilar meta concentrationsin biosolids & manured sStes

Effects of long term biosolids applications on nitrogen & trace metal levelsin ground water — Bill
McDowdl, UNH

Effects of biosolids application on groundwater quality
William H. McDowdl & Tamara J. Chestnut

A grave pit reclamation and top-soil manufacturing Ste in Hooksett, NH was studied to determine if
current management practices pose a threat to groundwater quality. The Site has had repeated
gpplications of biosolids on an annua basis sSince 1989 with top-soil remova goproximately every five
years. Materids were stockpiled on-site up to 9 months prior to gpplication. The Stewas
ingdrumented with groundwater monitoring wells within the biosolids application areg, in an adjacent
contral field, and both up- and down gradient from the biosolids treatment area. Hydrologic and
chemica characterigtics of the groundwater were monitored on a bi-weekly basis during the growing
season (April — November) and monthly during winter.

Our results suggest that some combination of repested applications of resduas, stockpiling of

resduals on Ste, or gpplication after the growing season has resulted in unacceptably high levels of
nitrate in groundwater at the Hooksett sudy site. Additiona research would be needed to determine an
effective management srategy to minimize impacts on groundwater. At present, a history of extensve
stockpiling seems to be the most likely cause of elevated N in groundwater at the Hooksett site. The
presence of low-nitrate groundwater under some portions of the reclamation Site suggests that under
some circumstances, repeated application of residuas does not cause any increases in groundwater
nitrate levels. No increasesin trace metal concentrations were observed in any trestment wells, despite
modest declines in pH associated with high nitrete levels.



Note: powerpoint presentation aso attached to electronic version and to be available on the NE1001
WWW site.

Brominated diphenyl ether flame retardant levelsin land-applied sewage sludges — Rob Hale,
William & Mary

Persistent pollutantsin land-applied dudges
(This appeared as Brief Communication in Nature, July 12, 2001)

Disposa of sawage dudge by gpplication to agriculturd and other land iswiddly practiced and is
resumed to be environmentaly beneficid, but we have found high concentrations of an environ
mentally persstent class of organic pollutants, brominated diphenyl ethers (BDES), in ‘biosolids from
four different regions of the United States. These compounds are widely used as flame retardant, and
their presence suggests thet the environmenta consequences of land gpplication of biosolids need
further investigation. We a o frequently detected BDES in wild-caught fish, indicating another
pathway for human exposure.

Over hdf of the sawage dudge produced annualy in the United States is gpplied to land, amounting to
roughly 4 million tonsin 1998 (ref. 1). Sudges are treated before application to reduce odor and
pathogen content and their metal burden is regulated. But attention has focused less on persistent
organic pollutants since usage of the most notorious (for example, pol\QlchI orinated biphenyls) has
decreased and pretreatment of industrial waste water has improved *

We analyzed 11 biosolid samples before land application from Virginia, Maryland, New Y ork State
and Cdifornia, and found that they al contained high concentrations of BDES. These flame-retardant
polymers are sructuraly smilar to polybrominated biphenyls, the use of WhICh was curtailed fter a
significant contamination incident in 1973 invalving livestock feed in Michigan 3.

However, globa consumption of BDES continues to increase, reaching 67,125 metric tonnesin 1999
(refs 4, 5) The most bio-accumulative and toxic BDES (those containing 4-6 bromi ne atoms) are being
increasingly detected in humans and wildlife from both developed and remote areas > These were
present in sgnificant amounts in the biosolids we examined and their relative contri butions matched
thosein ‘Pentd , the commercia formulation used as a flame retardant in polyurethane foam (Fig. 1).
North America accounts for about 98% of global demand for Penta, estimated at 8,290 tonnes in 1999
(ref. 4).
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How BDEs are released from polymers has been uncertain, as these gpplications are considered to be
non-di spersve However breakdown of discarded polyurethanefoam which may contain up to 30%
Penta by weight °, may contribute to this. We found that the surface of foam became brittle and



doughed off after 4 weeks of exposure to ambient summer conditions. The particles generated are
easlly transported and the polymer matrix preserves the formulation’s origind BDE composition. The
total concentration of Penta-like BDES in these biosolids was 1,100-2,290 ny per kg dry weight,
suggesting that input was high and consistent, regardless of the region of origin and irrespective of pre-
application treatment (see suppl ementary informati on). Concentrations exceed those in European
dudges by 10- to 100-fold®, which is commensurate with the grester demand for Penta.in the United
States. The European Commission recently proposed a ban on the use of Penta, on the basis of its
reported exponential increase in human bresst milk and perceived hedlth risks ®.

The fully brominated Deca product constitutes 82% of the total global BDE market”. It israrely
reported in wildlife, perhaps because of itslow bioavailability. Deca conssts principdly of asingle
BDE (BDE-209) and is used to curtall firesin textlles and in relatively sable, rigid polymers, such as
those used in television and computer casings °. Unlike those of Penta constltuents BDE-209
concentrations varied widely among the bi osolids we andyzed (84.8-4,890 ng kg ; see supplementary
information). Although thereis little evidence for the degradation of Decato Penta:like compounds,
some photolysis of Deca to less brominated diphenyl ethersis possible®

We ds0 detected BDESs in 87% of fish sampled from Virginiawaters (quawtlflcation limitinfillets, 5
ny per kg lipid; n=334). The principa Penta congtituents (BDE-47, -100 and -99) predominated in
these samples (Fig. 1). Thisfinding indicates that significant environmental release of these pollutants
is occurring in the United States and that humans may be exposed to them through their diet. Carp
from one Virginia stream oonta ned 47,900 ng kg ™! of totd BDEs, rivaling the highe fillet burdens
reported in the world so far®.

These compounds are aso detectable in urban and rurd air 1%, indicating the potential for long-
distance atmospheric trangport. It seems that BDES are an important— but generaly unrecognized —
persstent organic pollutant in the United States. Extensive use of Penta and the high burden of BDES
in land- gpplied biosolids may facilitate environmenta dissemination of less-brominated BDES both
localy and globdly.

Robert C. Hale, Mark J. La Guardia, Ellen P. Harvey, Michaed O. Gaylor, T. Matteson Mainor,
William H. Duff

Department of Environmental Science, Virginia

Institute of Marine Science, PO Box 1346,

Gloucester Paint, Virginia 23062, USA

e-mail: hale@vims.edu

US Environmental Protection Agency. Biosolids Generation, Useand Disposal in the United Sates.

EPA530-R-99-09 (Washington DC, 1999).

2. National Academy of Sciences. Use of Reclaimed Water and Sudge in Food Crop Production (Washington DC, 1996).
3. Di Carlo, F. J. et al. Environ. Health Perspect. 23, 351-365 (1978).

4. Renner, R. Environ. ci. Technol. 34, 452A—-453A (2000).

5. World Health Organization. Environmental Health Criteria 162: Brominated Diphenyl Ethers (Geneva, 1994).

6. de Boer, J.,, Wester, P. G., Klamer, H. J. C., Lewis, W. E. & Boon, J. P. Nature 394, 28-29 (1998).

7. Renner, R. Environ. Sci. Technoal. 34, 223A—-226A (2000).

8. Sellstrom, U. et al. Organohalogen Compounds 40, 383386 (1999).
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Supplementary information is available at http://www.nature.com or as paper copy from the London editorial office of Nature.

Questions and responses:
BDEs not included in 1988 National Sewage Sludge Survey
No field datain US. Europeans finding somein soils and some deca degradation products.



There are no dandards for levelsin fish. The Virginia Hedth Department has recently generated a
threshold value for BDEs in fish....5 ppm wet weight basis.

TRI requires reporting of deca, not penta.

Europeans seeing exponentid increase in levels. Potentia developmenta impacts cause concern.
Penta effectively banned in Europe.

Nonyphenolsm NYS sludges — Anthony Hay, Cornell
Alkylphenol ethoxylates are surfactantsin many everyday products. >500,00tons/yr in US. 80%
are nonylphenol based
* In primary aerobic treatment degradation occurs in afew hours but 60-65% leave WWTP as stable
metabolites
?  ethoxy groups removed down to 1-2 nonethoxy groups
*  metabolic breskdown products are of greater concern than parents
?  weskly estrogenic
»  can cause dradtic shiftsin sex raios a environmentaly relevant concentrations
» can bioaccumulate
= tocicity leved infish aslow as 50 ppb
» |ow acutetoxicity
*  Denmark has st limit of 50 mg/kg
*  Measured concentrations in dudges
Syracuse — 1840 mg/kg
Ithaca— 1790
Monroe Cty — 1129
Cayuga Hgts— 1241
Cortland - 1477
*  Degradation — related strongly to aerobic vs anaerobic conditions (aerobic favors degradation)
? inlab 30-90% degrade in 60 days
?  Swiss study- 10-20% remains after 1 yr
? farm soil sampled in early December showed 3-4 ppm which represents about 50% of what
would have been gpplied. This may indicate degradation or leaching.
* o ummary
?  NPE present in high conc in dudges
= 2-3timeshigher than in Canadian biosolids
- levesin Europe have declined due to ban

Alkylphenol ethoxylate degradation productsin land applied sewage sludge — Mark LaGuardia,
William & Mary

Mark J. La Guardia, Robert C. Hale, Ellen Harvey and T. Matteson Mainor
Department of Environmental Sciences, Virginia Inditute of Marine Science
The College of William & Mary, Gloucester Point, VA 23062
E-mal: markl @vims.edu. Phone: 804-684-7728. Fax: 804-684-7793

Abstract:

Alkylphenol polyethoxylates, widely used in commercia and household detergentsin the U.S,, can
degrade during the wastewater treatment process to more toxic, estrogenic and lipophilic compounds.
These include octylphenal (OP), nonylphenal (NP), nonylphenol monoethoxylate (NP1EO) and
nonylphenal diethoxylate (NP2EO). In Europe, unlike the U.S., these compounds have been receiving
consderable attention; in some cases regulations have been established to control their usage. Here we
examined eeven U.S. sewage dudges (biosolids) for OP, NP, NP1EO and NP2EO. Nine exceeded the
proposed European Union land gpplication limit (50 mg/kg, sum of NP, NP1EO and NP2EO), by 3 to
20 times. NP concentrations ranged from 5.4 to 887 mg/kg, (dry weight). OP, reportedly 10 to 20
times more estrogenic than NP, was detected in these same nine biosolids at levels up to 12.6 mg/kg.
Three biosolids were also subjected to the United States Environmenta Protection Agency, Toxicity



Characterigtic Leaching Procedure Method 1311, to determine if NP, NP1EO and NP2EO can be
leached from the biosolids. NP and NP1EO were both detected in the leachate, the former at
concentrations from 9.4 to 309 Fg/L.

Molybdenum in NYS soils and crops to which sludges have been applied — Murray McBride, Cornell
cdtle are sendtive to Cu/Mo ratio
? should be greater than 2:1 in feed ( esp. forages which are amagor component of the diet)
? Mo isantagonigtic to Cu absorption

*  gome dudges contain high Mo concentrations & when applied to forage crops used for cattle feed
the retio can belessthan 2:1

* increasing S can cause depression in Cu availability
? 0.3% in forages can depress Cu availability

*  the bioavallability of Mo, Cu & Svaries with crop species but theratio in the plant does not vary
sgnificantly

*  Also working with Bev Hae, U of Guelph looking at uptake & biocavailability of Mo & other
metas from old gpplication Sites
? Tom Batesdtesa Elora& Cambridge

Alfalfa molybdenum uptake using an N-Viro alkaline sludge — Richard Stehouwer, PSU
Alfdfa production with lime-stabilized biosolids. Effect on yield, Cu, and Mo.

Application of lime-stabilized biosolids increases soil pH, and may suppress Cu uptake and increase
Mo uptake by forage crops, resulting in decreased Cu/Mo ratio in the forage. This 3-year field research
project was started in the spring of 1999 to compare lime-gtabilized (N-Viro process) biosolidswith
conventiona ground ag-limestone. Materials were gpplied at 0, 0.5, 1.0, and 2.0 times the sail lime
requirement and chemical fertilizer N and P were added to the ag-lime treatments to match the N and P
supplied by the biosolids. Materials were incorporated to 15 cm and afdfawas planted. All trestments
were gpplied again in the second year of the study by surface broadcasting without incorporation.
Alfafawas harvested 2 timesin year 1, 3timesin year 2, and 1 time (to date) in year 3 (2001).

Lime stabilized biosolids increased dfafa Mo in both the first and second years. The highest observed
Mo uptake coefficient was 9.67 for the first cut of 2000. At this cutting dfafa grown with the highest
amount of biosolids had a Cu/Mo rétio of 2.5, the lowest observed during the experiment. However,
application of additiona biosolids following the firgt cutting, decreased Mo uptake coefficients (6.27
for the second cut, 2.06 for the third cut of 2000), and increased Cu/Mo ratio of afadfa grown with the
highest amount of biosolids (3.3 second cut, 8.1 third cut). These datawould lead to very different
cumulaive Mo loading limits: 0.3 kg/hafor firgt cutting of 2000, 16.2 kg/ha for third cutting of 2000,
and 4.2 kg/hausing dl data

Neither ag-lime nor biosolids affected dfdfayied in 1999, the establishment year. In 2000 both
materiads increased yidd, with biosolids giving alarger increase. In thefirdt cutting of 2001, ag-lime
did not increase yield, while biosolids did. Alfafawithout biosolids appeared to have boron deficiency
symptoms.

Evaluation of enteric virus, protozoan and helminth persistencein class B limed sludge — Jacqueline
Brabants, UNH
Survey of wastewater solids to eva uate pathogen indicators
* Class A dedgnation is based on current inadequate detection methods.
*  Fecd coliform not a sufficient indicator. Crypto remained infective after lime trestment and
inactivation of feca cali.
*  Current recovery protocols are not adequate.
*  wha issafe
?  why no outbreaks
* needtolook at what was checked
» officadsusudly check serum antibodies
» fecd sampling may give better indications of effects



?  need to stop looking at 503 as universal
» needtolook a modding
doesit hold for immuno-compromised individuas— children, elderly
- may belong term effects from virus which occur after 55yrs of age
?  need to understand biologica impacts before choosing human indicators
= put better indicators may be amoving target (CE)
may never be a“slver bullet” indicator
may be more vaue in looking a where materid is spread
" change standards with climate & Site characterigtics

Survey of Wastewater Solidsto Assessthe Prevalence of Cryptosporidium and Giardia Species
and Ascaris lumbricoides
C.L. Bean, J.J. Brabants, and A.B. Margolin
Virology and Waterborne Disease Laboratory, Department of Microbiology, University of New
Hampshire, Durham, NH 03824
clbean@cisunix.unh.edu

Thirty-eight samples representing various regions, seasons, treatments and percent total solids were
andyzed for the presence of Ascarislumbricoides, Cryptosporidium oocysts and Giardia cyds. In
addition to ng the prevaence of these organisms, two concentration methods were evauated for
recovery of Ascaris lumbricoides, Cryptosporidium oocysts and Giardia cysts. Sampleswere
processed using ethyl acetate sedimentation and zinc sulfate flotation and subsequently examined for

the presence of Ascaris lumbricoides ovaand larva. The resultant product was subjected to
immunomeagnetic separation and direct immunofluorescence to recover and visudize Cryptosporidium
oocysts and Giardia cysts. Of the samples tested, 7.9% and 10.5% were positive for Ascaris ovausing
ethyl acetate sedimentation and zinc sulfate flotation respectively. Twenty-one percent of the samples
were positive for Cryptosporidium oocysts and 15.8% were positive for Giardia cystsusing ethyl
acetate sedimentation. Of the samples processed using zinc sulfate flotation, 5.26% contained
Cryptosporidium oocysts and 2.6% contained Giardia cysts. Of the thirty-eight samples tested 15.8%
were positive for Ascaris ova, 23.7% were positive for Cryptosporidium oocysts and 15.8% were
positive for Giardia cyss. The preiminary data does not demondtrate that zinc sulfate flotation is

more effective than ethyl acetate sedimentation at recovering Ascaris ova. The data generated

indicates that there is no correlation between the presence of Ascaris lumbricoides and the presence of
Cryptosporidium oocysts and Giardia cysts. Further investigation isrequired to determine if a better
indicator organism exists as an index of other eukaryotic pathogens such as Cryptosporidium and
Giardia, and to develop more efficient recovery methods.

Research Pertaining to Objective 2: To evaluate the legal, social, and palitica
aspects of long-term utilization of sewage dudge products in the Northeast and to
identify modes of stakeholder participation in biosolids utilization decision
making.

Effects of process changes on odorant emissions from biosolids; a case study — Bradley Striebig,
PSU
*  odors are not considered by EPA to be a hedth threat
*  measured using odor index approximations
? odor detection vs threshold limits
? thereisvery little data on impacts
*  Step 1 - Sample collection
? ar samples— bag, canister & solid sorption
?  water & soil
» need to be cooled to 4C to dow microbia activity
= gtorage depends on treatment process
aerobic — need to maintain air in canister



- anaerobic — need to exclude air
*  Step 2 - Sampleandyss
?  Usemass gpec
?  need to concentrate “ odors’
= Cryogenic concentration
» g0lid phase sorption (to carbon)
? olfactory testing
» pand analyssof odor type
* need to be consstent to establish what it is& how offensveit is
*  Step 3— Dataandyss
? need to identify odorants
= by split chromatography or olfactory
? datainterpretation using odor index
most odors are produced in digestion & treatment process after digestion can reduce odors
* o ummary
? odor index isaway to compare anayticd datato physiologica response
» canassis to manage odors
» assdstoid chemica condituents
= gives dependable results that can be useful as a predictive tool

Land application of sewage sludge: Perceptions of New Jersey Vegetable Farmers — UtaKrogmann
and VirginiaGibson, Rutgers

Undergtanding farmers perceptions and choices regarding land application of sewage dudgeiskey to
developing localy accepted drategies for managing sewage dudge. Semi-gtructured interviews with
mostly open ended questions were conducted with 50 fruit and vegetable farmers a the New Jersey
Annua Vegetable Meeting in 1999. The in-depth interviews indicated that the gpplication of sewage
dudgeto land is currently not a common agricultura practice for these growers. Thirty-eight of the 50
never consdered usng dudge products. Of the remaining 12, 7 did not use them, 4 had stopped using
them and one was using them but was unaware that it contained sewage biosolids. Twenty-three did
not find dudge use acceptable, 8 were ambivaent, 9 thought it acceptable and 10 were undecided.

Perceived risks, including heavy metas in sawage dudge (soil build up, crop uptake), negative public
perception, odor complaints, and increase of contaminants in water supply, outweigh economic
incentives and soil improvement benefits. When naming benefits and drawbacks, farmers tend to think
firgt of their crop and their land, and do not mention the environment. It is only when they are
questioned directly about environmenta benefits and risks that they discuss these aspects.
Communicetion efforts should focus on practica informeation farmers can rlate to.

Recent developments in sludge management law — Bill Goldfarb, Rutgers

*  difficult to get information because many suits are settled out of court or are lower court decisions
which are not reported. Bill requested that people send him lower court cases and settlement
informetion.

*  Rutgersis recommending an “indemnity clause’ for farmers
Sludge Legal Issues
1. Siting:

Isamunicipa ordinance prohibiting or limiting land gpplication of dudge legd under sate land
use laws? Has it been legdly enacted?

Is the ordinance preempted by federa or state solid waste law? State law re the existence and scope
of preemption varies based on extent of home rule in a particular sate.

Does aloca ban violate the Interstate Commerce Clause?



There are three patterns depending on sate laws. 1) complete Sate preemption where state law
fully occupiesthefidd (VA, MD, NJfal into this category); 2)partid preemption where
ordinances can not be incongstent with state law (PA is an example); and 3) states which give locd
authority to municipaities (NY, OH for example).

2. Liability

Againgt whom? Farmers? POTWSs? Sudge Contractors? Indirect Dischargers? Lessors/Owners of
farmland? Insurance companies? Joint and Severd liability would gpply.

To whom? Neighbors? Trespassers? Farm Workers? Sudge contractor employees? Sudge landfill
workers? Federal and State governments or neighbors for cleanup? Lessors of farmland? State re
preserved farmland?

For what? Persond injuries and decreased property vaues (stigma damages up to 5 miles), cleanup
expenses. Loss of crop and livestock. Punitive damages.

Likely defenses? Sovereign immunity (POTWSs) Right-to-Farm laws (Will they protect farmers?
Maybe!). Causation not proven. Contractua defenses — exculpatory clauses in contracts, leases,
indirect discharge agreements and insurance policies. Indemnification Agreements.

Who may be liable for violation of a503 permit besides POTWs? Sudger can. What about a
farmer or lessor with knowledge of the permit’s terms and conditions?

Citizens Suits under CWA and comparable laws may be possible..

Proving causeis very difficult. *Reasonable probability” under civil law is more current test.
Local ordinances on land application — Ellen Harrison, Cornell
The Role of Municipditiesin Regulating Land Application of Sewage Sludges and Septage

About hdf of the more than seven million tons of sewage dudges produced annualy in the US are
applied to agricultural lands and this percentage isincreasing. This use of sewage dudge, the semi-
solid residue of waste water treatment, represents an economica disposa option and provides the
benefit of recyding the nutrients and organic matter dudges contain. However, sewage dudges dso
contain contaminants and pathogens from the homes, industries and businesses that use the sewer
system. They can dso emit strong odors. Land application thus raises a number of environmentd,
health and nuisance concerns. Application to agricultura lands, turf or in mine reclamation can
generdte very strong citizen concern.

Although the combination of federal and Sate regulatory requirementsis significant in forming the

initial base for sawage dudge management decisons, locd regulations also play an increasing part in
seeking to protect the hedth, safety, and welfare of citizens. The authority of amunicipdity varies
from date to state. New Y ork State has granted strong home rule to its municipaities. The New York
State Condtitution grants broad authority to local governments to devise regulations so long asthey do
not conflict with Sate laws. Inconsstency between state and local lawsin New York is alowed so
long asit is not expressy prohibited and if it addressesloca needs. In contrast to New York, Virginia
has granted few powersto its municipality, thus setting the stage for arecent court decision which
overturned alocd ordinance banning dudge application.

Beyond the question of the extent of the municipdity authority delegated by the Sate, the remaining
primary lega congraints that locdities face are the U.S. Condtitution Commerce Clause chalenges

and conflicts with right-to-farm statutes. The Commerce Clause is broadly interpreted by the courts to
mean that states may not pass laws that “discriminate againgt or unduly burden interstate commerce.”

A 1995 court decision that addressed a commerce clause challenge alowed the Rappahannock County,
VA dudge ordinance to stand, demongtrating that awell crafted law can stand given alegitimate loca
interest. Right-to-farm laws vary from sateto state. In NY'S, farms engaged in “sound agricultura
practices’ in agriculturd digtricts are protected from nuisance suits. Additiondly, municipaities may

not enact laws that “ unreasonably restrict or regulate farm operations’ within an agriculturd district



except where public health and safety are threastened. Loca ordinances must be carefully formulated
to address these potentia congtraints.

Locd ordinances vary widely in theissues and the level of detall they address. Some are short laws
which may smply ban certain practices. Others are lengthy, detailed laws. ssues addressed may
indude human hedth risks, risksto anima hedlth (both livestock and wild animals), water and soil
quality, nuisance issues such as odor, liahility and uncertainty, monitoring, and enforcement. The loca
law may impose redtrictions on the type, amount, quality, or source of dudge. Some specify
management practices, natification requirements, and additional monitoring beyond that required by
federa or state rules. As aresult of concern over the inability of state and federal agenciesto provide
conggtent enforcement of rules due to staffing shortages, loca ordinances frequently supply
enforcement provisons which at aminimum would dlow loca enforcement of state requirements.
Locd ordinances may aso include fees to cover municipa costs.

More detailed discussion of the legd issuesincluding areview of pertinent case law isavalableina
recent publication. The publication aso provides examples, drawn from existing loca ordinances, that
show how municipalities have addressed specific local concerns such as odors or ground water
protection. Thisinformetion isavailablein an article by Ellen Z. Harrison and Maaka M. Eaton
published in the Natura Resources Journd (V.41, no. 1, p 79-123). By permisson, the articleisaso
posted on the Cornell Waste Management Indtitute web Site where there is aso awedth of other
information about sewage dudges (see www.cfe.corndl.edwwmi and go to the dudge section).

Work towards Objective 3: To develop appropriate outreach materiads and
educational events for the Northeast that links the current research to actua field

management of sewage biosolids products in the Northeadt.

Ontario update— Michael Payne, OMAFRA
= 2000in Review
- Walkerton
impacts on public perceptions
*  Sewage Biosolids land Application in 2000
*  very wet year and land gpplication was difficult
*  lack of storage forced land gpplication when conditions were not the best
*  year ended with sgnificant quantities fill in orages in some areas

*Sawage Biosolids Land Application in 2001

— Pdldization
—ggnificant increase with TO plant coming on line
— need for fidd trids to determine nutrient availability

— Regulatory Changes & Revisons
—introduction of Nutrient Management Act which will dedl with dl land gpplied
nutrients including sewage biosolids
—need to revise current guiddines for clarity consstency and to address areas of
concern

Transmission of microbial organisms, VOC's & odor from biosolids via soil & air — Tony Ho, MOE
Transmisson of Microbid Organiams ViaSoil & Air
*Significant Public Concerns
*Don’'t have much “ Quantitative’ Information, esp. Hedth Significance
Biosolids Application in Ontario
— Background
— Concerng Current Research Interests
Biosolids Generatiorn/ Uses In Ontario
©400,000 tones annually (dry wt.)
—54% (216,000) land applied of which 90% are Class B
— 32% land filled / disposd in lagoons



—14% incinerated
Ontario Guiddinesfor Land Application of Biosolids
*Firgt Published in 1978
*[ast Revised in 1996
*Mgor criteriae.g. loading rates, metas limits, waiting periods and separation distances were
established in 1978
*Do nat have numeric limits for pathogens
*Stabilization Requirement
*\Waiting periods
*Separation Distances
Concerns
*Since
— Walkerton
— Movement of Agriculture/ Domestic Wastewater Bacteria Through Soil (Doug Joy, U of G,
1994)
— Modedling of Risks by Bioaerosolsin Biosolids Land Application Sites (Dowd et. d., Texas
A.M./ Arizona U)
*How safe are the separation distances?
Ontario Studies
*Agri-Food Canada (1st of 2 Y ear Study)
— Factors Affecting Surviva of E. Coli in Swine Manure in Soil (strain variability,
temperature, manure in soil, injection Vs broadcast)
*MOE / Durham Region Public Hedlth Dept (Preparing Terms of Reference)
— Hedth Impacts Due to Bioaerosols from a Gun Club which stockpiles paper fiber
biosolids (PFB)/ uses PFB compost for barriers
MOE/ OMAFRA Interests
*Studies to determine adequacy (risks) of current separation distances for protection of ground/ surface
water quality and public hedth due to bioaerosols
*Best Management Practices e.g. breaking of macropores, injectior/ incorporation to minimize
pathogen mokbility
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